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An Edwards “Flowtrol” Switch Model. FSI, or: the. 
combined switch and indicator Model FSM1, pro- 
vides positive protection-*to water-cooled and, 
liquid-flow equipments against ddmage resulting 
from inadequate or excessive flow. Each-model © 
operates by pressure differential across an adjust- ` 
able orifice and can be preset to operate when the 
required flow-rate limit is, reached. . © z. a 
The Model FS1 switch can be adjugted, by modification of 
the orifice, to sult a specific flow-rate. The Model FSM1- ` 
is available In two standard ranges,,0-5 litres/min and 

0-10 litres/min. Higher flow-rates can, be controlled and 
measured by mounting the “Flowtrol!” in a by-pass to the 
main flow-line. e > i 
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about tissue study 


Tetrazolium Salts were first described i in 1892 but not studied exten~" - a 
sively until 1941. 


Recent study, however, has confirmed their great, value for ~°<. 
research investigations in enzymology, histochemistry, bacteriology, „<. 
plant biology and radiation effects due to-their ability to be feduced 
to an easily identifiable color i in viable tissue. 5: 


Now, your lab can acquire a complete initial stock of all avail-" 
able Tetrazolium Salts in-100. mg. containers for just $53.50. 
When ordering, specify NBCo Tetrazolium 32 Kit, Included_ i 
“among the 32 Tetrazolium Salts in the kit are: Triphényl Tetra-~ 
zolium Chloride m Blue Tetrazolium ™ Jode Nitro\Tetrazolium 
Chloride m Neotetrazolium Chloride m Tetranitro Blue Tetra- 
zolium Chloride m Nitro BT = M-Nitro Neotetrazolium Chloride 
(M-Nitra NT) m 3 (4,5 Dimethyl Thiazolyl 1—2) 2,5 Diphenyl Tetra- 
zolium Bromide. Additional salts, derivatives of the preceding, now 
offered for the first time. 


NBCo offers stat service on Tetrazolium Salts, 
Phone collect, 216-662-0212 (USA only). NBCo NUT R ITIO NAL 


will process your order and guarantee shipment BIOCH EMICALS i 
within 60 minutes of your call; one-day .delivery co RP O R ATION í 


anywhere in the continental USA, 80 hours. any- BIO Miles A 
where in the world. Send for our free catalog Glavcinaa O A SA 
containing more than 3000 items. 2 B AG, Dhia ‘S, 
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INDEPENDENCE FOR UNIVERSITIES 


Nor very long ago, the University Grants Committee 
was like Caesar’s wife. To universities, it was a sure 
defence of independence. To British governments, it 
was a way of spending farge sums of money without 
worrying too much about the details and the respon- 
sibility. To, visitors to Britain it was, or at least was 
said to be, à triumph of public administration, a 
marvellous embodiment of the art of compromise, and 
the lest word in common sense. And certaizily there 
was something remarkable and even admirable about 
the concept of &n institution which could intervene 
in the financing of universities from public funds in such 
a way as to prevent the donor from feeling ¢heated and 
the beneficiary compromised. But all that was three 
years ago. 

The present mood in the universities is very different. 
The University Graitts Committee no longer seems a 
comfortable bulwark against interference from outside. 
Instead, it has taken to asking awkward questions 
about cost-effectiveness. Sometimes it seems to the 
universities to be a branch of the Civil Service. Ironi- 
cally, this transformation has happened since the 
Robbins Report sketched out what seemed to be a 
glorious future for the universities. Sir Ifor Evans 
was right, in his farewell address to the faculty at 
University College, to single out that document as a 
turning point (see page 2 of this issue), but the reasons 
are much more complicated than mere misinter- 
pretation, mischievous or otherwise. 

It is sometimes forgotten that the Robbins Report 
was not merely a charter for the universities but a 
proposal that there should be a massive expansion 
in higher education as a whole. Two governments in 
suecession have accepted that as many young people 
as possible should receive some form of higher education. 
Increasingly, however, they have found it necessary 
to make decisions about the allocation of resources 
among different kinds of institutions—teacher training 
colleges, technical colleges, regiorial colleges and 
universities. 

It is perhaps inevitable that the present Government 
should be tempted, first of all, to spend money where it 
will be most quickly effective in increasing the amount 
of higher education. This is one of the reasons why 
universities have found themselves, in the past two 
years, ill-equipped to carry out the expansion which 
the Robbins Report declared necessary. This is also 
why the University Grants Committee itself has been 
required to see that the funds available to the univer- 
sities are spent as efficiently as possible. Even if the 
University Grants Committee were still a dependant 
of the Treasury rather than the Department of Edu- 
cation and Science, it could not hope to be immune 
to pressures in these uncomfortable directions. The 
scale of the current growth of higher education in 
Britain makes the isolation of one sector impossible. 

The universities have probably increased their own 
difficulties by complacency since the Robbins Report, 


which was more concerned to demonstrate the need 
and feasibility of more higher education than to decide ~ 
how best to provide it. It was probably sensible to 
assume, as a first approximation, that a substantially 
enlarged university system would not be qualitatively 
different from what there is at present. One conse- 
quence, however, was the foolish conclusion that an in- 
crease of the university population would require the 
creation of more small universities. The Government 
has done right tc set its face against this tendency. 
A few really big universities would be a better in- 
vestment, academically as well as financially. It would 
have been better if the universities and not the Govern- 
ment had first made this point. 

Another consequence of the Robbins Report was the 
sanctification of much that is traditional in British 
academic life. Tke ratios of staff to students assumed 
by the Robbins Commission have, for example, become 
magic numbers, vet the universities would be better 
able to defend themselves against suspicions of extrava- 
gance if they had seriously considered what economies 
could be won from greater size, or by means of varia- 
tions of the ratio from one academic discipline to 
another. And they would be able to put their arguments 
more effectively if more power resided with the vice- 
chancellors who must represent them in the outside 
world. 

If there are defects in the position of the universities, 
however, it does not follow that the Government is 
blameless. The present shortage of funds, especially 
for buildings, and the uncertainty about the immediate 
future, may be a sour to economy but it is also damaging 
to the health of the universities. At the same time, the 
consequences of what is called the “second tier” policy 
have only been loosely thought out. It is right, of 
course, that the Government should strengthen the 
technical and regional colleges; grouping them into 
units called polytechnics should do a lot to help. 
But is it really wise to create a system in which there 
will be two sharply contrasting types of institutions 
for higher education ? It is surprising that the Secre- 
tary of State for Education and Science has not 
recognized the baginnings of a problem which is the 
adult equivalent of the old gulf between the grammar 
and the secondary modern schools. l 

How, then, should the universities defend their 
interests ? The first need is to recognize that the pro- 
tective infiuence of the University Grants Committee 
has probably gona for good. A retreat from dependence 
on public money, which appeals to Sir Ifor Evans, is 
also impracticable. It follows that there has to be 
some coherent body which can speak for the univer- 
sities as a whole. The Committee of Vice-Chancellors 
is the obvious instrument, but it will have to become 
much more active if it is to be effective. The ideal is 
that the universities should collectively determine how 
they can best satisfy the needs outlined in the Robbins 
Report and the frequently conflicting needs of the 
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‘British economy. The best guarantee of independence 


would be to take the initiative in solving the problems * 


which exist. 


DEAD DUCK INTO PHOENIX 


STUDENTS of the Ministry of Technology, enemies as 
well as friends, must now acknowledge that a change 
for the better has overtaken that agency of the British 
Government originally created to foster change else- 
where. One sign of what is happening was the speech 
which the Minister of Technology, Mr. Frank Cousins, 
made to the Confederation of Shipbuilding and 
Engineering Unions on June 22. Almost for the first 
time there were traces of what could well become, 
with diligence and persistence, a coherent strategy to 
replace the rudderless philosophy of the past two years. 
What seems to have happened is that the Ministry 
has recognized how much of its work must be dull 
and unspectacular. In some fields, such as computers 
and electronics, it will have to lavish special care and 
attention until somebody finds a solution to the 
problem of how comparatively small societies can 
remain in the forefront of technological change without 
losing money. But the potential benefits of steadily 
increasing efficiency in less-spectacular industries are 
just as great, and this is the lesson that is sinking home. 
It is especially welcome that, in his speech at Torquay, 
Mr. Cousins should have gone out of his way to 
emphasize the promise of a link between increasing 
efficiency and increasing prosperity, for technology is 
not an end in itself but a means of living better. 

Some of the tangible benefits of the new realism at 
the Ministry of Technology are the National Computer 
Centre soon to be started at Manchester, and the solid 
work on industrial standardization now under way. 
There have also been a number of recent development 
contracts which are at once imaginative and down-to- 
earth. The programme to develop methods of computer 
control for chemical plants is a good example, and of 
course it is entirely sensible that the Ministry should 
now try to make good use of the regional offices which 
the old Department of Scientific and Industrial 
Research established in the hope of helping industry 
to greater efficiency. Unfortunately, however, sweet 
reason is not everywhere apparent. The Ministry’s 
chronic trouble has been the pretence that it could fly 
before it could walk. Traces of this old Adam are still 
there. Mr. Cousins, for example, was talking of the 
“Breakthrough Programme” that would be built 
around the laboratories of the old Ministry of Aviation 
as if he still thought office had put a magic wand into 
his hand. There is still a danger that the Industrial 
Reconstruction Corporation, which gives the Board of 
Trade powers to buy into private industries, will go to 
Technology’s head. And the Ministry has not yet 
begun to tackle some of the great and outstanding 
problems such as industrial retraining. It is too soon 
for watchdogs to look elsewhere. 
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NEWS AND VIEWS 


Plain Words ° 


Sm Iror Evans, the retiring Provost of University 
College, London, put into words some of the current 
discontents of British universities in his address to the 
Assembly of Faculties on June 23. In particular, he 
lamented “the complete surrender of the universities 
to government finance and in so many insidious ways 
to government control. It has, of course, all grown 
worse since the Robbins Report ...’’ But the trouble, 
Sir Ifor said, was not to be found in the report itself, 
but in the way in which it had been interpreted. By 
implication, the Robbins Report had become a licence 
for interference. 

For much of his fifteen years as Provost, Sir [for has 
evidently been captivated by a vision of independence 
for University College, and this has plainlye become 
more attractive as the forces of expansion and inflation 
have made independence steadily less attainable. At 
current prices, Sir Ifor estimated, it would cost £80 
million to buy complete autonomy, and, though he is 
evidently hoping that a benefactor of such generosity 
may somewhere exist, most of those who heard him 
speak considered such a sum of money a sufficient 
proof of the necessity of the University Grane 
Committee. 

Even so, Sir Ifor had a pointed tale of how in 1931 
the College had to sell, for lack of £35,000, a piece of 
land which it is now having to acquire again for more 
than £1,000,000. He complained that the University 
Grants Committee in the fifties backed the founding 
of the University of Sussex because congestion on the 
sites of the London colleges meant that the “develop- 
ment in that area of a university institution is a 
particularly difficult and expensive operation”. This 
restriction has now been eased, if not entirely dispelled, 
and Sir Ifor seems to have persuaded the present 
chairman of the University Grants Committee that fhe 
College should be allowed to expand outside its tradi- 
tional rectangular plot, and that it should be allowed 
to pay market prices as well. He has had less luck on 
student housing, and confessed himself “astounded” 
that the University Grants Committee says that “not 
a pound of their money” should go on hostels. But he 
feels most strongly of all about interference from out- 
side, and about “the imposition of regulations and 
memoranda that may ultimately turn the best creative 
and scientific minds in this country into mere university 
administrators, keeping their departments tidy for 
Government inspection, or the next round of reform”. 
For his part, Sir Ifor said, he would have preferred to 
live in the “age of Rutherford than in the age of 
Franks”. Because he is known to be a traditionalist, 
some of what Sir Ifor said may be discounted, but his 
break with the tradition of public gentility for the 
heads of universities could itself be an important move 
in the imminent tussle about the financing of the next 
university quinquennium. 


No Pause in France 


FRENCH science appears to be deliciously immune 
from the talk of deceleration of the growth of expen- 
diture to be heard in the United States and the United 
Kingdom. The Fifth Plan makes it plain that expen- 
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diture on scientific research and development in France, 
is intended to grow steadily, absolutely and as a 
proportion of the Gross National Product, until it 
amounts to 2:5 pes cent of the wealth of France by 
1970. In a comment on these plans prepared by the 
French Embassy in London, it is made quite plain 
that “France’s financial outlay must be determined 
by reference to that of neighbouring countries”. 
From this point of view, the argument goes, the target 
of 2-5 per cent is, if anything, a minimum. (The current 
British rate of expenditure works out at something 
between 2-5 per cent and 2-7 per cent according to the 
basis for calculating the GNP.) The pace of the pro- 
posed French development is measured by the fact that, 
in 1962, scientific research and development accounted 
for a mere 1-8 per cent of the GNP. Another yardstick 
is that the numbers of people employed on scientific 
work and in higher education in France are expected 
to doyple between 1963 and 1970, which in turn 
requires an increase of the annual output of trained 
scientists and engineers from French universities from 
10,000 in 1963 to 27,000 in 1970. 

So far as science is concerned, the Fifth Plan is 
uncommonly explicit about the way in which effort 
shall be distributed among the various fields of expendi- 
ture, largely on the strength of survey of possible 
developments carried out by the Research Commission. 
Mogt of the development in prospect is concentrated 
in the physical sciences, as shown by the following 
table of the allocations to capital expenditure from 
public funds : 


Expenditure 
(millions of francs) 

Mathematics 316 
Physics 1,254 
Chemistry 400 
Earth sciences 284. 
Oceanography 150 
Biology and medicine 590 
a Agriculture 390 
Building, planning 162 
Human sciences 120 
Patent rights 10 
Inter-disciplinary operations 225 
Space ; 2,000 
„Total 5,900 


France will gain from this expenditure an impressive 
range of establishments and institutes. The way in 
which it has been decided that certain universities and 
university departments should be singled out for 
rapid growth in a particular field is also an echo of the 
“centres of excellence” doctrine of the United States, 
and possibly an example to other European countries 
in this respect. But other countries, of course, will 
envy most of all the buoyant growth planned for the 
next five years. 


Next Leap Forward 


THE proposal that a 300-GeV proton accelerator should 
be built somewhere in Europe and within the organi- 
zation of CERN moved a little nearer reality in June 
with the thirty-second meeting of the Council of CERN 
at Geneva. It will be a long time yet before European 
governments are required finally to say whether they 
will contribute to this project, and how much. Never- 
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theless, by the 2nd of this year it should be plafn 
which are the favourites among the twelve sites from 
nine countries row being studied in considerable 
detail. Given ths great cost of the 300-GeV machine 
and the fact that its siting will employ a nearby work 
force of between 10,000 and 15,000 men and their 
families, it is unlikely that the interested countries 
will be able to s2parate from each other decisions on 
where the accelerator should be built and how its cost 
should be apportioned. 

Enthusiasm fcr the machine, however, remains as 
great as ever. The European Committee for Future 
Accelerators, meting during May, reaffirmed its 
belief in the Amaldi Report (1963) which first seriously 
recommended the 300-GeV machine and which argued 
for a great exparsion of comparatively smaller acceler- 
ators as well. In the three years since the proposal 
for the accelerazor first became tangible enough to 
feature in diplomatic discussions, there has already 
been a considerable growth of interest in less ambitious 
machines. The Committee for Future Accelerators 
was pleased, in May, to see how plans are being ad- 
vanced for a meson factory at Zurich, a 2-5-GeV 
electron accelerazor at Bonn, and the electron-storage 
rings intended to work with the accelerator at Frascati, 
near Rome. Bui the “summit programme”, as it is 
called, remains she Committee’s chief objective. It 
has also declined to budge from the view that what a 
country spends cn high-energy nuclear physics within 
the structure of CERN should be balanced by at 
least an equal amount of expenditure in national centres 
and universities. The passage of time may well ensure 
that this hope is fulfilled, for there are those who think 
that each month sees a strengthening of the centri- 
fugal tendencies which tempt individual countries, 
from time to tims, to think it would be better to have 
a machine of their own, smaller though it would have 
to be. 


Migraine Research 


A NATIONAL appeal to help the “millions of migraine 
sufferers” has b2en launched by Lord Brain for the 
Migraine Trust, which is trying to raise £750,000 to 
finance a research programme. In particular, it 
wishes to establich a hospital in-patient unit of 16 beds, 
at a cost of £370,000, so that full metabolic and radio- 
logical studies can be carried out on patients during and 
after attacks. Research is already being carried out at 
the Migraine Clinic in the National Hospital, London, 
but this needs £30,000 to speed and to expand its work 
on the variation and associated change in the size of 
blood vessels in certain parts of the brain during an 
attack, and on the connexion of migraines with 
abstinence from ood. 

Describing a survey into the incidence of migraine 
which has been started in the Rhondda Valley with 
support from the Medical Research Council, Lord Brain 
said, “As soon as possible we plan to develop the 
survey into a detailed population study, taking into 
account other branches of medical research, and cover- 
ing a period of three years”. To allow for regional 
variations, a survey in Scotland under the auspices of 
the University of Glasgow is being planned. 

The most important work of the Trust is to co- 
ordinate and assess similar research in medical centres 
throughout the world. Lord Brain stated that in 
addition to co-ordinating work in Britain the Migraine 
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Frust plans to publish a quarterly journal which will 
carry abstracts from important world-wide literature 
as well as original papers on migraine. A symposium 
is planned for this autumn and the first international 
symposium will be held the following year. 


Project for Engineers 


Ine Department of Education and Science launched 
a new magazine this week in its continuing attempt 
to interest senior school students in engineering as a 
career. Project will be published three times a year 
and 24,000 copies will be distributed to fifth and sixth 
forms throughout Britain. The engineering institutions 
are anxious to see the magazine succeed and are con- 
tributing articles and information but not money. 
The aim is to give a favourable impression of various 
types of engineering, the training required to become 
a qualified engineer, and the example of well-known 
engineering innovators—this first issue includes a 
profile of Dr. Barnes Wallis of the British Aircraft 
Corporation, whose ideas have not always been im- 
mediately accepted by the British Government but 
whose inventiveness and originality, according to 
the editor of Project, make him one of the outstand- 
ing engineers in Britain. 

The magazine, a £10,000 glossy product, is produced 
by the Central Office of Information for what is known 
as the Publicity Working Party on Engineering 
Technology—the custodian of the British Govern- 
ment’s hope that more students will be attracted into 
engineering and technology. Other projects have 
included a travelling exhibit for schools entitled 
“Technology Today”, which has visited forty-five 
centres in the past 7 months, and an earlier publication, 
Engineering : a Creative Career, which attempts to 
present a broad spectrum of engineering problems, the 
routes to qualification beginning at both ‘O’ and ‘A’ 
levels, and typical university syllabuses. A national 
exhibition “Engineers Day” will be held in London 
in the autumn. Although the new magazine is aimed 
for students, anyone interested can obtain copies from 
the Government bookshop or his newsagent at an 
annual cost of 15s. 


Safety Cars 


Tne Road Research Laboratory of the Ministry of 
Transport has made a tentative bid to do for Britain 
what Mr. Ralph Nader seems to be doing for the 
United States. In its most recent report on Safety 
Cars (obtainable either from the Laboratory or the 
Ministry of Transport), Mr. G. Grime has applied 
Newton’s Second Law to collisions between cars, and 
has been able to infer a great deal about the relative 
motion of cars and passengers in the fraction of a 
tenth of a second which seems usually to be required 
to crush the front of a car involved in a head-on 
collision by 60 cm or so. His general conclusion is that 
seat-belts are among*the best means of protection, so 
that it is no surprise that Mrs. Barbara Castle, the 
Minister of Transport, should have announced a 
regulation that will in future require that cars should 
be equipped with anchorage points for seat-belts. 

One of the simplest of Mr. Grime’s conclusions is that 
passengers tend to come into contact with the vehicles 
which carry them only when the collision is almost 
at an end. In one calculation, for example, he found 
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that by the time a human body had shot forward by 
4] cm from the front seat to strike the instrument 
panel of a medium car in a head-on collision at 50 km 
per hour, the crushing of the front of the car would 
have only 0-5 cm to go. This means that the unlucky 
passenger would strike an essentially static object, 
and even the best padding on the instrument panel 
would entail a deceleration of 64 g. A suitably padded 
and flexible steering-wheel might reduce the decelera- 
tion in these circumstances to 35 g, but a seat-belt 
capable of a modicum of stretch could ensure that 
deceleration amounts to 17-1 g in stmilar circumstances, 
and that the attendant forces are “applied in a con- 
trolled manner over a large and predetermined area’’. 
In all this the principle is that a persgn should be par- 
tially anchored to the car in which he rides, so that he 
can expect to benefit from the energy expenditure 
involved in crushing the front of the car. 

Mr. Grime is not optimistic about the prospects of 
greater safety by designing the front of a mBtor-car 
so as to minimize the consequences of collision. Accord- 
ing to the calculations, seat-belte are always better. 
Mr. Grime does, however, conclude from American 
experience with would-be astronauts that it would be 
feasible to design seat-belts capable of decelerating 
people by something like 30 g, compared with the 
20 g which is now common. His dynamical calculations 
also persuaded him that there would be advantages 
in a design for a seat-belt capable of applying a greater 
force at the limit of its extension, and that the ideal is 
a situation in which seat-belt and seat are built as an 
integral whole. Finally, for those who will not wear 
seat-belts, there are some benefits to be won from 
crushable fittings on the instrument panel of a motor- 
car, especially if they can be so arranged as to help 
decelerating a passenger soon after the beginning of a 
collision. 


Put Out More Books 


Waen Blackwells first opened their doors and started 
selling books in Oxford, there was room in the shop for 
only three customers at a time. When their new 
extension was opened by Sir William Haley on June 16, 
three hundred guests browsed in traditional Blackwell 
fashion among the shelves, uncrowded and undisturbed. 
The new extension was christened the Norrington 
Room, after the president of Trinity College, under 
whose quadrangle Blackwells have found room to 
expand by digging a subterranean bookroom of 
enormous size. 

Despite its size, and the need for artificial lighting, 
the room is prevented from seeming oppressive by the 
use of four different floor levels, and a variety of 
ceiling materials. There is shelving to carry 160,000 
books, arranged to make the best use of space, and to 
break up the room into units of more human size. The 
expansion will enable Blackwells to carry even greater 
stocks on the premises, which is important in a service 
industry where orders must be dispatched as soon as 
possible. Although the personal shopper represents 
less than 10 per cent of the turnover, the increase In 
stock will also be a great convenience to him, particu- 
larly in science and technology, where the expansion is 
concentrated. A quick check in familiar fields con- 
firmed that the increase in stock is quite genuine, which 


-is good news for scientists both in Oxford and else- 


where. 
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Parliament in Britain 


In a written answer to a question from Mr. Boston on 
June 20, the Parliamentary Secretary to the Ministry 
of Public Building aad Works, Mr. J. Boyden, stated 
that on the basis of a special enquiry made in 1964 it 
was estimated that in that year the construction 
industry spent about £2-5 millions on research. This 
is the equivalent of 0-3 per cent of its gross output, 
compared with a national average for all industries of 
almost 2-7 per cent. 

In opening an adjournment debate on building 
methods and bad-weather precautions on June 21, 
Mr. Boston returned to the question of the attitude of 
the building industry to research, and Mr. Boyden, 
replying for the Government, said that the Minister, 
Mr. R. Prentice, had that day held a conference with 
those concerned with setting up a new organization 
for research and information in the construction 
industry, The discussions had gone well, and many 
sections of the industry were sharing a keen interest 
in raising the necessary funds. The question of con- 
tinuous working durfhg bad weather and the winter 
would be an important part of both research and 
information work. He hoped that the new body 
would follow up the steps already taken by the Ministry 
and that in future it would be customary for the 
industry to work a normal week, except perhaps during 
cataglysmic weather The need of research was fairly 
well known and, while agreeing that the construction 
industry as a whole spent less on research than many 
manufacturing industries, Mr. Boyden hoped that 
the new organization would give just the impetus 
needed. 


Ix reply to a question in the House of Lords on June 
21, the Parliamentary Under-Secretary of State for 
Commonwealth Relations and for the Colonies, Lord 
Beswick, sai? that a National Reports Centre had 
been set up at the National Lending Library for 
Science and Technology as a British counterpart to 
the* United States Clearing House which produced a 
_ fortnightly list entitled United States Government 
' Research Reports. The British Centre published a 
monthly bulletin entitled British Research and Develop- 
ment Reports in which accessions to the stock of reports 
{ were announced. The service started only this year, 
and Lord Beswick agreed with the Earl of Bessborough 
about the importance of distributing the bulletin 
widely. Any organization could be put on the mailing 
list if it applied to the National Lending Library. 


In a written answer in the House of Commons on 
June 20, the Minister for Land and Natural Resources, 
Mr. F. Willey, said that a hydrographic survey of the 
Wash area, with gravity coring of the sea-bed, current 
gauging and seismic investigations with tests of 
samples, would form an integral part of a feasibility 
study of a Wash barrage. It would be wrong, Mr. 
Willey said, to embark on such a scheme except as 
part of a comprehensive investigation. The report on 
the Water Resources of the Great Ouse Basin suggested 
a five-year programme of investigations which, with 
the preparations of designs and estimates, would cost 
about £1:5 million. The hydrographic survey and 
related soil investigations, including boreholes, would 
account for almost £1 million and would take two to 
three years. 
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University News: Aberdeene 


"Mr. D. F. Kerrier has been appointed to the chair 


of statistics as from August 1 


Aston 


Mr. A. J. EDE has been appointed professor of mech- 
anical engineering as from August 1. 


Leeds 


Dr. D. Dowson has been appointed to the chair of 
fluid mechanics and tribology in the weer aet of 
Mechanical Engineering. 


London 


Dr. G. S. NELSON, reader in medical parasitology in the 
London School of Hygiene and Tropical Medicine, has 
been appointed to zhe William Julien Courtauld chair of 
helminthology tenable at that sehool. 


Manchester 


Mr. C. R. InumveworrsH has been appointed to a newly 
established additional chair of mathematics; Dr. F. D. 
Kahn has been appointed to a newly established second 
chair of astronomy; Dr. D. B. G. Edwards has been 
appointed to a nəwly established chair of computer 
engineering. 


Announcements 


Mr. Niern CALDER, editor of the New Scientist since 
1963, will be leavimg his present post on October 1 this 
year. He will be succeeded by Mr. Donald Gould, who 
has won a considerable reputation in recent years, chiefly 
as a free-lance writer on medical subjects. Mr. Calder 
intends to devote himself to free-lance writing. 


Over 300 British scientists have signed an appeal to the 
French Government to cancel the new series of nuclear 
tests about to be made in the Pacific. The protest was 
published this weex as a full-page advertisement in the 
Paris weekly Le Nouvel Observateur. Over 30 of the 
signatories are Felbows of the Royal Society or heads of 
departments at Bridish universities. 


Dr. Cotomsus O'DONNELL Iserrin has been awarded 
the fourth Henry Bryant Bigelow Medal for Oceano- 
graphy by the Waods Hole Oceanographic Institution. 
Dr. Iselin is a former director of the Institution and has 
held the Henry Bryant Bigelow chair there since 1958; 
he is also professor of oceanography at Harvard University 
and the Massachrsetts Institute of Technology. Dr. 
Bigelow was the first director of Woods Hole, holding 
the post from 19&0 until 1940, and was also the first 
recipient of the Medal, which was awarded him in 1961. 


Pror. T. BERGERON has been awarded the International 
Meteorological Organization Prize by the Executive 
Committee of the World Meteorological Organization. 
This Prize is awarded annually for outstanding work in 
meteorology and icternational collaboration. 


Dr. PAUL-A. GIGuERE, director of the Department 
of Chemistry in the Université Laval in Quebec, has been 
elected president of the Chemical Institute of Canada 
during 1966-67. 


Tue following hare been elected honorary fellows of 
the Institute of B.ology: Sir Macfarlane Burnet, Prof. 
E. B. Chain, Dr. J C. Kendrew, Sir Peter Medawar. 


Dr. E. A. WALKER, president of the Pennsylvania, 
State University and chairman of the National Science 
Board, has been eected president of the U.S. National 
Academy of Engineering, in succession to Dr. A. B. 
Kinzel. 
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Applied Biologists elected the following honorary officerse 
for 1966-67: President, Sir Vincent Wigglesworth; Vice- 
President, F. Raw; "President-Elect, D. J. Watson; 
General Secretary, F. T. Last. 


THE first volume of the newly launched British Film 
Guide lists some 1,700 films directly or indirectly related 
to medicine. The intention is that the completed Guide 
will list by subject all non-fiction films available in Great 
Britain. It will appear in twelve volumes, the first of 
which can be had from Film Centre (International), Ltd., 
24 Conduit Street, London, W.1, price 39s, 6d. 


ARRANGEMENTS have been made for the Russian 
journal Genetika, first published in Russia in 1965, to be 
translated into English on a continuing basis. Further 
information concerning this journal can be obtained 
from Clearinghouse for Federal Scientific and Technical 
Information, Joint Publications Research Service, Tempo 
E., 6th and Adams Drive, S.W. Washington, D.C. 20442. 


THE next joint meeting of the Challenger Society and 
representatives from the Marine Laboratories will be held 
in the University of Southampton during July 21-22. 
Further information can be obtained from N. J. Holmes, 
Department of Oceanography, University of Southampton, 
Southampton. 


Tae third annual meeting of the Society for Cryobiology 
will be held in Boston during August 8-10. Further 
information can be obtained from Dr. C. Huggins, Depart- 
ment of Surgery, Massachusetts General Hospital, Boston. 


THE second international congress of food science and 
technology will be held in Warsaw during August 22-27. 
Further information can, be obtained from Dr. A. Borys, 
Instytut Przemyslu Miosnego, Warsaw 12, Rakowiecka 36. 


A SYMPOSIUM on ‘“Solar-Terrestrial Physics’? will be 
held in Belgrade during August 29-September 2. Further 
information can be obtained from Dr. D. Bajic, URSI 
Belgrade Symposium Committee, P.O. Box 356, Belgrade. 


THe eleventh international symposium on ‘“Combus- 
tion”’ will be held in the University of California, Berkeley, 
during August 14-20. Further information can be 
obtained from the Combustion, Institute, 986 Union Trust 
Building, Pittsburgh, Pennsylvania. 


THE sixth international congress for electron microscopy 
will be held in Kyoto during August 28-September 4. 
Further information can be obtained from the Chairman 
of the Organizing Committee of the Congress, Institute 
for Virus Research, Kyoto University, Kyoto. 


THE tenth international conference on “Low Tempers- 
ture Physics’? will be held in Moscow during August 
31-September 6. Further information can be obtained 
from the Organizing Committee of the Conference, 
Institute for Physical Problems of the Academy of 
Sciences of the U.S.S.R., Vorobyevskoye Shosse 2, 
Moscow 5-334. 


A SYMPOSIUM on ‘‘Neutron Monitoring for Radiological 
Protection”, under the auspices of the International 
Atomic Energy Agency, will be held in Vienna during 
August 29-September 2. Further information can be 
obtained from S. Somasundaram, Division of Health, 
Safety and Waste ad a International Atomic Energy 
Agency, Vienna. 


A SYMPOSIUM on “Collection and Processing of Field 
Data”, under the auspices of the Commonwealth Scientific 
and Industrial Research Organization; will be held in 
Canberra during August 30-September 2.. Further 
information, can be obtained from Dr. E. F. Bradley, 
Division of Plant Industry, P.O. Box 109, Canberra City, 
AS.T, 
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eAT its’ annual general meeting, the Association of Tue fourth international Biometeorological Congress.. ` 


will be held at Rutgers University during August 26—— 
September 2. There will be two plenary sessions on 
“Biometeorological Properties of the Atmospheric En- 
vironment” and “Impact of the Atmospheric Environment 
on the integument of the Organism”. Further information 
can be obtained from F. Sargent, 524 Burrill Hall, 
University of Illinois, Urbana, 


A MEDICAL congress on the theme ‘Clinical Physiology 
and Internal Medicine”, organized by the Czechoslovak 
Society of Internal, Medicine, will be held in Prague 
during August 29-September 2. The congress will include 
& symposium on “Conception and Methods of Clinical 
Physiology”. Further information can be obtained from 
the Congress Office, Fourth Medical Clinic Faculty of 
General Medicine, Charles University, U nemocnice 2, 
Prague 2. 


A SYMPOSIUM on “Origin and Distribution of the 
Elements”, organized by the International Association 
of Geochemistry and Cosmochemistry and co-sponsored 
by the United Nations Educational, Scientific and Cultural 
Organization and the International Union of Geological 
Sciences, will be held at the headquarters of the Organi- 
zation in Paris during September 21-23. The symposium 
will be divided into five sections: theories of origin; 
solar, stellar and interstellar abundances; meteorites; 
planets, asteroids, comets and tektites; terrestrial 
abundances. Further information can be obtained from 
Prof. E. Ingerson, Department of Geology, University of 


Texas, Austin. . 


Appointments 


Tue Minister of Health, Mr. Kenneth Robinson, has 
appointed Dr. D. Dooley to be H.M. Inspector of Anatomy 
in England and Wales in succession to Dr. C. G. Nicol, 
who has retired. The post was established by an Act of 
Parliament in 1832; the duties involve issuing licences 
to teachers of anatomy and operative surgery and super- 
vising the curriculum and teaching of these subjects in 
the medical schools and schools of anatomy in England 
and Wales. 


WEHEN Dr. L. Harrison Matthews retires from the Zoo- 
logical Society of London this week, his work as scientific 
director, will be divided into two new posts. Mr. L. G. 
Goodwin, director of the Nuffield Institute of Compara- 
tive Medicine, will be in charge of research as the director 
of science. Mr. C. G. O. Rawlins will be director of zoos 
with responsibility for managing both Regent’s Park and 
Whipsnade zoos. Mr. Rawlins retired this year from the 
Overseas Civil Service after serving as a district com- 
missioner and gaining considerable experience in adminis- 
tering fauna conservation and game areas. Dr. H. G. 
Vevers, now curator of the aquarium and invertebrates 
and assistant to Dr. Matthews, will be the assistant 
director of science. 


Mr. I. L. Baomeart has been appointed assistant director- 
general of the New Zealand Department of Scientific and 
Industrial Research on the retirement of Mr. L. W. Tiller. 
Dr. A. T. Johns has been appointed assistant director- 
general of the Department of Agriculture, and Dr. G. 
Butler will replace Dr. Johns as director of the Plant 
Chemistry Division of the D.S.LR. 


Dr. M. Kent Watson, professor and chairman of the 
Department of Chemistry in Tufts University, has been 
appointed head of the Chemistry Section, Division of 
Mathematical- and Physical Sciences, in the National 
Science Foundation as from-July I. : 


Dr. J. F. CLARK has been apronta director of the 
Goddard Space Flight Center, Greenbelt, Maryland, where 
he has been acting director for a year. 
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NEW CURRICULA FOR SCHOOLS 


Waar should students be taught at school? For a long 
time this was a question that needed no answer. The 
practice of the schools was a sufficient guide to what 
their practice should be. The construction of the curri- 
culum and its evaluation have for a long time been 
thought of as slowly changing entitjes the momentum of 
which carries them along. This is why it is remarkable 
that in the past decade or so there has been a rapid 
growth of interest and experiment designed deliberately 
to change the curriculum of the schools. Though experi- 
ments have been carried out in studies of all kinds—in 
modern languages‘and English, for example—the develop- 
ments there have been in the deliberate design of science 
curricula stand out for their vigour, their adventurousness 
and their wide applicability in the schools. 

The bgginning of this movement is marked by the work 
of the Physical Sciences Study Committee (PSSC) which 
grew up at Massachusetts Institute of Technology in the 
years from 1957 on, amd after a number of authorities in 
the United States had been alarmed by what seemed to 
be the neglect of science teaching in American high 
schools. In the United States the initiative in physics was 
quickly followed by similar developments in other fields— 
in chemistry and biology, for example. Funds were pro- 
vided in rapidly growing amounts by the National Science 
Fougdation and by other bodies concerned with the 
development of the curriculum—school systems, univer- 
sities and even publishers. 

In parallel with these developments in the United 
States have been similar experiments elsewhere. In 
Britain, the groups of teachers working within what used 
to be the Science Masters Association (now known as the 
Association for Science Education) embarked on a number 
of developments in the ’fifties. Working largely through 
voluntary committees, the schoolmasters were able to 
suggest ways in which more modern topics might be 
introduced in® the school curriculum, and ways in which 
the style of teaching in science could be designed more 
adequately to excite the interest and the curiosity of 
children. At the end of 1961 this voluntary work was in 
part superseded by the creation of the Nuffield Foundation 
Science Teaching Project, which brought together a 
number of different interests in the evolution of the cur- 
riculum—the interests of the professional institutions 
such as the Institute of Physics, for example, and the 
interests of Scottish teachers and education authorities. 
The first part of the work of the Science Teaching Project 
has been published this week, and during the rest of the 
summer the books which embody O-level courses in 
physics, chemistry and biology will appear. It is hoped 
that some hundreds of schools will embark on these new 
courses in the autumn. 

Elsewhere there have been similar tendencies. The book 
review which appears on page 13 of this issue refers to 
the work of a curriculum development project in Aus- 
tralia which appears already to have had an important 
influence on the pattern of science teaching in secondary 
schools. In Europe a great many countries other than 
the United Kingdom have undertaken curriculum develop- 
ment for their secondary schools. It is true, of course, 
that in several countries the pace at which change can 
occur is limited by the way in which curriculum may often 
have statutory validity as it does, for example, in Spain 
and Italy. The movement towards the reform of the 
science curriculum is not confined to industrial countries, 
and indeed the under-developed countries of Africa and 
south-east Asia are as keenly interested in what the new 
curricula may provide as are the nations with older- 
established educational systems. For this reason organ- 


izations such as PESC have inspired curriculum develop- 
ments overseas, particularly in Africa, with support from 
the Ford Foundation and under the label of Educational 
Services Incorpora-ed. British interests in this field are 
likely to be channelled into help for less-developed coun- 
tries through the newly formed organization called Centre 
for Curriculum Renewal and Educational Development 
Overseas which hag been sponsored jointly by the Ministry 
of Overseas Development and the Nuffield Foundation, 
as well as through. a number of older-established institu- 
tions, among whom the commercial publishers cannot be 
neglected. 

The fact that scch a diversity of curriculum develop- 
ments has coincided in time is a measure of the way in 
which the educational systems of industrialized nations. 
have been forced t> tackle a number of basic problems of 
organization. In Eritain, for example, the most sustained 
pressure on the schools in the past fifty years has beeri 
the steady growtk. of the secondary school population. 
This has -meant en increasing diversity of ability and 
interest at all levels of the school system. It has also 
meant that the teachers could not count on the willingness 
of their pupils to grapple with the learning process without 
prompting. Instead they have had to become increasingly 
concerned with how best to help children learn and how 
best to give them she will to do so. In modern languages 
this has led to the growth of systems of teaching in which 
children are practically involved in speaking a foreign 
language from the beginning. In science the tendency 
has been similar. All the experiments in curriculum 
renewal now going on have as their common component 
a wish to give pupils first-hand experience of the process 
of science. In other words, didactic teaching is being 
replaced by what is intended to be a regimen of experi- 
mental discovery by the pupils themselves. In mathe- 
matics, the curriculum development projects, some 
modest and some ambitious in their intellectual content, 
also have in common an attempt to give children a 
feeling for the sonceptual structure of mathematics 
without exercising them in the often dull routines of the 
subject. 

The opportuniti2s and the difficulties which attend the 
whole process of eurriculum development are admirably 
exemplified by thə experience and the ambitions of the 
Nuffield Science Teaching Project. Here, as elsewhere, 
the objective has >een to devise programmes for teaching 
science in which experiments by children play an integral 
part. The argument is that only by such means can 
children be expeczed to acquire a deep understanding of 
physics, chemistry or biology. For one thing, of course, 
real science is larzely an empirical study. For another, 
doing something vith the hands is in practice a vivid way 
of learning that something. It is also an enjoyable 
activity, and the devisers of the Nuffield courses have 
sought deliberately to exploit enthusiasm first captured 
in a laboratory experiment. 

The new scienca course must also seem like science to 
the children who will follow it. This means that it is 
hard to omit all mention of parts of a subject which 
children know abcut from their reading of newspapers and 
books-—electrons, for example, or*nucleic acids. At the 
same time, the problems of teaching children about such 
things without being trapped mto didactic talk at the 
blackboard are scbstantial. This is why a great.deal of 
effort in the desizn of new curricula has been put into 
the design of equipment that can somehow bring large 
parts of modern science into the school classroom. 

But devising a new curriculum is more than just 
writing a text-bock and a set of instructions for teachers. 


` 
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In reality, it is not possible to predict with anything like 
certainty the chances that a curriculum devised at the 


desk will suit the classroom. For this reason the Nuffield 


courses, like the new mathematics courses of the School. 


Mathematics Project, and like the courses which have 
been evolved by the American curriculum development 
projects, are the result of close interaction between the 
classroom and the developers. The Nuffield courses now 
- being ‘published have been tested in 170 secondary 


- schools -over.a period of three-years., The thoroughness - 


of such feasibility testing is certain in-future to be the 
measure of the quality of a new curriculum. 

With a new curriculum must go new styles of exam- 
ination. If the object- is somehow to deepen children’s 
understanding of science, such examinations as there 
may be must also test understanding if they are to be 
meaningful. Given the importance of examinations in 
school systems such as that of Britain, teachers inevitably 
look to curriculum developers for an initiative in the 
design of examinations. It may not be the coincidence 
it seems that the examinations authorities in Britain were 
prepared to welcome the new style of examination at the 
time when curriculum development itself became fashion- 
able, for the same pressures are at work throughout the 
school system. The Nuffield courses have been accom- 
panied by specially designed examinations provided by 
the examinations boards during the trial period. The 
examination questions frequently provide the information 
that would constitute the answer to a more conventional 
question. Their style is almost certain to influence 
examinations in school science which are quite uncon- 
nected with the Nuffield development. 

The design of the curriculum is, as it happens, less 
difficult than its dissemination in the schools. The 
pioneering work tends to be done by enthusiasts who are, 
almost to a man or woman, among the more able teachers. 
Although well-run feasibility trials must involve teachers 
of various kinds and schools with varying facilities, it is 
nevertheless a curious problem in techniques of: propa- 
ganda to know how best to communicate the intentions 
of the curriculum developments to those who must in the 
end make use of the work that has been done. This is 
why most of the schemes for curriculum development have 
concentrated on providing materials for use by teachers. 
By comparison, books for pupils, while not unimportant, 
take second place. Even so, there are evident and serious 
limits to what can be done by the sale of books. Teachers 
the world over are too busy to be able to change. their 
style simply by thinking. It follows that teachers must 
somehow be given opportunities to inform themselves 
about new methods of teaching and about new advances 
in the subject they aim to teach. In the United States 
a vigorous programme of in-service training, financed 
largely by the National Science Foundation, has made it 
possible to introduce some tens of thousands of teachers 
to the new curricula which have been developed in the 
past decade. Summer institutes are held at universities 
throughout the United States and teachers attend them 
for periods of six weeks or so, often with the benefit of a 
modest payment for foregoing their normal holiday. - In 
the United Kingdom, circumstances are different; for 
example, summer holidays are not as long. Even so, the 
provision of opportunities for teachers to keep up to date 
in method and content is still far from satisfactory, 
although in recent months there have been welcome signs 
of improvement. In the summer this year, for example, 
British local authorities have arranged upwards of 
-one hundred courses for as many as one hundred 
teachers at a time to ‘introduce some of the Nuffield 
materials to some of those who may later make use 
of them. This will have to be a continuing activity, 
whether or not the Nuffield courses themselves win 
general acclaim. i 

The ideal is a state of affairs in-which the involvement 
of the teachers in the evolution of the currieulum is taken 
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as & matter of course. Just as the involvement of children 
in practical laboratory work is the best way of helping 
them to learn science, sa the involvement of teachers-in 
the evolution of the curriculum is the best way to give 
them a feeling for its practicability and educational 
virtue. The diffculty, of course, is that most teachers 
are too busy to be concerned with anything but to- 
morrow’s classes. The remedy is that they should be 


_ given the time to work on currtculum development either 


in their. own schools, or in groups of teachers recruited 
locally, or by relying on institutes. So far, permanent 
arrangements along these lines have not been made in 
the United Kingdom, although there are now a number ` 
of interesting developments involving the creation of 
science centres for teachers in schools. In some places, 
local authorities have taken the initiative. Elsewhere the 
arrival of a new curriculum has first created the need to 
convey information to teachers and has then suggested , 
the profit there can be in a regular interchange of ideas ,- 
and suggestions among groups of teachers. It would seem 
that professional and learned societies have a valuable 
part to play in furthering arrangements of this kind. In 
Britain the Institute of Physics is already engaged on a 
scheme intended to create a close link between a university 
(Manchester University Institute of Science and Tech- 
nology) and a large group of physics teachers in the. 
region. This, however, is only a beginning, and it is 
claimed that there is an urgent need for further. experi- 
ments in the design of machinery whereby teachers 
may become caught up in the process of curriculum 
development, and in which university and professional 
scientists can more easily and convincingly help in, this 
same process. 
The other obvious and continuing need is that of money. 

So far, in Britain the lion’s share of money for curriculum 
development has been provided by the Nuffield Founda- 

tion. Altogether £1 million has been committed to the 
schemes so far begun. . By comparison with investment 
in the United States, for example, this is a tiny sum, 
especially because of the range of the projects now being 
carried through. -There are, for example, a scheme for 
dealing with primary school science, schemes to carry the 
science courses for children between elevéh and sixteen 

through into the sixth form, and.schemes intended to 

cater for children of varied ability, and for schools wishing 
to teach science as a single subject and not several. - In 
the long run the obvious source of finance for continuing 
work of this kind is the Schools Council, recently formed 
and jointly financed by the local authorities in Britain. 

Individual authorities themselves, andthe publishers as 
well, have a further part to play. But-in a sense the 
greatest danger may be that the current wave of cur- 

riculum development may be regarded by those who hold < 
the purse-strings as a once-and-for-all endeavour, complete 
in itself. 

- In reality the last thing that any school system needs 
is a static curriculum. The ideal is a dynamic process of 
change in which the content of what is taught as science, 
and the way in which it is taught, are sensitively matched 
to the needs of pupils m schools, the ability of their 
teachers, and the demands of the society in which they 
live. This implies that the success of a new curriculum 
should not be judged by the degree to which it is accepted 
in its entirety by teachers, but rather by the degree to 
which it fires the enthusiasm for change of all concerned 
with education. In practice, this means that those who 
launch new curricula must particularly value those 
teachers who look critically at a new course and decide 


-that some parts of it can be successfully taught, and that 


some parts of it should—in the circumstances of a par- 
ticular school—be left aside. For these are the teachers 
whose criticism may eventually mature into individual 
contributions to a still better course-of study. In other 
words, each new curriculum is only a stepping-stone to a 
better one: yee oc : 
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MITOCHONDRIA” 


By Dr. D. HALDAR}, Dr. K. FREEMAN¢ and Dr. T. S. WORK 
National Institute for Medical Research, Mill Hill, London, N.W.7 


‘MITOCHONDRIA can be seen to swell, coil, branch, 
fragment, coalesce, put out pseudopods, even to get tied 
in knots. They can change their fosm until they resemble 
bubbles, strings of hpads, dumb-bells, lemons or snow- 
shoes” (Ritchie and Hazeltine, 1953). Despite this 
variability in form, mitochondria from yeasts, fungi, 
plants and animals resemble one another in both enzyme 
content and fungtion. They contain traces of deoxy- 
.Tibonucleic acid (DNA)', significant quantities of mbo- 
nucleic acid (RNA) and large quantities of phospholipid 
and protein. Much of the protein is, moreover, unique 
to the mitochondrion and does not occur elsewhere 
in the cell. We now accept that the DNA of the nuclear 
genes codes for formation of several different types of 
RNA and that one of these, messenger RNA, in turn 
codes for the amind-acid sequence of proteins formed 
on the cytoplasmic ribosomes. Where then are the mito- 
chondrial proteins synthesized; are they formed on the 
ribosomes and transferred to the mitochondria to be 
. self-assembled therein, or are they formed by some in- 
dependent system within the mitochondria? Isolated 
mitochondria, suspended in buffered succinate, will un- 
doubtedly incorporate radioactive amino-acids into 
proteins over long periods?; nevertheless, malic dehydro- 
genase and cytochrome c (typical mitochondrial proteins) 
when extracted from these labelled mitochondria are 
themselves completely devoid of any radioactivity*. This 
paradox presents something of a challenge and has 
occupied much of our attention. 

Although much of the progress made in the understand- 
ing of mechanisms of protein synthesis has been achieved 
by the use of cell-free systems, the very existence of this 
paradox indjcated that it might be advisable to return 
for its resolution to the study of whole cells. When 
“Krebs” ascites tumour cells§ are incubated in a suitable 
nutrient medium there is rapid protein synthesis. At 
37° C the rate of synthesis is too rapid to permit successful 
pulse labelling experiments, but if the temperature is 
lowered to 22° C protein synthesis is slowed down 
sufficiently so that a ‘chase’ of cold amino-acid added 
to the medium stops (almost instantly) the incorporation 
of a radioactive amino-acid ; the effect is shown graphically 
in Fig. 1. 

In a series of experiments the chase was added at tumes 
varying between 4 min and 20 min. While longer periods 
of labelling give a less selective labelling of microsomes, 
it was obvious in every experiment that, after the chase, 
there was a rapid release of labelled protein from the 
microsome fraction and that the bulk of this radioactive 
protein appeared in the cell sap. It will be noted that there 
is a significant but small increase in the radioactivity 
of the mitochondrial protein after addition of chaser. 
While this type of experiment is only indicative, the ab- 
sence of any close resemblance between the kinetics of 
labelling of mitochondrial protein and cell sap protein 
certainly suggests that a lumited amount of mitochondrial 
protein is synthesized independently of the microsome-cell 
sap complex. As cytochrome ¢ was not labelled when 
mitochondria were incubated in vitro with a labelled 
amino-acid‘ this protein was the obvious choice for further 

* Substance of an address given by Dr. T. S. Work 1n Glasgow on April 18. 

{ Overseas scholar of the Royal Commission for the Exhibition of 1851. 

Present address: Peparimeni of Biochemistry, McMaster University, 
Hamilton, Ontario, Canada. 

§ The Krebs IJ ascites tumour is a coll line which originated as a mammary 

carcinoma and was adapted to growth as a free-living form of cel] which 


can be propagated in the peritoneum of the mouse (Klein, G., and Kleln, E., 
Cancer Res ,11, 486; 1951). 
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investigation. As can be seen from Table 1, the labelling 
of cytochrome c in the absence of a chase resembles that 
of whole mitochondrial protein. If, however, a chase is 
added to the cells at 30 min the subsequent increase of 
specific activity of cytochrome c is substantial (60 per 
cent), but the change in specific activity of whole mito- 
chondrial protein is negligible, there being, if anything, 
a decrease in spec#fic activity. This result suggests that the 
peptide chain of cytochrome c is synthesized on non- 
mitochondrial cytoplasmic ribosomes but that some other 
mitochondrial proteins are synthesized by a separate 
intramitochondriel protein synthesizing system. 

These experiments encouraged us to take as our working 
hypothesis the assumption that mitochondrial proteins 
are synthesized by two independent routes. We suppose 
that one group of proteins is synthesized inside mitochon- 
dria and the otker group is synthesized on non-mito- 
chondrial cytoplasmic ribosomes and later transferred to 


LABELLING DF CYTOCHROME ¢ WITH *C-VALINE BEFORE AND 
AFTER A CHASE OF C-VALINE 
(Resalts expressed as muc /mg protein) 


Time of incubation and 
treatment , 


Table 1, 


Fraction 60 mun, Remarks 
20min 60min, chase at 
nochase 30 min 
Whole homogenate £33 All 217 Chase stops labelling 
Whole mitochondria =96 540 247 i ae 
Cytochrome e (1) 50-7 126 815 60 per cent increase 
after chase 

Cytochrome c (2) 52-5 —— 89-5 ‘i ws 
Cell sap* . 85 = 72 101 per cent Increase 


T chase 


* Separate experimert, chase added at 26 min. 
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how many proteins are present in the typical mitochon- 


peptide chains (mitochondria can certainly synthesize , drion, but a survey of the literature indicates that some- 


porphyrins’). In seeking confirmation of this hypothesis, 
we measured the effect of a whole series of inhibitors 
on the synthesis of microsomal and mitochondrial proteins 
in Krebs ascites tumour cells. With the concentrations 
used, none of the classic inhibitors of protein synthesis 
showed any selective inhibition of one or other of these two 
postulated independent systems. We had found in earlier 
incubations of mitochondria in vitro, however, that ribo- 
nuclease had no inhibitory effect on mitochondrial protein 
synthesis, presumably because the enzyme failed to 
penetrate into the organelle’; whereas it is well known 
that microsomal protein synthesis is inhibited by ribo- 
nuclease. Conditions were sought, therefore, for the 
introduction of ribonuclease into intact Krebs cells. Ribo- 
nuclease added to a suspension of normal washed Krebs 
cells has no effect on protein synthesis, but if cells sus- 
pended in buffered saline + ribonuclease are osmotically 
shocked by adding seven volumes of water, briefly 
incubated, then restored to an isotonic medium and 
incubated with 1C-valine, it is found that the presence 
of ribonuclease has induced substantial inhibition of 
protein synthesis. The results of one such experiment 
are shown in Table 2. 


Table 2. INHIBITION OF PROTEIN SYNTHESIS IN KREBS CELLS EXPOSED 
TO HYPOTONIC SHOOK AND RIBONUCLEASE 


Period of Concentration, Counts Percentage of 
osmotic of ribonuclease incorporated inhibition by 
shock (ug/ml.) (per 1 x 10° cells) ribonuclease 

Q* 6 3,300 — 

gt 109 2,680 20 

5 0 1,053 is 

5 100 800 24 

15 399 — 

15 50 328 18 

15 250 209 47 

15 500 162 62 


Washed Krebs cells (6x 10° in 4 ml. of phosphate buffered saline) were 
oured into 28 ml. water containing ribonuclease. At various intervals 
hereafter osmotic pressure was restored to normal and a sample of cells was 

incubated at 37° O with “C-valine for 15 min. 


* It is not possible to carry out all the necessary operations in zero time 
and in fact these cells were exposed to osmotic shock for perhaps 30 sec 
before tonicity was restored to normal. 


The strong inhibition of protein synthesis induced by 
osmotic shock even in the absence of ribonuclease seemed 
to indicate at first that we had damaged the cells irre- 
versibly; nevertheless, shocked cells could be propagated 
in the mouse peritoneum and in rate of growth they 
could not be distinguished from fresh cells. In accordance 
with expectation, synthesis of mitochondrial protein 
was less irthibited by ribonuclease than was synthesis of 
microsomal and cell sap proteins. The results of two experi- 
ments are given in Fig. 2. In each experiment cytochrome 
c was isolated after addition of mouse liver cytochrome c 
as carrier. It will be noted that the inhibition of incorp- 
oration of isotope into cytochrome e was of the same order 
as the inhibition of microsomal protein synthesis whereas 
the synthesis of total mitochondrial protein was much less 
inhibited. 

It is difficult to explain these results except by the 
assumption that the peptide chain of cytochrome c is 
synthesized on the non-mitochondrial cytoplasmic ribo- 
somes whereas the peptide chains of some other mito- 
chondrial proteins are synthesized by a separate system 
resistant to ribonuclease and presumably therefore inside 
pre-existing mitochondria. It must be emphasized that 
we do not propose the existence of two mechanisms 
for protein synthesis but rather the existence of several 
independent sites separated by barriers impermeable to 
ribonuclease but with selective permeability for cyto- 
chrome e peptide. 

Despite their plasticity (indicated by our opening 
quotation) mitochondria are well-defined complex multi- 
membrane structures. It is impossible to say precisely 


thing of the order of at least twenty soluble and twenty 
insoluble proteins are likely to be involved in the formation 
of this one organelle. There is good evidence both from 
electron microscopy’? and from comminution and recon- 
struction experiments that most and perhaps all of these 
proteins are fitted together in an orderly repeating 
pattern’. ji 

In earlier investigations of the synthesis of mitochon- 
drial proteins in vitro we found that, while isolated mito- 
chondria could readily incorporate labelled amino-acids 
into protein, very little of this radioactivity was found 
in the soluble readily extractable proteins®. These proteins 
constitute perhaps one-quarter of the total protein of liver 
or Krebs cell mitochondria, and as a result of our present 
investigation we now suggest that these proteins are syn- 
thesized on non-mitochondrial cytoplasmic ribosomes 
under the contro] of an RNA code supplied by the nucleus. 


RNA-ase 5min RNA-ase 7:5min 
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Fig. 2. The inhibition of protein synthesis in Krebs ascites tumour 

cells after osmotic shock in the presence of ribonuclease. In the first 

experiment the duration of osmotic shock was 5 min, in the second 7:5 

min at 37° C. After shock, cells were incubated for 15 min and 20 min, 

respectively, in isotonic buffered glucose containing “C-smino-acid. At 

the end of this time cells were disrupted and individual fractions isolated 
by the appropriate methods 


While the classic work of Ephrussi on petite mutants 
of yeast and of Sonneborn on extrachromosomal deter- 
minants of phenotypic character in Paramecium strongly 
suggested the existence of extrachromosomal genes 
(plasmagenes), it is only in the past 18 months that 
conclusive evidence has become available! that several 
types of mitochondria, including Krebs cell mitochondria”, 
contain DNA. There is no direct evidence as yet that this 
DNA controls protein synthesis, but it is certainly pertinent 
to ask whether such evidence can be found. As a first 
approach to this problem, we re-examined the pattern of 
incorporation of radioactive amino-acids into the insoluble 
proteins of liver mitochondria during incubation of intact 
washed mitochondria in buffered sucrose with succinate 
as energy source. The insoluble mitochondrial proteins 
are not solubilized by the orthodox techniques of protein 
chemistry, but they can be obtained in solution by extract- 
ing mitochondria with a mixture of sodium dodecyl- 
sulphate, sodium-deoxycholate and sodium-cholate™. 
Addition of ammonium sulphate under suitable conditions 
leads to the precipitation of a fraction which Green and 
his colleagues have described as mitochondrial structural 
protein. This material constitutes nearly half the entire 
protein of ox heart mitochondria, but it possesses no known 
enzyme activity; nevertheless it seems to be an essential 
component which must be present before any part of the 
electron transport chain can be reconstructed by addition 
of dehydrogenases and cofactors. Some time back”, 
Roodyn, in this laboratory, applied the Green technique 
to liver mitochondria previously labelled by incubation 
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yed into a number ef discrete protein bands by electro- 
sis in acrylamide gel using as solvent either a mixture 
odium dodecylsulphate and urea in phosphate buffer?’, 
ternatively a mixture of phenol, acetic acid and 
iter™, The number of tomponents present was dis- 
ouragingly large, so we tried instead the more recent 
mproved method for preparation of structural protein™. 
_ This method, applied to liver mitochondria, yielded a 
-- multi-component prodyct, but four major bands were 

readily resolved on acrylamide and it seemed worthwhile 
-to analyse the distribution of radioactivity on an identical 
gel. This was done using a gel homogenizer!*, and the 
- Pesults are shown ip Fig. 3. 











Distribution of protein on gel (amido black} 
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`: he distribution of radioactivity and of protein on an acrylamide 

Y lectrophoresis of 400 ug of structural protein prepared from 
hondria, The mitochondria were incubated with “C-protein 
oe hydrolysate i in buffered succinate for 1 h (ref. 9) 


t is obvious from the diagram that several distinct 
foes proteins become labelled when mitochondria are incubated 
ae in vitro with labelled amino-acids. It occurred to us that 
owe might. be able to identify one of these bands by compar- 
ing it with Racker’s s coupling factor-4* (one of the major 
insoluble structural proteins of the mitochondria) which 
has been obtained in a state approaching purity'?. Dr. 
ery kindly supplied us with a sample of his coup- 

and this was fractionated on acrylamide 
ie loading and under exactly the same conditions 
radioactive structural protein. The resulting gels 
» stained and photographed side by side (Fig. 4). 
ppears from Fig. 4 and from Fig. 3 that one of our 
jor radioactive bands is similar to Racker’s coupling 
or-4. It must be emphasized, however, that we have 
unequivocally identified one of our radioactive bands 
acker’s coupling factor-4, and full characterization 
isolation in quantity and fingerprinting of the 






















er's. coupling factor-4 is one of four proteins required for the full 
Shear neryistion to oxidation of substrate by partially disinte- 
ochon 


ro with 4C-valine. He found that the Green structural 
tein fraction was radioactive. We have recently found 
his fraction prepared from liver mitochondria is a 
ure of several proteins and that it can be successfully 
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radioactive bands. It seems reasonable, however, to, 
extend our working hypothesis and to propose that mito- 

chondrial DNA may code for a limited spectrum of insol- 
uble proteins which form a part of the mitochondrial 

matrix. (Since this article was prepared, it has been 
suggested that mitochondrial structural protein of respira- 

tion deficient mutants of N eurospora differs from the 
structural protein of wild type in its amino-acid composi- 

tion—-Woodward, D., and Munkres, K., Proe. U.S. Nat. 
Acad, Sei., 55, 872; 1966). This extension i is supported by 

the studies of Kalf and Gréce!*, who have obtained 

evidence that when lamb heart mitochondria are in- 

cubated with C-amino-acids én vitro, the adenosine 

triphosphatase (ATPase) of the mitochondria becomes 

radioactive and that the radioactivity does not result 

from terminal addition of radioactive amino-acids to 

pre-existing protein, 





Fig. 4. Comparison between Racker’s. coupling factor-4 and. structural 


protein from rat liver mitochondria. Both gels were heavily loaded . 
with protein (400 ug) so-.as to show up minor bands and were afterwards ; 
stained with amido. black 


We can, so far, provide no direct evidence for the func- 
tion of mitochondrial DNA, but we already know that mito- 
chondria can incorporate thymidine into mitochondrial 
DNA wn vitro (Fig. E€) as well as in vivo, that mitochondria 
contain a DNA-dependent RNA. polymerase’, that amino- 
acid activating enzymes are present in the soluble protein 
extracted from mitochondria’ and that isolated mito- 
chondria can incorporate radioactive amino-acid. into 
certain insoluble proteins. The mere fact that when 
mitochondria are thus incubated some proteins are 
strongly labelled, whereas other equally typical” mito- 
chondrial proteins are entirely unlabelled, is a powerful 
argument for assuming that the labelling which occurs - 
in vitro is a genuine and selective protein synthesis. ‘The 
fact that this synthesis in vitro is inhibited by both i 
puromycin and cycioheximide. strongly suggests that it is 
proceeding by essentially the same mechanism as that 
already characterized for the cytoplasmic rfbosomes.. 
Indeed, it may be advisable to introduce a slight modifica- 
tion of present nomenclature and to suggest two new + 
terms—‘cytoribosomes” and ‘“mitoribosomes’’—to de- 
scribe the ribosomes of the extramitochondrial and of the | 
intramitochondrial protein synthesizing systems. 

In the light of these results it is informative to review 
various observations recorded for biological systems of. 
widely differing complexity. In such a review there is an 
obvious element of risk because we cannot be equally 
expert in all disciplines, but if we rush in like fools perhaps 
we may be forgiven if we trip over facts which by their 
very familiarity may sometimes be invisible. 

So far as we are aware, bacteria contain no centriole, 
no basal body or kinetoplast, no mitochondria and no 
plastids. Nevertheless, aerobic bacteria do contain cyto- 
chromes, flavoproteins and quinones and use a series of 
coupled enzyme reactions for the aerobic oxidation of 
acetate which closely resembles that found in higher 
forms; some even show glucose repression and oxygen 
induction of the cytochrome system closely resembling 
that found for yeast mitochondria*®. 

Many forms of bacteria do develop before division a 
complex membranous structure which appears to be 
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Fig. 5. The effect of repeated injection of triiodothyronine into thyroid- 

ectomized rats on the rate of incorporation of radioactive thymidine 

into mitochondrial DNA. Graph I shows the kinetics of incorporation 

during incubation of a single sample of washed liver mitochondria 

incabated under the usual conditions. In Graph 2 each point represents 

the mean value for the mitochondria obtained from the livers of three 
rats treated as indicated 


formed by invagination of the plasma membrane. This 
structure, now usually referred to as the mesosome region, 
shows some of the character of a primitive mitochondrion 
in that it reduces tetrazolium; it also exhibits some of the 
character of a centriole as it seems to initiate the separa- 
tion of the bacterial chromosomes*!. Add to this the 
observation that in the primitive ciliates the mito- 
chondrion and the kinetoplast form a single body**, that 
in various higher forms the kinetoplasts, the mitochondria, 
the basal bodies and the plastids all seem to contain 
traces of DNA which can be lost (provided loss is not 
lethal), that moreover the photosynthetic apparatus of 
the plastid has many biochemical similarities to the mito- 
chondria**, and one seems almost forced to suggest that 
the mesosome which had the capacity to attach to the 
bacterial chromosome may well have, during evolution, 
acquired a few of the chromosomal genes and then to 
have differentiated further into the various related 
structures of higher forms, namely, the centrioles, the 
mitochondria, the kinetoplasts, the basal bodies and the 
plastids. If this were indeed so, we might well expscit that 
the same type of DNA-dependent DNA polymerase would 
be responsible for the replication of the DNA of all these 
bodies. ‘There are, it seems, a few hints that this is so; 
for example, one such polymerase seems to be present in 
beth nucleus and cytoplasm of fibroblast cells, end this 
polymerase is concentrated in the nucleus during periods 
of chromosome replication but released into the cyto- 
plasm during interphase?*. Moreover, in the sea urchin 
embryo it has been reported that mitochondrial formation 
and mitotic activity are antagonistic*®. We thought, 
therefore, that because thyroxine is known to induce 
mitochondrial hyperplasia in animals?! it would be inter- 
esting to measure the effect of thyroid hormone on the 
rate of DNA synthesis and on the DNA level in rats 
injected with triiodothyronine. We found that when 
.thyroidectomized rats were given repeated injections of 
triiodothyronine, there was little effect on DNA level or 
on the rate of DNA synthesis for 5 days. On the sixth 
day, however, as shown in Fig. 5, isolated rat liver mito- 
chondria showed an increased ability to incorporate 
tritiated thymidine, and by the seventh or eighth day 
the DNA level in rat liver mitochondria was increased 
by as much as three-fold (per mg protein) compared with 
controls. 

We scarcely need to direct attention to the interesting 
problems in control which are presented by the existence 
of a number of extra-chromosomal genes, the reading of 
which must be fully integrated with the reading of 
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chromosomal genes so that the right proteins are fitted 
together in the appropriate order to produce functional 
mitochondria. It is noteworthy that few mitochondrial 
proteins failed to penetrate acrylamide gel (10 per cent 
monomer) and this would imply an average peptide 
molecular weight below 40,000. Nevertheless, many 
mitochondrial enzymes, especially the more firmly bound 
enzymes, are of extremely high apparent molecular 
weight’, It would, therefore, not be unreasonable to suppose 
that the majority of these enzymes are aggregate struc- 
tures compounded of a number of distinct peptide chains. 
It is obvious from the investigations of Slonimski et al.*7 
that a whole spectrum of nuclear genes controls mito- 
chondrial maturation and the synthesis of cytochrome 
enzymes in yeast. It could well be, therefore, that some 
of the multi-chain enzymes of the mitochondrion depend 
on nuclear genes for one chain of a mylti-chain structure 
but on mitochondrial genes for some other parts of the 
aggregate three-dimensional active enzymes. Even in 
those acridine mutants which lack some mitochondrial 
DNA (ref. 28) there is a primitive form of mitochondrion®®. 
This primitive mitochondrion has some structufal resem- 
blance to a mesosome and perhaps contains a lipoprotein 
similar to that of the primitive mesosome. Moreover, the 
recent investigations of Jakob?” on complementation 
between respiratory mutants of Saccharomyces strongly 
suggest that there is a coupled interaction between the 
chromosomal genes and the cytoplasmic genes of respira- 
tion-deficient mutants. Such coupling might be expected 
if the reading of two or more entirely independent poly- 
cistronic messengers had to be integrated before a func- 
tional mitochondrion could be produced. . 
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SCHOOL SCIENCE REFASHIONED 


Science for High School Students 

Pp. 1040. Single-volume Library Edition. 5.50 A.dollars. 
Two-volume Students’ Edition. 3 A.dellars each volume. 
Teachers’ Manual. Pp. 480. 3 A.dollars. 


Abridged Science for High School Students 

Vol. 1: Pp. 288. 2 A.dollars. Vol. 2: Pp. 334. 2 A.dollars. 
Senior Science for High School Students 

Part 1: Physics. Pp. 480. 3 A.dollars. Part 2: Chemistry. 
Pp. 448. 3 A.dollars. Part 3: Biology. Pp. 320. 2.75 A. 
dollars. Teachers’ Manual. Pp. 320. 6 A.dollars. By the 
Nuclear Kesearch Foundation School Certificate Inte- 
grated Science Textbook Group of Authors and Editors, 
under the Chairmanship,of H. Messel. (Sydney: Nuclear 
Research Foundation within the University of Sydney; 
London: Pergamon Press, Ltd., 1964, 1966.) 


THESE science text-books were designed to provide a 
complete science course for secondary pupils in the 
schools of New South Wales, but the authors hope that 
they will be found useful elsewhere. The first 4 years 
of the, course are covered in Science for High School 
Students (SHS), while the final 2 years are distributed 
between the three separate volumes of Senior Science for 
High School Students (SS). Science for High School Stu- 
dents is available in two formats: a hbrary edition complete 
in one volume and a classroom and laboratory edition in 
two separate volumes. An abridged edition has also been 
designed for use by pupils following the Ordinary Level 
course. (The unabridged edition is intended for those 
taking School Certificate at the Credit or Advanced Level.) 
A manual for teachers has been prepared for both Science 
for High Schools and Senior Science for High Schools. 
Appearing as they do some years after the various Ameri- 
can courses and just before the publication of the Nuffield 
texts in Britain, these books are of more than usual 
interest. 

The general SHS volume is very full in content and 
covers elementary physics, chemistry, biology and geology 
with encyclopaedic thoroughness. It suffers, however, 
from the main disadvantage of other texts of this kind: 
it gives the pupil all the facts without any reference to the 
way in which the gontent is actually to be taught in the 
classroom. Many experiments are described, but there is 
little to indicate that they are part of a consistent course 
in which the pupil, his experiments, the teacher and the 
text all have a part to play in the learning process. An 
extreme example of this comes early in the first chapter 
where the pupal in almost his first lesson meets the Bohr 
atom, nucleons, elements and compounds. How can there 
be any hope that the pupil will think critically about his 
science when he is introduced, at the very outset of his 
course, to a series of facts about the more crucial concepts 
of physical science designed for ready acceptance ? 

SHS is written for use over a wide range of age. When 
& pupil starts on the course he is twelve and he passes 
to the succeeding volumes when he ıs sixteen. It is 
therefore surprising to find little variation in reading 
difficulty between the prose of the earlier and later 
chapters. For example, the following sentence occurs 
very early in the abridged version, and is intended for 
12-year-old pupils about to follow the ordinary course, 
and thus unlikely to be among the most able: “‘Neverthe- 
less Democrites would have reasoned: suppose that I 
imagine that I have a perfect tool and that I can keep on 
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BOOK REVIEWS 


dividmg the material Sor as long as it is drvisible—can 
I keep going for ever, or will I eventually have the smallest 
piece of matter which is indivisible ?” 

The Teachers’ Manucl is helpful; it contains hints on the 
experiments in addition to sources of material and ques- 
tions. The balance of the course would have been improved 
if more emphasis had b2en placed on this manual and thus 
on the teacher. In the pupils’ book, the result of an 
experiment is given almost in the same breath as the 
experiment itself. Hew much better if the result had 
only appeared in the manual together with the develop- 
ment following from the experiment. (These comments 
also hold good for the Teachers’ Manual to SS.) 

These criticisms are directed at SHS as part of the 
school learning situation, and should not be allowed to 
detract from the obv.ous thoroughness and care which 
have gone into the vriting. Many of the sections are 
models of clarity and compression. Among examples of 
these is the discussion of fields on pages 42-46 and 42-47. 
The geology content, which is very full, is not usual in 
British courses of a similar kind, but it fits naturally into 
these text-books. Here, at least in Britain, we are given 
cause to examine our own neglect of the subject, and also 
of astronomy which raceives similar extended treatment. 
Many teachers will ind SHS useful, especially those 
sections covering other than their own speciality. 

The senior course Las been conceived as a whole, and 
because of this there is no wasteful overlap- between the 
three parts into which it has been divided. There is, 
however, a deliberate overlap between the content of the 
more advanced Senior-Science and that of the more elemen- 
tary Seience for Higl. School Students. Part 1 is solely 
concerned with physies, and is an unusual book. There is 
no reason to doubt the authors’ claim that certain concepts 
and the mode of thəir presentation have never before 
appeared in a school sext. In Britain, books at this level 
tend to be written by schoolmasters and, although usually 
reliable and sometimes distinguished, are usually derived 
works and seldom contain anything so fundamentally 
different as to give ons a mental start. The physics section 
of SS does just this. It continuously excites and makes 
the reader eager to >ress on and follow a theme to its 
conclusion. Those of us who work in schools have reason 
to thank members of university faculties who give part 
of their time and energy to write texts of this nature. 

To some degree tre content follows general modern 
trends. There is litle calorimetry; Joly’s differential 
steam calorimeter is rot the ghost at this feast. Geometri- 
cal optics, transfer cf heat-energy and electrical circuit 
theory are only covered to a standard somewhere below 
Ordinary Level in Britain, and the space and time so 
gained are used adventurously. First comes a most 
careful treatment of dynamics. Points that are all too 
often passed over briefly are given more extended atten- 
tion; examples are tko discussions of action and reaction, 
and of inertial forces in, circular motion. No use, however, 
is made of the caleu“us, here or elsewhere, and this leads 
to some difficulties. l 

A treatment of ebctricity and magnetism follows, in 
which the latter ıs sreated as a second-order effect. It 
is made clear at the outset that the student is asked to 
regard magnetism a inevitable given Coulomb’s law and 
the transformations of special relativity. The derivation 
of the law of force between current-carrying conductors ‘is 
approximate and depends on low charge-velocity. This is 
the section which mskes the book unique as a school text. 
There has been a growing body of opinion that special 
relativity ought to ba formally taught in schools, and this 
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book makes it possible for us to estimate the feasibility 
of such a step. A discussion of wave theory leads to a 
very clear section on the wave nature of matter. This ig 
very fine and will serve as a source of inspiration to all 
who teach these topics. 

A. text-book cannot be judged apart from its intended 
users. It is to be hoped that a strong feeling that the 
majority of pupils at the late secondary stage will find 
this book very hard going indeed will prove ill-founded. 
For this reason, reports on the reactions of such students 
in Australia to the book are eagerly awaited. 

A few points give rise to queries. The coulomb is 
first defined as a certain number of electronic charges. 
Later Millikan’s experiment is described and the outcome 
given in terms of coulombs. It would seem in fact that 
it is the permittivity of free space which is arbitrarily 
assigned, but the point is clouded—possibly deliberately. 
The mathematical analysis is regrettably printed in a 
very cramped manner. 

The other two SS volumes are more orthodox in charac- 
ter. Part 2 contains a coherent and didactic account of 
modern, chemistry. The theme begins with a traditional 
description of the behaviour of gases, reactions between, 
gases, and formulae and equations. At this stage, a less 
conventional but reasonably clear and simple account of 
energy in chemical reactions and bonding is introduced. 
This is followed by a consideration, of the elements of the 
Periodic Table and their halides and oxides. The history 
of atomic structure is dealt with in a section which pre- 
cedes a modern, introduction to structure which includes 
reference to the Born-Haber cycle. The final part of the 
text is directed at an up-to-date look at chemical change 
from the point of view of equilibria, acids and bases, 
electron transfer mechanisms and rates, and oxidation 
states. Organic chemistry is crammed for the most part 
into two chapters—one under the guise of the hydrides 
of carbon and the other on substitution and addition 
compounds. 

Some criticisms of the details of the text should perhaps 
be given. The most important of these concern the intro- 
duction to formulae and equations. This is very con- 
ventional and makes no use of the mole concept. A small 
but important point which should be corrected concerns 
the energy diagrams, such as they are. The higher energy 
species are shown, at the bottom and lower energy at the 
top: this is most confusing! 

On the face of it, the text is clear, straightforward and 
modern. But this book represents the complete standard 
work for chemistry at senior high school level in New 
South Wales. What do the students actually do? Do 
they listen to expositions by the teacher and then read 
the book? What experiments do they perform? The 
experimental work in the book is very weak, and few 
experiments are iriserted at the end of each chapter. 
Although some of these experiments are “open, ended”, 
their position at the end of the chapter implies that they 
aro confirmation for, or illustrations of, the theories which 
have been expounded in the preceding text. In no case 
does the need for this theory derive from the evidence of 
an experiment. It may be, of course, that there is a great 
shortage of laboratory space in New South Wales. In 
Britain the tradition of chemistry as an experimental 
subject dies hard, and new movements in the teaching of 
chemistry are aimed at making Advanced Level courses 
even more laboratory-based. The New South Wales 
course is clearly text-book based. To our eyes, therefore, 
despite its modern content. Part 2, on chemistry, has an 
old-fashioned look. l 

Part 3, on biology, is an authoritative and informative 
book arranged in three main sections. The first deals with 
Darwin and evolution, Mendel and genetics, variation and 
the modern, view of natural selection. This is followed by 
an excellent discussion on, the diversity and abundance 
of species and an investigation of the effects of environment 
on populations. Ideas new to this level are included, for 
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example underpopulation and crowding. In the section 
on, population, examples from Australan ecology are used 
to illustrate features of ecology, which makes a pleasant 
change from time-worn European situations. The second 
section is a treatment of three particular aspects of an 
individual organism: reproduction, control and co- 
ordination and behaviour. Some modern material is 
included but the treatment is very ordinary. The final 
section on cell structure ang function uses much bio- 
chemistry and electron microscopy and is an up-to-date 
and authoritative account. The ground covered in, these 
topics is dealt with in a logical and concise manner: 
the general level is*about that of the present Advanced 
Level in Britain. "B 

The main difficulty with Part 3 is that its approach 
to biology is not one of enquiry and investigation de- 
pending on practical observation and experiment. In 
fact, the practical section of the book is relegated to twenty 
pages at the back and the whole emphasis of the text is 
one of encyclopaedic coverage of a series of complex 
topics. Each chapter is provided with a group of questions, 
often well designed, but they are based on the text rather 
than on, experiment. * 

In general, this is an interesting volume that could be of 
considerable value to teachers as g book of reference and 
to pupils as a background reader. However, the general 
approach runs counter to present trends in the teaching 
of biology in Britain, which seek to make the subject an 
activity of experiment end discovery. 

A select bibliography follows many of the chapters in 
the SS volumes and especially in Part 3; this will help the 
pupil considerably in his selection of ‘follow up” reading. 
Throughout the books, pages are identified by cHapter: 
thus a page labelled 36—15 is the fifteenth page of Chapter 
36—in places the index is somewhat confusing because of 
this system. : 

The criticisms which we have made stem, in the main, 
from a divergence between our conception of the function 
of a science text and that of the authors. However, the 
drive and industry which have gone into the production 
of these volumes are obvious to all. Prof. Messel and his 
colleagues are to be congratulated on the completion of 
this huge task—done in record time. Their efforts can 
only encourage and inspire all engaged on the refashioning 
of science courses. M.J. W. ROGERS 

R. SCHOFIELD 
D. STANBURY 


THE MOON IN PICTURES 


Photographic Atlas of the Moon 

By Zdenek Kopal. Pp. 277. (New Yorke: Academic Press, 
Inc.; London: Academic Press, Inc. (London), Ltd., 
1965.) 128s. 


THis book represents part of the latest in a now con- ` 
siderable series of systematic photographic surveys of 
the Moon. Sponsored by the U.S. Air Force Aero- 
nautical Chart and Information Center, more than forty 
thousand exposures of all or part of the Moon were 
obtained at the Pic du Midi by a team from Manchester 
led by Kopal, to produce the largest homogeneous set 
of lunar photographs ever made. 300-m contour charts 
have been produced from these. 

The present work consists of three introductory chap- 
ters, a selection of 217 prints taken from the total amassed 
so far and nine photographs from the Ranger VII series. 
The first chapter is essentially a presentation, of the 
physical properties of the Moon, the main topics being 
the characteristics of the orbit, the librations, mass and 
density, internal structure and conditions, and a lengthy 
consideration of the possibility of a gaseous atmosphere. 

Following a brief description of the familiar surface 
features, the second chapter is concerned with the origin 
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of the larger ones. Attention is given to both external 
and internal processes, particularly for the formation of 
ring structures, but the origin of the surfaces of the maria, 
and also of domes, rilles and wrinkle ridges, are considered. 
An outline of the chronology of lunar structures is given 
using the criteria of overlap, ruggedness and albedo for 
dating purposes. 

The third chapter considers the detailed structure of 
the lunar ground. The avidence from photometric, 
polarimetric, thermal and radio investigations is pre- 
sented well, with only one obvious error—the phase at 
which the plane of polarization of moonlight rotates by 
90° is given as the quadrature, when in fact it has the 
value of about 23-5°. Ih the interpretation of the data, 
however, several points of controversy arise. The un- 
doubtedly vesicular nature of the surface is attributed to 
small crater-pits produced by micro-meteorites in the 
overlying coating of interplanetary dust; the difference 
in albedo between maria and continents is explained as 
due to inmixing of native material by more energetic 
impacts. This argument ignores two points: it has been 
shown by geveral workers that no combination of regular 
crater pits can fully reproduce the lunar photometric 
curves, some degree of interconnexion between adjacent 
pores being almost ceréainly necessary; and also that 
falling mterplanetary dust will probably build up a 
dendritic “fairy-castle” structure in any case. Both these 
points deserve mention, as does the often neglected 
possibility that the differences between maria and con- 
tinents may not only be those of albedo: as any suffici- 
ently vesicular dust or rock may have most of the lunar 
properties, the two types of area could be quite different 
in origin, as would be the case if the maria were relatively 
recent flows of vesicular lava. 

In terms of absolute resolution the photographs given 
do not represent any improvement over, for example, the 
Photographic Lunar Atilas edited by Kuiper, but do have 
the advantage of homogeneity, making intercomparison 
of different areas more meaningful. In general this work 
is a useful addition to the literature on lunar surface 
problems by way of a review. Perhaps no single work 
can cover every facet of the subject, but this book presents 
an outline of the appearance and nature of the Moon 
adequate for many purposes. L. WILSON 


BACKWATER OF SCIENCE 


Melting and Crystal Structure 

By A. R. Ubbelohde. Pp. x1+325. (Oxford: Clarendon 
Press; London: Oxford University Press, 1965.) 63s. 
net. 


Melting and Crystal Structure is mainly concerned with 
the principal thermodynamic parameters of melting, 
particularly melting points and the changes of entropy 


and volume at melting, and the attempts which have - 


been made to understand what regularities can be per- 
ceived in these parameters. There is little detail with 
regard to crystal structure, and “Melting and Molecular 
Motions” would have been a more accurate title. Save 
for one chapter on “Rate Processes in the Solid—Liquid 
Transition’ (chiefly nucleation), and another on glasses, 
the book concentrates on equilibrium properties. If a 
good monograph is one of which one can say, ‘Read this; 
accept it, and use it to light your path in neighbouring 
fields of science’, this does not qualify as such, but if the 
test of merit is whether it is likely to promote the advance 
of natural knowledge, it can. For no one can, read this 
book without the conviction that there is much more yet 
to be discovered about even so simple a phenomenon as 
melting, at every level from the most to the least 
sophisticated. The good book in the former sense could 
scarcely be written, because the basic data are often 
missing or unreliable. One would like to be able to 
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congratulate the author for bringing the data, such as 
they are, together. Unfortunately, at any one place he 
ubually quotes only a single value, without declaring a 
basis of selection, and repeated data seldom agree with 
precision. 

The author himself directs attention to the substantial 
discrepancies between d7’;/dp and the ratio of directly 
measured AV; and Sp (12 per cent discrepancy for sodium 
chloride: page 142). It should be sobering for scientists, 
taking pride ın their echievements over the really difficult 
measurements, to appreciate the paucity of reliable data 
on such elementary matters as these. Ought we to 
tolerate this situation ? How can we complete the surveys 
in areas which science has passed by on the way to the 
frontiers ? Why should only graduates get that incentive 
to do their best in a measurement which comes from 
knowing that it produces new knowledge, which someone 
needs ? Schoolboy atnletes try to do better than has been 
done before: why should not schoolboy scientists ? In 
Britain, about 50,000 people each year take Advanced. 
Level examinations in physics and chemistry: with a 
little organization they could contribute measurements of 
latent heats and dilatations at fusion for a host of sub- 
stances in the easy temperature range, say 0°-200° C, 
with such multiplicisy of independent checks that the 
reliability of the results should be easy to ascertain. Some 
enterprising schools, end some undergraduate laboratories, 
could extend into more difficult temperature ranges: and 
a few of those involved would come to appreciate the 
worth of more thorcugh research, say into the thermo- 
dynamics of melting at constant volume. 

Against a background of imperfect data, the theory of 
the subject remains, apart from the basic thermodynamics, 
& mixture of near misses (such as the Lindemann melting 
point formula, percipient when new, but something which 
surely ought to hava been overtaken by deeper under- 
standing by now), crude though instructive models (such 
as theories of melting which still leave the liquid molecules 
on a lattice) and wild ideas often stemming from dubicus 
experimental observations. The author cites them 
systematically, with perhaps too uniform a sceptical 
deprecation: for he tends to be tentative in introducing 
the obvious or even the necessary. 

A chapter on liquid crystals contains an interesting 
miscellany of citations, but its very brief section on 
cholesteric phases, when contrasted with Friedel’s article 
(Annales de Physiqu2, 18, 273; 1922), serves remarkably 
to illustrate the way in which scientific understanding can 
lapse in a field which 1s not continuously cultivated. 

F. C. FRANK 


POSITIVIST MEASUREMENT 


Basic Concepts of Measurement 
By Brian Ellis. Fp. ix+220. (London: Cambridge 
University Press, 1986.) 45s. net; 8.50 dollars. 


THE aim of this book is “to give a consistent positivist 
account of the nature of measurement”, which is regarded 
as “a central concern of the philosophy of science”. 
It is clearly written; the author faces the problems 
honestly and does not hesitate to say when he has 
failed to solve then, and the book is a lively stimulus 
to thought. 

It has, however, one fundamental defect, which appears 
to arise from the desire to regard the commonsense and 
scientific views of the world as expressible in the same 
terms. This is impossible, and if possible would be 
undesirable. There is no reason why the astronomer 
should be forced to express terrestrial rotation in terms 
of sunrise, or why, in daily life, we should speak of dawn 
in terms of the posit:on angle of the Earth. In shopping, 
measurement is always measurement of a quantity of 
something already there—a pound of bacon, a yard of 
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cloth. In science, on the other hand, the measurement is 
primary, and there may or may not be a “thing” which 
is measured. What thing lies behind the altitude of the 
First Point of Aries? The spectroscopist measures A, and 
afterwards chooses whether to call it the length of a wave 
or the reciprocal of the momentum of a particle: he does 
not first observe the wave or particle and then measure 
one of its properties. It follows that a true fundamental 
account of measurement must not presuppose a meta- 
physical something of which the measurement ascertains 
the magnitude. 

Mr. Ellis’s account is based on the presupposition that 
every measurement is the measurement of a “quantity” 
possessed by a “thing”. He has then to define “quantity”, 
and his “final position” is that it depends on “‘the existence 
of a set of linear ordering relationships”; he leaves it to 
others to decide which quantities are entitled to be given 
names. On this definition probability, for example, is a 
quantity, and it is discussed at length. It is scarcely too 
much to say that all the problems dealt with are created 
by the unnecessary introduction of quantities, and the 
acuteness of the analysis does not- compensate for its 
superfluity. 

Nor are quantities merely superfluous; their intro- 
duction as entities prior to their measurement (there is, 
of course, no reason to forgo the convenience of using 
such terms as wave-length for descriptive purposes) is a 
fundamental error, for it misrepresents empirical dis- 
coveries as logical necessities. Thus, the agreement 
between measurements of distance by laying rods end to 
end and by triangulation follows inevitably on the 
“quantity”? assumption, for they are measurements of the 
same thing. When there is reason to think that it breaks 
down over long distances, all we can do is to try to dis- 
cover which method is “right”. But if we regard both as 
valid but different measurements the results of which 
are approximately equal, their disagreement over long 
distances reveals an important fact about the universe. 
Whether it is best described as the curvature of space or 
the non-rectilinear propagation of light or what not can 
then be discussed, but in any case it is a discovery about 
the universe which the presupposition of quantities would 
have made impossible. HERBERT DINGLE 


HIGH-ENERGY NUCLEAR PHYSICS 


High Energy Nuclear Reactions 

By A. B. Clegg. (Oxford Library of the Physical Sciences.) 
Pp. vi+130. (Oxford: Clarendon Press; London: 
Oxford University Press, 1965.) 18s. net. 


NucLeaR reactions induced by low-energy nucleons are 
usually complicated processes, but at higher energies 
in the region above 100 MeV and for light target nuclei 
a great simplification is possible in certain types of 
reactions. This book is especially concerned with reac- 
tions induced by protons and neutrons in the energy region 
between 100 and 400 MeV, in which a simple change is 
made in the target nucleus. ._ In this case it is possible to 
understand the reaction mechanisms in some detail and in 
some instances also to obtain information about the struc- 
ture of the nuclei involved. 

In the first chapter it is pointed out that at these 
energies the incident nucleon frequently interacts with 
` only one nucleon at a time, and in subsequent chapters the 
reactions considered are those in which only one collision 
with a nucleon changes the state of the nucleus. In the 
next chapter the reasons why this type of reaction is 
likely to occur are discussed and the matrix elements 
involved are related to the nucleon-nucleon scattering 
amplitudes. Distortion effects on the incident and out- 
going waves are next considered and the quasi-classical 
approximation, introduced. The third chapter is con- 
cerned with the experimental features of the investigation 
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of high-energy nuclear reactions and contains a brief 
discussion of the measurement of particle energies, the 
measurement of y-ray energies from the decay of excited 
states and polarization, phenomena in nuclear reactions. 

Chapter 4 discusses the elastic scattering of nucleons by 
nuclei. Hoere the treatment in some places is brief and not 
complete because several other books have recently been 
published on the theoretical analysis of elastic scattering 
data using the optical model. Dr. Clegg instead concen- 
trates on the relationship to the nucleon-nucleon scatter- 
ing amplitudes, and an extensive comparison is made 
between the theoretical calculations and the available 
experimental data. The contributions from spin-flip 
and isotopie spin-flip processed are considered in some 
detail. 

Chapter 5, which is by far the longest in the book, is 
concerned with inelastic scattering. Using the plane- 
wave approximation the contributior from spin flip effects 
are considered together with the information which can be 
obtained from the angular distribution of y rays from the 
excited nucleus. Distorted wave calculations are then 
introduced and the effects due to a spin-dependent distort- 
ing potential are found to be small. These calculations 
are then compared with the experimental measurements 
of the polarization and angularedistributions and where 
possible related to the nucleon—nucleon scattering ampli- 
tudes. Other excitation mechanisms which might con- 
tribute to inelastic scattering reactions and how they can 
be related to single nucleon excitation are then con- 
sidered. 

Nucleon knockout reactions m which the incident 
nucleon collides with a nucleon in the nucleus with the 
result that both nucleons leave the otherwise undisturbed 
nucleus are dealt with in the next chapter. After a brief 
discussion, of (p,d) reactions, (p,2p) reactions are con- 
sidered in great detail, especially the interpretation of the 
results in terms of the shell model. In the final chapter 
reactions in which a cluster of nucleons are ejected from 
the target together with a nucleon are discussed. Although 
a comparison, with experimental results is difficult because 
of the lack of data there is an extensive discussion of the 
relationship between the cluster model and the shell model 
and it is shown that in many cases the prddictions of these 
two models are very similar. 

This book can be strongly recommended. The reac- 
tions are considered from a theoretical point of view, but 
the results are extensively compared with the experimen- 
tal data. The underlying physics of the nuclear model or 
nuclear reaction is kept continually in, mind and the cal- 
culations made using simple models so that the physical 
principles are not obscured by mathematical or compu- 
tational complexities. The book is likely to be of con- 
siderable interest to the nuclear physicist studying nuclear 
reactions at lower energies and to thé physicist working 
with nucleons in the 100 to 400 MeV energy region. Itis 
particularly valuable at a time when there is considerable 
interest in the use of high-energy particles to study nuclear 
structure. C. J. BATTY 


ERDTMAN’S PALYNOLOGY 


Pollen and Spore Morphology/Plant Taxonomy— 

Gymnospermae, Bryophyta (Text) . 
By G. Erdtman. (An Introduction to Palynology, IL. 
Pp. 1914+24 plates. (Stockholm: Almqvist and Wiksell, 
1965.) 88 Sw. kr. 


Pollen and Spore Morphology/Plant Taxonomy is the 
most recent volume of Prof. Erdtman’s impressive series 
of contributions to the studies of spores and pollen of 
living plants. The rather disconcerting companionship 
of Bryophytes and Gymnosperms in the one volume is a 
reminder that palynology is still suffering the pains of over- 
rapid growth. The series (An Introduction to Palynology) 
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started bravely with Part 1, the Angiosperms, in a single 
volume of text and illustrations in 1952. Gymnosperms, 
Pteridophytes and Bryophytes (Part 2)—the illustrations 
only——followed in 1957. The present Part 3 is the text 
to the Gymnosperms and Bryophytes—the text for the 
Pteridophytes is still to come. This seemingly rather 
confused situation simply reflects the dilemma of the 
integrator in a field where research is outpacing the 
integration: Prof. Erdtman has elected ‘‘for various 
reasons’ to postpone a description of Pteridophyte spores 
to a later volume. 

But the present work is much more than merely a text 
to a volume of illustrations. I carries an additional 
twenty-four plates, and* numerous half-tone illustrations 
in the text. These are of the usual excellent quality which 
has become the hallmark of Erdtman and his students 
at Solna. They include ordinary-light micrographs of 
acetolysed spores in*distilled water; electron micrographs 
of shadowed replicas, to show exine topography; and thin 
sections of exine taken with phase contrast and ultra- 
violet. The refinement of technique ın illustration since 
Volume 1 is a tribute to the painstaking application to the 
problems Òf spore illustration made by Prof. Erdtman 
and his students. 

The body of the work,is a description in catalogue form 
of spore and pollen morphology with the original figures of 
Volume 2 greatly augmented by new photographs. In 
every genus there are detailed references to the specimens 
examined and to the relevant literature. Occasionally, one 
regrets that Prof. Erdtman’s enthusiasm for a logical and 
consistent terminology has taken us far from terms already 
well entrenched in 1957. Under his ‘N.P.C.’ system the 
monolete proximal aperture of a moss spore now falls 
into the same ‘character’ category as the (distal) colpus 
of, say, acycad. As a result, some may be sorry to see the 
proximal aperture of Splachnum (katalept) referred to as a 
‘colpus’ (with or without inverted commas!)—the same 
term being applied to the distal ‘furrow’ of cycad pollen. 

There are two areas which show up in the book as being 
particularly in need of further work. First, our knowledge 
of the megaspore membrane within the seed of the gymno- 
sperms and its structure and homologies with the micro- 
spore exine is*sparse. (The megaspores occupy four 
pages, the pollen seventy.) Secondly, there is still lack 
of knowledge of orientation with respect to the tetrad 
in some pollen and spore types; even in such a large 
and well-studied genus as Ephedra, for example, there is 
controversy as to whether the elongated axis is polar or 
equatorial. Since any comparative pollen morphology 
must be based on the basic orientation of the spore, this 
is a feature of fundamental significance. 

This work is a valuable contribution to the various 
fields of botany through which palynology ramifies— 
Quaternary palaeobotany, gymnosperm and bryophyte 
systematics and the more refined study of cell wall forma- 
tion in general. There can be no greater praise of the book 
than to say that Prof. Erdtman has maintained the high 
standard of illustration, meticulous observation and 
description that he set in his own earlier work. 

W. G. CHALONER 


THE SIPHONOPHORA 


A Synopsis of the Siphonophora 

By A. K. Totton, assisted by H. E. Bargmann. Pp. vii+ 
2304-40 plates. (London: British Museum (Natural 
History), 1965.) 220s. 


Some animal groups are easier to describe and classify 
than others, especially when creatures have hard skeletal 
characters. The softer-bodied animals have, however, 
given great trouble and, among these, the planktonic 
siphonophores are extreme examples. Not only are 
they liable to crumple and distort on preservation, but 
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they consist of polymorphic colonies carrying floats, 
swimming organs, stcmachs, stinging tentacles, sexual and 
asexual bells. Any one of these parts is liable to break 
off and a preserved collection may consist of fragments 
belonging to a number of different species. It is no 
wonder that the early systematists got into a muddle 
and different parts were assigned to wrong parent species. 
Even to-day many species are known only from frag- 
ments and the complete animals still remain to be 
described. But their beauty and strangeness have 
attracted the most famous zoologists, among the first to 
write large works on them bemg T. H. Huxley and Ernst 
Haeckel. In more modern times, however, the leader in 
the field was undoubtedly Henry B. Bigelow, who pro- 
duced a classical worx in 1911 based on the fine collections 
of the Albatross, to be followed by a number of sub- 
sequent reports. 

Now we have before us A Synopsis of the Siphonophora. 
The author is A. K. Totton, whose first published work 
on siphonophores was in 1932 when he reported on the 
collections of the Great Barrier Reef Expedition. Totton, 
who was on the steff of the British Museum (Natural 
History), has had the unrivalled collections of the 
Discovery investigations at his disposal, but he has never 
been content to exemine preserved material and, as & 
true naturalist, has spent much time in the field studying 
the living animal] and its development, more especially at 
Villefranche, where upwelling at times bangs: rare species 
to the surface. 

A. quick perusal of his synopsis shows at once the 
leading position that Totton himself has earned in the 
study of this difficut group. He states that about one 
hundred and thirty certain species are now known. A 
check on the identity of these species shows that twenty- 
five can be attributed to Totton, who has thus named 
more than twice as many species as any other author, 
Bigelow coming second with eleven. Out of one hundred 
and fifty-three text-figures, some one hundred and twenty 
are Totton’s own drawings, and of the forty plates twelve 
melude original photographs by him. 

The synopsis is not a comprehensive monograph. It 
lacks much informasion on general biology, on histology 
and geographical distribution, as Totton himself admits. 
Some of the species descriptions are indeed also somewhat 
cursory, and full synonymy lists are not given under the 
species. Synonyms should also have been included in the 
index. The possibilities of writing full-scale monographs 
such as A. Q. Maver’s The Medusae of the World are 
growing less. It is ell a matter of time. It is only those 
who have given many years to a study of a group who 
are competent to undertake the task and the coverage of 
the literature grows ever more time-consuming. 

It is, however, becoming very essential that those 
with the knowledge should gather 1t together and make it 
available for those who follow. It is certain that in some 
groups, in which thare is confusion in synonymy and of 
which the specrfic descriptions are scattered through a 
wide range of publications, young workers are deterred 
from entering the field. The publication of a compre- 
hensive work always seems to produce a quick response 
of new workers. 

The phylogeny of the siphonophores has always in- 
trigued zoologists, and among these Walter Garstang was 
pre-eminent. In his introductory pages, Totton has given 
an informative review of the work and ideas of the most 
prominent investigators of the past. 
title page is the name of Dr. Helene E. Bargmann, the 
value of whose assistance can well be appreciated in 
putting together a work of this nature. Among the 
many attractions of the Synopsis are the reproduction 
in the plates of so many of the illustrations of the earlier 
naturalists and the amusing frontispiece. 

The whole volumes is splendidly produced and should 
long remain a standard work and an encouragement for the 
recruitment of future investigators. F. 8. RUSSELL 


Included on the’ 
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e Elementary Analysis‘ ' 

By Richard F. McCoart, Malcolm W. Oliphant and 
Anne E. Scheerer. - (Holden-Day Series in Mathematics.) 
Pp. xv+251. (San Francisco and London: Holden-Day, 
Inc., 1964.) 7.95 dollars. 


Tars book consists of a careful introductory course to 
differential and integral calculus. It is intended for a 
first-year course at a U.S. university and would be 
useful to sixth forms in Britain and to some extent to 
first-year students at a university doing a rather pure 
mathematical ancillary course. Subjects treated include 
the concept of functions, the ¢«-§ definition of limit, 
continuity, and introduction to the derivative and the 
Riemann integral by way of the concept of bounds. 
None of these subjects is developed very far, but so far 
as it goes the treatment is clear, careful and unhurried. 
There are plenty of exercises with answers supplied and 
some worked examples. R. L. PERRY 


Slow Neutrons 

By V. F. Turchin. Translated from the Russian. Pp. 
vi+304. (Jerusalem: Israel Program for Scientific 
Translations; London: Oldbourne Press, 1965.) 107s. 


Tis book is to be welcomed, for the field of neutron 
scattering is as yet not easily accessible except through 
original papers. At the time of its publication in Russian 
(1963) the book was the only one to treat thoroughly 
dynamic, inelastic scattering processes; this translation 
of it is likely to remain a valuable text for many years 
even though some other books are now available. 

Turchin covers the basic neutron-scattering processes 
from individual nuclei and from condensed systems. He 
presents the theory necessary for the interpretation of 
elastic (Bragg) diffraction from crystals, and inelastic 
scattering both from crystals and from disordered (liquid- 
like) systems. This latter topie is thoroughly treated by 
the space-time correlation method. 

The sections devoted to the various approximations 
useful for realistic situations are likely to prove particu- 
larly valuable to workers in the field. The section on 
magnetic scattering is short, but adequate. The second 
part of the book is entitled ‘““Thermalisation and Diffusion 
of Neutrons” and discusses briefly the nature of these 
processes and their significance in reactor calculations. 
There are many existing better sources for this work, and 
in general a reader would do well to treat these chapters as 
introductory. 

The standard of translation is high, but the formulae 
are badly set and difficult to read; the only error that I 
found, however, was the retention of Russian subscripts 
in one formula. The direct reproduction from typescript 
necessarily gives a slightly untidy appearance to the 
page, but a little*more attention to the quality of the 
mathematical formulae and diagrams would have made 
the book far more pleasant to read. W. M. Lomer 


General Genetics 

By Adrian M. Srb, Ray D. Owen and Robert S. Edgar. 
Second edition. (A Series of Books in Biology.) Pp. xi+ 
557. (San Francisco and London: W. H. Freeman and 
Company, 1965.) - 50s. 


Tus substantially revised, second edition of a most 
valuable text-book appears thirteen years after the 
first edition of 1952. The two original authors have been 
fortunate in securing the collaboration of a third, Dr. R. S. 
Edgar, a distinguished representative of the new generation 
of geneticists who, in his work with bacteriophage, has 
opened a new approach to physiological genetics at the 
molecular level. 

Many things have happened since 1952; they are 
incorporated in this new edition. Just about that time 
fine genetic analysis was forcing a replacement of the 
concept of genes as beads on & string by that of words 
in a sentence, with each word coding for a protein. Soon 
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afterwards the Watson—Crick model of DNA gave precise 
chemical meaning to this picture and suggested the way 
in which genes are replicated and the colinearity of the 
fine structure of a gene with the amino-acid sequence 
of a polypeptide. It took only g few years to confirm 
the former, but more than ten years to confirm the latter. 

Thanks to these early developments and the many 
others, too well known to need mentioning, on the genetic 
code and protein synthesis, the biochemical and the 
genetical approaches to heredity, differentiation, develop- 
ment and evolution have become completely interwoven. 
Demarcation disputes, unfortunately still rampant, are 
becoming boring. This book may well help to bury them 
for good. w 

There are a few minor errors, such as the legend to Fig. 
3-1, on page 67. The treatment of human genetics (Chap- 
ter 15) is inadequate and not up to date; better to omit 
it or treat the subject more significantly. Apart from these 
minor faults, there is little doubt that this new edition 
will, as its predecessor, secure many years of deserved 
success as an introductory text-book of genetics. 

G. PoNgECORVO 


Research in Pesticides 

Edited by C. O. Chichester. (Preceedings of the Confer- 
ence on Research Needs and Approaches to the Use of 
Agricultural Chemicals from a Public Health Viewpoint, 
held at the University of California, Davis, October 
1-3, 1964.) Pp. xx+380. (New York: Academic Press, 
Inc.; London: Academic Press, Inc. (London), Ltd., 
1965.) 128s. 


Since the publication of Miss Rachel Carson’s book Silent 
Sprung in 1962, more words must have been spoken and 
written about pesticides, and the hazards of their residues 
in foods or of environmental contamination, than about 
any other aspect of applied biology. Research in Pesticides 
offers an up-to-date review of the present position on 
pesticides, not agricultural chemicals as stated in the 
sub-title, with the exception of legislative control. 

At the conference reported in this volume, twenty-six 
specialists read papers covering a great diversity of aspects 
of pesticide usage in relation to public, health. These 
aspects, according to, the titles of the seven parts into 
which the conference was divided, cover criteria for public 
policy in the use of pesticides; approaches in the investi- 
gation of pesticidal action (on the pest); whole animal 
responses to pesticides; ecological systems (fresh waster, 
land drainage, sea water, wildlife, domestic animals, 
plants); removal or persistence of pesticides (public water, 
air, soils, foods); alternate methods of pest control; and 
interpretation of data with respect to human health. 
Each aspect was covered by two to six papers, followed by 
one to three formal contributions to a discussion, but on 
only three occasions was there open discussion from the 
floor. There is a short, but helpful, topical index. 

The great majority of the papers reach a high standard of 
summary and review, but most authors seem to have been 
unable to see further ahead than the clear need to amass 
more data. However, I particularly liked the contributions 
by O’Brien on target enzymes, Frawley on synergism, 
Freed on control of plants, Crosby on the international 
removal of residues, McNew on regulating the interaction 
of pest and host, and that portion of the open discussion 
to Part 7 commenting on the interpretation of animal in 
relation to human toxicology. 

The standard of editing is high, but on pp. 52-55 appear 
three mentions of a contribution on pitfalls in studies of 
metabolism by Dr. Casida, who was in the audience. 
No explanation is offered for the omission from print of 
what seems to have been a very interesting paper. The 
book will clearly be an excellent reference volume for 
libraries, but those workers who would find a personal copy 
valuable, because of their need to take a broad view of 
pesticides in committee work or scientific administration, 
may be deterred by the price. E. A. PARKIN 
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MEETINGS 


COSPAR — VIENNA, 1966 


Tem ninth Plenary Session of Cospar and the eighth 
International Space Science Symposium was held at the 
Congress Hall of the New Hofberg, Vienna, Austria, during 
May 10-19, 1966. Some 600 delegates and scientists from 
33 countries attended. Three special topical symposia 
were held on, life sciences and space research, the Moon 
and planets, and interactions between the neutral part 
and the iowized part of the atmosphere 

Maurice Roy, representative of the International Union 
of Theoretical and Applied Mechanics, was elected to a 
second three-year term? as president. The Bureau of 
Cospar is now composed of A. A. Blagonravov (Academy 
of Sciences, U.S.S.R.) and R. W. Porter (National Academy 
of Sciences, United States) as vice-presidents, with 
L. Egyed (Hungarian Academy of Sciences), K. Lauter 
(German Academy of Sciences at Berlin), Sir Harrie 
Massey (Royal Society of London), and M. Nicolet (Royal 
Academy of Sciences of Belgium). The tenth meeting of 
Cospar will take place during July 17—28, 1967, ın London; 
the first week will be a joint session with the fourth General 
Assembly of the IQSY, and the special symposium at the 
meeting will be about the scientific results of that pro- 
gramme. 


Working Group I—Tracking, Telemetry and Dynamics. 
Concern was expressed over the need to protect certain 
radio frequencies used for tracking satellites and for 
receiving beacon and telemetry signals. It is difficult to 
assign & protectéd frequency to satellite transmitters, for 
the regulations of the International Telecommunications 
Union require that in such a case an identifying call name 
must be assigned This is usually mmpractical, because 
satellite transmissions often contain only the telemetry 
channels for command and data relay. Some satellites 
continuously broadcast data through telemetry channels, 
often so as to relate satellite data directly with data 
obtained from the ground simultaneously. These tele- 
metry emissions also require protection. These matters 
are to be discussed further with representatives of the 
International Radié Consultative Committee, and formal 
requests for frequency allocations will be filed through 
channels to the International Telecommunications Union. 

Optical means of tracking satellites range from accurate 
astronomical telescopes of the Baker—Nunn type and others 
to observations made with an ordinary press camera with 
adin. x 5in.negative. The latter has proved effective in 
filling in orbrt information, especially during the early days 
of a satellite before accurate prediction ephemerides are 
available to guide the narrow field astronomical instru- 
ments. Visual observations by skilled teems are also of 
considerable importance in the early and late phases of an 
orbit. Recent work by King-Hele indicates the usefulness 
of skilful camera and visual observation in, determining 
atmospheric drag—and hence deducmg atmospheric 
density—especially for low-perigee satellites. The Working 
Group urged continued attention by amateur groups to 
good observation, especially ın the Southern Hemisphere, 
and urged that coverage should be mereased. 

The Workmg Group also agreed to study the possibility 
of distributing listed observations in a form directly 
accessible to machines. The need was pointed out for the 
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determination of pos.tion end proper motion of stars in the 
southern half of the zelestial sphere, so that better optical 
ttacking can be achieved in the Southern Hemisphere. 
Support for the efforts of the International Astronomical 
Union to compile a southern hemisphere star atlas was 
also recommended. 

Mrs. Alla Massevisch (U.8.8.R.), who has chaired this 
Working Group since the inception of Cospar, resigned. 
J. Kovalevsky (France) is the new chairman and D. J. 
King-Hele (U.K.) vice-chairman. 


Working Group II—Design and Co-ordination of Experi- 
ments. One of the important programmes discussed by the 
panel on the dynamics and structure of the neutral 
atmosphere was the sounding of the atmosphere above 
balloon ceilings by small meteorological rockets. Some 
four thousand soundings are now available, chiefly from 
the United States natwork of some fifteen, stations, but 
regular firmgs are a.so conducted by the U.K. Meteoro- 
logical Office at Soush Uist in the Hebrides, and rockets 
have been fired from India, Pakistan, Australia, France, 
Italy, Iceland, Norvay, Sweden, Spain, Poland, Egypt, 
Israel, U.S.S.R., Argentina and Brazil. German groups 
have fired rockets from various locations outside the 
Continent; the Japar.ese are testing rockets in, preparation 
for regular firings in a year or so, and interest has been 
expressed by Canada, Greece and Columbia. Rockets 
have been fired at McMurdo Sound, Antarctica, and at 
Thule, Greenland, and from shrps. In a few years, a 
world-wide network of meteorological rockets may be a 
distinct possibility. Regional groups have been organized 
for the Indian Ocean and the Americas. The panel 
strongly endorsed these efforts, and hoped that such 
groups could become the mainspring for an effort to 
obtain good latitude coverage along particular meridians, 
and urged that additional groups should evolve, particularly 
in Europe and in tre Western Pacific and East Asian 
Regions. A latitude profile based on observations from 
two ships in the western Pacific undertaken by the U.S.S.R. 
attracted interest, end it was suggested that such efforts be 
coordinated into lanc-based latitude chains. 

Because of the wide interest in data from the rapidly 
evolving network of rocket stations, among ionospheric 
physicists as well as meteorologists, an effort has been 
made in the past yzar to centralize the collection and 
publication of rocket profiles. World Data Center A for 
Meteorology (United States) has agreed to publish data 
on a month-by-month basis, and the first volume (for 
July 1965) was distributed. Countries obtaining rocket 
meteorological data are now urged to submit data to the 
World Data Center zor meteorology within 4 weeks of a 
firing for inclusion in the appropriate volume due to 
appear after a delay of 6 months. 

The importance of Just in the solar system and the upper 
atmosphere of the Earth was discussed by an ad hoc group, 
which suggested that a formal Cospar panel should be 
organized on this subject. This suggestion will be considered 
at the London meeting following a scientific symposium 
on dust to be arranged by the ad hoc group, whose goals 
would then, be further clarified. 

The Working Grotp also turned its attention to experi- 
ments or programmes that would benefit from coordination 
on & multilateral or global basis, with particular attention 
to the period of solar maximum a few years hence. 


Working Group I1*——Data and Publications. The desira- 
bility was again emphasized thet launching groups should 
supply descriptive summaries of rocket flights, giving brief 


‘information on the sxperiments, and similar summaries 


for satellites and spece probes. In order to simplify the 
mechanics of distributing data on satellite launchings, 
it was decided to use telecommunications only for those 
satellites with which speed is essential, as, for example, 
when real-time telemetry 1s employed, or where the 
spacecraft is of optizal or radio mterest (flashing lights, 
radio beacons, etc.). 
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u. Working Group I V—International Reference Atmosphere. 
* Support was added to the request of other working groups 
for more data in the region between balloon ceilings (30-40 
km) and satellitelevel (several hundred km) and particularly 
for data from meteorological rockets on the upper strato- 
sphere and mesosphere, and data on density and tempera- 
ture in the region of 150-200 km by the tracking of low- 
altitude satellites. Interest was also expressed in attempts 
to take account of essentially regular dynamical effects, 
such as the solar heating bulge in the upper atmosphere 
and the solar tidal motion in the middle atmosphere which 
is now regarded as a consequence of solar heating in the 
ozonosphere and not a resonant response to the gravita- 
tional tide. Interest was also expressed in, an attempt to 
develop a reference ionosphere. These two topics, and 
particularly the latter, are complex and it is probably pre- 
mature to make decisions on these elaborations of the 
reference atmosphere. 

Luigi Jacchia (United States) was elected chairman 
of the Working Group to succeed Dr. W. Priester (West 
Germany), and V. I. Krassovsky (U.S.8.R.) vice-chairman. 


Working Group V—Space Biology. The question of 
space probe sterilization received considered attention, 
with an exchange of information on techniques now in 
use in the U.S.S.R. and the United States and some 
plans for future probes. A conference on space-probe 
sterilization was planned as a prelude to the London 
meeting. There will also be a two-day symposium at this 
meeting, covering areas such as the biology of the inner 
planets, strategy and tactics of life-detection schemes, 
orbiting biological experiments, and long-term effects of 
weightlessness on thé cardiovascular system. 


Working Group Vi—Scientific Space Experiments 
concerned with the Properties and Dynamics of the Tropo- 
sphere and Stratosphere. The terms of reference of this 
Working Group, established at the meeting last year in 
Argentina, imply support for the interest of the Interna- 
tional Council of Scientific Unions and the World Meteoro- 
logical Organization in developing a world-wide system 
of meteorological observations. It is therefore mainly 
concerned with determining atmospheric parameters 
over the globe through indirect techniques of electro- 
magnetic sounding and atmospheric probes (constant-level 
balloons) and at the surface (remote astromatic station, 
ocean buoys) located by satellite ranging systems. 

The Working Group agreed to prepare a document on 
(i) the specification of a global meteorological experiment ; 
(ii) the design of experiments to test atmospheric pre- 
dictability; (iii) the design of experiments to study the 
spectral distribution of atmospheric energy u, a function 
of the scale size of disturbances; (iv) the status of the 
art of indirect probing and a look to the future for such 
parameters as temperature, density, pressure, wind, 
surface state, cloud, radiation flux, water vapour and 
ozone; and (v) a status report on the constant-level 
balloon systems now under test (GHOST balloons, United 
States) and development (by the EOLE group in France), 
and on the satellite ranging and interrogation schemes 
which are under development 


Popular Education and Training. A panel with this 
title was organized im response to the United Nations 
request to the scientific unions for advice on ways in 
which space science could be used to accelerate technical 
training and education im developing countries. The 
panel suggested that the use of certain geodetic satellites 
for accurate surveying in Africa shows how this kind of 
work may be a good possibility for many developing 
countries. Another possibility is the improvement of 
local weather services by means of automatic equipment 
taking pictures from the TIROS satellites. Many such 
units have been built in universities, and it was considered 
that such developments are not in principle beyond the 
reach of universities in developing countries. 

STANLEY RUTTENBERG 
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OBITUARIES 


G. R. Crowe 


7 a 
A COLLEAGUE writes: 


G. R. Crowe, who died in June aged 73, spent most of 
his working life in the Cavendish Laboratory. Starting as 
a boy in 1907, and leaving the Laboratory only during 
the First World War when he worked at the Cambridge 
Instrument Company, he retired as principal assistant in 
1959. To a few he was “Crowe”, but to most of us he was 
“George”. 

Crowe became Rutherford’s personal assistant in 1919, 
a post which he held until Rutherford’s death in 1937. 
Throughout this period many of Rutherford’s best experi- 
ments owed much to Crowe’s skill and perseverance. 
Essentially he was a man with gotd hands who was 
skilled in most of the contemporary laboratory tech- 
niques. He could do most things that required to be done 
whether it was with metal or glass or photography. With 
such old-fashioned things as wax or mica be was an 
artist. Perhaps his greatest single contribution to Ruther- 
ford’s work was the preparation of the thin glass tubes 
in which radioactive emanationewas sealed. It would 
still be an exercise for an apprentice to make the tubes. 
When one adds the difficulty and the hazards of the radio- 
active filling it was a task for a craftsman. 

One of the greatest delights inthe 1930’s for Rutherford 
and Crowe were the Royal Institution lectures. For both 
of them the lectures were at once a challenge and a 
holiday. It is doubtful whether Rutherford ever spent so 
much time preparing a set of lectures, and much of the 
work of the Laboratory came to a halt until the prepara- 
tions were complete. The master’s ideas were shaped and 
made practicable by Oliphant and Wynn Williams, but 
the detailed execution fell largely to Crowe. It was not 
trivial in 1934 to build a portable Cockcroft and Walton 
accelerator with subsidiary counting equipment and to 
erect it in London on a “one-night stand” and therewith 
to give the first public demonstration of nuclear trans- 
mutation. This, of course, was a laboratory effort, but 
Crowe did his part, a very large part, supremely well. 

The “If’s” of history are many. Not the least inter- 
esting to a physicist is the speculation as to how 
much, or how little, some of the eminent would have 
achieved without skilled assistants. Whittaker, in his 
History of the Aether, records of Oersted that he was “a 
man of genius but a very unhappy experimenter: he 
could not manipulate instruments”. On the other hand, 
we can be quite certain that the president of the Royal 
Society in 1966 would still have been president if labor- 
atory assistants had never existed. Crowe’s opinions on 
this -subject were interesting and emphatic. When he 
entered the Cavendish as a boy, J. J. Thomson was the 
Cavendish professor. From his own observation supported 
by gossip with Everett, Thomson’s assistant, Crowe con- 
cluded that J. J. was never allowed to touch any apparatus 
whatsoever—otherwise disaster inevitably followed. Of 
his own master, Rutherford, Crowe had many colourful 
stories, many of them bearing on this subject. The tenor 
of them can be summarized in the Rutherford exclama- 
tion, “Don’t shake the bloody bench, Crowe”, when the 
great man was patently failing with something which 
required manipulative dexterity. Although, in this case, 
Crowe was the only witness—as well as judge and jury— 
there is little reason to doubt the substantial correctness 
of his comments. 

In his prime, a man of considerable physical strength 
and an enthusiastic player in the Cavendish cricket match, 
Crowe was endowed with a calm temperament and was 
not easily ruffled. He allowed the sometimes violent 
storms, of which Rutherford was the sole and only origin, 
to pass over him. In this he was assisted by his partial 
deafness. It was always very difficult for Rutherford in 


No 5044 JULY 2, 1966 


one of his tempers to know whether Crowe could not or 
would not hear him. 

It was natural that Bragg should turn to Crowe for 
help in the preparation of his own Royal Institution 
lectures when he succeded Rutherford in the Cavendish 
chair. These lectures were distinguished by a quite 
exceptional clarity and thoroughness of preparation and 
owed a great deal to Crowe’s patience and skill in mas- 
tering extremely ingenious and delicate techniques. It 
was not only in this work, however, that Bragg found 
Crowe’s practical skill a match for his own inventiveness. 
They worked together during the Secdénd World War, and 
almost immediately afterwards Crowe ventured into a new 
field, assembling and operating the first electron micro- 
scope in the Laboratory, one of the first in the country. 
Even Crowe’s temperament was stretched to the limit by 
this wayward instrument and he always maintained it was 
during this period he learnt to swear “aloud”. Neverthe- 
less, Bragg’s wisdom in setting Crowe to the task bore 
rich dividends in Crowe’s contributions to the technique 
of preparing specimen replicas. 

In the Cavendish, Crowe was respected for what he 
could do and well liked for what he was. In experimental 
physics his death markg the end of an era. No one now 
in pursuit of the highest prizes plays with wax or bothers 
to split mica. Yet these trivialities played a not negligible 
part m an intellectual revolution. It is right that the man 
who could do them and did them should be remembered. 


Prof. J. M. Mackintosh 


Pror. J. M. Macxinrosx died at his home ım Bristol 
on April 20, at the age of 75. In his lifetime he spanned 
almost the whole of our experience of public health, 
first as County Medical Officer of Northamptonshire, 
then as Chief Medical Officer of the Department of Health 
for Scotland, professor of public health at Glasgow, and 
as dean and professor of public health at the London 
School of Hygiene and Tropical Medicine. A highlander 
by origin and temperament, he was born in Kilmarnock 
where his father practised as a solicitor, and educated at 
Glasgow High School and University. He was a graduate 
in arts and medicine in the older Scottish tradition of the 
educated doctor: at the University of Glasgow he was one 
of a vintage generation whose studies were interrupted by 
active service in the First World War. Severely wounded 
as a subaltern in the Cameron Highlanders, he was sent 
home and finished his medical studies. He returned 
to the war as a medical officer in the R.A.M.C. It was 
war-time service which determined his choice of pubhe 
health as a career. 

After service as an assistant medical officer ım Dorset, 
Burton-on-Trent, and Leicestershire he was appointed 
County Medical Officer of Northamptonshire in 1930. 
There he made a celebrated series of surveys of rural 
housing, and his reports, illustrated with his own pen-and- 
ink sketches, are a unique piece of English social history. 
He loved his period of public health service. 

From 1937 until 1941 he served as Chief Medical Officer 
of Scotland This was a period when attention had 
turned in Scotland to the need for major reform of the 
health services, and a period of hectic planning in antici- 
pation of war. This experience was formative of his 
thinking about hospital planning and strategy At this 
time, too, James Mackmtosh discovered with a special 
delight and appreciation the Highlands and Islands 
Medical Service which had pioneered the provision of 
health services for remote and scattered populations; 
in retirement it was one of hts unrealized hopes that he 
might be able to write a history of the service. 

In 1941 he resigned from central government work, 
which he had felt restricting and lacking in those individual 
contacts whose stimulus he found rewarding. He moved 
to the chair of public health of the University of Glasgow 
and began the academic career by means of which his name 
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has become widely known. To begin with, however, he ° 
Was still concerned with war and was moved to the United 
States to advise on the medical aspects of civil defence. 
This was the beginning of an association with American 
colleagues which contmued for the rest of his life. In 
1944 James Mackintosh was appointed dean and professor 
of public health at tie London School of Hygiene and 
Tropical Medicine and continued there until his retirement 
in 1956. The end of the war was a time of ferment. Young 
men out of the forces were eager to make their mark m 
their country’s health services. Increasingly, postgraduate 
students came to learn from British experience and 
teaching. The times welcomed the gifts of James Mackin- 
tosh as a thinker and teacher. His lectures on the history 
and development of health services were a delight, 
tantalizing to those who wanted a text-book exposition, 
but profoundly educative in giving a sense of historical 
perspective and the development of health services as 
a function of contemporary culture and thought. Mackin- 
tosh was beyond all else a social philosopher of the health 
services, weaving his text from wide reading and experi- 
ence, and illuminating generalizations from the particular 
example with a special skill of his own. 

When he retired from his chair in 1956 he was already 
frail and in poor health. He nevertheless had two further 
successful careers before he died. He worked in Geneva 
as a consultant to the World Health Organization, and 
was largely responsible for the production of its First 
Report on the World Health Situation, a classic of its kind. 
He later workedin the United States for the American 
Hospital Association and the Milbank Foundation, and 
his volume of essays on Topics in Public Health published 
last year was partly produced at that time. 

J. H. F BROTHERSTON 


Dr. A. C. Stephen 


DR. ALEXANDER (ALASTAIR) CHARLES STEPHEN, who 
was keeper of the Department of Natural History in the 
Royal Scottish Museum from 1935 until 1958, died sud- 
denly at his home in Edinburgh on June 3 at the age of 
seventy-two. 

Born, at Garvock, Kineardineshire, he was educated at 
Robert Gordon’s College and Marischal College, Aberdeen. 
His academic course was interrupted by service in France 
and Belgium, but he graduated at Aberdeen in 1919. His 
first appointment was junior naturalist on the scientific 
staff of the Fisheries Board for Scotland in 1920, where 
he was responsible for an investigation into the distribu- 
tion of animal life on the bottom of the North Sea and 
adjoining areas. i 

He joined the Royal Scottish Museum in June 1925 as 
assistant in the Department of Naturål History, and his 
period of service was notable for the opening of new halls 
and galleries which, in their presentation of material, 
were well in advance of other museums in Britain. He 
continued his research in marine zoology and was the 
first to apply techniques for quantitative study to the 
intertidal fauna of sandy and silty shores—-work which 
yielded valuable information on the ecology of these 
zones and formed his thesis for the D.Sc. in 1934. He 
wrote on the distribution of cephalopods in British waters 
and was an authority on the taxonomy of echiunids, 
sipunculids and priapulids, publishing several reports on 
material from Africa collected during the Discovery 
and John Murray Expeditions, and from the B.A.N.Z.A.R. 
Expeditions. He completed a synopsis of the British 
species and, at the tıme of his death, was engaged in the 
preparation of a munograph of the world species. . 

For many years he was editor of the Scottish Naturalist, 
and he served also as president of the Royal Physical 
Society of Edinburgh and the Astronomical Society of 
Edinburgh. He was also a Fellow of the Royal Society 
of Edinburgh. 
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INTERSTELLAR VEHICLE PROPELLED BY TERRESTRIAL LASER BEAM 
By Pror. G, MARX 


Institute of Theoretical Physics, Roland Eötvös University, Budapest 


"THE extreme difficulties of interstellar space travel 
are well knownt. Jt is a commonly accepted view 
that, apart from the technical difficulties involved, the 
laws of conservation of energy and momentum forbid 
the visiting of other planetary systems in the human life- 
span}. This article sets out to show that this is not neces- 
sarily the case. To arrive at the nearest stars in the 
life-span of the astronaut a relativistic velocity is needed. 
The kinetic energy, K, of vehicle of rest mass, M, moving 
at the velocity cB is: 


=p- 1) 

ae Fna i —— are 
K = Me Gres 1 
Here c is the velocity of light. To achieve a relativistic 
velocity the vehicle would need to have a propellent 
energy, W, that greatly exceeds the most optimistic 
estimates of the technical possibilities in the foreseeable 
future. The reason for this is the very low mechanical 
efficiency of rocket propulsion in the relativistic domaim?. 
A. rocket can be accelerated only by the reaction of its 
exhaust gases. The greater part of the energy liberated 
from the propellant is lost in the form of the unavoidable 
recoil motion of the small masses of the exhausted gas 
particles. This is a direct consequence of the conservation 
of energy and momentum. To prevent wastage of energy, 
the only possibility seems to be to transfer the recoil 
momentum to the Earth. Because of the large mass of 
the Earth, its associated recoil energy is negligible, as in 
the case of a car, running on a solid road. As a possible 
realization of this principle, consider the following pro- 
pulsion system: a departing vehicle has an effective 
cross-sectional area, f, as seen from the Earth, and acts 
as a perfect reflector of light in the backward direction. 
A. light beam of constant intensity, I, coming from a 
terrestrial light source, is reflected by it. If the vehicle 
moves with the speed c8, the intensity of the reflected 
light, I’, turns out to be smaller than J. The momentum 
gained by the vehicle is cf(f+I’)dé, and the energy 
gained is fi —J’)dt during the time interval dt, and the 
vehicle is accelerated from the velocity c8 to c(8+d8). 

The equations expressing momentum and energy con- 
servation are: 
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These can also be written as differential equations of the 
motion: 
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Adding and subtracting these equations give: 
Me? 1+ 
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If the incoming intensity, I, is constant in time, then, 
by integration, the terminal velocity: 


(1+21)?~1 
{1+2} +1 
Here 7+ is the ratio of the radiant energy, W, used up 
during the time ż, to the rest energy of the vemos: 

Ift _ W 

~ Mc? = Me 
Substituting equation (3) back into equation (2), the 


followmg expression for the “instantaneous mechanical 
efficiency’ is obtained: 


—=f= (@=0, ifr=0) (3) 


If +— œ, that is, if v— c, the instantaneous efficiency 
rises up to 100 per cent; almost the whole energy of the 
light falling on the mirror is converted into the kinetic 
energy of the vehicle in the extreme relativistic limit. 
The ‘total mechanical efficiency” can be defined as a 
ratio of the kinetic energy of the vehicle (starting from 
rest) to the radiant energy of the beam incident on it: 
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The total efficiency starts from a very lw value (valid 
for non-relativistic motion) and rises to 100 per cent 
when the vehicle has reached relativistic velocity. It 
can thus be seen that, with “a solid ground below the 
feet’, all the principal difficulties of interstellar space 
flight disappear. A vehicle can be accelerated almost to the 
speed of light if an emitter on the Earth can accurately 
project light on to its mirror. 

To make this technically possible, an ideal focusing is 
needed. All light sources emitting natural light must be 
excluded because of the divergence of the small wave 
pockets. The only possibility is offerèd by the coherent 
radiation of the laser. If the divergence angle of the laser 
beam is taken as: 


a = bg(A/ p) 
where A is the wave-length and p is the radius of the 
coherently radiating surface of the laser, then the 


maximum range of operation, r, may be estimated (in 
units of light years) as: 


r=Olaoe 


where a and p are the radii of the mirror and laser surface, 
respectively, both in the kilometres, and e = kefa is the 
energy of the light quanta in kiloelectron volts; A is 
Planck’s constant. It can be seen that the technical 
conditions are extremely exacting. A range of operation 
of 0-1 light year would require a coherently radiating 
surface of the order of 1 km? which emits hard X-rays, 
and the vehicle would need an X-ray mirror with an 
effective cross-sectional area of several km. 

As a matter of fact, this propulsion system would also 
operate without an ideal mirror. If the mirror were 
replaced by a black surface, and if the absorbed light 
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energy were radiated out isotropically into the space in 
the reference system of the vehicle, the instantaneous 


mechanical efficiency turns out to þe: 
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and thus: 
B—1 


In spite of this, the technical realization of these con- 
ditions would seem to be practically impossible in the 
next few decades. (But the construction of a photon 
rocket with 90 per cent mechanical efficiency is perhaps 
an even more difficult task.) 

Laser propulsion from the Earth may be possible only 
in the very distant future. It would solve the problem 
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of acceleration, but not the problem of deceleration on , 
arrival at the destinetion. But if radio contact bad been 
reached with intelligent beings on another planet, a man- 
carrying space-ship could start from the Earth, accelerated 
by our laser stations It could be accelerated up to 0-99¢ 
just after leaving the Earth and could then run with this 
speed through interstellar space. The receiving planet 
could then decelerate the vehicle to zero velocity. 
Travelling home could take place in the same manner. 

No planet could be invaded in this fashion by unexpected 
visitors from outer space, which would perhaps explam 
why no real evidence of such invasions has been found 
on Earth up to now. 


1 Excellent summaries of the problem are given by Sheperd, L. A., Realities 
of Space Travel (Londan, Putnam, 1957); Hoerner, S V., Science, 137, 
18 (1969); and Pierce. J. R , Proc. Inst. Radw Eng., 47, 1053 (1959), 
where further references are to be found. 

* Marx, G., Astronaut. Acta, 19, 181 (1963). 


CO-OPERATIVE SCATTERING OF LASER LIGHT BY A THETATRON PLASMA 
By D. E. EVANS, M. J. FORREST and J. KATZENSTEIN 


Atomic Energy Research Establishment Culham Laboratory, Nr. Abingdon, Berkshire 


Ir is now well known that the illumination of a plasma 
by a monochromatic uni-directional light beam results 
in a spectral distribution of scattered light the shape of 
which depends on the ratio, a, of the scale length for 
scattering to the plasma Debye length. It has been shown 
theoretically? that the spectrum can be regarded as the 
sum of two parts, first the electron feature which pre- 
dominates when «<1 and has a Gaussian shape, and 
second, the ion feature which accounts for most of the 
scattered light when «> 1. In the neighbourhood of 
œ = 1 the electron term is no longer Gaussian but begins 
to be depressed in the centre and to show some signs 
of resonances displaced from the centre frequency by 
+ 4/2, the plasma frequency. By the time « is 3 or 4 
these resonances are well developed and the Gaussian 
character of the distribution has entirely vanished. 
Evidence for the deformation of the Gaussian electron 
feature near « = I has been reported by Kunze et al.? 
and Ramsden and Davies*, and more recently Chan and 
Nodwell* and Ramsden and Davies’ have described the 
appearance of the plasma frequency resonance for higher a. 

This article reports measurements of the distribution 
of light scattered into the electron feature in circumstances 
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Co-operative scattering of hight m a @-pinch plasma 


when « varied between 1:2 and 1-5. A Kerr-cell Q- 
switched ruby laser and amplifier provided 70-MW 
pulses within a divergence angle of 67 mulliradians and 
these were used to illuminate the plasma produced by a 
45 kJ (30 kV) theta pinch machine, MAGGI II. The 
experimental arrangement is shown in Fig. 1. Laser 
light is focused into a 6-mm diameter cylinder along the 
axis of the coil within which the plasma is formed, by the 
usual arrangement of lenses and stops, and is conveyed 
away through a 3-m long tube to a system of absorbers 
of blue glass (Chance O10) chosen for its very low 
coefficient of surface scatter. Light scuttered at 5° to the 
forward direction ky a 10-cm length of plasma at the 
centre of the coil passes through an annular window 
concentric about the coil axis, then through an axicon 
from which it emerges parallel to the axis. This is followed 
by a silvered mirror which reflects the light through 90°, 
a lens of focal length 3 m, and in its focal plane a 5-cm 
aperture which defines the range of angles around 5°, 
namely + 05°, into which light is accepted by the de- 
tector. The Jatter consists of a dielectric multilayer 
filter supplied by Thin Films Inc., and an RCA, 7265 
photomultiplier having a photocathode with an S20 
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Fig 1. Schematic diagram of the experimental layout 
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Fig. 2. Spectra of light scattered at 5°. Abaeissa is the shift from the 
laser wave-length in Angstrom units, Ordinates are arbitrary intensity 
units. Curves are best-fit theoretical scattered light functions 


response. The filter is centred at 6943 A and has a half- 
width of 5 A when illuminated normally by monochromatic 
light reaching it through the system already described. 
Its pass-band shifts to shorter wave-lengths as it is tilted 
away from normal incidence, thus permitting its use as a 
spectral resolving instrument, though confining investi- 
gation of the spectrum to the blue side of the laser wave- 
length. 

Spectral distributions of scattered light obtained under 
various machine operating conditions are presented in 
Fig. 2. They were built up from a series of individual 
shots—about a hundred shots being required to produce 
each spectrum. Each point represents the difference 
between the average of a set of shots with plasma, and 
that of a set without plasma at the same setting of the 
filter. The errors on the points are experimental in that 
they are derived from the root mean square deviation 
from the mean of the sets of experimental readings. 
Probable sources of the observed error are plasma light 
noise and fluctuations in the plasma parameters from shot 
to shot. Variations in the intensity of the laser output 
were detected by a photodiode monitor and were nor- 
malized out of scattered light signals. A residual fluctuation 
in the normalized stray light signals suggests an additional 
source of noise which has not been identified as yet. 
Stray light at the laser frequency was equivalent in in- 
tensity to that which would be produced by Rayleigh 
scattering on cold nitrogen gas at a pressure of about 
160 torr, so that although scattered light could be 
detected at the centre of the spectra, it gave an enhance- 
ment .over the stray light of only about 20 per cent. 
Nevertheless, the contrast of the filter was so high that 
beyond about 4 A from the centre, scattered light was 
readily distinguished from stray. 

To each set of experimental points a theoretical spectrum 
function of the form: 
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z? 
where f(z) = 2 xe~2* f ef* dt was fitted. 
0 


The abscissa was scaled according to the relation: 


mA 
s  (AA)e 


in which the subscript ‘s’ refers to the value of x or Aj, 
the wave-length shift, at the peak or shoulder of the 
function. It is of interest that where « lies between 1 and 
2, Xa = « to better than 5 per cent, from which it follows 


- that the position of the peak or shoulder depends only on 


plasma density. By a process of trial and error the value 
of « was determined to the nearest tenth, for example in 
the first of the spectra it became plain that « = 1-3 was 
& better fit than either 1-2 or 1-4. Similarly the position 
of the peak value, (AA)s, was estimated to be correct to 
the nearest Angstrom unit, since a change of 2 A either way 
produced a readily detectable deterioration in the apparent 
goodness of fit. > 

The first two spectra were observed when the discharge 
tube was filled with hydrogen at a pressure of 20 mtorr, 
and 1 kG of reverse bias field was applied. A pre-ionizing 
pulse (110 J, 34 kV) ensured breakdown of the gas in the 
first half-cycle of the discharge of the main condenser 
bank. The first spectrum was measured half-way in time 
to the peak of the first half-cycle current pulse; the second 
was measured at the peak. The difference between the 
two is attributed to the change in the plasma properties 
as compression occurs. The best fit for the first spectrum 
was characterized by the parameters « = 1:3 + 0-05 
and (AX). = 16 A + 1A, from which electron density 


ne = (60758) x 105 cm and electron temperature 
Te = 103 +2? eV were calculated. The second spectrum 
yielded a = 1:2 + 0-05 and (Ad), = 22 A + 1A, giving 
an electron density ne = (1-16 +935) x 10% cm and 
electron temperature Te = 233 +5heV. 


The third distribution in the figure was measured at the 
peak of the first half-cycle of the current at a filling 
pressure of 50 mtorr of hydrogen and in the presence of 
500 G of reverse bias field. The best fit in this case gave 
æ = 15 + 0:05 and (Aa), = 830A + 1A, corresponding to 
density ne = (2:15 + 0-15) x 10 cm, and electron 


temperature Te = 278 +30 6V. 


An independent measurement of the electron tempera- 
ture in this plasma has been made under the same plasma 
conditions as those applying to the second of the three 
distributions in the figure by D. Be&ch et al.*. Their 
experiment, which also dealt with laser light scattering, 
was performed at.90° and so had an «<1. Their esti- 
mate of temperature is Te = 240 + 36 eV, which agrees 
favourably with that measured by us. 

We consider that the importance of these measurements 
lies in their application as a plasma diagnostic technique, 
for it is only when « is in the neighbourhood of 1 or 2 that 
measurements of T'e and ne can both be derived from the 
spectrum of the scattered light without any knowledge of 
the absolute intensity. 

We thank the Laser Group of the Atomic Weapons 
Research Establishment, who provided the laser, and 
Dr. J. A. Reynolds and Mr. J. A. Daniel for advice on and 
operating the thetatron. 


1? Salpeter, E. E., PAys. Rev.,120, 1528 (1960); Dougherty, J. P., and Farley, 
D. T., Proc. Roy. Soc., A, 259, 79 (1960). 


? Kunze, H J., Funfer, B., Kronast, B., and Kegel, W. H., Phys. Lett., 11, 
42 (1964). 


3 marty S. å. and Davies, W. E. R., Bull. Amer. Phys. Soc., 10, 227 


t Chan, P. W., and Nodwell, R. A., Phys. Rev. Lett.,16, 122 (1966). 
5’ Ramsden, S. A., and Davies, W. E. R., Phys. Rev. Lett.,16, 303 (1988). 
e? Beach, D., Reynolds, J. A., and Watson, J. L. (to be published). 
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ROLE OF AMMONIA IN THE ATMOSPHERIC CORROSION OF MILD STEEL 
By Pror. T. K. ROSS and Dr. B. G. CALLAGHAN* 


Department of Chemical Engineering, Faculty of Technology, University of Manchester 


Tee atmospheric corrosion of mild steel in Great 
Britain is associated with a high devel of pollution, 
and sulphur dioxide in particular has received consider- 
able attention as a predominant factor in atmospheric 
corrosion. Although some corrosion rates have been 
correlated with the sulphur dioxide level, anomalies do 
exist and this is cogsidered to indicate that other pollu- 
tants may also be important. 

As long ago as 1788 it was known that ammonia is one 
of the products of corrosion?, and in recent years Ambler?, 
Harrison and Tickle’, and Young‘ have all investigated 
its presenc® in natural corrosion products. 

The source of the ammonium ion found in such material 
has now been established and light thrown on its role in the 
corrosion, process’, 

Examination, of the rust formed on steel exposed to 
air in Manchester, as well as that formed in controlled 
laboratory atmospheres, has shown that the nitrogen 
content of the steel contributes mainly to the adherent 
inner rust, whereas atmospheric pollution contributes 
to the loose outer rust. 

The seasonal variation in the total ammonia retained on 
a specimen. exposed in Manchester is presented in Fig. 1; 
irrespective of when the specimen, was first exposed, the 
ammonia retention rose in, the winter months, falling 
again in summer. When the percentage of ammonia in 
the rust is plotted as in Fig. 2, it can be seen that the 
specimens of short exposure length exhibit a higher 
percentage of ammonia in the rust, as for example for 
specimens first exposed in September 1964 and February 
1965. Furthermore, the ammonia is higher in the adher- 
ent rust in thess early stages, but with prolonged exposure 
the ammonium content of the loose outer rust becomes 


‘predominant. Thus the seasonal variation in the amount of 


ammonia retained on a specimen follows a similar relation- 
ship to that noted for sulphates formed as a result of 
sulphur dioxide pollution. More significant, however, is 
the high ammonia content of the rust in the early stages 
of the corrosion process, particularly as it is associated 
with the adherent rust close to the metal surface. 

To establish the role of the ammonium ion in the 
initial stages of corrosion, clean specimens of mild steel 
were subjected to% fine mist of atomized salt solutions 
for about 20 sec, and the effects of the salt solutions 
observed. The following solutions were atomized: 


Salt solution (10 per cent w/v) pH Salt solution (10 percent w/v) pH 


Sodium chloride 6-1 Ammonium chloride 5-2 
Sodium sulphate 83 Ammonium sulphate 61 
Sodium carbonate 11:0 Ammonium carbonate 92 


Ammonium chloride and sulphate reacted more rapidly 
than the equivalent sodium salts, and also appeared to 
involve the entire surface of the specimen in the corrosion 
process. The attack in the presence of sodium ions was 
usually at discrete sites, and on drying salt nuclei were 
still discernible. Neither specimen contaminated with 
carbonates exhibited corrosion. The severe attack occa- 
sioned by ammonium salts may be due to the acidity of 
their solutions, but the observation that the attack in 
general affected the entire surface, giving it a ‘wetted’ 
appearance, was considered to be important. 

The surface tensions of the solutions used were all 
greater than that of water’, and would not therefore 
encourage wetting. However, once electro-chemical 


* Present address: Corrosion Group, C.S.I.R., Pretoria, South Africa. 


corrosion commences, hydroxyl] ions are liberated at 
cathodic sites by the oxygen reduction reaction, and these 
ions together with the cation of the contaminant form the 
appropriate hydroxide. It would seem that it is the catho- 
dic hydroxide that characterizes the corrosion process 1n 
the presence of the ammonium ion, for whereas sodium 
hydroxide solutions have a surface tension greater than 
that of water, that of ammonium hydroxide is lower. 
These properties are illustrated in Fig. 3, where the surface 
tension of water at 20° C is taken as an arbitrary: zero, 
and surface tension-concentration, profiles drawn. Thus, 
solutions possessing a negative surface tension with 
respect to water would preferentially wot a solid surface, 
while those with positive surface tensions would be non- 
wetting. The surface tensions of solutions of sodium 
chloride, sodium sulphate, sodium hydroxide, ammonium 
chloride and ammonium sulphate are all positive, and 
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Fig. 3. Surface tensions of salt solutions at various concentrations 


increase with concentration. Although not plotted in 
Fig. 3, the surface tensions for solutions of comparable 
salts of potassium, lithium, magnesium, and calcium are 
also greater than, that of water, so that the phenomenon 
is apparently peculiar to ammonium compounds. Also 
included in Fig. 3 are the surface tensions of solutions 
of hydrochloric, nitric,.and sulphuric acid. Solutions of 
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the former acids also exhibit surface tensions lower than 
that of water, while sulphuric acid is distinctive in that the 
surface tension rises at first, then falls below that of water. 
Droplets of moisture on a steel surface are known to 
develop on outer annular cathedic zone where, in the 
presence of ammonium ions, the surface tension would 
fall, onabling the drop to spread. The presence of almost 
any other cation in solution would appear to cause such 
a drop to shrink. Thus the principal effect of ammonium 
in atmospheric corrosion may be that it promotes wetting 
and the subsequent involvement of greater areas of metal. 

The severity of she attack experienced in the presence 
of ammonium salts may to some extent be due to the 
acidic nature of solutions of these salts, while the solubility 
of ammonia is an added factor. Brasher’ has pointed out 
the error in designating certain electrolytes as corrosive 
and others as inhibitive, and stipulateg that all electrolytes 
are corrosive in solutions of sufficiently great dilution. 
This would probably account for most of the discrepan- 
cies noted in the literature regarding the corrosiveness 
of the ammonium ion, and also indicated. the importance 
of the ammonium ion in the intial stages of the corrosion 
process. It is in these stages that the hydroxide causes 
the corrosion to spread. At higher concentrations, such 
that ferrous ions are precipitated,*the reaction will become 
blocked. 

Considerations of the surface tension of the catholyte 
resulting from electrochemical corrosion in the presence 
of the ammonium salts, and observations on the high 
ammonia content of the adherent rust in the initial stages 
of corrosion are considered to suggest that the ammonium 
ion may play an important part in the mechanism of 
atmospheric corrosion. 

One of us (B. G. C.) thanks the South African C.S.L.R. 
for financial assistance. 
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OXIDATION OF TITANOMAGNETITES AND SELF-REVERSAL 
By W. O'REILLY and S. K. BANERJEE 


School of Physics, University of Newcastle upon Tyne 


THE recent statistical correlation of petrology and the 
polarity of natural remanent magnetization of rocks! 
has led to a renewed interest in the possibility of self- 
reversal. It bas been found that if rocks are categorized 
according to the degree of oxidation of the iron titanium 
oxide minerals?, then the fraction of reversed rocks in 
each category increases with increasing degree of oxidation. 
The lowest category contains no reversed rocks and the 
highest category 80-90 per cent reversed rocks. Although 
this cannot be taken as definite proof of self-reversal, no 
attempt has yet been made to provide physical models 
by which oxidized titanomagnetites can be made self- 
reversing. The purpose of this article is to consider the 
oxidation processes and products and the consequent 
magnetic effects of the oxidation of titanomagnetites. 


Oxidation of Titanomagnetites 


(A) To a mineral of spinel structure. Cation deficient 
iron—titanium oxide spinels (analogous to maghemite, 
y-Fe.0;) are found in Nature and are considered to be 
oxidation products of titanomagnetites. The cation 
distribution in single-phase spinel oxidized titanomag- 


netites has not been determined, but it js possible to apply 
the principles which govern cation distributions in titano- 
magnetites and other spinel oxides and make conjectures 
about how the cation distribution will change with oxida- 
tion. 

The preference of Fe*+ ion for the tetrahedral sites of 
the spinel structure was first found by Verwey and 
Heilmann’, who showed that if the chemical bonds in the 
spinel lattice are assumed to be purely ionic, the electro- 
static energy dictates that tetrahedral sites should be 
occupied by the large divalent ions (for example, Fe?+). 
However, chemical bonding in tetrahedral sites is not 
ionic but covalent? and the electrostatic energy lost by 
placing Fe°+ in tetrahedral sites is compensated by the 
energy of the covalent bond. This is the case in titano- 
magnetites’ where tetrahedral sites are shared by Fe?+ 
and Fe*+ throughout most of the series. The absence of 
tetrahedrally sited Ti‘+ is indicated by the neutron dif- 
fraction data of Ishikawa et al.$. 

The cation distribution in single-phase spinel oxidation 
products of titanomagnetites can be discussed on the 
basis of the foregoing data if the oxidation mechanism 
of Colombo et al.7 for magnetite is extended to the titano- 


a 


A 
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magnetites. Cations diffusing through the crystalline 
lattice combine with adsorbed oxygen atoms at the 
surface which are ionized by the extra electrons of the 
Fe?+ ions. The speed with which the reaction occurs 
depends on the rate of diffusion of cations, and because of 
covalent bonding, tetrahedrally sited ions in spinels have 
a very low diffusion rate*. For this reason oxidation will 
occur largely at the expense of octahedral Fe?+ and the 
cation population of tetrahedral sites will remain constant. 
The cation distribution in the oxidation product will then 
be governed by the initial cation distribution, and the 
vacancies will occur largely in octahedral sites. 

The degree of oxidation of the titanomagnetite 


2+ 3+ +4 +f a 
Fey, Festa, Tis O% 


can be defined by an oxidation parameter z given by 
the reaction: e 


Fez+ 4+ s O—z Fe? + (1 — z) Fe?t + $ 02- 
and the namber of vacancies produced per “molecule” is: 
z 
3ta + v) 
4+ 20 x 
Be ge) 


The number of Fe?+ ions per ‘“‘molecule’’ is 
(1+2) (1—2) 4 
4 + 50 + 2) 


The cation distribution may then be written: 


3+ 2+ 2+ 3+ 
Fejt, Fe*; i (1+2)(1—z)4_ 5 Fo?” o_o ez (14a) 4 ye 


4+ § (14a) 4+ § (1+2) 
pir C 
=S z042) |O, 
2 4+ 5 (1+2) 


` 
where § 1s the number of Fe?+ on tetrahedral sites and 
C denotes vacancies. From the arguments already given, 
§ will remain constant as oxidation proceeds and be equal 
to the value for the unoxidized titanomagnetite, čo. 


The range of oxidation parameter over which this is, 


possible is shown on the FeO — Fe,O, — TiO, ternary 
diagram (Fig. 1) and also for a number of values of œ in 
Table 1. When all the octahedral Fe?+ ions have been 
oxidized the reaction can only proceed by the oxidation 
of tetrahedral Ie?+, and for this range of composition § 
is simply given by the total number of Fe** ions, 


(1+ a2) (1 — 2)4 
hor GAL +a) 


The oxidation of octahedral Fe?+ probably corresponds to 
the so-called first stage of oxidation of magnetite’ which 
occurs quickly at a low temperature (1-2 h at 
250° C). Further oxidation retaining the spinel structure 
may be impossible as the lugher temperatures required 
to increase tetrahedral Fe*+ mobility could result in 
the decomposition of the cation-deficient spinel. 

(B) To a spwnel-rhombohedral wntergrowth. The very 
common occurrence of intergrowths of ilmenite and 
magnetite led many workers in mmeralogy to believe 
in the existence of a solid solution between the two, but 
Buddington and Lindsley? have shown that they are the 
result of oxidation of titanomagnetites either directly or 
by the formation of an intermediate cation-deficient spinel. 
The ilmenite (or ilmemte rich haematite-ulmenite solid 
solution, haemo-ilmenite) exsolves in the (111) planes of 
the spinel host. 
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Effect of Oxidation on Magnetic Moment 


e (A) Spinel oadat-on product. Verhoogen?® suggested 
an order—disorder mechanism for self-reversal which could 
apply to the case of spinel oxidation products. The dis- 
ordered phase had a random distribution of the three 
types of ions and vacancies and the ordered one had a 
maximum amount of Fe?+ ions in tetrahedral sites, 
vacancies and Titt ions in octahedral sites, with Fe?+ ions 
filing the remaining lattice sites. However, a random 
distribution of Titt is not found in quenched samples of 
titanomagnetites. Thus it may not be probable in quenched. 
oxidized titanomagretites. 

Another possibility is the oxidation of a ferrite with a 
B sub-lattice predominant moment (for example, a titano- 
magnetite) to a composition with an A sub-lattice moment. 
Using the cation distribution of the previous section, the 
variation of saturation magnetization, 2,, at 0° K varies 
with oxidation parameter, z, in the followmg manner: 

Np I Aa i a + 28 — 10 p,/molecule 


zZ 
4+5(1 + æ) 


For the first stage cf oxidation, that is, § = 8), it can be 
seen that for all compositions the spontaneous magnetiza- 
tion does not reverse. Further oxidation results in the 
reversal of magnetzzation for initial compositions cor- 
responding to x > (-6 at the degree of oxidation given in 
Table 1 and shown ın Fig. 1. 


Table 1 
Tnitial Degree of oxidation, z 
composition, First stage Reversal 

z 

0 1 — 
0-1 1 — 
0-2 1 — 
0:3 0 911 — 
04 0:837 — 
0-5 0:772 — 
06 0 713 1-0 
0°7 0 664 0-837 
08 0-620 0-691 
0-9 0 526 0 561 
1:0 0-444 0-444 


(B) Spinel-rhombohedral intergrowth. The intergrowth 
of ferrimagnetic anc antiferromagnetic materials provides 
a system in which exchange anisotropy can operate??. 
Lhe antiferromagnetic haemo-ilmenite exsolves in the 
(111)-planes of the spinel host. It was first pointed out by 
Gorter? that as the {111) plane of the spinel has an oxygen 
arrangement which, like the (111) plane in haematite is 
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close packed, and that as the unit cell dimensions are not 
too different it is possible for a super-exchange interaction 
to be active across the shared boundary layer. If, in such 
a system, the antiferromagnet is ordered in an external 
field above the Néel point of the ferrimagnet, and on 
cooling, the B sub-lattice spins of the ferrimagnet are 
coupled antiparallel to the cooling field, then the thermo- 
remanent magnetization will be opposed to the external 
field. 

Another mechanism for self-reversal lies in the decom- 
position of a highly oxidized cation-deficient spinel which 
has an A sub-lattice predominant moment. The reman- 
ence of the resulting magnetite—ilmenite intergrowth will 
be due to the B sub-lattice and so the decomposition will 
have the result of reversing the spontaneous magnetization 
of the system. 


Discussion 


Exchange anisotropy has been found in naturally 
occurring samples of maghemite partially inverted to 
haematite’, but has not yet been reported for rocks con- 
taining oxidized titanomagnetites. A preliminary investi- 
gation of oxidized synthetic titanomagnetites** has not 
revealed exchange anisotropy. 

Self-reversal by the oxidation of a titanomagnetite with 
a B sub-lattice predominant moment to one with an A 
sub-lattice predominant moment may not be possible 
because of the high degree of oxidation necessary for 
reversal. A further point is that the progressive increase 
in the number of vacancies may produce anomalous 
thermomagnetic curves of the L and N types It is more 
than possible that the Néel points will be below room 
temperature, or in the case of N-type curves, compensa- 
tion points will be below room temperature and a B sub- 
lattice spontaneous magnetization will predominate at 
room temperature. 

Because the cation distribution in PEE TE samples of 
titanomagnetites is now known‘, it seems probable that 
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quenched samples of oxidized titanomagnetites will not 
have a random distribution of cations and that reversal 
by the order—disorder mechanism”? is unlikely. 

The production of a highly oxidized cation- deficient 
spinel at high temperatures is possible under the stabilizing 
effect of suitable magmatic gases. If this has the same 
cation distribution as the hypothetical oxidized titano- 
magnetite with the same composition, then an A sub- 
lattice moment will result. Subsequent decomposition to 
a magnetite—ilmenite intergrowth will then produce a 
reversal of magnetic moment. This would provide a 
physical model fox explaining the correlation between 
reversed lavas!» and the signs of, a high degree of oxida- 
tion. To check this for natural samples, the bulk chemical 
compositions of titanomagnetites, with or without inter. 
growths, in rocks must be determined, and correlation 
between reversed polarity and chgmical composition 
sought. If our hypothesis is correct, the bulk composition 
of reversed lavas should correspond to highly oxidized 
titanomagnetites of large x value. The most suitable 
technique for such an experiment would probably be 
electron probe X-ray microanalysis and chemical analysis. 

We thank the Science Research Council for financial 
support. 
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DISTRIBUTION OF THE NUMBER OF CELLS IN A CLONE—A MONTE 
CARLO CALCULATION 


By Dr. C. W. GILBERT and A. H. W. NIAS . 


Paterson Laboratories, Christie Hospital and Holt Radium Institute, Manchester 20 


WHEN mammalian cells from a monolayer culture 
are plated by the Puck technique and each cell 
allowed to grow into a clone, then it is immediately 
obvious that there is a considerable range of the sizes 
of the clones. A detailed investigation of the distribution 
of the clone sizes for HeLa cells has been made by Nias, 
Gubert, Lajtha and Lange* and a typical distribution 
shown in Fig. 1 has a mean clone size of twenty-four 
cells at 7 days; 10 per cent of the clones have less than 
four cells, 10 per cent more than forty-five cells and some 
clones have up to eighty cells. In such experiments cells 
are plated from an asynchronous exponentially growing 
population, and since the cells are at different phases of 


` their cell cycle a range of clone sizes must be expected. 


However, if all cells had a constant generation time (time 
between consecutive cell divisions) then a total range of 
clone sizes of only twofold would be expected. The mean 
number of cells in the clones is observed to increase 
exponentially from the time of plating and so there is no 
net division delay which might disturb the early develop- 
ment of the clones. 

The factors which might cause the wide distribution of 
Clone sizes are: (a) a variation of the cell generation 
times; (b) the production of a proportion of cells at each 


- 


division which undergo no further division; (c) a correla- 
tion between the generation times of the mother and 
daughter and between sister cells. A*theoretical study 
has therefore been made of the influence of these factors 
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Fig.1. Cumulative distribution of clone sizes of HeLa cells. Broken lines, 
experimental distribution. Fulllines calculated from the generation time 
distribution (a) of Fig. 2 


A 


JULY 2, 1966 


No. 5044 


on the clone-size distribution. As it was not possible to 
calculate an explicit probability distribution function 
for the clone sizes, an experimental numerical method was 
used, the so-called Monte Carlo method (for a general 
account of the methods see Hammersley and Handscomb’). 
Paper calculations are made for a sample number of clones 
(say, 100) and each clone is built up in detail by assigning 
to each cell a generation time determined in a suitable 
random way. 

For the theoretical calculations it 1s necessary to have 
a clear set of basic assumptions. It is assumed that all 
cells are potentially the same (except for any cells which 
may have been designated sterile) and that essentially 
the same population could be grown from any individual 
cell. Cells are assumed to have generation times which 
vary in a random way but which conform to some postu- 
lated probability distribution function. The generation 
times may be quits independent of those of the ancestors 
of the cell or alternatively some degree of correlation 
between generation times of mother and daughter and 
between sister cells may be postulated. It is assumed 
that the, cells which are plated are selected at random 
from a population which is in exponential growth 
and which has been growing long enough to be asynchro- 
nous. a 

The calculations were programmed for the Atlas 
computer at the University of Manchester and contain 
two essential parts: (a) the growth of a clone over an 
arbitrary time interval and (b) the selection of a cell to 
begin a clone. The basic steps in growing the clone from 
a time T to a time T, are as follows: the clone at T, has 
n cells and the times, after 7, at which they will next 
divide are stored in the first n locations of a store array. 
Each cell is scanned in turn until a cell is found the time 
for division of which is earlier than T.. Division of this 
cell to create two new cells is then simulated. The next 
two random generation times are added to the time 
of this division to give the times at which the divisions 
of the two daughter cells will occur. The cell number 
is increased by one, and one daughter cell is stored at 
the end of the array of cells and the other in the place 
of the old cell, This cell is now re-scanned and, according 
to the time of its division, either another division made 
or the scan passed on to the next cell in the array. When 
the scan has passed all cells in the array (including the 
recently created ones), all cells will have their next time 
of division after T, and the total number of cells in the 
array is the size of the clone at T. In this way, starting 
from one cell at time zero, the size of the clone at a sequence 
of times 7',, Te, . . . can be calculated. 

The selection of the cells at zero time to start the 
clones must be made with care, because the times to their 
next division must conform to the statistics appropriate 
to an asynchronous exponentially growing population. 
The clones being grown by these calculations form just 
such a population and so previous clones provide material 
from which to sample for the next clone. The first cell 
of the first clone has, however, to be chosen in an arbitrary 
fashion, and, ın effect, the whole population is grown from 
this first cell. A sampling population for initiating the 
clones is built up by storing the final cells of each clone 
and when the store is full by overwriting the earlier ones, 
so that an ever-changing population of finite size is 
maintained which has the proper statistical properties. 

The random generation times required at each cell 
division are obtained as follows: first a random number, 
uniformly distributed in the interval 0-1, is generated by 
a standard computer routine, and then a transformation 
applied to it so that, in effect, a random selection from 
the postulated distribution of generation times is obtained. 
To produce correlations between mother-daughter and 
sister-sister generation times, two mdependent random 
times 7', and T, are first obtained from a postulated distri- 
bution and then two generation times T, and T, are 
calculated from: 
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T, = T” + BT, + YTa 

T, = «T + yTı + BT: 
where T” was the generation time of the mother cell and: 

at+tpt+y=1 

The degrees of correlations can be adjusted by the choice 
of cand. A proportion of sterile cells can be obtained by 
assigning a very long generation time to some cells as a 
result of a draw of a random number. The distribution 
function and the eorrelations of the generation times 
actually used in the calculation are computed. 

Before presenting the results of the calculations of 
clone-size distributions mention should be made of an 
interesting facet of the distribution of generation times 
in an exponentially growing population which was noticed 
during these calculations. If a random sample of cell 
divisions is taken from the growing population, then there 
is associated with each division one mother cell and two 
daughter cells. The average generation time of the mother 
cells is always less than the average of the daughter cells, 
except when all the generation times are equal and then 
the averages are also equal. The reason for the difference 
is because the seleczion of cell divisions gives an unbiased 
sample of daughter cells but a biased sample of mother 
cells; the mother cells with short generation times come 
from divisions later in the population growth and so will 
be overweighted. Zhe relation between the mean genera- 
tion time of the mcther cells, Tm, and daughter cells, T's, 
is given by the folowing equations: 


Now 


o 


1 = 2 f f(t)etdt 


where f(t) is the diferential distribution of the generation 
times of the daughtər cells and b is the exponential growth- 
rate of the population. It should therefore be noted that 
when a distribution of generation times is observed by 
time-lapse cinematography it will be the distribution 
2 f(tjo-tt which is most economically measured since the 
mother cell of all cell divisions except the first can be used. 

On the basis of the foregoing methods, Monte Carlo 
calculations of clore-size distributions were first made on 
the assumption that there is no inter-cell correlation of 
the generation times and good agreement with experi- 
mental values could be obtained using a suitable distribu- 
tion of generation times. This is shown in Fig. 2 (a) and 


100 
80 


60 


40 


20 





Percentage of cells with longer generation time 


0 1 2 3 4 5 6 
Generation time (days) 
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Mean cell Coefficient of Correlation 

generation variation Mother- Sister- 

time, days (per cent) daughter sister 
a 1:96 82 None None 
b 1°90 73 0 07 0-12 
c 186 61 0-14 0-30 
d 1°77 45 0°31 0°53 
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, the corresponding clone-size distributions in Fig. 1. No 
cell is assumed to divide before 0-35 day and thereafter, 
the distribution of generation times has an exponential 
form, giving a total mean time of 1-96 days. Some other 
types of distributions were investigated, in particular 
sigmoid distributions based on the Gaussian curve, but 
. these do not give the broad clone-size distribution 
observed. A similar type of calculation has been made 
*- by Hoffman, Metropolis and Gardiner‘. 

Next the effect on the clone-size distribution of the 
production of a random proportion of sterile cells at each 
cell division was investigated. The clone-size distribution 
is only broadened significantly if the proportion of sterile 
cells is large; the Monte Carlo calculations of Till, 
McCulloch and Siminovitch® confirm this though they 
were made in a somewhat different context. Experiments 
show the HeLa cells to have a high plating efficiency and 
so the production of sterile cells is not an important factor 
in their clone-size distribution. 

Calculations were made using various degrees of correla- 
tion between mother-daughter and sister-sister generation 
times and these gave a marked broadening of the clone- 
size distribution. The distribution of generation times 
shown in curves (b), (c) and (d) of Fig. 2 all predict clone- 
size distributions almost identical with those shown in 
Fig. 1, which had been calculated from (a) of Fig. 2. 
Correlation coefficients of the magnitude used here are 
not improbable since time-lapse ciné experiments of 
Dawson, Madoc-Jones and Field? have shown mother— 
daughter and sister—sister correlation coefficients of 0°19 
and 0-56 for rat sarcoma cells in culture. All the distribu- 
tions of generation times with the inter-cell correlations 
shown in Fig. 2 were obtained from the uncorrelated 
distribution of curve (a) by the method already described. 

From the measurements of clone-size distributions 
alone it is not possible uniquely to determine the statistics 
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of the cell generation times. Additional experimental 
evidence is needed and this can be got either from time- 
lapse cinematography of sample clones or perhaps from 
labelling experiments. Engelberg’, and Anderson and 
Peterson! have shown that some information about the 
width of the generation time distribution can be obtained 
from measurements of the decay of an induced partial 
synchrony in a cell culture. 

The results of these calculations show that the experi- 
mentally observed distribution of clone sizes can be 
adequately accounted for by a distribution of cell genera- 
tion times with some degree of correlation between the 
generation times of the mother and daughter and the sister 
cells. It is emphasized that the wide distribution is 
largely developed during the early growth of the clone, 
for when the clone has more than about ten cells the 
variations average out and departures from the mean 
growth then become rare. The basic “assumption of this 
model of clone development is that all cells are potentially 
alike. Cells will have generation times different from the 
mean because of stochastical variation of processes govern- 
ing the development of the cell or because of lagal varia- 
tions in its environment. It is not unlikely that some of 
these effects also influence the next generation of cells, but 
as the potentiality of all the cellseis the same the effects 
do not persist through an indefinite number of generations. 
1 Puck, T. T. and Marcus, P. L, J. Ezp. Med., 108, 653 (1958). 
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IDENTIFICATION OF TWO FOWL p MACROGLOBULINS WITH 
PRECIPITATING ANTIBODY ACTIVITY í 


By JOCELYN CAREY and Dr. R. FOWLER 


Royal Children’s Hospital Research Foundation 
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Commonwealth Serum Laboratories, Melbourne, Australia 


ALTHOUGH there are well-documented similarities be- 
tween avian and "mammalian serum proteins, some 
significant differences have already been recorded. 'These 
include the faster electrophoretic mobility of chicken y 
globulin?*, the high salt requirement for optimal pre- 
cipitation of fowl antigen-antibody complexes, and the 
greater sensitivity? to 2-mercapto-ethanol of fowl 7S* 
y globulin‘. 

A further difference between mammalian and avian 
species is evident from the results of two related investi- 
gations which are reported here. The first concerns the 
isolation and characterization of three fowl macro- 
globulins and, in the second study, two serum proteins 
associated with the early precipitating antibody response 
in fowls are identified. 

Recently, attention has been focused on the antibody 
activity of fowl macroglobulins, but conflicting results 
have been obtained. Franklin‘, in an investigation of the 
physico-chemical properties of chicken macroglobulins 
by ultracentrifugation in sodium chloride, isolated two 


* In this article the old-style electrophoretic nomenclature is used, and not 
the proposed World Health Organization nomenclature, as the structure of 
avian antibodies is not yet known. 


high-molecular-weight components from the serum: 
Benedict et al.*, using chromatography of ımmune fowl 
serum on DEAE-cellulose, obtained three distinct macro- 
globulin fractions, each of which possessed antibody 
activity. In contrast, antibody could not be detected in 
a macroglobulin fraction obtained by elution of immune 
fowl serum from a ‘Sephadex G-200° column’. Likewise, 
Orlans et al.8 were unable to obtain positive evidence of 
macroglobulin in specific precipitates of fowl antiserum 
and bovine serum albumin. 

Fractionation procedures investigated in the present 
work included column chromatography on DEAE- 
cellulose and on ‘Sephadex G-200’, and preparative ultra- 
centrifugation. Immunoelectrophoretic analysis and 
analytical ultracentrifugation were used to determine the 
individual components of particular fractions. By step- 
wise elution with increasing concentrations of sodium 
chloride on DEAE-cellulose, only very low yields of 
macroglobulins were obtained. Column chromatography 
on ‘Sephadex G-200’ produced one peak of macroglobulin, 
but this was shown by immunoelectrophoresis to contain 
both « and @ globulins. These methods were therefore 
discarded in favour of ultracentrifugation and, of several 
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ifications tested, sucrose gradient centrifugation was 
i to give the most satisfactory separation of high- 
cular-weight components. 
esh chicken sera were initially concentrated by 
ing in a No. 40 rotor at 60,000g in a ‘Spinco’ model 
eparative ultracentrifuge for 16 h at 4° C. The 
ultant supernatant was discarded and the pellet was 
1 up ina minimum qmantiiy of tris buffer con- 
ag either 1-0 M urea or 0-5 M glycine at pH 7-6. Of 
1e total protein in this preparation, 30-40 per cent was 
1 aeroglobulin. A volume of 0-5 ml. of the dissolved 
pellet was layered on top of 20 nl. of 10-30 per cent 
.- suerose gradient prepared in the same tris buffer. 
> After centrifuging in an ‘S.W. swinging bucket rotor at 
(60, 000g for 16 h, fractions of 0-5 ml. were collected by 
downward displacement. Alternate fractions were 
diluted with 3-0 ml. of the same tris buffer solution. 
ptical densities, measured at 275 my in a Beckman 
ee were plotted against the fraction 
r. The ere fractions were analysed by 
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ee Fig. 1 . Typical sedimentation pattern obtained by sucrose gradient 

oii jitracentrifagation of fowl serum, with inset showing immunoelectro- 

2 porie patterns of alternate fractions developed against rabbit anti- 

-fowlseraum. Region A (fractions 5-9) contains 19.5 components, region B 

{fractions 10-13) contains 198 and >19S material, and region C (frac- 
tions 14-21) contains both 75 and 48 components 





Fig. 1 shows a typical sedimentation pattern of the 
dissolved pellet after sucrose gradient centrifugation, 
together with immunoelectrophoretic patterns of alter- 
nate. fractions. 
= In order to locate the macroglobulin components, 
analytical ultracentrifugation was carried out on several 
samples of the eluate using a ‘Model Æ’ analytical ultra- 
centrifuge at 59,780 r.p.m. and 20° C. Region A (fractions 
5-9) was shown to contain components with sedimentation 
constants of greater than 19S, while region B (fractions 
10-13) contained 19S material and some material greater 

~ than 195. Region C (fractions 14-21) contained both 7S 
and 48 components. As no trace of 7S material was 
evident in Region B, the line which first appears in the 

_ (, region in fraction 12 represents a 8, macroglobulin and 
-cannot be attributed to the 7S y globulin component. 
This latter protein appeared in subsequent tubes and 
e-a characteristic immunoelectrophoretic line clearly 
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distinguishable from that of the 198 meee 
*(Fig. 1, fractions 14-18). 

The macroglobulins, therefore, were eluted in fractions 
4-13, and by immunocelectrophoresis were shown to con- 
tain three compenents: two 8 globulins and one g 
globulin. 

Of the two 8 macroglobulin components, the By ~ 
macroglobulin has been recorded previously’, and has... 
immunoelectrophoretic characteristics similar to human — 
8, macroglobulin. The other is a macroglobulin which 
does not migrate from the origin and therefore we suggest- 
that it be referred to provisionally. as a By macroglobulin. 
Antibody studies to be described below discount the. 
possibility that this is denatur ed material at the origin. — 
Dreesman et al.*, in a recent investigation of a com- 
ponent in chicken serum of similar electrophoretic mobility, 
reported on its antibody activity and called it a BA 
globulin. However, its position relative to the transferrin 
and y globulin lines is different from that of human 8,4 
globulin, which, moreover, has. ‘a lower sedimentation 
range. ce 

Fowl serum, therefore, possesses two B macrogi ce 
compared with one in human serum. 

Having established the immunoelectrophoret: 
teristics of these 19S components, we then 4 
identify the type ef proteins involved in the 
response of fowls to bovine serum albumin (BS. 
were given immunizing doses of BSA in Freund’ 
plete adjuvant. Each bird received two injectior 
antigen (40 mg/kg) given 16 days apart. Serum sample 
were collected daily. A previously described modifica 
tioni! of immunoelectrophoresis. was used to locali 
the immunoelectrophoretic spectrum those glo! 
which possessed ansibody activity. The spear um 
was subjected to electrophoresis and a solution of. the 
immunizing antiger. was placed in the outer troughs. 
However, since the optimal precipitation of fowl antigen— 
antibody complexes occurs in the presence of high salt 
concentrations, a farther modification was introduced. 
Following electropheresis of the immune serum, the agar ; 
strips were removed from the glass supports and placed 6a. 
on agar slabs prepared in 10 per cent saline. ee 

No antibody was detected in the sera for 5 days aftor ea 
the first injection or for 3 days after the second injection. 

On the sixth day after the second injection, two lines of 
specific antigen—antibody precipitate were evident (Fig. 
2a), one remaining at the origin and one extending from — 
the origin into the 8, region. Thereafter the 6, line 
diminished and the 8, line became more prominent 
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Fig. 2. Localization of antibody activity in immunoelectrophoretic 
spectrum of fowl antibody to BSA. Diagrams 2a-2e represent lines of 
precipitation of electrophoresed fowl anti-BSA developed by linear 
diffusion against BSA, and represent progression from a preponderance 
of f, to £, type antibody: (@) at 6 days; (6) at 10 days: (¢) at 15 days. 
For reference, diagram 2 (J) is a normal immunoelectrophoretic pattern 
of fowl anti-BSA serum developed against rabbit anti-fowl serum 
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» (Fig. 26 and c). There was a temporary disappearance of 
these lines for 3 days immediately following the second 
injection of antigen, after which only the 6, line was 
observed. 

The 8, line of anti-BSA precipitating antibody was 
distinguished from 7S y globulin by direct comparison 
with the conventional immunoelectrophoretic pattern of 
fowl anti-BSA serum developed against rabbit anti-fowl 
serum (Fig. 2d). No 7S y globulin line was seen using 
the “inverse’’ immunoelectrophoretic technique at high 
salt concentration. 

Our failure to observe any 7S y globulin precipitating 
antibody in the primary response of fowls to BSA is at 
variance with the findings of Dreesman et al.'*. They have 
already noted considerable variation in the relative pre- 
ponderance of 19S or 7S anti-BSA antibodies meade by 
individual fowls, and suggest that this may be due to 
variations in either the exect neture of the antigen or the 
particular technique used to test antibody response. It 
may well be that the “inverse’’ immunoelectrophoretic 
technique in high salt concentration used in this investi- 
gation is more sensitive in detecting macrogiobulin than 
7S y antibodies, but it has nevertheless enabled us to 
distinguish two separate B globulin components within 
the class of anti-BSA precipitating antibodies. 

The sequence of appearance of antibody types reported 
here provides evidence that the 6, line is not due to 
denatured material such as is sometimes seen at the 
origin, or to non-specific heterophil antibody activity’. 

Thus early fowl antibody may be associated with both 
6, and 8, globulins. Since these two globulins share the 
immunoelectrophoretic characteristics of the two B macro- 
globulins isolated by sucrose gradient centrifugation, the 
results of thig two investigations considered together 
suggest an: mmunologicel role for the two fowl 8 macro- 
globulins. Although no precipitating antibody activity 
was observed in the « globulin region, a reaction of anti- 
genic identity wes demonstrated between the « and 6, 
macroglobulin fractions (Fig. 3). These two fractions 
were pooled and subjected to immunoelectrophoresis 
against antiserum from rabbits injected with these two frac- 
tions. The reaction of identity between these two macro- 
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Fig. 3. Precipitation patterns obtained by electrophoresis of pooled a 

and f, fowl macroglobulins and linear diffusion against rabbit antiserum 

Hoos against these two fractions. This antiserum was obtained by 

oo injections of pooled e and f, macroglobuiins into rabbits already 

roducing polyvalent anti-fow! whole serum antibodies. ‘This explains 

iho faint precipitin lines seem here against trace contaminants of f, and 
y globulin fractions 


globulins is evidence that they share at least some common 
protein sub-unit in them structure and synthetie mechan- 
isms, even if they do not share the antibody combining 
configurations. 

This finding prompts speculatiohii concerning a possible 
link between mammalien immunog’obulin synthesis and 
the non-specific inflammatory response of a, globulin 
levels. A search for shared polypeptide chain structures 
between mammalian e, and y globulins might well be 
profitable. 
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ELIMINATION OF NON-SPECIFIC ANTIBODIES FROM RABBIT ANTISERA 
USING ACETONE-PRECIPITATED SOLUBLE PROTEINS 


By B. SCHMIDT, Y. HOSOKAWA and D. HARTMANN 


Institut für Hygiene and Medizinische Mikrobiologie, Freie Universitat, Berlin A 


AFTER repeated injections of influenza virus or its 
subunits into animals, non-specific antibodies were 
often found to be present in the antisera. These non- 
specific antibodies are directed against components of the 
host cells and may cause reactions, for example, in the 
complement fixation test and the fluorescent antibody 
technique. 

If the same antigen is used for the induction of anti- 
bodies and the respective antigen-antibody reactions, it 
is necessary to eliminate the non-specific component from 
either the antigen or the antiserum or from both, 

A number of methods are available for the elimination 
of non-specific immunoglobulins or free labelling agents: 
serum dilution, dialysis, serum adsorption with prepara- 
tions of tissue or cells'-*, tissue powders*:*, tissue homo- 
genates’, charcoal’, gel-filtration on ‘Sephadex’’, electro- 
phoresis'*°, chromatography on cellulose ion-ex- 
changers"'-“, adsorption with antigen fixed to slides‘, 
and dissociation of specific antigen-antibody complexes*?***. 

For the complete removal of the non-specific anti- 
bodies we have used the homologous antigen in form of a 


water-insoluble protein precipitate of chorioallantoic 
fiuid, prepared by a modified method of Coons et al.*. 
Using this powder for adsorption of the non-specific 
antibodies, no significant drop of virus specific complement 
fixation titre (CFT) and haemagglutination inhibition 
titre (HIT) of the antiserum could be observed. For 
preparation of protein powder see Fig. 1. 

Influenza virus A,/Singapore 1/57 was propagated in 
10—12-day-old chicken embryos and purified by differen- 
tial centrifugation. Subunits were prepared by treatment 
with ether-‘Emasol-1130°", adsorption, and elution with 
fowl red-cells. Haemagglutinin was purified by chromato- 
graphy on DEAE-celhilose*’, s-antigen by centrifugation™. 
Rabbits were immunized with either virus particles, 
haemagglutinin or s-antigen by one intramuscular and 
three intravenous injections. The immunosera were ob- 
tained two days after the last intravenous injection to 
produce virus or haemagglutinin antibodies. Ten days 
after the last intravenous injection, blood was withdrawn 
to obtain s-antibodies. The complement fixation tech- 
nique was performed in accordance with the method of 
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ü infected shoflcallantote finid cleared by low speed centrifugation 


= mixture to stand for 5 min, centrifuge for about 10 min at 
Pe 500g, discard. the. supernatant. 
‘sediment. 
ct ‘wash three times with 80 per cent acetone by centrifugation. 
sediment. 
eien f dry over-night at 37° C, powder in a mortar, 
powder 
E Ala shake with sodium chloride solution for 24 h at 4° C, wash 
three times with 80 per cent acetone by centrifugation, 
ary over-night at 37° C, 
- ] powder in a mortar. 
ater-insoluble protein powder. | 


Preparation of. water-insoluble tan powder from non-infected 
n _ chorioallantoic: fluid of 12-di -old chick embryos 


Lief et. alt, For the hae agglutination inhibition tech- 
=- nique on. "Plexiglass" plates we used serial two-fold 
dilutions of 0-25 ml. antiserum (RDE-incubated), 16 
haemagglutinin units per 0-25 ml. and 0-5 ml. of 0-5 per 
fowl red cell suspension. The antisera from rabbits 
taining non-specific antibodies were shaken over-night 
‘with protein powder followed by centrifugation 
„000g for 15 min. Only 0-04 per cent of the protein 
der was resolved after shaking for 24 h in isotonic 
dium ¿Chloride solution at room temperature. The 
lts of the serum treatment are shown in Table 1. 





ble 1. ELIMINATION OF NON-SPECIFIC ANTIZODIRS FROM RABBIT SERA 





i Amount of p8wder Antigens for CF-reaction 
periment (mg/ml. serum) infected CAF non-infeeted CAF 
eh ep CPTO CFT 
50 200 + + + + <5 
25 200 + + + + <5 
10 200 + +++ 60 + 
5 200 + +++ 1090 + 
0 400 + 100 + + + 
18 320 + 20 +++ 4+ 
10 320 + 40 ++ + + 
5 320 + 40 +44 4 
0 320 + RO +44 4+ 
0 without shaking 320 + BO +e t+ 
50 40 +444 <5 
25 640 + + b+ <5 
10 640 ++ + 4+ 20 ++ 
b $40 +44 44 20 +++ 
-Q n 640 t ttt 20 +444 


{Experiments 1. and gy antl-s-sera: experiment 3: anti-haemagglutinin- 

.) Elimination by shaking the sera with protein powder ovei-night at 
'T, reciprocal serum dilution giving complete (+ + + +) or decreasing 
agrees (+ ++, ++, +) of fixation of complement. 


iè ffoct. of adsorption corresponded to the amount of 
der used., In the aforementioned experiments, 20 mg 
rotein powder caused complete adsorption of the non- 
cific antibodies. This inidicatas that elimination of 












a protein powder is prepared by only one short 

ment of soluble protein, with acetone, the same 

unt of powder is required for the elimination of the 

specific antibody, but a higher resolution of powder 
place in this case. 

Fig. 2 the amount of protein powder is plotted against 

evel of resulting CFT of antibodies after treatment. 





x Experiment I 
o Experiment 2 
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not infected CAF 






Se 8 & Ww 16 25 äi 
eae mg protein powder/mi. antiserum 


n Elimination of non-specific antibodies by protein powder from 
rabbit antisera immunized with s-antigen. Infected and non-infected 
chorfoallantoic fluids in a constant dilution of 1 : 4 were used as antigens 
net: serial dilutions of anti-s-serum for the CF-test. CET see Table 1. 
CET 1: 320 + is plotted as CET 1: 200 
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py the agar gel diffusion tech- 


Fig. 3. Detection of nop- spscine antibody : 
: before. aao ton. BY 
ed CAR. (4) RBNA- 


nique of Ouchterlony. (1) Anti-s-a 
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e jio antibody. remains 
constant in the serum, whl g: 10n- -specifie antibody : is | 
adsorbed. k | ee 
Furthermore the adsorptio 0! She son-apeit sutiboay 
from anti-s-serum Sas been exami ji. 
The corresponding data are s 
There was no precipitat 
with the non-specicic protei Gantole. DY A 
diffusion no difference. of th parei mag, was 0! ‘ved 
between s-antigen from the m ane and another oe nin 
virus particles disintegrated with ett 
The effects of pa protein poy | 
CET are shown ir n 2 





















Table 2. Errrecrs OF PZOTEIN Poros ; TREATMENT ON HIT AND CETP, 
USING ANTI-VIRUE-, AA BRAEMAR STEEN AND ANTI-8-ANTIGEN BERA 








Antigen “Powder > 
Antisera CAF “mg/ml. Before treatment After treatment 
serum a A 
- “HIT CRT AIT 

Anti- infected 10 +o. -2000 809 ++ 2000 
virus not infected oe a | i EONS.: j 
Anti- infected 16 - 1200 800 + + 1200. 
hemaggl. not infected en (© 6 
Anti- infected 20 400 a + + +. G i00 + +t + Lis 
s-antigen not infected 100 + ae 0 <5 G 


The use of powder from a soluble protein seems pre- 
ferable for the fcllowing reasons: (1) The existence of 
corresponding anszigens for adsorption of non-specific 
antibodies. (2) The absence of solid cell particles. (3) 
The low or non-existent adsorbing activity for specific 
antibodies. (4) The lack of dilution of the immune serum. 
(5) The insolubility of the powder in the sera. (6) The 
constancy of the antigenicity after storage for 1 week at 
37° ©. (7) The convenience of producing large amounts. 
(8) The possibility of sterile conditions. 

The use of solulde proteins only, instead of cells, tissues, 
or tissue homogenates, may be more effective in the 
adsorption of non-specific antibodies. 
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VERY YOUNG RABBITS 
By CHI-TAO CHOU, S. DUBISKI and B. CINADER . 


Subdivision of Immunochemistry, Division of Biological Research, Ontario Cancer Institute; Departments of Medical Biophysics, 
Pathological Chemistry and Medicine, University of Toronto and the Toronto Western Hospital 


THE injection of antigens into animals may result 
in one of three possible events: immunological 
tolerance may be induced, antibody may be formed, or 
there may be failure to react to the antigen in any detect- 
able way. Which of these three reactions is observed 
depends on the nature and quantity of the administered 
antigen and on the age and immunological experience of 
the injected animal!. We shall show that, given identical 
quantities of human albumin, any of these three responses 
may be observed in rabbits, depending on the form in 
which the antigen was administered to the new-born 
animal. | 

_ If new-born rabbits were given 2-8 ug N of human 


Heed albumin, within 36 h of birth, antibody could not be 


detected in the circulation in any of these animals during 
the subsequent 4 weeks. Tests for the elimination of 
radioactively labelled (iodine-131) human albumin? showed 
that. 28 per cent (2/7) of 30-day old animals and 11 per 
cent (3/27) of 70-day old animals were tolerant (compare 


with ref, 3). If a similar quantity of protein (1-4 ug N) 


was associated with nucleated adult rabbit celis, and was 
then injected into new-born animals, a considerable 
proportion of the animals contained antibody to human 
albumin in their circulation 2—4 weeks later. The questions 
arose whether, (a) antibody formed in these circumstances 
was the product of donor cells or whether it was synthesized 
by the recipient animals; and if it is the latter, whether 

_ (b) a product of the donor cell can be detected. The 
experiments described here were designed to answer these 
questions. They showed that the antibody induced by 
antigen, associated with nucleated donor cells, was pro- 
duced by the cells of the recipient animals, and that in 
some recipient animals, soluble products from donor cells 
were formed and could be detected in the circulation for 
long periods of time. 

Cells of normal donors were obtained from thymus, 
lymph node or as peritoneal exudates, rich in mononuclear 
cells. The separated cells (from six unrelated donors) 
were incubated for 30 min at 37° C with radioactively 
labelled (iodine-131) human albumin and were then washed 
ten times with Eagle’s basal medium. The amount of 
human albumin associated with the washed cells was 
determined by radioactive counting. Twelve hours and 
36 b after birth, rabbits were injected with 1-4 ug N 
human albumin, associated with about 80x 10° lymph- 
node cells, thymus cells or with peritoneal exudate cells, 
rich in mononuclear cells. The injected animals were 
then bled at weekly intervals. 

Within 2-3 weeks after the neonatal injection with 
albumin-treated cells, the majority of the animals had 
circulating antibody to human albumin which could be 
demonstrated by its capacity to agglutinate tanned 
erythrocytes, sensitized with human albumin‘. Antibody 
was induced by albumin-treated peritoneal exudate 
cells (rich in mononuclear cells) in 43/56, by albumin- 
treated lymph-node cells in 42/72 and by albumin-treated 
thymus cells in 18/33 of the injected animals. 

We had thus found that a quantity of human albumin, 
which had induced tolerance in 28 per cent of injected 
animals, when given in soluble form, induced antibedy in 
55-80 per cent of injected animals, when givenin association 
with nucleated cells. It seemed quite possible that this 
difference in responsiveness was due to the production of 
antibody by the transferred cells, as had been found by 
Harris et al.’ (see also refs. 6-10) under different experi- 
mental conditions. To investigate this possibility, we 





used allotypic markers for the discrimination between cell 
products of donor and recipient animals. 

Animals, used as racipients and donors, differed in the 
allotypic specificity of their immunoglobulins and pos- 
sessed either allotypic specificity A4 or A5, which are 
known to be located on the light chains and to be determ- 
ined by two allelic genes 4j and Aj (ref. 11). 

Antibody produced by animals injected with cell asso- 
ciated human albumin was removed from the sera by 
incubation with human albumin, covalently linked to 
cellulose particles'? 2. After incubation, the cellulose 
particles were separated from the serum by centrifugation, 
were washed, and antibody was eluted at pH 4&0. The 
eluate, adjusted to pH 7-4, was then tested for antibody 
activity and for the presence of allotypic specificities of 
donor and recipient types. e 

The quantity of allotypically defined immunoglobulins 
in isolated antibody or in whole serum was estimated by 
two techniques: by haemagglutination inhibition™ and 
by single diffusion. The first of these techniques is 
capable of detecting very small relative quantities of 
allotypically marked immunoglobulin, but with a low 
level of precision. The second method gives relative 
immunoglobulin quantities with an error of 5-10 per cent, 
but is much less sensitive than the first. Where both 
methods could be used, the agreement between relative 
values obtained by these two methods was good. 

The quantity of antibody recovered from the immuno- 
adsorbent’ was generally between 25 per cent and 100 per 
cent of the total antibody, but for serum from 2--3-week- 
old animals was usually lower: between 5 per cent and 
20 per cent. 

The isolated human albumin antibody grom animals 
injected at birth always contained allotypic specificity of 
the recipients and never the allotype of the donor of the 
transferred cells. 

It seems reasonable to assume that the recovery of 
antibody of donor and recipient origin would be comparable 
and that low recoveries of early antibody will therefore 
not affect the validity of our conclusions. We conclude, 
therefore, that transferred cells do not synthesize an 
important fraction of the antibody; and that the remark- 
able difference between the response of new-born animals 
to the same antigen in soluble form agd in association 
with nucleated cells must be attributed to the potentiation 
of the immunogenicity of the antigen and presumably 
to some kind of mediation between antigen and the syn- 
thesis component of the immune apparatus of the new- 
born animal. 

While we had thus shown that the transplanted cells 
did not produce antibody to human aibumin, it remained 
to be seen whether or not they or their descendants pro- 
duced any product, detectable in the circulation. To test 
for this, we examined and assayed the immunoglobulins 
in the whole serum of animals, which nad received human 
albumin associated with nucleated cells, using the same 
techniques as were previously used for the examination of 
the specificity of isolated antibody to human albumin. 
Although all the antibody to human albumin was syn- 
thesized by the recipient, substantial quantities of 
immunoglobulin of donor type, not directed against human 
albumin, were found in the serum. 

The allotypie specificity of the donor cells could be 
observed, in most recipient animals, for a period of 
4-10 weeks with a continuous decline in concentration 
until it was no longer detectable (Fig. 1). The half-life 
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- Fig. 1. Concentration of donor alletypie protein (immunoglobulin) in 


oe , the serum of rabbits injected at birth with nucieated cells. Allotype of 


‘recipient animals was A6 and allotype of donor animals was A4, Con- 
centration of alotypic immunogiobulin was measured by agglutination- 
inhibition. and eee © , Concentrations of 
allotypic protein of donor type in a rabbit injected at birth with iymph- 

node celle; -= concentration of allotypic protein of donor 

type In a rabbit injected at birth with cells from peritoneal exudates, 
a rich in mononuclear cells 











. ‘ 
‘f disappearance, measured by agglutination-inhibition, 
was about 7 days (not corrected for increasing body-weight) 
Fig. 1). So as to be able to interpret the significance of 
half-life measurements, we determined the half-life of 
*allotypically labelled immunoglobulins under conditions 
where synthesis could not affect its concentration, that is, 
after passive transfer of immunoglobulin of one allotype 
“to new-born animals, homozygous for another allotype. 


"Phe half-life determined under these conditions was 7 
oo {+ 1) days. 

These results indicate that there was no synthesis of 

Immunoglobulins by the transferred cells during the 

-. ‘period of observation. However, in other individuals of 


the injected group, synthesis by the transferred cells 
did occur (Fig. 2). In 8 per cent (2/24) of the animals 
injected with albumin attached to lymph node cells and 
_ in 28 per cen (7/25) of the animals injected with thymus 


-eells, the foreign allotypic specificity could be detected 
«and measured for 5 months. 

Jn the circulation of 8 per cent of animals injected with 

< < Tymph-node cell suspensions we observed an immediate 
= increase in the concentration of the foreign allotypic 
<- specificity, followed by a decline and then a second in- 


f crease which lasted for about 2 months; later, the con- 


oe ; -centration of allotypic specificity remained fairly constant. 
-in 28 per cent of the animals injected with thymus cell 






suspensions, there was a continued increase in concentra- 
tion for the first 2 months of life. As in the case of animals 
- injected with lymph node cells, the concentration of 
_ “foreign” allotypic specificity reached a fairly constant 

level when the animals were 8 weeks old. This stabilized 
concentration was maintained throughout the period of 
observation. In the case of the animals which had received 
thymus cells, the concentration was close to that of un- 
treated heterozygous (A‘/A*) animals, and was 10-20 
-per cent of this value in animals which had been injected 
with lymph node cells (Fig. 2). 


os Qur experiments do not allow us to decide whether 
~oo information transfer to recipient cells or colonization by 
~~ donor cells is responsible for the formation of the allo- 
o- geneie immunoglobulin. It seerns reasonable, however, 


to assume that chimerism!*-*? has been produced within 
a non-inbred anima] population by the transfer of cells 
to new-born animals and that some of these animals 
produced the allogeneic allotype for the whole period of 
observation, and at concentrations identical with those of 


a i -heterozygous animals. 
coo Fhe question arose whether the allotypie specificity of 







| ‘the donor animal could be demonstrated only in the 
homologous organ of chimeric rabbits, or whether it 
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could be found in osher parts of the body as well. To test e 


ethis, lymph node, spleen, and bone marrow cells from an 


animal, in which the specificity of the donor had persisted 
for 6 months, were transferred to a new-born animal, 
and we could show the appearance and rapid decline of 
the foreign allotype possessed by the donor, in recipients 
of lymph-node cells (10/13), thymus (3/11) and spleen 
(2/2) but not of bore marrow cells (0/6). 

It should be empaasized that the weight increase of the 
chimeric animals, produced in our experiments, was quite 
similar to that of rormal animals and that there was no 
indication of runting. 

We have thus cbserved that ceil transfer within an 
allogeneic population has resulted in a remarkably high 
incidence of long-lasting synthesis of a serum protein 
which carries the marker of the gene-product of trans- 
ferred allogeneic cels. 

The diphasic appearance of the foreign immunoglobulin 
in the rabbits, injeeted with lymph-node cells, in which a 
prolonged increase in the concentration of allogeneic 
protein was observed, is of considerable interest (Fig. 2). 
It seems quite possible that, during the first phase, 
immunoglobulin was being produced by cells which were 
already fairly far advanced in their differentiation at the 
time of transfer and that the decline of immunoglobulin 
concentration reflected the life span of these differentiated 
cells. The second, long-lasting. rise might be attributable 
to the synthetic activity of cells, much less differentiated 
at the time of trarsfer. Products from these cells would 
constitute an appreciable fraction of the immunoglobulins 
only after cell differentiation and cell division had pro- 
gressed sufficiently. The difference between allotype 
production in animals injected with lymph-node cells and 
with thymus cells can, in all probability, be attributed 
to higher concentration of relatively undifferentiated cells 
in the thymus cell population, so that the initial phase of 
production by matare donor cells would be obscured, even 
if it should occur. 

In summary, we have shown that the mjection into 
new-born rabbits of a small quantity of albumin, associated 
with nucleated cells, induces an antibody response in the 
majority of anima.s, whereas the same quantity of anti- 
gen in solution fails to stimulate antibody formation or 
induces tolerance. The antibody produced after the 
injection of albumin, associated with nucleated cells, is 
of recipient origin. However, immunoglobulin carrying 
the marker of donor cells can be demonstrated in the 
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Fig. 2. Concentration of donor allotypic protein (immunoglobulin) in 
the serum of rabbits injected at birth with nucleated cells. Comparison 
between concentration of sllaty pic immunoglobulin in chimeric animals 
and in normal heterozygotes. Allotype of recipient animalis was AD and 
allotype of donor animals was A4. Allotype concentration was measured 
by a single diffusion method. , Concentration of allotypic 
protein of donor type in a rabbit injected at birth with thymus cells; 
@ , coneentration of allotypic protein of donor type in a 
rabbit injected at birth with lymph-node cells; -~- © ---, concen- 
tration of allotypic immunoglobulin in normal heterozygous animal 
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recipient animals, and may reach serum concentrations 
“comparable with those normally present in animals which | 
are heterozygous with respect to the marker. 
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INTRANUCLEOLAR DEOXYRIBONUCLEIC ACID COMPONENTS IN INSECT 
CELLS AS REVEALED BY ELECTRON MICROSCOPY 


By Dr. J. JACOB 


Institute of Animal Genetics, University of Edinburgh 


In most plant and animal cells the nucleolus is associated 
with a particular chromosome of the complement at a 
specific region called the nucleolar organizer. As seen in 
usual cytological preparations, thə chromatin of the 
organizer or the “associated chromatin’ may be peri- 
nucleolar in many cells, including mammalian cells, or it 
may be at the central portion of the nucleolus as in 
chironomids. The deoxyribonucleic acid (DNA) of the 
organizer is sometimes referred to as “nucleolar DNA”, 
but this part of the nucleolar-chromosomal complex is a 
specialized locus of the chromosome. Apart from it, no 
DNA. is demonstrable in nucleoli in general by light 
microscope cytochemical methods and thus the widely 
held view that this organelle is devoid of DNA. In agree- 
ment with this view, DNA appeared to be absent in the 
nucleolus of the salivary gland cells of the chironomid 
Smittia'*°, This article presents evidence from electron 
microscope investigations to show that chromatin-like 
material which appears to contain DNA occurs inside the 
nucleolus proper and this will be referred to as “‘intra- 
nucleolar DNA”, 

The salivary glands were fixed for 20 min in cold (4° C) 
10 per cent formalin, 6-5 per cent glutaraldehyde or a 
mixture of acrolein—formalin, 10 per cent each, in phos- 
phate buffer at pH 7:4-7-6. Dehydration as well as 
embedding were in glycol methacrylate as described by 
Leduc, Marinozzi and Bernhard?:*. Sections were cut on a 
Porter—Blum ‘Servall’ microtome and subjected to various 
treatments including enzymatic extractions. The enzymes 
used were: 0-1 and 0-2 per cent RNase (Lights, five times 
crystallized) in distilled water adjusted to pH 6-8; 0-1 per 
cent DNase (Lights, once crystallized) in distilled water, 
pH 6-2; 0-5 per cent pepsin (Lights, twice crystallized) in 
01 N hydrochloric acid; 0-33 per cent trypsin (Difco, 
1 : 250) in distilled water, pH 8, and 0-25 per cent pronase 
(Calbiochem, grade B) in phosphate buffer at pH 7-4. 
Sections were stained either in 2 per cent aqueous uranyl 
acetate for 1 h or this followed by lead citrate‘ for 40 min 
and a 20-min stay in water. 

A high-power electron micrograph of a section not 
treated with any enzyme, but double stained with uranium 
and lead, is shown in Fig. 1. The interesting feature here 
is the presence of extremely dense fibrillar masses dis- 


persed in the nucleolus. Both in fine structure and electron 
density, they bear a close resemblance to the contents of 
the chromosomes. The fibrillar masses were not present 
in all sections of the nucleolus; when present, their 
numbers varied from one to four except in the few sections 
of the central portions of the nucleolus where a good 
number of them occurred. The larger masses (up to about 
450 mu in average diameter in this section) were situated 
close to the site of the organizer and the smaller ones 
(65-160 mp in diameter) were dispersed in the inner 
regions of the nucleolus. 

Many experiments were carried out with enzymes 
either singly or one followed by another and on material 
fixed in different aldehydes. The results which have a 
bearing on the chemical organization of the nucleolus 
at the ultrastructural level will be reported later (together 





Fig. 1. Electron micrograph of nucleolus with dense fibrillar masses 

(FM) scattered within; the larger of these occur close to the site of the 

organizer. (Glutaraldehyde fixed and double stained with uranyl acetate 
and lead citrate. x 87,300) 
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with the methods in detail) and only those relevant for 
the present discussion are presented here. 

If sections of glutaraldehyde-fixed glands are treated 
first with pepsin for 1 h and then with RNase also for an 
hour (all at 37° C), the nucleolar constituents are markedly 
extracted compared with normal. In such preparations the 
chromosomes are retained (Fig. 2) and small dense patches 
of chromatin-like material are seen distributed all over the 
nucleolus. In Fig. 2, the large patch close to the nucleolar 
organizer measures about 600 my in average diameter 
and is probably continuous with the chromatin of the 
organizer. The smaller ones within the nucleolus vary in 
size with average diameters of 50-170 mu. If the order of 
enzymatic extractions is reversed and RNase is used 
first, most of the nucleolus is still removed, but the 
appearance of the chromosome is different. In these 
preparations, too, material as in chromosomes has been 





Nucleolus and chromosomes (CH) after extraction, first with 
pepsin, and then with RNase. Note the small patches of chromatin-like 
material (arrows) dispersed in the nucleolus. The inner region of the 
nucleolus (ZR) is denser than the outer (OR) in such preparations and the 
chromatin patches occur predominantly in the former region. One or 
two large patches are probably continuous with the chromatin of the 
organizer. (Glutaraldehyde fixed and double stained. x 9,500) 


Fig, 2. 





Fig. 3. Nucleolus and chromosome after extraction with RNase followed 
by pepsin. Materia! of similar appearance as chromatin (CH) is observ- 
able inside the nucleolus (arrows). Some of these appear to be continuous 
(small arrows) with organizer chromatin and others (large arrows) 
isolated. (Glutaraldehyde fixed and stained in uranyl acetate. x 10,000) 


NATURE 37 


>. 
- s+ 
.*¥ 


x ; es =- ai ‘ 5 4 


Fig. 4. Nucleolus and dhromosomes (CH) as they appear after extraction 

with pronase and RNese. Note small patches of dense chromatin-like 

material (arrows) dispersed inside the nucleolus which appears almost as 

negative image of control. An extension of the organizer chromatin is 

indicated (small arrows). (Acrolein-formalin fixed and stained in uranyl 
acetate. x 6,600) 








See the chromosomes (CH) 

riddled with holes or 2mpty spaces. Similar holes are also present in 

nucleolus (V) which o herwise appears unaffected by DNase. No holes 

noticeable in the interehromosomal (sap) regions of the nucleus. (Forma- 
lin fixed and stained in uranyl acetate. x 8,000) 


A section extracted with DNase. 


Fig. 5. 


found within the nucleolus (Fig. 3). Some of this material 
appears as extensions of the organizer chromatin and some 
is not so. Fig. 4 s a micrograph showing nucleolus and 
chromosomes after extraction first with pronase for 20 min 
and then with RNase for 2 h. The nucleolus is almost a 
negative image of the controls whereas the chromosomes 
are largely retaine 1 and dense, though with no discernible 
ultrastructure. Im certain sections, such as that in Fig. 4 
for example, smal’ patches of chromatin-like material are 
seen dispersed in she nucleolus. 

DNase extractien of glutaraldehyde-fixed cells causes 
variable decrease in the binding of uranium by chromo- 
somes. After digestion of formalin-fixed cel!s for 90 min, 
however, the chromosomes contain numerous holes or 
empty spots as shown in Fig. 5. (DNase used with mg** 
gives similar results in a shorter period.) It may also be 
noted that such heles occur within the nucleolus, which is 
otherwise unaffeeted by DNase. The size and distribution 
of the holes in the nucleolus correspond fairly closely to 
those of the intranucleolar chromatin patches observed 
after other procecures. 

Extraction with trypsin for 30 min results in marked 
loss of chromosomal constituents (no figure presented). 
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. A similar striking loss of constituents occurs confined to 


small spots up to 500 my within the inner region of the 


nucleolus; there is also a general extraction of the matrix 
material in the outer region of the nucleolus. 

In a previous electron microscope investigation® in 
which osmium fixation was used, the electron density 
of all nuclear structures was uniformly high and no small 
patches of chromatin were detected within the nucleolus. 
With aldehydes as fixatives, a certain amount of dis- 
tinctive staining of cellular components seemed possible 
and they have the added advantage of enabling specific 
extraction by enzymes, On these accounts, the present 
investigation was carried out on aldehyde-fixed glands. 

In sections stained with uranyl acetate alone, the 
chromosomes and nucleoli were more or less uniformly 
stained. After the double-staining procedure described 
earlier, it was seen that the chromosomes were distinctively 
denser and this enabled small patches of chromatin-like 
material to be easily detected within the nucleolus. It 
has been pointed out before’ that, after formalin and 
acrolein fixation, uranyl acetate at pH 5 stains the deoxy- 
ribonucleoproteins more intensely than the ribonucleo- 
proteins, although the chemical basis of this distinctive 
contrast is not known. Earlier, Huxley and Zubay’ had 
noted that pretreatment of lightly fixed (5 min in buffered 
osmium tetroxide) tissue with uranyl acetate seemed to 
render DNA-containing regions accessible to lead hyd- 
roxide which increased their density preferentially. On 
this basis they observed that some differentiation 
between DNA and RNA may be possible by comparison 
of “uranium-lead” and "lead only” stained tissues. 

The investigations with enzymes have further served 
to elucidate the nature of the intranucleolar chromatin- 
like material. By successive digestions on same sections 
with pepsin and RNase in any order, it was shown how 
patches of chromatin occur within the extracted nucleolus. 
This procedure was observed by Bernhard and Granboulan® 
to be an effective method to demonstrate intranucleolar 
DNA. The intranucleolar chromatin is retained even when 
the nucleolar extraction is virtually complete. as when 
pronase is used instead of pepsin in the above procedure. 
In the present investigation the most indicative evidence 
of intranucleolar DNA comes from the digestion experi- 
ments with DNase. Extraction with trypsin also shows 
that, at the probable sites of intranucleolar DNA, proteins 
also are present as in chromosomes. All these experiments 
point to one conclusion, that is, that chromatin-like mat- 
erial occurs inside the nucleolus and this in all probability 
contains DNA. 

Intranucleolar chromatin or DNA has recently been 
demonstrated in a few mammalian cells by electron 
microscope cytochemical procedures*-*.*-!3 and the present 
instance is the first, from an insect cell. However, this 
approach to the problem has had such limited application 
so far that no generalization concerning intranucleolar 
DNA can be made yet. Based on light microscope cyto- 
chemical tests, there have been many reports (see review 
by Busch et al.4) of DNA inside the nucleolus, but some 
of these require confirmation and on the whole the tend- 
ency has been to view them with scepticism. Chemical 
methods of analysis have yielded a wide range of values 
for DNA in nucleolar fractions'*) and although a part of 
this in all cases may be due to contaminating chromatin, 
it would scem that not all the DNA can be dismissed as 
such. A definite solution to the problem of the intra- 
nucleolar DNA will probably come from concerted 
attempts by chemical methods and ultrastructural 
approaches, 

Concerning the distribution of intranucleolar DNA it 
may be noted that most patches occur in that part 
described previously’ as the inner homogeneous region. 
it was mentioned that some of the patches situated close 
to the organizer are apparently extensions of the organizer 
(Figs. 2-4), but the question of whether the smaller 
patches dispersed within the nucleolus are linked to each 
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other or the organizer cannot be answered at present. 
This will be a laborious task as a considerable number of 
serial sections will have to be examined. In a mammalian 
cell, it has been shown! that the intranucleelar chromatin 
and the associated chromatin form a continuous system. 

In future, if intranucleolar DNA. proves to be of wide- 
spread occurrence, the mode of origin of this DNA will 
invite enquiry, but, for the present, this must remain 
in the realm of speculation. Apart from the obvious 
possibility of its extension from the organizer locus— 
the situation with regard to the DNA may be analogous 
to that in Balbian? rings—it may be asked if minute 
quantities of DNA (so far undetected) might find their 
way into the large organized nucleolus by way of pre- 
nucleolar bodies reported in the literature'*: 7 (other refer- 
ences in Kopac and Mateyko!’). From the manner of 
origin of similar bodies from within echromosomes, the 
possibility that certain of their constituent elements 
might contain DNA was raised before’® and this hypo- 
thesis is now open to investigation in suitable material by 
methods of ultrastructural cytochemistry. 

The search for intranucleolar DNA was mafe in the 
hope that the results would contribute to a better under- 
standing of the functional aspects pf nucleolus in Smittia 
investigated!.?°.21 by various experimental approaches. 
With regard to the nature of nucleolar RNA, it is generally 
held that the nucleolus is the site of synthesis of ribosomal 
RNA, and recent biochemical investigations show*?-?4 
that the DNA complements of ribosomal RNA are 
located in the organizer chromatin. The nucleolus of the 
salivary glands of late larval stage of Smiitia, however. 
appears to be a site of synthesis of transfer RNA as well 
as high molecular weight (> 28S) RNA*-*8, and several 
indications point to the non-involvement of the nucleolar 
organizer in this process?-?0-71.29, An implication of the 
present finding, therefore, is that in Smitiia the intra- 
nucleolar DNA may be the primer fer the RNAs synthe- 
sized in the nucleolus. 

I thank Mr. M. D. McKean for technical assistance. 
I also thank Dr. W. Bernhard and colleagues for help 
with the methods of ultrastructural cytochemistry 
during my visit to their laboratory at Villejuif early in 
the course of this work. This work was supported by the 
British Empire Cancer Campaign for Research and the 
Damon Runyon Memorial Fund for Cancer Research. 


* Sirlin, J. L., Tandler, C. J., and Jacob, J., Hap. Cell Res., 31, 611 (1963). 
arcs Marinozzi, V., and Bernhard, W., J, Rey. Micros. Soc., 81, 119 
* Bernhard, W. (personal communication). 
* Reynolds, E. $., J. Celi. Biol., 17, 208 (1963). 
* Jacob, J., and Sirlin, J. L., J. Ultrastruct. Res.,11, 315 (1964). 
* Marinozzi, V., J. Roy. Micros. Soe., 81, 141 (1963). 
* Huxley, H. E. fand Zubay, G., J. Biophys. Biochem, Catoi.,11, 273 (1961). 
* Bernhard, W., and Granboulan, N., Exp. Cell Res., Suppl., 9, 19 (1963). 
* Swift, H.. in The Interpretation of Ultrastructure, 1, 218 (4962); Exp. Cell. 
Res., Suppl., 9, 54 (1963). , 
** Altman, H. W., Stocker, E., and Thoenes, W., Z. Zellforseh, 59, 116 (1963). 
u Smetana, K., and Busch, H..JCencer Res., 24, 527 (1964). 
tt Watson, M. L., and Aldridge, W. G., J. Histochem. Cytochem. ,12, 96 (1964). 
1 Granboulan, N., and Granboulan, P., Exp. Cell. Res., 34, 71 (1964). 
nH Busch, H., Byvoet, P., and Smetana, K., Cancer Res., 23, 213 (1963). 
** MeLeish, J., Nature, 204, 36 (1664). 
'* Stevens, B. J., J. Cell Bioi., 24, 349 (1985), 
u Karasaki, S., J. Cell Biol., 26, 937 (1965). 
8 Kopac, M. J., and Mateyko, G. M.. Adv. Cancer Res., 8, 122 (1964), 
* Jacob, J. and Sirin, J. L.. J. Cell Biol.. 17, 153 (1963). 
** Jacob, J., Birnstiel, M. L., and Sirlin, J. L., in Nucleic Acids: Structure, 
Biosynthesis and Function (C S.LR., New Delhi}, 197 (1964). 
*! Sirlin, J. L., and Jacob, J., Nature, 204, 545 (1964). 
aa etree F. M., and Spiegelman, S., Proc. U.S. Nat. Acad. Set., §8, 737 
(1965). 
#8 Wallace, H., and Birnstiel, M. L., Biochim. Biophys, Acta, 114, 296 (1966). 
“t Sirlin, J. L., Jacob, J., and Tandler, C. F., Biochem, J., 8%, 447 (1963). 
2 Birnstiel, M. L., Sirlin, J. L., and Jacob, J., Biochem. J., 34, 100 (1965). 
2 Jacob, J., Birnstiel, M. L., and Sidin, J. L., Second Meeting Fed. European 
Biochem. Soc. ( Vienna), 334 (1965). 
me eae M. L., Jacob, J., and Sirlin, J. L.. Arch. Biol. (Liège), 76, 565 
(1965). 
3 Sirlin, J. L., Jacob, J., and Birnstiel, M. L., Biochim. Biophys. Acta, 168, 
716 (1965). 
*9 Jacob, J., and Sirlin, J. L., Neture, 208, 422 (1964). 


JULY 2, 1966 





NATURE 


39° 


REQUIREMENT FOR RIBONUCLEIC ACID SYNTHESIS FOR 
DEOXYRIBONUCLEIC ACID REPLICATION IN BACTERIA 


By Dr. C. O. DOUDNEY 


Section of Genetics, Department of Biology, University of Texas, M.D. Anderson Hospital and 


Tumor Institute, Houston, Texas 


ree REQUIREMENT for protein formation for continued 
replication of deoxyribonucleic acid (DNA) in bacteria 
as. been observed'-*. It has been proposed that 
formation of protein at some point in the cycle 
replication of the bacterial chromosome is necessary for 
ntinued DNA formation*?, This proposal was based 
on the observation that blockage of protein synthesis in a 
cterifl culture leads to a cessation of DNA synthesis 
er that relative increase in quantity of DNA which 
ld account for all,chromosomes being replicated. The 
sent article describes experiments which show that 
bation in the absence of required amino-acids of an 
xotroph of Escherichia coli which requires amino-acids 
i thymine, thus preventing protein synthesis, and at 
same time preventing DNA synthesis during the 
ubation through the absence of thymine from the 
medium, leads to a requirement for ribonucleic acid ( RNA) 
rmation (but not for protein formation) if DNA syn- 
1esis is to continue to the end of the replication cycle. 
he results support the premise of a recent suggestion® 




























iat RNA is an essential component of the DNA synthetic 
stem. 
< The techniques for measurement of nucleic acid and 
protein and the bacterial growth procedures have been 
~ described'*. The organism used was E. coli strain TAU- 
BAR, an auxotroph requiring thymine, uracil, arginine. 
methionine, tryptophan and proline, and furnished to this 
oratory by Dr. Phillip Hanawalt, of Stanford Univer- 
<- The supplementation of minimal growth medium 
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Fig. 1. Formation of DNA by Æ. colt strain TA U-BAR in medium lack- 

ing required amino-acids after different periods of incubation in medium 

lacking thymine and the required amino-acids. Log phase cultures of this 

strain were filtered rapidly cn membrane filters, washed and re- 

suspended in minimal medium with all supplements except thymine, 

a b methionine and tryptophan. After incubation at 37° C for the period 

of time (in min) indicated by the number labelling each curve, thymine 

Was added (zero incubation time) and incubation continued. A com- 

3. parable effect was found with incubation in the individual absence of 

arginine, tryptophan or methionine (but not proline) but the combined 

oo Absence of methionine and tryptophan proved most effective and was 

Used in these investigations. The vertical axis isin units of 3-6 ug of DNA 

_... perm. of culture. AL incubations were at 37° C with vigorous aeration 
ae through rotary shaking 
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Fig. 2. Recovery of DNA synthesis by E. coli TA U-BAR after incuba- 
tion for 1 hin the absence of thymine and required amino-acids. Log 
phase cultures of this train were rapidly filtered, washed and re-suspen- 
ded in warm mediun lacking thymine, methionine and tryptophan 
(—A, —f) and incukated for 1 h (0-60 min). Control cultures were 
re-suspended in warn: complete medium (C) and medium eontaining 
thymine but lacking methionine and tryptophan (— 4A}. After 60 min 
incubation, the — A, —T culture is filtered, washed and rapidly re-sus- 
pended (in less than 2 min) in warm complete medium (C), complete 
medium to which chloramphenicol (40 4g/ml.) has been added (CAL), and 
medium lacking methionine and tryptophan {— A). In addition, the 
effect of incubation in-medium lacking methionine and tryptophan, bat 
containing thymine aad chloramphenicol was determined (not shown). 
In this case relative DNA concentrations with incubation were: 60 min, 
1-0; 80 min, 1-03; 100 min, 1-11; 120 min, 1-25; 140 min, 1-86: 180 min, 
1:38. Umts, 3-6 ug of DNA per mil. of culture 


was 8 ug per ml. thymine, 20 ug per ml. uracil, and 40 pg 
per ml. of the requ_red L-amino-acids, except for L-trypto- 
phan, which was 20 ug per ml. 

Incubation of strain TAU-BAR for increasing periods 
in medium whick prevents DNA synthesis (through 
the absence of thymine) and RNA and protein synthesis 
(through the absence of amino-acids) leads to a pro- 
gressive loss of capacity for subsequent DNA synthesis 
after addition of thymine (Fig. 1). Approximately 60 min 
of prior incubation under these conditions is necessary 
for complete loss of capacity to form DNA later in 
amino-acid-deficient medium containing thymine. If 
thymine and the required amino-acids are restored to the 
culture, DNA syntoesis resumes (Fig. 2). The possibility 
exists that lack of cellular capacity for RNA synthesis 
under these conditions is involved in failure of DNA syn- 
thesis, since it haa been shown that a deficieney in a 
required amino-acid leads to cessation of RNA synthesis". 
The antibiotic, chlcramphenicol, was utilized to determine 
whether RNA forraation in the absence of protein syn- 
thesis would restitate the capacity for DNA replication 
with these cultures. It has been established that nucleic 
acid synthesis will proceed in the presence of this anti- 
biotic, though prosein synthesis is blocked!?3, While 
chloramphenicol b-ocks the formation of ribosomes, it 
allows formation cf RNA to occur’! 4, The expected 
increase in DNA m the absence of protein formation, 
assuming synthesis to the end of the replication cycle (or 
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: eon (Table 1). No increase in DNA is observed 


in the presence of thymine when the absence of the 

~ required amino-acids is used to block RNA and protein 

synthesis (Fig. 2) and no formation of RNA or protein 1s 

observed (Table 1). That blockage of RNA synthesis and 

not some other effect of incubation without amino-acids 

is involved in the limitation of DNA synthesis observed 

is supported by the finding that addition of chlorampheni- 

col to the culture in the absence of the required amino- 

acids leads to the recovery of DNA synthesis, as well as 

RNA synthesis. It has been shown that addition of 

chloramphenicol to a culture lacking an essential amino- 

acid endows that culture with the capacity for RNA 
synthesis! ®. 

Incubation without thymine and the required amino- 
acids does not lead to any observable breakdown of RNA 
during the first 60 min, but breakdown does occur after 

this time (Table 1). This RNA breakdown takes place 
= whether or not thymine is re-added at 60 min of incuba- 
tion. If thymine is present during the first 60 min of 
incubation without amino-acids, allowing the completion 
of the DNA replication cycle, little breakdown of RNA 
-oo is observed, even with prolonged incubation without 
amino-acids with or without thymine. Apparently, com- 
<o pletion of the DNA replication cycle endows the cellular 
. RNA with an immunity to the RNA breakdown induced 
by incubation without amino-acids and without thymine. 
compares with the finding of Maalee and Hanawalt* 
that completion of the DNA replication cycle prevents the 
death of cells due to lack of thymine. 



























Table 1. RNA AND Prorern Formation BY E. coli Strain TAU-BAR 
AFTER INCUBATION WITHOUT THYMINE AND REQUIRED AMINO-ACIDS 


F a : . Relative amount of ENA (R) or protein (P) with incubation 
Min: 60 80 100 120 140 160 180 200 





mae te R t90 414 121 1:30 142 165 2-21 2°43 
coo BP 100 ril 1-14 1-27 1-41 }71 224 251 
EM R 100 117) 120 126 136 1-36 1-34 1:33 
feet P 100 095 0095 0-90 090 093 0-88 0-88 
-A R 100 100 GOOF 084 0-51 069 8600666 60-51 

P 100 103 100 2100 094 097 O97 0-04 


‘For the first 60 min, the culture was incubated without thymine, methionine 
and tryptophan. It was then filtered, washed, and re-suspended in complete 
medium (C), complete medium containing chloramphenicol (Chl), or medium 
lacking methionine and tryptophan (— A). See the legend to Fig. 2 for 
details of this experiment. 1 unit is 22-0 xg of RNA and 65:3 ug of protein 
per mil. of culture. 


These results suggest the possibility that incubation in 
the absence of required amino-acids and thymine results in 
some damage to the DNA (ref. 16) or to an RNA component 
of the DNA synthetic system’. This damage ultimately 
leads to a breakdown of cellular RNA in the absence of 
RNA formation. Incubation without RNA formation (that 
is, in the absence of required amino-acids) does not result in 
DNA replication because cf the damage. If, however, in- 
cubation is under conditions where RNA formation takes 
place, the capacity to make DNA is recovered and DNA 
synthesis proceeds to the end of the cycle, where it is 
limited in chloramphenicol by the requirement for protein 
synthesis. 

Kellenberger et al. have shown in a “DNA stringent” 
strain of E. coli an increased short-term incorporation of 
radioactive thymidine, when chloramphenicol is added to 
cultures incubated in the absence of required amino-acids. 
They proposed that DNA is under the same control 
observed by Stent and Brenner! for limitation of RNA 
synthesis in the absence of required amino-acids. This 
appears unlikely in view of the fact that in most strains 
(including the one utilized here) DNA synthesis continues 
to the end of the cycle in the absence of required amino- 
acids and suggests that the results of Kellenberger et al.” 
may be explained by the requirement for RNA formation 
for subsequent DNA synthesis described here. Okazaki 
and Okazaki!® observed with Lactobacillus acidophilus 
that DNA synthesis ceases in a manner comparable to 


increase in RNA approximately equal to the increase in * 


death due to lack of thymine. 
gations of the formation of RNA during the recovery of 





This interpretation weuld be compatible with these 
investigations on Æ. coli into the effect of incubation with- 
out amino-acids and incubation with chloramphenicol on 
DNA replication. aa 
Doudney® has related the relative inercese in RNA in 
cultures of an amino-acid-requiring strain (previously 
brought to the end of its replication cycle by starvation 
of an essential amino-acid) to subsequent relative 
increase in DNA and suggested the possibility that RNA 
formation on the DNA template is required ‘‘at the 
molecular or genetic level” for subsequent DNA replica- 


tion. Hanawalt?* has proposed that synthesis of comple- 
mentary RNA normally precedes DNA replication, in 


explanation of the involvement of RNA synthesis in 
On the basis of investi- 


the DNA-synthetic system of bacteria damaged by ultra- 
violet light, we? have suggested that RNA is an essential 
component of the DNA-synthetic system in the unirradi- 
ated bacterial cell and that the requirement for RNA 
synthesis in DNA replication after exposure to ultra- 
violet light is in replacement of this ultra-violet-damaged 
RNA. Our investigation’ suggested that the involvement 
of protein formation in initiation of the cycle of DNA 
synthesis may be indirect and dependent on the necessity 
of protein formation for continuation of RNA synthesis 
past the chromosomal origin (or some other site). The 
present investigations are in agreement with this sug- 
gestion and support the hypothesis that in E. coli each 
cycle of DNA replication is preceded by a eyele of RNA 
formation which may be offectively limited by a require- 
ment for protein synthesis. This would explain the 
accumulation of capacity for more than one cycle of DNA 
replication under conditions of blocked DNA synthesis 
(that is, thymineless incubation®**, or incubation after 
ultra-violet exposure*!-2*%} since it appears reasonable 
according to the aforementioned hypothesis that prior 
formation of RNA would effectively by-pass the limitation 
on DNA synthesis imposed by blockage of protein syn- 
thesis, initiating a new round of DNA syntnesis*®. 

We have observed thet residual synthesis of DNA in 
the absence of required amino-acids exceeds the expected 
40 per cent increase, which accounts for the chromo- 
somes coming to the end of their eyele in a log phase 
culture? (Fig. 2). However, increase of DNA in chlor- 
amphenicol after incubation without ‘amino-acids or 
thymine is only 40 per cent (Fig. 2). This could be ex- 
plained if it is assumed that the “node” of RNA synthesis 
is normally somewhat in advance of the “node”? of DNA 
synthesis. Thus, with withdrawal of the required amino- 
acids, DNA synthesis would proceed to the point which 
RNA synthesis has reached. In general, the distance 
along the chromosome between the site of RNA synthesis 
on the DNA template and the site of DNA replication 
would determine the residual capacity for DNA replication 
after limitation of RNA fermation by any means, and this 
might be expected to vary in various strains and under 
various conditions. With a culture lacking in the RNA 
required for DNA replieation because of incubation with- 
out thymine and the required amino-acids, synthesis of 
RNA and DNA in chloramphenicol would proceed only 
to the end of the cycle (the point where the requirement 
for protein formation Emits RNA synthesis’) accounting 
for the 40 per cent increase. 

This investigation does not determine whether the 
requirement demonstrated for RNA formation in DNA 
replication is indirect and supporting or whether the RNA 
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is actually involved in “information transfer’ by way of 
complementary hydrogen bonding of purine and pyrim- 
idine bases. The control of DNA replication by prior 
RNA formation appears to constitute an effective cellular 
mechanism for relating gene replication to previous 
cytoplasmic increase. 

This work was supported in part by a contract with the 
U.S. Atomic Energy Commission. 
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ELECTROPHORETIC SEPARATION OF SERUM ACID PHOSPHATASE 
ISOENZYMES IN GAUCHER’S DISEASE, PROSTATIC CARCINOMA AND 


MULTIPLE 


MYELOMA 


By Dr. ARTHUR F. GOLDBERG, Dr. KINTOMO TAKAKURA and Dr. ROBERT L. ROSENTHAL 


Department of Hematology and Research Institute for Skeletomuscular Diseases of the Hospital for Joint Diseases and Medical 
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PATEŒNTS with Gaucher's disease’, prostatic carcinoma? 
and multiple myeloma*:* may have elevated serum acid 
phosphatase activity. In a search for characteristic iso- 
enzymes, sera from normal individuals and patients with 

diseases were investigated by disc electrophoresis 
on polyacrylamide-gel columns*. These columns were 
later stained for acid phosphatase activity by the method 
of Barka*. 

Electrophoresis was performed (1 m.amp, 100 V) for 
2hat4°C. The test serum (25 ul.) was directly layered 
on the spacer gel while it was beneath the buffer. (Anti- 
convection gel was not added, as is sometimes the case, 
to increase the amount of serum subjected to electro- 
phoresis.) After separation, columns were fixed in 10 
per cent neutral formalin-acetate (NFA) for 30 min at 
4° C and then briefly rinsed in cold distilled water. Columns 
were later stained for 12-24 h (4° C) using Barka’s 
azo-dye method with naphthol AS-BI phosphate as sub- 
strate (pH 5)’. After incubation, the columns were rinsed 
and stored in test-tubes containing distilled water. Zones 
containing acid phosphatase activity stained bright red 


ts 





V-HI I I -e 
ek pkk 1. Normal serum protein electrophoretic pattern in polyacrylamide- 


lumn (1) com pasea with Aer gpeg ea passen of acid phosphatase 

activity in normal (2), prostatic carcinoma (3), and Gaucher's disease 
patients (4). Tsoenzyme bands are labelled I-V. Acid phosphatase acti- 
vity stains red while albumin is non-specifically coloured a Fight yellow 


while albumin stained non-specifically a light yellow 
(Fig. 1). 

Fixing the acrylamide gels with NFA before the 
histochemical procedure minimized background staining 
and retarded diffusion of the enzyme during incubation. 
No major decreas in the intensity of the stained iso- 
enzyme patterns occurred after fixation in normal in- 
dividuals or diseased patients. Electrophoresis of haemo- 
lysates of normal red blood cells was performed and stained 
for acid phosphatsse activity. If the columns were fixed 
in NFA (30 min’ after electrophoresis and before the 
histochemical treatment, no enzyme activity of erythro- 
cytic origin was observed, thus co ing the observation 
that red blood cell acid phosphatase is inhibited by 
formalin’. 

Gel columns whch contained electrophoretically separ- 
ated serum were boiled in distilled water (100° C, 10 min) 
to destroy enzyrre activity and then stained for acid 
phosphatase activity. No enzyme activity was demon- 
strated. The Gomori method’ was tried as a histochemical 
procedure and fouad unsuitable. Specific zones of enzyme 
activity could nct be differentiated from a similarly 
stained background. 

Acid phosphatase activity in controls (six males and 
eight females) with normal serum acid phosphatase ac- 
tivity had one bread red staining band on electrophoresis 
which migrated atout midway between the origin and the 
albumin fraction Fig. 1, No. 2). No sex difference was 
observed. 

Five of six patents with prostatic carcinoma investi- 
gated had increased total serum acid phosphatase activity 
(1-5-4 Bodansky units—s.v.) (normal 0-1). The sixth 
patient had a serum acid phosphatase of 0-9 B.U. All 
patients exhibited only one staining band which migrated 
similarly to normal acid phosphatase (Fig. 1, No. 3). 
All carcinoma patmnts had considerably increased staining 
compared with normals. The intensity of this reaction 
product was proportionate to the total serum acid phos- 
phatase level. 

The columns of prostatic carcinoma patients which were 
treated with tartrate solution (0-1 M, 30 min) after electro- 
phoresis and befare enzyme staining had the acid phos- 
phatase activity in Band I markedly, but not completely, 
inhibited compared with its untreated control. Negligible 
inhibition occurred in similarly treated normal serum. 





Fig. 2. Densitometric tracing of electrophoretic serum acid phosphatase pattern in 
polyacrylamide-gel column in normal, prostatic carcinoma, and Gaucher’s disease 


Nine patients with Gaucher’s disease (six males and 
three females) had elevated serum acid phosphatase 
values (8-25-8 King-Armstrong units) (normal 1-4). 
All had at least two enzyme bands (Fig. 1, No. 4). Band 
I migrated similarly to that of normal patients. Band II 
was the broadest and most intensely stained. Other 
minor bands (III, IV, V) were considerably narrower 
and found in five of the nine patients. Of these five patients, 
three had three bands while two patients had two minor 
bands. Compared with the serum protein eleetrophoretic 
pattern’! (Fig. 1, No. 1), Band I migrated in a position 
similar to transferrin. Band II was in the fast moving 
haptoglobulin region while Bands III, IV, and V had 
mobilities of gamma globulins and the slower hapto- 
globins. No differences were observed between mele and 
female. In one family, a male with Gaucher’s disease 
had five isooazyme bands. His apparently normal parents, 
sister and her two daughters had normal electrophoretic 
patterns and serum acid phosphatase activity. 

A semi-quantitative estimate of the amounts of acid 
phosphatase was made by passing the stained column 
through a densitometer (‘Chromoscan J288, Joyce 
Loebi and Co.). Variations in the quantity and difference 
in the isoenzyme pattern of a normal individual compared 
with a patient with prostatic carcinoma and another with 
Gaucher's disease are illustrated (Fig. 2). 

Sera from six patients with multiple myeloma which 
exhibited normal total serum acid phosphatase activity 
(8.0.) exhibited one electrophoretic band which migrated 
similarly to the normal controls. This band stained with 
normal or slightly less than normal intensity. Four 
patients had hypogammaglobulinaemia and two had a 
monocional spike migrating in the beta region on protein 
electrophoresis. 

Tissue from a human plasmocytoma and from an experi- 
mentally induced mouse plasmocytoma!’ were examined 
for acid phosphatase activity. Each tumour was homo- 
genized with two volumes of 0-25 M sucrose (4° €). A 
portion of the centrifuged supernatant (4° C, 105,000g. 
90 min) diluted to ten times the original tumour weight 
with 0-25 M sucrose was subjected to dise electrophoresis 
and stained for acid phosphatase activity. Two isozyme 
bands were observed in the human plasmocytoma homo- 
genate. The faster one migrated just behind Band I 
while the slower component was in the haptoglobin 
region. One band was demonstrated in the mouse plasmo- 
cytoma homogenates which migrated in a similar fashion 
to the first band of human myeloma tissue. 

Only a very small number of normal individuals and 
those with prostatic carcinoma have had their sera 
electrophoretically examined for isoenzymes of acid 
phosphatase. Earlier electrophoretic investigations on 
paperi®13, in starch gel!46 and starch block!? demon- 
strated one enzyme zone in normal and prostatic carcinoma 
patients. In contrast, Dubbs and Hilburn, also using 
a starch-gel medium, found three isoenzyme fractions in 
normal individuals!®. Naiman and Oski described a 
distinctive pattern on starch-gel electrophoresis in prostatic 
carcinoma patients, but were unsuccessful in demon- 
strating serum acid phosphatase isozymes in normal 
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individuals'*, While our investigations were 
in progress, Czitober ef al, using starch 
gel electrophoresis, also reported three 
isoenzyme zones in normal subjects and 
found four in prostatic carcinoma. In all 
these reports'*-?° different enzyme staining 
techniques were used. The reported differ- 
ences observed in the number, width and 
migration of acid phosphatase isoenzymes in 
the normal and pathologic sera may be 
related to the specificity of the various 
enzyme-staining methods and substrates 
used as well as to the different electrophoretic 
techniques?! 

Normal serum acid phosphatase is reported to be 
composed mainly of platelet acid phosphatase??, and this 
isoenzyme is not significantly inhibited by tartrate??.2%. 
Prostatic acid phosphatase, howeves, is sensitive to 
tartrate™*, The marked reduction in the staining of the 
enzyme band in all our prostatic carcinoma cases which 
were treated with tartrate confirms the prostatic origin 
of this enzyme componert. This phenomenon wes also 
evident in the patient with a normal total sefum acid 
phosphatase. This inhibition procedure was of diagnostic 
value in a fashion similar to differential serum enzyme 
investigations of prostatic acid phosphatase’. 

The three patients with Gaucher’s disease investigated 
by Czitober et al. were reported to have five acid phos- 
phatase fractions; however, this is not quite clear from 
their drawing**. The fact that some of our patients did 
not have any or all of the minor acid phosphatase bands 
(IIL, IV, V) suggested that these isoenzymes might arise 
from some organ, for example, spleen, liver or bone, or 
perhaps represent intrinsic molecular differences in the 
disease itself. It was found that the four patients who had 
no minor bands had all undergone splenectomy. These 
findings suggest that the spleen may directly or indirectly 
be the source of certain serum isozymes. The two in- 
dividuals with only two extra bands were our youngest 
patients (17- and 23-year-old males). The ages of the 
three persons with three minor bands (two males and 
one female) ranged from 36 to 54. All had enlarged spleens 
palpated 3-9 em below the right costal margin. Although 
loss splenic enlargement was found in these with two 
minor bands, one patient with three bands also had a 
smaller-sized spleen. 

The role of acid phosphatase activity in Gaucher's 
disease is unknown. The increased amounts and differences 
in isoenzyme pattern in this disease compared with normal 
suggest that the basic abnormality in this illness is not. 
only restricted to disturbed cerebroside metabolism. In 
a search for some inherited abnormality in the absence 
of apparent Gaucher’s disease, the relatives of one 
patient were investigated and no extra*isoenzymes were 
observed. 

Although Band I migrated at essentially the same 
position in normals, prostatic carcinoma, myeloma and 
Gaucher’s disease patients, slight differences in migration 
were nevertheless present (Fig. 1). This further suggests 
intrinsic differences among these isoenzymes. 

Although the cells of multiple myeloma contain con- 
siderable acid phosphatase activity?-!:?-24 like the Gaucher 
cell*5, elevated serum enzyme-levels are most unusual®- 26, 
They were not increased in the cases investigated. The 
elevated serum enzyme values in one case’ may be 
secondary to obstructive phenomena due te infiltrating 
myeloma cells in the prostate itself or to the associated 
renal insufficiency?” or both, rather than represent a 
primary sign of multiple myeloma. The possibility of 
specific serum isozymes originating from myeloma tissue 
or associated with this disease cannot. of course, be 
excluded from our data. 

We thank Mrs. Myrna Lewis for her technical assistance 
and the staff of the Department of Urology, New York 
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University School of Medicine, for permission to investigate 
their patients with prostatic carcinoma. 
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IN VIVO FIBRINOLYSIS WITH A DIALYSABLE CONSTITUENT OF RECALCIFIED 


HUMAN PLASMA CLOTS AND GLUCONATE 
By Pror. PAUL H. KOPPER 


Biology Department, Washburn University, and StormonteVail Hospital, Topeka, Kansas 


‘Two kinds of fibrinolysin are known to oceur in the 


body: one is a proteolytic enzyme, plasmin, which 
attacks fibrin and fibrinogen as well as other proteins and 
amino-acid esters; the other acts solely on fibrin and 


seems to arise from the vascular endothelium in response 
to great stress such as severe exercise, electroshock, and 


: injection of pyrogens, and in sudden death. The role of 
-.° this second substance has been suggested to be merely 


` activation of the enzymatic precursor plasminogen to 


- plasmin}, but the evidence is not conclusive. Despite a 


the dialysate. 


| solution. 


high level of this activator, plasminogen and plasmin 
> ¢oneentrations in plasma have generally been found 
= unchanged. This has been attributed to a potent plasmin 
- inhibitor in plasma, antiplasmin. It has been claimed that 
„only the plasminogen of the fibrin clot itself could be 


converted into functional plasmin by adsorbed activator. 


= However, definite proof for this contention, such as 
demonstration of differences between plasminogen and 


plasmin contents of plasma before clotting and of lysed 


‘fibrin, is still lacking. 


In 1962, I reported* the ability of a strain of Streptococcus 


faecalis grown in human serum or on beef brain heart 
infusion agar to form a fibrinolytic metabolite in the 


presence of sodium gluconate. Fibrin heated to 85° C, 


to destroy plasminogen, was actually more readily decom- 
posed than unheated fibrin, leaving no doubt that the 
„agent under study was a true fibrinolysin rather than an 


activator. Later, an apparently identical basic substance 


owas shown to oceur? in the extracts of recalcified human 


plasma clots, obtained by their decomposition in distilled 
water at 5° C over a period of several weeks. The dialysate 
of such extracts could again be converted into a fibrinoly- 
sin by the bacteria in the presence of gluconate. 

‘To speed up the preparation of extracts, plasma clots, 


‘retracted and washed repeatedly, were digested with 


crystalline trypsin at 37° C overnight. The centrifuged 
digest was dialysed three times for 24-h periods against 


distilled water. The dialysates were dried at 37° C and 


then extracted with a mixture of methyl alcohol and 
distilled water in the proportion of 2 to 1. Following 
centrifugation, the supernatant was dried again, leaving 
a brown amorphous material. It was weighed and 
dissolved in water to make a 10 per cent solution. The 
residue in the bag was precipitated with two volumes of 
methyl alcohol, and the dried supernatant treated like 
More of apparently identical material 
was recovered, but some turbidity remained in aqueous 
In later preparations dialysis was omitted, 


and the final solution passed through a Seitz filter to 
clear it. Its ultza-violet spectrum showed a distinct 
pattern with a maximum at 275 mp and a minimum at 
247 mu. The yield per 100 ml. of clotted human plasma 
was 100-150 mg; with bovine plasma it was 200-300 mg. 
Human serum turned out to be an even richer source of 
the material. Precipitated serum proteins, after digestion 
with trypsin, drying and extraction with 66-7 per cent 
methyl alcohol, yielded about 2-3 g per 100 ml. of serum. 

In vitro, none of the preparations displayed fibrinolytic 
activity with or wathout sodium gluconate. 

Cats and dogs were used in in vive experiments. They 
were anaesthetized with sodium pentobarbital (25 mg/kg). 
To produce blood clots in the jugular veins of animals, 
a modified Wessler technique* was first tried. A vein 
segment is clamped off, and a small amount of serum is 
injected into it wah a 30-gauge needle. However, the 
clots formed by this method were usually too small to 
obstruct the blood. vessel. A different technique proved 
more satisfactory in our hands. Blood was expressed 
from a portion of the external jugular and the external 
maxillary veins above and below their juncture in the 
upper part of the neck, and 45-mm seraffine clamps (A. H. 
Thomas and Co., Philadelphia) were applied. From a 
superficial leg vein 4 ml. of blood was withdrawn and kept 
in a glass syringe for half the clotting time, previously 
determined. A sufficient amount to produce bulging 
of the jugular vein was injected into it above the point of 
confluence of the two veins; this varied from 0-4 to 
0-7 ml. A clamp was immediately placed below this 
point, and the twc clamps compressing the veins above 
it were removed, whereon they were flushed with saline 
to prevent blockage through clotted blood. Clots of a 
given size could thus be formed. They were generally 
made 100 mm long. A ligature narrowing the lumen 
of the vessel to about half its normal size was placed 
below the proximal clamp, and the two clamps confining 
the clot were released. In some experiments the vein, 
instead of being ligated, was pinched off with a clamp 
just enough to prevent escape of the clot. The clot 
acted as a haemostet; the vein below it was free of blood. 
A catheter was insarted into the jugular vein above the 
clot. When fluid was administered through it, blood 
flow was reversed m the medial external maxillary vein 
for the short distance between the jugular and the hyoid 
venous arch, leadizg to the veins of the opposite side. 
A clamp was placed above the point of insertion in 
experiments in whish the clot was to be exposed to the 
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jnfused material alone; without the clamp, infusion 
mixed with blood would pass the clot. In systemic 
experiments the catheter was inserted in the opposite 
external jugular vein in the lower part of the neck. 

Solutions infused were physiological saline and sodium 
gluconate in concentrations of 1, 5 and 10 per cent with 
or without 0:5 per cent of fibrin extract. They were 
administered at the rate of about 1 ml. per min locally 
and about 2 ml. per min systemically. 

Clot dissolution was determined by angiography with 
50 per cent sodium diatrizoate (“Hypaque’). The radio- 
opaque dye was injected before the start of the infusion 
and as soon as changes in the size and consistency of the 
clot became noticeable. This was usually accompanied 
by an observable restoration of blood flow below the 
ligature. Occasionally the vessel lumen was made too 
narrow, and even a shrunken clot would continue to 
obstruct it; however, such a clot was readily dislodged 
by the pressure of injected dye. 

Experimental results were consistent. No clot dissolu- 
tion was observed 30 min after infusion above the clot of 
40 ml. of saline with or without fibrin extract, mixed 
with blood, or of 40 ml. of 1 per cent sodium gluconate 
without blood. Blood clots were broken down partially 
by direct infusion of 40 ml. of 1 per cent or 20 ml. of 
5 per cent sodium gluconate with blood or of 40 ml. of 
l per cent sodium gluconate and 0-5 per cent fibrin extract 
without blood. 

In systemic experiments, carried out in dogs weighing 
8-11 kg, 95-125 ml. of 5 per cent or 50-60 ml. of 10 per 
cent sodium gluconate were required for partial clot 
decomposition. Clot breakdown seems to be limited to 
a small local area in direct contact with the vascular endo- 
thelium. This is illustrated in Fig. 1. 

Even 24 h after an infusion parts of a clot too large 
to pass the narrowed lumen were still clearly visible in 
X-ray pictures. Likewise, small free-floating clots, 
produced in some experiments, remained unchanged 
regardless of the amount and nature of the infused solu- 
tion. In practical application this should cause no 
difficulty since remnants of clots could be expected to 
pass to ever narrower blood vessels, finally to disappear 
completely. 

An opportunity presented itself to test the effect of 
gluconate in an animal suffering from a severe thrombotic 
condition. In a mare, weighing 450 kg, a large blood 
clot was palpated at the bifurcation of the aorta. At the 
time of treatment the thrombus was at least 2 weeks old; 
the animal experienced great difficulty in standing and 
walking on its hindlegs, and some muscular necrosis, as 
evidenced by flaccidity, had set in. Three hundred g of 
sodium gluconate in 1-5 1. of distilled water were admini- 
stered through the jugular vein over a period of 2 h. 
Even before termination of the infusion marked changes 
were observed in the behaviour of the animal. First 
there were muscular tremors, starting in the flaccid 
muscles, spreading to the muscles of the hindquarters 
and eventually of the entire body. As they subsided, 
profuse perspiration began. Within a few hours the 
horse appeared normal. It has now had full use of its 
hindlegs for about 4 months. 

The systemic administration of considerable amounts of 
sodium gluconate was found to produce a temporary 
increase in the bleeding time of infused animals but left 
their clotting time unaffected. The appearance of 
cadaver fibrinolysin is likewise associated with enhanced 
blood vessel wall permeability®, both being manifestations 
of the shocked state. Locally, such a change in blood 
vessel walls is a common feature of inflammation. The 
limited fibrinolytic reaction in the obstructed vein would 
seem to be comparable with an inflammatory focus in the 
skin. Intradermal injection of 5 mg of fibrin extract with 
or without 5 mg of gluconate, but not of gluconate alone, 
into albino rabbits invariably produced some reaction, 
which became more distinct in the presence of a suitable 
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Fig. i. 


Partial lysis of a blood clot in the jugular vein of a cat. 
jugular vein completely obstructed, with clear space above the clot. 


A, Left 


B, Circulation re-established. Central core of the clot is left behind and 
has been swept back by pressure of the injected dye 


adjuvant. Without glueonate the predominant feature 
was oedema with induration, with gluconate pronounced 
erythema, occasionally with incipient haemorrhage. 
When fibrin extract mixed with 50 ug of epinephrine was 
injected into the skin, haemorrhagic necrosis resulted. 
Thus far, only bacterial endotoxins have been reported 
to have this specific effeet with epinephrine’. However, 
it has already been suggested’ that these metabolites might 
in fact elicit the formation of other substances by the 
body. 

This work was supported in part by a grant from the 
Kansas Heart Association. I thank Dr. H. R. Michaux, 
Dr. S. M. Teeter and Mr. D. L. Nelson for their valuable 
help in the animal experiments and the Morris Research 
Laboratories, Topeka, for the use of their facilities. 
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A FUNDAMENTAL step in the process of mineralization 
is the formation of nuclei of erystal growth. In this 
«c eonnexion, the isolation of substances that can in- 
duce nucleation ig basic to the understanding of calci- 
ication in living organisms. As a result of the interest 
lirected toward the calcification of bone, collagen has 
been identified as a substance capable of inducing the 
mation of nuclei of hydroxyapatite crystal growth from 
metastable solution!-*. Mineralization occurs, however, 
n many areas other than bone. Among those investigated 
f our group, in addition to collagen, are: rat tail tendon, 
t and rabbit aort®, epiphyseal cartilage, inorganic 
ks, saliva extract, bovine submaxillary mucin and 
lastin®-4, It is of interest to investigate these systems, 
as new calcifying catalysts are being discovered as a 
; t1314, 
This communication presents evidence indicating that 
yurified elastin is capable of inducing the formation of 
clei of hydroxyapatite crystal growth. 
Evidence that elastin can be the site of calcification 
shown by Lansing™, using the optical microscope and 
ochemical investigations. Electron microscope in- 
stigations on the calcification of the aorta conducted 
Eisenstein and Zeruolis'* confirmed this. Yu et al. 
supplied additional information that calcification of 
human aorta is in the elastic fibre within the limiting 
embrane of the fibre which forms a continuous phase 
th attached collagen fibres. Ayer!® has prepared 
etron, micsographs of calcium im elastic lamellae in 
dition to deposits in ground substances and in associa- 
m with collagen in human aged arterio-sclerotic aorta. 
alcification in vilro investigations of the aorta by 
chel et al.: suggested that elastin might be involved 
he induction of calcification in vitro of aorta. Later, 
Martin et al.2! showed by electron microscopy the site of 
alcification in vitro to be elastin. 
‘February 1963, Dr. F. Lamy, of the University 
< Pittsburgh, provided Dr. A. E. Sobel with samples 
rified elastin. It was possible to demonstrate that 
terial induced calcification in vitro. Confirmation 
of was supplies. at the request of Dr. Sobel, inde- 
nie vendently by Dr. Sherman of the State University 
oO of New York, eens Medical Center, and Dr. R. 
. Eilberg of the Colgate Palmolive Research Laboratories, 
New Brunswick, New Jersey. 

_ In the same year, Taves and Neuman* suggested that 
elastin rather than the predominant collagen is responsible 
for the nucleation by acid-extracted tail tendon supplied 

by ‘Sigma’. They supported their contention by demon- 
 strating that a tissue rich in elastin (ligamentum nuchae) 
induced nucleation. Schiffmann et al.” also reported that 
bovine ligamentum nuchae extracted with phenol at 
25° C induced calcification in vitro. 





























































Paves et al.?? and Schiffmann et al.**; (1) that the material 
used was a heterogeneous mixture, and (2) that tests to 
exclude the existence of inorganic seed erystals were not 
carried out. From our investigations we have evidence to 
icate that acid-extracted rat tail tendon, collagen 
ma), apparently similar to that used by Taves and 


resent address: University of Pennsylvania, The Graduate Hospital, 
wriment of Biochemistry, Philadelphia, Pennsylvania. 


-= Two objections may be raised to the investigations of 


Neuman is already pre-nucleated™*. One billion (10°) 
nuclei of hydroxyapatite (seed crystals) 25 x 50 x 100A 
weigh only 4 x 19-4 ug and thus will escape detection by 
the usual chemica. methods, but can be detected by other 
means recently developed**, In the presence of pre- 
existing nuclei (seed crystals) calcification represents 
crystal growth and does not provide rigorous evidence 
for the existence of an organic compound(s) capable of 
inducing nucleatien. 

In the present investigations several different batches 
of purified elastin prepared from ligamentum nuchae 
were used, The 2lastin was prepared by the modified 
method of Lamy 21 al.. The amino-acid composition of 
this elastin is given in Table 1. The last three entries in 
Table 1 represent ninhydrin-positive peaks which do not 
correspond to any of the thirty standard amino-acids. 
They appear between ammonia and lysine and have been 
observed by others. Desmosine and isodesmosine have 
been described by Partridge et al.*%?7. Because of its 
position in the chromatcgram the compound listed as 
ornithine probab-y corresponds to another amino-acid 
described in a proliminary fashion by Franzblau ef al." 
as Xi. 





Table 1. aMINO-ACID COMPOSITION OF ELASTIN 


a Amino-acid 
Amino-acid residue Amino-acid residues 
residues (g/ 10% g elasti n) residues (gi 100 g clanti 
Cystele acid €-162 Leucine 9°249 
Aspartic €-606 Tyrosine 1-697 
Methionine f 
sulphone €-040 Phenylalanine 5-57 4 
Threonine €743 Ammonia 0-449 
Serine &:797 Lysine 0-460 
Glutamic 263 Histidine 0-048 
Proline 12-306 Arginine 0-820 
Glycine 27-409 H-Proline 0-849 
Alanine L974 ‘Desmosine’ 
(refs. 26 and 27) 2-660 
Valine 12-994 ‘Isodesmosin.’ 
(refs. 26. and 27) 3340 
Isoleucine £-409 ‘Ornithine’ 
ref. 28) O214 


Total 98-498" 

4 mg of elastin. were placed for 24 h in 30 ml. of calci- 
fying solution similar to those which were used in our 
earlier investigateons for caleification in vitro of hyper- 
trophic epiphyseal cartilage of saliva extract and col- 
lagen?)5:6,8.13. Tikymol was added at a level of 10 mi. 
per 1. The calefying solution contained (per 1): 
mmoles sodium caloride, 22 mmoles sodrum bicarbonate 
and 5 mmoles potassium chloride. Calcium was added 
as calcium chlorde. Phosphate phosphorus was added 
as a mixture of scdium dihydrogen phosphate and sodium 
monohydrogen prosphate (4: 1). 

The calcifying solution containing the basal salts 
(sodium chloride, sodium bicarbonate, potassium chloride) 
and phosphate were acidified (and made oxygen free) 
by passing in carbon dioxide until a pH of 6-0-6-1 was 
reached. Calciu: was then added and made up to volume. 
In the presence cf the electrodes of a pH meter, nitrogen 
was passed through the solution until a pH. of 7-28-7-30 
was reached. The solutions containing the samples and 
controls were then incubated at 37° C for 24 h or 48 h, 
depending on the investigations, after whieh time 
equal portions of the supernatant were taken for analyses. 

The amount cf calcium and phosphate incorporated 
was measured by the change in supernatant liquid using 
the methods previously used in similar invest’ gations*:*:*, 
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Some of the control solutions were kept at least 24 h 
donger than the sample investigation, and if any precipi- 
tate developed the experiment was considered invalid. 
If the experimental solutions were in any way turbid, 
the experiment was discarded. 

The first investigations indicated that the elastin 
prepared by Dr. Lamy indueed calcification within the 
elastin body with the formation of hydroxyapatite 
(courtesy of Dr. A. Hirschman). However, nitrous acid 
treatment which inactivates nucleation by saliva extract, 
treatment with boiling water which inactivates rachitic 
cartilage and bovine submaxillary mucin, and treatment for 
24 h with 20 mmoles cuprie chloride in methanol or water 
which inactivates various collagens and saliva extract 
had no effect on the ability to calcify untreated elastin. 
These treatments do not inhibit crystal growth of pre- 
existing hydroxyapatite nuclei®:}2-'4.24, 

Thus we were confronted with the problem that the treat- 
ments which inactivate the nucleating ability of various 
nucleating catalysts do not inactivate the nucleating ability 
of elastin or the elastin that is already nucleated (that is, 
contains inorganic seed crystals). In this connexion, it 
must be borne in mind that pre-existing nuclei (seed 
crystals) of hydroxyapatite crystal growth may be due to 
inorganic substances other than calcium phosphates!?:?9.3°, 

To remove inorganic seed crystals, we extracted 4 mg 
elastin with 25 ml. of 0-1 N hydrochloric acid in methanol 
for 3 days with vigorous shaking. This was followed by 
exhaustive washings with 50 per cent methanol and then 
triple-distilled water. The washing was continued until 
the extract was free of chloride ions. The elastin was then 
covered with solutions used for calcification in vitro and 
stoppered—-care was taken to exclude all visible gas space. 
The supernatant was removed and the samples washed 
with triple-distilled water and fresh calcifying solutions 
were added for an additional 24 h when necessary. 

Cuprie chloride had no inhibiting effect on purified 
elastin unless it was specially treated in advance (Table 2). 
This finding can be compared with the results given in 
Table 3 in which there is no uptake of calcium or phos- 
phorus after 24 h when acid extracted elastin is treated 
with 20 mmoles/1. of cupric chloride in methanol. How- 
ever, it would seem that this situation is reversible after 
calcification for an additional 24 h. 

The cupric chloride has no effect on the calcification in 
vitro of ‘nucleated’ elastin as can be seen from Table 4. 
Table 2. INFLUENCE OF CUPRIC CRLORIDE ON THE CALCIFICATION in vitro 
OF UNTREATED ELASTIN, CALCIUM x PHOSPHORUS = 15 x 5 MG PER CENT? 

Centrifuged supernatant solution 


Calcium Phosphorus 
Specimen (mg per cent) (mg per cent} 
Control solution 14-9 4:64 
Control solution 148 4-92 
Control solution 14-9 4-76 
Untreated elastin ; 81 2-9 
Untreated elastin 74 21 
Elastin* + 24h, cupric chloride 8-4 2-1 
20 males/l. in methanol 
Elastin*® + 24h, cupric chloride 84 2:3 


20 moles/l. in methanol 
* Untreated elastin. 


Table 3. INFLUENCE OF CuPRIC CHLORIDE ON CALCIFICATION in vitro OF 
ELASTIN EXTRACTED WITH 0-1 N HYDROCHLORIC ACID IN METHANOL FOR 


§ Days 
Centrifuged supernatant solution 
Sample Calcium Phosphorus 
(mg per cent) (mg per cent) 
24h 48 h* 24h 48 h* 
Control solution 151 14-7 52 48 
Control solution 14-9 14-9 4:9 5-0 
Ext. elastin 8-1 74 1-86 1-61 
Ext, elastin 8-3 79 184 1-70 
Ext. elastin + 24 h, cupric chloride 14:3 826 4-68 1-89 
26 moles/l. in methanol 
Ext. elastin + 24 h, cupric chloride 15-2 10-6 4-8 3-6 
20 moles/I. in methanol 
Ext. elastin + 24h, cupric chloride 15-4 12-1 &-O 4-0 
20 moles/l.in methanol 
Ext. elastin + 24 h, cupric chloride 7-6 74 22 1-8 
10 moles/]. in methanol 
Ext. elastin + 24 h, cupric chloride 8&3 76 20 t9 
10 moles/l. in methanol 


* New calcifying solution after end of 24 h. 
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Tabie 4, INFLUENCE oF CupRic CHLORIDE ON CALCIFICATION in vitro FOR 
24 H OF 'NUCLEATED’ ELASTIN AND HYDROXYAPATITE (Ca,{PO,),) 


Centrifuged supernatant solution 


Calcina Fhosphorus 

Sample img per cent) {mg per cent) 
Control solution 14-8 4-9 
{calcium x phosphorus = 15 x 5 mgt? 14-¢ 4-8 
14-7 8 
181 4-9 
Elastin 10-5 24 
9-9 2-2 
‘'Nueleated’ elastin 10-1 2-8 
1 T moles/i. cupric chloride in methanol, 106 29 
Cas(PO,), + 20 moles/], cupric chloride od 2-2 
in methanol, 24h ti 2:2 
Oaa(PO), + 20 moles/!, cuprfe chloride 9-3 2°3 
in water, 24 h 9-0 2:1 
CaPO,)s $5 1-6 
+ methanol, 24h 778 LR 
Ma,(POs), + water, 24 h SO} 1-6 
8-1 18 


Elastin was extracted for 3 days in 0-1 N hydrochloric acid in methanol. 
"Nucleated’ elastin was extracted elastin calcified in eitro for 24 h. 


This table also indicates that when seed crystals of 
(Ca,(PO,),) are treated with 20 mmoles/I. of cupric chloride 
they are not prevented from inducing precipitation of the 
calcifying solutions. ” 

The minimum calcium x phosphorus produet at which 
nucleation oecurs in acid-extracted elastin is 60 mg per 
cent? after 24 h. When 48 h have elapsed, the caleium x 
phosphorus product necessary for nucleation is lowered 
to 50 mg per cent®. Unextracted and nucleated elastin 
caleify at an even lower product (40 mg per cent?; Tables 
5 and 6), which again shows that once a substance becomes 
nucleated, it continues to caleify at a lower calcium x 
phosphorus product than is required for nucleation? 12:13:24, 


Table 5. MINIMUM CALCIUM x PEOSPRORUS PRODUCT FOR CALCIFICATION 
in vitro OF EXTRACTED AND UNEXTRACTED ELaSTIN 


Tnitial Centrifuged supernatant solution 
calcium + calcium phosphorus 

Sample phosphorus (mg per cent) (mg per cent) 

(mg per cent) 24h 4&h* 24h 48 h* 
Control solution R+5 BI] 8-6 Bl 4°83 
Ext. elastin &-O TR po 4-6 
Unext. elastin 7-0 5-3 4-0 4) 
Control solution 16 + 5 9-8 0-9 52 i} 
Ext. elastin 8 55 &1 3i 
Unext. elastin 6-1 5-4 BR 3-2 
Control solution 13 +5 145 31-6 52 5-2 
Ext. elastin 10-9 6-8 50 3:9 
Upext. elastin &-5 6-0 31 2:9 
Control solution 13 + 5 13-0 12-9 5-6 5-0 
Ext. elastin 9-9 6-2 4-6 2-4 
Control solution 18 + 5 15-0 14-8 4-9 5-0 
Ext. elastin 16-4 8-5 ay — 


* New calcifying solution after ead of 24 h. , wea 
ee elastin was extracted for 72 h with 0-1 N hydrochloric acid in 
MeLARNGI. 


Table 6. CALCIUM x PHOSPHORUS FOR CALCIFICATION in vitra OF ‘NUCLEATED’ 
AND ‘NON-NUCLEATED’ ELASTIN* i 


Initial Centrifuged supernatant solution 
calcium + Calcium Phosphorus 
Sample phosphorus (mg per cent) (mg per cent) 
(mg per cent) 24 48h? 24h 48 ht 
Control solution 164+ 5 8 10-4 §-2 5-1 
‘Nucleated’ elastint 4-4 38 2-4 2-8 
Ext. elastin t8 5-5 51 3-1 
Sontrol solution & +5 78 79 BO a1 
‘Nucleated’ elastin} 4:7 4-7 37 3-7 
Ext. elastin 8-0 73 5-0 4-6 
Control solution 4+ 5 3-9 43 Sl &-1 
‘Nucleated’ elastint 2-9 2B 45 45 
Ext. elastin 3-9 41 SG 5-0 


* Elastin was first extracted for 8 days with 0-1 N hydrochloric acid in 
methanol, 

+ New calcifying solution after end of 24 h. are 

f ‘Nucleated’ elastin was obtained by preliminary calcifieation in vitro of 
extracted elastin for 24 h. 


The results indicate the importance of testing for pre- 
existing nuclei before proposing that a substance is 
capable of inducing the formation of nuclei, and show that 
purified elastin is a nucleating substance. It can therefore 
be proposed that certain configurations of elastin may 
play some part in pathological calcification in aorta, skin 
and other sites in the body. The role of elastin in the 
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nucleation of bone (and dentine) needs to be further 
explored, as some elastin is present in bone". 
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CARBONIC ANHYDRASE DEFICIENCY WITH PERSISTENCE OF FOETAL 
HAEMOGLOBIN: A NEW SYNDROME 


By Dr. LIE-INJO LUAN ENG 
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San Francisco, California 
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BeTA-THALASSAEMIA major as well as hereditary per- 
sistence of foetal haemoglobin are characterized by marked 
elevation of foetal haemoglobin. Beta-thalassaemia major 
is associated with severe anaemia, while hereditary per- 
sistence of Hb F is not. In both conditions there is no 
carbonic anhydrase deficiency’. 

We now report on a syndrome in a 47-year-old Greek 
male, whose pattern of synthesis of haemoglobin and 
erythrocytic carbonic anhydrase resembled that of a 
new-born infant, namely, pronounced increase of Hb F, 
an extremely low level of Hb A, and a substantial carbonic 
anhydrase deficiency. The patient was non-anaemic but 
had red cell anisocytosis and poikilocytosis, target cells, 
circulating normoblasts, and abnormal and immature 
white blood cells in the bone marrow. He had hepato- 
splenomegaly and suffered from weakness, tendency to 
muscle cramps, evanescent dermal lesions, night sweats 
and episodes of partial loss of vision. 

Analysis of his haemolysate by starch-gel electro- 
phoresis* using various alkaline buffers revealed the 
presence of a large slow-moving haemoglobin, with the 
mobility of Hb F, and a smaller Hb A component (Fig. 1). 
The identity of the major component as Hb F was con- 
firmed «by its resistance to alkali denaturation and its 
mobility on agar-gel electrophoresis, pH 6-2. The alkali- 
resistant haemoglobin, examined on many occasions by 
the method of Singer et al.‘, ranged between 58 and 69 
per cent, while the distribution of Hb F in the erythro- 
cytes’ resembles that of a new-born infant. Hb Ay was 
detected on starch-gel only with a highly sensitive ben- 
zidine stain (Fig. 1). Quantitative estimation on diethyl- 
aminoethyl (DEAE) cellulose column chromatography‘ 
gave very low Hb A, values, 0-3-0-5 per cent. On starch- 


gel’, the patient's non-haemoglobin protein pattern 
resembled that of the new-born infant (Fig. 2). Specific 
staining for carbonic anhydrase by Haiisler’s modification*® 
of Kurata’s method?’ disclosed a marked deficiency of 
carbonic anhydrase activity (Fig. 3). Also with the method 
of Tashian and Saaw?!’ it was demonstrated that both the 
CA-I type as well as the CA-IT type of carbonic anhydrase, 
identical with respectively B and C type", were deficient 
(Fig. 4), and the deficiency was also indirectly demon- 
strated by the nearly complete absence of esterase activity 
on those spots (Fig. 5). Additional unusual carbonic 
anhydrase activity was not demonstrated. Quantitative 
estimation of erythrocytic carbonic anhydrase by the 
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Fig. 1. Starch-gel electrophoresis in tris-EDTA-borate buffer pH 86 
and specific benzidine stain, nh Bary od & haemolysate 


compared 
with controls, Note almost absence of Hb A,in the patient and the new- 
born infant 
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method of Wilbur and Anderson™ showed pronounced 
deficiency in activity. Catalase examined by Tudhope’s 
method showed normal activity and mobility. 

The patient’s parents were dead. His only son and 
only daughter, two brothers and two maternal uncles 
had normal amounts of Hb A, no increase of Hb F and 
no clear evidence of red blood cell abnormalities except 
for one brother who, however, had alcoholic cirrhosis of 
the liver. No deficiency of erythrocytic carbonic anhydrase 
was detected in these relatives. 

From the foregoing data, it can be concluded that the 
patient could not be homozygous for beta-thalassaemia or 
hereditary persistence of Hb F, while the increase of 
Hb F was too high for the heterozygous state. Hereditary 
persistence of Hb F associated with beta-thalassaemia. is 
improbable since the children did not bave increase of 
Hb F or Hb A, In both hereditary persistence of Hb F 
associated with alpha-thalassaemia as well as with delta- 
thalassaemia™, one would not expect the increase of Hb F 
to be higher than 50 per cent as in both conditions only 
one gene leads to depression of the production of beta- 
chains, In the only reported case of hereditary persistence 
of Hb F with alpha-thalassaemia the Hb A, level was 
normal, and the Hb F was increased to only 17 per cent. 
In the recently described cases of hereditary persistence 
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Fig. 2. Starch-gel electrophoresis at pH 9-5 aecording to Haut et al. 
(ref, 7) of paticnt’s haemolysate compared with those of a new-born 
infant and of normals. 1, 3 and 5, Normals: 2, patient; 4, new-born 
infant. Note the almost absence of Hb A, in patient and the resemblance 
of the non-haemoglobin protein pattern with that of the new-born infant 
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Fig. $. Paper cleetrophoresisin veronal buffer pH 8-6, followed by specific 

staining with Hafisier’s modification (ref. 8) of Kurata’s method (ref. 

&, Patients haemolysate compared with those of a new-born infant and 

two normal adults. Note marked deficiency of carbonie anhydrase in the 

patient and new-born infant. Haemoglobin spots had migrated to the 
left, not seen in the picture 
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Fig, 4. Starch-gel electrophoresis in borate buffer pH 8-77, 0-02 Mitref, 
10). Protein stain with amide black. 1, 8 and 5, Normals; 2, new-born 
infant: 4, patient. Note marked deficiency of CA-I as well as CA-TT type 
carbonic anhydrase, almost absence of Hb A, and inerease ef Hb Ffin the 
haemolysate of the patient and the pew-born infant 
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Fig. 5. Starch-gel electrophoresis in borate bufer pH 87 for esterase 
activity pattern. Enzyme activity visualized with Blue RR salt as dye- 
coupler and c-naphcthy!l acetate as. substrate 


of Hb F in association with delta-thalassaemia® the 
increase of foetal haemoglobin was less than 50 per cent, 
while the trait delta-thalassaemia was associated with a 
low Hb A, level. Therefore, it seems that our patient’s 
condition does not fit in any of the hithertc known dis- 
orders. 

In addition, the patient had pronounced deficiency of 
carbonic anhydrase, an important enzyme in the erythro- 
cytes that catalyses the reaction 


CO, + H,o Bronce anbydra’e TT CO, = H+ + HCO,- 





marunira 


both ways. It is to be expected that a severe deficiency of 
carbonic anhydrase wouid lead to slowing of the reaction 
and possibly to accumulation of carbon dioxide and to 
difficulties in taking up oxygen. It appears fortunate that 
most of the patient’s haemoglobin was of the foetal type, 
just as in a new-born infant, since foetal haemoglobin is a 
more suitable type under hypoxic conditions because of its 
high oxygen affinity and its ability to bind oxygen at a 
higher carbon dioxide pressure. This raises the question 
of the relationship between the carbonic anhydrase 
deficiency and the persistence of foetal haemoglobin in 
our patient. It has been shown that the synthesis of 
carbonic anhydrase and the hereditary persistence of 
Hb F are under separate genetic control’. In our patient, 
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the possibility that deficiency of carbonic anhydrase is the 
primary defect calling for compensatory adjustments in e 
haemoglobin synthesis has to be considered and is sug- 
gested by the failure to find an increase of Hb F in the 
relatives, although at least four of those examined could 
have inherited the high F gene. The substantial carbonic 
anhydrase deficiency in our patient may represent the 
homozygous state or the heterozygous dominant trait of 
a hitherto undescribed abnormality. In the first assumption 
the trait condition may not be well expressed in this 
abnormality, thus the lack of sonvinems evidence in the 
relatives. 

Abnormal young white blood giei in the bone marrow, 
and occasionally in the peripheral blood, and the hepato- 
splenomegaly in the patient raised the question of whether 
or not the patient had leukaemia. However, this would 
not explain his red blood cell changes and the biochemical 
findings. On the other hand, these changes might also 
have been brought about by the functional disturbances 
implied in the biochemical abnormalities. 

A recently described case of deficiency of the B (CA-I) 
type ofecarbonic anhydrase’? was not accompanied by 
deficiency of the C (CA-IT) type and quantitative analysis 
of the total activity of carbonic anhydrase was normal. 
In both parents of tat case no abnormality of carbonic 
anhydrase was demonstrated. A deficiency of carbonic 
anhydrase with variable increase of Hb F up to 30 per 
cent and decrease of Hb A, was described in Down’s 
syndrome in neonates and young infants'®. As the triad 
of high Hb F, low Hb A, and carbonic anhydrase de- 
ficiency is physiologically found in new-borns, it is not 


NATURE 


49 


surprising to find it also in young infants having various 
disturbances. In our patient, however, the change-over 
from neonatal] to an adult type of synthesis should have 
been well established. He also did not show the Down’s 
syndrome and an investigation carried out by Dr. David 
Linder from ths Childrens Hospital, San Francisco, 
showed the chromosomes to be normal. 

This work was supported by the Office of International 
Research, National Institutes of Health, U.S. Public 
Health Service, and by the G. W. Hooper Foundation, 
University of Calzfornia Medical Center, San Francisco. 
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RESISTANCE OF Plasmodium chabaudi-INFECTEC WHITE MICE TO A 
FULMINATING AND FATAL STRAIN OF Plasmodium vinckei 


By Pror. MEIR YOELI, Dr. RUTH NUSSENZWEIG, Miss RASMA S. UPMANIS and Pror. HARRY MOST 


New York University School of Medicine, Department of Preventive Medic.ne, 550 First Avenue, New York 


It is well known from studies of therapeutic malaria 
in general paresis that plasmodial infections of man 
induced by sporozoites or infected blood, and allowed to 
run a natural and protracted course, will confer on their 
hosts a state of protection against re-infection. This 
resistance, acquired as a result of mobilized and enhanced 
cellular and humoral defences, is strain specific and is 
less pronounced against other geographically remote 
strains. No trye protective cross-immunity between 
different plasmodial species has been observed. The 
natural resistance encountered among certain human 
races against malaria infections, such as the resistance of 
the American Negro against Plasmodium vivax, has also 
been found to be only strain specific in its nature. 

It has, therefore, generally been assumed that the state 
of resistance of populations in highly endemic malaria 
areas is a result of the total exposure of all individuals to 
the plasmodial species and strains of the region, and the 
degree of such resistance, a measure of the intensity and 
frequency to sporozolte exposure. 

The im vwo protection afforded by a naturally sup- 
pressed malaria infection to its host has been used in the 
past as one of many criteria for the definition of a true 
plasmodial species. Thus, the late Prof. Rodhain, when 
working with two rodent malaria parasites, P. berghei! 
and P. vincket? isolated from the region of Katanga in the 
Republic of the Congo (and carried by a common vector— 
Anopheles dureni), was able to show the absence of cross- 
immunity and protection among the two species’. This 
demonstration provided further clinico-immunological 
evidence to sarlier observed morphological differences and 


host specificity cf the two plasmodia. More recently, 
Zuckerman‘, when studying the antigenic components 
of these rodent melaria parasites, was able to demonstrate 
by methods of immunocelectrophoresis the differences in 
the mosaic antigenic structure of these two species, though 
antigens common. to both plasmodia were also found. 

The recent discovery in the Central African Republic 
(R.C.A.) of a new rodent plasmodium, P. chabaudi’, has 
afforded an opportunity to investigate immunological 
relations and prozective mechanisms’ among the different 
rodent malaria perasites. The observations which are the 
basis of the present article describe such a protective 
action of one plasmodium (P. chabaudi) against massive 
inocula of a fulminant and fatal related species (P. 
vincker). 

P. chabaudi (Lendau, 1965) shares most of the morpho- 
logical characters and patterns of behaviour of the earlier 
discovered P. vinzkei. Both species show a very distinct 
preference for invasion and development in mature, hae- 
moglobin-rich erythrocytes. Their schizonts occupy 
only part of the infected cell and contain from six to 
twelve merozoites. The white mouse, the young albino 
rat and the tree ret (Thamnomys surdaster) are susceptible 
hosts; the adult golden hamster (Mesocricetus auratus) 
is resistant to both. The claim of P. chabaudi to represent 
a true species rests at present in its distinct ecological 
environment, borxh in the rodent host (Lhamnomys 
rutilans) and in its mosquito vectors, in the different 
growth and temperature requirements, and morphology 
of its sporogonic stages in experimental mosquito vectors 
(A. stephensi)® and differences in the pre-erythrocytic 


50 
schizogony (Garnham eż al.7), A striking difference between 
P. chabaudi and P. vinckei may also be observed in the 
course of blood-induced infections of the two plasmodia 
in the white mouse. The course of P. chabaudi is prolonged 
and chronic. Parasitaemias progressively rise to reach a 
first poak at about the eighth day, descending to low levels 
and passing into latency, with an occasional exacerbation 
in subsequent months. The inapparent infection may be 
revealed by subinoculation of blood into a susceptible 
host. P. vinckei, on the other hand, causes in the white 
mouse a fulminating and invariably fatal infection. 
Death of the infected animals occurs within 5-7 days 
after intraperitoneal inoculation of a million parasitized 
red blood cells (RBC). Parasitaemias are always very 
high, ranging between 51 and 96 per cent at their peak. 

A number of experiments were carried out in order to 
detect if cross-ummunity between P. chabaudi and P. 
vincket existed. 

In a preliminary trial, thirty-two white mice (C.F.I. 
strain) were each inoculated with 1 million P. chabaudi 
parasitized erythrocytes (from the eighth blood transfer, 
and the course of their plasmodial infection followed. 
On the 43rd day following their inoculation, sixteen mice 
of this group were challenged, each with ten million 
P, vinckei parasitized red cells. The remaining animals 
were kept for observation of their chronic latent P. 
chabaudi course. Sixteen normal white mice of compara- 
tive age were also given identical inocula of P. vincker 
and served as controls. Daily blood smears were obtained 
from all the animals, and the degree of parasitaemia 
determined by the percentage of infected erythrocytes 
per ten thousand cells counted. The results of this experi- 
ment have clearly shown that whereas all control P. 
vincket mice succumbed to their fulminant plasmodial 
infections within 5 or 6 days, no deaths occurred among 
the latent P. chabaudi challenged mice. Parasitaemias 
in this group were generally low, and animals which 
showed elevated parasite counts were able afterwards 
to control and suppress their infection. Fig. 1 summarizes 
parasitaemias i in each of the control and challenged groups 
of mice, as seen from daily parasite counts. 

In a second experiment, twenty-four white mice were 
challenged with P. vincket after shorter periods of ex- 
posure to P. chabaudi (3-5 weeks). The results were 
similar to those obtained in the first group.- No deaths 
were observed among the challenged animals. Experi- 
ments since carried out have demonstrated that pro- 
tection against fatal P. vincket infections in mice previously 
exposed to P. chabaudi appears early. Mice infected with 
P. chabaudi and re-inoculated 7 days later with a million 
P. vincket parasitized cells survived their challenge in- 
fection and were able to lower and even suppress parasit- 
aemia. On the other hand, P. chabaudi and P. vinckei, 
inoculated in mice simultaneously, failed to protect their 
hosts, and the animals succumbed to their concomitant 
infections within 5-6 days with overwhelming parasitae- 
mias (74:5-86 per cent). 

It would seem, therefore, that resistance to the usually 
fatal inocula of P. vincket develops in white mice within the 
first week of their active P. chabaudi infection. A more 
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Fig.1. P. vinckei and P. chabaudi parasitaemias in white mice, as com- 
pared with P. vincket in chronic P. chabaudi mice 


detailed investigation on this problem—the exact time of 
appearance of this protection, its duration and evanescence, 
as well as its manifestations in vivo and possibly in vitro— 
is at present being carried out. = 

Our experiments have further shown that the shielding 
action of P. chabaudi against fulminant and fatal P. 
vincket infections is powerful enough to protect their 
hosts even against very massive inocula of 100 million 
and one billion (10°) parasitized erythrocytes. Table 1 
summarizes the results of a comparative study in which 
inocula of varying strength of P. vincker, P. chabaudi and 
P. berghet were administered to groups of white mice, 43 
days earlier exposed to P. chabaudi. It should be noted 
that at the time of their challenge inocula most mice 
had very light or suppressed P. chabaudi infections. 

It will be seen from the results of these experiments 
(Table 1) that when a million P. chabaudi infected red 
cells are given to normal white mice (C.F .J. strain), a 
chronic and protracted infection ensues. Parasitaemias 
after early elevations fluctuate and the infection in the 
majority of the animals is suppressed to submicroscopic 
levels. However, in some animals maximum parasite 
densities may be encountered as late as the 70th day in 
their infection. A mortality of about 20 per cent among 
P. chabaudi mice has been observed. Death appears late 
in the course of the infection. Enhanced virulence has not 
at present been found to occur after eighteen successive 
blood transfers. 

Higher inocula in normal white mice alter the course of 
the infection. Maximal parasitaemias are comparatively 
higher and more pronounced and the parasite peaks 
appear earlier in the course of the infection. Death in 
these animals is not the end result of a prolonged disease, 
but appears early in the 6th or 7th day in the course of 
their plasmodial infection. : 

In the groups of mice initially exposed to a million 
P. chabaudi and challengéd 43 days later with 10 million or 
100 million parasitized cells from stabilates of the homo- 
logous strain, all animals recovered. Parasitaemias were 
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Table 1. THE COURSE OF P, chabaudi, P. vincket AND P. berghei IN WHITE MICE, 38 OR 43 DAYS EARLIER EXPOSED TO P. chabaudi INFECTIONS 


No. of fatal 


Per cent Maximal parasit. 


Tnitial P. chabaudi Challenge ineculation Maa j total of fatal per oeni infected RBC’s Days of dean 
inoculation day 43 or 38 No. mice incec. infections Mea ; Range ean Rang 

1 million inf. RBC’s N 2/10 20 18° 0-80 a ris 
None (controls) 10 million P. vinckei inf. RBC’s 5/5 100 82-4 — 75:0-87°8 58 5-6 
1 million Inf. RBC’s 10 million P. wncker inf. RBC’s ie 11 210 0-3-57-0 — 17 
None (controls) 100 million P. vinckei inf. RBC’s 5/5 100 82-0 72-0-88:-0 54 5-7 
1 million inf. RBC's 100 million P. vincke: inf. RBC’s $/10 30 19° 1-6-65 127 6-26* 
None (controls) 10 million P. chabaudi inf. RBC’s 4/10 40 43-1 7-6-63°9 70 5-9 
1 million inf. RBC’s 10 million P. chabaudi inf. RBC’s 0/10 — 15-7 < 0-1-31-4 marean — 
None (controls) 100 million P. chabaudi inf. RBC’s 2/7 28 5 446 38-1-49-4 ~ 6 
1 million inf. RBC’s 100 milhon P. chabaudi inf. RBC’s 0/7 — 11:8 0-3-35 0 ve — 
None (controls) 1 million P. bergher inf. RBC’s 10/10 100 58-1 29-0-81-0 130 7-19 
1 million inf, RBC’s 1 million P. berghei inf. RBC’s 10/10 100 51:6 18-2-81-0 10 6 7-17 
10 mhon inf. RBC’s 1 billion P. vinckei inf. RBC’s 0/4 — 8-0 2-0-11°8 me — 
100 millon ipi<RBC’s 1 billion P, vinckei inf RBC’s 1/4 25 27°9 1:5-98-0 — 4 


* Death occurring so late in the infection was probably due to P. chaubaudi. 
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lower than in the controls and were readily suppressed. 


82 per cent of the mice challenged with massive (100 million : 


or 1 billion (10°) P. vinckee infected cells) survived and 
recovered. 

Even in the fatally terminating infections of this group, 
the course of the disease was twice as long as in the 
P. venckei controls (12:7 days against 5-4 days). 

The course of P. berghei in the P. chabaudi latent 
mice was greatly different. The infection was invariably 
fatal, and though parasitaemias did not greatly differ in 
this group from that of the P. bergher controls, death, as 
the outcome of a combined plasmodjal infection, appeared 
earlier in the P. chabaudi latent animals challenged with 
P. berghei. 

The protective phenomenon described herewith from 
rodent malaria is of considerable interest. Thoughimmune- 
reactions and in vivo protection have long been known to 
occur in some pfotozoal infections, and a state of pre- 
immunity to homologous plasmodial strains observed, it 
was generally assumed that such protective phenomena 
necessitated a prolonged period of immuno-alertness of 
the host and prolonged antigenic stimulation. The early 
appearance of a strong resistance in mice inoculated with 
P. chabaudi to fatal inocula of P. vinckei, a related yet 
geographically distinat species, points to the existence of 
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other immuno-mechanisms, early awakened and power- 
fully triggered. The exact nature of this mechanism is at 
present unknowr. Its general implications in malaria 
immunity and its exact significance in the relationship 
of P. vinckei to P. chabaud: are at present being investi- 
gated. 

This work was conducted under the sponsorship of the 
Commission on Malaria, Armed Forces Epidemiological 
Board, and supperted in part by the Office of the Surgeon 
General, U.S. D2partment of the Army, and by the 
National Institute of Allergy and Infectious Diseases, 
U.S. National Institutes of Health. 
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SPONTANEOUS MOVEMENTS IN THE EMBRYO OF 
Eleutherodactylus martinicensis 


By Dk ARTHUR HUGHES 


Department of Zoology, University of Briste 


LaRvaL development requires that a functional system 
of locomotion should be present from the beginning 
of free life, a necessity from which the embryo, pro- 
vided with nourishment and sheltered from the out- 
side world, 1s relieved. This consideration profoundly 
affects the development of neuromuscular co-ordination 
of bodily movement in these two sets of circumstances. 
Among those vertebrates in which part of the develop- 
mental period is spent in a larval form, the 
nervous and muscular systems are then made 
up of comparatively few elements arranged 


y : : ; : Whole body 
in relatively simple relationships. In the 
neural tube of larval Amphibia the primary 
sensory and motor systems are largely Step | || 
separate from the centres which will inner- 
vate the limbs at a later period of develop- Atms+legs || 
ment. 

The ontogeny of movement was first Legs 
systematically investigated by G. E. Coghill 
in the embryo and larva of Amblystoma Aimi 
punctatum. On the basis of a long series of 
behavıoural and neuroembryological experi- 
ments on this species, he stated a general Whole body 
thesis that from an early background of a 
total pattern of movement, individual Step 


elements gradually emerged and became 
distinct, and were ultimately independent of Arms + legs 
general activity4. At the present time this 
conception is considered of dubious relevance 
to the development of vertebrates higher 
in the series, the ontogeny of which is either 
embryome or foetal*. The alternative view 
has been formulated that the behaviour 
pattern of the foetal mammal is built up 
by the summation of separate individual 
reflexes’, 

Recently, a series of investigations by 
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Hamburger e¢ al*-¢ has shown that the chick embryo 
spends much of ts time in spontaneous activity of its 
members, each movement of which generally lacks any co- 
ordination with that of any other. At the same time, 
locally co-ordinated reflex actions can result from external 
stimuli. The developing chick has thus two quite separate 
patterns of behaviour—a collection of reflexes which in 
normal developm=nt are never exhibited, and on the other 
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Analysis of spontaneous movements occurring durmg 1 h in an embryo of 
Eleutherodactylus. (a) At 9 days, at the stage of reflex leg withdrawal, (b) 6 days later 
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„hand its repertoire of spontaneous random movements of 
head, trunk and limbs. 


How widely and on what scale does spontaneous behavi- ° 


our exist in other embryos? Very little is known of such 
movements in mammals except that they exist?. Special 
interest attaches to the question whether two separate 
modes of developmental behaviour occur in those Amphi- 
bia which have an embryonic development, in view of the 
close relationships which members of the group with this 
type of ontogeny bear to the great majority the develop- 
ment of which is mainly larval. 

In the bufonid genus Eleutherodactylus, which is widely 
distributed in the Caribbean, and on the adjacent mainland, 
development is wholly embryonic’. Larval features in 
pharynx and aortic arches of other amphibia are sup- 
pressed, and the tail has acquired a new respiratory 
function within the egg envelope, In those species which 
are found ın tropical habitats, development is very rapid. 
The eggs are laid in damp places but will continue to 
develop when freed from their envelopes and are immersed 
in water or saline. They are then completely accessible 
to observation and to experiment. So far, they have 
been used in endocrinological® and neuro-embryological 
researches®-1!, 

The normal reflex pattern of behaviour in E. martini- 
censis has recently been described!*. In this. species, 
development at 20° to 30° C occupies 13-14 days from the 
laying of the eggs until the hatching of the fully formed 
juvenile. The first movements of the limbs'occur at 7-5 
days, during period of flexion of the trunk. At 8-5 days 
@ withdrawal reflex of the hind limb independent of trunk 
movement can be seen on light stimulation. At 10 days, 
flexion of the hind limb is followed by extension, which 
gradually becomes more vigorous, and is then known, as & 
“kick”. In the following days, the leg becomes capable 
an increasing series of repeated kicks, which build up into 
bilateral swimming movements, as the arms become co- 
ordinated therewith. At first, incomplete swimming 
strokes are seen, which gradually extend in scope until, 
at the hatching stage, the animal can swim continuously 
for several seconds. Thus the reflex behaviour of 
Eleutherodactylus builds up into bilateral swimming. 

Recently, the spontaneous behaviour of the embryo 
has been investigated in the absence of external stimuli. 
Observations were made on embryos in groups of two 
continuously over periods of 1 h, and the time of each 
movement of the embryo was noted under various head- 
ings. The data presented here refer mainly to two 
embryos which were followed over a period of 8 days from 
the 8-5-day stage when the legs retract on touching, to 
the second day of juvenile life with no vestige of the tail 
remaining. Movements of the limbs which were recorded 
were of the arms alone, of the legs alone, and of arms and 
legs together, diagonal movements of which were separ- 
ately scored. In addition, occasions when the animal 
jumped forwards, or turned round, were noted. Two sets 
of records are given in Fig. la and 6, while in Table 1 
the numerical data are summarized, and are ulso set out 
graphically in Fig. 2. 

The number of individual movements recorded during 
1 h ranges from 15 to 107. They are less frequent during 
the early phase of atrophy of the tail. They are mostly 
of brief duration; no attempt was made to measure the 
time occupied by each movement, but it was always less 
than l sec. If we assume an average duration of 0-5 sec. 


Table 1. 
Days of development 9 10 11 

Stage Egg tooth Early xanthophores 
Reflex behaviour Leg retraction Legextension Repeated kick 
Total movements 61, 107 47, 61 49, 59 
Leg movements alone 24, 44 15, 17 7,16 
Movements involving trunk 0, 24 5, 11 1, 2 
Stepping movements 0,0 2,3 15, 34 
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Fig. 2. Spontaneous movements occurring during periods of 1 h in two 

embryos of Eleutherodactylus at the stage indicated. Observations on 

8 successive days. (i) Total number of movements (as in Table 1). 

(ii) Percentages of leg movements alone. (iii) Percentages of trunk 

movements. (iv) Percentages of Bopi that is, diagonal arm and leg 
movements 


Days of development 


then the proportion of time that the animal spent in 
movement during the periods of observation is generally 
less than 1 per cent, a very small proportion compared 
with the chick embryo, which may be active for 80 per 
cent of the time. In Hleutherodactylus embryos the num- 
ber of spontaneous movements is at a minimum a day 
before the resorption of the tail begins. 

A second point of difference from the chick is that 
although single limbs may show spontaneous movement, 


ANALYSIS OF SPONTANEOUS MOVEMENTS IN Two EMBRYOS OF LEleuthercdactylus martinicensis 


Juvenile 
12 13 14 +1 +2 
Tail dwindles 12-15 mm  08-1-0 mm Tail gone 
5-20 mim Air breathing 
Swims 
13, 15 17, 20 27, 68 51, 73 18, 83 
1,1 1,1 0, 2 2,3 1,2 
0,1 0,0 2,2 2, 1 0,0 
1,2 0,7 9, 33 27, 64 12, 52 
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the proportion of total movements of this kind falls to a 
very low level by the end of development. Most move-, 
ments involve both arms and legs, and must therefore 
originate in impulses within neurones elsewhere than in 
the motor cells of the ventral horns. The extent to which 
trunk movements are involved decreases with time in 
both spontaneous and in reflex behaviour. 

Simultaneous arm and leg movement towards the end of 
development is largely diagonal in pattern, and clearly 
foreshadows ambulation. In the late embryo, these 
conjoint movements gradually build up into complete 
walking steps. There is then a strong tendency for repeti- 
tion of step movements, to the gradual exclusion of other 
types of spontaneous behaviour. Thus, whereas reflex 
behaviour in Eleutherodactylus builds up into bilateral 
swimming, spontaneous behaviour builds up equally 
gradually into diagonal walking. Accordingly, Hamburger’s 
dictum that the two modes of activity are entirely separ- 
ate! is further exemplified. 

At the “repeated kick” stage of reflex behaviour, the 
embryo is spontaneously attempting ambulatory move- 
ment. , There is no control over balance in these first 
faltering steps; the embryo often falls forwards, or on its 
side. Each movement is incomplete and the embryo 
may hold bizarre poses with an outstretched arm or leg 
until the action is resumed many seconds later. Ib thus 
seems that proprioception does not enter into these early 
ambulatory movements, although its presence has been 
postulated to explain why leg extension follows flexion 
in the contemporary pattern of reflex behaviour". 

The separate nature of the two types of embryonic 
behaviour in Eleutherodactylus was further illustrated in 
some experiments in which embryos had been subjected 
to some 12 h of anaesthesia induced by a 1/10,000 w/v 
solution of MS 222 (ref. 14) and were recovering on 
re-immersion in saline. Control embryos of the same age 
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by this time were showing the kick reflex, but this did not 
yet appear in the anaesthetized embryos, even after ful 
recovery. Befor> this point, however, spontaneous move- 
ments appeared after 5-10 min in saline, and were then 
maintained at a level greater than normal for embryos of 
this age. No reflex responses were obtained by touching 
the legs until 35-50 min from the beginning of the recovery 
period. Thus, for about 30 min while the reflex pathways 
were still anaesthetized, spontaneous behaviour was the 
only mode of activity of the embryo. 

The existence of two modes of behaviour may thus be 
regarded as a feature of embryonic life in which Hleuthero- 
dactylus resemblbs the chick, despite the differences in 
their respective patterns of spontaneous movement. 
Thus we can alrsady say that this type of movement is 
not found exclusively among amniote vertebrates, the 
development of which Hleutherodactylus again resembles 
in that the limb buds appear relatively early in develop- 
ment’, and independently of any influence of thyroxin’. 
The ontogeny of Eleutherodactylus is in this respect unlike 
that of larval mphibia. It may well be that larval 
development among tetrapods is as much a specialization 
as a primitive feature. 


1 Coghill, G. E., Anaiemy and the Problem of Behamour (Cambridge, 1929). 
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CLASSIFICATION, PROBABILITY AND UTILITY 


By Dr. D. W. GOODALL 
C.S.!.R.O. Division of Mathematical Statistics, Western Australian Regional Laboratory, Nedlands, Western Australia 


IN recent publications, Williams et al.}»? discussed the 
logical basis of classification, with special reference to 
numerical methods and to the role of probability in the 
process. Such a discussion was long overdue, and many of 
the points they make will win general assent. 

Williams and, Lance? point out that the individuals 
classified on one hand, and the attributes used in their 
classification on the other, may each be a finite set, 
completely known, or may be samples from an infinite 
population. The same, they say, may apply to the uses 
to which the classification is to be put. Where the uses 
constitute the only infinite set, they argue, probability 
has no meaning and the classification must be based on 
profitability. Williams and Lance do not attempt to 
define “‘profitability”’, but some discussion of this will be 
attempted; the term “‘utility’’ seems, however, preferable. 

Utility in single-purpose classification. A particular use 
for a classification may often be expressed in terms of 
another classification. A classification of microfossils 
might, for example, be directed to identification of the 
geological strata from which they were derived. Their 
stratigraphical origins, when known, then provide a use- 
classification. In such cases, the utility of a proposed 
classification may be assessed by comparing it with this 
use-classification which, ex hypothest, is optimal. A loss 
function is defined for each type of misclassification, and 
the classes of the proposed classification are mapped on. to 
those of the use-classification in such a way as to minimize 


this loss function. The different minimal values for the 
loss function then provide a basis for comparing the 
utility of different proposed classifications. 

In other cases, the use of the classification may he 
expressed in terms of prediction of a contmuous variable. 
The utility of difSrent classifications can then be compared 
in terms of the proportion of the total variability of the 
predicted variabl> contained in the inter-class comparisons. 

Utility in multi-purpose classifications. Where the 
classification is t serve more than one use, the different 
loss functions for mis-classifications must be combmed in 
order to compar the utility of two alternative systems. 
This is possible only where the loss functions can be 
expressed in the same terms, and even so they require 
arbitrary weightang. Where the loss functions are not 
even commensurable, comparison of different classifi- 
cations on the strict basis of utility becomes impossible. 

In all cases where the classification is to serve a finite 
set of uses, Williams and Lance term it “extrinsic”, and 
expressly exclude it from consideration. Their remarks on 
profitability (= utility) therefore are strictly related to 
the case where the uses are infinite. But here the con- 
siderations of tke preceding paragraph apply a fortiori, 
so that any treasment in terms of utility sensu stricto is 
out of the questicn. An artificial substitute may, however, 
be proposed. Ary particular use will presumably be best 
served by separazing the individuals into classes according 
to some function Df their observed attributes. For different 
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uses, different functions may be required, and different 
weights given to the various attributes. It is accordingly 
suggested that the utility of a general-purpose classi- 
fication be defined as its ability to predict the differing 
values of an attribute selected at random (compare with 
‘Williams and Lance’s ‘‘informativeness’’). 

With this arbitrary definition of utility for a general- 
purpose classification, probability and utility clearly come 
together. The estimate of utility will depend on the chance 
selection of an attribute for prediction. Estimates in 
respect of different attributes will form a frequency 
distribution, and permit a significance test of differences 
in utility between classifications. 

It should be noted that this approach does not require 
either individuals or attributes to be a sample from an 
infinite population. It is valid even if the attributes are 
limited in number and completely known, and not only 
where those observed are regarded as a sub-set of en 
infinite set of observable aitributes—the case envisaged 
by Williams and Lance when they write of the behaviour 
of further attributes as a test of profitability. 

Measurement of the utility of a classification. To apply 
the general principle above requires that “ability to 
predict? the values of an attribute should be defined 
exactly. A solution to this problem will be outlined here. 

Considering first the prediction of values of a quanti- 
tative (metric) attribute, if two classification procedures 
each divide the same set of individuals into the same 
number of classes, that procedure will have the greater 
predictive ability which gives the larger inter-class and the 
smaller intra-class variance—that is, which has the larger 
intra-class correlation. Where two classification procedures 
distinguish different numbers of classes, the appropriate 
basis for comparison, seems to be the probability of the 
calculated intra-class correlation on the null hypothesis 
that the inter- and intra-class variances are equal. 

For a qualitative attribute the information content 
of the inter-class comparisons may take the place of 
inter-class variance. Where the numbers of classes differ, 
an approach based on probability may again be suggested. 
For each number of classes, all possible partitions of the 
observed values,of the attribute into that number of sets 
may be considered, and the proportion of such partitions 
with inter-class information content equal to, or greater 
than, that of the proposed classification may be computed. 
These estimates of probability, on the null hypothesis of 
random partition, may then be compared and the classi- 
fication giving the less probable value of inter-class in- 
formation selected. 

We may now revert to the foregoing proposal that the 
utility of a general-purpose classification should be 
defined as its ability to predict the values of a random 
attribute. For any particular attribute we have suggested 
that prediction ability be regarded as a strictly decreasing 
function of the probability of the inter-class variance 
(information) on the hypothesis of random partition. The 
negative logarithm of the probability seems an appro- 
priate function to choose. Accordingly, one may propose 
as a measure of utility: 


U =E { — In Pi} 


where E stands for expectation, and P; is the probability 
that a random partition of the values of the ¿th attribute 
into the same number of classes will concentrate as much or 
more information (variance) into the inter-class com- 
parisons as in the classification considered. This expec- 
tation will be: 


n 
x InP; 


i=l 
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whero the n attributes observed are considered as a com- 
plete set, and will be estimated by the same expression 
where they are a sample of a larger set. 


‘individuals constitute the whole population. 


4 
a 
Ne: Pe 
+ 


JULY 2, 1966 von 211 


It may be noted that this proposal can be immediately 


. linked with classification far a specific purpose, for here: 


U = —In P 


where P is the probability, corresponding with P; above, 
in respect of the particular attribute the prediction of 
which is desired. ` 

The classification of samples. The foregoing remarks, 
and the concept of utility developed, apply irrespective 
of whether the set classified is to be regarded as complete, 


or as a sample from a larger population. It is to the latter : 


case only that Williéms and Lance regard probabilistic 
considerations as applying. 

Sampling theory has never been satisfactorily applied 
to classification procedures. That the classifications 
derived by applying a specified procedure to replicate 
samples of individuals will themselves be subject to the 
vagaries of sampling is clear enough. But a classification 
is not itself a member of that class of objects to which 
probability concepts apply. Probability statements are 
made about events—real or hypothetical—and express 
a relationship between a defined sub-set of evenés and a 
defined set including it. A classification is an arrangement 
of individuals into classes, and as such has no probability 
whether or not the individuals fo'm a sample from a 
larger set. One may ascribe a probability to a particular 
feature of the classification resulting when a specific 
procedure is applied to a sample of individuals from ‘a 
specified population, and this may be what Williams and 
Lance had in mind. One may, for example, speak of the 
probability that this procedure will distinguish classes at 
all, or that individuals in a particular sub-set will all be 
allotted to the same class. But to aseribe a probability 
to the whole results of a classification procedure seems 
likely to be meaningless. | 

In order to apply probability concepts to classifications 
of repeated samples, it is accordingly necessary for 
attention to be fixed on particular features of the classi- 
fication, rather than to consider it as a whole. It would be 
possible, for example, to determine a frequency distri- 
bution. for the number of classes to be distinguished. The 
most suitable single expression of the value of a classi- 
fication seems, however, to be its utility, as defined above. 
In repeated- samples, this too will have a frequency dis- 
tribution, and the frequency distributions of utility for 
classifications by two differing procedures could appro- 
priately be used to compare their value. 

It should be noted, however, that though this interpreta- 
tion of the sampling properties of a classification has been 
described in connexion with an actual sampling of in- 
dividuals, it is also meaningful where the observed set of 
In this 
event, the observations can be treated, under a null 
hypothesis, as a sample from a hypothetical population 
in which the observed values of each attribute are dis- 
tributed at random and independently between different 
classes. The single observed value of utility, not itself 
subject to sampling error, can then be compared with 
the expected distribution of utility in samples from the 
hypothetical population. 

Willams and Lance suggest, as a possible strategy 
where probabilistic considerations apply, the independent 
classification of two separate samples followed by a 
comparison of the results. But even comparisons between 
classifications must usually be confined to extracted 
statistics (such as their utility) rather than covering all 
features. The first requirement for a general comparison 
between classifications of two samples would probably 
be that the classes of one should be mapped on to those of 
the other; in the general case this may be fraught with 
great difficulties. Consequently, the comparisons suggested 
by Williams and Lance would be unlikely to go beyond the 
rather subjective level they envisage. - 

1 Willams, W. T., and Dale, M. B., Adv. Bot. Res., 2, 35 (1965). 
? Williams, W, T., and Lance, G, N., Nature, 207, 159 (1965). 
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LETTERS TO THE EDITOR 


ASTROPHYSICS 


Lithium in the Peculiar Star HD 101065 


In a recent article’ Przybylski presented the results of 
a preliminary coarse analysis of element abundances in 
the atmosphere of the peculiar star HD 101065. This 
star, the spectrum of which consists almost entirely of 
rare earth lines, ts of considerable interest as it apparently 
represents a very advanced stage of nuclear evolution. In 
order to decide where HD 101065 fits into the scheme of 
stellar evolution at present accepted, a quantitative 
knowledge of the composition of its atmosphere is neces- 
sary. Przybylski’s work provides a valuable first step in 
this direction. 

I will report here gome observations made at the Rad- 
cliffe Observatory, Pretoria, in 1965, that provide addi- 
tional information, on the composition of HD 101065. A 
number of coude spectra were obtained with the 74-in. 
reflector giving complete coverage of the spectrum from 
3370 A to 6867 A. In the photographic region the dis- 
persion, is 6 8 A/mm and in the visual 13-6 A/mm. The 
latter plate will be discussed here. The exposure was 6 h, 
and the spectrum was widened to 0:30 mm. The density 
is suitable for microphotometric measurements over most 
of the range 5500-6880 A, and is particularly good in the 
region of Ha. Wave-length measurements on this plate 
confirm that the majority of the observed spectrum lines 
are due to the once ionized rare earth elements. In the 
region 5500-6880 A nearly every rare earth ion line 
tabulated by Meggers et al.2 appears in HD 101065 
(accounting for nearly all the strong stellar lines) and 
with relative intensities roughly similar to the laboratory 
observations. 

The main point to be made in this communication is 
confirmation of Przybylski’s suggestion of the occurrence 
of the 6707-8 Lil line in the spectrum of HD 101065. 
Przybylski pointed out that the SmII line at 6707-45 A 
should occur in HD 101065 and was unable to estimate 
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whether the line at 6708 A in the star was due to Lil or 
this SmIT hme. 

Fig. 1 is a microphotometer tracing of the region 6685— 
6720 Ain HD 101065. A moderately wide slit was used 
in order to smooth, out grain noise; the measurements to 
be described later were carried out with higher resolution. 
Line identifications origmate from the tables provided by 
Moggers et al.? and their observed (laboratory) inten- 
sities appear in brackets. Fig. 2 shows the spectral region. 
near Hau and is on the same scale as Fig. 1. 

From the identified lines of SmTI in Figs. 1 and 2, it 
can, be seen thatthe 6707-45 A SmII hne, with laboratory 
intensity 3-0, cannot account for more than, a minor part 
of the strong feature at 6707-8 A. As there are no other 
strong rare earth lines at this wave-length we conclude 
that Lil is the main contributor. 

With the aid of an intensity calibration of the photo- 
graphic plate the equivalent width of the Lif line (partly 
dotted in Fig. 1) was found to be 340 mA. Following 
Przybylski’s assumption that the atmosphere of HD 
101065 is physically similar to that of the Sun, and 
allowimg for the increased turbulence’ in HD 101065 and 
the fact that Lil atoms would have a higher turbulent 
velocity than rare earth atoms, we deduce a lithium 
abundance, relative to the Sun, of log (N* (Li)/N© (Li)) ~ 
2-4 (a correction for line saturation has been made 
assuming the shape of the curve of growth to be similar 
to that of the Sun, and we adopt log WO (Li) = — 6-15). 

Accurate measurements of the wave-length of the 
Li 6708 line can indicate the *Li/7Li isotopic abundance 
ratio in a stellar atmosphere’. The extreme positions are 
6707-81 A for pure lithium-7 and 6707:97 A for pure 
lithium-6. With the interference from the SmII 6707-45 A 
and TbIL 6706-79 A lines (Fig. 1), it is not possible to 
give a very precise value for the wave-length in HD 
101065. However, my measurements, with an attempt 
to allow for interference, give 6707-85 A for the position 
of the Lil line, suggesting that at least some of the lithium 
in HD 101066 is in the form of lithium-6. 
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Fig. 1 The spectram region near 6708 A ig D 101065. Ordmates are transmission of 
plate 
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Fig. 2. The spectrum region near Hain HD 101065 


From a study of the photographie region, Przybylski 
was unable to find evidence for the occurrence of lutetium 
and ytterbium in HD 101065. Tho plate studied here 
shows the LulII lines at 5476-69, 5983-9, 6221-87 and 
6463-12 A to be present in considerable strength, so 
lutetium probably has an abundance similar to that of 
the other rare earth elements. No ytterbium lines can 
be identified with any conviction. The resonance line at 
3694-19 A should attain great strength if the abundance 
of ytterbium were similar to that of the other rare earths, 
but a feature observed near this wave-length is probably 
attributable entirely to SmII 3694-30 and GdIII 3694-03. 

The peculiar composition of the atmosphere of HD 
101065 indicates that high-energy nuclear reactions (in 
particular the r-process of neutron capture) have occurred 
in the interior of the star and the products mixed to the 
surface. During such a process all lithium would be 
destroyed. The lithium observed at present is therefore 
likely to have been produced from a spallation process 
on the surface of the star; the probable presence of some 
lithium-6 1s ın agreement with this conclusion. Further- 
more, if the highly turbulent atmosphere (Przybylski 
finds a turbulent velocity of 5 km/sec) indicates that the 
outer parts of the atmosphere are convective, lithium 
may be transported into the interior and destroyed, so 
that the observed abundance must represent an equi- 
librium value. These arguments suggest that HD 101065 
has a strong magnetic field, by means of which the spalla- 
tion process is energized. A search for other spallation 
products (for example, beryllrum) and a magnetic field in 
HD 101065 should be undertaken when very large tele- 
scopes become available in the southern hemisphere. 


Brian WaRNER* 
Department of Astrophysics, 
University of Oxford. 
fey Skynner Senior Research Fellow of Balliol College, 
xiord. 
1 Przybylski, A., Nature, 210, 20 (1966). 
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Abundance of Boron in the Sun 


Ix a recent paper, Waddell and Slaughter! suggested 
that the composite feature at 8668-43 A in the solar 
spectrum includes a high excitation line of B I. This 
line is one of a number first reported in the laboratory 
spectrum of B I by Gunnvald and Minnhagen? (Table 1). 
From the observed central depth of 0-015, a boron: 
hydrogen ratio of 4:0 x 10-? was deduced. The terrestrial 
rabio? is 7-6 x 10-}°, while Russell’s* photospheric upper 
limit is 1-1x10-’. This figure was later reduced by 
Babcock to 2-8 x 10-4. 

Lines from the other multiplets listed in Table 1 should 
have easily measurable central depths if Waddell’s iden- 
tification is correct. In particular, the lines at 11,660 A, 
with a lower excitation potential of 4:96 eV and a total gf 
of 2:14, should be strongly present. A photoelectric record 
of the solar spectrum im this region taken at the Jung- 
fraujoch®, with wave-lengths and identifications from 
Babcock and Moore’, is shown in Fig. 1. The stronger 
line at 11,660-05 A is not well placed. The weaker line, 
however, fallsin an apparently clear region. At 11,662-47 


. A the trace shows no feature with a central depth greater 


than, 0-01. 

The other multiplets are not so useful, as they have the 
same lower level as the *P- 2D multiplet. Mareover, the 
published traces? of 15,000-17,000 A are rather noisy. 
For the most favourable case, 16,244-66 A, any feature 
with a central depth of more than 0-:02~-0-03 can be ex- 
chided. 

We have calculated the central depth of B I lines for 
various values of the abundance using the average column 


Tabie 1 
Wave-length Transition gf (Coulomb approx.) E.P. 
(A) (eV) 
16,244°66 283p Par- 25°8d*Ds/2 5 462 6-03 
16,240 32 2 Pijg 2 Daj; 
15629-01 8p*Pas- 487 Saya 1129 6-08 
15,624-66 Pils aSa 
11,662:47 33481) —9~ 3P* Pits M147 4:96 
11,660 05 Sija "Pais 
8668 570 3p Paro Bs Sja 0110 6-03 
8667-228 3 Pile Sirs 
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of the Utrecht reference photosphere. At the level of 
formation of a high-excitation B I Ime (t59,,=01, T= 
5100° K, €=1-6 km/sec) the half width, assumed to be 
wholly Doppler, is 0:207 A. Waddell’s abundance would 
produce features with central depths of about 0-30 (11,660 
A) and 0-18 (16,244 A). From the observations at 11,660 A 
an upper limit of 4:0 x 10-° can be set with considerable 
certainty. Weak-line calculations set a limit of 2-1 x 10-° 
for an equivalent width corresponding to a boron line of 
central depth 0-01. 

A smaller, though less certain, value for this upper limit 
can, be obtained from far ultraviolet observations’. 
Lines of Be I, with a lower excitation potential of 2:71 eV, 
have been identified at 2495 A. In laboratory spectra, 
Clearman!® has reported two ground state lines of boron 
at 2496-72 A and 2496-77 A. The Coulomb approximation 
gf values for the $wo multiplets are 1-42 (Be I) and 0-12 
(BI). The product 10~ x gf is then 2-8 x 10-* for Be I and 
8-3 x 10-2 for B I. Allowing for the fact that boron is about 
half ionized and that the B I lines would be partially 
masked by other features, it seems very unlikely that 
boron, can be more abundant than beryllium. The Gold- 
berg, Müller and Aller abundance!" for this latter element 
is 2-3 x 10-19, although the far ultra-violet spectra indicate 
that this may be too high a value (Kacalov et al.%). 
Tousey! reports no certain identification of B I and B IT 
lines. 

Babcock’ has reported lines of the Q and R branches 
of the AUI—X1% (0,0) band of BH in sunspots, but has not 
given any equivalent widths. Using the Zwaan™ sunspot 
model, the boron abundance would be given by: 


Ng ea: We 
Nu ei Joo ° Sy 


where Wy is the equivalent width, Sy the line strength 
and fy, the band oscillator strength. For the Q branch, 
lines near the band head will coalesce. The total line 
strength for the observed head is about 65. Assuming 
that Babcock detected a feature with Wy=5 : 
~ = 1:5 x 10-7 (foa = 0-01) or 1-5 x 10-* (foo = 1-0) 

Compilations of band oscillator strengths indicate that 
foo is unlikely to exceed 0-01 by a significant amount. 
This would yield an abundance near that of Waddell 
and Slaughter, in disagreement with our upper limit 
from the B I infra-red lines. Repetition of Babcock’s 
observations is therefore highly desirable. 

Waddell’s identification of the line at 8668-42 A as 
arising from § I seems sound. One other line from the 


A 
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same multiplet is almost certainly present at 8633-18 Å., 


. The strengths of these lines are in the ratio 2:1 in LS 


coupling. Their measured equivalent widths! are 8:7 
mA (8668 A) and 4-6 mA (8633 A). The calculated 
central depth for the 8668 A line is 0-08, which is in fair 
agreement with observation. The calculated oscillator 
strength is subject to some uncertainty as the multiplet 
belongs to the disDlaced series in 8 I. 

Davis and Philips?’ list two CN lines in this region: 
8668-567 A ((3,1) >and) and 8668-555 ((5,3) band). Their 
calculated equivaient widths! are 1:5 and 0-35 mA, 
respectively. The former may in fact be the line Waddell 
identified as B I 18668-570 X. The wave-length and in- 
tensity agreement is good. If the line is formed in the 
region of the temperature minimum (T5999=0°01, T= 
4500° K, E = 2-6 km/sec) its half width would be 0-127 A. 
The fact that Babcock and Moore, by not giving any spot 
intensity, imply that the feature E-F disappears over & 
sunspot is not a fatal objection to this identification. The 
S I line would certainly disappear, as it has a lower 
excitation potential of 8-42 eV. In the 8660 A region, 
Rowland intensity-3 corresponds to equivalent widths of 
3-4 mA. As no weaker lines are listed by Babcock and 
Moore’? the E-F feature could still disappear despite 
considerable enhancement of the CN line. Against this 
argument must ke set Babcock’s observation® that the 
number of CN malecules ‘above one sq. em of the photo- 
sphere” is enhanced by a factor 3 (violet CN)-10 (red 
CN) over a sunspot. 

We conclude that the upper limit to the boron abun- 
dance in the Sun can be set about 4x 10-*; however, at 
present there are strong indications that it may be an 
order of magnitude smaller. Fresh observations of 
the 11,660 A regicn are to be undertaken at Oxford in an 
effort to obtain more precise values. 


Department of Astrophysics, 
University of Oxford. 


1 Waddell, J., and Slauzhter, C, D., Astrophys. J.,148, 343 (1966) 

? Gunnvald, P., and Minnhagen, L., drk. f Fys.,22, 327 (1962). 

3 Suess, H., and Urey, H. C., Rev. Mod. Phys., 28, 53 (1956). 

t Russell, H., N., Astroshys. J., 70, 11 (1929). 

$ Babcock, H. D., Astrophys. J., 102, 154 (1945). 

* Delbouille, L., and Eoland, G., Photometric Atlas of the Solar Speci um 
27498-212016 (1963. l ' 

? Babe E. D., and Moore, O. E., Carnegie Inst. Washington Publ., 579 


8 Mohler, O. O., Pierce, A. K., and Goldberg, L., Photometric Atlas of the 
Near Infra-red Spectrum Solar Spectrum 18465—-A26242 (1900). 

° Malitson, H. H., Purcell, J. D., Tousey, R., and Moore, C. E., Astrophys. J , 
132, 746 (1960). 

1 Clearman, H., E., J. Opt. Soc. Amer., 42, 373 (1952). 

= Gore L., Miller, E., and Aller, L. H., Agirephys. J. Suppl., 45, 5, 1 

18 Kacalov, V. P., Hohiov, M. Z , Hohlova, V. L., and Jakovleva, A. V., 
ae aK Astr, Obs. Akad. Nauk., S.S.S.R., 27, 44 (1962) (WRG trans. 

Q. f ' 

13 Tousey, R., Space Se. Rev., 2, 1 (1968). 

uH Zwaan, C., Rech. Obs. Utrecht., 17, 160 (1965). 

16 Davis, S. P., and Phillips, J G , The Red System (A *~+X*Z) of the CN 
Molecule (Universi-y of California Press, 1963) 

is}Lambert, D. L, (unpublished results). 


Spectra of Nine Discrete Radio Sources in 
the’ 20-40 Mc/s Range 
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During October-November 1964 and April 1965, 
measurements were made with the 1,000-ft. radio tele- 
scope of the Arecibo Ionospheric Observatory’ for the 
purpose of determining the spectra in the 20-40 Me/s 
range of some of the stronger radio sources having declina- 
tions between — 1-5° and +38-5°. It should be of interest 
to compare these measurements, in which a filled aperture 
pencil beam was used, with other recent measurements?‘ 
made below 40 lM!c/s using a Mill’s cross (T sheped) or 
spaced interferometric arrays. 
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Fig. 1 
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e With the 1,000-ft. spherical reflector illuminated by a 


log-periodic feed, the antenna temperature contributions » 


of the Various radio sources were measured at 22-30, 
26:70, 33-45, and 38-75 Mc/s using four Ryle-Vonberg 
type radiometers. The antenna has a half-power beam- 
width varying between about 2-0° at 38-75 Mejs and 
3-2° at 22-30 Mc/s. A number of runs (some drifts, but 
mainly driven scans in right ascension and declination) 
were taken for each source to help separate the source 
from the background and to lessen errors in measurement 
which could be statistically averaged out. The use of a 
fully steerable pencil beam enabled us, in general, to make 
several measurements per source on the many sources 
investigated during each night’s observational period. 

Since the Arecibo Ionospheric Observatory radio 
telescope consists of a fixed reflector with moving feed, 
the effective area varies as a function of the zenith angle. 
Rather than try to derive effective area theoretically, we 
tracked and measured the antenna temperature contri- 
bution of our calibration source Taurus A from zenith 
angles of 3 6° (its nearest approach) to 20° (the telescope 
limit). For our calculations a flux density of 2,300 x 10-28 
W m- (c/s) at 38 Mc/s with a constant spectral index of 
0-27 was assumed’ and effective area curves were plotted 
for the four operating frequencies. For small zenith angles, 
effective areas of 30,000—40,000 m? (41-55 per cent aper- 
ture efficiencies) were obtained between 38-75 Mc/s and 
22 30 Mc/s with effective areas decreasing with increasing 
zenith angle. 

The measured flux densities of the radio sources at the 
four observational frequencies and their anticipated errors 
are given in Table 1. Flux densities are given in units of 
10-78 W m- (e/s)*. The spectra in the 20-40 Mejs range 
of the nine discrete sources observed at Arecibo are shown 
in Fig. 1. A sample record of an observational scan of the 
source 30157 is shown in Fig. 2. 
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Fig. 1. Radio spectra of nine discrete sources observed at Arecibo. 


Experimental values are shown as open circles, For calibration purposes, 
flux density of Taurus A was assumed 
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Fig. 2. Declmation cut of 3C157 obtained on November 6, 1964. Note 
the absence of scintillation for me erena source (29 angular dia- 
meter 


Limitations to our work included interference, iono- 
spheric absorption and scintillation, confusion with other 
sources, and calibration errors. The effects of ionospheric 
absorption, were minimized by operating at night (mainly 
from 2300 to 0500 h L.T.) during a period’ of sunspot 
minimum with small zenith angles. The averaging out 
of many observations helped to minimize errors due to 
scintillation. Errors due to confusion were minimized by 
confining our results to strong, isolated sources which gave 
clear and repeatable observations. As a check on the 
consistency of our effective area. calibration, a number of 
observational runs were made on Taurus A similar to those 
made on the other sources and its flux densities calculated 
using the effective area curves. The difference between the 
flux densities thus calcu_ated and the assumed values were 
about 3 per cent. 

In Table 1, the error associated with each flux density 
value is given as the sum. of the random measurement error 
and the precalculated systematic error for each frequency. 
The systematic errors were calculated as the square root 
of the sum of the squares of the calibration, confusion, 
and ionospheric errors. The random measurement errors 
were determined, under the assumption of normal distri- 
bution, from the expression used by Bazelyan® and ranged 
in the order of 1-4 per cant. The errors given do not make 
allowance for any errer in the assumed flux densities 
of Taurus A; however, this should be less than 5 per cent. 


Table 1 

Source Soe 30 Sa6-70 Ss3-45 Ssq.75 
3033 259 + 40 284 + 35 198 + 24 169 + 21 
3047 225 + 35 199 + 28 168 + 21 139 + 20 
3098 264+ 43 241 + 38 215 + 28 185 + 22 
3C121 795 + 78 746 + 89 683 + 659 616 + 54 
Taurus A* 2670 550 410 2300 
30157 521 + 48 544 + 39 560 + 33 517 + 29 
Virgo A 5060 + 500 44658 + 375 $8814 + 319 — 
Here A 23938 + 245 2124+ 198 1838 + 170 — 
30363 865 + 113 818 + 85 762 + 79 meee 


+ åssumed flux density on which the flux density determinations of the 
other sources are based. 


Of the nine sources observed, the supernova remnants 
Taurus A and 30157 (10443) have the flattest spectra, 
with 3C157 actually reaching a turnaround point near 
30 Mc/s. The source 3C157 gave the most consistent results 
of any source measured; it had random measurement 
errors of only about 1 per cent and showed no scintillation 
(because of its 29’ angular diameter’). The experimentally 
observed relationship between scintillation and the angular 
diameter of the radio source and its application in the 
determination of the size of night-time ionospheric irre- 
gularities has been discussed recently®. 
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[The steep spectra of the core and halo sources 3C4% 


and 30274 show no appreciable curvature at lower frequen- , 


cies, while the five other sources, all elliptical or double 
galaxies, show some degree of convex (downward) curva- 
ture. This downward curvature can be explained by the 
synchrotron self-absorption phenomenon with its increas- 
ingly greater effect at lower frequency. The apparent 
lack of curvature of the core and halo sources may be 
explained as the counter-balancing result of two effects, 
synchrotron self-absorption and halo predominance—an 
effect most prominent in the ease of NGC 1275°. 

I thank C. Ferioli, W. Kidd, H. Strick and Dr. J. 
Aarons of the Air Force Cambridge Research Laboratories 
and the staff of the Arecibo Ionospheric Observatory for 
their assistance. The Arecibo Ionospheric Observatory 
is supported by the Advanced Research Projects Agency 
and is operated, by Cornell University under contract 
with the Air Force Office of Scientific Research. 
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Shock Wave from a Release of Gas at 
110 km Altitude 


At evening twilight on May 25, 1965, 4:5 kg of gaseous 
nitrogen dioxide was released at a height of 110 km from 
the Australian Aero-High sounding rocket. Two new 
observations are reported here. There was a visible glow 
cloud and, very surprisingly, a wave was observed expand- 
ing outwards from the glow. This wave is shown in Fig. 1, 
which is reproduced from a photograph taken by the 





Glow cloud and wave at +13 sec 


Fig. 1. 
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Fig. 2. Variation of wave speed with time 
Baker-Nunn camera at Woomera 13 sec after release of 
the nitrogen dioxide. At this time, the diameter of the 
wave was 11:8 km. 

Photographs cf the wave enabled diameter measure- 
ments to be mace for 23 sec and the results are given in 
Fig. 2. These show that the wave speed became constant, 
at about 0-4 km sec-', a few seconds after release of the 
nitrogen dioxide. The wave is identified as the shock wave 
because it behaved in the same way as a shock wave 
formed by the sudden energy release of about 2 x 10° 
joules, which is the energy arising from this particular 
gas release. It is interesting to note that similar energy 
is released by the detonation of a grenade containing 
0-2 kg of explosive. 

A possible explanation for the detection of the shock 
wave by our cameras follows from a consideration of sky 
illumination at the time of observation. The Earth's 
shadow was at 65 km altitude, which corresponds to an 
effective shadow height of 90-100 km. In these circum- 
stances, only mclecules above 90-100 km altitude scatter 
significant sunlight at the wave-lengths of interest, and 
so a weak shock wave of about 10 km diameter near 
110 km altituds could produce small. but significant, 
changes in the distribution of scattering molecules. If 
this occurred, there would be a detectable change in the 
radiance of the twilight sky. It follows that a shock 
wave formed well above the effective position of the 
Earth’s shadow would not be detected because the density 
decreases by one order of magnitude in a height of about 
20 km. Thus shock wave observations over a range of 
altitudes are possible only if a number of sounding rockets 
are launched at different times, corresponding to a range 
of Earth shadew heights. 
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When the shock wave becomes weak, its speed is con- 


“stant and equal to the local speed of sound. From Fig. 2 . 
the speed of sound is 380 m sec~!, giving the temperature 


at- 110 km altitude as 340° K. 
L. M. SHEPPARD 
Aerodynamics Division, 
Weapons Research Establishment, 
Salisbury, South Australia. 


Nuclear Reactor Operation in Space 


RECENTLY, Carpenter, Denfeld and Kronlund! estimated 
that the gamma-rays from a 1 MW (thermal) nuclear 
reactor operated in space could produce about 5x 10 
electrons/sec by Compton scattering in the spherical shell 
of a large heat radiator placed around the reactor; a 
reactor of radius 0-3 m inside a shell of radius 3-1 m was 
taken as a possible arrangement. They suggested that 
these electrons would produce on the shell a positive 
potential of some 0-8 MV which might affect certain 
experiments. 

We wish to make two comments on their proposal: 

(1) At the altitude of 1,000 km, which they assume in 
their example, the ambient plasma will provide a power- 
ful mechanism for neutralizing the charge on any body 
within it. Probe measurements with the Ariel 1 satellite? 
at altitudes close to 1,000 km have shown electron den- 
sities well in excess of 10°/em and indeed in many regions 
the densities exceeded 10‘/em*®. The effective electron 
temperature of the plasma is about 2,000° K and hence a 
flux (nv) of 2-8 x 10! electrons/em* sec will be present 
even at the low density of 10°/em*. On the elementary 
model of diffusion, an electron current density of 7-0 x 
10° electrons/em? sec would flow on to an uncharged 
spherical surface, corresponding to a current on to the 
whole radiator surface (120 m?) of 8-4x 10 electrons/ 
sec, This is many hundred times greater than the out- 
going Compton electron current quoted. 

(2) The Compton current of about 0-8 pamp is quite a 
modest one to generate with a positive ion source which 
could be used to prevent the build-up of charge, even for 
& mission into regions of space where the plasma densities 
are negligible. The ions could be of low energy so that 
even if they were emitted in excess of the electrons, the 
potential on the shell would be small. It is also of interest 
that fast neutrons could be allowed to leak from the reactor 
and thus produce recoil ions from the shell—an effect which 
could be enhanced by an external coating of hydrogenous 
material if energetic protons could be tolerated and if 
the material could withstand the ambient conditions. A 
rough estimate of a possible yield of protons can be obtained 
by assuming that the reactor is designed to give a 10 
per cent leakage of fast (fission) neutrons and by allocating 
an average energy of 1 MeV to them. The recoil protons 
will have a uniform distribution of energies up to this 
value and at a particular scattering angle, 0, relative 
to the neutron direction, the proton energy is given by : 


E 
Ep = 5 (1 +cos 20) 


Thus for 6=30°, Ep=075 MeV and the associated 
range in a material such as polyethylene is about 1-5 
m.gm/em?’. For these protons to escape, irrespective of 
their points of origin in the shell, the effective shell thick- 
ness would have to be 1-5 cos 30°=1-:3 m.gm/cm? (the 
neutrons would arrive approximately radially for the 
geometry given). 

For 0= 60°, Ep=0-25 MeV and the associated range is 
0-37 m.gm/em?. In such conditions the protons must be 
produced within 0-18 m.gm/em? of the surface to escape 
and thus, for a converter thickness of 1-3 m.gm/em#* only 
about.a seventh of them would do so. At 45° the fraction 
would be about a half. These values suggest that in this 
case a reasonable estimate of the proton escape probability 
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will be given by taking it as unity for angles up to 30°, 
3 for angles from 30° to 60° and zero above 60°. Thus 
overall, the fraction escaping would be given, for isotropic 
scattering in the centre of mass system, by 


ajo ajg 
| i sin 20 d8 + 4 | sin 20 d9 
0 6 


| sin 26 d 
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The polyethylene (or similar) converter would have a 
mean-free-path of about 2-5 gm/em?® for n-p scattering 
at 1 MeV and the stattering rate would thus be about 
5x 10*/sec for 1-MW operation and 10 per cent leakage. 
Thus the proton emission would be about 2-5 x 10'*/see, 
which is of the same order as the Compton electron emis- 
sion and it should therefore be possible to design a system 
to give nearly equal balance between the two and to have 
a small ion or electron source to produce exact equality. 
All this assumes that the neutrons, their deeay products, 
the ions and the eleetrons could be accepted in the space 
experiments. 

J. SAYERS 

J. WALKER 
Departments of Physics and Electrgn Physics, 
University of Birmingham. 
g men D. G., Denfeld, R, E. and Kroniund, K. H., Nature, 209, 64 
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Adhesion of Atmespheric Dustfall Particles 
to a Glass Slide 


PARTICLES of atmospheric dust adhere strongly to 
solid surfaces, as can be ;udged by the persistence of their 
presence on automobiles, window ledges and other familiar 
surfaces. In our laboratory we have for several years 
been investigating the adhesion of solid particles to various 
surfaces with the view of clarifying the pertinent influ- 
ential physical and chemical characteristics of the particle, 
substrate and ambient air!-$. In recent years, several 
different groups have reported results of measurement of 
small particle adhesion**. We were unaware of any 
previous efforts to measure the forces of adhesion between 
atmospheric dustfall particles and solid surfaces, or of any 
investigation that cormpared the adhesion forces of these 
particles to other commen, particle systems of comparable 
size. 

In our investigations two methods are used to evaluate 
particle adhesion’. In the first, particles settle by sedimen- 
tation on to a substrate material and the substrate with 
particles is then mounted in a special holder which fits into 
the head of an ultracentrifuge. The holders were designed 
so that centrifugal force on the particles acted perpen- 
dicular to and away from the substrate, or parallel to the 
substrate. In the second apparatus, the substrate with 
particles was exposed to a high velocity air stream with a 
well-defined velocity profile. The basis for comparison of 
strength of particle adhesion was the efficiency of particle 
removal after exposure te a given centrifugal acceleration 
or to each bulk stream air velocity. With either technique, 
it was necessary to examine with a microscope the particle 
field before and after application of the removal force, 
that is, centrifugal or air drag. (These procedures have 
already been described eisewhere*.) 

Clean glass microscope slides were set on the roof of 
the Graduate School of Public Health in Oakland, Pitts- 
burgh, for 4 h to collect atmospheric dustfall. The slide 
and deposit were later conditioned for 24 h at 35 per cent 
or 75 per cent relative humidity (20° C) in a glove box. 
The results obtained in centrifuge and re-entrainment 
tests are presented in Table 1 and Table 2, respectively, 
and are expressed as percentage of particle removed 
(‘Efficiency of Removal”) at any stated test condition. 
The last two columns in Table 1 indicate the centrifugal 
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ble 1. ACCELERATIONS REQUIRED TO DISLODGE ADHERING PARTICLES OF oe roe Dust, Fry ASH AND GLASS BEADS (RELATIVE Houmipiry, 35 PER 
a CENT, AND 20° C) 
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Acceleration, Size* Efficiency of removal @per cent) _ Centrifugal force (dynes) 
{gy (a) Giass beads Fly ash Atmospheric dist Glass beads Fiy ash 
6,000 13 -~ 0-0 8-1 ~= 1-25 x 10* 
24,100 13 ~ 0-0 19-4 - 501 x 10° 
97,000 1-3 - 0-0 — -= 200 x 10 
§,000 3°38 — 0-0 2-8 -= 340 x 107 
24,100 38 ~ 1-8 2-8 ~ 1:36 x 10-7 
97,000 a8 2-8 — - 5:44 x 10 
6,000 G4 _ 12-1 0-0 — 1:57 x 10* 
24,100 6:4 - Pl 32 — 631 x 10° 
97,000 6-4 -= 42-4 — ~ #51 x 10°° 
6,000 §-9 ~ 18-2 16-7 ~ 4-33 x 10° 
24,100 8-9 27°3 16-7 - t74 x 107 
97,000 8-9 ~ TR ~ ~ 6-93 x 1077 
6,000 115 e - 12-5 0-0 ~ 9-18 x 107 
24,100 11:5 - 50-0 0-09 ~ 3-68 x 10-* 
97,000 11-5 ~ 100-0 ~ ~ 147 x 19? 
1,900 5-3 BO-D -~ _ 3-63 x 10+ - 
12,500 5-3 52-2 ~ ~ 2-39 x 10% a 
19,200 Bed 7d ~ ~_ 3-67 x 107” ii 
= 1,900 15-9 778 > = 980 x 107 - 
woos, 12,500 15-9 85-2 - ~ 645 x 107 = 
-19,209 e 15:9 89-5 _ ~ 9-90 x 10 — 

























Projected area diameter. 


Table 2, BULK AIR VELOCITY REQUIRED TO DISLODGE ADHERING PARTICLES 
TMOSPHERIC DUST, FLY ASH, AND GLASS BEADS (RELATIVE HUMIDITY, 
i 35 PER CENT, AND 20° C) 


tilk ais Size* 
elo (p) Efficiency of removal (per cent) 
Glass beads Fiyash Atmospheric dust 
13 0-0 0-4 
1:3 z 6-0 2-5 
13 213 4-9 
3-8 0-0 0-0 
38 20-1 4°6 
3-8 57-4 7-9 
6-4 4-0 5-9 
6-4 68-0 157 
6-4 100-0 31-4 
8-9 30-8 6-7 
8-0 76-9 20-0 
8-9 100-0 40-0 
11-5 0-0 0-0 
11-5 83-3 25-0 
11-5 100-0 50-0 
5-3 0 
53 0 
£ 15-9 0 
90 15-0 ($ 
t17 159 32 


rojected area diameter, 


98 which were responsible for the noted degree of 
val of the spherical glass beads and fly ash particles. 
forces were calculated from equation (1) for 
rical particles: | 

T F, = m.a. 

Fe = 1/867 d? 9 wR (1) 
re Fe is the centrifugal force (dynes), w is the angular 
peed of rotation (radians/sec), d is the particle diameter 
a), R is the distance from centrifuge axis of rotation 
o substrate (em), and p is the particle density (1-98 g/em® 
-fly ash and 2-50 g/cm? for glass beads). 

It was not possible to calculate the air drag or adhesion 
s for these particles, because the density and shape of 
spheric particles vary over a wide range. For com- 
purposes, results for glass beads (A. 8. LaPine 
‘Chicago, Illinois) and particles of a Cottrell pre- 
ted fly ash are also shown in Tables 1 and 2. In 
ig these results we recognize the great variability 
in the composition of suspended particulates in urban 
-- atmospheres? and would anticipate large differences in 
the adhesiveness of particles collected in different cities, 
or even at different sites in the same city. 

It required bulk stream air velocities as large as 150 
ee to remove 50 per cent of adhering atmospheric dust 
particles of 11-54 projected area diameter. However, it 
as even more difficult to remove glass beads, but easier 
o remove fiy ash particles, of the same size. In the 
ontrifuge tests, where removal depended on particle 
veight at any given acceleration, the atmospheric dust 
particles adhered more strongly than fly ash or glass 
seads of the same size. Even this generalization is not 
strictly valid, for with the two smallest sizes of particles 
and 3-8u) fly ash adhered most tenaciously. The 
r result could be explained by an increase in density 
tmospherie particles in the two smallest sizes studied 
-alterations in surface properties of particles in this 
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size range. Adhesion of solid particles to solid surfaces — 
is dependent on sabstrate and particle composition, surface 
microstructure, end the presence or absence of surface 
contamination, as well as on other factors. 2 
This work was supported by a grant from the Division 
of Air Pollution, U.S. Public Health Service.. | 
MORTON Corn | 
| Fenix STEIN. 
Graduate School of Publie Health, | | 
University of Pittsburgh, 
Pittsburgh, Pennsylvania. 
1 Corn, M., J. Air Polition Control Assoc., 11, 566 (1961). 
? Corn, M., and Stein, 3., J. Amer. Indust, Hygiene Assoc., 28, 325 (1965). 
s Corn, M.,in Recent Advances in Aerosol Science, edit. by Davies, C. X. 
(Pergamon Press„in the press). 
‘ Kordecki, M. C., and Orr, C., Arch. Environ. Health, 1, 1 (1960). 
3’ Deryagin, B. V., and Zimon, A. D., Kolloidn. Zh., 28, 454 (1961). (Transla- 
tion by the Consu:tants Bureau, Chicago, Ilinois), 7 
t Böhme, G., Kling, W , Krupp, H., Lange, H., Sandstede, G. and Walter, G., 
Z. Angew. Phys.,19, 265 (1965). | tS 
7 Air Pollution Measusements of the National Air Sampling Network. Analyses 
of Su ed Particulates, 1957-1961. U.S. Depi. Hlth., Educ. and 


Welfare. Public Eealth Service Pub. No. 978 (U.S. Govt. Printing Office, 
Washington, D.C, 1962). L A A 


Snow and Rain Washout Coefficients for 
Process Plant Radioiodine Vapour 

Very little is known about the effectiveness of snow in 
scrubbing the atmosphere, and in the past there have 
been no reported measurements of the efficiencies with 
which atmospheric constituents are removed by snow. 
Theoretical calealations of the collection by raindrops of 
soluble gases have been reported by Chamberlain’; how- 
ever, similar calsulations for snow would require a know- 
ledge of the elecsrostatic capacitance of the snow crystals 
and their number per unit volume in air. 

A knowledge >f the removal efficiencies of atmospheric 
constituents by precipitation is essential in the investiga- 
tion of many basic problems in atmospheric physics*, and 
the washout coefficients of both gaseous and particulate 
materials by both rain and snow are being studied. This 
information is of particular importance in explaining the 
fall-out rates ard mechanisms of airborne radionuclides. 

Several experiments to determine the washout co- 
efficients of racioiodine vapour by snow and by rain 
have been conducted during the past year using the 
minute amounts of 1I which are present in some stack 
gas effluents at the Hanford Atomic Plent. The radio- 
iodine in these 2ffluents is all in the vapour state and is 
about one-half inorganic (hydrogen iodide and iodine,) 
and half in the form of organic iodides (apparently alkyl 
iodides)’. 

Experiments were designed to determine the removal 
of the 13I from the stack plume by comparing the total 
131] leaving the stack to the 1I carried down by precipita- 
tion in a samplmg are which subtended the plume. The 
data from these studies were treated in a manner similar 
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to that used by May‘ in his study of the washout of 
_ “Lycopodium spores. 


The quantity of 1I washed out is used to determine the * 


washout coefficient (fraction scavenged per time) for the 
rain or snowfall, using the following formula: 


A = Vy%e/QtA 


¿o where A is the washout coefficient; V, the wind speed at 
plume height; y, the distance between samplers; Zc, 


the total material collected in all samplers, less back- 
_ ground; Q, the source release rate; t, the sampling time; 
A, the area of one sampler. 

The sample colleetors are l-sq.-m dishes formed by 
attaching polyethylene sheets. with some slack, to large 
hoops made of plastic hose. Fifty to seventy of these are 
exposed on a line or are transverse to the stack plume 
overhead. The collected rain or snow is gathered after 
a few hundredths of an inch have fallen. There appear 
to be no splash or residue problems with these simple 
basins. 

The organie and inorganic radioiodine are separated 
from the melted snow or rain by standard chemical 
techniques which were modified to accommodate large 
volumes’ and are counted in a high sensitivity y-ray 
spectrometer’. 

Fig. 1 shows five coefficients for inorganic iodine meas- 
ured in snowfall, three of these for columnar crystals and 
two for large, wet agglomerates of spatial dendritic 
crystals. If crystal size and type were constant in a 
_ snowfall, then washout should be linearly related to water- 
equivalent precipitation rate. Lines of unit slope have 
been drawn through the data. We assume that there is 
- a family of lines, one for each erystal type, with the posi- 
tion of each line being determined by the velocity and 
surface area of the crystal. 

Also shown are two coefficients measured in rainfall. 
_ These values are ten times the theoretical values for 

iodine vapour washout at these rainfall rates?. These 

measurements were made at different times and processed 

independently, thus providing a dual verification of the 

high values. Near the data points are drawn the theoreti- 
eal washout rates when rain falls through plumes of 20u 
and 40u diameter water drops?. Electrical charges on the 
rain would increase the expected washout by an unknown 
amount. 

_ Organic forms of radioiodine were scavenged only about 
I per cent as effectively as the inorganic forms, but there 
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was too little captured to allow calculation of coefficients. 
The rapid scavenging of airborne inorganic radioiodine 
has been independently observed in condensate from air 
coolers’. Also, the scrubbing efficiency of spray towers 
for inorganic radioiodine increases with humidity, and 
Owe Berg attributes this to condensation phenomena’, 

These process stack plumes at the Hanford Atomic 
Plant contain sufficient water vapour to produce small 
water droplets when mixed with cold atmospheric air. 
Because there appears to be no alternative explanation, 
we conclude that nearly all the inorganic radioiodine gas 
is being captured durjng the water condensation process, 
as the stack gas mixes with the atmosphere, and that sub- 
sequent scavenging occurs at rates appropriate to tiny 
water drops. 

We thank D. I. Hagen, D. R. Crosby, D. R. Edwards 
and others for their capable field and laboratory assist- 
ance. This work was performed under a‘eontract with the 
U.S. Atomie Energy Commission. 
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Sub-millimetre Maser Amplification and 
Continuous Wave Emission 


IN our investigations of molecular stimulated emission, 
we have recently observed amplification by direct current 
discharges in CN at a wave-length of 0-337 mm. We have 
also constructed continuous wave oscillator sources of the 
same wave-length using similar direct current discharges 
in an apparatus with a plane mirror resonant cavity 
and beam-splitter coupler as was described earlier’. The 
oscillator discharge tubes were 90 em long and 5 em in 
diameter and were operated under flow conditions, as 
with pulsed CN masers, at an equilibrium pressure of 
about 0-1 mm. Typically, the potential drop across the 
tube carrying a current of 1 amp was 800 V and output 
powers of the order of 0-1 W have been recorded. Similar 
results have been obtained using discharges run at 50 c/s. 
Amplification was observed by means of a similar discharge 
tube of length 60 cm in the resonant cavity of an indepen- 
dent pulsed CN maser. When a direct current discharge 
is used in this way, increases of up to a factor of two have 
been observed in the output power of the pulsed maser. 


H. A. GEBBIE 
N. W. B. STONE 
W. LOUGE 
J. E. CHAMBERLAIN 
Advanced Instrumentation Unit, 
National Physical Laboratory, 
Teddington, Middlesex. 
W. A. SHERATON 
G. and E. Bradley, 
Neasden Lane, N.W.10. 
| Gebbie, H. A., Stone, N. W. B., and Findlay, F. D., Nature, 282, 685 (1964). 


Pinched Lightning Discharges 
THE suggestion contained in my recent letter! that 
pinching out of the discharge may occur on a wide variety 
of scales from lightning to quasars led to a search of the 
literature to see if lightning current waves existed which 
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-supported the evidence of the one photograph available 
of a pinched lightning discharge*. The figure shows an 
_. oscillogram of the largest lightning current obtained by 
Berger and Vogelsanger’ in their investigation of light- 
fing striking their masts on the top of Mount San Salvatore. 
The similarity to the light curve of Nova Herculis 1934 
referred to in the earlier notet is quite striking. After 
ising rapidly to a peak value of 180 kamp, the current 
fell still more rapidly to 10 k.amp, that is, the discharge 
Was practically extinguished. It then rose again more 
_ slowly as the pressure generated by the sudden increase in 
_ temperature and by the magnetic pinch effect was released 

; and reached a second peak of 50 k.amp. 
A fuller account of the pinching process on this seale 
is given in a note in the June issue of Electronics and 
| Power, in which the light curves of two novae are re- 

produced for comparison (Fig. 1). 
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Vibrational Relaxation of Carbon Dioxide 
in Mixtures with Noble Gases 


7 MEASUREMENTS have been made, using a spectrophone, 
Of the relaxation time of the 4-3p fundamental vibration 
- Of carbon dioxide diluted with the five noble gases— 
helium, neon, argon, krypton and xenon. The apparatus 

| and experimental procedure have already been described?!. 
‘Calculations based on the Swartz, Slawsky and Herzfield 

=. theory (S.S.H.}) of collision induced vibrational energy 
= transfer? show that the asymmetric valence mode of 
--.¢arbon dioxide should relax by a complex process, involv- 
ing the two lower energy modes. the most likely decay 

- seheme being: 


hyg ~> hya + hy, => 2hv, 
~x \ (1) 
translation translation 






Where the frequencies vı, v and v, refer to the symmetrie 
valence, bending, and asymmetrie valence vibrations of 
earbon dioxide respectively, and h is Planck’s constant. 
Because the process iv, —> 2hv, is very nearly a resonance 
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exchange it should be very rapid, and the relaxation may 


effectively be described as the two-step process: 


(2) 


Each of these steps will have its associated rate constant 
and relaxation tims. 

For the present results, assuming this model for the 
relaxation, the relaxation phase lag, y, between the 
modulated radiation input and the resulting optic- 
acoustic pressure fuctuations in the spectrophone can, be 
shown to be appreximately?: 


hy, —> 3he, —> translational energy 


(1 i 
; IOE: [x + mb ~ x) + cia LX taa = 
SAT Ea e To ee 


runt 


I : 

wid Aa (x + 91 —-xX)I Lx + g2(l—-x)] o 
i 3 

Here +, and +, are the relaxation times of the first (Av, —> 

Ay), and second wiv, — translation), steps of the energy 

transfer process respectively: 


T A 


gn = ip 


The superseripts 44 and AB respectively refer to energy 
transfer in carbor dioxide self-collisions, and in collisions 
with diluent molecules. y is the mol fraction of carbon 
dioxide in the mixture, and w is the radiation modulation 
frequeney. 

Fig. 1 shows typical results of y versus y for the five 
mixtures, at a total mixture pressure of 60 torr and a 
modulation frequency of 800 c/s. The results strongly 
support the two-step relaxation scheme, in some cases 
phase shifts > = 2 being obtained, which is impossible 
for a single relaxation process. 

Perhaps the most interesting feature of the results is 
the collision reduced mass dependence of the relaxation 
time. To analyse this, it is necessary to know the relative 


values of g, and g, for the first and second steps of the 


relaxation. Because the latter involves the de-excitation 
of the bending mode, values of 744/74? obtained from 
ultrasonic absorotion and velocity measurements, or 
from spectrophore investigations using the 15-y vibration 
band, should correspond to g,. Values for carbon dioxide— 
helium and carbon dioxide~neon mixtures are available 
from Cottrell and Day*, for carbon dioxide~argon from 
my own spectrochone results. Using these values for gs, 
corresponding values of g, were calculated from the data. 
The results are g ven in Table 1. 
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Fig. 1. Carbon disxide-noble gas mixtures, plots of relaxation phase 


lag (y) against carson dioxide mol fraction (y). 
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Table 1 
Diluent Ui Ca 
Helium 14 2 
Neon 0-5 0:3 
Argon 0-1 014 
Krypton 0028* 0-067* 
Xenon 00167" 0-055" 


* Values obtained by extrapolation of plots in Fig. 2. 


If P,» is the probability of de-excitation/molecule/ 
collision, simply related to the relaxation time by: 


Te 
Pro = t(l — kT) 


where te is the average time between collisions, then the 
S.8.H. theory gives the dependence of P,, on y as: 


(Mass dependent pre-exponential factor) x exp.(— But) 
where: 
3/16 x ih 
2\ ath? kT 


Here AZ is the energy to be exchanged with translation, 
and « is the intermolecular force range parameter. The 
pre-exponential factor varies with the type of colliding 
molecule, but basically has the form of the product of 
u* and a factor mainly dependent on the masses of the 
atoms constituting the relaxing molecule. This factor 
(A) will remain fairly constant for all the mixtures in- 
vestigated. Thus taking the reduced mass dependence to 
be of the form: 

P,, = Ap’ exp (— Bul) (3) 


where A is independent of u. Fig. 2 shows a plot of: 


(Pi ] 

[toge (Pas 2 log u 

against ut for the present results. Agreement is excellent 
for the limited data. Extrapolation of the graphs, to 
obtain g, and g, for krypton—carbon dioxide and xenon— 
carbon dioxide mixtures, yields values which when substi- 
tuted into equation (2) give a good fit to the experimental 
results for these mixtures. 

The results show that the relative inefficiency of the 
noble gases at de-exciting carbon dioxide vibrations, 
compared with carbon dioxide itself, already noted in 
measurements on the bending vibrations.’ is confirmed 
for both stages of the relaxation of the asymmetric valence 
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second (plot A) steps of the relaxation of the r, mode of carbon dioxide 
in mixtures with helium, neon and argon 


— 2log p against «'/? for the first (plot B) and 
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mode. The noble gases, as a group, give a reduced mass 
dependence of the carbon dioxide relaxation in good 
agreement with present-day theory. Making the assump- 
tion that a is constant for the five mixtures, and taking 
values for AH of 500 k and 960 k for the first and second 
steps of the relaxation, the slopes of the Fig. 2 plots give 
values for « of 5-2 x 10? cm-t and 5-8 x 10° cm~, 
respectively. 

As ean be seen from Fig. 2, self-collisions between 
earbon dioxide molecules do not follow this simple mass 
dependence. The relatively simple collision between an 
atom and a triatomje molecule would seem more likely 
to agree with the predictions of approximate theories 
like the S.S.H. than that between two triatomic molecules, 
where unknown orientation or rotational factors may be 
important. 
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CHEMISTRY 


Structure and Formation of Magnesium 
Oxychloride Sorel Cements 


Tue hardening process by which a cement is formed from 
a polycrystalline matrix has been investigated using a 
cement of relatively simple composition and structure— 
Sorel cement!. This cement is formed by the addition of 
magnesium chloride solution to a fine powder of mag- 
nesium oxide*. The viscous paste hardens on drying and 
sets to a cement consisting of a mass of needle-like crystals 
of Mg,(OH),Cl-4H,O. The appearance of the cement is 
shown in Fig. 1, which was taken with a scanning electron 
microscope (by A. Rezanowich and I. Frazer at the Pulp 
and Paper Research Institute, Montreal). 

Figs. 2 and 3 are transmission electron mierographs of 
a cement specimen prepared in a dilute solution. These 





ph of a fractured surface of magnesium oxychloride 


A micro ; 
cement taken on a scanning electron microscope. (x 2,975) 


Fig. 1. 
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Fig. 2. Typical scroll-whiskers of magnesium oxychloride, The ciffraction pattern 

displays layer lines typical of a rotation pattern, indicating the cylindrical nature of the 

crystals. The erystals have undergone somn thermal! etching in the electron beam in the 
microscope 


micrographs show the needles of the oxy- 
chloride to be seroll-tubular whisker crystals, 
similar in many ways to those of graphite’. 
The structure of magnesium oxychloride* 
consists of puckered planes of Mg-O octahedra 
parallel to the needle or b-axis, separated by 
(100) planes of water and chlorine, so that 
these (100) planes are weakly bonded and 
stack without complete periodicity. Dehydra- 
tion studies in the electron microscope also 
emphasize the scroll-tubular whisker nature, 
and indicate that the other hydrates of the 
oxychloride, in particular the 3H,O, have 
a similar structure (to be reported else- 
where). 

In Fig. 3, two crossing magnesium oxy- 
chloride crystals are seen which either 
interpenetrate or have enhanced growth 
at the point of contact*. Partially unwound 
scrolls are frequently seen as well as highly 
curved whisker and tape crystals. In Fig. 
4, where the specimen stood several days 
in the laboratory on the electron microscope 
grid, thin leader crystals can be seen in the 
micrograph similar to those observed from 
sodium chloride*. These leader crystals 
curve and interweave from one crystal Fig. 3. Two needle-crystols of magnesium oxychloride crossing, possibly interpenetrating, 


with enhanced growth at the point of contact. Both crystals display features of scroll- 
group to another. trpe whiskers 
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Fig. 4. Very thin crystals grow from the original crystals in the mag- 
nesium oxychloride cement after several days 


The hardening process and formation of a cement can 
be interpreted in terms of these structural features as 
follows. Whisker crystals of the hydrates grow on the 
magnesium oxide crystals, which are přepared by a par- 
ticular heat treatment of magnesium carbonate* and are 
thus likely to contain many crystal imperfections as sites 
for whisker growth. The whisker crystals are very strong 
and bond together mechanically. Further bonding occurs 
by the presence of unwound scroll crystals, as well as by 
the interpenetration of crystals, enhanced growth where 
erystals touch, and winding leader crystals. 

A relationship can be seen to the scroll nature pos- 
tulated and observed for tobermorite crystals in Portland 
cement pastes’. Some fine needle crystals have also been 
observed in some zine phosphate preparations, which 
indicates that a similar structural mechanism may apply 
for zinc phosphate (dental) cements. 

Other cements of structures related to magnesium oxy- 
chloride hydrate are suggested and cements have been 
formed from NH,CdCl, and K.SnCl,-2H,O. Many other 
compounds containing infinite chain ions may also form 
cement materials, provided they crystallize in a suitable 
whisker form. In general, knowledge of whisker crystal 
growth and behaviour, such as growth promotion from 
porous substrates**, can be used with advantage to 
develop properties and formation of cements, 


B. Toorer 
L. CARTz 
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Examination of Surfaces by scanning with 
Charged Particles 


A stupy of the distribution of elements in inhomo- 
geneous samples has assisted many chemical and metal- 
lurgical investigations, and in particular the electron 
probe microanalyser has proved a valuable too! for 
examining small areas at high resolution. In certain cases, 
however, a less costly analytical instrument of lower 
resolution is required for scanning larger areas, and for 
this purpose an X-ray milliprobe analyser has been 
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designed, using a collimated beam of X-rays 1 mm in 
diameter". 

We have described recently a number of analytical 
methods based on the measurement of y-radiation 
emitted during the rapid decay of excited nuclear states 
formed as the result of charged-particle bombardment?. 
This procedure lends itself readily to the analysis of 
localized areas of a sample, since the low depth of pene- 
tration of charged-partieles limits reaction to that part 
of the target near to the surface, and measurement of 
prompt y-radiation permits simple use of a scanning 
technique. The method is particularly suitable for 
measurement of light elements, which are the most 
difficult to determine by X-ray methods. 

The feasibility of examining surfaces by charged- 
particle scanning has already been briefly discussed®:*, but 
we now report specific results obtained from scanning 
several test samples. Synthetic samples were chosen so 
that their known structure could be compared with that 
indicated by the scanning results. 

A beam of protons aecelerated to 1-80 MeV by a 2-MeV 
Van de Graaff electrostatic generator was collimated by 
an aperture 0:66 mm in diameter in a tanta®&um stop, 
and the beam current maintained at about 0-008 yamp. 
Targets were secured to a table which could be traversed 
in two directions at right angles to each other and the 
proton beam. Adjustment in one direction was relatively 
coarse, and once set was not changed during a scan; a 
micrometer-screw was used to move the target a known 
distance in the other direction between irradiations. 

y-Rays emitted by the target during irradiation were 
detected by a 3 in. x 3 in. thallium activated sodium 
iodide scintillator, and after amplification the output was 
fed to a 100-channel pulse—height analyser, controlled 
from the beam current integrator to permit the count to 
be totalled while the sample was irradiated to a pre-set 
proton dose. After each irradiation, which lasted about 
5 min, the channel contents of the analyser, real and live 
times, were recorded, the micrometer adjusted and another 
irradiation started. 

Targets were sheets of aluminium sandwiched between 
copper. One face of each target was machined flat, 
polished and etched, and mounted in the specially con- 
structed target holder in order to traverse a copper- 
aluminium—copper section with the proten-beam. 

The most intense prompt y-ray from the reaction of 
1-80-MeV protons with thick targets of aluminium has an 
energy of 0:84 MeV, corresponding to the decay of the 
first excited state of aluminium-27 produced by the 
inelastic scattering reaction 7Al(p.p')"Al. Fig. 1 shows 
the variation in the detected yield of the 0-84-MeV y-ray 
as each of three samples was passed across the proton- 
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Fig. 1. Yield of 0-84-MeV aluminium y-rays obtained by scanning three 
different copper-aluminium-cepper targets with 1-80-MeV protens 
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beam. As the copper—aluminium interface was traversed, 
the count-rate increased to reach a constant value when 
the entire beam was collected on the aluminium section. 
The length of the plateau was determined by the thick- 
ness of the aluminium sheet, and in Table 1 widths 
calculated from half-height are compared with values 
measured optically with a travelling microscope. It can 
be seen that the agreement is good. 


Table 1. WIDTH OF ALUMINIUM SHEETS IN TARGETS 
Optical measure- Proton 
Sample ment (mm) scan (mm) 
1 1-14 e 113 
2 2.52 2-50 
3 3:87 3-75 


In these experiments, the minimum time required for 
an irradiation was governed by the long dead-time of the 
multi-channel anaļyser (900 usec). If a faster analyser 
had been available, it would have been possible to reduce 
the irradiation time by using a higher beam-current, and 
taking advantage of the higher yield of 0-84-MeV y-rays 
obtained on increasing the proton-energy. . 

Alumigium was scanned in this work because ıt can 
easily be incorporated in targets as sheets of known thick- 
ness, but particle scanning can equally well be applied to 
the determination of any element which can be measured 
by a prompt-radiation technique similar to that described 
for aluminium. By careful choice of bombarding-particle 
and energy, and with the aid of y-ray spectrometry, 
methods are available for most of the light elements. 

We thank H. D. Hitchcox and M. E. Thompson for 
construction of the target assembly and preparation of 
the targets, and B. Morris for operating the accelerator. 
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Iron Enneacarbony! 


AT various times! doubt has been expressed as to the 
authenticity of iron enneacarbonyl, Fe,(CO),, owing to 
its low solubility in all solvents and apparent lack of vola- 
tility. We have therefore carried out an investigation of 
this carbonyl, which was made by exposing iron penta- 
carbonyl, sealed under high vacuum in ‘Pyrex’ vessels, to 
sunlight; tri-iron dodecacarbonyl, which also formed in 
small amounts', was removed by repeated washings with 
petrol ether. A series of analyses on different samples 
of iron enneacarbony! clearly indicates that the empirical 
formula is Fe,(CO),. (Found (per cent): carbon, 29-9, 
29-7, 30-2, 29-6; oxygen, 39-2, 38-0, 39-4. Calculated (per 
cent) for C,O,Fe,: carbon, 29-7; oxygen 39-6.) 

Although it is stated that iron enneacarbony] is invola- 
tile’, we have observed that under a good vacuum (10-° 
to 10-* mm) it will sublime at about 70° C to form hexa- 
gonal-shapedcrystals. The sublimation occurs cleanly if the 
enneacarbony! has been dispersed, by crushing and rubbing, 
against the apparatus walls, but attempts at the sublima- 
tion of bulk samples cause rapid decomposition and the 
formation of an iron mirror; volatility comparisons to 
the other metal carbonyls, including tri-iron dodecacar- 
bonyl, suggest a molecular weight higher than that 
corresponding to Fe,(CO),. However, the mass spectrum, 
obtained under conditions such that the enneacarbonyl 
was introduced into the electron beam at room temperature 
to minimize any possible thermal decomposition, definitely 
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shows the molecular ion Fe,(CO)*, centred at mass 364 
and has no peaks of higher molecular weight; furthermore, 
‘none of the ions formed on fragmentation contains more 
than two iron atoms. An interesting fact which emerges 
from a study of the mass spectrum is that the peak due to 
Fe,(CQ)*, is the most intense of the Fe,(CO)*, ions. An 
attractive explanation for this is that the three carbon 
monoxides represent the bridging carbonyl groups in the 
original iron enneacarbonyl because it seems reasonable 
to assume these particular carbonyls (which are bonded 
simultaneously to she two iron atoms) will be less readily 
lost on fragmentation of the molecule than the terminal 
carbonyl groups. This work, therefore, substantiates the 
formulation of iron enneacarbonyl], but in no way explains 
the unusually low solubility and volatility for a compound 
of such low molecular weight. 
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Decomposition of Ferrosic Sulphide to 
Pyrrhotite in an Electron Microscope 


FRAGILE compounds undergo thermal decomposition 
in an electron microscope in which specimens are exposed 
to a high vacuum and to electron bombardment'~. 

Ferrosic sulphide with a spinel structure has just become 
recognized as a well-defined compound since Skinner 
et al. recently discovered mineral greigite. They have 
observed the thermal breakdown of greigite to pyrrhotite 
and pyrite at 320° C in a sealed, evacuated silica tube. In 
contrast with ther result, the decomposition of ferrusic 
sulphide to pyrrhetite and sulphur vapour occurred when 
the specimen was heated above 300° C in a vacuum with the 
pump operating. 

It was interesting to see if the same experimental 
condition could be achieved in an electron microscope, 
enabling one to follow the crystallographic and morpho- 
logical changes during the decomposition. 

In a previous paper’, a synthetic method of ferrosic 
sulphide is described in some detail. The powder particles 
of the ferrosic sulphide were mounted on a specimen grid 
covered with a collodion film. The crystals were examined 
in a Hitachi HS-7 electron microscope operated at 50 kV. 
The Lì values (L is the effective canfera length and 4 is 
the electron wave-length) were determined with a gold foil 
standard. 

Electron micrograph and diffraction patterns at the 
initial stage were recorded, care being taken not to subject 
the specimen to more than the minimum beam intensity. 





b 
Before decomposition 


Figs. la and 1b. 


68 NATURE 





b 


Figs. 2a and 26. After decomposition. Wave-length of the electron 
beam was 0:0548 A. (15,000) 


In order to decompose the specimen, the beam intensitiy 
was gradually increased by controlling a condenser lens. 
A set of micrographs and diffraction patterns taken before 
and after decomposition are shown in Figs. la~2b. Tho 
original diffraction pattern is identified with that of 
ferrosic sulphide with a spinel structure of a = 990 A. 
The final pattern can be indexed for a hexagonal lattice 
with a = 3-43 and c = 5-68 A corresponding to the value 
expected for pyrrhotite. The original particles of ferrosic 
sulphide are visible in Fig. la, but the contrast between 
them and the background is small. During decomposition 
the shape and the size of the particles remain almost 
invariable, though the contrast and transparency ot 
the specimen increase in some degree. This is pre- 
sumably because the ferrosic sulphide loses sulphur as 
vapour and thereby alters its form to pyrrhotite, the 
density of which is greater than that of ferrosic sulphide. 
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lon Exchange Method of estimating Strontium-90 
and Other Radionuclides in Rainwater 


THe collection of bulk samples for the assay of radio- 
activity in rainwater involves the handling and preparation 
of large volumes of water. The need to reduce this work, 
together with a desire to achieve greater sensitivity and 
more specific data on the distribution of radionuclides in 
rainwater, has led to the development of the following 
method of collecting rainwater. 

The apparatus is based on an idea of Boni’, and incor- 
porates a technique for separating caesium-137 deseribed 
by Morgan and Arkell*. It is contained in a wooden box, 
5 ft. high x 1 ft. square section, on top of which is a 
rainwater collection pan 18 in. square with a hole 1 in. 
in diameter in the centre. The components of the appar- 
atus are mounted vertically and centrally in the box, 
which is fitted with a door which is normally closed. To 
obviate froezing of the columns during cold weather, two 
electric light bulbs (100 W) are placed beside the ion 
exchange columns. 

The column components (see Fig. 1) from top to bottom 
are: asbestos pad (14 in. diameter x } in. thick) to remove 
particulate matter; ammonium-12 molybdophosphate 
(AMP)/asbestos pad (1$ in. diameter x } in. thick) for 
caesium-137 estimation (the ammonium-12-molybdophos- 
phate used is prepared according to the method of Smit 
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et al.*, which gives a fine crystalline product, and this is 
mixed with an equal weight of asbestos fibre to obtain 
satisfactory porosity); anion resin column (1 in. diameter 
x 6 in. long, “De-Acidite F.F? S.R.A. 69. —14 + 52 
mesh [OH]-); cation resin column (1 in. diameter x 6 in. 
long, *Zeo-Karb 225’. SRC 19. 100-200 mesh [H]*). All 
columns are glass and the connexions between them are 
made by rubber bungs and sleeves. 

The effluent from the cation column is passed into a 
10-1. storage bottle through a constant head device to 
prevent the columns running dry. The purpose of the 
storage bottle in thissinitial study was to check for radio- 
nuclides which may have escaped retention on the columns. 
In fact, no such activity was detectable. During normal 
operation the effluent from the columns runs to waste 
and a standard rainwater gauge is used to measure 
rainfall. 

The various components of the apparatus were separated 
at the end of each sampling period (1 month) and analysed 
for strontium-90. The ammonium-12-molybdophosphate) 
asbestos pad was washed with 2 N ammonium nitrate 
solution followed by 0-01 N nitric acid to remove the 
strontium-90, which was then precipitated as carbonate 
from the wash solution together with added stable stron- 
tium carbonate carrier (85 mg), then chemically separ- 
ated and purified by the standard fuming nitric acid tech- 
nique*. The equilibrated yttrium-90 daughter was 
separated and counted by anti-coincidence low back- 
ground technique. 

The washed ammonium-12-molybdophosphate/asbestos 
together with the two ion exchange resins and the asbestos 
particulate filter were counted by y-spectrometry. 

The strontium-90 was removed from the ion exchange 
resins by leaching with 8 N nitric acid, precipitated as 
carbonate together with added stable strontium carbonate 
carrier (85 mg); and then treated identically as de- 
scribed for ammonium-12-molybdophosphate wash solu- 
tion. 

The y-ray spectrometer analyses of the activity on 
column components showed that most of the caesium-137 
was retained by the ammonium-12-molybdophosphate/ 
asbestos pad, although in some cases part of it was 

etained by the particulate filter. 

Table 1 summarizes the results of the strontium-90 
analysis of the column components over the period June 
1964-February 1965. Also included are the comparative 
results for rainwater analysed on a routine basis over the 
same period. 

As additional information, Table 2 shows a typical 
distribution of various y-emitting radionuclides in 1 month 


RAINWATER 
COLLECTING PAN 
ASBESTOS PAD. 
AMMO NIUM-12- 


MOLYBOO-PHOSPHATE 
ASBESTOS PAD. 














CONSTANT 
HEAD DEVICE 


ANION EXCHANGE 
RESIN. 


ELECTRIC LIGHT 
BULBS. 


CATION EXCHANGE 
RESIN. 


SAMPLE STORAGE 
BOTTLE. 








No. 5044 JULY 2, 1966 NATURE 69 
Table 1. DISTRIGUTION oF STRONTIUM-90 BETWEEN COLUMN TOMPONENTS 
Sample Strontium-90 ae. ji. Compariso 
Date volume Particulate AMP/ Anfon Cation Column Total f naer i 
ae. (L) er asbestos pad resin resin effluent "88 uug 
< June 1964 18-5 0-9 146 0-5 7-4 0-3 23-7 27-2 
< Fuly 1964 8-3 0-4 15°9 0-6 4-0 0-0 20-9 2246 
August 1964 19-7 08 6-5 0-8 3-3 0-1 11-5 12-7 
Sept./Oct. 1964 354 Od 1-6 OL 36 0-1 p5 7-0 Sept 
Nov. 1964 10-3 0-2 2-0 0-2 27 0-0 5-1 a ens 
‘Dec. 1964 10-0 0-0 0-3 0-04 0-9 0-0 124 317 
Jan. 1965 10-0 0-1 4-9 0-2 0-9 0-0 6-1 8-6 
Feb. 1965 2-0 0-8 8-5 03 9-4 0-0 193 20-8 


ae -Table 2. TYPICAL y-SPECTROMETRY ANABYSES OF RAINWATER 


pee, / 1, 
Partie- AMP/ 
Isotope ulate asbestos Anion Cation Column 
filter pad resin resin effluent 
Ruthenium-106 70 one 15 _ ~ 
Cerium-144 1 a as iia o 
am-13 18 40 a i fs 
irconium-95/ 
oblum-9. 3 oo 24 ~=- _ 
iry-203 amea mamm Trace ~= — 
nese-54 cael mm ene ee 





















ae 
ag the same period. Ruthenium-106 was distributed 
weon the particulate filter and the anion column; 
aesium-137 between the particulate filter and the 
mmonium-12-molybdophosphate/asbestos pad;  zirco- 
m-95/niobium-95 on the anion resin. 
t is interesting to note that all the cerium-144 and a 
igh percentage of the other radionuclides were retained 
he particulate filter. 
ean be concluded that: (1) Caesium-137 was retained 
ifically by the ammonium-12-molybdophosphate/ 
stos pad, provided it passed the asbestos particulate 
sr. (2) Some strontium-90 was loosely held by the 
monium-12-molybdophosphate/asbestos pad, but most 
he remainder was retained by the cation resin. (3) The 
al strontium figures compare favourably with the 
outine district survey figures, the differences in most 

os being accountable for by the precision of the 
inting procedure. 

the ammonium-12-molybdophosphate stage were 
ted, it seems reasonable to suggest that almost all 
strontium-90 would be retained by the cation resin. 
hese circumstances the method would be specific for 
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Lewis and Bronsted Acid Sites on Silica- 
Siete ech Alumina 

Some yoars ago, Mapes and Hischens!, Nicholson? and 
. Filimonov and Terenin® studied the infra-red 
ectrum of ammonia chemisorbed on silica-alumina 
acking catalysts. Mapes and LEischens' reported 
sorption bands at 3,330 cm~ and 1,640 em-! which 
re assigned to ammonia adsorbed on Lewis (electron 
ptor) acid sites. In addition weak bands were ob- 
i at 3,030 cm~ and 1,450 em-', which were attributed 
H,t ions formed by chemisorption of ammonia on 
sted (proton donor) sites. From the relative intensi- 
fthe bands, Lewis sites were thought to predominate 



















on dehydrated silca-alumina although adsorbed water 
was observed to cause conversion of Lewis to Bronsted 
sites. Nicholson? only investigated the spectrum in the 
region of NH stretching vibrations and reported approxi- 
mately equal numbers of Lewis and Bronsted sites. 
However, Roev ef al.* observed only ammonia on Lewis 
acid sites for their sample of silica—alumina. 

Since that time Parry‘ and Basile, Kantner and Rhee® 
have investigated she chemisorption of pyridine and have 
established conclusively the existence of both Lewis and 
Bronsted sites on silica-alumina. However, as the results 
for the chemisorption of ammonia have been widely 
quoted we have repeated the experiment using an im- 
proved technique. Our results, which differ significantly 
oe those of the earlier workers, are presented 
ere, 

The sample of silica-alumina (a commercial Esso 
cracking catalyst) had an alumina content of 25 per cent 
and a surface area of about 250 m?/g. It was ground to a 
fine powder and compressed to a thin disk under a pres- 
sure of 10 tons/in.?, The disk wes mounted in a vacuum 
cell and all spectre were recorded without disturbing the 
alignment in the infra-red beam of the spectrometer. The 
spectra shown in Fig. 1 were recorded on a Perkin Elmer 
model 521 spectrometer using the linear absorbance 
attachment. The sloping backgrounds of the spectra 
were caused by scattering by the sample disk. An 
attenuator was placed in the reference beam to compen- 
sate for these radiation losses. It was periodically adjusted 
to maintain the trace from the spectrometer on the chart 
paper. This procedure caused the discontinuities in the 
spectra. | 

Fig. la shows tae spectrum of a disk of silica-alumina 
after evacuation at 450°C. It is very similar to those given 
by Basila et al.5. The spectrum of Fig. 16 was obtained 
after the disk wae exposed to 5 em of ammonia gas and 
then evacuated fer 1 h at 25° C to remove physically 
adsorbed ammonia. We interpret these spectra as follows. 
Ammonia chemisorbed on surface Lewis sites has absorp- 
tion bands at 3,35 em-}, 3,280 cm~ and 1,610 cm~.. 
Some ammonia is also chemisorbed on Bronsted sites 
as NH,* ions which absorb at 3,270 em~ and 1,440 cm~, 
This means that im the region of NH stretching vibrations 
the bands of both adsorbed species overlap. No bands 
are observed near 3,000 cm~! where both Mapes and 
Eischens! and Nisholson? reported absorption by NH 
species. However, our assignment of a band at 3,270 cm- 
to an ammonium species is in agreement with the assign- 
ment of Mortland, Fripiat, Chaussidon and Uytterhoeven! 
for ammonium iors on montmorillonite. 

Addition of waier vapour to the sample followed by 
evacuation for 1 k at 25° C (Fig. le) resulted in removal 
of the bands at 3,335 cm~, 3,280 cm~! and 1,610 em-, 
and an increase ia the intensity of bands at 3,270 em- 
and 1,450 em-!, that is, ammonia adsorbed on Lewis sites 
has been converted to ammonium ions. From the intens- 
ity changes of the bands at 1,610 cm~ and 1,440 cm~ 
following the add tion of water, it is estimated that for 
dehydrated silica-alumina the ratio of the number of 
Lewis to Bronstec acid sites lies between 1:1 and 3: 2. 
Basila et al.ë estimated a similar ratio from their results 
for pyridine chemisorption. The weak band at 1,680 em- 
in Fig. le may be due to the v, bending mode of NH,* 
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which Uytterhoeven, Christner and Hal? observed at 


* 1,680 cm-! for ammonium ions on decationated Y-type 
e 


zeolites. 
-After completing the adsorption of ammonia the silica- 
alumina sample was evacuated at 450° C and a spectrum 
imilar to Fig. 1d obtained. Admission of water vapour 
to the sample followed by evacuation at 25° C gave the 
spectrum of Fig. le. Absorption bands appear at 1,630 
em? due to the deformation vibration of water molecules 
and at about 3,500 em~-! due to water stretching vibrations. 
The exact frequencies of the latter vibrations are uncer- 
tain because of the contribution of hydrogen bonded 
surface hydroxyl groups to absorption in this region. 





Optical density 





3,506 


2,500 1,500 


em} 


Fig. 1. The infra-red spectrum of silica-alumina with adsorbed ammonia 
and water: a, after evaeuating the silica-alumina at 450° C; b, after 
adsorbing ammonia and evacuating at 25° C following a; e, after adding 
water vapour and evacuating at 25° O following b; d, after evacuating at 
450° C following c; e, after adding water vapour and ev acuating at 25° C 
following d. The horizontal lines on the spectra @ — e mark the optical 
density of the 3,750 cwm- band due to isolated surface hydroxyl groups 


Fig. le, which was obtained after evacuation of water 
from the ammonia covered sample, shows a weaker band 
at 1,630 em- than that given in Fig. le. This observation 
is consistent with the following reaction: 

FLO + HLN : Lewis acid —— OH- + NH, (ads) 

Sinco the water molecule is no longer present, no band 
due to its deformation vibration should be expected. The 
band of reduced intensity at approximately 3,500 cm~ 
in Fig. le then originates from the OH- ion produced 
by the foregoing reaction, from some water molecules 
contributing to the weaker band at 1,630 cm~ and from 
surface hydroxyl groups involved in hydrogen bonding. 

One of us (N.W.C.) acknowledges the help of a 
C.S.LR.0. studentship. We thank the Australian 
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CRYSTALLOGRAPHY 


Crystai Structure of Caesium Permanganate 


In investigations of the effect of high-energy *hdiation 
on crystals of the permanganates of the alkali metals, a 
knowledge of the crystal structure of caesium perman- 
ganate is required. The only previous investigation of 
this substance was by Muthmann'!, who, using optical 
goniometric methods, determined the axial ratios as: 
a:b:c = 0-8623: 1: 0-6853. 

We obtained erystals (0-1 x 0-2 x 0-4 mm) of caesium 
permanganate from an aqueous solution containing 
stoichiometric amounts of caesium nitrate and potassium 
permanganate. The axial ratios were determined by 
optical goniometry as a:6:c¢c = 1-734: 1 : 1-370. Muth- 
mann’s values must have been obtained by using incorrect 
Miller indices, since with our results, and his indexing, 
we obtain the values of a@:6:c¢ = 0-867: 1: 0-685. 
These compare reasonably well with his. 

The Laue symmetry was confirmed by X-ray methods 
as mmm. The unit cell dimensions were obtained from 
Weissenberg zero-level photographs using filtered CuKe 

radiation. The method of Farquhar and Lipson? was 
used, except that the lattice parameter under investige.- 
tion was plotted against cot0 cos’@ because of the high 
absorption of the crystals. The parameters obtained 


were : 
Orthorhombic: a = 10-0692 + 0-0005 A 
b = 58080 + 0-0005 A 
c= 7-9470 + 0-0005 A 


The axial ratios computed from these values are: 


a:b:e = 1:7337 : 1: 1:3883 
The number of formula units per unit cell, using d = 
3:597 g/e.c., is four. 

An investigation of systematic absences in zero- and 
upper-layer Weissenberg photographs taken with the 
crystal oscillating about the three principal axes gave the 
diffraction symbol as mmmPna-. This indicates two 
possible space groups, namely, Pama or Pna2, By 
analogy with the corresponding potassium compound’, 
and considering the consequent successful structural 
analysis, the correct space group is Prima. 

The Patterson projection on (010) was evaluated and 
the minimum functions M., M, and M, were set up. The 
preliminary positions of the manganese and caesium 
atoms obtained from these were used to calculate succes- 
sive difference Fourier syntheses. For the third and fourth 
(final) difference synthesis the obvious anisotropic motion 
of the caesium atom was allowed for by using the fractional 
atom method‘. The caesium atom was split into two half 
atoms along the x direction. The final electron density 
map. o(v.z), is shown in Fig. 1. 
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Table 1 
x y z 
Cs, 206 0-750 0-345 
C8, 0-322 750 0348 
Cs (mean) 0-809 0750 0-347 
Mn 0-049 0-250 0-298 
O, 0-060 0-479 0-180 
8 0-060 0-021 0-180 
Q; 0-160 0-250 0-440 
n. O, 0-387 0-250 0-157 
The ealeulated values of the interatomic distances are 
a Mn-O, = 1634 OO, = 266A 
Mn-O, = 163 O-Ö, = 266A 
Mn-O, = L59A OQ, = 360A 
i Mn-O, = 1-67 A Or- g = 260 A 
: C-Mon = 893A O,-0, = 360A 
Average Mn-O = 1:63 4 0,-0, = S214 | 
‘The O-Mn-O interatomic angles were as follows: 
A A 
O.,Mn0, = 109° 10’ O,MnO, = 111° 10’ 
A A 
O,Mn0O, = 111°10° O,Mn0,= 100° 56° 


A 8 A 
,Mn0, im 100° 66’ O,.Mn0,= 422° 02° 















The space group Prna projects on to (001) as the plane 
oup pgm. The map of p(x,y) was computed and plotted 


as for p(z). Caesium and manganese peaks were found 





-y = 1/4 and confirmed the correctness of the space 
roup chosen, namely, Pnma, rather than Pna2,, since 
he latter projects as pgg. 

The co-ordinates of the atoms, as shown in the lower left 
iarter of the (010) projection (Fig. 2), are shown in Table 
~The two half caesium atoms are recorded separately, 
and the mean caesium position is also given. For con- 
ience the origin was taken at point O. 
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Fig. 1. Final two-dimensional Fourier projection, e (zz). Contours at 
equal but arbitrary intervals. 


Zero contour broken 





Big. 2. Projection of the cell coutents of caesium permanganate on (010) 
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The caesium atom is surrounded by eight manganese 
atoms at a mean distance of 4:38 A. Four manganese * 
*atoms have the same y co-ordinate as the caesium atom, — 
that is, they lie in the same plane. Their distances from 
the caesium atom are 3-86 A, 4:58 A, 4-59 A and 6-26 A. 
The other four manganese atoms lie in planes the y- 
co-ordinates of which differ from the caesium y co-ordinate 
by + 1/4. Their distances from the caesium atom are. 
two at 3-93 A and two at 3-95 A. The manganese atom is 
surrounded by four oxygen atoms at an average distance 
of 1-63 A arranged at the corners of a slightly distorted 
tetrahedron. l 

We thank the C.S.1.R. (South Africa) for financial 
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Dr. D. Feil of the Physics Department, University of 
Cape Town, for assistance in computing. 
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interstitial Dislocation Loops in Beryllium 
Oxide irradiated at High Temperatures 


THe presence of large numbers of prismatic dislocation 
loops parallel to the hexagonal {0001} basal planes of 
beryllium oxide after neutron irradiation at high tem- 
peratures (greater than 700° C) has been well estab- 
lished by transmission electron microscopy!~*. In addi- 
tion, relatively low concentrations of loops lying on {1120} 
prism planes have also been observed*. However, the 
nature of the defects comprising these loops has not 
previously been determined, primarily for two reasons: 
(a) Beryllium oxide does not lend itself to controlled 
chemical thinning, and specimens have therefore been. 
prepared by crushing or fracture techniques. Prominent 


{1010} cleavage in beryllium oxide causes nearly all chips: > T 


suitable for study to be cleavage fragments perpendicular 
to the basal plane, and the abundant basal loops are 
therefore usually viewed edge-on and appear as lines 
perpendicular to the c-axis. (b) Most specimens so far 
available for investigation have received rather high 
neutron dosages {~ 10% not, En > 1 MeV), and have 
usually contained such high densities of basal loops that 
overlap prevented the investigation of individual images. 

Tilting experiments on chips from two specimens of 
beryllium oxide irradiated to 30 and 5-3 x 10° nyt 
(En > 1 MeV) at 1,000° C and one irradiated to 3-5 x 
102° not (En > 1 MeV) at 1,200° C have now been carried 
out to determine the nature of the basal and prism plane 
loops. These specimens contained low enough basal loop 
concentrations ( ~ 101—1016/em) to allow the investigation 
of individual loop images. The loops range from about 
200 to 2000 A in diameter, the average size being approxi- 
mately 1000 A. Most loops analysed were near the average 
size. The method of analysis has been described by 
Edmondson and Williamson‘, and involves large-angle 


Burgers vectors of the two types of loops, diffraction 
contrast conditions were noted for which the loops were 


at extinction; that is, gb = 0. 















anes. ‘Observations of inh oe 
} st within i the basal loops for certain g vectors 
© that they are composed of an extra layer inserted 
the C stacking positions in the normal ABAB 
gonal. stacking - sequence. Such an extra layer is 
ably composed of beryllium oxide pairs, as Sabine? 
suggested, and results in a Burgers vector of ¢/2 
0001 >. The prism loops are believed to consist of two 
oe extra, fl 120} layers, presumably of beryllium oxide pairs, 
inserted between successive {1120} lattice planes, and 
ie have Burgers. vectors of a/3 <1120>. 
This analysis represents the first direct identification 
-of the nature of the dislocation loops in neutron-irradiated 
beryllium oxide, and in particular, the interstitial nature 
of the abundant basal loops agrees with models of the 
damage state previously proposed on the basis of X-ray 
diffraction data*-7.. A more complete account of this 
.. work is being prepared for future publication. 
_ This note originated from work sponsored by the Fuels 
and Materials Development Branch, U.S. Atomic Energy 
Commission. 
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BIOCHEMISTRY 


By _ Heat Denaturation of 8-Galactosidase : 
-a Possible Approach to the Problem of 
C: itabolite Repression and its Site of Action 


Two. varieties of enzyme repression have been observed 
in micro-organisms. In one, addition of the end-product 
of a biosynthetic pathway to the growth medium specific- 
ally prevents synthesis of enzymes concerned with the 
formation of the product in question. In the cther, 
synthesis of a degradative enzyme is repressed by an end- 
product (or a closely related metabolite) of the action of 
the enzyme. Several authors? have suggested that a 
repressing metabolite may exert its effect by combining 
with newly formed (‘nascent’) enzyme and, thereby, 
somehow preventing its release from the site of synthesis. 
Extending this notion, it could be supposed that enzyme 
formed under non-repressed conditions might still retain 
‘recognition’ sites accessible to a repressing metabolite. 
Binding of the metabolite to these sites might then be 
expected to alter certain properties of the enzyme, such 
as heat stability. It is commonly observed that the heat 
stability of an enzyme is altered when it is in combination 
with a substrate or an inhibitor. As an approach to 
testing for the possible existence of “repression recognition 
sites”, we have examined the effects of metabolites 
derived from glucose on the heat stability of Escherichia 
coli $-galactosidase. The synthesis of this degradative 
enzyme, as well as several others, in Æ. colt is repressed 
when glucose is present during growth and can be similarly 
affected, though to a lesser extent, by any compound 
that can be used as a carbon source by the cells*. The 
active repressor is not glucose itself but some compound, 
as yet unidentified, that is derived from it. 

We found that 8-galactosidase in cell-free extracts of 
E.coli K 12 became remarkably heat labile in the presence 
of fructose-1,6-diphosphate (FDP). This could be readily 
demonstrated either by the usual type of test in which 
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Fig. 1. Effect of fructose-1,6-diphosphate (2-5 mM final concentration) 
on thermostability of f-galactosidase of E. coli st 45° C, The enzyme was 
preps ared from E., colt K 12 (grown on lactose) and purified about ten-fold 
by fr actionation with ammonium sulphate. Tt contained 18 mg protein/ 
mi, and was diluted, as required, with sodium phosphate buffer (0-1 ee 
pH 7-0) to 6 agimi. Diluted enzyme (6-0 mi.) at 45° © was added to 
solution (12 ml.) at the same temperature containing the abate 
(o-nitrophenyl-2-D-galactoside, 0-5 mg/ml.) (@), or FDP (©). The 
mixture was incubated at 45° C and at intervais samples (3-0 ml.) were 
removed, added to 1:0 M potassium carbonate (2 ml.) to stop the 
reaction and the extinction of the Nberated o-nitrophenol measured 


enzymatic activity was assayed at 30° C after heat treat- 
ment at some higher temperature, or by determining the 
time course of enzymatic activity at temperatures of 45° C 
or more, in the presence and absence of FDP. Partially 
purified 8-galactosidase showed the same response to 
FDP as the crude preparation, and this is illustrated in 
Fig. 1. (This effect has been confirmed by Dr. H. V. 
Rickenberg with crystalline enzyme from both E. coli K 12 
and ML 309.) 

In the presence of 2-5 mM FDP and under the other 
conditions specified for Fig. 1, the enzyme was almost 
completely inactivated within 3 min at 45°C. It appeared 
that the effect of FDP was quite specific. Thus, little or 
no influence on heat stability was observed with lactose, 
glucose, glucose-1-phosphate, galactose, fructose, fructose- 
§-phosphate or 3-phosphoglyceric acid. Other compounds 
that had no effect on heat stability ineluded the following 
enzyme complexants, methyl-§-p-thicgalactoside, iso- 
propyl-8-p-thiogalactoside, and melibiose. Glucose-6- 
phosphate, however, was found to increase the heat 
lability significantly, but not nearly as effectively as 
FDP. The ‘critical’ temperature required for observa- 
tion of the FDP effect is, as anticipated, determined by a 
number of factors, notably the concentrations of protein 
and FDP. Control experiments showed that at the usual 
assay temperatures (30° C) FDP did not measurably 
affect enzyme activity. 

Although Æ. coli ME 308 forms &-galactosidase con- 
stitutively (that is, in the absence of inducer), synthesis 
of the enzyme in this organism is repressed by addition of 
glucose to the growth medium, as in the wild- -type indu- 
cible strain*. FDP was found to increase the heat lability 
of the cell-free enzyme from ML 308 in the same way. 
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Of interest, also, is the finding that 10 mM $-mercapto- 
ethanol, which stimulates §-galactosidase activity*®, pro- 
tects the K 12 enzyme against the FDP effect. In this 
connexion it is noteworthy that replacement of phenyl- 
alanine residues in the 6-galactosidase of E. coli by #-2- 
thienylalanine leads to pronounced heat lability, and that 
enzyme modified in this fashion is completely stabilized 
toward thermal denaturation by a combination of 6- 
mercaptoethanol and Mn++ (ref. 6). 

These observations do not, of course, prove that FDP 
is the ‘real’ repressor through which the glucose effect 
is exerted, nor do they show that the repressor acts by 
combination with the nascent enzyme. It is, however, 
probably significant that $-galactosidase should have a 
recognition site for FDP, a compound which, in other 
systems, is a key substance in the regulation of carbo- 
hydrate metabolism’. Our findings lead to the prediction 
that two distinct types of mutants possessing resistance 
to the glucose effect should be obtainable: those damaged 
in their ability to synthesize fructose diphosphate and 
those which make altered 8-galactosidase molecules which 
are no longer able to recognize it. 

We thénk Mrs. S. Brooke for her help. One of us (H. G.) 
is indebted to the National Science Foundation for a 
senior postdoctoral fellowship. 
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Defence by Smear: Supercooling in the 
Cornicle Wax of Aphids 


THE cornicles of aphids, despite their definition in the 
Shorter Oxford Dictionary as the source of honey-dew, 
in fact secrete a lipid substance, and have a defensive 
function. Busgen? seems to have been the first to have 
proposed their defensive function, but misconceptions 
as to their role have persisted. Hottes*, for example, 
considered their function to be excretory, and suggested 
that they released volatile substances derived from the 
plant sap on which the animals feed. Their defensive 
function has not been generally recognized ; for example, 
Roth and Eisner’ neglected them in their review of 
arthropod defensive mechanisms. 

Deflexion of the cornicle or a light touch on the aphid’s 
body elicits the release from the cornicle of a fluid com- 
posed of lipid droplets in a water vehicle. The lipid drop- 
lets coalesce, and when in contact with a solid surface, 
rapidly crystallize to form a hard waxy plaque. A small 
predator, such as a coccinellid, or syrphid larva, or an 
hymenopteran parasitoid receiving such a droplet is 
promptly fixed in a cast from which, at least in many 
instances observed in the laboratory, it is unable to extri- 
cate itself. That this unlikely form of defensive mechanism 
does operate in nature was proven while collecting Aphis 
fabae (Scop.) in the field. Among several thousand aphids 
examined, two were found with the shrivelled bodies of the 
hymenopteran parasitoid Aphidius sp. fixed to their 
backs by a plaque of cornicle wax. 

The release of cornicle wax is under reflex control. 
Touching the aphid on one side, or deflecting one cornicle, 
will elicit the waxing response on that side only. Release 
is achieved by retraction of the cornicle muscle, a slender 
fibre which is inserted on a valve-like flap at the top 
of the cornicle (Fig. 1) and originates on the integument 
postero-dorsal to the base of the cornicle. Expulsion is 
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evidently effected by abdominal] turgor, for there is no 
contractile structure surrounding the base of the cornicle. 
‘Dehydrated aphids cannot be induced to release their 
cornicle wax. When the cornicle valves are opened, the 
aphid is in effect releasing material from the hacmocoel, 
the border of the valve is a discontinuity in the integu- 
ment. It is curious that the nearest parallel among the 
insects should be the reflex bleeding* of the coecinellid— 
an important predetor of aphids. 

The cornicle wax arises from cells which may be modi- 
fied oenocytes. The secretion is stored in large globules 
enclosed by a membrane, sometimes together with residual 
cytoplasm and nucleus, sometimes without, which lie 
in the cornicle stalk and in the haemocoel, below the corn- 
icle (Fig. 2). 

The nature of thz cornicle wax. The property of the 
cornicle wax of remaining fluid during the entire life of 
an undisturbed aphid, and yet of hardening when released 
by appropriate stimuli, is of some interest, and the fol- 
lowing data have been collected on its properties. An aphid 
may be induced to release its cornicle wax under water. An 
immersed droplet, retained within a small inverted clean 
glass cup, will remain as a clear liquid for many hours 
before crystallizing to form an opaque sphere. On the 
other hand, contaet with a solid surface in air causes 
rapid crystallization. These observations suggested that 
the wax may be keot in a liquid state by a solvent which 
evaporates rapidly in air, but dissolves slowly in water. 
Octanol, the solvent postulated by Beament* as a carrier 





Fig. 1. Longitudinal section of cornicle of Macrosiphum rudbeckiae 
(Fitch.) wall of cornicl, terminal valve, and valve retractor muscle 


(RM). Haemocytes are present in the lumen of the cornicle. Scale, 25x 
Fig. 2. Oblique section through base of cornicle and postero-lateral 
abdomen. The large oven cells in the cornicle and below it contain 


cornicle wax, part of which has been fixed by osmium and later treated 
witk ethyl gallate. Scale, 100x 


Fig. 3. Cornicle wax of Macrosiphum rudbeckiae on surface of glycerol, 

showing both phases, liquid (L) and crystalline (X). Direct print from 

‘Kodachrome’ photomicrograph using polarizing microscope. Scale, 
1 mm 


Wax plaque oa water surface. Plate prepared as in Fig. 3. 
Scale, 1 mm 


Fig. 4, 









es of. cockroach. grease, “would: fulfil the requirements. 

However, no solvent of this ty pe was detected by gas 

-` -¢hromatography of water samples in which wax had beet 
- allowed to crystallize. The liquid state does not depend 
_. @n- an aqueous component, for droplets were maintained 
he surface of absolute ethanol and on absolute glycerol 

-for up to 6 h. Droplets of liquid cornicle wax on water 

and on dehydrating agents remain fluid only under clean 

-conditions and in the absence of vibration. 

An alternative explanation of the rapid change of 
te cornicle wax from the liquid to crystalline state is that 
the fluid is in a stable liquid—crystalline state* within the 
aphid and changes to the solid erystal phase on contact 
with a seeding nucleus. Certain liquid—crystalline states 
exhibit birefringence, but’ no such property was detected 
in wax droplets on water examined under a polarizing 
microscope, although birefringence immediately appeared 
when a crystalline plaque formed (Fig. 3). The per- 
sistence of fluid wax droplets on the surface of dehydrating 
agents also argues against a liquid—crystalline structure 
involving an aqueous phase. 

The rapid crystallization on contact with solid surface, 
a hair, or dust suggests that the liquid wax is in a super- 
cooled state and that foreign material provides a seeding 

nucleus for the rapid crystallization. The supercooling 
property of water is evidently involved in the cold hardi- 
ness of insects?*, but the aphids appear to be unique in 
their exploitation of a phase change from the supercooled 
State. 

‘The melting point of the wax of the golden-rod aphid 
Macrosiphum rudbeckiae (Fitch.) is about 48° C, that of 
Myzus persicae (Sulz.) about 42° C, and of Aphis fabae 
{Scop.) about 37-5° C. The waxes of these three species 
should therefore crystallize on seeding at normal summer 
temperatures. 

The chemistry of the wax is as yet unknown. Drops 
of the liquid wax placed on the surface of a 1 per cent 
osmium tetroxide solution in 0-1 M phosphate buffer, 
pH 7, did not darken until after crystallization, when it 
gained access to unsaturated bonds. Chibnall et al.’ 
examined a wax extracted from the aphid Pemphigus 
aylostet and found it to resemble that of the cochineal 
insect, which is composed of n-triacontanoie acid 

{C gall gO.) and a corresponding keto-acid and keto- 
aleohol. 

I am grateful to Dr. P. A. T. Swoboda, Low Tem- 
perature Research Station, Cambridge, for gas chromato- 
graphic examination of samples, and to Dr. David S. 
Barmby, Marcus Hook Research Laboratory, Sun Oil 
Company, for directing my attention to the supercooled 
state. 
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Stabilization of Factor VIII] by Glycerol 


THE lability of the blood coagulation substance, factor 
VIL (antihaemophilic globulin, AHG, AHF), has hindered 
its Investigation and has thus led to a search for tech- 
niques to stabilize it. Additions of glycerol! ?, gelatine’, 
human serum’, and human serum albumin‘ were all 
found to stabilize factor VIIT activity, but the degree of 
effectiveness of such additions has not been defined. 
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The investigation reported here was an attempt to evaluate 
the action of glycerol in quantitative terms. 

Factor VIII stability was tested in piatelet-poor citrated 
normal plasma using the ‘silicone’ technique throughout’. 
All samples were sterile. Factor VIII was assayed by a 
one-stage procedure’. Fresh plasma from the same 
normal donor was used as standard throughout the 
investigation. 

It was found that glycerol effectively preserves factor 
VIII activity of refrigerated plasma for at least 8 weeks 
(Fig. 1). Fig. 2 illustrates the extent to which glycerol 
protects against logs of factor VIIL activity following 
pH changes. With prolonged storage and at extreme 
pH’s, the protective effect of 50 per cent glycerol (v/v) 
was slightly supericr to 30 per cent. 

Addition of glycerol to aged untreated plasma did not 
restore factor VIII activity. Glycerol also failed to 
increase factor VIII activity in haemophilic plasma, 
either immediately or when assayed after storage of the 
mixture. 

The results indicate that glycerol is effective in stabilizing 
factor VIII activity in human plasma. Becayse factor 
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Fig. 1. Factor VIII activity in plasma stored at 4° C. Untreated plasma 


is compared with the same plasma mixed with glycerol to yield final 

glycerol concentrations (v/v) of 30 and 50 per cent glycerol. Levels of 

factor VIII are given as percentages of the original activity of the plasma 
and correction is made for dilution by glyserol 
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was adjusted with hydrochloric acid or sodium hydroxids. After storage 

for 8 days at 4° C, pH was readjusted to 7 before assay. The assay method 

did not permit measurements of factor VITI at levels below 5 5 per cent. 
This range is indicated by the shading 
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“VIIL is even more labile in purified preparations’, 
addition of glycerol may facilitate further purification of 
this coagulation factor as it has done in the case of certain 
labile enzymes’. 
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Dependence of Relative Sweetness on 
Hydrophobic Bonding 


Many differing types of sweet compounds have been 
known for some time, but it is only in recent years that 
an extensive investigation of the subjeet has been under- 
taken. Ferguson and his co-workers'-* examined the 
physiological aspects of taste and attempted to correlate 
relative sweetness with certain physical properties. 
We have been able to correlate biological activity in 
many systems? using the following equation: 
log BR = — kr? + kn + k'o + k” (1) 
. BR is the biological response which could be applied in 
this case to RS, the measured relative sweetness, o is the 
Hammett constant and x is the hydrophobie bonding 
constant’. x is defined as log Px/Py where Py is the 
“partition coefficient of the parent compound between 


 octanol and water, and Py that of a derivative. 


The relative sweetnesses of some derivatives of 2- 
_amino-4-nitrobenzene with respect to cane sugar were 
_. measured by Blanksma and Hoegen® and are shown 
The following equations were calculated 
_ from their data by the method of least squares: 

log RS = 1-214n + 1:970 0-766 (r) 0-476 (8) (2) 
log RS = 1610r — 1-83lo + 1-729 0-936 (r) 0-282 (s) (3) 
log RS = ©1197? + 1-485 — 1-8485 + 1-742 0-936 (r) 

0-308 (s) (4) 
ris the multiple correlation coefficient and s is the standard 
deviation. Equation (2) shows the high dependence of 
relative sweetness on hydrophobic bonding, and equation 

(3) confirms the observation of Lawrence and Ferguson 
. that. sweetness increases as the basicity of the derivative 


<- vises. F tests show that the x term in equation (2) is 


‘significant at > 0-975 and that the addition of the o 
term is significant at > 0-99. Equation (3) accounts for 
88 per cent of the variance in the data. Since the correla- 
tion is not improved by the addition of a z? term in 
< equation (4), we can assume that the = values investigated 
are relatively low and fall in the “linear” portion of the 
parabolic curve. 


Table 1. RELATIVE SWEETNESS OF 2-AMINO-4-NITROBENZENES (Ref. 8) 


ieee EBr “2 


log RS 
Group o x Obs. Cale. * Alog RS 
H 0 a 1-602 1-729 — 0-127 
. 1-O0Me — 0-27 — #02 2-519 2-192 0327 
 1-O8t ~O-24 0-48 3-146 2-042 0205 
 0Pr ~ O24 0-98 3-639 3746 — 0-047 
LF. 0-06 O14 1-602 1-845 — 0-243 
0-23 0-71 2-602 2-451 0-151 
2i 0-86 2:903 2-693 0-120 
0-28 1:20 3-097 3-149 — 0-052 
0-36 2-519 2-942 ~ 0-424 





d-Me -017 
eee * log RS was calculated from equation (3). 
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The substituents methoxy, ethoxy and propoxy are 


„an excellent example of the dependence of relative sweet- * 


ness on m. It ean be seen from Table 1 that their o values 
are approximately constant, whereas their x values parallel 
the increase in sweetness. However, if x is further in- 
creased by the addition of CH, groups, the compounds 
will become less scluble in water and eventually tasteless. 
Kaufmann and Sehweitzer® report the sweetness of the 
butoxy derivative as much less than that of the propoxy. 

An important prerequisite for sweetness is high anionic 
character or the ability to form hydrogen bonds with 
water. Once the compound is in the aqueous phase, its 
sweetness will then be determined by favourable parti- 
tioning on to the receptor sites on the tongue. This step 
may depend on hrdrophobie bonding, degree of polarity, 
distance of charge separation in the molecule, electron 
density at a specific point in the molecule as measured 
by g, and steric effects. 

It can be inferred from equation (3) that the receptor 
site consists of an area for hydrophobic bonding coupled 
with a site for electronic bonding. | 

Sugars are known to be very soluble in water, but are 
rather low on the relative sweetness scale, so that their — 
attachment to the receptor sites is weak and critically 
dependent on their stereochemistry. Saccharin is used 
commercially as the sodium or calcium salt so that it 
will be readily soluble in water. Its sweetness decreases 
if the dissociation is inhibited by increasing the concentra- 
tion in water or by the addition of sodium ions’®. Any 
substitution on the isothiazole nucleus which causes loss of 
solubility also causes loss of sweetness!. The benzene 
ring presumably plays a part in the hydrophobic bonding 
to the receptor site. The sweetness of the 2-amino-4- 
nitrobenzenes is very dependent on the position of the 
substituent and its effect on the electrons of the ring. A 
distribution of charge occurs when an electron donating 
group is in a pare position to the nitro group, as in the 
derivatives in Table 1, or when an electron attracting 
group is in a para position to the amino group. Examples 
of this type are the substituents —-COOH and —5O,NH, 
which Ferguson and Childers’ reported as being sweet. 
Other sweet compounds such as sucaryl, 5-benzyl-2- 
furfuraldoxime and dulcin also fall into the general 
pattern of requiring charge separation for solubility 
and sufficient hydrophobic bonding power. 

This work was supported by a research grant from the 
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Precursor-Product Relationship between 
Nuclear and Cytoplasmic Ribonucleic Acid 


IN a previous cemmunication’ a simple kinetic model 
for the incorporation of radioactive adenine into the purine 
bases of nuclear and cytoplasmic ribonucleic acid (RNA) 
of exponentially growing cells was proposed. This was 
used in the evaluation of kinetic data reported by Harris 
and Watts?, Harris, in questioning the validity of the 
model, raised objections based on his interpretation of an 
equation derived from considerations of our model. 
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ere «Sn is the specific activity of adenine in the nuclear 
and Sc is the specific activity of adenine in the 
lasmic RNA. 


‘equation (a) does not state that ¢Sc should decrease 


with @Sn— aŞe) as Harris* concluded. It does suggest 


that a decrease in (@Sn~—Sc) should lead to a decrease 
. d(a8e) a2, thus: | 
in a This implies that the rate of change of 
specific activity of adenine in the cytoplasmic RNA 
should decrease with time. This is shown more clearly by 
equation (2) in our earlier communication, which repre- 
d(4Sc) 
di 


with time. Thus, the increase in Se with time as observed 
experimentally (ref. 2, Fig. 1) is in no way contradictory 
to equation (a). If it were, the validity of equations (2), 
(3) and (4) (ref. 1) which are derived from equation (1) 
should be in question, and they are not. 

-An.“‘almost linear” increase in 4Sc with time as observed 
_ by Harris et al.? does not raise any serious objection to our 
hypothesis. It is noticed that for «t <1, (l—e-#) is 
approximately equal to «t and equation (2) in ref. 1 is 
reduced to a linear relationship, with the slope given by 

ya ). In fact, this suggests a convenient method 





sents a saturation type curve with decreasing 








Es l ‘for the evaluation of y directly from the slope of the 





straight. line, #Sc against time. The value of y, 0-34 x 
10-"/min, estimated by this procedure is comparable to 
9:43 x 10-*/min as obtained by the more rigorous method!. 
_ . Reeently, Harris et al.‘ reported more data on the in- 
_ corporation of [8-"C] adenine into RNA fractions of HeLa 
. ells. These investigations differed from earlier ones in 
-having a shorter labelling period (10 min) and in the 
n of incorporation of radioactivity. The following 
a is, made at the request of Dr. Harris, shows that the 
new data are also consistent with the model proposed. 
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Fig. 1. Evaluation of y by the approximation method. ©, Experi- 

mental values for the total amounts of radioactivity in nuclear RNA 

adenine reported by Harris eż al. (ref. 4, Fig. 6). The eurve through 

these points is the theoretical curve calculated from equation (b) for 

A, §0x 105, #Sn(0), 209x 165, a, 5-010" min and £, 20x10" min. 

©. Data reported by Harris et al. (ref. 4) plotted in accordance with 
equation (d) 
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i:Curve Colculated from the simplified 
Equation {d) 
U=Curve Coiculoted from Equation (¢) 


O=Experimental Points ( Harris) 
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Fig. 2. Comparison between experimental and calculated values for 
the total amounts of radioactivity in cytoplasmic RNA adenine 
e 

In these studies (ref. 4, Fig. 6) the total amounts of 
radioactivity in purine bases are reported instead of 
specific activities. In order to maintain a continuity 
with the earlier treatment we have preferred to use the 
equations containing terms for specific activity. These 
expressions can be directly applied to the data reported 
by Harris et al.t, provided the values for total amounts 
of radioactivity are multiplied by an appropriate factor 
so that the ratio of the total amounts of radioactivity in 
adenine of nuclear and cytoplasmic RNA is equal to the 
ratio of the corresponding values for specific activity. 
(After the completion of analysis of these data we have 
noticed that Fig. 7 in a recent communication by J. W. 
Watts‘ essentially represents a part of Fig. 6 in ref. 4. A 
comparison of the two figures indicates certain inconsis- 
tencies in the units used by the authors. However, it is 
gratifying to note that this does not affect our analysis due 
to a fortunate choice of ‘correction factor’ used in these 
calculations. The values in Figs. 1 and 2 (10-* x ¢.p.m./ 
umole) of this communication should be regarded as 
specific activities.) 

The specific activity of adenine (4Sn) in nuclear RNA 
(total amount of radioactivity, ref. 4, Fig. 6) can be 
represented by: 


an = Aet — (A ~48n(0))eHt (b) 


where A=5-0x 105, @8n(0)=2-9x 105, «=50 x 10/min, 
and 8 = 20 x 10-*/min as shown in Fig. 1 of this communi- 
cation. (The time scale in these equations is essentially 
the same as that used in Fig. 6 of ref. 4. Labelled cells 
are transferred to non-radioactive medium at ‘0’ time 
which corresponds to the second point in Fig. 6 of Harris 
et al.4). On integration, equation (a) can then be written 
as: 

yA _ (A —4Sn(0)) E 
a — Y B—Y 


y(A-4Sn(0)) yA 
nr =, 


for ¢Sc=4Sc(0) when ¢ = 0. For a quantitative evaluation 
of equation (c) we need the value of y. Since «Sn > 
ae during the early period of incorporation, we can use 
the approximation applied earlier’ to estimate the value 
of y. The simplified equetion in this case is given by: 


(A — 4Sn(0)) 
p 


Since the amount of cytoplasmic RNA obtained by the 
phenol method has been shown to be four times the amount 
of nuclear RNA, the quentities estimated from Fig. 6 in 





aSe = | a8e(0) + 


eat 


(c) 


aSc = 4S8c(0) + ¥ É (1 — e-a) — u — ett) |(d) 
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ref. 4 are divided by four. In Fig. 1 one-fourth of the 
otal amount of radioactivity in cytoplasmic RNA (ref. 4, 
‘ig. 6) is plotted in accordance with equation (d). y is 
stimated to be 0:44 x 10-?/min from the slope of the straight 
-line in Fig. 1. It may be noted that the value of y, 0-44 
x 10-*/min, estimated from these data is in excellent 
iwreement with one (0-43 x 10-°/min) obtained from the 
-o experiments reported earker by the same authors™?, 
Phe deviation of experimental points from the straight 
- line during the early period of incorporation (Fig. 1) is 
primarily due to the presence of low molecular weight 
=c RNA, which is known to undergo rapid turnover. As 
shown in Fig. 2 the deviation of experimental values from 
the theoretical values derived from equation (d) during 
the later period of incorporation is partly due to omission 
of the second term in the right-hand side of equation (a). 
Lhe behaviour of guanine (ref. 4, Fig. 6) is similar to 
that observed in our studies and has been discussed in 
..» detail elsewhere®. Suffice to say that the parabolic nature 
the curve for guanine in cytoplasmic RNA can be readily 
plained on the basis of the saturation type curve obtained 
r the sgme base in nuclear RNA. 
The discrepancies (emphasized by Harris?) in the 
amounts of radioactivity lost from the nuclear RNA and 
- those gained by the cytoplasmic RNA do not contradict 
_- the hypothesis of the nuclear origin of cytoplasmic RNA. 
It should be noted that equation (a) does not indicate the 
o>: mechanism involved in the transfer of radioactivity from 
the acid-soluble precursor pool to nuclear RNA, and for 
; reason it does not exclude the possibility of its degrad- 
ion. Recent investigations (not yet published) suggest 
at such degradation is more prominent in non-growing 
lls. Equation (a) is merely an expression for the be- 
viour of cytoplasmic RNA in relation to that of nuclear 
NA acting as an immediate precursor. The general 
pplicability of the analysis over a wide range of varia- 
tions in the relative distribution of radioactivity in nuclear 
and cytoplasmic RNA appears to be amply demonstrated 
“by the data reported by Harris et al.'-* and those 
obtained in this laboratory’. 
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< -= Provitamin A, : Electroretinographic 
=- Measurements of its Effect on Photopic 
eee Sensitivity in Chicks 
-ccc Rapianr energy absorption in chickens normally occurs 
in the molecules of the vitamin A,-based rod and cone 
igments rhodopsin and iodopsin. The participation of 
nodopsin and iodopsin in scotopic and photopic vision, 
respectively, has been demonstrated by the Purkinje 
shift, both in behavioural! and in electroretinographic 
xperiments*. 

‘hat a displacement of the spectral sensitivity as the 
ult of dietary manipulation is possible is shown by the 
work of Shantz et al.?, who succeeded in modifying the 
-. vitamin A,-based retinal pigment of rats by feeding 
vitamin A, instead of vitamin A,. Since the rat retina 
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consists almost exelusively of rods, the vitamin A,-based 
pigment porphyropsin takes the place of rhodopsin, which 
implies a shift in the absorption maximum (Amax) by 
about 20 my toward the red end of the spectrum. 

Recently, Budowski et al.4 showed that 3’-hydroxy-3,4- 
dehydro-$-carotene (anhydrolutein) is converted in the 
chicken to vitamir. A, The feeding of this carotenoid as 
the sole source for vitamin A should, therefore, result m 
the appearance o? porphyropsin and cyanopsin in the 
chicken retina. Cyanopsin is a vitamin A,-based cone 
pigment which has been produced in vitro®, but which has 
not yet been extraeted from retinae. Its absorption maxi- 
mum is at 620 mu while that of the vitamin A,-based 
cone pigment iodopsin is at 562 my. We have tried 
to demonstrate electroretinographically the effect of 
anhydrolutein or the photopic sensitivity of the 
chicken. 

One-day-old coekerels (New Hampshire crossed with 
White Leghorn) were kept on a basal vitamin A-deficient 
diet (ground sorghum, 65 per cent; solvent-extracted 
soybean meal, 25 per cent; fish meal, 3 per cent; wheat 
bran, 4 per cent; vitamins B and minerals, 3 per cent). . 
At the end of 20 days, chicks exhibiting ataxia and loss of- 


appetite were seleeted. Controls were given the basal diet J 


supplemented with 400 1.U. vitamin A, as gelatin beadlets 
per 100 g feed. The experimental animals were fed the 
basal diet supplernented with 2 per cent refined soybean 
oil containing 200 pg anhydrolutein‘ per g oil; they thus 
received 400 ug anhydrolutein per 100 g feed. The 
refined soybean oñ used was found in previous tests to be 
devoid of vitamin A activity. 

The electroretiaographic measurements were carried 
out on four control and six experimental animals when. 


they were between 13 and 22 weeks old. During this yee 


period, the vitamin A, storage in the livers of the control 
chickens amounted to 1,100—1,400 ug per liver. The supply 
of anhydrolutein, although supporting normal growth, 
produced only a very small amount of liver storage of 
vitamin A, (20-47 ug per liver). A larger supply would 
have been desirable, but the amount available was 
limited. 

After an initial ether anaesthesia, necessary for fixing 
the animal in a head holder and removing the nictitating 
membrane, only pantocaine was used locally. The tip of 
a silver-ball electrode, 1 mm in diameter, was applied at 
the cornea; as indifferent electrode a stainless-steel needle 
was inserted into he comb. Equal-energy monochromatic 
flash stimuli (grating monochromator, dispersion + 3-3 mp) 
of 20 msec durasion were focused on the pupil of the 
chicken by an optical arrangement. The electrical 
responses of the retina (ERG) were recorded by means of 
a cathode ray oseilloscope through an a.c. amplifier (fre- 


quency range besween 0-16 c/s and 75 c/s). However, _ ae 
there was not enough energy in the existing light source -< 
for superimposing the stimuli on a constant adapting 


light. This would have been preferable for the determina- 
tion of the photopic sensitivity. The measurements were, 
therefore, carried out on dark-adapted chickens after the 
stimulus strength necessary to elicit a primarily photopic 
response had beer. determined. This was done by recording 
the response to stimuli at 570 and 630 mp. the intensity of 
which was gradually increased by means of a calibrated 
neutral density wedge with a range of five log units. 
Thereafter, the ERG recordings were made. They were 
elicited by equal energy stimuli over the range from 
500 to 700 mu. 

The ERGs obtained were of a complex nature but similar 
in shape for the two dietary groups. A typical series of 
ERG recordings obtained from a chicken fed provitamin 
A, is shown in Fog. 1. 

The findings of the measurements over the wave-length 
range tested are presented in Fig. 2. This shows the 
average photopic spectral curves obtained in the control 
and the experimental animals. Despite the relatively small 
amount of anhydrolutein supplied, the spectral sensitivity 
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Fig. 1. Typical ERG recordings at different wave-lengths obtained from 
an animal fed provitamin A, 
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Fig. 2. Photopic sensitivity curves. Open circles: vitamin A,-fed 


controls (average of four animals). Filled circles: provitamin A,-fed 
chickens (average of six animals) 


of the experimental animals shows a distinct shift toward 
the red as compared to the controls. The difference in 
photopic sensitivity becomes particularly striking at the 
red end of the spectrum: at 690 my there is 
practically no measurable response in the con- 
trols while a fairly large ERG can still be 
recorded at 700 mu in the experimental 
animals (Fig. 1). 

The spectral sensitivity peak at 620 mu 
obtained in the experimental animals agrees well 
with the Amax of eyanopsin®. On the other hand, 
the photopic sensitivity peak at 590 mu in the 
controls differs from the Amax at 562 my found 
for iodopsin by Wald et al.*, and from the ERG 
measurements of Armington and Thiede*, which 
have a maximum at around 570 mu. It agrees, 
however, with the results from behavioural tests 
in chickens reported by Honigmann!. 

The most likely explanation for the shift in 
photopic sensitivity is the substitution of the 
retinene, moiety of iodopsin by retinene,, result- 
ing in a cyanopsin-like receptor pigment. The 
actual nature of the visual pigments obtained 
under these conditions remains, however, to be 
established. 

The possibility of altering the visual system 
by dietary means, as evidenced by the modifica- 
tion of the receptor pigment in rats* or by the 
shift in photopic sensitivity in chickens des- 
cribed here, contrasts with the idea’ that the 
pattern of visual systems is determined geneti- 
cally, rather than by environment. 


mae (^i) 


me (%) mg (^, P) 


mg (%) 


mg (%) 


NATURE 


Pre-op 


JULY 2, 1966 vor. 2i3 


We thank Miss Jeana Gros for the anhydrolutein pre- 
paration. This work was supported in part by the U.S. 
Department of Agriculture. 

E. AUERBACH 
H. Rowe 


Vision Research Laboratory, 
Hadassah University Hospital and Medical School, 
Jerusalem, Israel. 

P. BUDOWSKI 


The National and University 

Institute of Agriculture., 

Rehovot, Israel. 

* Honigmann, H., Pfliigers Arch. Ges. Physiol., 189, 1 (1921). 


* Armington, J. C., and Thiede, F. C., Amer. J. Physiol., 186, 258 (1958). 

* Shantz, E. M., Embree, N. D., Todge, H. C., and Wills, J. E., J. Biol. Chem., 
163, 455 (1946). 

t Budowski, P., Ascarelli, I., Gross, J., and Nir, I.. Science, 142, 969 (1963). 

* Wald, G.. Brown, P. K., and Smith, P, H., Science, $18, 505 (195 3). 

* Wald, G., Brown, P. K., and Smith, P. H., J. Gen. Physiol., 38, 623 (1955). 


' Wald, G., in Comparative Biochemistry, edit. by Florkin, M., and Mason, 
H.S.,1, 311 (Academic Press, New York and London, 1960). 


Liver Transplantation Effects on Canine 
Plasma Lipids 


IN order to achieve long-term success of the hepatic 
homograft, satisfactory metabolic function of that organ 
in the host is essential. Since the liver is directly and/or 
indirectly involved in the synthesis and metabolism of the 
lipid fractions, it is important to know the effect of trans- 
plantation on the host's ‘lipid profile’. 

Orthotopic hepatic homografts were performed on a 
series of thirteen healthy dogs, of which three survived 
more 100 days!*. The data used in this communication 
were obtained from these three dogs. Azathioprine 
(‘Imuran’, an immunosuppressant), methionine and anti- 
biotics were administered daily post-operatively. The diet 
consisted of commercial dog food fed ad libitum. Fasting, 
peripheral venous bloods were collected pre- and post- 
operatively twice a weex for clinical and lipid analysis. 

All three dogs had same evidence of early liver injury 
as judged by changes in standard liver-function tests. 
There were, in each, rises in alkaline phosphatase, SGOT 
and SGPT. Only one of the three animals developed 
hyperbilirubinaemia. The changes in these dogs, as well 
as a much larger series of animals, have been reported in 
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Fig. 1. Plasma ‘lipid profile’ in the canine hepatic homograft 
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etail? The dog which became jaundiced during the period 
f the present investigation died after 100 days. The 
ther two were still alive with good liver function 285 and 
95. days post-transplant. 
- The ‘lipid profile’, consisting of total, free and esterified 
by: difference) cholesterol, phospholipid, non-esterified 
ty acid (NEFA), and triglycerides (Fig. 1), was analysed 
| tandard chemical procedures*-*. Of the lipid classes, 
<= ce ¢holesterol and phospholipid fractions changed the most. 
‘Total cholesterol dropped to about 50 per cent of the pre- 
- operation value in the first ten days post-operative and 
-returned to the pre-operation value in thirty to forty days. 
_Esterified cholesterol also dropped to about 50 per cent of 
the pre-operation level and returned to the pre-operation 
value within forty to fifty days post-operative. Here 
again, we saw the adverse effects on the liver enzyme 
- System, as demonstrated in the liver-function tests. 
- Phospholipid dropped by the tenth day post-operation to 
about 50 per cent of pre-operation value, then returned to 
she pre-operation value or above by the thirtieth day. 
iglyceride did not change much, remaining in the 
30-40 mgeper cent range. The NEFA values fluctuated 
tween 430 and 1,800 uequiv./l., exhibiting no obvious 
nds. 
The phospholipids were further analysed to ascertain 
whether one particular phosphatide was responsible for 
he change within the first thirty days. After extracting 
the total lipid’, separation by thin-layer chromatography‘ 
elded four phosphorus-containing fractions. These 
etions were tentatively identified as lecithins, sphingo- 
yelin, lysolecithin and phosphatidylethanolamine. Phos- 
phorus determinations were performed‘ on these four 
ractions. The four samples analysed were from the fifth, 
tenth, twentieth and thirtieth days post-operation. The 
its indicated a uniform change of all four phosphatide 
s even though there was a three-fold change in the 
ta phospholipid. 
zathioprine is known to be a hepatotoxic agent’. 
be sure that the lipid changes that took place were not 
ed by the medication, a control series of dogs were 
i inistered the same medication (‘Imuran’, methionine, 
antibiotics), diet, and care as the experimental dogs, but 
no- surgical operation was performed. Transient rises 
occurred in SGOT, SGPT and alkaline phosphatase 
but without the development of jaundice. In these control 
dogs, the plasma lipids remained unchanged (Fig. 2), 
‘indicating that the altered lipid pattern seen in the experi- 
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mental dogs is nct the result of ‘immunosuppressant 
therapy’ but is a physiological. adjustment by the host to 
the hepatic homograft or the operational shock. 

In the canine hepatic homograft host, acceptable 
plasma lipid metabolism was obtained after 30--50 days. 
To properly evaluate these data, we must keep i in mind that 
the peripheral plasma values are an expression of extra- 
as well as intra-hepatic function, and differentiation 
between mobilized, synthesized and ingested lipids in the 
lipid pool is difficult. Extra-hepatic synthesis can com- 
pensate for differences to a point, but a liver must be 
present with reasonably normal funetion to have a proper 
‘lipid profile’ since tae majority of lipid metabolism either 
takes place in or is controlled by the liver. 
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Comparison of Physicochemical Properties 
of Mitochondrial and Nuclear Deoxyribo- 
nucleic Acid from Rat Liver Cells 


Tue discovery of deoxyribonucleic acid (DNA) in mito- 
chondria’? has oper.ed the way for investigations of the 
long-standing probem of extra-genome cytogenetic 
determinants. DNA. fibres have been found in mito- 
chondria from tissues belonging to various different classes 
of animals'. The prir.cipal difficulty to be dealt with in the 
isolation of mitochondrial DNA is caused by the necessity 
of separating the soluble nuclear DNA, adsorbed on the 
surface of mitochondria. For this purpose 
we used a method of purification of mito- 
chondria in ‘Urographin’ density gradient* 
or treatment of the mitochondrial fraction 
with DNase (150 ug/ml. for 1-5 h at 0° C). 
Fibres of high-polymer deproteinized DNA 
were obtained by means of the phenol 
methed after Kirby™ and Marmur. The 
average DNA content in liver mitochondria 
amounted to 0-65 ug/mg protein. 

In an attempt to determine how far 
mitochondrial DNA is identical with nuclear 
DNA from rat liver cells, both these 
nucleic acids were submitted to physico- 
chemizal analysis. Comparison of the 
hydrodynamic properties of mitochondrial 
and nuclear DNA and of their modification 
onexfosure to DNase has shown that both 
the DNAs display high viscosity, although 
their response to addition of DNase proved 


~~ 200 to be different. While, as early as 4 min 
ef - after addition of the enzyme, nuclear 
Met: «* on aE Sees sai elec a ; > AK. : - SAA. St Be $ j na 
a 100 Se go RN a ee nn annette DNA was found to have lost 40 per cent 
i = j of its viscosity, the same effect was only 
0 . attained after 60 min in the case of mito- 
0 20 40 60 80 100 120 140 


Days post-treatment 


Fig. 2. Plasma ‘lipid profile’ of azathioprine control dogs. Note that there is no response 


to a second dose of ‘Imuran’ 


chondrial DNA. The mitochondrial DNA 
sedimentation constant obtained by centri- 
fugation in ultra-violet light has also 
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Fig.1. Determination of sedimentation constant of mitochondrial DNA. 
using seer sia > pect in ultra-violet light. Velocity, 30,000 r.p.m.; 
tims, 30 min; DNA concentration, 30 ug/ml. in 0-15 M sodium chloride 


shown the high-polymer structure of this nucleic acid 
and its distinction from nuclear DNA. Thus, the sedi- 
mentation constant of mitochondrial DNA, purified 
on a ‘Sephadex G-75’ column in 0-15 M sodium chloride, 
was 18:6 x 10-* sec, giving a molecular weight of 4-8 x 10° 
(Fig. 1), while in the case of nuclear DNA, the S, 
amounted to 22-2 x 10-™ see, or to a molecular weight 
of 8 x 10°, 

Differences between properties of mitochondrial and 
nuclear DNA were also shown by determinations of the 
hypochromic effect, which was found to amount to 38 
per cent for mitochondrial DNA and to 53 per cent for 
nuclear DNA. The transition temperature of the DNA 
helix for mitochondrial DNA was found to be within a 
higher range, indicating the prevalence of guanidine- 
cytosine pair couple bases. 

The descending paper chromatogram method" was 
used for establishing the composition of mitochondrial 
DNA and for its comparison with that of nuclear DNA. 
Analysis of the spots revealed the composition of nitrogen 
bases shown in Table 1. This showed the presence of a 
minor component of DNA 5-methyleytosine. 


Table 1. BASE COMPOSITION OF MITOCHONDRIAL AND NUCLEAR DNA 
(Mol. per cent) 
G A C T G+AlC+T 
Mitochondrial DNA 31 21 24 24 1-08 
Nuclear DNA 25 26 21 28 1-04 


Rabinowitz et al.'* obtained somewhat different values 
for the guanidine-cytosine content of nuclear and mito- 
chondrial DNA from chick embryos. Our experiments 
were made on adult rats, which may explain this differ- 
ence. Nevertheless, further investigations with larger 
quantities of mitochondrial DNA are necessary for this 
question. 

One of the properties peculiar to mitochondrial DNA 
is its capacity to undergo structural modification on 
exposure to ultra-violet light. The mechanism of ultra- 
violet irradiation injury has been shown to depend on the 
formation of thymine dimers between two thymine 
molecules in a single DNA chain". This results in a loss 
of the replication capacity of DNA and in arrest of its 
synthesis. It appeared to be of interest to establish 
whether such a mechanism actually occurs on irradiation of 
mitochondrial DNA, that is to find whether in this case 
errors in structure of the DNA molecule were really due to 
the formation of thymine dimers. To this end, DNA 
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preparations from liver cell mitochondria and nuclei were 
exposed to ultra-violet irradiation at 2537 A, total dose 
960 ergs/mm* (“BU V-30', ultra-violet output 95 per cent). 
After DNA hydrolysis, the composition of nitrogen bases 
was studied. The chromatogram revealed the appearance 
of new spots with Ry 0-83, conforming to the Rp of dimer- 
ized thymine. Non-irradiated thymine is known to have 
an Rp of 0-72. The percentage of thymine dimers (com- 
pared with total thymine) amounted to 16 per cent for 
mitochondrial DNA and to 25 per cent for nuelear 
DNA. 

The possibility “of extra-chromosomal determinants 
of heredity in mitochondria raises the problem of their 
partial genetic autonomy. Calculation of the possible 
information content inherent to the DNA in a single rat 
liver mitochondrion gives a value equivalent to 120 
proteins with a molecular weight of 20,000. The amount 
of DNA present in mitochondria is thus sufficient for the 
reproduction of mitochondrial protein structure. 

Mitochondrial DNA may be assumed to contain 
information for synthesizing proteins of the electron 
transport chain and coupled phosphorylafion and, 
consequently, for determining one of the universal 
mechanisms of energy generation, inherent to all cells, 
irrespective of their specialization. On the other hand, 
nuclear DNA may be responsible for controlling the rate 
of protein synthesis, thus determining the specificity of the 
cell. Such a hypothesis is supported by evidence from the 
use of the method of radiation inactivation of nuclei’, 
which shows the respiratory function of mitochondria to be 
independent of the nucleus, the latter being responsible for 
only activation of respiration. The possibility of a genetic 
system located in mitochondria does not invalidate the 
existence of genetic control from the nuclens. 

To sum up, investigation of a mitochondrial DNA 
preparation in an open system in the presence of RNA- 
polymerase (made by Dr. Markosian and Dr. Shmerling) 
has shown that RNA synthesis occurs. 


T. B. KazaKova 
K. A. MARKOSIAN 


Laboratory of Biochemical Genetics, 
Institute of Experimental Medicine, 
Leningrad, 
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Prediction of the Relative Passive-transfer 
Rates of Short-chain Fatty Acids across 
Lipid Membranes 


A vast quantity of literature has accumulated con- 
cerning the mechanism of lipid transfer across the intestinal 
wall, yet the process still remains largely unclear’. One 
point which seems definitely established is the difference 
between the transfer of short-chain fatty acids, which 
appear free in the liver portal blood, and the long-chain 
acids (>C,,), which appear mainly in lymph in the form 
of triglycerides*. Whereas the latter transfer system is 
complex, involving emulsification, micelle formation and 
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enzymatic esterification, the former may be relatively 
simple, involving a combination of a fatty acid permease 
and passive penetration. Smyth? and Barry and Smyth 
have demonstrated that fatty acids containing from two 
to six carbons are actively transported from the mucosal 
to the serosal side of intestinal sacs in vitro. Higher 
concentrations of fatty acids suppress in vitro active trans- 
port, the suppression being more pronounced with in- 
creasing chain length, but this inhibition does not seem 
to influence the rate of disappearance of fatty acids from 
inside the intestine in vivot. The possible contribution of 
passive transport is therefore of somé interest. 

Carr® has proposed that the decreasing capacity of fatty 
acids to be absorbed at higher chain lengths might be 
explained on the basis of molecular size and has shown: 
that the permeation of a fatty acid salt through artificial 
porous membranes decreases sharply when its concen- 
tration is increased above the critical micelle concentra- 
tion. Since critical micelle concentration in turn decreases 
with increasing chain length, it is reasonable to assume that 
some selectivity would be obtained by means of penetra- 
tion through aqueous pores. Micelle formation would be 
limited with the smaller fatty acids, however, and passive 
penetration would therefore be determined either by diffu- 
sion through aqueous channels or by transfer across lipid 
membranes. 

The observed in vivo rate of absorption at 38° C increases 
only about 20 per cent as the chain length is increased 
from two to six carbon atoms‘. On the basis of the 
benzene : water partition coefficient alone, the passive 
penetration rate through lipid membranes should increase 
nearly 300-fold with a change from two to six carbon atoms 
(see Table 1), which would imply that passive transfer 
through -lipid is a minor contributing factor below C,- 
This would suggest either that active transfer tends to 
increase with decreasing chain length to compensate 
or that passive transfer by aqueous pathways is a major 
factor. However, it is also possible that passive transport 
across lipid membranes may be much more prominent 
for the lower fatty acids than would be expected from 
the simple oil : water partition coefficients. 


Table 1. COMPARISON OF RELATIVE RATES OF FATTY ACID TRANSFER: 
OBSERVED TOTAL RATES AND THEORETICAL PASSIVR RATES ACROSS LIPID 
, MEMBRANES 
In vivo 
Acid No. of absorp- log log Passive 
carbon tion P C pK rate 
atoms rate (RIRA) 
Acetic 2 1-00 + 1°49 —1-26 4:75 1-09 
Propionic 3 1-09 + 0-95 —0 55 4°87 1:20 
Butyric 4 1:09 + 0-37 + 0°03 481 0-80 
Valeric 5 1°17 -0:12 +0°57 4°82 0 88 
Caproic 8 1°22 — 0°85 +1°21 4-88 0-46 
Refs. (4) (8) (10) (3) 


P= Vapour pressure of pure acid in mm of mercury at 88° C; C, benzene 
water partition coefficient, R/R4, P°-*C°-+K 4/P.4° *C4°*K, where subscript A 
indicates values for acetic acid. The in vivo absorption rate from rat intestine 
was reported for 20 mM acid over a 20-min period at 38° O and pH 7:4. 


The hypothesis has recently been advanced’ that the 
vapour pressure of the solute may be an important 
factor in the rate of penetration of biological membranes. 
For similar organic solutes, the permeability constant is 
nearly proportional to PyC°-», where P is the vapour 
pressure of the pure solute at a given temperature, C is the 
oil : water partition coefficient, and y is a number between 
0 and 1-0 which is related (in this hypothesis) to the extent 
of dissociation of solute from both lipid and aqueous 
phases during passage into the membrane. y was found 
empirically to be near 0-60 for aleohol and ester penetration 
into a variety of animal cells. In order to apply this rela- 
tionship to fatty acid penetration, the following assump- 
tions will be made: (a) Passive transfer through a lipid 
membrane involves the passage of un-ionized fatty acid. 
At pH 7-4, as used by Barry and Smyth‘, about 0-2 per 
cent of the fatty acid will be un-ionized, and the amount 
of un-ionized acid can be approximated as m[H*]/K, 
where m is the total concentration of acid and its salt and 
K is the acid dissociation constant. Since m and [H+] 
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are held constant, the quantity of un-ionized acid will be - 
inversely proportional to K. (b) The value of y for the 
un-ionized acid will be the seme as for alcohols and esters, 
or 0-60. 

The relative rate of passive transfer will then, be propor- 

tional to (P°-C*-4/%) or, in logarithmic form: 

log &=0-60 log P+ 0-40 log C+ pK +constant, 

where R is the rate of passage. The values for log P, 
log C, and pK are given in Table 1 along with the calculated 
value of R/R4, or the rate for a given acid divided by the 
rate for acetic acid {Ra). It may be seen, that the passive- 
transfer rate through a lipid membrane could actually 
decrease with increasing chain length. On this basis, it 
would be difficult to distinguish between aqueous and lipid 
pathways. In either ease, active transfer would increase 
with increasing chsin length. 

It should be emphasized that both the observed in vivo 
absorption rate and the calculated passive rate are given 
relative to acetic acid and not relative to each other. 
Further elaboration on this prediction must await more 
information about the magnitude of the passive-trans- 
port contribution to total transport, the extent of trans- 
port through aqueous pores, end the value of y for fatty 


acids. — Ermon L. Coz 
Department of Biochemistry, 

Northwestern University Medical School, 

Chicago, Ilinois. 

I hiri F., H., Intestinel Absorption, 158 (W. B. Saunders Co., Philadelphia, 


2 Bion, Do Craton, L L., and Reinhardt, W. O., Amer. J. Physiol., 168, 

3 Smyth, D H., J. Physiol., 141, 73 (1958). ; 

t Barry, R. J. C., and Smyth, D. H., J. Physiol., 152, 48 (1960). 

5 Carr, O. W. (personal communication). 

° Carr, ©. W., J. Colloid Sci. (in the press). 

1 Coe, E. L., and Coe, D. H., J. Theor. Biol., 8, 327 (1965). 

®* Handbook of Chemistry and Physics, edit. by- Weast, R. C., D-108 (Forty- 
fifth ed., The Chemical Rubber Co., Cleveland, 1965). 

° Handbook of Chemistry and Physics, D-77 (see ref. 8). 

10 Hober, R., Physical Chemisiry of Cells and Tissues, 363 (The Blakiston Co. 
Philadelphia, 1945). Š 


Purification and Chemical Constitution of the 
Phospholipids from Corynebacterium diphtheriae 
P.W.8 


PREVIOUS investigations on the ether-soluble lipids from 
Corynebacterium diphtheriae have revealed the presence of 
saturated and unsaturated fatty acids with 16 and 32 
carbon atoms?-*. 

The fraction extracted with ethy] ether and precipitated 
by acetone consists mainly of complex lipids*-*. Working 
with this fraction, Asselineau! obtained, after column 
chromatography on silicic acid, a fraction with the fol- 
Jowing analytical characteristics: melting point 185° C 
a2) ° = + 20°; phcsphorus, 3-0 per cent; nitrogen, 0-8 per 
cent. On acid hydrolysis he obtained an ether-soluble 
and a water-solutle fraction. The ether-soluble fraction 
contained palmitic acid and corynomycolic acid; and in 
the water-soluble fraction he detected inositol, mannose 
and glycerol. 

From an acetone-insoluble lipid fraction we purified a 
glycolipid which we showed to contain corynomycolic and 
corynomycolenic acid’ esterified to trehalose. Further 
purification of ths acetone-insoluble lipids yielded three 
phosphoglycolipids. The present communication describes 
the purification, analyses and chemical characterization 
of these substances. 

Isolation of the phospholipids. The fraction of C. 
diphtheriae P.W.8 lipids insoluble in boiling acetone® was 
used as the starting material in this work. This fraction 
was dissolved in chloroform and passed through a column 
of cellulose powder (Whatman No. 1). After evaporation 
of the eluate to 1/10 its volume an equal volume of 
methanol was added. The precipitate that formed was 
centrifuged and dried in a desiccator under vacuum. 
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The dried material was redissolved in a small volume of 
chloroform and chromatographed on a column of silicie 
acid (Mallinckrodt) using increasing concentrations of 
methanol in chloroform: 1/19, 1-5/8:5 and 1/1. The 
phospholipids were eluted with chloroform-methanol 1/1. 
After removal of the solvent this fraction was rechromato- 
graphed on silicic acid. The following concentrations of 


methanol in chloroform were used: 2-5/7-5, 3°5/6°5 and’ 


1/1. Three peaks were obtained that we called, respec- 
tively, F 25, F 35 and F 50in accordance with the percen- 
tage of methanol used. The homogeneity of the peaks was 
confirmed by thin-layer chromatography on silicic acid’. 
The results are shown in Table 1. The analytical charac- 
teristics of the three fractions are presented in Table 2. 


Table i THIN-LAYER CHROMATOGRAPHY ON SILICIC ACID OF THE PURIFIED 
PHOSPHOLIPINS* 


Rr Ry 
Fraction 25 Fraction 35 Fraction 50 


Solvent systems 
SPONTE AANO WAAR 0°46 0°86 031 
aa inl (4:1) 0 35 0:31 0-29 
oroform-—methanol~ammonia 9 28 0-42 0-16 
{80 : 20 : 0-8) 
Diisobutyiketone-acotio acid—water O-14 0-21 0°07 


*The spots were detected by ammonium molybdate-perchloric acid 
reagent for phosphorus and an alcoholic solution of rhodamine B for lipids. 


Table 2. ANALYTICAL CHARACTERISTICS OF THE PURIFIED PHOSPHOLIPIDS 


ap C Reducing 
{0=07 Melting Phosphorus sugar Nitrogen 
in CHCI,) point (percent) (percent)* (per cent) 
F 26 + 26° 195-202° C 25 10-4 seo 
F 35 + 20° 214-217° C 2-0 7'8 — 
F 50 +26° 240-246° C 2:0 18:8 — 


* Measured as mannose. 


Characterization of the carbohydrates. The three phospho- 
lipid fractions were saponified separately by exposure to 
15 per cent methanolic potassium hydroxide solution for 
45 h at room temperature. After acidification with acetic 
acid, we recovered 54 per cent, 48 per cont and 41 per cent 
of F 25, F35 and F 50, respectively, as ether-soluble 
fatty acids. The aqueous fractions were desalted by pas- 
sage through an Amberlite MB3 column and evaporated 
under vacuum, and found to consist of 26 per cent, 
20 per cent and 32 per cent of neutral constituents. The 
hexose content of the latter fractions was estimated with 
anthrone and was found to be 60 per cent, 58-5 per cent 
and 71 per cent, respectively. The neutral residue was 
hydrolysed for a further 8 h with 5 per cent sulphuric acid 
in a boiling water bath and neutralized by passage 
through a column of ‘Amberlite IR 4B’. Paper chromato- 
graphy of the three hydrolysates was carried out on 
Whatman No. 1 with the following solvent systems: 
isopropanol—acetic acid—water (6:3:1); n-butanol~acetic 
acid—water (120: 30:50) and n-propanol-ethyl acetate— 
water (7: 1:2). Glycerol, mannose and inositol were 
detected in the three hydrolysates by the use of periodic 
acid—benzidine reagent. The presence of mannose was 
confirmed by the preparation of the phenylhydrazone 
(melting point 195°C). There was no depression of the 
melting point on mixture with authentic phenylhydrazone 
of mannose. Inositol was further confirmed by prepara- 
tion of the hexa-acetate with acetic anhydride in pyridine. 
The crystalline compound has a melting point of 223°- 
225° C. The mixture with authentic hexa-acetyl inositol 
gave no depression on the melting point. 

Characterization of the fatty acids. The ether-soluble 
fatty acids from the saponification were obtained as a 
crystalline product with an average molecular weight of 
240 by titration, and a melting point of 44°-55° C. By 
paper chromatography on Whatman No. 1 paper saturated 
with ‘Nujol’? and developed with acetic acid—water (9: 1) 
at 45° C for 20 h (descending), two spots were detected 
by spraying with mercuric acetate and diphenyl carbazide, 
corresponding to myristic and palmitic acid. They were 
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further characterized by thin-layer chromatography on — 
silica gel G (Merck) impregnated with ‘Nujol’?® in the 
following solvent systems: acetic acid—acetonitrile (1: 1) 
and hexane-acetic acid—ethyl ether (83:1:16) and 
detected by spraying with an alcoholic solution of rhod- 
amine B. 

In conclusion, our results confirm those of Asselineau’ 
in regard to the non-saponifiable fraction of the phospho- 
lipids but differ in regard to the analytical data and the 
constitution of the fatty acids. 

The chemical constitution of these phospholipids of C. 
diphtheriae is similar in many respects to the glycero- 
phosphoinosito mannoside compounds of M. tuberculosis, 
studied by Vilkas and Lederer, which was shown to 
contain palmitic and stearic acid as the fatty acid moieties. 
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Effect of Urethan on Nucleic Acids 


BIOCHEMICAL investigations have not so far been 
successful in elucidating the mechanism of action of 
urethan carcinogenesis. The problem has been studied 
extensively from a biological standpoint and there are 
excellent reviews on the subject. Boyland et al.! and Kaye? 
have investigated its metabolism thoroughly, but its 
mode of action in the organism is still not understood. 
The present communication reports preliminary obser- 
vations on the effect of injected urethan on the nucleic 
acid metabolism of mice. 

Two inbred strains of mice, Swiss and L(P), were used 
for experimental purposes. Swiss strain mice are resistant 
to spontaneous and induced breast carcinomata, while 
L(P) strain mice are resistant to spontaneous breast 


-cáncer but highly susceptible to chemically induced 


breast cancer’. Swiss strain mice are reported to be 
susceptible to induced lung and skin cancers, but a carcino- 
genic effect of urethan on L(P) mice has not yet been re- 
ported. Therefore L(P) strain mice were used to see if 
urethan exerted any strain-specific effect. 

The following experimental groups were used for 
investigation. 

(1) 10--12-week-old male mice of both strains were 
injected with 1 mg/g body weight of urethan intra- 
peritoneally and were killed 4 h later. 

(2) 10-12-week-old normal males of Swiss and L(P) 
strain were injected with 1 mg/g urethan daily for 4 days 
and were killed 96 h after the first injection. 

(3) Swiss males bearing transplanted fibrosarcomata 
were injected with 1 mg/g urethan intraperitoneally on 
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the sixth day of transplantation. These were then divided 
into two groups. 

(a) Killed 4 h after a single injection of urethan. 

(b) Injected daily for 4 days and killed 96 h after the 
first injection. 

Animals were killed by decapitation and lung, liver and 
kidney tissues were used for estimation of RNA and DNA. 
RNA was estimated by Rosen and Ogur’s method‘. 
DNA was estimated by Indole’s method’. Protein was 
estimated by Folin’s method*®. The content of both the 
nucleic acids 1s expressed per pg protein. 

Fig. 1 shows the effect of urethan injection on the 
RNA and DNA content of liver, kidney and lung tissues 
of normal males (10-12 weeks old) of Swiss and L(P) 
strains. It can be seen at a glance that a single injection 
of urethan affects the levels of both the nucleic acids of 
all the three tissues of normal Swiss males. The decrease 
in the nucleic acid level was 75-80 per cent. Repeated 
injections of urethan have not caused further decrease 
in nucleic acid levels. In contrast to Swiss mice, L(P) 
strain mice have not shown any change at all in both the 
nucleic agid levels even after repeated injections of urethan. 
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Fig 1. Effect of urethan injection (intraperitoneal) on the nucleic acid 
content of different tissues of two strains of mice 
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Fig.2. Effectofurethanımjection (intraperitoneal) on Swiss mice beanng 
fibrosarcomata 


Fig. 2 shows the effect of a single injection as well as of 
repeated injections of urethan on different tissues of Swiss 
mice bearing fibrosarcomata. 

It can be seen that there is an increase in both the 
nucleic acid levels of all the tissues in the 4-h group. 
However, in the group receiving repeated injections, 
there is no significant difference between the treated and 
untreated animals. 

A 75-80 per cent decrease observed in the nucleic acid 
levels of all the tissues of Swiss mice within 4 h of single 
injection of urethan is a significant observation. A possible 
effect of urethan on nucleic acid metabolism was suggested 
first by Rogers? and then by Elion et al.8. These authors 
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were able to inhikit tumour formation by giving nucleic , 
acid hydrolysates sr by thymine but not by uracil. They 
postulated that urethan inhibits DNA synthesis at the 
site of thymine biosynthesis., In the present experi- 
ments, the inhibitory effect of urethan on RNA and DNA 
levels is comparable. It may be mentioned here that the 
effect of urethan on RNA has not been reported previously. 
The decrease in nucleic acid contents of the tissues of 
urethan-treated ncrmal Swiss mice is still more significant, 
as no changes arə seen in urethan-treated L(P) mice. 
Jt has been proved that urethan causes lung adenomata 
and skin tumours’? in Swiss mice and thus even its immed- 
late biochemical eects seem to be strain specific. 

It is also interesting to observe that the mode of action 
of urethan in normal Swiss mice is different from that in 
tumour-bearing mice. It may be stated here that urethan 
is known as a carcinogenic as well as a carcinostatic 
compound® and it may thus have different modes of 
action in normal end tumour-bearing mice. These obser- 
vations, however, are of a preliminary nature and it is 
essential to study the mechanism of action of urethan 
in further detail before formulating its role in carcino- 
genesis. Investigations on these lines are in progress and 
will be reported later. 
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Effect of Cortisol on the Synthesis of 
Chondroitin Sulphate by Embryonic Cartilage 


CORTISOL, ın low concentrations, profoundly affects 
the growth of the cartilaginous imb-bone rudiments from 
embryonic chicks, cultivated in a synthetic medium?‘, 
One aspect of ths effect ıs a decrease in the degree of 
hydration of the tissue and, because much of the bound 
water of cartilaginous tissues may be associated with 
mucopolysaccharile, it seemed possible that cortisol 
might be acting on the synthesis of the polysaccharide 
component of the intercellular matrix. This possibility 
was supported by the observation that rudiments cul- 
tivated in the presence of cortisol (2-1 x 10-7 M, or less) 
exhibit particularly mtense toluidine blue staining’, 
although there ere now several reports (reviewed by 
Dziewiatkowski’) of an inhibition of polysaccharide syn- 
thesis in connective tissue, with reduced metachromasia, 
by high levels (1-2 x 10— M) of cortisol. Whitehouse 
and Lash®? have also described inhibition of sulphation 
without interruption of polysaccharide synthesis. 

Experiments w2re made to decide whether cortisol, at 
physiological coneentrations, has any effect on the syn- 
thesis of polysaccharide by cartilaginous limb-bone rudi- 
ments cultured in vitro. 

In each of a series of six experiments tibiae and femora 
from two 7-day-old chick embryos were cultivated on 
stainless steel grids? at 37°5° C. A chemically defined 
medium (BOJ 4) (ref. 9), modified by the inclusion of 
sulphur-35-labelled sodium sulphate, was used. Four 
bones from each set were cultivated in medium which 
also contained cortisol (0-1-0-001 ug per ml., that is, 
2-1 x 10-7 M-2-1 x 10 M), and several bones from 
each batch of egzs were immediately dried as zero-time 
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Table 1. RESULTS OF TWO EXPERIMENTS IN WHIOH PAIRED GROUPS OF FouR BONE RUDIMENTS WERE COMPARED AFTER CULTURE IN THE PRESENCE 
OR ABSENCE OF CORTISOL g> 
a Polysaccharide formed n vitro 
Conc. of Tissue weight (mg) Radioactivity Uronic acid (ug) Cps/ Atom sulphur/ 
cortisol Fresh Dry Fresh/ c p.8. Total Bound Formed ug uronic mol, uronic 

(s@/mol.) Dry Total Free Bound in vitro acid acid 
Expt. 1 — 14 65 1:59 92 2,670 201 2,400 04 95-2 757 81:7 0 97 
0 01 10-45 1-36 07 2,230 177 1,860 88 79-0 59°5 314 0°96 
Expt. 2 me 16:55 1 88 88 2,810 203 2,500 110 102-2 82-7 303 0-93 
01 8-45 1:32 6 4 1,970 176 1,660 82 75 3 55 8 298 0-91 


The medium contained sulphur-35 labelled sulphate giving 5,460 e.p.s, per ml., or 182 o.p.s. per ug sulphur, as 30-1 ug sulphur atoms were present per ml. 
Quantities of uronic acid are expressed as glucuronolactone, and the calculation of the quantity incorporated during the culture period is based on the 


presence of 19-5 ug in a group of zero-time control bones 


controls. The explants were re-fed and gassed (with 
air + 5 per cent carbon dioxide) at intervals of 2 days. 

After 6 days the rudiments were removed from the 
grids, rinsed in balanced salt solution, blotted and weighed. 
Each set of explants was reweighed after drying at 60° C 
in vacuo, and was then digested with papain’. The 
digests were diluted to 5-0 ml., 0-1 M with respect to 
sodium sulphate, and sampled for estimation of uronic 
acid, Total radioactivity also was measured, after 
plating out, by means of a windowless scintillation 
counter, and appropriate corrections were made for self- 
absorption and decay. 

Acidic polysaccharide was precipitated from the digests 
(3:5 ml.) by the addition of cetylpyridinium chloride 
solution]? (0-2.ml., 1 per cent) and, after centrifugation, 
the clear supernatants were sampled for measurement of 
non-polysaccharide sulphur. The detergent~polysac- 
charide complexes were washed with sodium sulphate 
solution (0-1 M), and then redissolved in 1 M sodium 
chloride containing a little ethanol. The free poly- 
saccharide was precipitated with ethanol (four volumes). 
A solution of the polysaccharide was taken for measure- 
ment of uronic acid content and radioactivity. The 
results of two typical experiments are presented in 
Table 1. 

It can be seen that the presence of cortisol in the culture 
media did not have any effect (within the limits of accuracy 
attainable) on the ratio of sulphate to uronic acid in 
newly synthesized polysaccharide. The ratio of sulphur 
atoms to residues of glucuronic acid was close to unity, 
as would be predicted from the composition of chon- 
droitin sulphate. 

Cortisol inhibited polysaccharide synthesis as a whole, 
however; the extent of inhibition was 35 per cent at 
0-1 ug per ml. (the mean of two experiments), 10 per cent 
at 0-01 ug per ml. (the mean of two experiments) and 
3 per cent at 0-001 ug per ml. (in a single experiment). 

Whitehouse and Lash*’ described the production of an 
incompletely sulphated chondroitin sulphate by chick 
somites in an im vitro system, when cortisol (1:5 x 10-4 M) 
was present, but in experiments with slices of bovine 
cartilage and cornea, Whitehouse and Borstrém? found 
cortisol to inhibit polysaccharide synthesis and sulphation 
equally. This latter finding is in agreement with work on 
skin™ and other tissues‘. 

It has already been reported by Reynolds? and by 
Dingle, Fell and Lucy* (in apparent contradiction of 
Schryver?) that total polysaecharide synthesis is in- 
hibited by O'l yg per ml., or less, of cortisol, and this is 
confirmed by the present work. It is interesting that 
Whitehouse and Lash? detected no inhibition of uronic 
acid incorporation in their system, with cortisol at 720 
times this concentration. 

The possibility that the kind of sulphated poly- 
saccharide synthesized by the chick limb-bone rudiments 
might be altered by cortisol was investigated in some 
unpublished work!®. The glucosamine to galactosamine 
ratio in polysaccharide from bones cultured in the presence 
or the absence of cortisol, or directly ex ovo, was determined 
by a modification of Scott's methodi’, and in each case 
only 3-5 per cent of the total hexosamine was glucos- 
amine-——the remainder was galactosamine. This suggested 
that the polysaccharide of the cartilaginous rudiments 


from each group was almost exclusively chondroitin 
sulphate. This finding is in contrast with that of Glick 
et al., who used an in vitro system based on that of 
Lash, Holtzer and Holtzer?4. 

In summary, this work shows that cortisol, at near- 
physiological concentrations, can reduce the synthesis of 
sulphated polysaccharide in cartilaginous bone rudiments 
in culture. This represents an extension of the many 
previous reports of mhibition at much higher concen- 
trations of steroid. 

No substantial disturbance of the expected ratio of 
sulphate to uronic acid was detected, and the results do 
not explain why the cortisol-treated rudiments were less 
hydrated than their paired controls. 
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In vivo Complex Formation of Actinomycin D 
and Deoxyribonucleic Acid 


Actinomycin D (AMD) has been shown to inhibit the 
ribonucleic acid (RNA)-polymerase activity of bacterial 
cells. This inhibition is considered, at present, to represent 
the sole mechanism by which this agent inhibits cell 
division!. It appears vo result from the formation of com- 
plexes between the antibiotic and deoxyribonucleic acid 
(DNA)?. Following parenteral administration to animals 
the antibiotic appears to possess similar activity, but differs 
in that gh doses are required and the effects are rever- 
sible’. When administered to rats which have undergone 
partial hepatectomy, the expected subsequent mitotic 
activity can be eliminated‘. 

It remained, therefore, to demonstrate that the mamma- 
lian cell activity of AMD is mediated by the same mech- 
anism as in bacteria, and to explain these differences 
we have isolated DNA from the livers of rats previously 
treated with AMD and measured the priming activity 
of the DNA in a bacterial RNA-polymerase system. 
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Thisactivity wassignificantly reduced when compared with 
DNA isolated from untreated rats and was restored by 
separation of the AMD. Similar parenteral doses demon- 
strated their expected inhibition of mitotic activity. 
The priming activity of liver DNA from untreated rats 
was inhibited after in vitro addition of AMD to a degree 
ae to that previously reported using thymus nucleic 
acid. 

AMD was dissolved in sterile water at a concentration of 
200 pg/ml. and the solution injected by way of the femoral 
vein. Animals which were investigated for the effect of 
AMD on mitosis were subjected to 70 per cent hepatectomy 
as described by Higgins and Anderson‘ and the antibiotic 
was administered simultaneously. Colchicine was admini- 
stered intraperitoneally (1 mg/kg) at 25 h and the animals 
were killed at 31 h. Sections of liver were prepared and 
studied by standard histological techniques for mitotic 
activity. Liver nficle: were prepared by the triton ex- 
traction of Hymer and Kuff! and were free from cytoplasm 
when examined under phase microscopy. These were 
layered above caesium sulphate solutions and the DNA 
obtained by ultracentrifugation’. Such preparations were 
tested in ‘hn RNA synthesizing system utilizing the poly- 
merase of M. lysodeikticus as described by Nakamoto, 
Fox and Weiss*. The incorporation of tritiated uridine 
triphosphate (UTP-°H) was utilized as a measure of RNA 
production. The AMD-DNA complexes were extracted by 
precipitation in 3:1 isopropanol, followed by centrifu- 
gation. This process was repeated when sufficient DNA 
was available and the DNA finally dissolved in 0-001 M 
sodium citrate-0:01 M sodium phosphate buffer. 

DNA isolated from liver cell nuclei of rats which had 
received AMD had a decreased ability to prime the poly- 
merase system. This decrease was roughly proportional 
to the dose of the antibiotic administered (Table 1). 
The DNA isolated as described above was a highly hyper- 
chromic material, apparently free of protein contami- 
nation as determined by ultra-violet spectrum analysis. 
Amaximalinhibition was achieved with a dose of 300 yg/kg 
as complexes isolated from animals receiving doses as 
high as 1 mg/kg failed to show a significantly increased 
inhibition. Histological examination indicated that 300 
ug/ke was also the minimal dose which invariably inhibited 
the mitotic response in rats following 70 per cent hepatec- 
tomy. 


Table 1 RNA-POLYMERASE PRIMING UTILIZING in vivo FORMED COMPLEXES 


OF AMD AND DNA 


Dose Incorporation* Extracted* Expected mitosis t 
(ug AMD/kg) (per cent) (per cent) {per cent) 
100 (8) 52-64 + 85-100 
200 (2) 33°7-37°7 a 56-9 (6) 36-86 
300 (4) 23 4-29 (1) 42-0 S 0 
1,006 (2) 20-1-2574 3) 0 


* Percentage incorporation of U'T'P-*H into RNA synthesized as compared 
with the priming by untreated Hver DNA. 
+ Compared with average mitotic counts of (twelve) partially hepatesto- 
mized, untreated rats. 
Number of animals tested. 
Number of extractions performed. 


Extraction of these in vivo formed complexes by 1s0- 
propanol precipitation reduced the degree of inhibition of 
priming ability. The number of extractions was limited by 
the amount of material available and complete restoration 
was not achieved as with in vitro formed complexes 
(Tables 1 and 2). No residual damage to DNA could be 
demonstrated by measurement of hyperchromicity. 

The DNA isolated from rat liver nuclei proved to be 
highly active in RNA-—polymerase systems, and was at 
least as active as standard thymus nucleic acid prepara- 
tions. Addition of AMD to this DNA before its addition 
to the polymerase system resulted in inhibition of RNA 
production proportional to the quantity of the antibiotic 
added (Table 2). Extraction of this system with propanol 
precipitation restored the priming ability of the DNA. 

It has been possible to isolate the complex which is 
formed between parenterally administered AMD and rat 
liver DNA, and we have demonstrated an inhibition of its 
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priming ability. The use of the triton method of nuclear 
preparation and zaesium sulphate gradient ultracentri- 
“fugation limits the exposure of the complex to extraction 
by numerous solvents or by cytoplasmic components. 
The maintenance of the complex throughout the prepara- 
tion, however, indicates considerable binding strength 
of the AMD to DNA since the centrifugation itself is 
capable of freeing she nucleic acid of its tightly complexed 
proteins. Our inability to detect the AMD on spectroscopic 
examination of the complex fits well with the concept that 
the binding sites to which the antibiotic 1s complexed are 
of high functional activity, but of low capacity. These 
would represent, therefore, the tight binding sites as 
deseribed by Gellert ei al.?. 

That the inhibrnion is based solely on the presence of 
AMD was demonssrated by the return of priming ability 
of the isolated DNA on extraction of the antibiotic. More 
extensive extraction of the ¿n vitro formed complexes 
in several instances completely restored priming ability. 
This indicates a lazk of residual damage to the DNA. 


Table 2. RNA-POLYMURASE PRIMING UTmIzinG AMD-DNA COMPLEXES 
FORMED ¿n viire 


myM Incorporation* Extracted* 
AMD/ml (per cent) (per cent) 

0 500 25-47 +(2) 29 4-37 8 

0-250 12 7 

0125 3 

0 100 28 3-38 7 (2) 62°5-62-8 

0-071 7 

0-056 79 

0 050 72 0-73-°5 (2) 99 5 

0 010 84: (2) 101 

9 005 87-0 (2) 102 


* Percentage incorporetion of UTP-°H ito RNA synthesized as compared 
with priming by untreatsd hver DNA. 
+ Number of extractions performed. 


It has previously been reported that the mitotic activity 
which normally fo lows partial hepatectomy is eliminated 
by high doses of AMD*. It has been indicated that this 
effect results from the inhibition of synthesis of RNA and 
the failure of the subsequent production of the enzymes 
involved in the synthesis of DNA. Support for this con- 
cept of inhibition of RNA synthesis in vivo is offered by 
the present data, kut the type of RNA synthesis so effected 
is not indicated. The dose of antibiotic optimal for 
inhibiting mitotic response in liver cells, 300 pg/kg, also 
represents approxmately the maximal binding capacity 
of DNA for this agent in vivo. This may reflect the max1- 
mal capacity of AMD to compete with nuclear proteins 
for binding sites cr the maximal number of binding sites 
of high affinity for the antibiotic. Our results show that 
AMD acts within the animal in a fashion similar to that 
manifested in bacteria and isolated cells. The mechanism 
of differences between the two systems has not yet been 
clarified. 

This work was supported by grants from the American 
Cancer Society and from the National Institutes of 
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Health Research Council of the City of New York. 
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Reduced Benzo(a)pyrene and Phenolic 
Content of Smoke from Experimental Cigarettes 


THE properties of tobacco and non-tobacco leaves can 
be modified by subjecting these leaves to a series of 
chemical extractions which strip the whole leaf, or shredded 
leaf, to almost pure cellulose. This extraction process 
removes unhealthy substances and improves the flavour 
and aroma of such leaves when they are used as a smoking 
product. The extracted leaf is reconstituted, preferably 
to its original weight, by adding back non-toxic chemical 
agents which enhance the burning qualities, flavour and 
aroma. 

In recent years increasing statistical evidence has 
associated cigarette smoking with increased death rates 
from lung cancer and other diseases, notably coronary 
heart disease, emphysema and chronic bronchitis. 
Recently, an advisory committee to the Surgeon General 
of the United States claimed to have established a causal 
relationship between cigarette smoking and lung disease. 

Nearly 500 different chemical compounds have been 
isolated from cigarette condensate, includmg numerous 
polycyclic, aromatic, and other organic and inorganic 
compounds. Many of these compounds are carcinogenic 
and toxic when assayed on animals. 

Polycyches generally initiate the carcinogenic process 
and several polycyclic hydrocarbons are complete carcino- 
gens. Because only relatively small amounts of poly- 
cyclics are present ın the unburned leaf, they must be 
formed during the burning process from materials inherent 
in the leaf?. Polycyclics may be formed on pyrolysis of 
cellulose, lignin, pectin, starch, sucrose, glucose, and 
fructose and of citric, malic, and oxalic acids. Pyrolysis 
of tobacco paraffins at temperatures higher than 600° C 
yields polycyclics’. Incomplete pyrolysis of sterols may 
also produce polycyclics*. An efficient extraction process 
should remove sterols, paraffins, and other possible 
precursors of polycyclics. Recent evidence indicates that 
polonium-210 may also initiate the carcinogenic process®. 
Polonium-210 should also be removed with an adequately 
designed extraction process. 

The polycyclic fractions from cigarette smoke conden- 
sate account for less than 10 per cent of the carcinogenic 
activity of cigarette tar. It is believed that co-carcinogenic 
compounds are responsible for more than 90 per cert of 
the carcinogenic activity in the smoke condensate®. 
Several phenols are known to be co-carcinogens’: phenol, 
dimethylphenol, ethylphenol and ortho-, meta-, and para- 
cresol are all present in cigarette smoke condensate’. 
Other types of substances as yet unidentified may also be 
promoting substances. Co-carcinogens have been demon- 
strated in the alkaline extracts of unburned tobacco’. 

The burning process may release co-carcinogens by 
either dry distillation or by incomplete destruction of 
usually non-carcinogenic compounds. (Dry distillation 
is the volatilization of substances which arises because of 
high temperatures near the burning zone of an ignited 
cigarette.) These substances are transmitted unchanged 
to the mainstream smoke. A second way in which co- 
carcinogens may arise is through incomplete pyrolysis of 
materials inherent in the leaf. Rearrangements, oxi- 
dations, cracking, dehydrogenation and condensation 
-reactions may convert usually non-carcinogenic com- 
pounds into carcinogens. 

Sun-cured soybean leaves were first shredded with a 
model 00 Himhoff-cutter at a standard cut of 30 cuts/in. 
The shredded leaves were placed in stainless-steel wire- 
mesh baskets, and these baskets were raised or lowered 
frequently out of larger stainless-steel drums containing 
the solvents. The proportions of dry leaf to solvent were 
kept constant. Twenty millilitres of extracting solvent 
were used per gram of initial unextracted shredded dry 
leaf. All the extractions were carried out for 50 min at 
55° ©. The leaves were first rinsed twice‘ with water 
under the aforementioned conditions. These two rinse 
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Table 1. RESULTS OF PHENOL, BENZO(a)PYRENE, AND TAR ANALYSES OF 
EXPERIMENTAL CIGARETTES AND CONTROL AMERICAN TOBACCO CIGARETTES 


Cigarette Tar/cig. Phenol/cig. BP/cig. 
(mg) (mg) (y) 
Non-tobacco 10°6 0 046 1°50 
Tobacco 386 27 6-15 


solutions were discarded. Fresh water was heated to 
55° C and added to the stainless-steel containers. Sodium 
chlorite was added until its concentration was 1 per cent. 
The pH was adjusted to 4 with glacial acetic acid and the 
leaves were again lowered into the solution. After dis- 
carding the bleach solution, the leaves were rinsed twice 
with water to remoye the bleach. Acetone was the final 
extracting solvent. The baskets were then raised and 
allowed to drain. The shredded leaves were removed from 
the baskets and air dried. 

The shredded leaves were then. flavoured with several 
ingredients to ensure the proper hydroscopic and burning 
qualities. In this experiment the compounds used were: 
10 per cent invert sugar, 5 per cent glycerol, 2 per cent 
honey, 1-5 per cent St. John’s bread (that is, ground meal 
from the ripe fruit of Ceratonica siliqua), 1 per cent 
cocoa and 3 per cent potassium nitrate (selected on the 
basis of their low benzoid content). The ingredi®nts were 
sprayed on to the shredded leaves in a rotary drum. To 
ensure a good tobacco flavour, various non-carcinogenic 
fractions of tobacco extract could be added to the 
flavouring mixture’. 50 Ib. completed leaves was adjusted 
to a humidity content of 13 per cent. Cigarettes of the 
thus prepared flavoured shredded leaves were made in 
an American Machine and Foundry cigarette maker. 

85-mm cigarettes were smoked on & standard Ecusta 
smoking machine. Standard American cigarettes were 
used as controls. Smoking parameters were set at a 
35 ml. puff of 2 sec duration at 1 min intervals. The 
average butt length was 22 mm. Tars were collected on a 
previously weighed Cambridge filter. After the tar had 
been collected, the filter was weighed again. Phenols 
were determined by the method of Oakley eż al.'. Benzo- 
(a)pyrene analyses were made by the method of Wynder*?. 
Results of the phenol and benzo(a)pyrene analyses are 
given in Table 1. 

The extraction process reduces the tar content per 
cigarette to only 27-4 per cent of a standard American 
cigarette (Table 1). Phenols were also reduced to 17 per 
cent of the control. The reduction of benzo(a)pyrene 
suggests that it arises during the burning process through 
re-arrangement of complex polyphenols, steroids or other 
precursors inherent in the leaf. The extraction process 
also almost completely removes amino-acids, other 
nitrogen compounds and suiphur compounds. Toxic 
compounds, such as nitrogen dioxide, methyl nitrite, 
hydrogen cyanide and hydrogen sulphide are also probably 
considerably reduced in concentration in the mainstream 
smoke. 

The great reduction of tar, phenols, benzo(a)pyrene 
and toxic substances indicates that it is possible to design 
a relatively safe cigarette. 

R. J. SHAMBERGER* 
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Sotton Medical Institute, 
Monterey, California. 
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PHARMACOLOGY 


_ Goitrogenic Activity of Onion Volatiles 


Garini is known to be prevalent in the Lebanon, 

mainly in the high mountain valleys!-®. In an investi- 

gation of the population of an endemic area in the 
~ebanon, Cowan et al." found that iodine deficiency was 
the primary cause of the endemic goitre. This deficiency 

ild be intensified by the consumption of goitrogenic 

ods which cause either an increased iodine excretion or 

EERE an inhibition of the biosynthesis of the thyroid hormone, 
oo Shyroxine. 

-. Two sulphur-containing substances, thiourea and 
< thiouracil, have been found to inhibit the iodization 
<o process of thyroxine’. In addition, thiocyanate and thio- 
 oxazolidone-formipg substances, in plants mainly of the 

Cruciferae family, have been shown to be goitrogenic®—". 

However, there have been no reports on the possible 

goitrogenicity of onions, although sulphur compounds 

are known to be the principal components of their 

oilst2.13, e 

p “Onions are grown extensively in the Lebanon and are 

consumed. in great amounts by the Lebanese people; 

-thus an investigation of the possible goitrogenic activity 

of this plant is important. Saghir et al. found that 

propyl disulphide is the main volatile constituent of 
certain food onions (common onion, Allium cepa; leek, 

A. ampeloprasum; Japanese bunching onion, A. fistu- 

losum; and chive, A. shoenoprasum). This compound 

was therefore selected to be tested for its goitrogenic 
effect. Preliminary experiments indicated that 5 ul. and 

0 ul. doses of the chemical slightly inhibited thyroid 
ction in rats. The present work was initiated to 

restigate the effects of high levels of this sulphide. 

synthetic n-propyl disulphide (PDS) was obtained in 
re form from Eastman Organie Chemicals; previous 
ork had shown this compound to be identical to that 
und in onions!?.18, For the assessment of goitrogenicity, 
the “acute” test described by Langer and Stolc!’ was 

: ed. The experimental animals were young female 

albino rats of the Sprague-Dawley strain, weighing about 

50g. Because the test was based on short-period (3 h) 

ues for radioiodine uptake, iodine-deficient animals 
used so that the control values would be relatively 

h. The rats were rendered deficient in iodine by 

intaining them on a low iodine diet for 6 weeks. This 

diet was complete except for iodine, and the animals grew 
normally during the period of iodine depletion. 

- Five animals were assigned to each of seven test groups, 

according to a randomized block design, based on body 

“weight. “Normal” uptake values were obtained from a 

control group which received only corn oil (since the test 

material was an oil). To check the validity of the test 
by demonstrating definite inhibition of thyroid function, 

> groups of rats were treated with two levels of a 

known goitrogen, propyl thiouracil (PTU). 

The animals were fasted overnight before the experi- 
-o ment; the appropriate amounts of corn oil, PTU or PDS 
_ (Table 1) were then administered by stomach tube. 1 h 

<o dater, each rat received, by intraperitoneal injection, 1 ue. 

Of earrier-free sodium iodide labelled with iodine-131 in 

0-5 ml, of 0-9 per cent saline solution. Exactly 3 h later, 

» animals were killed with chloroform and the thyroids 

re removed and weighed. Each gland was digested 

ernight at 50° C in a tube containing 2 ml. of alcoholic 
potassium hydroxide (potassium hydroxide, 5 g; water, 

0 ml.; ethanol, 100 ml.). Total radioactivity was 

2 easured in each tube using a well-type crystal scintilla- 

tion counter (Baird- Atomic). Percentage uptake was 

_ealculated by comparing the counts per mg thyroid tissue 

-with those obtained from a standard dose counted at the 
ame time as the thyroid digests. 

- Phe results are shown in Table 1. It is clear that at all 

levels used, n-propyl! disulphide inhibited thyroid function 
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Table 1. 
PROPYL THIOURACIL ON THE UPTAKE OF TopINE-131 IN Rats 


Average percentage 


Treatment Dose uptake of lodine-131 
per mg tissue* 
Corn oil 100 ul. L176 
PLU 1 mg G- 060 
PTU 2 mg G-080 
PDS 60 xl. €-070 
PDS 120 wl, G-O86 
PDS 180 xl, 0-087 
PDS 240 gl. 0-103 
LSDtT 053 


* Average of five values. 
+ Least significant difference (5 per cent level). 


significantly as is shown by the low values for uptake 
of iodine-131 in the treated animals. These low values 
were similar to those obtained by treatment with PTU. 
These observations point to the possibility that the con- 
sumption of food onions high in PDS may contribute to 
the incidence of goitre in countries such as the Lebanon 
where iodine intake is low. Further work is planned to 
investigate the possible goitrogenic effects of other 
sulphide radicals known to be constituents of other 
Allium species. 
This work was supported by a grant from the U.S. 
Public Health Service to the Institute of Nutrition 
Sciences, Columbia University and the American Univer- 
sity of Beirut. We thank Mr, Hovsia Ajamian for teeh- 
nical assistance. 
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6-Hydroxyskatole Glucuronide, a Skatole 
Metabolite 


TuE metabolism of 6-hydroxylated indoles is of interest 
in view of their possible psychotoxicity as reported by 
Szarat and the finding, originally by Leyton’, that 6- 
hydroxyskatole sulphate is exereted in larger amounts 
by schizophrenic patients. 

Hydroxylation and subsequent conjugation with either 
sulphate or glucuronic acid has been shown to be a path- 
way for the detoxification of a number of indoles. Skatole 
has been shown to undergo hydroxylation primarily in 
the 6 position and subsequent conjugation with sulphate’. 
Melatonin, another 6-hydroxylated indole, is excreted 
both as the sulphate and the glucuronide’. This report 
presents evidence that 6-hydroxyskatole is also excreted 
as the glucuronide. 

6-Hydroxyskatole was prepared according to the 

method of Heacock’ from 6-benzyloxygramine by catalytic 
hydrogenation. The compound was administered to 
150-g Sprague-Dawley male rats in doses of 0-1, 1, 10, 
25 and 50 mg/kg. Urine was collected at 2-h intervals 
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 Guantiative estimations were carried out using 0-1 ml. 
rine, 0-9 ml. water and 5 ml. acidic diazo reagent pre- 
pea as described by Sohler et al.?. The colour was 
extracted into butanol and read at 415 my. for the con- 
jugated compounds and 530 my for free 6-hydroxy- 
=< -8katole. ‘Unknowns’ were compared with standard 
< eurves: prepared from 6-hydroxyskatole sulphate for the 
-conjugates and 6- -hydroxyskatole for the free compound. 
< © Chromatography of urine samples showed three 6- 
hydroxylated indoles to be present in the urine after the 
rats received 6-hydroxyskatole. The first compound 
(Rp 99) is free 6-hydroxyskatole?; the second (Rr 73) is 
the sulphate conjugate, while the third (Rg 15) proved to 
be the glucuronide of 6- hydroxyskatole. The Rp 15 
material was isolated from urine by paper chromatography 
on Whatman 3 MM paper using the isopropanol~ammonia— 
water system. It was then eluted and chromatographed 
ones more on Whatman 3 MM paper using a butanol- 
pyridine—water (60 : 60 : 60) solvent system. Acid hydro- 
lysis of the purified material yielded a new spot which 
reacted positively with naphthoresorcinol reagent and on 
subsequent chromatography proved to be glucuronic 
acid. This spot was also obtained when the purified 
material was treated with ‘Glusulase’-—an enzyme pre- 
paration having both glucuronidase and sulphatase 



























g “1. illustrates the effect of ‘Glusulase’ on the 6- 
a urinar ry metabolitos. On ‘Glusulase’ treat- 


o xeretion is maximal pei the first 4h, thea level 
off and is almost complete within 12 h. 

Trace amounts of the glucuronide conjugate were found 
nm -human subjects who excreted large quantities of 
AE peat a sulphate. The presence of the glucuro- 
nide was established by concentrating urine samples 
tenfold. The concentrate was treated with urease and 
afterwards 200 lambda of the concentrate was spotted on 
Whatman 3 MM and run in the isopropanol~ammonia— 
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Fig. i. Effect of ‘Ghisulase’ on 6-hydroxylated indole metabolites in rat 

-urine after administration of G- nydroxys skatole. Urine samples were 

gollected at 2-h intervals, 30 lambda of urine or its ‘Glusulasc’-treated 

l aguy rioni was spotted. A, 2-h urine treated with “Glusulase’; B, 2-h 

urine; O, 4-h urine treated with “Glusulase’; D, 4-h urine; F, 6-h urine 

treated with ‘Glusulase’; P, 6-h urine. Solvent system, isopropanol- 
ammonia-water (10:12:14) 
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water at The gliseurodide’ was detected: with Ehrlich’s 
and diazo reagent and its identity as the glucuronide was 
established with naphtheresorcinol reagent. — 

Conjugation with glucuronic acid would $e em to be an 
alternate pathway for the elimination of 6-hydroxyskatole 
acting in both rat and man. 
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Oral Hypoglycaemic Activity of an 
Anhydroformaldehyde Aniline-insulin 
Mixture 
TWENTY-FIVE to thirty per cent of diabetic patients 
require insulin to remain alive and well. In the main 
these patients have the juvenile-onset type of diabetes 
mellitus and treatment for many years is normal. So far, 
the insulin they require can only be administered paren- 
terally, despite many attempts in the past 40 years to 
circumvent the injections needed and the physical risks 

and psychological trauma involved?. 

It was of interest, therefore, when Ferguson? reported 
that the oral administration of a mixture of insulin and 
an anhydroformaldehyde—aniline (AFA) compound caused 
hypoglycaemia in rabbits, but the AFA compound alone 
was without effect. The implication that this compound 
allows insulin to be absorbed in a physiologically active 
form is of such importance that the work was repeated 
in our laboratories. 

The AFA compound is formed by the reaction between 
aniline and formaldehyde, the primary product being the 
Schiff’s base. This immediately polymerizes and under 
suitable conditions yields 1,3,5,-triphenylhexahydro-s- 
triazine’, which Ferguson refers to as “‘anhydroformalde- 
hyde—aniline”’ and gives the formula as 


C,H; 
i 


Pig EN 


é S 
C.H,N  N.GH, 
Pa 


This can be isolated as a white crystalline material with 
a melting point of 141° C (ligroin). 

In the present experiments, male rabbits of the New 
Zealand White strain (3-3-5 kg) were used, either fed or 
fasted for 18 h, as shown in Tables 1-3. All drugs were 
administered by storaach tube. Blood was taken from 
the marginal ear vem for measurements of the sugar- 
levels (‘Autoanalyser’ method), Samples were taken in 
duplicate before and at intervals after the AF A-insulin 
mixture or control solutions. Three separate experiments 
were performed. 

AFA was prepared as described by Ferguson from aniline 
hydrochloride and commercial formalin, dried, powdered 
and mixed with commercial insulin (Tetin’ regular, 
80 u. per ml.). This raixture was administered by stomach 
tube to both fed and fasted rabbits. Control solutions of 
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insulin, AFA alone and water alone were also given. No 
signs of illness were observed in any animal. Results 
are shown in Table 1. No hypoglycaemic effect of the 
mixture could be demonstrated. 


Table 1. EFFEOT OF ORAL APA-INSULIN MIXTURE AND CONTROL SOLUTION 
ON BLOOD SUGAR OF FED AND FASTHD BITS 


Blood sugar mg per 100 mi. - 
Drag No. of Hours after administration, 
animals 3 4 
AFA 200 mg 4 fed 97 107 109 102 91 
4 fasted 81 77 81 76 81 
Insulin 400 T. 4 fed 97 102 02 98 94 
4 fasted 89 87 85 82 90 
Water 10 ml. 4 fed 99 99 97 95 92 
4 fasted 74 75 79 76 90 
AFA 200 mg plus 4 fed 91 101 95 91 88 
100 Y. insulin 4 fasted 80 80 86 74 85 
AFA 200 mg plus 4 fed 90 91 87 84 85 
200 v. insulin 4 fasted 72 76 79 76 86 
AFA 200 mg plus 4 efed 88 94 91 87 81 
400 y insulin 4 fasted 78 81 81 80 86 


In the second experiment, aniline was made to react 
with formalin in 65 per cent ethanol and the commercial 
insulin added after the formalin, as described by Ferguson. 
This susp8nsion was administered to the rabbits without 
further processing. This method of preparation had been 
shown to be as effective as the first. The results in fasted 
rabbits are shown in Table 2. Thirty per cent ethanol was 
used as control, as this is required in the preparation to 
keep the reactants in solution. No signs of illness were 
observed in any animal. No hypoglycaemic effect of this 
preparation could be demonstrated. 


Table 2. Erract oF ORAL AFA-INSULIN MIXTURE (METHOD 2) AND 
CONTROLS ON BLOOD SUGAR OF FASTED RABBITS 


Blood sugar mg per 100 ml. 


No. of Hours after administration 
Drug animals 0 1 2 3 4 
AFA plus 
200 y. insulin 6 80 80 79 81 82 81 
alone 4 80 81 gi 81 83 88 
30 per cent ethanol 7 mi. 4 74 73 72 73 75 76 


In the third experiment a pure sample of the anhydro- 
formaldehyde—aniline compound was prepared according 
to the method of Miller and Wagnert. Measurements of 
its melting point and microanalysis give results which are 
similar to those with the compound prepared by the first 
method of Ferguson. Results are shown in Table 3 of the 
se of this compound on the blood sugar-levels of fasted 
rabbits. 


Tabie 3. EFFECT OF ORAL AFA-INSULIN MIXTURE (METHOD 3) AND CONTROLS 
ON BLOOD SUGAR OF FASTED RABBITS 


Blood sugar mg per 100 ml. 


Drug No of Hours after administration 
animals 1 2 8 4 

40 mg AFA plus 4 68 73 67 71 68 72 
800 v. insulin 

200 mg AFA plus 4 79 80 80 82 81 83 
400 v., insulin 

200 mg AFA alone 4 75 77 78 78 74 80 
2 g AFA alone 4 72 7i 70 71 70 72 


These results clearly show that under our experimental 
conditions, the anhydroformaldehyde—aniline compound 
as described by Ferguson does not allow insulin to be 
absorbed in a physiologically active form. There are two 
aspects of the work of Ferguson, however, which require 
amplification. 

First, he states that fasting rabbits, before administra- 
tion of the AF'A-insulin complex, have blood sugar-levels 
of 120-140 mg per 100 ml. This is far in excess of any 
levels we have seen in starved rabbits. Secondly, in the 
second method for the preparation of AF A—insulin, ethanol 
was administered with insulin. It has already been shown 
that 20 per cent ethanol facilitates the absorption of 
insulinës. In a small pilot experiment in four fasted 
rabbits, we were able to show that ethanol in the con- 
centration used in our second experiment (30 per cent), 
when given with insulin by stomach tube, causes a small 
but significant fallin blood sugar-levels after 1 h {P < 0-02). 
This is not seen with insulin or ethanol alone. However, 
this effect of ethanol could not explain the reported 


NATURE 89 


hypoglycaemia produced by the first preparation of the - 


AFA compound. 

Our results do not support the claim that anhydroform- 
aldehyde~aniline compounds facilitate the absorption of 
insulin in a physiologically active form. 

This work was supported by a grant from the National 
Heart Institute. One of us (F. W. W.) is the recipient of a 
career scientist award of the Health Research Council 
of the City of New York, and another (J. K. W.) the re- 
cipient of a Wellcome Trust travel grant. 
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Velocity and Force of Some Karate Arm- 
movements 


A SPECIAL aspect of Karate (a Japanese technique of 
self-defence and, in competitions, a game with very 
strictly regulated rules in which the partners are not 
allowed to strike each other) can sometimes be seen 
as a demonstration: the Karateka breaking brcks, 
tiles or blocks of wood with a strike of his bare hands, 
feet, fingers or forehead’, the object being supported 
only at its ends. 

The principles of the dynamics of a suddenly applied 
force on & supported beam are applicable here. When a 
falling body strikes a beam supported at its ends with a 
certain velocity the beam will break if the force per unit 
area due to the collision is greater than the maximum 
stress-resistance of the material of the beam. Thus one 
might expect that the man who breaks a brick or other 
solid object with a stroke of his bare hands or feet will: 
(1) Develop a great velocity of movement of the mass of 
his arm or leg at the moment of the impact. (2) Keep 
a very hard and relatively small contact area between 
hands or feet and the object so as to concentrate the force 
of the impulse on a small surface. (3) Have a great 
determination and courage to strike powerfully at a 
hard object with his bare hands or feet. These three 
‘actions’ may be singled out or work together. 

We performed some studies on the velocity of some 
Karate movements (striking) and on the reaction force 
when breaking objects with the bare hand. The velocity 
of movement was calculated from photographs taken 
with the aid of a calibrated stroboscopic lamp. The 
movements, the velocity of which was measured, were 
principally accomplished in a plane parallel to the photo- 
graphic plate. The force was measured with a strain-gauge 
device on which the objects and their supports were 
placed. The objects were supported at ther short ends. 
The subjects were well-trained Katatekas (subject No. 2, 
for example, is one of Japan’s Hest Karate men). They 
performed their movements in the usual way, without 
being impeded by the mensyting devices. Special atten- 
tion should be given to thé way the Karateka holds his 
hand when he is going to break a brick or a plate. Break- 
ing a brick is done with a-hyper-dorsiflexed and pronated 
hand, the fingers almost stretched. During the impact 
the place of contactis the area over the pisiform bone of 
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e the wrist-joint. A plate is struck either with the tops of 
the forefinger, the middle finger and the ring finger of the 
semi-stretched hand and the fingers held tightly togetner— 
the tops of the fingers almost forming one plane—or with 
the fist; in this case the knuckles of the forefinger and the 
middie finger are the places of contact. In these experi- 
ments the fist was used and one plate was broken. How- 
ever, usually more plates are broken at one time when 
striking with the fist. In order to offer some idea of the 
velocity of movement and the breaking force of the 
Karateka in comparison with subjects not experienced 
in Karate we shall give some data of two control subjects 
(both moderately trained) who were asked to maka the 
same movements. 

Table 1 presents the maximal linear velocity of the 
fingers during a stroke through the air as well as the force 
with which bricks and plates were hit and/or broken 
with the hand and the fist. It must be noted that the 
data of the velocity do not apply to the experiments 
in which the bricks or plates were broken. 

From these data it can be said that: (1) The velocity of 
the arm movement of the Karatekas is about 25 per cent 
higher than that of the control subjects. (2) The force 
of the Karatekas and control subjects with which the 
bricks were hit did not differ much. In some cases the 
Karatekas could not break the brick even with greater 
forces probably because of the inhomogeneity of the 
material. The data give a good idea of the magnitude of 
the force that can be exerted with a stroke of the bare 
hand on a hard object. (3) The forces necessary to break 
one plate are not large. Also in this case one of the control 
subjects broke one plate (we did not measure the force 
which he exerted). 

As to the hard contact surface, the following is tentatively 
suggested: usually the knuckles of the forefinger and the 
middle finger are covered with a large amount of callosity, 
which is, in our opinion, less hard than the knuckles 
covered only by the skin. This finding seems to be in 
conflict with the principles of the dynamics of an impulse 
which state that with a definite change in momentum the 
force is greater the shorter the time of the impulse. On 
the other hand, the powerful strokes will probably damage 
the hands when these are not covered with compressible 
material (tissues). Therefore this callosity can be con- 
sidered to offer protection against knuckle damage (the 
Karatekas mostly have special training to develop this 
callosity). This idea is supported by the fact that the 
skin over the pisiform bone was not very callous in 
any of the Karate subjects, nor were the tops of the 
fingers, although these parts of the hand were also used 
during the breaking of objects at other events. Probably 
at those places the skin with the underlying tissues is 
sufficiently thick to protect the underlying bone. It is 
also supported by the fact that the Karatekas often put 
a rather thick cloth on the pile of the objects, especially 
when there are a number of objects to be broken and they 
must strike very hard. It is probable that the factor of 


Table 1. MAXIMUM VELOOITY AND FORORS OF SOME KARATE MOVEMENTS 
(STRIKING) 


Maximum velocity of the fingers during a stroke through the air 
Karate subject Velocity (km per h) 


1 51 

2, 49 

3 46 
Control subject 

1 40 

39 


2 
pores during bronong of objects with a stroke of the ee hand 
ara 


subject Object (kg) Object ee) 
t One brick* 58 proren One platet 29 {broken} 
a i nA 89 not pe 
2 a3 n 13 (broken) 
3 os a 47 roken) Ñ 
8 ne 58 not brokoh 
Control 
aub yen JA 
ji pt 60 (broken) 
l w 60 (broken) «=. 


* Stze of the brick: 200 x 105 x 55 mm. Material; red baked olay. 
Size of the plate: 270 x 240x20mm. Material, ‘deal s 
Sandstone brick (softer than red baked clay). 
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courage is of great importance because it can be seen, that 
the two control subjects who were unfamiliar with Karate 
dared to strike a brick with about the same force as the 
Karate specialists. Furthermore, as already reported, 
control subject No. 1 broke one plate of the same size 
with his fist. 

Finally, we performed some additional measurements, 
using laboratory apparatus, of isometric muscle forces 
during arm bending and knee stretching, as well as of 
maximal velocity of arm bending. The results for the 
Karatekas were not significantly cEeront from those of 
the controls. 

In conclusion, we believe that Küratekus develop & 
greater speed of movement than is normal and effect & 
hard and relatively small contact area between their hand 
or foot and the object they are striking. However, it is 
probable that good technique and æ large amount of 
courage to strike powerfully a hard eae are of equal or 
even greater importance. 

We thank Mr. W. J. Reichert for his advice on the 
mechanical aspects of this work and Mr. A. C. A. Vissers 
for the construction of some of the apparatus. e 
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The Netherlands. | 
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Deposition of Inhaled Particles in Human 
Lungs 
During the past 25 years, six independent groups of 
workers have measured the decrease in concentration of 


‘ particles in exhaled air during steady breathing, while 


their subjects inhaled various aerosols, and have expressed 
their findings as a relationship between particle size and 
jung deposition. These results fall into two ranges, three 
of the groups of workers obtaining much higher values 
for deposition than the other three for particles between 
0-5 and 6u diameter. The difference cannot be explained 
by the nature of the particles or the method of breathing’. 

The techniques used in such work have recently been 
investigated, and it has been decided that there may be 
a substantial overestimate of lung deposition in the work 
of Van Wijk and Patterson? and of' Dennis and Sawyer*. 

In these experiments, the sampling of the exhaled air 
proceeded continuously, with a thermal precipitator by 
the former and a conifuge by the latter, even while the 
subject was inhaling. Since the first part of the exhaled 
air comes from the dead space of the tidal airways, it will 
have deposited fewer particles in the lungs than the last 
part of the exhaled air, which has approached the lung 
alveoli. The concentration of particles towards the end 
of an exhalation is therefore much less than at the begin- 
ning and may even be zero. If sampling is continued 
during inhalation it is clear that about half the volume 
sampled may contain particles in a concentration below 
the average, so that an overestimate of lung deposition 
will arise. Among other factors, the extent of this error 
depends on the thoroughness of mixing of the exhaled air 
before reaching the sampling point; if complete mixing 
of the entire volume of each exhalate were possible, before 
the sample was taken, no error would result. 

It is difficult to assess how muchimixing took place in 
the box into which the exhalate of the subjects of Van 
Wijk’and Patterson was passed, but a baffle was used to 
direct what was probably a laminar stream across the 
orifice of the thermal precipitator, which would therefore 
tend to receive sequential concentrations. 

Dennis and Sawyer fed the exhalate through a glass 
bulb, which was in many cases smaller than the tidal 
volume, and sucked a sample through a conifuge from the 
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Table 1. ERROR DUE TO SAMPLING DURING THE PERIOD OF INHALATION 
Apparent average copon an in exhaled air divided by true value 


“Tidal air article diame{er (microns 
volume 
(em*) 0 25 1-4 3°8 63 
450 0 89 0 82 0-72 0-69 
$00 0 82 0-68 0 55 -> O50 
1,350 079 0-64 0 54 0-50 


base of the bulb; ıt is therefore likely that the air sampled 
at the end of each breath and during the succeeding period 
of inhalation was substantially deficient in particles. 

Estimates of the error which can arise in this way have 
been calculated from the experimental data of Landahl, 
Tracewell and Lassen‘ for human uthalation of aerosols 
of triphenyl phosphate. They give the percentage con- 
centrations exhaled in four successive quarters of a breath; 
from these figures the ratio of the apparent average 
exhaled concentration to the correct value has been 
derived and is given in Table 1. The apparent value 
results when the average is taken over the entire breathing 
cycle with the ultimate, deficient part of the exhalate 
being sampled during inhalation. 

The maximum error is 0-5 when the last part of the 
exhalate ¢s free from particles. 

This error probably accounts for the high values for 
lung deposition obtained by Dennis and Sawyer and by 
Van Wijk and Patterson. It cannot be the cause of an 
overestimate of total deposition by Brown, Cooke, Ney 
and Hatch’, because they sampled fractions of exhaled 
breath with electrostatic precipitators which were ventil- 
ated only during exhalation. 
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Development of Neuronal Activity in 
Neocortex of the Kitten 


MAMMALIAN cerebral cortex undergoes rapid structural 
changes during the postnatal period. Dendritic con- 
nexions increase in number and complexity, the volume 
of neurone somata imcreases, and myelination occurs in 
subcortical and cortical fibres!. Little 1s known about the 
functioning state of cerebral neurones during this period 
of rapid development. In kittens, spontaneous and evoked 
activity has been recorded from the cortical surfece during 
the ‘new-born’ period, but such records have been difficult 
to interpret?*. For example, it is not possible to be 
certain whether the activity recorded from surface 
originates in cortex itself, or 1s transmitted from sub- 
cortical structures. In the present investigations, re- 
cordings were obtained from single cortical neurones and 
from subcortical fibres in unanaesthetized, unrestramed 
kittens. The results indicate that large parts of neocortex 
in the kitten are electrically silent at birth, but that 
neuronal activity rapidly develops in the postnatal period. 
The early patterns of neuronal discharge show striking 
differences from those seen in adult animals. 

The technique used was similar to that described by 
Hubel and by Evarts for recording from unenaesthetized, 
unrestrained adult cats. A metal cylinder, to which a 
hydraulic microdrive could be attached, was implanted on 
the skull under general anaesthesia. Attachment of the 
cylinder to skull was secured by use of dental cement. The 
animals were allowed to recover from the aneesthesia 
before recordings were obtained. 'The microelectrodes 
used were glass-insulated platinum-iridium wires’. A 
stroboscopic light was used to evoke flash responses in 
visual cortex and in optic radiations. The electrocortico- 
gram was recorded from stainless steel wires placed on 
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the dura. Recordings were obtained from lateral and 
suprasylvien gyrus, and from geniculate radiation fibres. 
Twelve kittens, aged from 1 day to 2 weeks, were used in 
the investigations. 

Activity was already occurring in subcortical fibre 
tracts at birth. In optic radiations, responses to flash 
could be recorded in neonatal animals, indicating that 
retina, optic nerves, and lateral geniculate neurones were 
capable of some degree of function at this age. The 
flashes were presented through closed eyelids. The 
latency from flash to unit discharge was considerably 
longer than in the adult, varying between 120 and 250 
msec. In addition to evoked discharges, subcortical 
fibres in neonatal animals showed occasional spontaneous 
activity. This consisted of brief bursts, with intervening 
periods of silence which lasted for many seconds. 
Neighbouring fibres discharged synchronously during a 
burst of activity. Bursts were often associated with 
muscular twitches, end such twitches, which involved 
museles of extremities, neck, face and ears, were very 
prominent when the kittens were asleep. 

In contrast to the findings ın subcortical fibres, cortical 
areas from which recordings were obtained showed no 
evidence of either spontaneous or sensory evoked neuronal 
activity during the first three days after birth. Occasional 
positive spikes of rather long duration (up to 20 msec) 
were observed as the electrode penetrated cortex. These 
persisted for only a few seconds, and showed a rapid 
decrease in amplitude. Such spikes probably represented 
injury discharges due to mechanical distortion of other- 
wise silent cortical neurones by the recording electrode. 
They differed from injury discharges in adult cortex m 
that rapid repetitive firing did not occur. 

Both evoked and spontaneous activity appeared in 
cortical neurones at about the same time—between ages 
of 4 days and 2 weeks. Active cells were quite rare m 
4-7-day-old kittens, and at times several penetrations of 
a whole thickness of cortex had to be made before an 
active neurone was encountered. Flash responses had a 
latency of 100 msec or longer. Inhibition of spontaneous 
firing by flash, which is a frequent finding in adult 
cortex, has not been observed ın kittens less than 2 weeks 
old. However, the failure to see inhibition may be due 
to the very low rates of spontaneous discharge in ım- 
mature neurones, rather than due to the absence of 
inhibitory connexions. Mean, rates of spontaneous activity 
during the first two postnatal weeks ranged from only 
l spike/min to 1 spike/sec, as compared with a mean 
discharge rate of 7-8 spikes/sec in the same cortical areas 
in adult cats’. The pattern of spontaneous activity 
also showed differences from adult cortex. Cortical 
neurones in animals less than 2 weeks old character- 
stically discharged in brief bursts of 2-10 spikes, followed 
by prolonged periods of inactivity, which at times 
lasted for several minutes. More prolonged bursts, 
or regular, sustained spike discharges, were not seen in 
immature cortex. Unit activity in immature cortex often 
was synchronous with muscular twitches, similar to the 
findings in subcortical fibres. 

Most of the recordings in this mvestigation were ob- 
tained during sleep; the reason for this is that records ın 
waking kittens tend to be obscured by movement artefact. 
A. few units were investigated after arousal of the animals, 
but these showed no obvious changes in discharge patterns 
from those found in sleep. In kittens less than 10 days 
old it was at times difficult to be certain whether an 
animal was asleep or aweke, since the electroencephalo- 
gram. patterns associated with sleep and waking in adults 
were as yet absent. 

The present observations indicate that cerebral cortex 
in the areas investigated 1s not in a functioning state at 
the time of birth. Impulses in afferent fibre tracts are 
reaching cortex at this stage of development, but cortical 
neurones are not activated by the afferent volleys. The 
earliest activity in cortical neurones shows httle of the 
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complexity seen in adult cerebral cortex. It consists of 
discharges in brief bursts which appear to occur syn; 
chronously in large neuronal populations, and which 
correlate with muscular twitches in the animals. 

This work is supported by the National Institutes of 
Health. 
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Polarized Light Responses from Crab Retinula 
Cells 


Like many other arthropods, crabs can orientate them- 
selves to plane polarized light?, and it has been shown 
that single retinula cells of the fly can respond differentially 
to the plane of polarization®~‘. 

Evidence from vertebrate rods indicates that the photo- 
pigment chromophore is strongly dichroic and highly 
orientated only ın the plane. parallel to the rod disk 
membrane®. It is an attractive possibility that the pig- 
ment chromophores in the arthropod rhabdom are arranged 
both parallel to the membrane and in line with the axis 
of the regularly arranged tubules which make up the 
rhabdom structure. This would provide a polarization 
analyser, in contrast to the vertebrate arrangement. 

The decapod Crustacea provide an opportunity for 
investigating this conjecture in that they have only two 
alignments of rhabdom tubules at right angles to one 
another, in a regular array across the eye®*. 

Freshly excised eyes of Carcinus maenas were mounted 
in sea water in a small chamber, locking out through a 
glass coverslip. An optical perimeter allowed a small 
bright source (0-3° at the eye) to be located on, the visual 
axis of a cell. Care was taken to see that the emerging 
light was at this stage non-polarized. A ‘Polaroid’ sheet 
that could be rotated through 360° in 15° steps, and an 
interchangeable set of neutral density filters, were inter- 
posed in, the beam. 

The procedure was to locate a retinula cell through a hole 
in the cornea, using conventional intracellular microelec- 
trode techniques, find its optical axis, and rotate the ‘Pola- 
roid’ through successive positions in between repetitive 200 
msec light flashes. This produces a differential. response 
with a minimum sensitivity at ‘Polaroid’ positions 2 and 
14 in the example shown (Fig. la). Adaptation during 
a series of flashes is usually negligible as can be judged by 
the symmetry of the responses. Measurements are taken. 
from the ‘Polaroid’ positions at minimum sensitivity where 
adaptation, is least. The-angle of the ‘Polaroid’ for maxi- 
mum. stimulation relative to a particular row of ommatidial 
facets in the region, of interest is noted so that measure- 
ments on different eyes can, be related. 

Relative to this co-ordinate, cells fall into two well- 
defined groups with maximal polarization-sensitivities 
90° apart (Fig. 1d). 

Should recording conditions be stable enough, it is 
possible to plot the intensity-response curve (Fig. 1b), 
and the response to constant flash.at different angles to the 
optical axis (Fig. lc). The equivalent angular sensitivity 
curve is then calculated’, and in this case, when corrected 
for refraction and a scale error of the stimulator, the 
acceptance angle at half sensitivity in the vertical plane 
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for the animal is 2-5°. This is representative for the few 
accurate measurements made. 

Likewise, data in Fig. 16 can be used to measure the 
actual sensitivity to light polarized in different planes. 
Fig. la represents a 7-7-fold change in sensitivity between 
response extremes: it is equivalent to a change in light 
intensity from 100 per cent to 13 per cent, or 0-89 log unit. 
This would seem to be representative for the few cells 
accurately measured so far. It contrasts with a change of 
about 0:3 log unit in the fly? and 0-1-0-7 (mean 0-37) 
in the locust}*, where all the cells appear to respond to 
some extent. Other date from the fly* are more difficult 
to interpret, especially as only half the cells are claimed to 
be selective and yet no figures for the lower limit of detec- 
tability are given. A conservative, estimate of 0-05 log 
unit would be appropriate in the present work, which 
would be difficult to distinguish from, Fresnel artefacts. 
Cells differ considerably in their intensity-response curves 
so that it is necessary to determine each individually 
if accurate comparisons are to be made or response 
saturation, avoided. The large differences in polarization 
sensitivity between cells and between animals presumably 
reflect a greater degree of alignment of rhabdom tubules 
or of pigment within them. | 

Neither the polarization plane for maximum response 
nor the actual sensitivity to polarized light changes measur- 
ably on altermg the angle of incident light either in crab 
or locust, although this can necessarily be varied only 
over a small range because of narrowness of receptive 


field. For the locust, removal of the experimental cham- 


ber glass window does not affect the response, and simul- 
taneous recordings from two electrodes in one ommatidium 
on. one occasion showed that two different cells had peak 
responses at polarization planes 60° apart. In this case the 
rhabdom is the only structure in the optical path which is 
not shared by both cells. This evidence militates against 
the alternative that the polarization responses reported 
here are artefacts due to extrinsic Fresnel reflexion 
effects at some interface, producing intensity differences 
on the receptors. Such effects would in any event be 
much too small to explain the response magnitudes ob- 
served unless multiple reflexions were irfvolved, and these 
are certainly not present here. - 

Taken with this evidence, the finding in the crab of 
two groups of cell with maximal polarization sensitivities 
at right angles to one another (Fig. 1d) reinforces the belief 
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Fig. 1. a-c, Responses from the same crab retinula cell to flashes of light. 
Calibration pulses are 10mV and interflash intervals 2-6 sec throughout. 
(a) Response to flashes at different planes of polarization of incident light. 
A ‘Polaroid’ sheet is rotated 15° between flashes. (6) Approximate 
response-log intensity curve plotted directly from the response by remov- 
ing peutral density filters from the beam From the right, successive 
cee enue are 0, 0 8. 0-7, 1:0, 13, 1-7, 20 (e) Response to the 
light source attenuated by 0-7 log unit when moved across the receptive . 





field in equal 0 7° steps (corrected, see text) (d) Plane of polarization 
relative to the eye (abscissa), against numbers of cells with each-orlenta- 
tion of maximal sensitivity (ordinate) Forty-seven cells 
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that the photopigment orientated in the rhabdom tubules 
constitutes the polarization analyser. This view is streng- 
thened by recent work on, selective adaptation of Octopus 
electroretinogram with polarized hght™. 

STEPHEN R. SHAW 
Gatty Marine Laboratory and Department of Natural 
History, 
University of St. Andrews. 
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Dissociation between Antidiuretic and 
Vasopressor Activity in Rat Posterior 
Pituitaries on Incubation in vitro 


Ix an investigation designed to investigate whether the 
release of vasopressin (ADH) from rat posterior pituitaries 
an vitro would be a reliable index of the discharge of this 
hormone ¿n vivo, a dissociation between, antidiuretic and 
vasopressor activity was found on incubation in the 
posterior lobe as well as in the medium. 

Male white rats weighing from 170 to 270 g were 
anaesthetized with an intraperitoneal injection of 4-25 mg 
of sodium pentobarbitone per 100 g. After 30 min the 
animals were decapitated and the posterior pituitary was 
quickly removed and weighed to the nearest 0:05 mg on 
a torsion balance. The gland was either submerged in 
0-1 ml. of 0-1 N hydrochloric acid for extraction of peptide 
material or it was placed in flasks containing 2 ml. of 
Krebs—Ringer-bicarbonate glucose (200 mg per cent) at 
37° C and shaken for 1 h in a Dubnoff metabolic shaker 
under 95 per cent oxygen and 5 per cent carbon dioxide. 
At the end of the incubation the posterior pituitary was 
removed and extracted in the same way as the fresh 
posterior lobes. Glands were ground with a glass rod and 
were diluted with saline after complete destruction, before 
assay. The material present in the incubation medium 
and in the posterior lobes was immediately assayed for its 
antidiuretic and its vasopressor activities. 

Antidiuretic potency was determined in the female 
rat anaesthetized with alcohol! and the vasopressor 
potency was measured in the male rat pretreated with 
dibenzyline and anaesthetized with urethane?. A 4-2 
dose assay was carried out using purified lysine vasopressin 
(Organon, N.V., Oss, Holland) as the standard. 

Table 1 summarizes the results. The amount of anti- 
diuretic and vasopressor activity before incubation varies 
considerably from gland to gland. The two actavities 
did not, however, differ significantly. The data are in 
agreement with those of others?-5. After 1 h incubation, 
the posterior lobe had lost nearly all its antidiuretic 
activity, while the vasopressor activity was reduced only 
slightly. The antidiuretic activity seemed to have been 
released into the incubation medium, as the amount present 
in the medium did not differ significantly from that 
which had disappeared from the posterior lobe during 


Table 1. ANTIDIURETIC AND VASOPRESSOR POTENCY OF POSTERIOR 
PITUITARY TISSUE AND OF INCUBATION MEDIUM 


Posterior pituitary extract 


Before After ih Incubation 
incubation incubation medium 
Antidiuretic activity 1-29* + 0-49}  003+0-01 1-134018 
P<0-01 P<G Ol 
Vasopressor activity 0 68 + 9-10 0-62 +0 28- 0-04 40-01 


> y /mg fresh posterior pituitary. 
+ Mean of six assaysi+atandard error of the mean. 
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incubation. Accordingly, incubation of the posterior lobe . 


gave rise to a dissociation between, the two activities of the 
posterior lobe principle. 

Since the isolation, structure-analysis and synthesis of 
vasopressin by Du Vigneaud et al., ıt has been taken for 
granted that this peptide (with a vasopressor/antidiuretic 
activity ratio of unity) is the principle formed and stored 
in the supraoptic-neurohypophysial system. Recent 
data from Sachs and Takabatake® suggest, however, that 
vasopressin may be formed in the form of a precursor 
which is transformed into the active principle on trans- 
portation to the posterior lobe. 

The present experiments reveal that at least two prn- 
ciples are present in the posterior lobe on incubation, 
one with mainly vasopressor and one with mainly anti- 
diuretic activity. It may be that changes have taken 
place under the present artificial conditions with the 
consequent formation of two factors with different 
diffusion characteristics. It is also possible that the 
precursor molecule is transformed into peptides of different 
biological activities. This may occur not only in vitro 
but also in vivo, since Hild and Zetler? showed that the 
antidiuretic activity of the hypothalamus was lost before 
the vasopressor activity when dogs were dehydrated for 
several days. 
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IMMUNOLOGY 


Suppression of Homograft Immunity in 
Chickens grafted in ovo with Allogeneic 
Thymus 


No convincing evidence exists which demonstrates 
that mammalian thymus cells can directly express their 
immunological activity. It has been assumed, therefore, 
that the immunological role of the thymus is an indirect 
one, that is, that it supplies the ‘executive’ part of the 
immune machinery of the body with cells the replication 
of which may well be required to establish normal im- 
mune function. Nevertheless, the relationship of thymus 
cells to the plasma cells as well as to the population of 
small lymphocytes (which has been considered to be linked 
with several immune manifestations including tolerance?*) 
is still obscure. A similar concept could be applied to the 
immunological function of the thymus in birds. However, 
some observations made in chickens have suggested that 
cells derived from the thymus might be properly qualified 
to induce directly an immune response or at least to 


` participate in it’-?, This report provides some evidence 


to show that the thymus is capable of inducing a state of 
tolerance to skin homograft in the chicken. 

Non-inbred Rhode Island Red embryos and chickens 
of unknown blood group genotype and parentage were 
used in this investigation. Thymuc lobes were aseptically 
removed from 8-week-old donor animals and cut into 
pieces varying in size from 2 x 3 mm to 2 x 4 mm. 
One piece of thymus was placed on the ectodermal layer 
of the chorioallantoic membrane of 12-day-old embryos. 
The method of implantation was essentially that developed 
by Ballantyne’. Grafted embryos were divided into four 
groups. One group was killed on the fifteenth, another 
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on the eighteenth, and the third group on the twenty-first 
day of incubation. Thymus grafis, chorioallantoic mem; 
brane and spleen were taken for histological examination. 
The fourth group of embryos receiving grafts was allowed 
to hatch, and 3-week-old chickens from this group were 
used as recipients of skin homografts. For this purpose, 
the same chicken which served previously as the thymus 
donor was now used as the skin donor. Skin grafts 
1-5 mm x 1-5 mm were taken from the thorax of the 
donor and transplanted to the corresponding place on 
the chest of recipient chickens. Six days after trans- 
plantation the adhesive dressing was removed and daily 
observations made of the skin grafts. The intensity of 
the reaction was graded grossly. No attempts were made 
to find haemagglutinins for donor red blood cells in the 
sera of chickens grafted in ovo with thymus. 

Three days after transplantation on chorioallantoic 
membrane, histological examination of thymus grafts 
revealed various degrees of vascularization. There were 
no signs of necrosis, and the cellular architecture of the 
implants was well preserved; however, grafts taken from 
18- and 21-day-old embryos showed cell depletion of 
varying intensity. 

In 15-day-old grafted embryos the spleen sinuses were 
filed with mononuclear cells of different types, whereas 
such cells were rare in the sinuses of non-grafted embryos 
(Table 1). Occasionally, some of these cells exhibited the 
earliest characteristics assigned to the plasmacellular 
elements. Six days after grafting, necrotic foci surrounded 
by multi-nuclear giant cells appeared in the spleen. No 
necrotic lesions were observed in the control embryos. 
In a number of spleen sections, a well-defined empty 
reticular structure was seen 9 days after transplantazion. 
At that time of incubation (21 days) the spleen of embryos 
receiving grafts was larger than in the intact controls 
(Table 2). 


Table 1. HISTOLOGICAL FINDINGS IN SPLEEN AND CHORIOALLANTOIO 
MEMBRANE OF 15~-21-DAY-OLD EMBRYOS GRAFTED WITE THYMUS 
Spleen Chorioallantoic 
Mononuclear Empty membrane 
Group cells in retic- Necrotic Cellular Necrotic 
sinuses ulum lesions infiltration Issions 
Control + 0 0 0 0 
Gratted + + + ‘ + + ++ +} + +++ + + 
Table 2, SPLEEN WEIGHT OF EMBRYOS GRAFTED WITH ALLOGENEIO THYMUS 
ay wari (mg}* 
Group 16-day-old 18-day-old 21-day-old 
Control 11-2 ‘ 40-2 13°23 
Grafted 10°6 10-9 31-0 


* Mean represented by five embryos. 


Table 3. SKIN HOMOGRAPT REJECTION IN 3-WEEK-OLD CHICKENS GRAFTED 
in ovo WITH ALLOGENEIC THYMUS 


Gross rejection at 


6 drys 9 days 18 days 
Group Not Rejec- Not Rejec- Not jec- 
rejected ted rejected ted rejected ted 
Control Q 14 
Grafted 13 0 10 3 4 9 


Extensive cell infiltration of the chorioallantoic məm- 
brane was observed in embryos receiving grafts (Table 1). 
Cell aggregates consisted mainly of mononuclear cells, 
medium and large lymphocytes, a few small lymphocytes, 
reticulocytes, blasts and some unidentified cells. This 
cell population showed a marked deficiency in ribonucleic 
acid. Cellular formations resembling the Hassall’s 
corpuscles in the thymus were noted in the chorioallantoic 
membrane. Six and nine days after transplantation 
necrotic lesions occurred in the chorioallantoic tissue. 

The results are presented in Table 3 of skin homograft 
rejection in 3-week-old chickens. All chickens which were 
not grafted at the embryo stage with thymus material 
rejected skin homografts in a manner indistinguishable 
from the rejection observed in an additional group of 
control chickens hatched from sham-operated eggs. The 
rejection was complete 6 days after grafting. At that time, 
the skin grafts in chickens which had been implanted 
én ovo with thymus material were in excellent condition. 
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Four of thirteen chickens of this group showed no signs of 
homograft rejection even at 18 days. 

Our observations indicate that implantation of allo- 
geneic thymus on the chorioallantoic membrane of 12- 
day-old embryos induces a graft-versus-host reaction, 
thus providing further evidence for the immunological 
competence of chicken thymus cells. Splenomegaly is 
presumably produced by proliferating host cells as well 
as by colonization of the spleen with cells coming from 
the implant®. The same could be said for aggregates of 
cells in chorioallantoic membrane? ™, 

Another important feature of this investigation is the 
induction of partial tolerance to skin homograft following 
in ovo transplantation of thymus /from adult chicken. 
This state of tolerance is probably due to the lympho- 
cytes of a number of embryos being immunologically 
immature at the time of grafting'*—assuming that skin 
and thymus cells share common isoanfigens. It can also 
be argued that cells deriving from the thymus graft are 
‘accepted’ by recipient animals, and that such cells 
continue to multiply and differentiate in lymphoid tissues 
of the host resulting in partial suppression of homograft 
immunity. Both explanations imply the persistence of 
antigen in the host**—although the second assumption 
assigns a more functional role to donor thymus cells in 
the initiation and maintenance of tolerance. The latter 
seems acceptable when the part played by thymus- 
dependent lymphoid tissue in delayed hypersensitive 
responses of the chicken is taken into account4-?’. 
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Foundation for Scientific Research. . 
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Anti-ribonucleic Acid Factors in the Sera 
of Germ-free Animals 


WHEN an animal is subjected to prolonged immuniza- 
tion, with ribosomes (of whatever origin), its serum becomes 
progressively endowed with NG I antibodies*, which 
specifically precipitate various types of RNA and all 
the synthetic polyribonucleotides so far testedt»4. On 
the other hand, these sera and the sera of animals not 
immunized against ribosomes both contain NG II globu- 
lins*: these factors precipitate poly-I and poly-U only; 
however, the reaction is specifically inhibited by various 
RNAs (and by either poly-A or poly-C) but not by DNA. 
We have reason to believe that NG IT factors in equine 
serum are antibodies which pene to the 7S globulin 
* NG, anti-nucleic acid globulins. 
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fraction recently described by Sandor et al.5. However, 
we have previously shown that the sera of animals not 
immunized against ribosomes contain these factors in 
amounts of from ten to twenty times less than those found 
in immunized animals’. 

We were faced with the question of whether the presence 
of NG II in the sera of animals not immunized by ribo- 
somes represents a response to an exogenous stimulus, 
that is, to ribosomes of bacterial origin. 

To answer this, we undertook a comparative investiga- 
tion of the sera of germ-free and conventional animals 

The germ-free animals were Wistar sats descended from 
rats received from the Lobund Institute in June 1960. 
The control rats were also from this source. 

The polyribonucleotides, obtained from Miles Chemical 
Co., were re-purified and the fraction containing products 
of higher molecular weight used. The RNA was a ribo- 
somal RNA prepafed from Hscherichia coli K 12. Pre- 
cipitation reactions, either in serum or in 0-14 M sodium 
chloride, 0 005 M tris, at pH. 7-4, and the analysis of the 
precipitates were carried out by methods already 
described, 

In the first series of experiments, immunological reac- 
tions were carried out with the sera of germ-free and con- 
ventional animals. The results are shown in Table 1 (each 
mean value represents three to twelve animals). 

(a) Sera from either conventional or germ-free rats 
precipitated the poly-I. The age of the rat made no 
difference to the percentage of poly-I precipitated. 

(6) For the same dose of poly-I, the quantities of con- 
ventional serum proteins present in the precipitate 
increased between the first and third months, but did not 
vary noticeably thereafter. 

(c) For sera of both germ-free and conventional 
animals, the quantity of protein present in the precipi- 
tates increased with the quantity of poly-I added. 

(d) This reaction has the same specificity character as 
has been observed in rabbit, goat, horse and human sera®:’, 
as the precipitation is inhibited by RNA and by both 
poly-A and poly-C, but not by DNA or poly-U. 

It is possible to utilize, instead of the sera, the euglobulin 
fractions obtained during dialysis against a medium of 
low ionic strength at pH 6-3 (refs. 4 and 7). These frac- 
tions contained all the NG II factors. The quantity of 
eugiobulins present in conventional sera was 10-90 per 
cent higher, depending on age, than that present in germ- 
free sera. For conventional rats, the concentration 
increased continuously with age; in the case of germ-free 
sera, the concentration remained unchanged after the 
third month (Table 2). 

Furthermore, the results listed in Table 3 (mean values 
obtained for three to fourteen, animals) indicate that the 
percentage of poly-I precipitated increased regularly 
with the decrease in the quantity of poly-I added. The 
percentage of poly-I precipitated reached about 15 per 
cent for a ratio “euglobulin added/poly-I added” greater 
than 40, whereas the ratio “protein precipitated/poly-I 
precipitated”’ stayed about unity. 
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These results show that an important proportion of the 
euglobulins did not represent NG II factors. It was 
Possible to purify and to concentrate NG II by a previously 
described method?*: dissociation of the specific precipi- 
tate obtamed from the euglobulins by | M magnesium 
chloride or 2 M lithium chloride. The proteins went into 
solution and behaved as NG IT factors, similar to those 
obtained from the sera of animals of other species. 

In one experiment, we prepared NG II from two euglo- 
bulin pools obtained from conventional (thirty-two rats) 
or germ-free (twenty-eight rats) sera. In the case of con- 
ventional rats, 15 ml. of serum produced 21 mg of euglo- 
bulins and this in turn gave 2-2 mg of NG II. Thus about 
140 ug NG II was produced per ml. of serum. Jn the case 
of germ-free rats, 12 ml. of serum yielded 9 mg of euglo- 
bulin, which in turn gave 0-8 mg of NG II, that is, 66 
ug/ml. of serum. 

The conventional or germ-free factors showed an 
identical activity (Fig. 1). Moreover, the precipitation 
curves exhibited the usual aspects of immunological 
precipitation, and characteristic zones of equivalence 
end of inhibition ın excess of antigen were present. 

Finally, poly-I precipitation, in both conventional and 
germ-free NG II, was inhibited by poly-A, poly-C and 
RNA, but not by poly-U or DNA. 

A second purification by dissociation of the new pre- 


eipitates yielded about 50 per cent values. After a third 


purification, this quantity remained unchanged. 

The results presented here suggest a physiological 
explanation of the synthesis of NG Il factors. Accordingly, 
these factors result from a normal globulin synthesis 
which could be due to autologous immunization (for 
example, by the animal’s own ribosomes liberated as a 
result of endogenous cytolysis). On the other hand, it is 
also possible that the properties of NG IT reflect an 
intrinsic quality of certain normally synthesized globulins. 


Table 1. Pouy-I PRECIPITATION (MEAN VALUES) WITH RAT SERA 
Conventional rats Germ-free rats 


BE HE 
Age FPoly-I Protein Poly-I Poly-I Poly-I Protein Poly-I Poly-I 


of added/ precip- precip- precip- added/ precip- precip- precip- 
rats mi. itated itated itated mal. itated itated itated 
serum (ug) (ug) (%) serum (ag) (ug) (%) 
1 205 108 22 10-7 205 127 20 9-7 
mth 502 177 69-8 139 380 152 42 1 
221 160 4 108 218 141 27 12-4 
mths. 652 825 58 105 550 212 59 107 
8-10 218 157 22 10°1 216 118 16°7 77 
mths. 550 331 59-4 10-8 300 165 278 92 
12 218 111 16 73 
mths 552 252 445 8 
Table 2, “EUGLOBULIN” CONCENTRATION IN CONVENTIONAL AND GERM- 


FREE RAT SERA 
mg Buglobulin/ml. conventional mg Euglobulin/ml. germ-free 


serum serum 
Protein values (mg/ml ) Protein wane? (mg/ml,) 


Age No. Maxi- Min- No Maxi- nl- 
of of mum mum Mean of mum mum Mean 
rats rats value value value rats values value value 
1 3 18 12 16 4 1:6 0 98 13 
mth. 
3-4 9 6-9 1-08 2 58 13 2 96 14 23 
mths. 
6-8 22 4-2 1 54 29 15 38 1:4 2 4 
mths. 
9-12 4 91 25 4R 6 28 14 2 54 
mths. 
Table 3. PorY-I PRECIPITATION (MEAN VALUES) BY EUGLOBULINS 


Conventional rat euglobulins Germ-free rat euglobulins 


HE HE 
Poly-I Protein Poly-I Poly-I Poly-I Protein Poly-I Poly-I 
Age added/ precip- precip- precip- added/ precip- precip- precip- 
of mg itated tated itated mg itated itated tated 
rats eon (ug) (g)  (%) engia. (ug) (g)  (%) 
n 


ulin 

1 39 59 48 12 44 68 5 2 11°8 
mth. 240 13°8 141 59 396 187 215 54 
407 18 6 56 640 21 242 3°8 

3-4 30 Gi 44 147 54 59 49 9 
mths. 146 92 115 78 280 8 82 35 
260 a 11°8 4-5 769 8 9 1k 
6-8 58 8-3 6 4 11 52 9-2 6°5 125 
mths. 210 19 213 9 210 193 248 117 
640 28. 85-1 54 460 242 31 4 6-8 
10-12 63 "a 42 67 88 52 137 

mths. 195 ~N 8 4-1 205 16 4 8 

640 23 36 350 21 6 
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The precipitation of poly-I is, indeed, only an indication of 
the presence of factors which have the biologically impor- 
tant property of combining with RNA to give soluble 
complexes’. It is possible that, in certain cases, such a 
combination could maintain, or even reinforce, the 
functional value of the RNAs. Although auto-antibodies 
are usually referred to as negative (unfavourable) because 
of their pathological consequences, we suggest, on the 
basis of our results, that some auto-antibodies exist as 
positive (favourable) elements in the organism, which 
are synthesized by it and necessary to it. 
JACQUES PANIJEL 
Parmipre CAYEUX 
Service des Streptocoques, 
Institut Pasteur, Paris, 15. 
EDMOND SACQUET 
Heotror CHARIIER 
Centre de Sélection des Animaux de Laboratoire, 
C.N.R.S., Gif s/Yvette. 
? Barbu, E., Panijel, J., and Quash, G., Ann. Inst. Pasteur, 100, 725 (1961). 
* Panijel, J., Rev. Franç. des Etudes Clin. et Biol., 8, 113 (1968). 
> Panijel, J., O.R. Acad. Sci., Paris, 257, 798 (1968). 
1 Panijel, J., Souleil, C., and Cayeux, F., Science, 152, 773 (1966). 
š Sandor, G., Korach, S., and Mattern, P., Nature, 204, 795 (1964). 
° Panijel, J., and Barbu, B., Path. ed Biol., 0, 2248 (1961). 
? Panijel, J., C.R. Acad. Sci., Paris, 256, 4540 (1963). 


RADIOBIOLOGY 


Photosynthesis and Uptake of Strontium-85 in 
Freshwater Plankton 


Amone the radioisotopes which are assimilated differenti- 
ally in light and dark by phytoplankton or macrophytes are 
phosphorus-32', zinc-65%, strontium-89 and 90%, molyb- 
denum-994 and caesium-1375. This communication con- 
siders this effect for strontium-85 in relation to primary 
productivity. 

Rice’s work with radioactive strontium? indicated 
assimilation by twelve species of marine algae (mostly 
planktonic) to be primarily by ion exchange, but at differ- 
ent rates for different species. Cells killed by acid or 
heat took up strontium by adsorption or exchange, and 
the process was complete within minutes. In a light- 
dark experiment living cells kept in the dark for 72 h did 
not concentrate strontium to significantly greater levels 
than killed cells, but illuminated cells accumulated 
strontium with increasing population, size and in propor- 
tion to the rate of cell division. Most of this radioactivity 
was exchangeable. 

Fig. 1 shows light and dark uptake of strontium-85 
by organisms in water obtained from a depth of 2 ft. in 
Melton Hill Lake, Oak Ridge, Tennessee, on August 
26, 1964, and incubated in a controlled environment 


sSr assimilation 
(d.p.m. mi~? uptake/d.p.m. ml.-! available x 10°) 





Time (h) 


Fig. 1. Light and dark assimilation of strontium-85 by a freshwater 
plankton aggregation as a function of time 
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SSr assimilation 
(d.p.m. ml, uptake/d.p.m, ml, ~! available 
x 10* per h) 


Suspension depth (ft.) 
Water temperature (°_C} 


f 
_ Sr assimilation - 
(d.p.m,. mi uptake/d.p.m. ml. avatlable x 10* per h) 


Fig.2. Assimilation ofstrontium-85 by plankton collected from a depth 
of 8 ft. in Melton Hill Lake on July 29, 1964, and suspended tn situ for 
6h at various depths. Initial phytoplankton concentration was 4-1 x 10° 
cells/ml. Principal genera were Synedra and Navicula; minor species 
were from <Achnanthes, Chia 


ere mydomonas, Oocystis, Scenedesmus, Pern- 

dinium and Euglena. {a) Assimilation in dark as a fanction of tom- 

prani (three replications at each suspension niche (b) Assimilation 

n light as a function of suspension ite {means of three replications, 
with two standard errors on either side cf each mean) 


chamber (temperature about 25° C, light about 1,000 
ft.-candles, photoperiod 12 h). Initial phytoplankton 
concentration was 36-6 x 10°? cells/ml., and principal forms 
were Achnanthes, Navicula, Synedra and an unidentified 
green, alga with lesser concentrations of Chlamydomonas, 
Chiorella, Oocystis, Peridinium, Scenedesmus and Synura. 
Initial uptake of strontium-85 proceeded rapidly in both 
light and dark, but assimilation in light became greater 
after 6 h. Both light and dark samples showed a decrease 
in cell radioactivity for about 24 h, ‘after which the dark 
material remained approximately constant while the illumi- 
nated samples showed a linear increase with time. 

The results in Fig. 1 are typical of our experience with 
natural populations from Melton Hill Lake. Not all species 
in a mixed population may be responsible, however, as 
is shown by an experiment with cultured Spongiochloris 
excentrica Starr, which gave no differential assimilation in 
light and dark during 48 h. 

To relate the results of Fig. 1 to light and temperature 
levels, a series of 6-h field experiments were performed 
in situ in Melton Hill Lake. Aliquots of a composite sample 


Me 
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of natural material from the lake were suspended in dark 
and light ‘BOD’ bottles at different levels in the water 
column. The lake was thermally stratified during the 
summer, when this work was performed, providing a 
vertical gradient of ambient temperatures. Assimilation 
under dark conditions in a typical experiment is given 
as a function of temperature in Fig. 2a. The data indicate 
no change in strontium-85 uptake over a temperature 
range of 13-5°-28:5° O; at 28-9° C, however, uptake was 
significantly greater. This was the surface water tempera- 
ture and dark bottles suspended at this level were exposed 
to fairly direct sunlight which may have caused internal 
heating above ambient temperature. From Fig. 2a and 
similar data from other experiments it is concluded that 
strontium-85 assimilation by natural plankton material 
is independent of temperature except possibly at abnor- 
mally mgh temperatures. Thus, metabolism does not 
appear to play a Significant part in the uptake of this 
radioisotope. On the other hand, assimilation in light is 
dependent on light intensity. This is shown in Fig. 2b, 
where the vertical profile of strontium-85 uptake shows an 
exponential decrease with depth which must be related 
to the pattern of hght extinction since temperature is not 
a factor. 

Data such as those of Fig. 2b raise the possibility that 
strontium-85 uptake may be related to primary produc- 
tivity. If it were possible to quantify such a relationship 
over a wide range of organisms and environments, this 
radionuclide could prove useful in the estimation of aquatic 
production because assay of its gamma-radioactivity is 
easy compared with carbon-14. Preliminary comparisons 
of Melton Hill Lake productivity as determined by the 
oxygen method! and by strontium-85 assimilation gave 
results typified by Fig. 3, which shows the same experi- 
ment as Fig. 2. As shown, a linear relation exists between 
net oxygen, production and strontium-85 uptake at low 
and intermediate light intensities (suspension depths of 
6 ft. and below), but at high light levels (0 and 2 ft. 
suspensions) oxygen production was inhibited while 
strontium-85 accumulation continued to increase. Photo- 
synthetic inhibition under high illumination is commonly 
observed when production is determined by oxygen and 
carbon methods. The continued increase of strontium-85 
assimilation with increased light (Fig. 3) has two possible 
explanations: (i) accumulation of the radioisotope is 
related to photosynthesis and photoinhibition of the 
latter is therefore an artefact of the usual methods of 


Net oxygen production 
l (ug ml.™ x 10° per h) 
to to 
© Qe So 


—40 


8Sr assimilation 
(d.p.m. mi. uptake/d.p.m. ml. available x 10° per h) 


Fig. 3. Assimilation of strontium-85 in ght in the Fig. 2 experiment 
as a function of net oxygen production (dissolved oxygen determined 
by the Pomeroy-Kirschman—Alsterburg modification of the Winkler 
method), Suspension depths in ft. are indicated beside each data point 
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measuring productivity, or (ii) uptake is dependent on 
light but the mechanism is unrelated to photosynthesis. 
* The first possibility ostensibly requires both decreased 
oxygen production and decreased carbon assimilation 
since photoinhibition has been amply documented by both 
carbon and oxygen methods. However, recent evidence 
indicates that phytoplankton excrete significant quantities 
of photoassimulate into the medium as dissolved organic 
matter’. If this process was accelerated under intense 
illumination while assimilated strontium-85 were retained, 
then a significant lowering of the photosynthetic quotient 
(oxygen produced/carbon dioxide assimilated) 1n high light, 
involving both reduced oxygen output and increased 
carbon uptake with subsequent elimination, could explain 
the results in Fig. 3. 

The second possibility suggests several alternative 
mechanisms. First. Rice? has indicated that strontium-85 
uptake occurs by adsorption and exchange. The former 
process is a function of surface area so that acceleration 
of cell division by light! could produce increased uptake of 
the radioisotope even though biomass production was 
photoinhibited. Secondly, phytoplankton cells of many 
kinds contain light-sensitive organelles other than chloro- 
plasts, such as stigmata and non-green chromatophores. 
Stigmata are usually thought to function in phototaxis 
and chromatophores in photon capture by accessory 
photosynthetic pigments, but it is conceivable that they 
may also in some way serve in the regulation of mineral 
metabolism. One or both of these mechanisms could 
explain how the assimilation of strontium-85 can be 
dependent on light yet independent of photosynthesis. 
There may be others to consider as well. 

These conjectures indicate that new problems in primary 
production can. be brought to light through investigations 
using radioisotopes, and that further work to establish 
the basis of differential light—dark assimilation of strontium- 
85 and other radionuclides may lead to additional insights 
and clarifications of productivity processes. 

This work was supported by the U.S. Atomic Energy 
Commission under contract with the Union Carbide Corpor- 
ation. We thank Dr. C. E. DePoe and Mr. N. A. Griffith 
for help with field work, and Dr. W. R. Herndon, who 
identified the green alga Spongiochloris excentrica Starr. 
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Effect of Uitra-violet Irradiation on Skin 
Collagen 


Bottoms and Shuster! have shown that when hairless 
mouse skin is exposed to ultra-violet irradiation in vitro 
there is a decrease in the saline and citrate soluble collagen 
fractions; however, the insoluble collagen remains un- 
changed. At the same time, there is an increase in the 
toughness of the pelts. It was suggested that these effects 
of ultra-violet irradiavion were due to increased cross- 
linkage between the collagen fibrils. In the experiments 
described here, we attempted to measure the degree of 
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cross-linkage of mouse skin and kangaroo tail tendon 
collagen before and after ultra-violet irradiation. 

Harwell homozygous hairless albino mice were usetl 
throughout. Their necks were broken, and after a longi- 
tudinal incision made dorsally and ventrally the approxi- 
mately equal half-pelts were removed to the paws, snout 
and tail. Subcutaneous fat was dissected away; the skin 
was dried with filter paper and weighed. One half-pelt 
was exposed to ultra-violet irradiation—the other half 
from the same mouse served as the control. 

Salt-extracted, acetone-dehydrated kangaroo tail 
tendons? were given by the Research Station, Department 
of Agriculture and Stock, Warwick, Queensland, Australia. 
They were re-hydrated by soaking in distilled water for 
24 h and in 0-9 per cent sodium chloride for a further 
24 h. The tendons were then divided into two equal 
lengths, one half being exposed to ultra-violet irradiation 
and the other half of the same tendon being used as control. 

The tendons and skins were placed in glass dishes, 
such that the epidermis of the skin was uppermost. In 
some experiments the tendons and skins were placed 
directly on the glass, in other experiments they were 
placed on a filter paper. The rims of the dishes were layered 
with silicone grease in order to make an airtight joint 
when. they were covered by a quartz plate. The dishes 
containing the control tissues were covered with black 
paper to exclude the ultra-violet irradiation. Irradiation 
was carried out in a refrigerator so as to minimize bacteria! 
decomposition, the dishes being placed at the bottom of a 
refrigerator at — 20° C. The ultra-violet source was from 
a medium pressure mercury are (Hanovia lamp, ultra- 
violet 5.220 are tube type 504/4) and it was directed 
downwards from a point 24 in. above the pelts and 
tendons. Exposures were for 19 or 44 h. At the end of 
the exposure, the temperature adjacent to the tissues 
was never > —4° C. 

The tendons and pelis were weighed before and after 
irradiation. They were then treated in several changes of 
acetone, blotted and the residual acetone allowed to 
evaporate. 

Comparison of the number of cross-links present in 
mouse skin and kangaroo tail tendon before and after 
irradiation was by load-extension and volume fraction 
measurements on the hydrothermally denatured materials, 
using experimental procedures already detailed** in 
conjunction with the Flory-Rehner equation’. Even if 
the absolute values of Me and C are not given correctly 
by the calculation, the relative values for irradiated and 
unirradiated samples are certainly essentially correct. 

The strip of mouse skin (6-0 x 0-5 em) or piece of tendon 
(c. 15 em in length) was soaked in distilled water overnight 
and then transferred to distilled water at 98° C for 30 sec. 
On removal its temperature was immediately reduced 
by quenching in cold water. For each experimental 
condition duplicate strips of mouse skin were prepared. 
All physical measurements were in distilled water at 
65° + 0-1° C after an equilibration period of 2 h at that 
temperature. 

The results indicate that ultra-violet irradiation pro- 
duces an increased molecular cross-linkage between the 
collagen fibrils both of hairless mouse skin and kangaroo 
tail tendon (Mc and C, Tables 1 and 2). The reduced 
capacity of the irradiated collagen to take up water 
(V in Tables 1 and 2) is presumably related to this increase 
in cross-linkage. The present results are in keeping with 
our previous observations that the saline and citrate 
soluble collagen fractions of hairless mouse skin are de- 
creased by exposure to ultra-violet irradiation, because 
the more cross-linked collagens are insoluble in saline and 
citrate. 

These findings may be pertinent to the changes which 
occur in the collagen of ageing human skin. There is.a 
loss of collagen with age both in exposed and unexposed 
skin’, but the collagen which remains is less soluble than 
in younger skin®:? and is more cross-linked®. It is now 
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Table 1. THE EFFECT OF ULYTRA-VIOLET IRRADIATION ON KANGAROO TAIL 
TENDON COLLAGEN. CONTROL AND IRRADIATED TISSUES ARE HALVES OF 
THR SAME TENDON 


Control Ultra-violet irradiated 
Me C y Me C y 
641,000 0-23 0 047 90,200 1-7 0-140 
600,000 0°25 0 084 130,000 1:2 0-114 
501,000 0-30 0-044 103,08 15 0 185 
490,000 0-31 0-061 167,000 0-90 0-129 
470,000 0°32 0-046 264,000 0-57 0-085 
431,000 0-35 0 082 375,000 0°40 0-084 
155,000 1-0 0:132 83,700 1:8 0-153 
111,000 l4 0-158 39,400 3-8 0 153 
99,400 1-5 0'155 36,500 41 0-194 
97,400 18 0-159 50,900 2-9 0:175 
95,200 16 0-141 32,900 46 0-206 
60,100 2-5 e 0167 32,700 4:6 0-215 


Mce, Mean molecular weight per cross-linked, chain segment: C, number of 
cross-links per molecular weight unit of 300,000; V, the volume fraction, 
that is volume of dry material 


volume of water wet material at 65° C 


| 
Table 2. EFFEOT OF ULTRA-VIOLET IRRADIATION ON HAIRLESS MOUSE SKIN. 
THE CONTROL AND IRRADIATED HALE-PELTS ARE*FROM THE SAME MOUSE 
AND THE SYMBOLS ARE AS IN TABLE i 


Control Ultra~-violet irradiated 
Me CG y Me O F 
180,000 09 0125 38,500 4-1 0-206 
151,000 10 0-188 25,700 58 0-212 
102,000 1-5 0189 48,800 $1 a 0-190 
98,700 1-6 0-165 49,000 oil G 219 
95,900 16 0:152 51,700 29 0-180 


clear that ultra-violet irradiation in vitro produces 
collagens with properties resembling those found in 
ageing skin, which result from the production of inter- 
molecular cross-links. The precise mechanism of this 
effect of ultra-violet irradiation will need further eluci- 
dation. 

We thank the Medical Research Council for a grant. 
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ENTOMOLOGY 


Radiation Sterilization of Sugar-cane 
Leafhoppers of the Family Delphacidae 


WE aro at present investigating the possibility of eradi- 
cating sugar-cane leafhoppers of the genus Perkinsiella 
by the sterile male technique as suggested by Knipling?. 
Insects of this genus are economic pests, because they are 
the vectors of Fiji disease? of sugar-cane. 

We have found that the fifth instar nymph is the most 
suitable stage to irrediate, and all irradiations mentioned 
here are those of fifth instars. These irradiations were 
effected by gamma rays from a cobalt-60 source. 

With Perkinsiella saccharicida (Kirk) we obtain sterility 
at 3,500 (females) and 10,000 rads (males). At these dose- 
levels, adult longevity and mating behaviour are not 
significantly affected. Their sperm is motile and thus 
sterility is presumably caused by lethal mutations. A 
dose of 12,000 rads renders a percentage of the sperm 
inactive, but adult longevity and mating behaviour are 
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not sufficiently affected to prevent the use of this dose in a 
sterile eradication programme. A dose of 23,000 rads 
renders the sperm inactive, shortens adult longevity and 
adversely affects wing development. 

In, preliminary release experiments using normal fifth 
instars caged with irradiated fifth mstars we have been 
able to reduce progeny production according to the ratio 
of sterile to fertile insects. 

The results so far indicate that we have a large safety 
margin within which we can produce sterility, without 
significantly affecting sperm motility, mating behaviour 
or adult longevity. 

This work was supported by the Colonial Sugar Refining 
Company, Ltd., Sydney. 
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BIOLOGY 


Morphogenetic Effects of Acidic Glycoproteins 
on the Development of Sea Urchin Eggs 


It is known that certain chemical agents can influence 
the differentiation of the ectoderm and the entomeso- 
derm in the larva of the sea urchin. Thus certain acidic 
organic derivatives which carry sulphonic groups tend to 
favour the differentiation of ectoderrme structures 
(animalization). The animalzing activity of these agents 
increases with their affinity for proteins?. 

It was considered to be of interest to determine whether 
acidic proteins, such as glycoproteins, are also able to 
induce the animalization of larvae. This article reports 
some investigations of the effect of the glycoproteins of 
fraction VI of ox serum (prepared by the method of 
Cohn et al.?). This fraction contains concentrated acidic 
glycoproteins such as orosomucoid and «2-glycoprotein®4, 
and the acidity of these is linked with the presence of 
acetylneuraminic acid in their molecule. 

Fertilized eggs of the sea urchin Paracentrotus lividus 
were cultivated in sea water containing from 2 to 1 
mg/ml. of Cohn fraction VI (obtained from the Nutritional 
Biochemicals Corporation) and a sodic derivative of 
sulphadiazine (M/1,000). Each culture contained in the 
region of 1,000 eggs/ml. 

The larvae which developed under these conditions 
showed the morphological characteristics of animalization 
and radialization. The animalized larvae, however, 
predominated in cultures containing 2 mg/ml. of fraction 
VI, and were hyperciliated blastulae corresponding to 
type 3/4 in Hérstadius’s® classification. The radialized 
larvae predominated in cultures containing 1 mg/ml. 
of fraction VI; these showed a typical radial symmetry, 
a body elongated parallel to the animal—vegetal axis and 
a well-developed pre-oral lobe covered with long, movable 
cilia. The radialization exhibited an attenuated aspect 
of the animalization when eggs were treated with animal- 
izing agents at a concentration slightly less than that 
necessary to induce animalization. 

In the control cultures prepared with the complete 
lyophilized ox serum (2 mg/ml.), the pluteus developed 
normally. The larvae also showed a normal morpho- 
logy with acetylneuraminic acid at the same concentra- 
tion. 

It has been, known. since 1892 (ref. 6) that lithium ions 
tend to favour the development of entomesodermic 
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structures (vegetalization). Eggs cultivated in the 
presence of lithium chloride (6-5 x 10-* M and 3-25 x 
10-3 M) and fraction VI material (2 and 1 mg/ml., respec- 
tively) produced larvae more strongly vegetalized than 
did those ceva in the presence of lithium chloride 
only. 

These eet thus revealed two new activities: 
(1) the animalizing action of acidic glycoproteins of the 
fraction VI of ox serum; (2) the reinforcement of the 
vegetalizing effects of the lithium ions by such acidic 
glycoproteins. 

In the anmmalized larvae, the differentiation of an ecto- 
dermic type extends to territories which, in a normal 
larva, would have formed entomesodermic structures. 
This phenomenon, can be interpreted when it is considered 
that, in territories the differentiation of which is thus 
modified, the genes responsible for the ectodermic differ- 
entiation are derepressed. 

Histones (basic proteins) are able to repress the activity 
of the genes’. According to Frenster®, nuclear polyanions 
by combining with histones can derepress the activity 
of the genes 

Acidic glycoproteins form compounds with histones’. 
I therefore suggest that, ın these experiments, acidic 
glycoproteins, as well as polysulphonic derivatives, by 
combining with basic proteins ‘derepress’ the activity 
of the genes responsible for the differentiation of the ecto- 
dermic structures. This derepression can be observed at 
the level of the genes, at the time of passing on, the genetic 
message, and at the level of the ribosomes when this 
genetic message is translated. Concerning the first sphere 
of activity, it will be recalled that a hormone of a glyco- 
proteic nature, gonadotrophin, has been shown to be 
capable of stimulating the synthesis of RNA within the 
nucleus’. Regarding the second sphere of activity, the 
cytoplasm of the sea urchin egg contains basic proteins 
of the histone type associated with ribosomes"!. 

The second result which was brought to light by these 
investigations is the reinforcement by the acidic glyco- 
proteins of the vegetalizing action of lithium ions. This 
effect suggests an, increase in permeability to the lithium 
ions; such a phenomenon could be attributed to a modi- 
fication of the physicochemical properties of the cellular 
membrane, or to the carrier role of the glycoproteins at 
the time when the lithium ions penetrate into the cells. 


R. LALLIER 


Station Zoologique, 
06-Villefranche-sur-Mer, 
France. 
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Exposure of Cut Flowers to Ethylene in the 
Presence and Absence of Carbon Dioxide 


FLOWERS produce ethylene! *, and ethylene in low con- 
centration has a marked effect on development and 
senescence of the cut bloom?. With gas chromatography 
and flame ionization detection®, it has been possible to 
examine critically the effect of exposure to a concentration 
of 0-05 p.p.m. ethylene on carnations over a range of 
temperature. The time interval between cutting and the 
first appearance of petal wilt can be readily determined. 
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100 Table 2 

5 5 per cent 
BA . Air + Spercent carbon dioxide 
2g Treatment Air 0-05 p.p.m. carbon + 0°06 p.p.m. 
= 6. z ethylene dioxide ethylene 
bs 4 7 days ~0°4°C ; 
dn ‘wet? 9-0 8-2 . 90 88 
Ss A ‘dry’ 88 8-3 i ge 9-0 
oD 4 _@ 1idays ~0-4° C 
. = H- # if # 
a4 ” re . l! vi . 
Sy 50 : Mean 7-6 7-0 8-0 8-0 
Se à Main effects: Carbon dioxide significant at 0 1 per cent level. 
a Ethylene significant at 1-0 per cent level, 
are Interaction: Carbon dioxide x ethylene significant at 1-0 per cent level. 
0 3} i € Each figure is the meam of two samples of ten flowers. 
Sr 
mas a j l 
2 x added ethylene reduced life. Concentration of carbon 
a E dioxide of this order is unlikely to occur unless composition 

0 X amei OÍ the storage atmosphere is purposely controlled, for 

0 50 106 150 Concentrations of 


Accumulated temperature (¿+ 1)d. tin® 0.; din days 


Fig. 1. The effect of time £ temperature snd ethylene in diminishing 
the vase-life of ee , 60° F (158° ©); Lt 50° F (100° ©); A, 
°F (4 4° Ci: O, 35° F (17° 0) 


The number of days between cessation of treatment and 
petal wilt 1s here termed ‘vase-life’ and has been deter- 
mined at 16°-21° C. 

The results of experiments in which carnation blooms 
were kept at different temperatures for various periods of 
time, in the presence and absence of ethylene at 0-05 
p-p.m. concentration, in a continuous stream, have been 
brought together in Fig. 1. The percentage reduction in 
subsequent vase-life induced by exposure to ethylene has 
been plotted against accumulated temperature {t+ 1)d, 
that is, the product of the number of degrees difference 
between, treatment temperature and the approximate 
freezing temperature (— 1° C) and the number of days 
exposed to treatment. 

Thus, an, equivalent reduction of vase-life can be 
achieved by longer exposure at a lower temperature or 
shorter exposure at a higher temperature. It can be seen 
that there is a pronounced drift of the plotted points 
with increase of accumulated temperature. 

Carbon dioxide at 5-10 per cent concentration was 
shown. by Kidd and West‘ to delay the onset of the cli- 
macteric in apples, for the initiation of which it has been 
adduced, that ethylene is responsible. Carbon dioxide in 
concentrations less than 10 per cent has also been shown to 
reduce the efficiency of ethylene in checking the elongation 
of pea seedlings’. 

We have observed a further inhibiting effect of carbon 
- dioxide in that a concentration of the order of 5 per cent 
is sufficient to counteract the effect on the ageing of 
flowers of ethylene at 0-05 p.p.m. Carnation blooms, 
var. “Red Sim’, standing in water (‘wet’) or without 
water (‘dry’) were subjected to constant flows of air, 
air + 0-05 p.p.m. ethylene, 5 per cent carbon, dioxide in 
air and 5 per cent carbon dioxide with 0-05 p.p.m. ethylene 
for 3 and 4 weeks at —0-4° C. The vase-lives recorded 
after treatment and removal to 16°-21° C are shown, in 
Table 1. 

A parallel experiment with cut narcissus blooms, var. 
‘Zurich’, gave the results shown in Table 2. 

Thus storage in 5 per cent carbon dioxide in the presence 
or absence of ethylene resulted in longer subsequent 
vase-life than storage in air, but storage in air with 


Table 1 
5 per cent 
: carbon dioxide 
Treatment Air Air + 5 per cent + 0-05 p.p.m. 
005p.pm, carbon dioxide ethylene 
ethylene 
3 weeks ‘wet’ 8-0 4°7 T4 - 72 
3 weeks * 52 3-0 7.1 6-7 
4 weeks ‘wet’ 6-5 5-0 76 7-4 
4 weeks ‘dry’ 5-5 2-9 7-1 På 
Mean 5-8 3-9 73 7-2 
Maln effects: aron dioxide significant at 0'1 per cent level. 
ylene significant at 0-1 per cent level 
Interaction: Carbon dioxide x ethylene significant at 1-0 per cent lovel. 


Each figure is the mean of two samples of five flowers, 


example, in so-called ‘gas-packs’. 
ethylene of 0-05 p.p.m. with carbon dioxide less than 1 per 
cent may arise, as has been reported earlier’, when card- 
board containers are stacked in: large bulk or when 
flowers are placed in proximity to a source of ethylene 
emanation, for example, ripening fruit, leakage of 
illuminating gas or when fog occurs in built-up areas. 

W. H. Sma 

J. C. PAREER 
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Agricultural Research Council, 
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Maidstone, Kent. 
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Prevention of Ethylene Injury to Carnations 
by Low Concentrations of Carbon Dioxide 


Tue finding that the reduction of the life of carnations 
(that is, the time interval between cutting and first ap- 
pearance of petal wilt) which results from exposure to 
0-05 p.p.m. ethylene is completely counteracted by the 
addition of 5 per cent carbon dioxide to the atmosphere? 
raises the question of what is the threshold concentration 
of carbon dioxide for achieving the effect. 

The threshold concentration of ethylene which will 
produce a significant reduction of life of the cut carnation 
bloom has not been determined. A concentration of 
0-05-0-07 p.p.m. was, however, chosen as one which may 
occur under conditions of normal handling of cut flowers?, 
and is also within the lower limit for accurate determina- 
tion, in which gas chromatography and flame ionization- 
detection are used’. Carnations were kept in an air stream 
of 20 1./h with or without ethylene and with a range of 
concentrations of carbon dioxide from 0-1 per cent (the 
amount present in the emergent stream without addition 
of the gas) up to a maximum concentration of 2-2 per cent 
when carbon dioxide was added. The requisite atmosphere 
was passed through a polythene film envelope enclosing 
the flowers standing in water with 0-003 per cent silver 
nitrate as bactericide. Treatments for 2 and 4 days were 
given ‘at a temperature of 18-3° © and, after removal, 
observation of subsequent behaviour wag made at 18-3° C 
in air at 60 per cent relative humidity. The results of 


Taole i. TOTAL LIFE (IN DAYS) OF CUT CARNATION BLOOMS 


Treatment ‘ 
Air + ethylene Ethylene-free 
Period of O05 p.p.m. + air + 2-2 per 
exposure Ethylene- Air+ethylene 22percent centecarbon Z3.S.D. 


days freeair*® 005 p.p.m * carbon dioxide at 6 
dioxide per cent 
2 8-6 58 89 8-1 level= 1-91 
4 80 > 58 9-7 85 


* 0-1 per cent carbon dioxide in emergent ait stream. : 
Each figure represents the mean of two samples of five flowers each. 
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Fig. 1. Effectiveness of carbon dioxide in checking the reduction of life 
of cout carnation blooms when exposed to 005 ppm. ethylens; O, 
2-day treatment; @, 4-day treatment 


two such experiments made on successive batches are 
given in Table 1. 

Fig. 1 brings together the results of six experiments on 
carnations, in which different concentrations of carbon 
dioxide were used for 2- and 4-day treatment. For con- 
venience, carbon dioxide concentration is plotted on a 
log scale. In one experiment the treatments were given on 
flowers not standing in water, but the responses to ethylene 
and carbon dioxide were unaltered. 

It will be seen that, in the presence of ethylene (0-05 
p.p.m.), the total life of the flowers was only reduced 
below that in ethylene-free air when carbon dioxide 
concentration was less than 0-35 per cent. Above this 
concentration the presence of carbon dioxide resulted in 
slightly increased life over that of flowers in an air stream 
with no detectable ethylene and about 0-1 per cent carbon 
dioxide. This increase in life with carbon dioxide in the 
presence of low concentrations of ethylene has been 
reported before’. 

It now seems evident that a relatively low concentration 
of carbon dioxide is sufficient to overcome the effect of 
ethylene at ordinary room temperature. Partial restriction 
of ventilation, which may result, for example, from close 
stacking of flower boxes, in which concentrations of 
0:05 p.p.m. ethylene and 0-4 per cent carbon dioxide 
occur is not likely to cause reduction of life®. 

W. H. Surra 
J. C. PARKER 
Agricultural Research Council, 
Ditton Laboratory, 
Larkfield, 
Maidstone, Kent. 
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VIROLOGY 


Outbreak of Influenza A/equi-2 in Switzerland 


EQUINE influenza virus was first isolated in 1956 in 
Czechoslovakia!; this original strain was called A/equz-1. 
A. different type (A/equi-2) was recognized in 1963 in the 
United States*. For a number of years the A/equi-1 
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virus was apparently the only type responsible for horse 
influenza in Europe* 4, 

At the middle of March 1965, an epidemic of a serious 
febrile respiratory disease in horses broke out and quickly 
spread to the whole of Switzerland. Investigations were 
carried out on conjunctival and nasal swabs and on lung and 
on blood specimens which had been collected in the 
Federal Army Remount Depot (EMPFA) in Berne and in 
a riding stable in Geneva. 

Isolation assays were made by inoculation of the 
material into the amniotic and allantoic cavity of 11-day- 
old eggs. One out of twelve conjunctival and nasal swabs 
(No. 65-891, Berne) and one out of five lung specimens 
(No. 65-951, Geneva) yielded an haemagglutinating agent. 
These two agents were identified as influenza A/equt-2 
viruses by both haemagglutinating inhibition (HAT) 
and complement fixing (CF) tests. Acute and convalescent 
horse sera, which had been treated with potassium per- 
iodate to remove non-specific inhibitors, were used for 
identification by HAI tests®. The increase in antibody 
titre shown by convalescent sera was found to be almost 
identical when tests were carried out with the same 
number of HAT units of both isolates and of a reference 
strain (A/equi-2/New York/63) (Table 1). CF tests were 
carried out with specific A/equi-2 V-antisera prepared in 
guinea-pigs using the method of Henle et al.. Both 
isolates (Nos. 65-891 and 65-951) reacted as influenza 
Ajfequi-2 viruses (Table 1). 

Acute and convalescent sera of twenty-four horses were 
tested by HAI and CF tests at dilutions of 1:8 and 
higher. After all sera had been treated with potassium 
periodate, HAI tests were carried out with two haemag- 
glutinating (HA) units of A/egui-1/Prague/56 erude 
allantoic fluid and with the same number of HA units of 
A fequi-2/New York/63 ether-treated allantoic fluid?. CF 
tests were performed at the same time with two CF units 
of an influenza A soluble antigen and with equivalent 
amounts of A /egui-1/Prague/56 and A/equi-2/New York/63 
pure particular antigens prepared by the method of Lief 
and Henle*. Three units of complement were used, since 
horse sera are naturally slightly anti-complementary. 

In both tests, only a fourfold or greater increase in anti- 
body titre has been considered as significant. Results are 
summarized in Table 2. They clearly show the evidence 
of a recent Infection with an influenze A/equi-2 virus in 
nineteen out of twenty-four horses by CF test and in all 
horses by HAI test. They confirm that the outbreak of 
respiratory disease in the Swiss horse population was 
caused by influenza A /equt-2. 

Table 1. IDENTIFICATION BY HAEMAGGLUTINATION-INHIBITION AND COM- 


PLEMENT FIXATION TESTS OF AGENTS ISOLATED FROM HORSES AS INFLUENZA 
Ajequi-2 VIRUSES 


Sera 
HAT titres* 


OF titres* 

Antigens Horse No. 1 Horse No. 2 Ajequi-2 anti-Vt 
ren acute convalescent acute convalescent A B 
(nasal swab) <8 $2 <8 32 32 32 
65-951 
(lung) <8 32 <8 32 32 32 
Aflequi-2/New 
York/68 parti- 
cular <8 64 <8 64 64 128 
A fequi-1/Prague/ 
56 particular <8 8 <8 <8 <8 <8 
Influenza A 
S-antigen - ~ — - <8 <8 


* Reciprocals of serum dilutions. 
- +t Ajequi-2/New York/63 V-antisera prepared in guinea-pigs. 


Table 2. NUMBER OF HORSES SHOWING AN INCREASE OF FOURFOLD OR 

GREATER IN ANTIBODY TITRY AGAINST THE INFLUENZA A SOLUBLE ANTIGEN 

AND THE A/jegut-1 AND Ajequi-2 VIRUSES BY COMPLEMENT FIXATION AND 
HAEMAGGLUTINATION-INHIBSITION TESTS 


Number of horses 


CF 
Antigens 4* 8 16 Total  4* 8 18 Total 
Influenza A 
S-antigen 4 7 19 ~ ~ ~ - 
A fequr-1/Prague/56 
particular 1 0-- 1 2 5 1 1 7 


Afequi-2/New York/ 
63 particular 8 8 


è Increase (4 = fourfold increase). 


~ 3 19 4 11 9 24 
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A significant increase in antibody titre against the 
A fequi-1 virus has been found in two horses by CF test 
and inseven by HAI test. Such results have been obtained 
only in animals which showed an increase of eightfold 
or greater in antibody titre against A/equi-2. This is 
more suggestive of a booster response to a common anti- 
genic fraction in the A/egui-2 and in the A/eguz-1 particles 
than of a recent or concomitant infection with the latter 
agent. 

Our own unpublished investigations on horse sera 
collected in Switzerland in 1963 and 1964 show thai at 
this time no animal had any antibody against influenza 
Ajequi-2. It is therefore not surprising that ths virus 
spread quickly and produced serious symptoms when 
introduced in such a receptive population. 

M. F. Pacoaup 
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Oncogenicity of Bovine Adenovirus Type 3 
in Hamsters 


THE prototype strain (WBE 1) of bovine adenovirus type 3 
(ref. 1) is pathogenic for colostrum-deprived calves*, and 
serological evidence indicates that, ın addition to bovine 
adenovirus types 1 and 2, this serotype is involved in 
natural outbreaks of respiratory disease in cattle’. It has 
now been shown that the WBE 1 strain can induce the 
formation of tumours in hamsters, a capacity shared by 
certain other adenoviruses including human types 3, 7, 
12, 18 and 31 (refs. 4—8), the chick embryo lethal crphan 
(CELO) virus’ and a number of simian adenoviruses. 
Nine litters of Syrian hamsters were inoculated by 
various routes on the day of birth with different doses of 
virus (strain WBE 1) grown in primary bovine kidney 
(BK) cultures and, in a number of these animals, tumours 
later developed at the site of inoculation. These tumours 
were either of a relatively firm consistency, resembling 
tumours induced by other adenoviruses or, as the virus 
dose was increased, were of a cystic type which appeared 
more rapidly (see Table 1). The cysts were largely filled 
with blood, although they also contained nodules of firm 
tumour tissue. Neither type of primary tumour was 


Table 1. INDUOTION OF PRIMARY TUMOURS IN H S WITH BOVINE 


AMSTER 
ADENOVIRUS TYPE 3 (STRAIN WER 1) 
No. with tumours/ Type of Latent pericd 

(days) 


se 
(lofio Route No inlitterinoculated* tumour 
3-9 8/6 14 Firm 67 
4-6 s/c 4/9 Firm 60-62 
4-9 s/c $/5 Firm (1) 53 
Cystic (2) 6 
5-0 eje 3/4 Cystic 24-26 
52 afc 1/6 Cystic £6 
52 s/c 4/17 Cystic 24-27 
£0 ijo 2/3 Firm 34 
4:3 ijt 2/3 Firm a7 
4°68 i/p 2/4 Firm 55 
Total 22/45 
s/o, Subcutaneous. i/t, Intrathoracie. ijo, Lntracerebral. {/p, Intra- 
peritoneal ` 


ea e l 
* Survivors 7 days after inoculations, 
\ 
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progressive; the firm tumours did not appear to grow 
after reaching a size of approximately 2-3 cm but remained 
static, wheareas the cystic types regressed within 10 days 
leaving small subcutaneous nodules. Primary tumours of 
the firm type were transplanted in weanling and adult 
hamsters; in all these animals growth of the transplant 


- tumours was progressive. Hamsters inoculated with unin- 


fected BK cells remained healthy and free from tumours. 
On histological examination” of fixed tissues, the firm 
tumours were seen to comprise sheets of polygonal cells 
with numerous mitotic figures interspersed with multi- 
nucleate giant celfs, some with ten or more nuclei. The 
general appearance suggested an undifferentiated sarcoma, 
but origin from epithelial tissue could not be excluded. 
In the cysts, the wall contained foci of tumour cells and 
the histological appearance of the nodules resembled that 
of the firmer tumours. e 
Monolayer cultures of primary or transplant tumours 
were comprised of cells resembling the types seen in 
sections. Such cells grown in vitro were capable of inducing 
progressive tumours when inoculated into adult hamsters. 
Attempts to demonstrate infective virus in tumours or 
their cultured cells have been unsuccessful to date. 
Sera collected at various intervals after the appearance 
of tumours were used in complement fixation tests with 
10 per cent extracts of tumour tissues or with tissue 
culture medium containing infective homologous virus. 
Complement-fixing antibody to viral antigen could be 
demonstrated in, all hamsters, often in high titre, but could 
not be shown, in significant amounts in those with trans- 
plant tumours. These findings may account for the stasis 
or regression of the primary tumours and for the pro- 
gression of the transplant tumours. Complement-fixing 
antibody to tumour antigen was detected in low titre in 
one hamster with a primary tumour but not in any 
of the other hamsters. Complement fixation tests for 
the presence of polyoma or SV40 antibodies in the sera, 
or for antigens in the tumours, yielded negative results’. 
Neutralizing antibodies to bovine adenovirus type 3 were 
demonstrated in the sera of a number of the hamsters 
bearing primary tumours. : 
Bovine adenovirus types 1 and 2 were not found to be 
oncogenic for hamsters within an observational period of 
90 days’, whereas the present experiments indicate that 
bovine adenovirus type 3 is the first non-primate adeno- 
virus, other than the avian CELO virus, which can induce 
tumours in hamsters. 


J. H. DARBYSHIRE 
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Fractionation of Partially Degraded Tobacco 
Mosaic Virus Ribonucleic Acid 


In the step-wise analysis of nucleotide sequence in 
tobacco mosaic virus ribonucleic acid (ITKMV—-RNA)‘, 
occasional random splitting of internucleotide bonds results 
in the production of partially degraded molecules. These 
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Fig. 1. Elution profiles of TMV-RNA from MAK columns. ———-, Typical preparation of TMV-RNA. ----, Partially degraded TMV-RNA. 


(a) Gradient elution began immediately after RNA was loaded on to column. (b) 


Column was loaded and washed with about 100 ml. starting 


buffer before gradient elution was commenced 


broken chains give rise to additional and, of course, false 
end-groups. In order that the sequence analysis be 
meaningful it is necessary that a method for the removal 
of broken chains be developed. We have looked into the 
possibility of separating undegraded from partially 
degraded TMV~RNA molecules by chromatography on 
methylated serum albumin—kieselguhr (MAK) columns?. 
Such a fractionation may also be of use in the reverse 
situation where it is desired to eliminate any intact mole- 
cules from a deliberately inactivated RNA preparation. 
RNA was isolated from common strain TMV by a 
modified phenol technique’. As a source of partially 
degraded TMV—RNA we used both sonicated RNA and 
RNA recovered as a by-product from the isolation of 
TMV -protein‘. Improvement, or otherwise, in the quality 
of the RNA as a result of fractionation was assessed on 
the basis of sedimentation behaviour and specific infec- 
tivity. Sedimentation velocity was determined at 4° C 
in 0-1 M phosphate buffer using ultra-violet optics. The 
infectivity of RNA samples (after reconstitution with 
TMV -protein®) was measured on Nicotiana tabacum L. var. 
Xanthi ne. by comparison with dilutions of a standard 
TMY preparation. Procedure for the MAK columns was as 
described by Mandell and Hershey’, with the exception 
that the buffers were millimolar with respect to versene 
and 10 millimolar with respect to phosphate. The low 
solubility of phosphate in ethanol can be a problem during 
the recovery of the RNA from the column fractions. 
Single-layer columns® with step-wise elution were used 
in the initial experiments to determine the optimum 
salt molarity at which the RNA should be applied and the 
sensitivity of the elution profile to variations in tempera- 
ture and in the pH of the buffers. It was found that 
undegraded TMV~RNA is eluted from the column by 
0:8 M sodium chloride, pH 6:7, at 2°C, but that, if either 


the pH of the buffer is 6-1 or the temperature is raised 
to 23° C, then 0-85-0-90 M sodium chloride is required to 
effect elution. 

All further experiments were carried out using a 
three-layer column at 2°-4° C and a 250-ml. or 500-ml. 
linear salt gradient. Approximately 0-8 mg RNA was 
applied in 50 ml. 0-7 M sodium chloride and gradient 
elution started immediately. A typical elution profile 
for both normal RNA and partially degraded RNA is 
shown in Fig. la. The contents of the tubes were grouped 
into fractions as indicated and the RNA recovered by 
precipitation with ethanol. Recoveries from the column 
itself averaged 85 per cent of the starting material and 
precipitation of the RNA from the fractions was nearly 
quantitative. Sedimentation patterns and infectivity of 
the various fractions were compared with those of the 
unfractionated RNA. 

In all columns we have run, the first fraction eluted 
appeared polydisperse in the ultracentrifuge and exhibited 
little, if any, infectivity (Table 1). Subsequent fractions 
showed varying amounts of the 31S component and 
considerable infectivity. Where the starting RNA was a 
partially degraded preparation it was possible to recover 
fractions from which, judging by their increased specific 
infectivity and sedimentation homogeneity in the ultra- 
centrifuge, many of the degraded molecules had been 
removed. Where the original RNA was a good prepara- 
tion (70-75 per cent homogeneous), then little improve- 
ment in quality was achieved. Flattening the elution 
gradient was without further benefit. 

Our failure to remove completely the degraded mole- 
cules might have been due to tailing of the polydisperse, 
non-infectious material into the subsequent undegraded 
fractions. We examined this possibility by loading the 
RNA on to the column, washing with starting buffer 


Table 1, ANALYSIS OF RNA FRACTIONS FROM MAK COLUMNS 


Unfractionated 


_ Fraction I* 
Infectivity Homogeneity 


Fraction T1* Fraction YTT* 
Infectivity | Homogeneity Infectivity Homogeneity 


Type of RNA Infectivity t Homogeneity} 
Normal§ 60 60 8 Polydisperse 59 66 83 71 
Normal 78 78 3 = 77 71 91 82 
Partially degraded {! 21 28 0 ws — — 38 50 
Normali 78 76 4 3 80 83 — — 
Partially degradedij 29 29 0 58 58 — — 


o> 
* Fractions were obtained by pooling the contents of tubes as shown grouped In Fig. 1 


Percentage of the RNA which sediments as a homogeneous 315 component. 


} Infectivity refers to the percentage of the RNA which reconstitutes with protein to form infectious virus. 


Elution pattern of type shown in Fig. 1a. 
H Blution pattern of type shown in Fig. 1b. 
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until the absorbance ab 260 mu of the eluate returned to 


-tho base line and then beginning the gradient elufion. 


Elution profiles for this type of procedure are shown in 
Fig. 1b. It can be seen, however (Table 1), that even with 
this variation not all the partially degraded molecules 
were eliminated from the RNA preparation. 

It would seem, then, that it is possible by fractionation 


‘of MAK columns to remove many of the degraded mole- 


cules from a partially degraded TMV-RNA preparation. 
However, the efficiency with which this has been achieved 
is not so high as might have been expected, in view of the 
established resolving power of MAK-columns for other 
systems’:*. It is possible that greater resolution is 
obtained on the column itself but that, during tha process 
of recovery of the RNA from the fractions, some degrada- 
tion has taken place, thus cancelling some of the tmprove- 
ment in quality which might otherwise have been apparent. 
We thank Miss F. Putney and Dr. H. K. Schachman 
for the sedimentation data, Mrs. B. Singer for infectivity 
assays and Dr. H. Fraenkel-Conrat for his continued 
interest. 
SHIRLEY WILLIAMS 
Pact R. WaHitreip* 
Virus Laboratory, 
University of California, 
Berkeley. 


* Fellow of the Miller Institute for Basic Research in Science, on leave of 
absence from the C S.I.R.O. Division of Plant Industry, Canberra. 
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AGRICULTURE 


Influence of Seed Source on the Date of 
Ear Emergence in Bread Wheat 


Tue growth of grain crops may in some cases be in- 
fluenced by the conditions under which the erop which 
produced the seed was grown. Among the characters 
affected have been yield! and winter hardiness? of winter 
wheat, and yield of spring wheat’, while similar differences 
have been reported in oats‘, maize®-§ and rice’. In 
other cases and for some additional characters considered 
in these investigations no consistent differences in per- 
formance were found’*-11, Some of these effects have been 
attributed to differences in seed size*, condition and age 
of the seed®:*, mechanical damage? or the presence of 
seed-borne pathogens*, while the level of soil fertility of 
the parental environment as reflected in the quality of 
the seed has also been implicated’. However, there are 
some instances in which it was considered that much of 
the variation remained unexplained??, It has previously 
been noted that the time of ear emergence of wheat can 
be modified in this way1*, but the differences recorded 
were ascribed to the effects of selection for earliness in a 
mixed population. Small changes in heading date were 
also found in the investigation of the influence of seed 
source on winter wheat}. f 

In the 1960 season, single plent progenies cf a New 
Zealand bread wheat (Triticum aestivum emend. Thell. 
spp. vulgare MacKey variety Hilgendorf 61) from both 
Canadian and New Zealand seed sources were grown 
together in the experimental plots of the University of 
Manitoba, Winnipeg, and substantial differences in the 
heading date were found between the two groups. Six 
single plant progenies from the Canadian seed source 
averaged 75-8 + 2-1 days from sowing to ear emergence, 
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while twelve similar lines of the same variety fom New 


Zealand-grown, seed from autumn, sowing headed after 
59-9 + 0-4 days. 
the Canadian seed lines were much more variable in their 
heading date, but there was no overlap between the two 
groups. 

In a further investigation of this effect, the Hilgendorf 
61 lines were grown, under three contrasting environments: 
both autumn- and spring-sown at Lincoln, New Zealand, 
and spring-sown in Manitoba. ' The seed produced was 


In addition to being considerably later, . 


then grown in small plots at each of the test environments - : 


and the date df ear emergence recorded. A plot was 
considered to have headed when half the ears had emerged. 
Similar observations were taken on short rows of plants 
grown in boxes in an artificially illumineted growth 


chamber held at 70° F with an:18-h day-length. Where - 
the plots were replicated, a randomized block layout was . 


used. 
The data presented in Table 1 are derived from four 


Hilgendorf 61 lines which received the most extensive ` 


testing, but they are typical in their reaction of all the 
lines investigated. These results indicate that while the 


autumn, sowing of the lines did not reveal any differences . 


in the time to ear emergence, the spring-sown plots both 
in Canada and New Zealand, and particularly the material 
sown in the growth chamber, showed substantial differ- 
énces in this character. 


Table 1. INFLUENOE OF SEED SOURCE ON THE NUMBER OF DAYS TO Bar 
EMERGENOE OF Four LINES OF HILGENDORF 61 WHEAT SOWN UNDER 
DIFFERENT ENVIRONMENTAL CONDITIONS 


areas of days to head in ar test environments 


utumn Spring pring 
sown sown gown Growth 
Seed source {(N.Z.} (Canada) (NZ) chamber 
1983—84 1963 1963-64 1964 
Autumn sown (N.Z.) 193-0 70:0 89 3 THR 
Spring sown (Canada) 193 0 76-5 94 6 92-2 
Spring sown (N.Z.) 192-0 = 90-2 82-4 


Unreplicated, each value Least eant. difference 
the average of determ- 5% = 
inations from four lines 1%= 34 


A combined analysis of the results from replicated 
trials indicated that, evenin cases where there was a similar 
average period of development, the conditions of growth 
affected the expression of the effect of the origin of the 
seeds. The interaction of the environmental conditions 
and the origin of the seed was very highly significant. 
The four individual lines of Hilgendorf 61 did not, however, 
differ significantly in their performance. 

The use of the same lines of Hilgendorf 61 in the estab- 
lishment of the seed lines from diverse sources was neces- 
sary in order to eliminate any genotypic variation which 
might have been present within the variety. The daily 
photoperiod under which the tests were conducted was 
longest in the growth chamber ; the maximum photo- 
period of the Canadian spring- sown trial was greater than, 
that of the New Zealand spring-sown trial. 

The main features of the effect of the seed source on 
heading date of Hilgendorf 61 are: (1) The effect of seed 
source had little or no influence under autumn sowing. 
(2) Seed derived from autumn-sown sources headed 
considerably earlier than other treatments under spring- 
sown. or long-day conditions. (3) The effect was expressed 
as increasingly delayed ear emergence with increasing 
maximum day-length experienced for similar seed sources. 
(4) The effect was expressed 28 increasingly delayed ear 
emergence with increase in the maximum day-length to 
which the seed source had been exposed, under uniform 


‘ test conditions. 


.The variety Hilgendorf 61 shows some response to 
vernalization treatment! and it could be suggested that 
this is satisfied by the low temperature and short-day 
conditions experienced during the autumn-sown cycle of 
seed production. If this is the case, however, the vernal- 
ization stimulus which may be acquired at the tillering 
stage™ is expressed in the initiation of the reproductive 
stage of the progeny. Although a number of workers 
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_ “commercial crops. 
~- would be an advantage in the south of New Zealand, and 
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have suggested that vernalization can take place-in the 
developing grain'5-!7, none have suggested that the 

‘ vernalization requirement for the following generation 

_can be satisfied at a stage earlier than fertilization. 


. Vernalization after grain formation can be discounted, 


for after the time of heading of autumn-sown lines of this 
variety (mid-November at Lincoln) protracted cold 
periods are not experienced, and the day-length is in 


> 


“excess of 13:5 h. In addition, this explanation: -would 
, not allow for the differences found between the different 


spring-sown seed sources. If the effect is one of -photo- 


- periodic induction alone, the nature of the mechanism 


_ and the manner by which the stimulus is transmitted 
through the seed stage are not known. The modifications 
induced are not, however, permanent changes, and the 
effect can be reversed by exposing the seed line to the 


- alternative set of enviranmental conditions. 


.. The profound influence of the parental environment 
on the performance of the progeny has important implica- 
tions. It makes necessary the use of strictly comparable 

' seed in investigations of vernalization or photoperiodic 

- response and for the accurate comparison of varieties in, 


field trials. 


A. practical application of this effect with suitable 
varieties would be the control of the date of heading in 
Earlier ripening of spring wheat 


field trials to investigate this effect and associated differ- 
ences in performance of wheat varieties are being under- 


- taken. 


J. M. MoKwan 
Crop Research Division, 
Department of Scientific and Industrial Research, 
Christchurch, 
` New Zealand. 
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GENERAL 


Algorithm to assist in finding the Complete 
Sub-graphs of a Given Graph 


LET the operation M, applied to a graph G, have the effect 
of removing from G all lines which are not members of at 
least one K, (a complete graph or sub-graph having three 
points, that is, a triangle). The new graph MG consists 
entirely of triangles, and it will be unchanged by a second 
application of the operator M. MG = MG. 

This is not true of the operation D, to remove from G 
all lines which are not members of at least two Kys, as 
Fig. 1 shows. However, D*G converges with increasing 
n either to an empty graph or to a graph DG of which 
every line is a member of at least two K,’s. This is of 
interest in comparison with the convergency of Boolean 
relation matrices!. Fig. 2 shows the two simplest sym- 
metrical examples of a DG. Form 2(a) is a K, In the 
graphs investigated so far (not including crystal structure), 
form 2(b) has never occurred and every line has been a 
member of at least one K, ` 
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Fig. 2 
Similarly, if TG is the graph left by removing all lines 
which are not members of at least three K,’s, all the lines 
in ToG were members of K,’s. 

The time taken by a computer to find the K,’s and 
K,’s in a large graph is not long when the D@© or T% 
algorithms are used. Applied to a graph of 1,000 points 
and 1,791 lines, D* was equal to D? and 7, T? and T?D 
were equal. After separation of the residue into its com- 
ponent sub-graphs, the original graph was seen to contain 
one K,, twenty K,’s, and large numbers, not yet counted, 
of K,’s and K,’s. From an examination of the results, it 
seems unlikely that in this example there are any lines, 
like the twelve lines of Fig. 2(b), which belong to no K,. 
Strictly, however, the algorithm should be supplemented 
by a test to distinguish the complete sub-graphs. 

The graph-theoretical problems leading to our use of the 
foregoing algorithm arose out of an attempt to generate 
groups of words by purely mechanical operation on a 
large number of related documents. Words within groups 
were required to have strong associations with each other, 
and the groups were needed for research on the mechanical 
classification of documents. The presence or absence of 
each of 1,000 selected words or word-stems in each of 
12,000 documents was recorded, as 1,000 binary vectors 
each having 12,000 bits. In comparing the vectors of 
every pair of words, an arbitrary test was made to decide 
whether the pair of words was “associated” or not. It 
was convenient to regard the results of the 500,000 tests 
as a graph on 1,000 points, each representing a word, 
in which a line joining two points represented an “associa- 
tion” between the words. 

Thus, we were faced with the task of arranging the points 
of a large graph into groups, such that there were many 
lines within groups and few lines-between groups. It was 
evident that groups of this kind would contain numerous 
complete sub-graphs; the algorithm provides one of 
several possible ways to find, first the complete sub-graphs, 
and then the groups. 

The partitioning of graphs is becoming increasingly 
important in language studies, sociology, economics, 
network theory, logistics, automated computer design 
and many other situations where multiple association or 
correctedness is involved. 

A. R. MEETHAM 


Autonomics Division, 
National Physical Laboratory, 
Teddington, Middlesex. 
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Some Observations on the Great Fire of 
London, 1666 


1966 marks the tercentenary of the Great Fire of London. 
In reading descriptions of this fire, I was impressed by the 
facts that only four people died directly as a result of the 
fire and that only 436 acres were burnt in 87 h. The 
London fire is dwarfed when compared, for example, 
with the Chicago ‘Mrs. O’Leary’s Cow’ fire of 1871 when 
2,124 acres and 17,450 buildings were burnt between 
October 8 and 10, 250 people were killed and about 


106 


100,000 left homeless. Although fire-fighting techniques 
had become more advanced and buildings more widely 
separated than they were in the London of 1666, the 
Chicago fire was a much faster spreading and more 
destructive fire. 

The reagon for this great difference in fire behaviour 
can be attributed to the generation of a fire storm over 
Chicago, while there is no indication that one was formed 
over London in 1666. The meteorological factors giving 
rise to a fire storm have been discussed in detail by Besson! 
and by Ebert? in connexion with the Hamburg fire storm 
caused by air raids during the Second World War. Ebert 
thought that a blanket of smoke from a previous raid gave 
rise to very high ground temperatures and large tempera- 
ture gradients with altitude, thus generating a very un- 
stable atmosphere above the city. A low velocity ground 
wind was present, but apparently it did not disturb the 
convective column above the fire and a high velocity 
vortex of hurricane force was thus formed. These condi- 
tions were amazingly similar to those existing in Chicago 
in 1871. A large fire that had begun on October 7 was 
actually still smouldering when the second and larger fire 
began. The first fire provided a smoke cover which ab- 
sorbed excessive amounts of solar energy and reduced 
radiation losses at night, thus raising ground temperature. 
Compounded with a hot, dry summer spell and a lowground 
wind, the conditions were ideal for the generation of a fire 
storm. 

The presence of a steady high velocity easterly ground 
wind during the London fire would seem to have saved 
London from a larger catastrophe. Apparently, it pre- 
vented the formation of a vortex above the fire and 
directed the fire towards the west making it easier for the 
inhabitants to predict its path and thus evacuate their 
houses in ample time. The increase in burning rate due 
to a steady ground wind does not cause as much damage 
as that resulting from a fire storm. 

The map compiled by Bell® was used to obtain the 
cumulative area burnt on different days. A plot of the 
square root of area versus time gives & good linear relation 
(Fig. 1). This is consistent with a constant linear rate of 
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Fig. 1. Plot of the square root of area burnt during the Great Fire 
against time since the beginning of the fire 
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propagation. Even the last point is, as expected, slightly , - 


below the line indicating a reduction in the rate of burning. 
By the third day, the fire had spread outside the walls > 
the city where the buildings were more widely separated. 
At the same time, the efficient use of fire breaks and 
a drop in wind velocity helped to reduce the rate of 
progress of the fire. Since the fire perimeter was approxi- 
mately semicircular, then: 


A = $n(ft)? (1) 
where A is the total area burnt (cm*), t is the time since 


the beginning bf the fire (sec), and # is the average linear 
rate of burning (cm/sec). Equation (1) gave an average 
linear rate of burning of 0-36 em/sec. However, because 
the fire spread mostly to the west and scarcely made any 
progress to the east, the maximum linear velocity can be 
calculated by dividing the farthest distance travelled to 
the west (that is, between Pudding Lane and the Temple) 
by the total time of duration of the fire. This gives a value 
of 0:59 cm/sec. 

Since the spread of fire was more or less regular and 
along & relatively well-defined perimeter, it was considered 
of interest to compare its rate of spread with that predicted 
from laboratory experiments on small models. 

Byram et al.4 conducted several experiments in which 
wooden cribs of different spacings were burnt in the 
presence of wind and the rate of spread of fire measured. 
Thomas’ showed that Byram’s data could be correlated 
by the equation: 


E pb cos ọ = 0:0085 g cm- sec (2) 


where p» is the bulk density of the erib (g/cm), ọ is the 
deflexion of the flame from the vertical (degrees), and 
R is the linear rate of burning (cm/sec). A value of R 
for the Fire of London can be calculated from this equation 
provided appropriate values of » and p» are used. 

The wind velocity during the London fire is not known, 
but the average wind speed at Kew Observatory varies 
between 10 miles per hour in January to about 7 m.p.h. 
in August®. An average wind speed of 10 m.p.h. will be 
assumed to have existed during the fire. Experiments 
on wooden crib fires in this laboratory with a wind speed 
of 10 m.p.h. gave an angle of deflexion, 9, of about 70°. 
Fire load values for several types of building have been 
given in the literature. Halpaap’? gave a fire load of 
125 kg/m? for a library and 200 kg/m? for a timber ware- 
house. Eisinger’, in analysing the fire load of the old 
section of the town of Regensburg (a photograph of which 
showed heavy timber construction), gave a value of 11-55 x 
10° keal/m* which is approximately equivalent to a fire 
load of 300 kg/m?. Using this value for London (1666) 
and assuming an average building height of 7 m, a bulk © 
density of 0:043 g/cm’ can be calculated. Substituting the 
preceding values of » and ps in equation (2) yields a value 
of R of 0-58 em/sec. In view of the assumptions made, 
this is in excellent agreement with the maximum rate 
observed during the Great Fire. 

S. ATALLAH* 
Fire Research Station, 
Boreham Wood, 
Hertfordshire. 


* On sabbatical leave from the Department of Chemical Engineering, Tufts 
University, Medford, Massachusetts. 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk are open to the public) 


No. 5044 


Saturday, July 9 


BIOLOGICAL ENGINEERING Sooty (at Mullard House, Torrington Place, 
rye a e O aaa mesting on “The British Biomedical Instramenta- 
on usiry”. 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or before the 
aa cana yi i ri } for data i 
OGRAMMER previous programming experience) for processing 
—The Deputy Secretary, The University, Southampton (July 8). 
RESEARCH ASSISTANT (with an honours degree in geography, some graphic 
ability and an interest in the graphic arts, and preferably experience in some 
aspect of map production) IN of ieee lag IN THE DEPARTMENT OF QRO- 
rear ecretary of the University Court, The University, Glasgow 
y a 
LEOTUBER (with experience in some aspect of civil engineering hydraulics, 
and prepared to teach and conduct research in this fleld) IN FLUID MEOHANIOS 
-—The Secretary, University of St. Andrews, Queen’s College, Dundee (July 9). 
TUTORIAL ASSISTANT (enanas with qualifications ın sociology, social 
anthropology or a related discipline) IN THE DEPARTMENT OF SocroLoay 
AND SOCIAL ANTHROPOLOGY, to help in the teaching of sociology—-The 
Registrar, The University, Hull (July 9). j 

RESEARCH FELLOW (preferably with some experience in either kinetics of 
reactions in solution or transition-metal or lanthanide chemistry) 1N 
CHEMISTRY for work on the kinetics of fast Inorganic reactions in collabora- 
tion with Dr. E. F. Caldin—The Registrar, University of Kent at Canterbury, 
Canterbury, Kent (July 11). 

DEMONSTRATORS (with good honours degree and approximately one year’s 
research experience) IN PHYSICAL, ORGANIC OR INORGANIC CHEMISTRY-—The 
Registrar, University College of Wales, Aberystwyth (J uy 12), 

DEMONSTRATOR (with a good honours degree in biochemistry or agricul- 
tural biochemistry and preferably with some postgraduate experience) IN 
AGRIOULTURAL BiloonEMIstRY-~—-The Registrar, The University, Newcastle 
upon Tyne, 2 (July 12). 

LECTURER or ASSISTANT LZOFURER IN SooroLoGy—tThe Registrar, The 
University, Hull (July 12). i 

LECTURER or ASSISTANT LECTURER (preferably with qualifications in 
mathematical physics or astrophysics) IN APPLIED MATHEMATICS—The 
Registrar, The University, Leeds, 2 (g uly 12). : 

ENIOR LECTURER (preferably with a special interest in thermodynamics 
or fluid dynamics) IN THE DEPARTMENT OF ENGINEERING Scrence—'The 
Secretary, University of Exeter, Northcote House, The Queen’s Drive, 
Exeter, Devonshire (July 14). 

BRITISH INDUSTRIAL PLASTICS RESKARCH SCHOLAR (with a good degree 
including chemistry) IN THE CHEMISTRY DEPARTMENT, for work concerned 
with cationic polymerization of oxygen compounds—The Registrar, The 
University, Keele, Staffs (July 15). 

EXPERIMENTAL OFFICER (with a degree, H.N.C. or equivalent qualification) 
IN THE PEDOLOGY DEPARTMENT, to assist in research on soils---The Secretary, 
a Experimental Station, Harpenden, Herts, quoting Ref. 1052/90 

7y e i 

LECTURER IN THE DEPARTMENT OF CIVIL ENGINEERING—The Registrar, 
The University, Liverpool, quoting Ref. CV/118 (July 15). 

SENIOR DEMONSTRATOR (graduate, preferably with a higher degree, and 
research experience in industry, a university or government research estab- 
lishment) IN THE SCHOOL OF Puysios—The Registrar, The University, New- 
castle upon Tyne, 2 (July 15). 

SENIOR LECTURER (medically qualified) IN THE DEPARTMENT OF BACTRRI- 
ea Registrar, The University, Liverpool, quoting Ref. CV/119 
' y a j - «wt t i ` 
. DIRECTOR OF THE COMPUTING CENTRE—~The Registrar, University College 
of ears Wales and Monmouthshire, Cathays Park, Cardiff, South Wales 

y . 7 or. 

LECTURER and an ASSISTANT LECTURER IN THE DEPARTMENT OF Bro- 

LOGICAL CHEMISTRY-—The Secretary, The University, Aberdeen (July 16). 
- BESPAROH WORKER- (with experience in applied respiratory physiology, 
,and preferably a medical qualification, but this is not essential if an honours 
degree in physiology is held) IN THE MEDICAL RESHAROH COUNOIL’S CLINICAL 
RESPIRATORY PHYSIOLOGY RESEARCH Unit—The Secretary, King’s College 
Hospital Medical School, Denmark Hll, London, 8.E.5 (July 16). 

8.B.C, RESEARCH STUDENT IN THE DEPARTMENT OF PSyCHOLOGY—Head 
of the Department of Psychology, Queen’s College, Dundee (July 16). 

DEMONSTRATOR (preferably with a special interest in taxonomy or ecology) 
IN THE DEPARTMENT OF Botany—The Registrar, University College of 
Wales, Aberystwyth (July 18), 

HOSPITAL Bioowemist (‘Top-Grade) (appropriately qualified science 

duate) IN THE DEPARTMENT OF CLINICAL BIOCHEMISTRY—The House 
ater and Secretary, Royal Victoria Infirmary, Newcastie upon Tyne 

y a 

JUNIOR RESEARCH OFFICER (with, or about to obtain, an honours degree 

„An botany, agricultural botany or a related subject) IN THE DEPARTMENT OF 
Botany to work on root competition and its relation to productivity-—The 
Registrar, University College of Wales, Aberystwyth (July 20). 

RESEARCH ASSISTANT (with a good honours degree in chemistry or bio- 
chemistry) for work on the enzymic degradation of collagen in the Rheumat- 
ism Research Centre in close collaboration with the Department of:Medical 

-* Blochemistry—The Registrar, The .University, Manchester, 13, quoting 
Ref. 162/66 (Fuly 20). 
., ._ LECTURER or ASSISTANT LECTURER (with good qualifications in astronomy 
„with some research experience, or qualifications in mathematics or physics 
with experience in astronomy) IN ASTRONOMY—The Secretary, University 
College, Gower Street, London, W.C.1 (July 22) , a 
RESEARCH ASSISTANT (with a first- or second-class honours degree In 
“astronomy, mathematics’or-physics) IN ;ASTRONOMY—The Secretary of the 
' University Court; The University, Glasgow’ (July 22). (+ cise t, 
LECTURER IN ELECTRICAL ENGINEERING—Th tary, University of 


e Secre 
‘St. Andrews, Queen's College, Dundee (July 23). .: 7r - “uo .-. I 
LECTURER IN PSYCHOLOGY IN THE DEPARTMENT OF PRILOSOPHY-——The 
Registrar, University College of Wales, Aberystwyth (J uy 23). . | 
PROFESSOR OF SOIL SOIENOE; LECTURER or SENIOR LECTURER IN S0 
SCIENCE; PLANT PaTHOLoGist (Research Fellow/Senior Research Fellow); 
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GROUNDNUT BREEDER (Research Fellow/Senior Research Fellow); and an 
AGRICULTURAL ENGINEER (Reszarch Fellow/Senior Research Fellow) in the 
Institute for Agricultural Research and the Faculty of Agriculture, Ahmadu 
Bello University, Northern Nigerla—The Inter-University Council, 33 
Bedford Place, London, W.C.1 (July 26). 

SENIOR LECTURERS, LECTURERS or ASSISTANT LECTURERS IN (a) BIO- 
chemistry and (b) PHysics at ths aney College of Rhodesia-—The Inter- 
University Council, 83 Bedford Place, London, W.C.1 uy 26), 

CHAIR OF ORAL SURGERY at the Royal Dental Hospital of London, School 
of Dental Surgery—The Academic Registrar, University of London, Senate 
House, London, W.C.1 (July 28). ; 

CHAIR OF MROHANIOAL ENGISEERING at the University of Newcastle, New 
South Wales, Australia~-The Association of Commonwealth Universities 
(Branch Office), Marlborough House, Pall Mall, London, S.W.1 (Australia 
and London, July 30). 

LECTURERS (2) IN PSYCHOLOGY at the University of Sydney, Australia-— 
The Association of Commonwealth Universities (Branch Office), Marlborough 
House, Pall Mall, London, 8.W.1 (Australia and London, July 30). 

RESEARCH ASSISTANT (with a university degree with distinction in pet- 
rology) IN THE DEPARTMENT OF GEOLOGY to collaborate in research on West 
Greenland Tertiary rocks (particularly lavan DE E. I. Drever, St. Salvator’s 
College, University of St. Andrews, St. Andrews, Fife, Scotland (July 31). 

SENIOR THAOHING FELLOWS or TEACHING FELLOWS (preferably with a 
Ph.D. degrees or completing the requirements for the degree, and with previous 
teaching or research experience) IN THE DEPARTMENT OF CHEMISTRY—The 
Academic Registrar, Monash University, Clayton, Victoria, Australia; or the 
Association of Commonwealth Universities (Branch Office), Marlborough 
House, Pall Mall, London, S.W.1. (Australia, July 31). 

RESEARCH ASSISTANT or TECHNICAL OFFICER (with several years experience 
in a physical laboratory and familiar with high vacuum techniques and 
electronics) IN THE DEPARTMENT OF ENGINEERING SCIENCE to be engaged in 
& research programme on low-frequency plasma oscillations and waves—The 
Administrator, Department of Engineering Science, The University, Parks 
Road, Oxford (August 1). r 

CHAIR OF PaTHOLOGY at St. Mary’s Hospital Medical School—The 
Ten erene University of London, Senate House, London, W.C.1 

ugust 6). P - 

LEOTURER/SENIOR LECTURER IN VETERINARY MEDIOINE, at the University 
of Sydney, Australia—The Association of Commonwealth Universities (Brant 
one) A Paa orough House, Pall Mall, London, S.W.1 (Australia and London, 

august 5). 

Heap {plant physiologist) or THR CROP PHYSIOLOGY DEPARTMENT—The 
a Grassland Research Institute, Hurley, Maidenhead, Berkshire 

ugust 8). 

CHATR OF EDUCATION at the University of Malawi--The Inter-University 
Council, 38 Bedford Place, London, W.C.1 (August 12). Ji 

LECTURER or ASSISTANT LECTURER (with interests in plant physiology and 
preferabiy research experience in plant metabolism foldaina radio r 
techniques) IN. BOTANY—The Registrar, University College of North Wales, 
Bangor, North Wales (August 15). 

` PROFESSOR OF BIOMATHEMATIOS—The Registrar, University Registry, 
Oxford (August 27). 

ASSISTANT PHYSIOIST (witha good honours ae in physics, but candi- 
dates graduating this summer will be considered) to work in the Regional 
Medical Physics Department on the application of pes to clinical problems 
in the hospital serviceo—The Chief Physicist, gional Medical Physics 
Department, 21 Claremont Crescent, Sheffield, 10. 

DIRECTOR OF THE UNIYDRSITY COMPUTING CENTRE—The Assistant 
Registrar (Establishment), The University of Sussex, Stanmer House, 
Stanmer, Brighton, Sussex. 

JUNIOR/SENIOR LABORATORY TECHNICIAN (with chemistry A-level) IN THE 
DEPARTMENT OF GROWTH AND DEVELOPMENT for a research team doing 
specialized steroid estima in children—-The Secretary (G-6), Institute of 
Child Health, 30 Guildford Street, London, W.C.1. 

LECTURER (preferably with an interest in statistics and/or computing) IN 
MaruEematics-——The Principal, Medway College of Technology, Horsted, 
Maidstone Road, Chatham, Kent. 

NON-MEDIOAL SCIENTIFICO OFFICER (Basic Grade) FOR THE RESPIRATORY 
Function Unrt with related Cardio-Thoracic Unit, for work which includes 
various research projects in the clinical and radiological flelds--The Chief 
Administrative Officer, United Sheffield Hospitals, Central Office, Royal 
Hospital, West Street, Sheffield, 1. 

PROFESSOR OF ENGINEERING PrRODUCTION—The Registrar, Bradford 
Institute of Technology, Bradford 7. l 

PSYCHOLOGIST (with some experience of postgraduate research, preferably 
in the psychology of hearing) IN THE LABORATORY OF EXPERIMENTAL Psy- 
CHOLOGY, to work on the problem of finding a method of converting print 
into a sound pattern intelligible to the blind-~-The Assistant Registrar (Estab- 
lishment), University of Sussex, Stanmer House, Stanmer, Brighton, Sussex. 

RESEARCH ASSISTANT (graduate In veterinary science) to join a team of 
workers who are concerned with research into the control of mastitis—The 
Secretary, National Institute for Research in Dairying (University of Read- 
ing), Shinfleld, Reading, quoting Ref. 66/28. p 

RESEARCH ASSISTANT (graduate or student about to graduate) IN THE 
DEPARTMENT OF PHYSIOLOGICAL CHEMISTRY for research into the mechanism 
and control of nucleic acid synthesis—The Assistant Bursar (Personnel), 
University of Reading, Reading. 

RESEARCH CHEMIST IN ANALYTICAL CHEMICAL TOXICOLOGY IN THE DEPART- 
MENT OF FORENSIC MEDICINE, to assist in a programme of research into the 
development of rapid methods of toxicological analysis—~Dr. Harold V. Street, 
i ad et or Forensic Medicine, University of Edinburgh, Teviot Place, 


RESEARCH DEMONSTRATORS (graduates or students graduating this 
summer) IN THE DEPARTMENT OF PHYSIOLOGICAL CHEMISTRY, for duties 
which will include assistance in practical classes and research in physiology 
or biochemistry, or in their application to animal nutrition—The Assistant 
Bursar (Personnel), University of Reading, Reading. 

RESEARCH STUDENTS IN THE DEPARTMENT OF APPLIED PHYSIOS to work 
on crystal defects in semiconducting compounds—Prof. D. A. Wright, 
Department of Applied Physics, University of Durham, South Road, Durham. 

SENIOR TROHNICIAN and TECHNICIAN (A) to supervise the establishment of 
new research laboratories and to assist in the research work that is being 
undertaken-—~Prof. N. R. Butler, Department of Child Health, Children’s 
Hospital, Sb. Michael’s Hill, Bristol, 2... , sere E 

TEOHNICIAN/SENIOR TECHNICIAN (preferably with a knowledge of histo- 
logical techniques) for a small experimental laboratory; and a JUNIOR 
TECHNICIAN (with some knowledge’ of animal work) for an experimental 


biological Iaboratory, for duties which will Include the maintenance of a - 


small inbred_mouse colony—The‘' House Governor,-St. Mary’s Hospital, 
Paddington, London, W.2. Ze “» : z 
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REPORTS and other PUBLICATIONS 
(not ineluded in the monthly Books Supplement) j 


Great Britain and Ireland 


Precautions for Laboratory Workers Who Handle Caroinogenic Aromatio 
Amines. Pp. 6. (London: Chester Beatty Research Institute, Institute of 
Cancer Research, Royal Cancer Hospital, 1966.) [224 

University of Oxford. Annual Reports, 1964~1965. Supplement No. 4 to 
the University Gazette, Vol. 96, March 1986. Pp. 39. (Oxford: The Unt- 
versity, 1966) 2s. 6d. [224 

On Course, No. 1 (April 1966). (Quarterly Journal of Education for 
Industry and Commerce.) Pp. 20. (London: Department of Education and 
Solence, 1966.) [224 

Report of the Universities Council for Adult Education, 1984-19656. 
Pp. 24. (Liverpool: Dr. T. Kelly, Hon. Secretary, Universities Council for 
Adult Education, c/o The University, 1068.) 

Primary Hyperparathyroidism: a Critical Review By L. N. Pyrah, 
A. Hodgkinson and ©. K. Anderson. rag pact from the British Journal of 
td April 1966) Pp. 72. (Bristol: John Wright and Sons, Ltd., 1098.) 

&. 6d. 

Post Office Prospects 1966-67. Pp. 18. (Cmnd. 2931.) {Lendon: H.M. 
Stationery Office, 1966) 1s. Od. net. [224 


wr 


Other Countries 


Institute of Applied Sclance of Victoria. Report of Activities 19864-85. 
Pp. 22. (Melbourne: Institute of Applied Science of Victoria, poet [224 

Metropolitan Life Insurance Company. Statistical Bulletin, Vol. 47 
(January, 1966): Population Growth in the United States and Canada. 
Recent Cancer Mortality Trends Among Men. Canada’s Accident Problem. 
Mortality Among Policyholdersin 1965. Pp.12. (New York: Metropolitan 
Life Insurance Company, 1966 ) 224 

Smithsonian Institution: United States National Museum. Bulletin No. 
202: Fishes of the Marshall and Marianas Islands. By Leonard P., Schultz 
and Collaborators: Loren P. Woods and Ernest A. Lachner. Vol.3: Families 
from Kraemerlidae through Antennariidae, Pp. vii+176+plates 124-148, 
(Washington, D.C.: Smithsonian Institution, 1966.) 2.25 dollars. [224 

Institut Royal des Sciences Naturelles de Belgique. Bulletin. Tome 41, No. 
16: Uber die Placodermen—Gattungen Asterolepis und Tiaraspis aus dem 
Devon Belgiens und einen Fraglichen Tiaraspis—Rest aus dem Devon Spitz- 
bergens. Von Walter Gross, Pp. 19+2 plates. Tome 41, No. 117: Les 
Acariens Producteurs de Gale Chez les Edentes et les Marsupiaux (Psoroptidae 
et Lobalgidae: Sacroptiformes), Par Alex Fain. Pp 41. Tome 41, No 18: 
Une Especie et un Genre Nouveaux de Trichoptere de Tasmanie. Par Serge 
Jacquemart. Ep 8+1 plate. Tome 41, No. 19: Les Insectivores Zalamb- 
dodontes de l'’Oligocene Inferleur Belge. Par @. E Quinet et X. Misonne, 
sp. 15+2 plates Tome 41, No. 20: Myotis misonnet N. Sp. Chiroptere de 
l'Ollgocene de Hoogbutsel. Par G. E. Quinet. .11+1 plate. Tome 41, 
No. 21: Les Lépidoptéres Hétérocéres Africains de ia Collection Abel Dufranc, 
Par Serge G. Kiriakoff, Pp. 17. Tome 41, No. 22: Contribvtion à l'Étude 
des Dryopoldes. 15: De Quelques Espèces du Genre Pseudemacronychus 
Grouvelle (Coleoptera Elminthidae). Par Joseph Delève. Pp. 10+3 plates. 
Tome 41, No. 26: Le Recouvrement Biogene le Long de la Cote Belge. Par 
Sylvain Lefevere. Pp. 10. Tome 41, No. 28: Resultats da Il’Expedition 
Belge au Moven-Orlent (Avril-Aout, 1963). Ephemeroptera. Par Georges 
Demoulin. Pp. 8. Tome 41, No. 34: Contribution à la Connaissance des 
Brentidas (Coleoptera-Curcullonoidea). Révision des Calodrominas 
Palaeotropicaux et Description d’Especies Nouvelles (1). Par Roger 
Damolseau. Pp. 28. (Bruxelles: Institut Royal des Sciences Naturelles de 
Belgique, 1965.) [224 

Annalen van de Sterrewacht te Leiden. Deel 22, Vijfde Stuk: Discussion 
of 246 Variable Stars in a Region Around Boss 4599. By C. J. Kooreman. 
Pp 169-237. (Leiden: Staatedrukkerij-en Ultgeverljbedrijf. 1966) [224 

Commonwealth of Australia. Department of National Development: 
Bureau of Mineral Resources, Geology and Geophysics. Petroleum Search 
Subsidy Acts Publication No. 51: A.A.O. Combarngo No 1, Queensland, 
of Associate Australian Oilflelds N.L. Pp 47+1 plate. Publication No. 66: 
Exmouth Gulf Marine Seismic Survey, Western Australia, 1361, by West 
Australian Petroleum Pty., Ltd. Pp 25+4 plates. Publication No. 60: 
Bass Strait and Encounter Bay Aeromagnetic Survey, 1960-1961, by Haema- 
tite Explorations Pty., Ltd. Pp. 87-6 plates 1: 250,000 Geological 
Serles—Explanatory Notes Carins, Qld. (Sheet SE/55-2, International 
Index.) Compiled by R H. S Fardon and F. de Keyser. Pp. 14+ map. 
Innisfail, Qld. (Sheet SE/55-6. International Index.) Compiled by F, de 
Keyser. Pp. 30+map. (Canberra, Clty, A.C.T.: Bureau of Mineral 
Resources, Geology and Fe ag 1865. [224 

Canada: Department of Mines and Technical Surveys. Geological Survey 
of Canada. Geological Maps——Preliminarv Series. Map 7-1985: Bella 
Coola, British Columbia. Map 16-1965: Riding Mountain, West of Principal 
Meridian, Manitoba-Saskatchewan. (Ottawa: Director, Geological Survey 
of Canada, 10S [224 

World Health Organization. ‘Technical Report Serles, No. 326: Clinical 
Aspects of Orgal Gestogens--Report of a WHO Sclentifle Group. p 24. 
2 Sw. francs; 3s. 6d.; 0-60 dollars. Official Records of the Werid Health 
Organization, No. 47: The Work of WHO 1965-—-Annual Report of the 
Director-General to the World Health Assembly and to the United Nations. 
Pp. 224. 6 Sw. franos; 108; 2 dollars. (Geneva: World Health Organiza- 
tion; London: H.M. Stationery Office, 1966 } 224 

Commonwealth of Australia. Department of National Development. 
Bureau of Mineral Resources, Geology and Geophysics. Report No. 49: The 
Geology of the North-East Canning Basin, Western Australia. By J. N. 
Casey and A. T. Wells Pp 61+2 plates Report No. 65- Geological 
Reconnaissance of the Rawlinson and Macdonald 1 : 250,000 Sheet Areas, 
Western Australia. By A. T., Wells, D. J. Korman and I. C. Ranford. Pp. 
35 +8 plates Report No. 81: Completion Report, Stratigraphic and Struc- 
tural Bores BMR 6 and 7, Muderong, Western Australian. By W. J. Perry. 
cae 1868-4-3 plates. Report No. 82: The Geology of Fergusson and Goodenough 
Islands, Papua. By H. L. Davies ana D. J. lves Pp 65413 plates Report 
No, 90: ddle Proterozoic Volcanic Rocks in the Katherine-Darwin Area, 
Northern Territory. By J. R, Stewart. Pp. 23+6 plates. Report No 84: 
Completion Report, Sratiprapais Bore BME 5, Giralia, Western Australia. 
By L. V. Bastian and 8. P. Wilmott. Pp. 17+1 plate. Report No. 92: 
Errors and Limitations of the Magnetic Compass By W. D. Parkinson. 
Pp. 8+1 plate. Report No. 97: Poole Range Gravity Survey, Western 
Australia. By I. B. Everingham. Pp. 16+7 plates. (Canberra City, 
aoe Bureau of Mineral Resources, Geology and Geophysics, 1964 oat 

India: Council of Scientific and Industrial Research. Recommendations 
of the First Get-Together of Research and Industry, December 20-21, 1965. 
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Pp. viii+ 124. (New Delhi: Council of Scientific and Industrial Research, 
1966.) [224 


Fintundzwanzigster Jahresbericht des Schweizerischen Gesellschaft für 
Vererbungsforschung-—Société Suisse de Génétique (8.8.G.) 1965. Mit 
Unterstutzung de Julius Klaus-Stiftung für Vererbungsforschung, Sozialan- 
thropologie und Rassenhygiene in Zurich. (Separatabdruck aus Archiv der 
Julius Klaus-Stiftung fur Vererbungsforschung, Sozialanthropologie und 
Rassenhygiene, Band XL, 1965, Heft 1/4) Pp, 70. (Zurich: t. Lnstitut 
Orell Fūssli AG., 1965.) 224. 

Transactions of the Royal Society of New Zealand. General. Vol. 1, 
No. 17 (8 December 1965): Oscillations of Lake Wakatipu. By B. G. Cox. 
1p 183-190 Vol. 1, No. 18 (19 January 1986}: Education in Geology. By 

axwell Gage. Pp. 191-199. Vol. 1, No. 19 (19 January 1966): Subjec- 
tivity and Social Science. By A. 3. W. Taylor. Pp. 201-204. (Wellington: 
The Royal Soslety of New Zealand, 1965 and 1988.) [224. 
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Transactions of the Royal Society of New Zealand. Geology. Vol. 3, No. 


11 (8 December 065): Tiwo-storied Cliffs at the Auckland Islands. By 
Q, A. Fleming. Pp. 171-174+1 plate. Vol. 3, No. 18 (19 January 1966): 
The Age of the Croisilles Voleanics, Eastern Nelson. By J. B. Waterhouse. 
Pp. 176-181+1 plate. Vol. 3, No. 14 (19 January 1966): The H&ckel 
Syncline and Neighbouring Folds of the Upper Tasman Glacier. By J. B. 
Waterhouse. Pp. 183--195+8 plates. Vol. $, No. 15 (19 January 1966): 
Faunal Succession in Two Upper Miocene—Lower Pliocene Sections, Marl- 
borough, New Zealand. Pp. 197-2138. Vol. 3, No 16 (28 January 1966): 
Contributions to the Volcanic Succession and Petrology of the Auckland 
Islands, New Zealand. 1: West Coast Section through the Ross Volcano. 
By J. B. Wright. Pp. 215-229+4 plates. (Wallington: The Royal Soctety 
of New Zealand, 1966 and 1966.) . [224 

Transactions of the Royal Society of New Zealand. Zoology. Vol. 7, 
No. 9 (8 December 1965): On Cryptophialus melampygos Berndt, a Small 
Boring Barnacle of the Order Acrothoracica Abundant in Some New Zealand. 
Molluses. By E, J. Batham and Jack T. Tomlinson. Pp. 141-154 -+1 plate. 
Vol. 7, No. 10 (19 January 1966): Note on the Relationship Betwan 
Kenozooecia and Avirularia in Some Cribrilinidae (Polyzoa). By N. A 
Powell. Pp. 155-168+1 plate. Vol. 7, No. 11 (19 January 1966): The 


Biology and Behaviour of the Beech Buprestid Nesciodes enyst Skarp i 


(Coleoptera: Buprestidae) with Notes on Its Ecology and Possibilities 
Its Control. By F. David Morgan. Pp 159%-170+1 plate. Vol. 7, No. 12 
(19 January 1966}: A Redefinition of the Subfamily Eugnominae to Incinde 
the Meriphinae. By E. M. Cawthra. Pp. 171-178. Vol. 7, No. 18 (9 
January 1986): The Life History and Breeding Biology of Nicon aestuariensis 
Knox (Annelida, Polychasta). By I. N. Estcourt. Pp. 179-194+1 plate. 
(Wellington: The Royal Society of New Zealand, 1965 and 1966.) (224 

Transactions of the Royal Society of New Zealand Zoology. Vol. 7, 
No, 14 (19 January, 1966): The Biology and Behaviour of the Woodwasp 
Sirex noctilio F in New Zealand. By F. David Morgan and Noel C. Stewart. 
Pp, 195-204. Vol. 7, No. 15 (19 January 1966): A New Polychaete from 
Three Kings Islands. By I. N. Estcourt. Pp. 205-207. Vol. 7, No. 17 (19 
January 1966): Population Distribution of Land Birds in Temperate Ram- 
forest of Southern New Zealand. By Jiro Kikkawa. Pp. 215-277 + 4 plates. 
Vol. 8, No. 1 (19 January 1966): A New Specles of Iammnesia (Acari, Hydrach- 
neliae) from New Zealand. By O. L. Hopkins. Pp. 1-4. (Wellington: The 
Royal Society of New Zealand, 1966). y [224 

Australia: Commonwealth Scientific and Industrial Research Organiza- 
tion, Annual Report of the Division of Wildlife Research, 1965-66 Pp. 47. 
(Canberra, A.C.T.: Commonwealth Scientific and Industrial Research 
Organization, 1965.) [224 

United States Department of Commerce: National Bureau of Standards 
Handbook 101: O TAB: a Computer Program for Statistical and. 


Numerical Analysis. By Joseph Hilsenrath, Guy G. Ziegler, Carla G. Messina, . 


Philip J. Walsh and Robert J. Herbold. Pp. vili+-256. (Washington, D.C.- 
Government Printing Office, 1966) 3 dollars [254 

Republic of Singapore. Bulletin of the National Museum, No. 34: Obser- 
vations on the Fauna of Pulau Tioman and Pulau Tulai. Pp. 158414 
plates. (Singapore: The National Museum, 1966) 6 Malayan 
dollars. [254 

United States Department of the Interior: Geological Survey. Geo- 
Paynen Abstracts, No. 230 (March 1966}. By James W. Clarke, Dorothy B. 

italiano, Virginia S. Neuschel and others Pp. il+197-298. 35 cents. 
Bulletin 1202-B. Regional Structure of the Southeast Missouri and Illinois— 
Kentucky Mineral Districts. By A. V. Heyl, M. R Brock, J L. Jolly and 
©. B. Wells. Pp. tii+20+ plates 1-3. Bulletin 1212: Boundaries of the 
United States and the Several States. By Franklin K. Van Zandt. ; 
x+291+plate 1. 1-75 dollars. Water-Supply Paper 1883: Magnitude and 
Frequency of Floods in the United States 


By James L. Patterson and William P. Somers. Pp. xvii+475+ plate 1. 


ator Uppy Paper 1795: Water Resources of the Humboldt River Valley, - 


Newar Winnemucca, Nevada By Philip Cohen. Pp ix +143+ plates 1-7. 
Water-Supply Paper 1809-8: Suitability of Irrigation Water and Changesin 
Ground-Water Quality in the Lompoc Sub-area of the Santa Ynez River 
Basin, Santa Barbara County, California. By R E. Evenson Pp ii+20+ 
plates 1-3. Water-Supply Paper 1818 By arog of the Alluvial Deposits 
in the Ohio River Valley, Kentucky. By John T Gallaher and W. B. Price. 
| 586)". v+80. (Washington, D.C.. Government Printing Office, 1008 oer 
Companhia de Diamantes de Angola (DIAMANG). Servicos Culturais. 
Dundo—Lunda—Angola Museu do Dundo. Subsidios para a Histéria, 
Arqueologia e Etnografila dos Povos da Lunda. Publicacces Culturais. 
No 78: The Distribution of Prehistoric Culture in Angola By J. Desmond 
1088) Pp. 102 (5 plates). (Lisboa: Companhia de Diamantes de Angon: 
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Mr. WEpGwoop BENN is exceedingly lucky to have 
succeeded Mr. Frank Cousins as Minister of Technology 
at this critical time for the Ministry. Ministers in 
charge of new departments frequently find themselves 
spending much time and effort in gathering together 
the instruments of power, often by means of tussles 
with their colleagues. Mr. Benn will have none of that 
to do. Mr. Cousins has done it for him, and there is 
something in the view that Mr. Cousins was too much 
concerned with the accumulation of power—the people, 
the laboratories anẹ the money—and too little con- 
cerned with using it. Whatever the truth may be, 

the accession of the core of the Ministry of Aviation to 
his Ministry in the autumn will mean that Mr. Benn 
will be able, if he wishes, to direct the largest single 
instrument of British expenditure on research and 
development. By good luck there are signs that the 
Ministry of Technology is beginning to find its feet at 
last ; modest achievements now exist as counterpoise 
for the disappointments of the past two years (see 
p. 115 of this issue). 


What, then, should Mr. Benn do? First he must 


decide what the Ministry of Technology can reasonably 


be expected to accomplish. At the beginning of the 
Ministry’s existence, after the General Election in 1964, 
ambition tended to get the better of good sense, and 
there was a tendency to believe that the Ministry with 
its own resources would be able to make up for all the 
deficiencies of British industry, real and imaginary. 
It is therefore fascinating to see how often the Ministry 
has been converted from taskmaster into protector. 
Frequently it has turned out that the best service 
which the Ministry can provide for an important 
sector of industry is not research and development but 
intervention with another government-department, or 
a hint to some well-placed merchant bank. It has 
also become clear that the Ministry cannot hope to 
cater for the whole of British industry. It has to do 
some things well, and hope that these will serve as 
examples to the parts of industry not directly affected. 
Even with the new accession of strength from the 


ve Ministry of Aviation, it will have to remain selective. 


Mr. Benn must keep a tight rein on his enthusiasm. 
He must also reckon that the organization of his 
resources will take—and will deserve—much of his 
attention. The laboratories within the Ministry of 
Technology are not by any means the coherent force 
they could now become. There needs to be much 
closer co-ordination of their work, ideally by means of 
the frequent interchange of people from one place to 
another. The aim is not to eliminate duplication, 
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.. --Which could well be a false economy, but to arrange for 


the fullest exchange of creative ideas. It should also 
be made much easier for scientists and technologists in 
the new organization to move from their laboratories 
into the universities (and back again) and into admin- 


“` istration. Too many of the laboratories seem like 
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backwaters. Providing them with certain obvious 
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common services—economic analysis or a computer 
centre, for example—would probably pay well, but 
the over-riding need is an environment in which the 
members of the Ministry’s huge skilled labour force 
can sense, more clearly than at present, how valuable 
its work could be to industry. 

Deciding how and where to exert the efforts of the 


‘ Ministry is another problem. One difficulty is that 


there is no case law to show how best to enact the 
optimism which sustains the British Government in 
its view that intervention with public funds can indeed 
improve the condition of industry. So far, the Ministry 
of Technology has set a great deal of store by the 
letting of contracts to companies willing to undertake 
development in certain fields, and has thus done 
something to reproduce in Britain some of the industrial 
benefits of expenditure on defence research and 
development in the United States. There has been a 
brave attempt to keep the British computer industry 
alive and forward-looking. Good works are also now 
apparent in fields as different as chemical] engineering 
and water purification. Nevertheless, the impression 
remains that resources are too thinly spread to be 
really effective. More might be accomplished by the 
pursuit of excellence in a narrower field—the optics 
industry, for example. 

Already enough is known about the hazards of 
public sponsorship of industrial Innovation to make it 
clear that technology as such is only half the need. 
In shipbuilding, far example, the Geddes Committee 
showed, earlier this year, that reorganization may be 
more important than the acquisition of new tech- 
niques. Elsewhere, British companies are often uncom- 
petitive for lack of an incisive appraisal of the market. 
This is why Mr. Benn should do more than his pre- 
decessor to encourage the spread of new management 
techniques. Technical retraining is another neglected 
opportunity. Somehow the Ministry must also win a 
better economic insight into the condition of tech- 
nology in Britain, if necessary by letting research 
contracts to university departments. 

To this list of formidable, but mercifully tangible, 
tasks to be attempted, there must be added the need 
somehow to bridge the gulf which has grown up, in 
the past two years, between technology and what is 
sometimes called pure science. This is in part a 
consequence of the administrative separation of public 
support for science and for technology in separate 
departments of the British Government. No amount 
of committee work can guarantee good co-ordination, 
and Mr. Cousins’s sensitivity about the autonomy 
of his department had not helped to foster smooth 
relations. But the real trouble is that the Ministry 
of Technology has chosen to give itself a sense of 
identity by accentuating the distinction between 
technology and science. As a consequence, the 
Ministry has done virtually nothing to foster the 
reform of engineering education in British universities 
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and technical colleges. Complacency about all things 
technological has also diverted it from a critical 
appraisal of the engineering professions, and from the 
need to pay technologists more money. On the other 
hand, there has grown up the view that the work of the 
pure sciences is somehow irrelevant to the progress of 
technology and the health of British industry. The 
best that can be said of it is that this opinion is ill- 
informed. Nobody knows enough to know how best 
to strike a balance between technology and what is 
now called science, although there is no question that 
they are in some sense mutually dependent. The best 
service Mr. Benn could do his Ministry, and the 
industry it is meant to serve, would be to convince his 
acolytes that science and technology are really 
inseparable parts of the same entity. 


DATA FOR PHYSICS 


Tas Institution of Electrical Engineers is right to ask 
itself what kind of service Physics Abstracts should 
provide (see p. 112 of this issue), but there is more at 
stake than mere modernity. The question of whether 
the world’s principal physics abstracting journal 
should continue to be published from the United 
Kingdom is also involved. One difficulty is that 
Physics Abstracts, like other abstracting journals, is not 
a paying proposition. Costs keep rising, and more or 
less in tune with the steadily increasing volume of 
publications in physics. At the same time, there is a 
steady pressure for an ever faster service, which means 
high capital expenditure on data processing equipment 
and the like. Yet circulation is linked not with the 
volume of scientific activity, but with the number of 
laboratories and libraries, and there are obvious limits 
‘to the extent to which it can be taxed. These are the 
principal reasons why subsidies are necessary. In 
recent years, American sources have generously helped 
to keep Physics Abstracts on its feet. 

More recently, however, there has been a tendency 
to believe the job could be done more efficiently in the 
United States. Though the service offered by Physics 
Abstracts has been steadily improving, and though this 
is now augmented by the new journal Current Papers in 
Physics, there is no question that American experience 
in running abstracting journals far outstrips that in 
the United Kingdom. Nuclear Science Abstracts and 
Chemical Abstracts are both masterpieces cf the 
application of technology to the processing of scientific 
information. From time to time there las actually 
been talk of letting Nuclear Science Abstracts grow so 
as to include the whole of physics, though the prospect 
of this happening is to some extent restricted by the 
view of the United States Government that respon- 
sibility for nuclear abstracting should belong to some 
international authority—the International Atomic 
Energy Agency, for example. In any event, there 
seems to be an entirely sensible recognition within the 
community of physicists that an efficient abstracting 
service must inherently beinternational. The American 
Institute of Physics has been particularly keen, in 
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recent years, to help the Institution of Electrical 
Engineers along by providing timely abstracts of 
material appearing in its own journals. In a sense, 
one object of the study on which the Institution of 
Electrical Engineers has now embarked is to find some 
way of matching American efficiency with British. 
With luck, there is no reason why the venture should 
not succeed, though there are signs that American 
critics of present arrangements would be more easily 
satisfied if the «Institute of Physics in Britain were 
more closely concerned in producing Physics Abstracts. 
Producing abstracts quickly is, however, only half 
the battle. Knowing how best to use them is another 


problem which is harder to resolve. The most obvious - 


difficulty is the most serious, for ordinary people find 
it hard to accumulate information by ploughing 
through the abstracting journals. This is why large 
laboratories provided with efficient information ser- 
vices have taken to distributing extracts from the 
abstracts to those known to have an interest in them. 
By all accounts, the system works well. It is certain 
to be imitated as widely as circumstances and machines 
permit, and there is no reason why even small labora- 
tories should not be helped with selected abstracts by 
some central service. But how, then, to browse ? 
Evidently there is a need for ways of letting scientists 
know something of the contents of a wide selection of 
the literature, and this is where new types of journals 
may have an important part to play. In all the 


circumstances, the Institution of Electrical Engineers — 


should not be too dismayed if its enquiries suggest 
that there is only a limited future for abstracting 
journals as at present known. It is more important to 
provide the kind of service which the professionals need. 


Sew 


NO MORE VISITS 


Tu Society for Visiting Scientists has announced that 
it will in future not collect scientific periodicals and 
books and that its present collection will be disbanded 
This is another step in the slow process by which the 
Society appears to be being driven out of existence. 
Ever since it left its cheap-rent premises in Old 
Burlington Street, the Society has found it hard to 
make ends meet. In its annual report published in 
December 1965, the Society said that the “news of our 
financial situation is bleak. We anticipated no sub- 
stantial increase in membership involving full sub- 
scription, in view of the fact that we no longer are able 
to provide the club amenities we used to offer”. In 
the event the Society has found that covenants signed 
by a number of companies several years ago have run 
out simultaneously. Though some support continues, 
it looks as if the British Council will be the only 
enduring source of funds. 

In spite of the vigorous programme of lectures and 
discussions arranged for last year, officials of the 
Society are inclined to be as despondent as these hard 
facts suggest they should be. The trouble, of course, 
is that the Society for Visiting Scientists must be able 
to help people visit, and for that it needs some premises. 
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NEWS AND VIEWS 


More Oxford Colleges 


Tx: Report of the Franks Commission may already 
have borne some fruit. The Ford Foundation of 
America and the Wolfson Foundation in the United 
Kingdom have between them agreed to contribute a 
total of more than £4 million to suppost and endow two 
graduate colleges at Oxford. This is the largest single 
sum the University has ever received, and there is 
some reason to think that the generosity of the two 
foundations has been stimulated by the argument of 
the Franks Commission in favour of more postgraduate 
teaching at Oxford. The two colleges to benefit are 
St. Antony’s, originally founded in 1950, and a new 
foundation to be called Wolfson College. The latter 
will concentrate its interests in the sciences. 

After the public announcement of the double 
endowment, Mr. William Deakin, the Warden of St. 
Antony’s, said that he hopes he will be able to increase 
the number of postgraduate students at the College 
and the number of scholarships available to people 
from abroad. The College specializes in studies of 
Eastern Europe and the Far East, and plans to increase 
the amount of research in those subjects. The College 
also needs a new building, having begun its career with 
the ascetic view that learning comes before living, and 
having recently found the discomforts of a converted 
house in north Oxford an impediment to thought, or 
at least to good administration. 

Wolfson College has been endowed equally by the 
Ford Foundation and the Wolfson Foundation to the 
tune of roughly £3 million. It will absorb the graduate 
society hitherto called Iffley College. The intention is 
that roughly two-thirds of its fellows should be scien- 
tists or doctors, though there will be Sir Isaiah Berlin, 
professor of social and political theory at Oxford, as 
Master (in effect though not, perhaps, in name) to 
redress any imbalance there may be. Mr. McGeorge 
Bundy, now president of the Ford Foundation but 
until recently Special Assistant to the President of the 
United States, has let it be known that he hopes that 
these endowments of Oxford will help to counteract 
the drift of people from Europe to the United States. 


No Immunity against Fall-out 


No general methods of immunizing man against the 
hazards of radioactive fall-out are likely to be forth- 
coming for many years—if ever. Given as many as 
possible of the factors relating to a particular case, some 
remedial measures might now be possible, but even then 
it would be necessary to balance the anticipated risk 
from radiation against the risks and social disadvan- 
tages that might result from the implementation of 
particular countermeasures. Such are the conclusions 
of the Medical Research Council’s Committee on 
Protection against Ionizing Radiation, under the 
chairmanship of Sir John Cockcroft, in its report 
The Assessment of Possible Radiation Risks to the 
Population from Environmental Contamination 
(H.M.S.0., Is. 9d.). By predicting the magnitude of 
the doses that will arise many years hence, and coupling 
this with long-term studies of the survivors of Hiro- 
shima and Nagasaki and with other data, risk estimates 
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have been extrapolated in terms of the possible in- 
cidence of fatal malignancies and certain genetic 
defects. 

As a result of the atmospheric tests of nuclear 
weapons which had taken place up to the end of 1965, 
it is estimated that in the United Kingdom, by the year 
2000, three additional cases of leukaemia, two of all 
other types of fatal cancer and two of thyroid cancer 
per million of the population exposed may, at the worst, 
have been caused. These figures refer to the increased 
incidence over and above the natural incidence—the 
figure for all types of fatal cancer (including leukaemia) 
in Britain is at present about 2,200 cases per million 
per year. It has also been estimated that, in the case 
of the present generation, one additional case of visible 
genetic abnormality could be caused in the offspring 
of each million persons exposed. (The natural incidence 
is about 15,000 per million live births.) 

The report directs particular attention to counter- 
measures against radioactive fall-out. Iodine-131 
has a considerable effect on the thyroid glands of in- 
fants. Because fresh cow’s milk is the dominant 
route of this isotope to the body, the substitution of dried 
for fresh milk in the diet of infants would provide a 
large measure of protection: storage of dried milk 
would certainly offer a high degree of protection, as 
the activity of this isotope decreases by a factor of 
about 15 in every month. High concentrations of 
strontium-90 have been found in the bones of children 
between 1 and 2 years old; again, cow’s milk is known 
to be the main source of this isotope. Remedial 
measures at present under examination are those 
designed to inhibit selectively the uptake into the body 
of this isotope. Thus supplementation of the diet by 
calcium in various chemical forms has been considered. 
Protection against the genetic effects are more difficult, 
as these are attributable primarily to external radia- 
tion and ingested caesium-137. Except in the early 
months of life, a large fraction of the caesium-137 that 
enters the body is contained in components of diet 
other than milk and, as the Committee emphasizes, 
any attempt to decontaminate these would involve 
major dislocation of normal food supplies. 


ls a Virus a Virus? 


THE World Heaith Organization has made public a 
cautionary statement on the detection of viruses 
associated. with leukaemic tissues—human and those 
taken from domestic animals ` 

The search for virus particles by electron microscopy 
has to be considered as a preliminary stage only and 
the finding of characteristic particles as a useful guide 
for further biological experimentation. The absence 
of virus does not exclude te viral nature of the disease 
and the presence of particles does not necessarily 
mean that they are causally related to the disease. 
The assumption that viruses like those of avian and 
murine leukaemia are responsible for the human disease 
may not be corr-et. Other types of viruses or other 
causative agents may be involved. 

If it is assumed, however, that viruses exist in 
leukaemic tissues from man and domestic animals 
similar to the viruses associated with mouse and chicken 
leukaemia, the following criteria for detecting particles 
which have a high probability of being viruses (based 
on observations on known leukaemia viruses) should be 
taken into consideration in using the thin-section and 
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negative staining techniques for examining tissues, 
cells, and pellets from associated fluids. 

(a) Budding particles. The maturation (budding) 
process is known in detail for leukaemia viruses in 
mice and chickens. Confirmation of similar processes 
in human tissue would be good evidence of virus 
formation. 

(b) Detached particles. These particles should possess 
a dense central region or nucleoid separated by 2 
clear zone from the envelope which should have 
unit membrane structure. The envelope may or may 
not exhibit an external fringe. The nucleoid is not 
uniformly dense and may have a filamentous structure. 
The boundary of the nucleoid is sharply delimited. 
The presence of particles possessing a double shell, the 
inner of which is more electron dense and thicker than 
the outer, is considered to be of significance. However, 
the presence of particles consisting of two unit mem- 
branes, one inside the other, is not considered signi- 
ficant. 

Particles of uniform size and consistent morphology 
should be present (if only isolated particles can be 
found identification is less certain). 

The characteristics described here are important in 
distinguishing viruses from secretion granules, specific 
granules of blood cells, elementary bodies of Jfyco- 
plasma, ete. 

In addition to these criteria, evidence for the presence 
of nucleic acid (presumably RNA) in the nucleoid by 
cytochemical methods should be sought and if found 
would argue strongly in favour of the viral nature of 
the particles. 

Great caution should be exercised in the use of 
negative staining in the search for virus particles and 
whenever possible results should be confirmed by 
studies with thin sections. To be significant a number 
of particles of uniform size and consistent morphology 
should be present. 

The avian and murine leukaemia virus particles 
have not so far been shown to possess the characteristic 
symmetrical structures that allow many other viruses 
to be easily recognized by this method. Nucleoids 
can be observed in murine and avian leukaemia virus 
particles if the particles are fixed before negative 
staining. The consistent presence of similar structures 
in human material would be an indication of viral 
nature. 

The ‘tails’ that may be observed in leukaemia 
viruses after negative staining are not sufficiently 
characteristic to be useful as a diagnostic criterion. 

This statement is being published both in this journal 
and in the Bulletin of the World Health Organization. 


Engineers by Television 


A Port experiment in the use of television for training 
professional engineers is to begin in Poland in Sep- 
tember. In the first year of the project, four television 
production centres at Warsaw, Gdansk, Wroclaw and 
Katowice will broadcast five half-hour programmes 
each week on the Polish television network. In 1967-68 
and thereafter, there will be ten programmes a week 
covering the material normally included in the first 
and second years of the Polish engineering curriculum. 
The pilot scheme is being sponsored by Unesco, and 
will be conducted in such a way that other authorities 
wishing to use educational television for professional 
training will be able to do so. Students wishing to follow 
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the television course in engineering will be required 
to pass an examination so as formally to enrol and to 
qualify for paid study leave and the travelling expenses 
that will from time to time arise in visiting university 
centres. Formally enrolled students will also have 
first call on a set of text-books. It is expected that 
some 9,000 students will be taken on in the first 
academic year of the project, and that there will be 
reom for 12,000 in later years, when instruction in 
the core of the engineering course is properly under 
way. . 

Enthusiasm for television teaching is clearly as high 
in Poland as it is wherever else television educators 
meet. Mr. I. Waniewitz, director of education tele- 
vision in Poland, says that his next objective will be a 
television course for training teaclters. But first there 
is to be a thorough study and evaluation of the engineer- 
ing course, not only in educational terms but also from 
the point of view of those concerned with cost-effective- 
ness. That could be a valuable piece of work. 


Abstracts for Physics 


Wuart information do physicists want and what is the 
best way of making it available? These are the 
questions that Physics Abstracts is trying to answer. 
The British Institution of Electrical Engineers, which 
publishes Physics Abstracts, is using £54,000 from the 
Department of Education and Science to carry out a 
3 year study into the problems of a physics information 
service. According to Mr. J. R. Smith, assistant direc- 
tor of the Institute and head of the project, there are 
really four problems to be solved : (1) What is physics 
and what fields should it cover ? The area that is now 
covered by the abstracts could easily be doubled. 
(2) What should be in the literature—should books, 
theses, and patents, as well as journals, be included ? 
(3) What services do physicists actually need and 
want? (4) What is the best way of mechanizing 
Physics Abstracts and also turning it into an efficient 
information retrieval service ? 

The American Institute of Physics, which works 
jointly with the I.E.E. on Physics Abstracts and is 
co-operating on the present project, has its own docu- 
mentation research project and has recently started 
investigating a “community network for physicists” — 
the information network from primary journals to the 
data centres required for disseminating information. 
The I.E.E.’s study will form a middle section of this 
overall review. 

The British project grew out of a private conference 
on physics abstracting held in London in October 
1964, which concluded that Physics Abstracts should be 
mechanized and that a service for information dis- 
semination and retrieval should be established. To 
answer these needs, the I.E.E. is attempting to prepare 
a ‘unit record’ of each piece of data ; each record will 
contain enough information for a variety of uses, 
including the present abstract journal and the current- 
awareness journal, Current Papers in Physics—a 
bi-monthly tabloid giving brief references for nearly 
all physics literature that will later be abstracted. In 
addition, the ‘unit record’ could be used for machine 
retrieval—straight searches for particular information, 
for selective dissemination of information, or for 
printed indexes. 

Mr. Smith is hopeful that within a very few years 
such a mechanized system could be used for the 
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Physics Abstracts and the Current Papers at no more 
than the present costs ; any further uses of the system 
would be a bonus. While there is no pressing need at 
the moment for mechanization, Mr. Smith said that at 
the present 10 per cent growth rate, now 40,000 new 
abstracts per year, and with a redefinition of physics, 
within 10 years there would be 200,000 more articles a 
year, an impossible number to handle by present 
methods. He is hopeful that when the present study 
ends in 1967 the Department of Education and Science 
will agree that a mechanized information system must 
be established before the present stream reaches flood 
level. 


Parliament in Britain 


IN the House of Lords on June 30, Lord Byers pressed 
hard for an immediate further Government contribution 
towards the cost of the Atlas computer at the Univer- 
sity of London. Lord Shackleton replied that this had 
been considered as part of a general review of require- 
ments for computer time in London in the light of the 
Flowers Report, which the Government had adopted. 
Until the regional centre recommended by the Flowers 
Committee comes into operation, the available com- 
puter capacity would be short of the stated needs of 
the schools and colleges of the University of London. 
While the Government and the University Grants 
Committee would in principle wish to see the computing 
power available to the University of London increased, 
Lord Shackleton firmly maintained that the Govern- 
ment could not provide from available resources an 
additional grant for this purpose in the current year. 

He hoped that certain other proposals, including the 
early introduction of an IBM machine at University 
College, might ameliorate the situation. 


In answering a question from Lord Chorley regarding 
progress with research into the desalination of sea 
water on June 30, Lord Shackleton said that the 
programme being undertaken by the Atomic Energy 
Authority in conjunction with industry had now been 
operating a little more than twelve months. Experi- 
mental multi-flash distillation facilities were in opera- 
tion at Winfrith and Harwell and an additional 
sea-water test establishment would shortly be com- 
pleted at Troon. All these facilities would be used in 
efforts to improve design and to reduce capital costs. 
Recent work on reverse osmosis had opened up the 
possibility of producing an improved type of membrane 
which was to be tested, and engineering problems 
associated with the design and construction of plants 
using this process would be studied. A new prototype 
electrodialysis testing unit was nearing completion. 
The present programme was based on a planned 
expenditure of about £1:5 million over 3 years and 
expansion would depend on the evaluation of the 
technical results of current work. In this work of the 
Atomic Energy Authority, research and development 
and engineering design were very closely integrated, 
and thus major design studies had been made of 
desalination plants one order of magnitude greater than 
built hitherto and the possible combination of such 
units with nuclear power plants. There were greater 
hopes that the programme would lead, especially in 
association with nuclear power plants, to an additional 
source of water which would be at least as cheap as 
fresh water, taking into account all the equipment 
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required for pipes ‘and reservoirs. In view of the 
pressing need for fresh water, however, it was too 
early to cancel any: existing plans. 


In moving the second reading of the Overseas Aid 
Bill in the House of Lords on June 28, Lord Beswick 
said that the Bill provides authority for the Ministry 
of Overseas Development to use funds for certain 
specific immediate purposes, and the opportunity had 
been taken to rationalize and regularize the authority 
previously vested in the Ministry of Overseas Develop- 
ment by statutory instruments. The debate followed 
on one opened by Lord Todd on technical assistance to 
developing countries in January, and Lord Beswick 
affirmed the Government’s belief that both Government 
aid and private investment had important parts to 
play in developing countries and that private invest- 
ment was directly dependent on the creation of an 
infrastructure of the basic public utilities. 

Total British aid had increased from £81 million in 
1957-58 to £151 million in 1960-61, £191 million in 
1964-65, and was expected to exceed £200 million in 
1965-66 ; in the current year the target was £225 
million. The cost-effectiveness of aid was secured by 
the greater co-ordination under a single responsible 
Ministry and by a careful scrutiny of the development 
programmes of individual countries. The policy of 
devoting a large proportion of available resources to 
technical aid should also assist. Dispersements on 
technical assistance had risen from £25 million in 1962 
to £32 million in 1965. Lord Beswick also referred to 
the increase in contributions to multi-lateral agencies. 
The clause relating to the Indus Basin Development 
Fund Agreement was specially welcomed in the debate. 
The Bill was generally welcomed. 


University and College News: 
Battersea College of Technology 


Dr. K. E. Pourricx, reader in metal physics, has been 
appointed to the second chair of physics as from June 1. 


Cambridge 


Tx following have been appointed to the three newly 
established chairs of engineering: Prof. J. H. Horlock (at 
present professor of mechanical engineering in the 
University of Liverpool); Prof. L. E. Goodman (at 
present head of the Department of Civil Engineering and 
Hydraulics in the University of Minnesota); A. H. Beck 
(at present reader in electrical engineering in the Univer- 
sity of Cambridge). 


Manchester 


Pror. D. H. VALENTINE, at present professor of botany 
in the University of Durham, has been appointed pro- 
fessor of botany and director of the Experimental Grounds 
in the University of Manchester in succession to Prof. 
C. W. Wardlaw. When Prof. Valentine joined the 
University of Durham in 1945 as reader in botany, the 
Department had almost no accommodation, one lecturer, 
a research fellow and a few students. It grew slowly but 
steadily; in 1950 Valentine became its first professor and 
his first research student began her work. This led to a 
tradition of experimental taxonomy which was to give 
the Department a firm and well-merited reputation. His 
own work in this field, with its emphasis on evolutionary 
significance rather than mere classification, is well and 
widely known, and many botanists will think that it is 
fortunate that he is taking a prominent part in the pro- 
duction of Flora Europaea. Many of his former research 
students occupy university posts in various parts of the 
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world: The vigorous and forthright manner of argument 
engendéred by Prof. Valentine’s tendency towards 
dogmatism has enlivened many discussions in colloquia, at 
society meetings, and over the departmental tea-table. 
This is very much relished by students at all levels, who 
find him a very stimulating personality. With university 
expansion following the usual pattern, the Department of 
Botany at Durham had to be content to occupy accom- 
modation left vacant as the non-biological sciences moved 
into new buildings. But Prof. Valentine has ensured 
that the Department has maintained a proper growth- 
rate. As new teaching posts were created, its interests 
and research activities widened greatly, and he will leave 
behind him a flourishing and lively Department. He will 
be much missed. 


Massachusetts Institute of Technology 


Dr. JULE G. CHARNEY, one of the world’s leaders in 
the application of computers to weather analysis, has 
been appointed Alfred P. Sloan professor of meteorology 
at the Massachusetts Institute of Technology. He will be 
the first to occupy this new chair, established through a 
fund pledged by the late Alfred P. Sloan, jun., before his 
death early this year. Dr. Julius A. Stratton, retiring 
president of the Massachusetts Institute of Technology, 
has been elected a life member of the Corporation, the 
governing body. Dr. Stratton has been an ex-officio 
member of the Corporation since 1951, when he became 
vice-president. He became acting president in 1957 and 
president in 1959. Prof. H. C. Hottel has been appointed 
the first Carbon P. Dubbs professor of chemical engineer- 
ing. 


Sheffield 


WHEN Prof. G. Porter vacates the Firth chair of chemistry 
on August 31 the Firth professorship will cease to be 
linked specifically to one chair of chemistry, and a Firth 
visiting professorship in the Department of Chemistry 
will be established. This will enable distinguished 
chemists to be invited to participate in the work of the 
Department. The following have been appointed to 
chairs: Dr. G. W. Greenwood (metallurgy); Dr. T. R. 
Kaiser (physics); Dr. A. S. C. Lawrence (personal chair 
in the Department of Chemistry). 


Sussex 


Dr. A. M. UTTLEY, at present superintendent of the 
Autonomics Division at the National Physical Laboratory, 
has been appointed research professor of experimental 
psychology in the University of Sussex, and he is to lead 
an important scientific project concerned with the appli- 
cation of pattern recognition theory to our understanding 
of the organization of nerve cells in the brain by using 
a computer to set up simulated models. The work is to 
be supported by a Science Research Council grant of 
£72,000 over a period of 5 years, and Dr. Uttley has also 
been awarded a grant by St. Dunstan’s of £7,000 per 
annum for 5 years, to support research on reading aids 
for the blind. In addition, the Carnegie Institution of 
Washington has made a grant of £9,000 in supporé of Dr. 
Uttley’s research work. The Science Research Council has 
also made an award of £19,000 to Prof. N. S. Sutherland, 
head of the Laboratory of Experimental Psychology at 
Sussex. He will be comparing models of perception and 
learning with data derived from psychological studies of 
human and animal subjects. 


Announcements 


Dr. Henny B. Bieetow, founding director of the Woods 
Hole Oceanographic Institution, has been awarded the 
Compass Distinguished Achievement Award at the 
annual meeting of the Marine Technology Society in 
Washington, D.C. Dr. Bigelow has served as president 
of the Corporation of the Institution, as chairman of the 
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board of trustees and as curator of the Museum of Çom- 
parative Zoology at Harvard University; he is now an 
honorary trustee of the Oceanographic Institution and 
professor emeritus of zoology at Harvard. The Award’is 
given by the Marine Society ‘‘for significant contributions 
to the advancement of the science and engineering of 
oceanography and marine technology”. 


R. D. GILLARD has been awarded the Meldola Medal for 
1965 in recognition of his work in the field of inorganic 
chemistry, with special reference to the chemistry of 
transition-metal complexes and their optical activity 


Dr. Tostas Lasser, director of the Botanical Institute, 
Caracas, Venezuela, was confirmed as president of the 
Association for Tropical Biology for 1966-67 at the 
meeting on the Biota of the Amazon Basin, held in Brazil 
during June 6-11. Dr. A. C. Smith of the University of 
Hawaii was elected president-elect. ° 


SHELL research fellowships have been awarded to Dr. 
R. B. Homer, University of East Anglia, to support his 
research on the interaction of small molecules with bio- 
polymers, and to Dr. Margaret Wright, University of St. 
Andrews, for kinetic and equilibrium studies of the 
hydrolysis of biologically important compounds; and 
some aspects of enzyme kinetics relevant to haemolysis. 
These awards are worth £1,300 per annum and are tenable 
for 2 years from October 1966. They are the first to be 
made from Shell International Petroleum Company’s new 
series of post-doctoral research fellowships. 


THe annual report of the Smith Kline and French 
Foundation for 1965 says that grants made by the 
Foundation in the first 4 years of its existence amount to 
£103,347. The Foundation specializes in small grants (less 
than £2,500 each) for research in medicine and related 
fields. Further information can be obtained from the 
secretary, Mr. A. T. Cousins, Mundells, Welwyn Garden 
City, Hertfordshire. 


An exhibition to commemorate the centenary of the 
second term of office of Sir Joseph Whitworth, arranged 
by the Institution of Mechanical Engineers in conjunction 
with the Whitworth Society, will be held at the Institution 
of Mechanical Engineers during July 19-August 26. 
Further information can be obtained from the Secretary, 
Organizing Committee, the Institution of Mechanical 
Engineers, 1 Birdcage Walk, Westminster, London, 
S.W.1. 


A SUMMER institute on “Non-Linear Effects in Plasmas” 
will be held in the University of Paris during September 
5-23. Further information can be obtained from Dr. 
Kalman, JILA, University of Colorado, Boulder, Colorado. 


A JOINT meeting of Commissions IT and IV of the Inter- 
national Society of Soil Science on “Soil Chemistry and 
Fertility” will be held in King’s College, University of 
Aberdeen; during September 5-10. Further information 
can be obtained from Dr. J. Tinsley, Department of Soil 
Science, University of Aberdeen. 


THE annual symposium on “Molecular Structure and 
Spectroscopy’ will be held in the Department of Physics, 
Ohio State University, during September 6-10. Further 
information can be obtained from Prof. K. Narahari Rao, 
Department of Physics, Ohio State University, 174 West 
18th Avenue, Columbus, Ohio. 


An advanced study institute on ‘Symmetry Principles 
in Elementary Particle Physics’, under the directorship 
of Prof. B. Kursunoglu, will be held at the Cekmece 
Nuclear Research Center in Istanbul during August 8-27. 
Sponsored by the North Atlantic Treaty Organization, 
the summer institute will be directed primarily to ad- 
vanced graduate and postgraduate students. Some funds 
will be available for those unable to obtain complete 
financial support elsewhere. Further information can be 
obtained from Prof. A. Perlmutter, Center for Theoretical 
Studies, University of Miami, Coral Gables, Florida. 
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THE SHORT HISTORY OF THE MINISTRY OF TECHNOLOGY 


Ts British Ministry of Technology was created in October 
1964, after the General Election in that year. The plan 
for such a Ministry was itself an important part of the 
discussions within the Labour Party in the months 
preceding the election. The chief argument in its favour 
was that the government of a modern industrial nation 
requires a concentration of power in an organization 
capable of initiating change. To begin with, critics of the 
then arrangements for sponsoring and fostering industrial 
development and research were able to point to the 
diversity of the interests concerned—the Department of 
Education and Science, the Ministry of Aviation, the 
Board of Trade, the Ministry of Power, not to mention 
a number of independent public bodies such as the 
United Kingdom Atomic Energy Authority. The first 
objective, then, was to unite as many as possible of these 
entities in one organization. 

In the event, the Ministry of Technology created in 
October 1964 was less grand. In the arrangements for 
organizing civilian science and technology, the Depart- 
ment of Education and Science has retained responsibility 
for the research councils whose chief function is to support 
scientific research in universities and elsewhere, but which 
also carry out some work of their own. (Thus the Science 
Research Council is directly responsible for running the 
Radio and Space Research Station at Slough.) The 
Mmistry of Power remains formally responsible for foster- 
ing scientific research in power generation, while, for most 
of the past twenty months, the Ministry of Aviation has 
retained responsibility for a number of research establish- 
ments, some of which are directly concerned with defence 
and others with more civilian developments, and has thus 
been an ironic reminder that some of the earliest plans for 
the Ministry of Technology assumed that it would be 
constructed around the Ministry of Aviation. 

To begin with, the Ministry of Technology was made 
responsible for ten research stations transferred from the 
old Department of Scientific and Industrial Research 
(Table 1), together with the United Kingdom Atomic 
Energy Authority. At the same time the Ministry of 
Technology was made responsible for the co-operative 
research associations, which were again transferred from 
the Department of Scientific and Industrial Research and 
which are financed partly by government grant and partly 
by contributions from the industries concerned. The 
Ministry of Technology was also, from its creation, given 
responsibility for the National Research and Development 
Corporation, whose job it is to invest public money in 
the development of new processes and devices (the most 
profitable of which has been the Bailey bridge and the 
best known the Hovercraft). The Ministry of Technology 
became formally responsible for these various institutions 
within a few months of the creation of the Ministry; the 
transfer of power was complete by the beginning of 
April 1965. 

The Atomic Energy Authority consumes roughly ten 
times as much money as the laboratories and engages not 
merely in research and development but also in the produc- 
tion of nuclear materials and the processing of spent 
uranium fuel. Since the inception of the Ministry of 
Technology it has been assumed that the Atomic Energy 
Authority will somehow diversify its activities, taking on 
pieces of research and development on behalf of industry. 
As yet, there is little to show how successful this policy 
has been. 

With its creation, the Ministry also assumed respon- 
sibility for the industrial research associations, now forty- 
eight in number and requiring annual expenditure 
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1966-67 

Cost No. of 

(£) people 
Building Research Station 936,000 698 
Fire Research Station 187,000 149 
Forest Products Research Laboratory 239,000 177 
Hydraulics Research Station 257,000 285 
Laboratory of Government Chemist 570,000 395 
National Engineering Laboratory 940,000 795 


National Physical Laboratory 
Torry Research Station 228,000 198 
505,000 398 
228,000 171 


6,307,000 4,872 


Warren Spring Laboratory 
Water Pollution Research Laboratory 





estimated to amount to £3,570,000 in 1966. In addition, 
the Ministry is reckoning to spend £750,000 on research 
and development contracts, a roughly similar amount 
on a scheme to purchase from industry advanced machine 
tools and other devices where it is thought that develop- 
ment is held up for lack of customers, £700,000 on advice 
for industry, £290,000 in launching the National Comput- 
ing Centre, and £400,000 on support for the British 
Standards Institution. 

As yet, it is not clear how much of the work of the 
Ministry of Aviation will be transferred to the Ministry of 
Technology in the autumn of this year. One of the first 
tasks to be tackled by the new Permanent Secretary to 
the Ministry of Technology, Mr. Richard Clarke, will be 
to work out a rational division of the Ministry of Aviation. 
Some of the defence research establishments will no doubt 
be transferred to the Ministry of Defence, but it seems 
clear that the Mimstry of Technology will also grow in the 
process. Certainly its capacity for research will be 
strengthened in solid-state physics, electronics, and 
aerodynamics. 

In its responsibility to Parliament for the National 
Research and Development Corporation, the Ministry of 
Technology has been able to sponsor an increased budget. 
In the year ahead it plans to invest a further £5 million 


of public money in the work of the National Research and . . 


Development Corporation. At the same time it has been 
agreed that the Corporation should write off some £2-5 
million of interest accumulated since 1947 on capital 
borrowings from the Treasury and unlikely to be paid in 
the near future. To the extent that this step represents 
an admission that an organization instructed to take 
chances on research and development projects cannot 
always make a profit, it is likely that the Corporation will 
now feel more free than it has done to engage in risky 
enterprises. 

Apart from its direct responsibility for institutions like 
these, the Ministry of Technology has an avuncular 
relationship to British industry as a whole. Much of the 
energy of its officials has gone into detailed enquiries into 
the state—-technical and economic—of particular sectors 
of industry. There have, for example, been enquiries into 
machine tools and optics. The Ministry is not merely 
concerned to find out; it also hopes that the process of 
enquiry will stimulate industries to seek remedies for 
problems which become apparent. 

In recent months the Ministry has been particularly 
active internationally. For one thing, it is trying to 
introduce British manufacturers to standards (of measure- 
ment and of specification) in use elsewhere in the world, 
in the hope of making exports easier to come by. It is 
also spending an. increasing amount of its energy in dealing 
with the difficulties which beset Eritish manufacturers 
wishing to sell things abroad, sometimes using its influence 
to persuade another department of the British Govern- 
ment to remove some fortuitous obstacle to trade. 
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CONTINENTAL DRIFT, MESOZOIC CONTINENTS AND THE MIGRATIONS 
OF THE ANGIOSPERMS 


By Dr. R. MELVILLE 


Royal Botanic Gardens, Kew 


THe origin of the flowering plants, how they came to 
appear relatively suddenly in the northern hemisphere in 
the Cretaceous and how they attained their present dis- 
tribution are different aspects of one of the outstanding 
problems of biology. In recent decades it has become 
increasingly evident that the angiosperms must have had 
a long evolutionary history before the Cretaceous. Hawkes 
and Smith! recently supplied evidence favouring the 
existence of the genera Gossypium, Bromus and Solanum 
early in the Cretaceous and suggested an origin much 
earlier and probably on the former continent of Gond- 
wanaland. Stebbins?, Thomas? and Camp‘ have reached 
similar conclusions from studies of living angiosperms, 
and Plumstead’ has reviewed the fossil Glossopteridae, 
which dominated the flora of Gondwanaland, and dis- 
cussed the evidence linking them with the angiosperms. 
In evidence drawn mainly from floral vascular systems, 
I have proposed’-! a new theory of floral evolution, which 
indicated the Glossopteridae as the probable ancestral 
group of the angiosperms. The problem is too complex to 
be solved by any single line of evidence, but requires the 
correlation of data from many fields including taxonomy, 
phylogeny, palaeobotany, palaeogeography, geomorph- 
ology and palacomagnetism. 

The critical period for this study extends through the 
Jurassic and Cretaceous when Mesozoic land masses were 
breaking up before their rearrangement into the present 
continental system. Before this upheaval, during the 
Palaeozoic and the early part of the Mesozoic, four great 
floral regions can be distinguished. Three of these were in 
the northern hemisphere and the fourth occupied the 
former Gondwana continent, which endured in the south 
from about the Silurian until it began to break up in the 
Jurassic. Palaeobotanical evidence does not indicate any 
contact between Gondwanaland and the northern con- 
tinents during the whole of this long period®:*. Recent 
palacomagnetic research has provided independent evi- 
dence for the continued existence of the Gondwana 
continent at this time?®. 

By the Carboniferous, the Glossopteridae had developed 
as the characteristic flora of Gondwanaland. In the 
northern hemisphere, the coal flora occupied western 
Europe and eastern North America, which together 
formed a continent centred over the North Atlantic, 
which may be called Atlantica. A second distinctive flora, 
the Gigantopteris or Cathaysian flora, occupied a large 
part of China and South-east Asia and also the western 
part of North America®. These regions formed a continent 
centred over the North Pacific which may be called 
‘Pacifica’. In the region between, the Angara flora occupied 
an area, covering Siberia southwards to about the present 
40° parallel of latitude. At a later epoch the orogenesis 
which split up and dispersed Gondwanaland also cleft in 
two both Atlantica and Pacifica. Western Atlantica 
drifted into contact with Eastern Pacifica to form the 
present North American continent. The other two frag- 
ments, Eastern Atlantica and Western Pacifica, con- 
tributed to the modern Eurasiatic landmass. We must 


now seek evidence for the boundaries of these ancient 
continents and their positions at the beginning of the 
orogenesis. 

Geological discontinuities along the sites of ancient 
geosynclines mark the boundaries of the former conti- 
nental fragments, which came together to make the 
present continents. The distribution of earlier floras can 
be traced from the fossil record and can be correlated with 
the geological evidence to make a reconstruction of the 
former continents before their rearrangement. Following 
this line of research, we find that fossil Glossopteridae 
occur in South America only south of the Amazon, so 
that only the southern portion can have formed part of 
Gondwanaland. The Amazon itself is no ordinary river. 
Although it runs for more than 2,000 miles through 
country not more than 36 ft. above sea-level its channel 
is broad and deep. At 500 miles above Para the river is 
still 348 ft. deep. These unusual features can be 
accounted for if the river follows a rift where continental 
blocks came together. 

Crossing the Atlantic to the African shore, a deep 
trench is found in the seabed in latitude 8—9° N. off Sierra 
Leone!*. This probably marks the junction between the 
north-west portion of Africa, which yields no Glossopteris 
fossils, and the remainder of the continent which formed 
part of Gondwanaland. From 10° N. on the coast, the 
boundary of the old Gondwana block skirts around the 
uplands of Futa Jalon and then follows roughly the line 
of the Niger to Timbuktu. Thence it runs northwards to 
skirt around the Ahaggar massif and follows the line of 
the high ground around to the mouth of the Nile. Arabia 
belongs with Africa to Gondwanaland, and the boundary 
then follows the coast of the Mediterranean to the head 
of the Gulf of Iskenderun. From this point it turns east- 
wards, following the southern boundary of the Anatolian 
Mountains and finally south-eastwards along the edge of 
the Zagros Mountains to the Persian Gulf. 

Passing eastwards, India forms the next Gondwanic 
block. The boundary of the Glossopteris flora has been 
discussed by Sahni. From Karachi it follows the valley 
of the Indus to the Himalaya, then along the line of the 
Himalaya to about long. 100° E., lat. 30° N. From this 
point it turns southwards along the line of the ranges 
between the Salween and Mekong riversto Malaya. Sahni 
took the boundary along the spine of Malaya, but was 
uncertain whether or not to include Borneo as part of 
Gondwanaland. Some fossil Glossopteridae have been 
found in Borneo® which forms part of the Oriental faunal 
region. The Wallace line, which passes along the Makasar 
Strait between Borneo and Celebes and through the deep 
strait between Bali and Lombok, marks the boundary of 
two distinctive faunal provinces. From what follows in 
this article, it is probable that it also is part of a Gond- 
wanic boundary, the islands to the west, Sumatra, Java, 
Bali and Borneo, with the whole of Malaya forming part 
of the Indian block of the Gondwana continent. 

The whole of the Australian continent belongs without 
question to Gondwanaland, but doubt remains about 
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New Guinea. The similarities between the floras are too 
slight for New Guinea to have been associated with 
Australia for a long period, as pointed out by Good. It 
has been excluded in the present reconstruction except 
for the Merauke Ridge. The presence of the Upper Gond- 
wana flora in New Zealand indicates its origin and with 
it must go the extensive ramified block on which it 
stands, the greater part of which is now submerged. The 
associated islands include New Caledonia, Fiji and Samoa, 
and to the south, Macquarie and Campbell. Finally, the 
whole of Antarctica belongs to Gondwanaland; fossil 
Glossopteridae are known from both east and west 
provinces®. 

The present positions of the fragments of Gondwanaland 
are shown in Fig. 1. Because the boundary line has been 
determined primarily from the distribution of the Glosso- 
pteridae, it will be cenvenient to call it the ‘Glossopterid 
Line’. The general trend of this line is confirmed by the 
distribution of other fossil and modern gymnosperms. 
Florin?! has established that different groups of gymno- 
sperms occupied the northern and the southern (Gond- 
wana) continents in the Palaeozoic and Mesozoic up to 
the end of the Jurassic. Taking Podocarpus as an example 
of the southern group, all its fossils are south of the line, 
and the living species only transgress the line in South- 
East Asia and in the North Amazonian province of South 
America and Central America, where they have migrated 
since the beginning of the Cretaceous. Conversely, fossil 
pines (Pinus) are only known north of the line and the 
modern species only cross the line into Syria, and small 
areas in Burma and Sumatra. 

Any reconstruction of the Gondwana continent should 
take into account the physiography of the ocean basins 
and. palaeomagnetic and biological data. In the solution 
offered by King and Downard?’, India is not in a position 
consistent with drift along the line of the two great trans- 
current faults of the Maldive—Laccadive and Ninety-East 
degree. They also place the New Zealand block in contact 
with Eastern Australia, a position inconsistent with the 
absence of the large Australian genera Eucalyptus and 
Acacia from New Zealand. Creer’s partial reconstruction’ 
based on palaeomagnetic data also requires adjustment 
in the light of other evidence, while that of Ahmad?! 
conflicts with the position of ocean rises and the Carboni- 
ferous glaciation. The mid-oceanic rises may be used as 
the starting-points for the reassembly of the dispersed 
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fragments. The Gondwanic portions of Africa and South 
America can. be fitted along the South Atlantic Rise in the 
positions worked out by Bullard et al.#%, The position 
of the combined block must have been somewhat to 
the south before the break-up of Gondwanaland and in 
contact with Antarctica. Menard’s map of the Pacific 
basin*® shows some remarkable coincidences between the 
shape of the submerged continental platform of east 
Antarctica and thet of the Pacific-Antarctic Rise, which 
fixes a position for Antarctica. This would bring the coast 
east of the Weddell Sea in contact with Africa. The 
Malaysian part of the Indian block must have been in 
contact with peninsular India. The two parts fit together 
along the Ninety-East fault if the Malayan peninsula is 
flexed at its narrowest point to straighten it. By moving 
the Indian block so assembled southwards along the 
Ninety Degree and Maldive—Laccadive faults, it fits into 
the arc of the South Indian Rise in proximity to the new 
position of Antarctica. No palaeomagnetic data are 
available to check the position of India, but Irving and 
Green?! have given a pole position for the older volcanics 
of Victoria, estimated to be of older Pliocene age, which 
would bring that part of Australia over the Indian- 
Antarctic Rise anc considerably to the west of its present 
position. For this to be possible in relation to the remain- 
ing parts of Gondwanaland, Australia would need to be 
rotated through a right angle into the position shown in 
Fig. 2. This would imply very little change in latitude 
for Western Australia since the Jurassic, but considerable 
changes in latitude and climate for Eastern Australia. 
Such a sequence of events is consistent with the high 
proportion of endemics in the Western Australian flora 
and the survival of many relatively primitive forms in 
that area. Finally, the New Zealand block must have 
been to the south-east along the Pacific Antarctic Rise 
opposite Eastern Antarctica. Palaeomagnetic evidence 
is unfortunately wanting for this area. 

The extent and direction of the Carboniferous glacia- 
tion as recorded by Holmes*? may be used as an indepen- 
dent check on the validity of the reconstruction. With the 
proposed assembly the glaciated area would be nearly 
circular and the directions of the ice flow (Fig. 2) are in 
good agreement. The positions for Creer’s South Ameri- 
can poles 14 and 15 (ref. 10) lie close to the apparent 
geographical pole and are consistent with the recon- 
struction. 





Fig. lL. Palaeozoic floral regions. Heavy Une, the glossopterid line marking the northern boundary of the fragments of Gondwanaland; thin line, boundary 
of the Carboniferous coal flora; dotted line, boundary of the Gigantopleris flora; broken line, boundary of the Angara flora 
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Turning now to the northern hemisphere, the fit of the 
two sides of the North Atlantic as calculated by Bullard!* 
can be accepted, except that further consideration must 
be given to the non-Gondwanic portions of Africa and 
South America. There is reason to think that north-west 
Africa formed part of Atlantica, as Wilson! has directed 
attention to the fact that Hercynian fold belts of this 
region complete the southern part of the Newfoundland 
— Virginia belt of the same age. No such guide is avail- 
able for the north Amazonian block of South America. 
Palaeomagnetic data are lacking for both areas. No fit 
can be made between the Caribbean shores of the Americas 
as they exist at present. Before the reconstruction of 
Atlantica can be attempted the part of North America 
which before the Jurassic formed part of Pacifica must 
be removed. The boundary as indicated by fossils of the 
Gigantopterts fiora? runs southwards from the mouth of 
the Mackenzie River skirting east of the Rockies to a 
point on the Gulf of Mexico west of the Mississippi delta 
(Fig. 1). The presence of marine deposits of Permian to 
Jurassic age in the Mackenzie basin is consistent with this 
boundary?*, which is confirmed by Schuchert’s palaeo- 
geographic maps for these periods?s. The low-lying 
Florida, peninsula formed of Cretaceous and later sedi- 
ments did not exist at the period with which we are 
concerned. Jurassic seas pierced the central American 
isthmus in two places and an arm of the Jurassic sea must 
have penetrated as far as the Cape Verde Islands to 
account for the only marine Jurassic deposit along the 
whole of the Atlantic!®*. Probably block faulting across 
the south-western part of Atlantica was responsible for 
these effects, separating the Greater Antilles, which can 
be fitted neatly along the northern coast of South 
America. If, now, the North Amazonian block is moved 
into position against North America, Atlantica will be 
complete. 

By the end of the Jurassic the South America—African 
block must have drifted into contact with south-eastern 
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Reconstruction of Gondwanaland. The approximate Carboniferous geo- 
graphical south pole is marked, with the Antarctic circle and 50° circle of latinude which 
neatly coincides with the limits of the Carboniferous glaciation in South America, 
Africa, and Australia. Creer’s South American palaeomagnetic poles Nos. 14 and 15 


oints. Dotted lines, continental shelves; broken 
ries; arrows, direction of Carboniferous iceflow 
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Atlantica in the position shown in Bul- 
lard’s reconstruction. A large bay then 
separated south-west Atlantica from South 
America, the eastern end of which is 
shown in Bullard’s reconstruction as an 
anomalous triangular gap. 

Little attention has been given to the 
possibility of a mid-Pacifie continent in 
the Mesozoic, but the evidence for the 
existence of Pacifica is of the same kind 
as that for Atlantica. In both cases the 
pfesent oceans are flanked by continents 
bearing the severed halves of a Palaeozoic 
flora—respectively the Giganiopteris and 
the coal floras. In both there is a mid- 
ocean rise which marks the line of the 
upwelling convection current that caused 
the severance of the former continents, 
that for the Pacific being called the 
Darwin Rise by Menard?’ to distinguish 
it from the East Pacific Rise. Over the 
significant areas of both oceans no fossils 
or datable material of pre-Cretaceous age 
have been found'2°, Much evidence 
from geological coincidences!*¢ and palaeo- 
magnetic measurements!’ supports con: 
tinental drift in the Atlantic. The 
evidence for the Pacific is much less 
complete, primarily because far less 
attention has been given to it. 

Two periods of regional metamorphosis 
are reported for Japan’, 200 and 100 
million years ago, which would corre- 
spond with block faulting in the Permian 
and later volcanism accompanying drift 
in the Cretaceous. Western North 
America was geosynclinal in the late 
Mesozoic!*s when drift was closing the gap between the 
western and eastern parts of the continent. Palaeomagnetic 
results for western North America, are discordant with those 
from the east and indicate a former separation. No 
palaeomagnetic data for the Mesozoic of China have come 
to my notice, but the poles calculated by Deutsch and 
Watkins** for the Triassic of the Tunguska River region 
of Siberia indicate a position of the Angara block 25° south 
and 87° to the east of its present position. For this to be 
true, the Angara block must have been in contact with 
Cathaysia at that time, when the present coast of China 
was in the middle of the Pacific. The augmented Pacific 
continent must have been in existence at least from the 
Triassic until it broke up early in the Cretaceous, but the 
Cathaysian core extended back to the Carboniferous. 

An attempt can now be made to reconstruct Pacifica. 
The fragments can be assembled along the line of the 
Darwin Rise in its present position. No difficulty arises 
in placing the western American portion, but the island 
ares off the eastern coast of Asia must be closed up to 
form a compact mass against the continental shelves. In 
Fig. 3, the deeps of the enclosed seas of Okhotsk, Japan, 
and East and South China are eliminated and the penin- 
sulas of Kamchatka and Korea have been folded against 
the continental margin; Borneo and the parts of Malaysia 
which do not form part of Cathaysia have been removed. 
New Guinea, which floristically and geologically is distinct 
from Australia'®, has been placed in a position to fit the 
curvature of the Darwin Rise, and so complete the con- 
tinent. 

From the Jurassic to the Cretaceous another land mass 
existed in the South Pacific. This consisted of the New 
Zealand block together with Antarctica assembled along 
the line of the South-east Pacific Rise in the position 
already indicated for the reconstruction of Gondwana- 
land. In addition, it is probable that the Andean provinces 
of South America, embracing Peru, Bolivia, Chile and 
Western Argentina, south of the Gulf of San Jorge with 
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Fuegia and the Falklands, were situated along the eastern 
edge of the rise. The eastern boundaries of these provinces 
are marked by a line of marine Jurassic sediments*. 
Allowance has been made in the reconstruction for the 
displaced section of the rise south of the Easter Island 
fault. Palaeomagnetic data are wanting for this South 
Pacific continent, but it is supported by the distribution 
of numerous plant genera and species and by the absence 
of Carboniferous glaciation in Patagonia. 

For the biologist, the timing of the various episodes in 
the break-up of the Mesozoic continents is of the utmost 
importance. The moment of severance limits the migra- 
tion of land organisms by normal methods and must be 
a major factor in determining modern distributions. 
Evidence for stages in the break-up of Atlantica is more 
complete than for any other continent. The initial 
faulting which demarcated Greenland occurred in the 
Carboniferous!*’, Marine invasions in this area began in 


« the upper Permian and continued with recessions through 


the Triassic. Progress of the rift was slow until the 
beginning of the Cretaceous and then proceeded rapidly 
southwards along the North American coast. 





Fig. 3. The central Pacific continent, Pacifica, at the close of the Jurassic. A thin hne 


marks the approximate limits of the isthmus jommng P 


Africa and South America began to drift away from 
the remainder of Gondwanaland in the upper Permian 
according to palaeomagnetic evidence’®. Assuming this 
date to be accurate, the general trends of evolution in the 
angiosperms must have been determined by this time 
although their fertilization mechanism may still have 
been gymnospermous. Progenitors of such families as Pro- 
teaceae, Legummosae and Restionaceae must have been 
dispersed through both African and Australian provinces 
of Gondwanaland to account for their modern distribution. 
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The African province drifted towards Atlantica and 
prokably made contact with south-east Atlantica during 
the Jurassic, Faulting along the line of separation 
between Africa and South America must have then been 
far advanced, as the separation followed rapidly on that 
of Europe and North America and was completed early 
in the Cretaceous. It is probable, therefore, that Africa 
was in contact with Atlantica for a large part of the 
Jurassic, time enough for a considerable migration of 
angiosperms before the Atlantic Ocean developed. 

The faulting which heralded the break-up of Pacifica— 
the rift valley phase—was probably well advanced by the 
late Triassic. It was accompanied by metamorphosism in 
the Japanese region and followed by a-second phase of 
metamorphosism in the late Cretaceous!®*, which must 
have marked the final stages of the drift. The uprising 
convection current under the continent raised the land 
surface 2-3 km along the line of the Darwin Rise. At the 
southern end this caused the formation of a land-bridge 
between Pacifica and the New Zealand block, linking the 
regions now forming New Guinea, New Caledonia and the 
western fragments of South America which then formed 
part of the southern Pacific land mass. 
This land bridge must have formed early 
enough to allow a few representatives of 
the Glossopteris flora to reach Kansu in 
the Triassic®. It was the major link 
between Gondwanaland and the northern 
continent and accounts for the high 
concentration of relatively primitive 
angiosperms which still survive in south- 
east Asia and New Guinea and New 
Caledonia. Contact between north and 
south continued longer before the drift 
started than that between Africa and 
Atlantica, but the onset of drift was 
probably early in the Cretaceous to 
account for sedimentation in the Pacific 
basin and the ages of atolls and guyots 
reported by Menard?®, 

The next phase in the disruption of 
Gondwanaland was the development of 
the mid-Indian rise which ‘continued 
south-eastwards through the junction 
between Australia and Antarctica. Evi- 
dence to date the northward drift of 
India is scanty, but it may have started 
in the mid-Cretaceous, and contact was 
made with the Angara—Cathaysia block 
by the Palaeocene, though folding of the 
Himalaya continued into the Oligocene!™, 
The drift of India was relatively rapid 
and, in its passage north, the resulting 
climatic changes caused the almost 
complete annihilation of its rich gymno- 
sperm flora**. Perhaps for the same 
reason, India appears to have made a 
smaller contribution to modern floras 
than its size would warrant. 

Concurrently with the drift of India, 
Australia was pushed eastwards along the 
line of the Diamantina fracture zonet, 
The centre of activity moved eastwards 
along the Indian—Antarctie rise, driving 
eastern Australia northwards late in 
the Cretaceous. The combined movements caused 
the rotation of Australia, bringing it into contact with 
New Guinea which, by this time, had drifted to the 
south-east of its present position. New Guinea was 
forced northwards and the adjacent island arcs were 
curved into their present positions. The rift continued 
eastwards along the line of the Pacific~Antarctic Rise and 
then north-eastward along the East Pacific Rise, separ- 
ating the New Zealand block from Western Antarctica 
and from the Chilean and Peruvian fragments of South 
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America, at the end of the Cretaceous or Palaeocene. The 
final stages of the movement caused the raising of, the 
Andes in the Miocene. 

Before the break-up of Gondwanaland, continuous land 
connexion existed between India, Antarctica and eastern 
Australia (Fig. 3). With the development of the East 
Pacific Rise, the gap between Australia and New Zealand 
across the Ross Sea area, must have been bridged. It 
is evident that during the Cretaceous the circum- 
Antarctic land bridge postulated by plant geographers 
from Hooker** to van Steenis’? actually existed. The 
reason for such sub-Antarctie distributions as that of 
Juncus scheuchzerioides in Kerguelen, Tasmania, New 
Zealand, Fuegia and the Falklands is now clear. The 
separation of the New Zealand block from the Chilean 
fragments of South America was late enough to account 
for the identity of the small number of Hebe species in 
the latter area with their New Zealand congeners. The 
genus Nothofagus, at present with a disjunct distribution 
in Tasmania, Eastern Australia, New Guinea, New Cale- 
donia, New Zealand, Chile and Western Antarctica (fossil), 
in the Cretaceous occupied a single land area. Coriaria, 
now inhabiting New Zealand, South America and China 
with one species in Europe, was able to migrate from its 
Gondwanic home to China in the early Cretaceous, and, 
after drift, across to Europe. Pleistocene glaciation prob- 
ably accounts for its absence now in the rest of temperate 
Asia. The links between the floras of Japan and South 
America discussed by Maekawa?! can be explained on the 
basis of pre-existing land connexions. So also can other 
distributions mentioned by Camp‘, and it may be found 
profitable to compare the maps published by Vester?® 
with the disposition of land in the Jurassic and Cretaceous 
as revealed by the present synthesis. 

Although parts of these reconstructions may appear to 
be somewhat speculative, every position mapped rests on 
evidence from two or more disciplines. It is hoped that 
the attention drawn to gaps in our knowledge will lead 
to further research on related problems. I am grateful to 
Dr. E. P. Plumstead for discussing the distribution of the 
Glossopteris flora and to colleagues at Kew and the 
British Museum for their interest and encouragement. 
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UNBRIDLED RACISM 


Racial Contours 
The Factor of Race in Human Survival. By H. B. Isher- 
wood. Pp. 423. (Douglas, Isle of Man: Times Press, 
Ltd., 1965.) 18s. 


READING this béok is a disheartening experience. It is 
scarcely credible that such congeries of misrepresentation, 
warped judgment, and just plain gibberish can be pub- 
lished in the Age of Science, and in Great Britain rather 
than in some underdeveloped country. Here are some 
samples: “‘... we have no alternative but to assume that 
from the statistical analysis there are fewer genes (or less 
complex gene combinations) in the lower primates than 
in, say, the Australoids, even.though they may have the 
same number of chromosomes, that also there are fewer 
genes in the lowly Australoid than in, say, the Negroid, 
and that there are fewer genes in the Negroid than in the 
Mongoloid”. The blue-blooded Nordics must be brim- 
ming with genes. This does not make them safe from 
dangers, because “Hybrids do not breed true and by 
miscegenatic multiplication inferior variants would be 
thrown off and the superior race as a biological entity 
would lose its place in the evolutionary scramble. In 
short, exogamy indulged in by a more advanced people 
inevitably tends to impair the intrinsic quality of that 
people. About this there can be no dispute’’. These, and 
many other equally “indisputable” facts, are the basis of 
many pages of unbridled racism. Pages 148-178 are an 
antisemitic tract, complete with the story, “believed by the 
learned as well as the ignorant”, that Jews used the blood 
of children of other races in their paschal celebrations, 
and the Protocols of the Learned Elders of Zion. The 
political conflicts and the Cold War are explained very 
simply: “‘Americans believe themselves to be in direct 
ideological opposition to the U.S.S.R. The impossibility 
of reconciliation between these two great Caucasoid 
powers arises from roots deeper than ideas or social 
forms. Large percentages of the peoples of both coun- 
tries are non-Caucasoid and the racial ratio will change 
in each country, coloring the collective character and 
ethos of the populations. In this respect the evolu- 
tionary advantage undoubtedly lies with the U.S.S.R. 
Yet both powers, indeed the whole Caucasoid race, may 
in the end be beaten in the struggle to survive by the 
more stable and homogeneous Mongoloids’’. There 1s not 
even hope that the Caucasoid thoroughbreds can be 
preserved by emigration: “Despite the rapid progress 
now being made in cosmic rocketry the feasibility of 
transporting men in effective numbers to another planet 
or star could be ruled out as not being realizable in time”. 
Here one ıs tempted to conclude—if mankind really is 
what the author says it is—that other planets ought not 
to be contaminated by it. THEODOSIUS DoszHaNnsKy 


WORKING ON ANIMALS 


Methods of Animal Experimentation 

Edited by William I. Gay. Vol. 1, pp. xv+382. 96s. 6d. 
Vol. 2, pp. xv+608. 1488. (New York: Academic 
Press, Inc.; London: Academic Press, Inc. (London), 
Ltd., 1965.) 


Dr. Gay is to be congratulated on undertaking a task 
of considerable magnitude, knowing well that it would 
be impossible to achieve perfection at the first attempt. 
As chief of the Animal Resources Branch, Division 
of Research Facilities and Resources of the U.S. National 
Institutes of Health, he is in a particularly good position 
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to compile a book on methods of animal experimentation. 
He has, indeed, produced a most useful encyclopaedia. 

With so much to praise, I also have a duty to criticize, 
in the sure hope that the second edition will correct 
whatever deficiencies detract from the first. A chapter 
on drug administration is sketchy and contains little of 
practical value. In the chapter on hibernation there 1s 
no mention of the work of Parkes, Smith and others of 
the National Institute for Medical Research, London, on 
freezing and recovering warm-blooded animals. There 
is no account of methods of measuring spontaneous 
activity, although there is an excellent ehapter on con- 
trolled exercise. There is no account of methods of 
pyrogen testing. Most surprisingly, the reader will look 
long for instructions about how to make simple injections, 
and will eventually track down the information in a 
chapter on methods of infection. There is no description 
of methods of skin transplantation, nor of the replacement 
_ of haemopoietic tissue following whole body irradiation. 

The arrangement of the chapters follows no obvious 
system, which makes these volumes less easy to refer to 
than they should be. The index, which is particularly 
important in such a valuable work of reference, is incom- 
plete, misleading, and even inaccurate in places. More- 
over, each volume has its own index. It would surely 
have been possible to have had a comprehensive index for 
both volumes reproduced at the end of each volume as is 
done in so many other two-volume works of reference. 
It would also have been better to have numbered the 
chapters serially from the beginning of Volume 1 to the 
end of Volume 2, and to have done the same thing with 
the pagination. 

Of the twenty-three authors, twenty-two are shown to 
work in American laboratories, and one in a British 
laboratory. This results in an inevitable bias, because 
even to-day only a few workers are as familiar with the 
literature and methods foreign to their own country as 
they are with indigenous material. But in one or two 
chapters this process seems to have gone a little too far. 
In one, 35 per cent of the references are self-citations, 
and in another, 30 per cent. In a third, the author cites 
two of his own “unpublished observations’’. 

Despite these remarks, the two volumes are a great 
contribution to the literature of biological methods. 
There is a tendency to-day for the newly qualified biologist 
to be turned loose on a problem of which he has no 
experience. He reads the literature, and is impatient to 
get on with his first series of experiments. But who is 
to teach him how to manipulate the subject of his experi- 
mental methods, namely, the living animal? This work 
is therefore not only a necessary bench book for every 
biologist who uses animals, but is also bound to assist 
in the humane treatment of animals under experiment. 

The presentation of both volumes is consistent with the 
very high standard that we have come to expect from 
Academic Press. Unfortunately, the price of the two 
volumes together may deter some laboratories from buying 
them. I am quite unable to recommend such a false 
economy. W. LANE-PETTER 


CHANGE AND DECAY 


Aging 

Proceedings of the Symposium held at the University of 
Oregon Medical School, 1964. Edited by William Mon- 
tagna. (Advances in’ Biology of Skin, Vol. 6.) Pp. xv+ 
273. (London and New York: Pergamon Press. 1965.) 
1008. net. 


Behavior, Aging and the Nervous System 

Biological Determinants of Speed of Behavior and Its 
Changes with Age. Edited by A. T. Welford and James 
E. Birren. (A Monograph in The Bannerstone Division 
of American Lectures in Geriatrics and Gerontology.) 
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Pp. xvı+ 637. (Springfield, Il.: Charles C. Thomas, 1965.) 
22.50 dollars. 


THESE volumes recard the contributed papers—but not 
the discussions—-of two symposia. on, ageing. At first 
sight they have little in common except in so far as they 
demonstrate how widely disparate subjects and interests 
can be included under the general heading of ageing 
research. Yet while the topics were obviously very 
different there is one common feature. The detailed 
semantic arguments about how to define ageing, which 
often seem to distract gerontologists and to divert them 
from their main business, were avoided and both meetings 
clearly got down straight away to the description of 
fresh experimental findings and the interpretation of 
results. 

Advances in the Biology of Skin is the sixth of a series 
of reports of meetings devoted to the skin and is concerned 
solely with its ageing. The skin is, indeed, an organ that 
is very vulnerable to the accumulation, of environmentally 
induced injuries during life and it is also much more 
complex and variable from site to site, both in structure 
and function, than is often imagined. In general, it shows 
an increasing disarray with increasing age together with a 
decreasing number of functioning units the individual 
activity and efficiency of which are declining. Oberste- 
Lehn, in a very detailed paper, however, suggests that 
there may be new growth of follicles, and while some 
receptor organs, for example touch corpuscles, get fewer, 
pacinian corpuscles are being constantly remodelled and 
others, like free nerve endings, seem to be little altered. 

For many people, perhaps, agemg of the skin means 
primanly loss of or greying of hair and a wish for some 
way of rejuvenating the cosmetic appearance. Little 
information and less comfort are provided on the first 
topic, but the capecity of hormones to restore the character 
and the biochem:cal nature of the ageing skin is entered 
into very thoroughly. 

In his paper about the changes in nerve endings mm 
skin Winkelman begins by saying that “it is accepted 
that ageing dulls the senses but how this occurs has 
scarcely interested anyone but philosophers”. The 
second book, Behavior, Aging and the Nervous System, 
shows that the psychologists at least are aware of the force 
of the criticism and accept the truth of the first statement. 
By and large the whole volume is devoted to providing 
psychological and physiological data from chnic and 
laboratory that are appropriate bases for discussions about 
the slowing of behavioural patterns with increasing age. 
Almost all the work mentioned has been carried out on 
human subjects and the occasional papers describing 
animal experimentation are not of particularly high 
quality. 

There are many possible places in the nervous system 
where slowing of reaction patterns and of skilled per- 
formance or memory storage may be initiated—in, the 
sensory organs, tha conductor mechanisms, the central 
areas or in the effector systems, and both autonomic and 
voluntary nervous systems may be involved. All are 
considered in various degrees of detail and completeness. 
In addition, it is noteworthy and commendable how 
vigorously the participants faced up to the constant 
difficulty of deciding whether a change in function im old 
people is a “normal ageing change” or is a consequence 
of superimposed disease. They do this by considering the 
slowing of performance brought about by physical 
disease, whether local, as in brain injury, or general, as 
in cardiovascular disease, or by psychological disease, as 
in schizophrenia. Nor are practical problems forgotten. 
For example, how best to use and train older workers in 
industry and the ability of older airline pilots to make 
correct decisions when under load are both considered 
in some detail. 

Neither of the books is cheap and it is unlikely that 
any one person will want to buy both. But without 
doubt, there is much more justification than usual for 
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publishing the proceedings of what were evidently, within 
their respective frameworks, interesting and illuminating 
meetings. P. L. Kron 


MUSIC AND PHYSICS 


The Physics of Musical Sounds 

By C. A. Taylor. (Applied Physics Guides.) Pp. xii+ 
196+record. (London: The English Universities Press, 
Ltd., 1965.) 42s. 6d. 


Muso is important to many of us, and sound is important 
to all but the deaf. Yet, as Prof. Taylor writes concern- 
ing his experience with budding physicists, “‘sound had 
been missed out and the problem of teaching 1t at a higher 
level became more challenging”’. 

This book can serve for a useful undergraduate course in 
physics with an emphasis on sound and music. It con- 
tains neat, self-contained treatments of the wave equation, 
the vibration of strmgs, square membranes, and cylind- 
rical and conical pipes, harmonic analysis, Fourier trans- 
forms, convolution, resonance, coupled systems and 
starting transients. Mathematical sections are indicated 
by an asterisk at the heading, so that the musician can. 
skip them in reading the book. The purpose and general 
nature of the mathematics is clearly explained in the rest 
of the text. 

On the musical side there are wise, if necessarily incom- 
plete discussions of the nature of musica] sound, hearing, 
sum and difference tones, scales, consonance and dis- 
sonance, and architectural acoustics. The theme of ‘‘the 
possibility of designing a completely new musical instru- 
TA unifies the musical and the physical content of the 

ook. 

The book seems quite reliable. On page 39 it says “It 
is thus clear that the ear is insensitive to phase...” 
which contradicts some experimental results for steady 
tones! but conforms to traditional experiments. As Prof. 
Taylor notes in many places, our knowledge of acoustics, 
and especially of psychoacoustics and physiological 
acoustics, is small. 

We may hope that the publication of The Physics of 
Musical Sounds will help to overcome the present neglect 
of acoustics. Other influences are at work. Advances in 
electronic instrumentation, and especially in digital com- 
puters, have given to-day’s acousticians much more 
flexible and powerful tools than the ingenious opticel and 
mechanical techniques on which Prof. Taylor dwells. 
Concerning experiment, the book is a good summing-up of 
what has gone before, and a useful source of references for 
musicians and physicists alike. But to-day techniques 
which are merely mentioned are pushing our knowledge of 
acoustics forward. J. R. PIERCE 


1 J, Acoustical Soc Amer., 31,1579 (1959). 


TRAFFIC CONTROL 


Traffic Control 

Theory and Instrumentation. Edited by Thomas R. 
Horton. (Based on papers presented at the Interdiscip- 
linary Clinic on Instrumentation Requirements for Traffic 
Control Systems, held December 16-17, 1963, at New 
York City.) Pp. xi+218. (New York: Plenum Press, 
1965.) 12.50 dollars. 


Tars book contains ten papers divided into two sec- 
tions, ‘Traffic Control Instrumentation, Theory and 
Practice” and ‘‘Case Studies of Large-scale Integrated 
Traffic Control Systems”, and provides a useful summary 
of American work on road traffic control, from both the 
theoretical and the practical point of view. It contains a 
very readable introduction and a useful short list of publica- 
tions for the reader who wishes to go further. Most of the 
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information has been published elsewhere, but it is very 
useful to have it collected in a single volume. The infor- 
mation on instruments is not too detailed, but is sufficient 
to show the principles of operation of devices for measur- 
ing the basic quantities required for control. 

The fundamental relations between the three variables, 
flow, concentration and speed, are discussed in one paper, 
although no reference is made to the basic work of Light- 
hill and Whitham! in this field. Several theoretical models 
give relations between speed and concentration which 
are fairly close to observed results over most of the range, 
although they all tend to be unrealistic to a greater or 
lesser extent at low concentrations. 

In order to design a traffic control scheme, one needs 
& judicious blend of theoretical analysis and practical 
engineering ability. On the whole the book brings out 
the need for both, although the relationship between 
them may not always seem clear. A theoretical approach 
which includes a large empirical element appears to have 
been the most successful one. The paper by D. L. Gerlough 
on simulation of traffic situations, using digital electronic 
computers, rightly points out that comparatively rough 
models can be adequate for making the required calcula- 
tions. In most cases what ıs required is the effect on the 
overall travel time of a change in the control system. 
Travel time can be very susceptible to small changes in the 
flow of traffic, the types of vehicles, the presence of parked 
vehicles and a large number of other factors, not all of 
which can be fully controlled. It may seem to be desirable 
to allow precisely for all these effects, averaging out over 
the whole spectrum, but in practice it is sufficient to 
assume that conditions are uniform, at any rate during 
normai working hours. Conditions during peak periods are 
special and the traffic demand may be changing rapidly. 
Intersections in particular are frequently overloaded 
during peak hours and methods of minimizing delay 
under these conditions are discussed in an interesting paper 
by D. C. Gazis. 

There is at present a great deal of interest in the central 
control of traffic signals by computer—two major schemes 
are being put in hand in West London and Glasgow. 
Methods of tackling such situations are given, and the 
experiment in Toronto, which was begun several years 
ago, is described with useful details of costs. 

Some recent work at the Road Research Laboratory, 
using & computer programme which approximately 
minimizes total travel time in a network of signals, has 
been described by Hillier?. 

Another topic discussed is the control system for the 
Congress Expressway (an urban motorway) in Chicago. 
In this system congestion on the expressway at critical 
times is avoided by restricting the flow of traffic entering 
on a particular ramp. Assessment of the scheme has 
included measurements of the effects on traffic which 
finds an alternative route, and showed that during the 
whole peak period there was an average small reduction 
(2-5 per cent) in travel time. 


1 Lighthill, M. J., and Whitham, G. B., Proc. Roy. Soc., A, 229, 317 (1955). 
* Hillier, J. A., Traffic Engineering and Control, 7, (8, 9), 502, 569 (1965). 


SUNDIALS REVIVED 


Les Cadrans Solaires 
By R. R. J. Rohr. Pp. 208+4 colour plates. 
Gauthier-Villars et Cie., 1965.) 58 F. 


IN the preface to this book, Dr. Henri Michel, of the 
Academie Internationale de Histoire des Sciences, cites 
three essentials of a good book: to have something to 
say; to say it; and to say nothing else. These are well 
realized in Captain Rohr’s treatment of his subject, the 
sundial in all its forms. Beyond this, he achieves a 
remarkable blend of the philosophical, historical, artistic 
and practical, thus appealing to a wide range of readers. 
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In his introduction, the author transmits his enthusiasm 
for all these aspects (and notes that he makes allowance 
for the non-mathematically minded by printing passages 
relating to calculations in smaller type) and acknow- 
ledges the help received from other specialists in his field. 

The first of ten chapters traces the evolution of the sun- 
dial from Egypt in the fifteenth century B.c. to the 
heliochronometers used as late as the turn of this century 
by French railways to regulate the clocks at rural stations, 
and the modern elaborate ornamental dial. Chapter 2 
covers the movement of the Earth, co-ordinates, equation 
of time and other factors to help the constructor of dials 
find the meridian and determine the orientation of walls. 

Classical dials, in which the gnomon is fixed parallel to 
the Earth’s axis of rotation, and inclined plane dials, such 
as those carved on the faces of polyhedrons, are dealt 
with in their major variations in two detailed chapters. 
The reader is then acquainted with the effects of changes 
in declination, the various reckonings of the day from 
sunrise to sunset, and the delineation of the tables of the 
dials. Chapter 6 deals with analemmatic dials, that is, 
those in which the gnomon is movable. 

Although one may be surprised by the ground so far 
covered, these six chapters have only been concerned 
with what may be considered normal dials. Rohr now 
embarks on the rarer dials, including lunar dials, those 
by which the Sun’s elevation above the horizon is measured 
and azimuthal dials which indicate time by means of the 
variation in the Sun’s azimuth. 

The penultimate chapter, complementary to the first, 
illustrates the evolution of the sundial by existing 
examples intended for public use. It is mteresting to 
note that the earliest dial showing equal hours dates from 
1493, all previously indicating temporal hours (that is, 
based on the ancient division of the day from sunrise to 
sunset). 

Outstanding examples of the work of modern artists 
are noted, such as the armillary sphere at Phillips 
Academy, Massachusetts, and the most recent Swiss 
instruments which have an error of about 1 min. 

For completeness the author concludes with some fifty 
inscriptions found on sundials (mainly offering advice of 
an improving nature) ranging from the plainly depressing 
to the distinctly hopeful. A neat anecdote rounds off the 
book. 

Les Cadrans Solaires is a most informative and readable 
work, clearly printed on good paper, extremely well 
illustrated with a frontispiece in colour, 51 photographs 
and 105 figures. Appended, before a bibliography and 
index, are tables giving the conversion of time to arc, 
refraction, equation of time, the Sun’s declination, hour 
angle and magnetic vanation. 

These are an obvious hint to move courageous readers 
to revive the ancient art of dialling. P. §. LAURIE 


PHYSICS FOR SOPHOMORES 


The Feynman Lectures on Physics 

By Richard P. Feynman, Robert B. Leighton and 
Matthew Sands. Vol. 1: Pp. 530. 66s. Vol. 2: Pp. 540. 
66s. Vol. 3: Pp. 375. 51s. (Reading, Mass., and London: 
Addison-Wesley Publishing Company, Inc., 1964 and 
1965.) 


Wuat to include in the undergraduate course, and how 
best to teach and stimulate the student, whether by 
lectures, tutorials, seminars or practical classes, are 
questions which face every university physics teacher. 
There are no ready answers. A lecturer may succeed 
because of his personality, the novelty of his subject, his 
impressive demonstrations or showmanship, or merely 
because of his adaptability to his audience. Advances 
and discoveries made in the research laboratories are very 
rapidly publicized these days through the medium of the 
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Press, radio or television, and often they are presented in 
a most elegant and convincing manner. The student 
becoines aware of these advances long before they can be 
incorporated into the material of his course. The enthusi- 
astic and bright school-leaver complains that the course 
is dull and old-fashioned; he expresses boredom and 
frustration. Nevertheless, ıt is important to direct his 
attention to fundamentals and to the avoidance of 
elaborate and sometimes involved mathematical treat- 
ments of physical phenomena, in the introductory stages of 
his course. He must prepare himself to be receptive of 
new ideas and concepts and future developments and to 
judge their applicability and soundness on the basis of 
previous knowledge and fundamentally established prin- 
ciples. He must try to avoid cluttering up his mind with 
the rapidly growing and vast number of present-day 
achievements and applications in physics and technology, 
however exciting they may seem to be when first met. 
There is no doubt that undergraduate physics courses 
need to be altered to meet the challenge of modern 
requirements. Physics teaching and syllabuses at the “O” 
and “A” levels are now bemg remodelled, but the link 
has yet to be forged between the new school physics and 
the university introductory course. 

At the California Institute of Technology the develop- 
ment of such an introductory course began some five 
years ago under the supervision of Profs. R. B. Leighton, 
H. V. Neher and M. Sands. Prof. R. P. Feynman, who 
had been giving the two-year sophomore lectures, agreed 
at Sands’s suggestion to revise his course and with the 
help of his colleagues to deliver a set of lectures specially 
devised and addressed mainly to the more intelligent and 
actively minded of the students. The needs of the less 
able students were not to be overlooked; they would be 
provided in the lectures with a backbone of material. 
And what Feynman calls the “extra fireworks”, included 
in the lectures, would be presented in such a way that 
no student would be made nervous. The sequence would 
not be traditional, and topics not usually found in such 
courses would be included. l 

The lectures Feynman gave were tape-recorded, edited 
carefully and to some extent re-arranged. The three 
volumes of The Feynman Lectures on Physics are the final 
result. They are not text-books, though in some respects 
they come very close to being such. The text retains 
the easy flow of language used by the lecturer; ilustra- 
tions are brought in unhesitatingly from other parts of 
physics not yet discussed to clarify some new step or 
application; and always the emphasis is on the simple 
underlying physical principles. 

Volume I contains the lectures given in the first year. 
Its fifty-two chapters cover mechanics, relativity, geo- 
metrical and physical optics, the kinetic theory of gases, 
the principles of statistical mechanics, thermodynamics, 
sound and waves, and symmetry in physical laws. It was 
to be expected that Feynman would want to include as 
early as possible the concepts of quantum physics, and 
Chapters 37 and 38 on quantum behaviour and the 
relationship between waves and particles represent the 
talks on these subjects which were introduced before 
dealing with the kinetic theory of gases. The more formal 
treatment of quantum mechanics was postponed until 
later in the course. 

Volume 2 is based on the lectures given in the second 
year. These consisted mainly of electricity and magnetism, 
and the account printed in Volume 2 is a strongly revised, 
expanded and re-arranged treatment of the lecture material. 
The differential calculus of vector fields was discussed 
first, enabling the subsequent electromagnetic field theory 
to be dealt with in rigorous mathematical form, using 
vectors and tensors. In addition to electricity and mag- 
netism, the geometry of crystals and crystal growth, 
elasticity and elastic materials, and fluid flow, are also 
discussed in Volume 2. Feynman, in his preface, mentions 
that he was satisfied with his first-year lectures, but was 
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unhappy about those on electricity and magnetism. His 
complaint is that he failed to discover a unique or different 
way of presenting the subject from that usually followed. 
The lengthy mathematical discussions needed to deal 
with electromagnetic phenomena, may indeed worry the 
student as he looks through Volume 2 and considers that 
he must absorb the contents together with many other 
topies during his all-too-short academic course. 

Twelve lectures at the end of the second year were 
devoted to quantum mechanics, but these were later 
supplemented by seven additional lectures in May 1964. 
By reprinting Chapters 37 and 38 of Volume 1 as the 
first two chapters of the third volume and adding the 
edited version of the quantum mechanics lectures, 
Volume 3 is a self-contained unit relatively independent 
of the other two volumes. Following the initial statement 
of quantum behaviour, probability amplitudes, spm and 
one-state systems are discussed. The ammonia maser 1s 
used to introduce the consideration of two-state systems, 
and then the propagation of electrons in crystals, semi- 
conductors, symmetry and conservation laws, and the 
quantum mechanics of angular momentum are dealt with. 
The volume concludes its introduction to quantum 
mechanics by a treatment of the Schrédinger wave 
equation and its solution in the case of the hydrogen atom. 

Feynman was well aware that the best teaching can be 
done only when there is a direct individual relationship 
between student and teacher. His lectures suffered 
because there was little or no feedback from the audience 
to the lecturer, but he puts forward the excuse that when 
to-day there are so many students to teach there must 
be some substitute for the ideal, and he expresses the hope 
that his lectures and subsequent text will meet the present 
need. Lecturers in universities and technical colleges will 
be grateful for the experiment he made, and for the record 
that they can study in detail. The Lectures provide a 
first-rate background for the further study of physics, 
and an excellent guide to the preparation of lectures 
which will capture and maintam the interest of students 
with the obvious success and enjoyment that Feynman’s 
achieved. S. WEINTROUB 


MODERN ELECTROCHEMISTRY 


Treatise on Electrochemistry 

By G. Kortium. Second, completely revised Englih edition. 
Pp. xxii+637. (Amsterdam, London and New York: 
Elsevier Publishing Company, 1965.) 170s. 


THE previous English edition of Prof. Kortiim’s 
Treatise on Llectrochemisiry (1951) was a two-volume 
work, based on the first German edition (1948), but with a 
great deal of additional material added by J. O’M. Bockris, 
including chapters on experimental techniques in electro- 
chemistry, mumerical examples for the student and tables 
of electrochemical data. The volume under review is a new 
translation of the third German edition (1962), with some 
modifications to bring it up to date. It does not include 
the additional material of the first English edition, and 
thereby regains the umty of the German text., The 
translation ıs adequate but inelegant, and the literal 
translation of German words often-produces terms which 
will be unfamiliar to the English-speaking reader, for 
example ‘fertility’ and ‘influence constant’ (in electro- 
statics), and ‘first and last heats of solution’. Occasionally 
this leads to mis-translations such as ‘prufen’ as ‘prove’ 
and ‘eventuell’ as ‘eventually’. 

The first three chapters are introductory in character, 
and could well have been shortened considerably, or even 
omitted altogether, in a book of this nature. Chapter 1 
contains much elementary electricity and magnetism, 
such as Ohm’s law, Gauss’s theorem, the Poisson equa- 
tion, ete., all worked through in detail. Chapter 2 works 
through thermodynamics from scratch in a straight- 
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forward but somewhat old-fashioned way, based on the 
Carnot cycle. Chapter 3 is entitled “The Solution of Ions”, 
but includes discussions of polar and non-polar bonding, 
and detailed accounts of different types of molecular 
interaction, of lattice energies, and of the theory of hquid 
dielectrics, all with a good deal of algebra. These three 
chapters occupy nearly one-quarter of the book, and con- 
tain little which could not be found in general treatises 
on physical chemistry. 

Chapters 4-9 deal with the usual topics of classical 
electrochemistry, such as strong and weak electrolytes, 
ionic interaction, and the theory and applications of 
conductance and e.m.f. measurements. The exposition 
and choice of materiel are excellent, and (as throughout 
the book) there are copious references to general articles 
and original papers. A few sections have not been. brought 
fully up to date: thus three pages are devoted to the quin- 
hydrone and antimony electrodes but only one to the glass 
electrode; the section on dissociation of acids in deuterium 
oxide gives no references later than 1938; and the kinetic 
salt effect is not related to transition state theory. 

The final three chapters, comprising more than one-third 
of the book, represent its most valuable contribution. 
Topics treated include potential differences at phase 
boundaries, over-potential, electrode kinetics, corrosion 
and passivity, and polarography and other electrochemi- 
cal analytical techniques. These chapters are truly up to 
date, and the author provides a welcome guide to the 
confusing variety of facts and theories in controversial 
fields such as electrode polarization. There is much 
interesting information about practical applications in 
fields such as electrometallurgy, fuel cells and ion-ex- 
change resins, and attention is drawn to many im- 
portant theoretical and practical problems which remain 
unsolved. 

To sum up, this book contains much of value to research 
workers in the field of electrolytes and to advanced stu- 
dents of physical chemistry, though it could have been 
made more digestible (and cheaper) by abbreviating the 
earlier sections. It should certainly be in any well-stocked 
chemical library. R. P. BELL 


HOT GLASS 


Structural Transformations in Glasses at High Temper- 
atures 

Edited by N. A. Toropov and E. A. Porai-Koshits. 

Authorized translation from the Russian by E. B. Uvarov. 

(The Structure of Glass, Vol. 5.) Pp. ix + 223. (New York: 

Consultants Bureau, 1965.) 25 dollars. 


Srupres in the field of glass technology and the 
chemistry and physics of the silicates have been very 
active in the U.S.S.R. for some considerable time. In 
recent years four All-Union conferences on the glassy 
state have been held and the Consultants Bureau has 
made available translations of the proceedings of these 
conferences. This is a very useful service, particularly 
as some of the volumes have been published in transla- 
tion almost simultaneously with their appearance in 
Russian. 

Volume 3, which formed the proceedings of the fourth 
All-Union conference on the glassy state, was sub-titled 
“Catalysed Crystallisation of Glass’. This showed that a 
very considerable effort was being placed in the U.S.S.R. 
on the development of the glass-ceramics, introduced in 
the late 1950’s as ‘‘pyrocerams” by Corning Glass Works. 
Structural Transformations in Glasses at High Tempera- 
tures, published only one year later, shows that this effort 
is not being relaxed at all. Although the title is different, 
with one exception the papers in the present volume are 
also concerned with nucleation and crystal growth, an 
understanding of which is a necessary background for the 
development of successful glass ceramics. 
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The problem of nucleation 1s considered by V. N. Fili- 
povich by discussing a very simple model of a mixture 
of two particles. As he says, ‘‘... success depends on the 
extent to which the model reflects the real system. The 
development of a detailed theory of crystallization of 
complex glasses and melts directly depends on the state 
of the theory of liquid and glass structure, which is still 
far from perfection”. 

The editor of this volume, E. A. Porai-Koshits, has 
made important contributions to the study of glasses by 
X-ray diffraction and his laboratory has for some years 
now concentrated on the use of small-angle X-ray diffrac- 
tion, light scattering and electron microscopy to study the 
development of ummuscibility in simple glasses and the 
initiation of crystallization. This experimental work 
is of a high standard and very useful data on microphase 
separation in lithium exide and sodium oxide silica glasses 
are included. 

Jn the third volume most of the work was concentrated 
on glasses in the Li,Q—Al,0,-Si0, system and some 
papers on crystallization in this system are included 
in the present volume. In addition glasses containing 
sodium oxide in place of lithium and/or gallium oxide 
in place of alumina have been examined. In the alkali 
aluminosilicate glasses, the devitrification products retain 
the alumina in the anionic framework, but the gallium 
glasses give only crystals in which the anionic framework 
appears entirely of silica. 

Work by Toropov and his co-workers on the 
MgO-FeO-SiO, system shows that thought is still being 
given to the production of useful ceramic materials from 
blast furnace slags. 

There is a little overlap with the previous volume 
particularly in the theoretical section and space could 
have beon saved by editorial action ; for example, the same 
argument and the same diagram are repeated on pages 
35 and 40. The appearance of this volume so soon after 
the previous one shows very definitely that these new 
materials are considered to be of great importance in the 
U.S.S.R. R. W. DovaLas 


UNCERTAIN MATERIAL 


Radiation Damage in Graphite 

By J. H. W. Simmons. (International Series of Mono- 
graphs in Nuclear Energy, Vol. 102.) Pp. xli+242+8 
plates. (London and New York: Pergamon Press, 1965.) 
80s. net. 


Radiation Damage in Graphite will be of great value 
to those who are concerned with the effects of reactor 
irradiation on the properties of graphite and parti- 
cularly to those whose interest arises from practical 
reactor problems. The introductory chapter is followed 
by a clear account of the physical processes in which the 
atoms are involved during radiation and a description 
of the defects which are produced. This is followed by 
four chapters which describe, in turn, the behaviour of 
electrical and mechanical properties, thermal and struc- 
tural properties, the dimensional! changes and the mechan1- 
cal properties. Finally, a full account is given of stored 
energy effects and the way in which this can be measured 
and of the phenomena of radiation annealing. Particu- 
larly impressive is the series of excellent photographic 
plates which provide visual evidence of the radiation 
damage, notably as seen in the electron microscope. 

To one who was concerned with the early investigations 
of this subject it comes as rather a shock to see how ill- 
defined many of the concepts still are. A reader approach- 
ing the subject for the first time might well be confused 
by the mass of data which is available but which, because 
of the heterogeneity of the radiation and the complica- 
tions of the damage processes, is very incompletely 
digested. In assessing this, one is left with much doubt, 
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and certainly no information, about the reliability of 
some of the experimental results, in a field in which 
reproducibility is not to be taken for granted. Figs. 
45, 56 and 81 provide typical examples of justifiable 
doubts concerning the data. The theoretical calculations 
seem to be similarly fraught with difficulties, and it is no 
surprise to find a note added in proof which, concerning 
the displacement energy Ta, says “It now appears that 
60 eV is a better value than 25 eV, and if this is accepted, 
the number of displaced atoms given in this book should 
be reduced by the ratio 25: 60”. 

The author has achieved a very creditable performance 
with his cast of eccentrics and has provided a valuable, 
up-to-date story of his field. G. E. Bacon 


EXPERIMENT SIZE IN INDUSTRY 


Sample-Size Determination 

By Arthur E. Mace. Pp. x+226. (New York: Reinhold 
Publishing Corporation; London: Chapman and Hall, 
Ltd., 1964.) 96s. 


Tue title of Sample-Size Determination is extremely 
misleading, suggesting as it does a treatment of an 
important problem in the design of surveys. The book is, 
in fact, “a compiletion of mathematical procedures for 
determining the optimum size of a research experiment” 
and is concerned exclusively with industrial experimenta- 
tion. 

The heart of the book is contained in Chapters 5-7. 
The first of these is devoted to the estimation of confidence 
limits for parameters of normal, binomial, and exponential 
distributions. Each problem is discussed in a separate 
section, which begins with an introduction, in which 
the relevant statistic is desembed, its distributional 
properties are stated, and a formula is given for determin- 
ing the degree of replication required to achieve è confid- 
ence interval of specified width; this is followed by an 
example, and a postscript (a good feature) discussing the 
robustness of the sampling distributions involved. The 
examples are presented, in monotonously stereotyped 
form, as little stories, the hero of which 1s an engineer 
(“An engineer wishes to estimate the mean change in 
resistance of a certain type of 3-Kohm resistor during 
the first 1,000 hours of a hfe test’’), who usually has to 
deal with some rather well-informed manufacturers 
(“The manufacturer .. claims that knowing the initial 
resistance value of an individual specimen he would be 
able to predict the tolerance range for resistance of this 
specimen after 1,000 hours to within 120 ohms’), and 
who after a certain amount of arithmetic, laid out in 
considerable (at times unnecessary) detail, arrives at a 
happy ending in the form of a conclusion (““Therefore, 
the engineer concluded that a sample of 46 specimens of 
the resistor type should be placed on test”). 

Chapter 6 is similar in character to Chapter 5, except 
that it presents its problems in terms of hypothesis testing, 
with control of errors of the second kind, and Chapter 7 
deals with problems of selection. 

The examples in these chapters could provide quite a 
useful ‘cook-book’ for a reader prepared to tolerate the 
‘child’s guide’ flavour of the presentation (though I 
hope no experimenter would be perverse enough to do an 
experiment consisting of 160 identical half-replicates of a 
2° factorial design. as suggested in one example!). The 
introductions to the examples are unfortunately much less 
satisfactory. The author’s attempt to make each section 
self-contained has involved him in much unnecessary 
repetition, while many of these sections are far too con- 
densed to mean much to the sort of reader who needs to 
have examples spelled out in the detail given here; the 
writing also is not always as clear as it might be. These 
criticisms, and especially the last, apply also to the first 
four (short) chapters, intended to provide a logical founda- 


126 


tion for Chapters 5-7. These are written in terms of the 
utmost generality, with no examples, and conta & 
number of sentences at the exact meaning of which I 
can only guess. 

I noticed errors in two formulae. In the equation at the 
foot of page 69 the term p%/(n—1) should be p?/n, and 
(more seriously) in the formula for f on page 82 the 
complete numerator of the fraction should be, but is not, 
squared. 

The book ıs completed by four chapters on sequential 
sampling, lot acceptance sampling plans (illustrated by 
discussion of two U.S. Defense Department Military 
Standards), sample-size precision schedules, and decision 
functions, a three-page bibliography, and a useful 28-pege 
appendix of tables. The tables are photographically 
reproduced, with results that though always legible are 
sometimes unattractive: this detracts from the otherwise 
high standard of production. 

Perhaps this book can best be summed up as a cook-book 
with pretensions: as such it is expensive at the price. 


M. R. Samprorp 


General Protozoology 

By V. A. Dogiel. Revised by J. I. Poljanskij and E. M. 

Chejsin. Second edition. Pp. xiv+747. (Oxford: Claren- 

Fo Press; London: Oxford University Press, 1965.) 
8. net. 


A New text-book devoted to the general aspects 
of protozoology has been greatly needed, as the 
classical books of the past (Dofiein, Wenyon, Calkins, 
etc.) have become much out of date. Included ın the latter 
was the General Protozoology of Dogiel, published in 1951 
in Russian. It has now been practically rewritten by two 
of his students, J. I. Poljanskij and E. M. Chejsin, from 
the Institute of Cytology, Leningrad, and well translated 
into English by C. A. Hoare. It will prove invaluable to 
protozoologists and biologists in general, on account of 
the lucid exposition. of the main features of the protozoa. 
with particular reference to their morphology, cell-division 
and evolution. Chapters are accordingly devoted to the 
cytoplasm, nucleus, skeletal and fibrillar structures, 
organelles of locomotion, methods of reproduction and 
regeneration, and evolution. The physiology of the organ- 
isms, including metabolism and irritability, are con- 
sidered separately, while there are two special chapters 
on life-cycles and ecology. Examples are taken from the 
free-living and parasitic protozoa, but there is, of course, no 
detailed treatment of individual species, and medical and 
veterinary protozoology, as such, is entirely omitted from 
consideration. This book provides the fundamental 
background to a subject which is advancing so rapidly, 
particularly in the elucidation of fine structure, genetics 
and metabolism, that still another edition will be required 
in a few years’ time. Readers will find it stimulating and 
challenging; in many places, it is emphasized that the 
“problem leaves much to be investigated” and this recom- 
mendation apphes as much to fundamental phenomena 
of biology as to host—parasite relationships, systematics 
and other questions of more specialized interest. The book 
is illustrated with 326 figures of exceptional clarity and its 
references are thoroughly international. 


P. ©. ©. GARNHAM 


Biophysics and Cybernetic Systems 


Edited by Myles Maxfield, Arthur Callahan and Lawrence 
J. Fogel. (Proceedings of the Second Cybernetic Sciences 
Symposium, October 13, 1964.) Pp. vii+184. (Washing- 
ton, D.C.: Spartan Books, Inc.; London: Macmillan 
and Co., Lid., 1965.) 45s. net. 
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INTENDING readers would be well advised to begin with 
this book at the Appendix. The conference of Califorman 
scientists which it reports is one of the many cross- 
disciplinary explorations that seem nowadays to find 
eager publishers,-and the Appendix contains a candid 
and not altogether flattermg debate as to its value. The 
time must surely come soon when “quality control”? will 
be apphed to papers for symposium volumes as for those 
in reputable journals, and publishers who neglect to do so 
will become known. accordingly. 

It is not suggested that all or even most of the papers 
here presented ‘fall short by journal standards. The 
subjects range from the biophysics of natural and syn- 
thetic membranes to the modelling of complex biological 
processes and the theory of artificial intelligence, and al- 
most all the material will be of some interest to specialists 
in the respective fields. Most original and stimulating, 
perhaps, is L. J. Fogel’s discussion of “‘Artificial Intelli- 
gence through a Simulation of Evolution”. He proposes 
a method of allowing an automaton to evolve its own 
logic by a search process of “natural selection’ which he 
considers to have reasonable prospects of convergence. 
In a different direction R. L. Binggeli’s finding, that 
pigeons improve in left-right discrimination when they 
lose one optic tectum, throws intriguing light on the 
functional significance of brain symmetry. 

But a good many of the reports here presented—especi- 
ally in the field of network-modelling—are acknowledged 
to be preliminary or inconclusive. In a research meeting 
of specialists this may be positively beneficial to the 
freedom and vigour of discussion. Whether it justifies 
their addition in that form to world literature is another 


question. D. M. MacKay 


Vistas in Astronomy 

Edited by Arthur Beer. Vol. 6: Celestial Mechanics, 
Instrumentation, Mendian Astronomy, Solar Research, 
Astrophysics. Pp. vii+214. (London and New York: 
Pergamon Press, 1965.) 84s. net. 


Tars is the sixth volume in a series containing sets of 
review papers on subjects covering all the fields of 
astronomy and astrophysics, written by internationally 
recognized specialists. The volume includes seven such 
papers by eight scientists, working im six different 
countries. 

Of particular interest is the paper on relativistic theories 
of gravitation by G. J. Whitrow and G. E. Morduch, in 
which one finds an extensive comparison of the effects 
predicted by the general relativity and eight Lorentz- 
invariant theories of gravitation for the three astro- 
nomical tests of relativity: the deflexion of a light-ray 
near amass; the gravitational red-shift; and the advance 
of perihelion in the two-body problem. Additional ad- 
vances of perihelion and node due to the rotation of the 
contral body are also considered. None of the theories are 
strictly equivalent to the general relativity in their 
predicted effects. The final conclusions are particularly 
well presented and can be read fruitfully without going 
through all the mathematics. 

Another interesting article 1s that on the diffuse emission 
nebulae by 8. R. Pottasch. The problems of structure, 
brightness and interpretation of their spectra are very 
clearly presented in a broad review of all data concerning 
these important members of our Galaxy. 

The other papers are: one on catalogues of meridian 
observations of stars (F. Schmeidler); two on optical and 
seeing problems of long-focus refractors (P. A. Tanna and 
S. L. Lippincott); and two on active regions of the Sun 
(S. B. Pikelner and J. Kleczek). AJl, without doubt, will 
be quoted frequently in future works and constitute 
an. important contribution in their respective fields. 


J. KOVALEVSKY 
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MEETINGS 
THE MEASURE OF THE MOON 


AFTER many decades spent in astronomical semi-obscurity, 
the Moon has emerged to claim renewed interest. The 
reasons for this are of historical significance. From time 
immemorial, astronomy has been debarred from the 
status of a genuine experimental science by the remoteness 
of its objects of study. With the exceptions of the meteors 
intercepted by the Earth, the properties of all celestial 
bodies could be studied only at a distance—from the effects 
of attraction exerted by their mass, and from the ciphered 
message of the light brought by nimble-footed photons 
across the intervening gaps of space. The dramatic 
emergence of long-sange spacecraft in recent years 
promises to change this picture. 

It was against this background that an international 
conference on selenodesy met at the University of Man- 
chester between May 30 and June 4, under the joint 
sponsorship of the Department of Astronomy and of the 
Terrestrial Sciences Laboratory, U.S. Air Force Cambridge 
Research Center. Mahlon S. Hunt of the Terrestrial 
Science Laboratory and I were joint chairmen. The aim 
of the conference was to bring into focus our knowledge 
of the motion of the Moon about its centre of gravity, 
its shape and gravitational field, and the large-scale 
topography of its surface. More than forty scientists from 
thirteen countries (Algeria, Austria, Egypt, France, 
Greece, Holland, India, Italy, Japan, Poland, South 
Africa, the United Kingdom and the United States of 
America) congregated at Manchester. 

The first day of the conference was devoted to a dis- 
cussion of the problems of lunar librations (underlying 
all determinations of the shape of the Moon by stereo- 
scopic methods). Prof. Karol Koziel of Krakow Univer- 
sity surveyed present knowledge, based very largely 
on visual heliometric observations of the past hundred 
years—a necessary time baseline for studies of long- 
period terms. Such measurements represented the 
pinnacle of precision astrometry: their masters all belong 
to the past, for surprisingly few contributions to these 
studies have been made by photography even if it has 
been. necessary to await the development of electronic 
computers to make full use of them. Prof. Koziel, to- 
gether with Drs. Maslowski and Mietelski of Krakow 
Observatory, recently performed such computations at the 
University of Manchester, and their results were presented 
at the conference for the first time. The most significant 
establish a free libration of the Moon in longitude, suggest- 
ing that (to this extent) the Moon behaves like a rigid 
body. The elastic parameters of the lunar globe have not 
yet been introduced explicitly into the equations of the 
problem, and a determination of their values represents 
important scope for future work. 

Further contributions to the general problem of libra- 
tion of the Moon and other planetary satellites were made 
by Prof. Colombo of the University of Padua, and Dr. 
D. H. Eckhardt of the Cambridge Air Force Research 
Laboratories in the United States, who succeeded to a 
remarkable extent in making automatic the solution of the 
entire problem. 

The second day of the conference was devoted to a 
survey of observational methods and techniques. Prof. 
Jean Rosch of the University of Paris reviewed the 
principal methods of observation from the days of Bessel 
to the present and emphasized the effects of atmospheric 
disturbances on the accuracy of the measurements. The 
highhghts of this session were the contributions by Drs. 
R. Julian, Aerospace Division of Hughes Aircraft Com- 
pany, Los Angeles, and M. Orszag, Centre Nationale des 
Recherches Spatiales, Paris, on the proposed methods 
for exploration of large-scale lunar topography by means 
of nano-second (ruby) laser flashes whose optical echoes 
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can be timed so precisely as to measure the instantaneous 
slagt range between the transmitter and the reflecting 
segment of the lunar surface with an accuracy of the order 
of 100 metres. 

The third day of the conference opened with introductory 
addresses by Prof. J. Hopmann of the University of Vienna, 
and Dr. Constantine L. Goudas, Boeing Scientific Research 
Laboratories, Seattle, Washington, who summarized 
present knowledge of the form of the lunar globe, based 
on observations made from the Earth. Extensive investi- 
gations have revealed that, within an error of a few kilo- 
metres in altitude, the Moon 1s essentially a sphere of 
mean radius 1,738 km. However, the departures of 
the actual lunar surface from such a sphere appear 
to be quite complex and can only be adequately repre- 
sented by several tesseral harmonic terms of increasing 
order, of which numerically the most important appear 
to be those of fourth order. A mere ellipsoid certainly 
does not seem to represent a better approximation to the 
actual shape of the Moon than a mean sphere. 

Determiming the positions and altitudes of the under- 
lying selenodetic contro] points from the Earth is one 
of the most exacting tasks of photographic astrometry, 
which can be successfully approached only by sequen- 
tial photography with the aid of long-focus telescopes; 
these alone can enable us to eliminate the effects of 
imperfect quality of “seeing’. Their use in turn calls 
for a massive effort which can be mounted only with well- 
equipped and large groups of investigators. The two 
principal groups of recent contributors to this field—the 
Aeronautical Chars and Information Center of the U.S. 
Air Force in St. Louis, Missoun, and the U.S. Army Map 
Service in Washington, D.C.—were represented at the 
conference by R. W. Carder and D. Meyer for the Air 
Force, and A. Nowicki for the Army, with additional 
contributions by Dr. G. A. Mills and M. D. Davidson of 
the University of Manchester. 

The gravitational field of the Moon is not uniquely 
determmed by the shape of its surface (which represents 
only a ‘boundary condition” of the dynamical problem). 
Nevertheless, it is probable that all conspicuous harmonic 
terms in the description of the geometry of the lunar 
surface will have similar counterparts in the exterior 
potential of the lunar globe. Important papers on the 
motion of the artificial satellites in the gravitational field 
of the Moon and on the converse problem of its specifi- 
cation from an analysis of satellite orbit perturbations 
were presented at the conference by Prof. W. M. Kaula 
of the University of California ın Los Angeles (in absentia) 
and Dr. J. Lorell of the Jet Propulsion Laboratory of the 
California Institute of Technology. 

The fourth and last day of the conference was devoted 
to the problems of local topography of the lunar surface. 
Prof. M. J. G. Minnaert of the University of Utrecht 
summarized in his introductory address the photometric 
methods which can be used for this purpose and emphasized 
the reduction of photographic data secured by the Ranger 
or Orbiter spacecraft. Following Minnaert’s masterly 
exposition of his subject, J. Sasser of the NASA Manned 
Space Flight Center in Houston outlined the plans of 
the National Aeronautics and Space Administration for 
mapping the lunar surface in quest of Apollo landing sites ; 
the afternoon. session was largely devoted to an exposition 
(by Z. Kopal, T. W. Rackham, M. T. Jones, A. Rifaat 
and P. V. Sudbury) of the photographic methods for lunar 
mapping which have been developed at the University 
of Manchester in the course of the past seven years. 

What have been the principal features of the present 
state of selenodesy which have emerged from the recent 
Manchester meetings? First, that it is inexpedient to 
undertake new extensive measurements of lunar librations, 
for there would scarcely be time to reap their harvest in 
the pre-Apollo era; once men have installed zenith tele- 
scopes on the lunar surface ali Earth-bound observations 
of lunar librations will become obsolescent. On the other 
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hand, a clear need exists to reduce again existing obser- 
vations on the basis of Eulerian equations, taking accqunt 
of the finite elasticity of the lunar globe, and to develop 
their solutions to a greater accuracy than has been done 
so far, for much smaller librations than those perceptible 
from the Earth should soon become observable from 
the lunar orbiting satellites. 

The observations to determine the lunar figure from the 
distance of the Earth can be tackled successfully only by 
experienced groups of investigators utilizing: extensive 
series of sequential photography. The law of diminishing 
returns is clearly operative here, yet the current effort 
cannot be relaxed, because in this particular field a 
closer proximity to the object of the study is not necessarily 
an asset. In the future, optical echoes of laser pulses 
should represent the royal road to the problem, but at 
present these are not even around the corner. 

There are many ways in which lunar shadow techniques 
to determine local topography of the Moon can be pushed 
further (for example, by a resort to over-exposed ter- 
minator photography) to yield resolutions of only a few 
motres difference in altitude, but there is no doubt that 
massive contributions of data from spacecraft will have 
to be handled largely by the automated photometric 
snethods. ZDENEK KOPAL 


COMPUTERS IN LIBRARIES 


By Our Own CORRESPONDENT 


THE view that the large libraries of the world should 
now move forward to use computers in managing their 
affairs is one of the general.conclusions of the Anglo- 
American Conference on Mechanization of Library Services 
held at Oxford during June 30—July 3. A parallel theme 
running through the proceedings of the conference was 
that the large libraries should put their heads together 
to work out common standards and to pool their individual 
solutions to common problerns. Neither librarians nor 
- computer engineers at any time suggested that readers 
should be in any way restricted in the use made of libraries 
for the sake of easier mechanization. Indeed, it would 
appear that librarians feel as strongly about the principle 
that readers should not be told what to read as do doctors 
about the Hippocratic Oath. 

The conference, which was attended by some sixty 
librarians and computer engineers from the United King- 
dom and the United States, was a natural sequel to a 
number of exploratory discussions held in the past year 
or so between the principal libraries in the two countries. 
The chairman was Sir Frank Francis, director and principal 
librarian of the British Museum. Most of the meetings 
were held in the Curator’s Room at the Bodleian, across 
the quadrangle from the dramatically restored seventeenth 
century facade above the entrance to the Divinity 
School. 

The problems of British libraries, apparently shared by 
the Library of Congress and the University Libraries of 
Harvard and Yale, were described at the beginning of the 
conference by representatives from the British Museum, 
the Bodleian and Cambridge. At each place there is a 
large central library with a number of dependent institu- 
tions. At each of the British libraries the collection is 
ancient and the maintenance of the catalogue is a con- 
tinuing problem. The rate of acquisition is high, not only 
because of the demands of scholars, but also because of the 
shower of books and papers descending on all copyright 
depository libraries. 

The university hbranes in particular are anxious to 
create union catalogues that will enable readers to know 
what books are stored at dependent libraries, in university 
departments for example, as well as centrally. This 
implies that it would be desirable to acquire and catalogue 
books and papers centrally. Steps m this direction are 
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being taken by the Radcliffe Science Library in Oxford 
and by the Science Library at Cambridge. The Oxford 
project will yield a catalogue of scientific periodicals on 
magnetic tape and eventually in print as well, but this 1s 
counted as a pilot experiment. At all three British libraries, 
thought is being given to the mechanization of the 
catalogue in its entirety——-a task which is made less 
formidable at the Bodleian by the fact that the existing 
catalogue of books acquired before 1920 has in any case 
to be redone. | 

Some of the advantages, and some of the accompanying 
problems, of méchanizing an existing catalogue were 
described at the conference by Mr. Foster M. Palmer, 
associate University librarian for reference and circulation 
at Harvard. A project to put on tape the shelf list at the 
Widener Library was begun some years ago. One product 
is a printed catalogue of parts of ¢he library. Another 
is the facility which now exists for searching through 
masses of information about the books at Harvard for 
statistical analyses. Mr. Palmer thought that costs at 
Harvard so far worked out at 25: cents for a catalogue 
entry, but other librarians offered estimates both lower 
and higher than this. In producing a mechanized cata- 
logue, the cost of computer time appears to be small 
compared with that of manual labour involved. 

The British Museum is perhaps ‘more aware than any 
other library of the difficulties of devising mechanized 
catalogues. Mr. A. M. Cain and Mr. J. W. Jolliffe, of the 
Department of Printed Books at the Museum, described 
some of the alphabetical problems which impede the use 
of mechanization. How best, for example, to deal with 
books whose titles are in Punjabi or Tamil. Transliteration 
is not a practical proposition, chiefly because of the 
difficulty of making a one-to-one correspondence between 
an outlandish language and its equivalent. This view 
was given powerful support at the conference by Bodley’s 
librarian, Mr. R. Shackleton, who said that scholars 
would not be satisfied with anything but the best. The 
systems team at the British Museum under Mr. Cain 
has apparently recommended that in future the general 
catalogue at the Museum should use only Roman, Greek, 
Cyrillic, Slavonic and Hebrew, with Irish as well for 
output, and that transliteration into one or other of these 
should be attempted. But everybody seemed to agree that 
there are great and growing problems in dealing with the 
proliferation of individual languages and alphabets in 
south-east Asia. For computer engineers ‘this means 
that the task of cataloguing a large library has to be 
conducted with an alphabet which may for practical 
purposes have as many as a thousand characters, when 
provision is made for numbers and for capital letters 
and punctuation marks. 

How is all this to be done? Mrs. Barbara Evans 
Markuson of the Information Systems Office of the Library 
of Congress described the work being done in Washington 
to standardize the production of catalogues. American 
practice has for several years been simplified by the way 
in which the Library of Congress classifies and catalogues 
all books published in the United ‘States in such a way 
that local librarians anywhere in the United States can 
obtain a standard catalogue card to go with each new 
acquisition. The importance of this service can be esti- 
mated by the statement of one delegate at the conference 
that the seventy-odd libraries affiliated to the Association 
of Research Libraries in the United States are reconciled to 
spending 18 million dollars a year on the maintenance of 
catalogues. What is now being done at the Library of 
Congress is to carry out this cataloguing operation by 
computer. Work on a small system called ‘Project MAR’C 
has been running for some months which will produce a 
catalogue record of books currently acquired by one part 
of the Library. Magnetic tapes carrying this information 
will then be distributed to libraries elsewhere in the United 
States which will be chosen for their diversity. Librarians 
will be able to use the tapes for constructing their own 
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yü os. and for keeping themselves informed of the 
pattern of acquisitions at Washington. _ 
rkuson appeared to have been overwhelmed 
surprised to find that even more ambitious plans 
anizing the Library of Congress have recently 
eleomed by those who hold the pursestrings in 
ington. Evidently the prospect is not unreal of a 
te automation of cataloguing at the Library of 
s and, by extension, of other American libraries 
.. Yet it is plain that much remains to be done 
twill be known for certain how much information 
-@ book should be included in the bibliographic 
: record. This, it would seem, is one of the most fruitful 
fields for international collaboration and agreement, and 
— Mrs. Markuson was eloquent about its urgency. Some 
librarians present were so mistrustful of the necessarily 
sim subjective process of çonstructing a description of a book 
hat they were inclined to think that nothing but the 
age would be a sufficient record. 
computer engineers are clearly aware of all these 
. Indeed, the undertone of the conference was 
uld necessarily be a long time before enough 
l been done to know how quickly and how 
ly libraries would be mechanized. Yet there is 
han cataloguing in prospect. Some engineers talk 
computers will help with keeping records of borrow- 
om a library, how they could help with finding 
scattered through several libraries dependent on 
al institution, and how eventually they might also 
ibrarians to keep track of the frequency with 
books are used so as to be able to arrange more 
ly their stocks for the convenience of the readers. 
sis also linked with the possibility that systems 
nsmitting information from one library to another 
y help enormously with the sharing of stocks, or at 
An least with the sharing of experience. And nobody knows, 
nace, of course, what will not happen when the books are on 
TORE ag as well as the catalogues. 




























OBITUARIES 


William Henry Eccles 


\CCLES, who died on April 29, 1966, at the age 
by, was a physicist who tackled with notable success 
: ho early soientific pep eget rae associated with radio 












a Hey Eccles was born at Ulverston, Lanca- 
fe went from a secondary school to the Royal 
of Science at South Kensington, from which 
3 aated in 1898. The following year he joined 
a coni in the laboratory of the Wireless Telegraphy and 
ws ign: al Company at Chelmsford, where he investigated 
elect: al 2k semen in oe circuits. His eae of 











His work on coherers was continued in a com- 
study of crystal detectors for radio reception, 
2 he presented a paper to the Royal Society 
he theory put forward some years earlier by 
iside to explain the propagation of radio- 
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waves around the Earth by reflexion in the ionized con- 

ducting regions of the upper atmosphere. He sugges edo 
that the ionizing influence of the Sun’s radiation would _ 
account for the observed differences in wave propagation _ 
by day and by night. During 1912-13 Eccles played a ~ 
leading part in the British Association’s investigations _ 
into the characteristics of atmospheric disturbances in. 
radio reception. Eis book on Wireless Telegraphy and 















Telephony, of which the second and enlarged edition was 
published in 1918, was for many years one of the very 
few comprehensive text-books on the subject. Continuous 
was a 


Wave Wireless Telegraphy, published in 1921, 
pioneer work of reference in this subject. z: 
Eccles’s interest in electrical science and ree eer ig 
was wide. He was president of the Institution of iec- : 
trical Engineers in the 1926-27 session, president of the 
Physical Society im 1928-30, and of the Institute of X 
Physics from 1929 until 1931. He was keenly interested- 
in the activities of the radio amateur, and was a founder i 
member of the Radio Society of Great Britain and its ; 
president for 1923-24. R. L. Swrt-RosE a 











Prof. F. Y. Henderson 


Tue death occurred on April 9 of Prof. F. Y. Honde on. R 
only 6 years after his retirement as director of th po 
Products Research Laboratory. Born in 1894, S 
educated at the High School, Glasgow, and. 
University of Glasgow, where he gained the Gold M 
Botany and a D.Sc. In the First World War he enlist d 
the Royal Engineers but was recalled while on the W 
to France in order to become superintendent of 
Detonator Department of Nobel’s Explosive Co. In 1919- 
he joined the Geological Survey in Nigeria and return 
in 1921, as a plant physiologist, to the Imperial 
of Science and Technology, where eventually he became © 
professor of timber technology. He investigated he E 
relationship of the food reserves of hardwoods to Lyctus: 
powder-post beetle attack, and his book Timbe 
Properties, Pests and Preservation is still widely use oe 
was an outstanding lecturer and was extremely Į popular l 
with his students. TE 
During this pericd, Henderson also became Aoo of 2a 
biological studies at the Sir John Cass Institute (1932 9). | 
and superintendent of examinations in biology for the- 
Pharmaceutical Society from 1928 until 1945. W ith? 
Oxley, now director of the Forest Produets Rese 
Laboratory, but then at the Pest Infestation : 
tory, Henderson investigated the phy siology - o gra S 
storage. a 
In 1945, Prof. Henderson was appointed directa 
Forest Products Research Laboratory when po 
timber shortages were a severely limiting factor 
reconstruction of Eritain’s economy. ee 
the properties of tropical timbers helped to into 
many new species to the trade. | 
The programme of the Laboratory was conce 
on the utilization of home-grown timbers. whe 
afforestation schemes, begun after the First Work 
yielded mature timber. Henderson co- onan 
grammes of work by serving on the research cor 
of the Timber Development Association and Furni 2 
Development Cour.cil. An excellent chairman. of com- ; 
mittees, he formed panels with industrial representation 
to plan work on adhesives and plywood which later: ae 
became the Compesite Wood Panel. 3 a 
An exceptionally modest man with a dry Scots humour, : 
Henderson was keenly interested in his staff and ever 
ready to help ther in personal problems. His high. sense. s 
of public duty was evidenced by his war-time service in 
the Home Guard, ia which he commanded a platoon. . He 
was a skilled craftsman in woodwork, a lover of music. 
and a keen gardener. He married Elizabeth Douglas’ 
Pringle in 1932 anc is survived by her and two daugnters:. 
J. D. BLETCHLEY 
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FOSSIL HOMINID REMAINS FROM UBEIDIYA, ISRAEL 
By Pror. PHILLIP V. TOBIAS 


Department of Anatomy, University of the Witwatersrand, Johannesburg 


PROMINENT among the faunal and cultural discoveries Jordan outlet of Lake Tiberias. The fauna with which 
in the Central Jordan Valley’ has been a small they were found has been recognized as Cromerian, while 
series of hominid fragments found at Ubeidiya near the the cultural remains have been classified by Stekelis as 
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Fig. 1. Viia hominid right parietal fragment A (A,, ectocranial; A,, endocranial) and right paristal fragment B (B,, ectocranial; Bs, 
en ). The two fragments are in approximately the correct alignment with each other, and the dotted line represents the ee position 
of the intervening portion of the squamosal suture. AST, Asterion; JTL, inferior temporal line; J, junction of in situ and bulldozed fra nts; 
LS, lambdoid suture; MEN, meningeal vascular grooves; RSS, reconstructed squamosal suture; SIG, sigmoid sinus groove; SS, somutncanl eaters 
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Ísraeli Variant of Oldowan I and II, and Israeli Variant 
of Abbevillian. 

Five pieces (two fragments of parietal bone, one of 
temporal bone, a molar and an incisor) can definitely be 
identified as of human origin, while a sixth morsel (possibly 
part of an occipital bone) is probably, though not definitely, 
hominid. Slight differences in the colour and texture of 
the fragments do not rule out the possibility that the 
pieces belonged to the same skull. Samples of all six 
remains were submitted to Dr. K. P. Oakley for relative 
dating. 


Description of Remains 


Hominid parietal fragment A (Fig. 1). The larger 
parietal fragment comprises four pieces, which fit well 
together and had been glued before I received thom. Two 
of the fragments are very small and fit on to a third, bigger 
piece: this tripartite portion was exposed by a bulldozer. 
The fourth and largest portion, effecting perfect contact 
with the third, was later found in situ in layer 23 of the 
cau The hominid teeth were also found in this 
ayer. 

The combined fragment is from the asterionie region 
of a right parietal bone. On the endocranial surface is a 
suleus occupied by branches of the middle meningeal 
vessels. Near the mastoid angle is a well-marked sigmoid 
sulcus, indicating that the sigmoid venous sinus rose on 
to the parietal bone. In Homo erectus pekinensis it does 
not extend so far upwards’. The ectocranial surface is 
marked by a robust inferior temporal line, which would be 
more in keeping with maleness than femaleness. Traces 
of 5 lambdoid suture are evident near the mastoid 
angle. 

Towards the mastoid angle, an ectocranial heaping 
up of bone suggests a torus angularis, but the surface is 
eroded and damaged and the maximum development of 
the area would seem to be missing. Nevertheless, the 
heaping up at this point is sufficient to give the bone its 
large maximum thickness of 12 mm. Thicknesses else- 
where on this fragment vary from 7 to 11 mm. 

Hominid parietal fragment B (Fig. 1). 
This smaller parietal fragment was un- 
covered by the same bulldozer. Two features 
help to place this fragment: an externally 
bevelled sutural surface, and a pattern of 
meningeal vascular grooves. The grooves 
are fine and shallow, in contrast with the 
broad, deeply etched grooves on fragment 
A. The general direction of the grooves is 
parallel to the sutural margin. The most 
likely area with these morphological fea- 
tures is the right parietal abutting on the 
squamosal suture in front of the midpoint 
between the mastoid and sphenoid angles, 
and therefore a short distance in front of 
parietal fragment A. Thus, fragments A 
and B could have belonged to the same 
parietal bone. 

This fragment is also thick and its thick- 
ness varies from 9 to 11-5 mm. 

The temporal fragment (Fig. 2A). This 
specimen comprises the lower part of the 
right squamous temporal, including a well- 
developed supramastoid crest, a distinct 
suprameatal spine and triangle, and the 
lateral part of the roof of the bony external 
acoustic meatus. A small portion of pars 
mastoidea is present and mastoid air-cells 
are exposed. A very small fragment of 
tympanic plate in the antero-superior part 
of the meatus abuts on to a process of bone, 
which is either a large postglenoid tubercle 
or perhaps the down-turned edge of the and 
tegmen tympani: a squamotympanic fissure 
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separates the process from the tympanic fragment. The 
structure is unmistakably human and the robust supra- 
ma$toid crest suggests maleness rather than femaleness. 

Indeterminate crenial fragment (Fig. 2B). This fragment 
cannot positively 5e identified as human. It may have | 
belonged to the nuchal area of an occipital bone. 

The molar tooth “Fig. 3). The entire crown and about 
7 mm of the root cf a right third upper molar was found 
in situ in layer 2% Unfortunately, much of the surface 
is eroded and mocphological detail is partly obscured. 
In addition, the lirgual half of the occlusal surface shows 
moderate attrition. but no dentine is apparently exposed. 

Despite the weer and erosion, the main cusps of the 
trigon are apparent. The worn mesiolingual cusp or 
protocone is ill-defined. Only a trace of the longitudinal 
occluso-mesial fissure is suggested, and this is so situated 
that the transverse (buccolingual) diameter of the proto- 
bone exceeds that of the paracone. No trace can be found 
of the occluso-lingual fissure. The moderate attrition is 
unlikely to have obliterated the lingual fissure if one had 
been present. It seems more likely that the fissure was 
poorly developed or absent: in other words, that the 
hypocone was neerly, or even entirely, absent, as is not 
uncommon in thirc molars. Poor development or absence 
of the hypocone eccurs in some Neandertal teeth, such 
as those of Monsempron®, Petit-Puymoyen, La Quina, 
and Krapina (the unworn third molar)’; in one or two 
of the seven third molars of Choukoutien*; and in modern 
man (see, for example, the Javanese material of 
Korenhof*). 

The metacone is small but bulges buccally and distally. 
Its mesial limit cannot be located precisely. A mesio- 
lingual prolongation of the metacone appears to make 
contact with the protocone, but no oblique or trigon crest 
connects the two cusps; instead, their line of contact is 
marked by a deep fissure running distad and lingualwards 
from the central fovea. 

No posterior forea is evident, but traces of the anterior 
fovea are present, connected by a slight mesial fissure to 
the central fovee. An anterior trigon crest connects 
protocone to paracone, mesial to the anterior fovea. 





Fig. 2. Ubeidiya hominid right temporal fragment (A, ectocranial; As, endocranial) 


possibly homi 
endocranial). 
supramastoid crest; ST! squamous pert of temporal; X, down-turned process of bone 


nid cranial fragment, perhaps of occipital (By. ectocranial; Bs, 


EAM, external acoustic meatus; MAC, mastoid air-cells; SMC, 





cm 


Fig. 3. Bight third upper molar of Ubeidiya hominid. M, Mesial; D, distal; B, buccal; 
L, lingual (palatal); O, occlusal. CERV, Cervical enamel line; M2, metacone; PA, 


paracone; PR, protocone 


The roots are fused so far as they are preserved, though 
separate root-canals are manifest. A longitudinal groove 
is apparent on the mesial face of the fused roots, between 
the larger buccal and smaller lingual components. 

The diameters of the crown of the tooth are 9-6 mm 
(mesiodistal) by 11-4 mm (buccolingual). These measure- 
ments may be fractionally too small on account of the 
abraded surface. The metrical characters are compared 
with those for various other hominids in Table 1. 


Table 1. METRIOAL CHARACTERS OF MAXILLARY THIRD MOLARS OF UBEIDIYA 
AND OTHER HOMINIDS* 


Mesiodistal/ 
Crown diameters uccolingual 
Mesiodistal Buccolingual Module shape index 
(mm) (mm) (mm) (per cent) 
Ubeidiya 9-6 11-5 10-55 83-5 
Homo erectus (n=10) 87-108 10:4-14:0 9-55-1224 77-1- 895 
Australopithecus 
africanus (n =11-12) 11-6-15-2 14°6-17°9 13:2 -16:5 777- 93-7 
A 
robustus (n = 16) 12-8-17-0 15-9-18-2 15:0 -17-4 703- 95-5 
Neandertal man 
(n=13) 9 -13 11 -145 10-0 -13-75 71-1-101-7 
MODES TAR, 71-11-232 7-3-12:5 6 02-0 
ole 2 e . — yd -l 2 
Aleuts | 77 78-102 102-110 sa 70-9- 91-7 
Bantu { 5g 6:3-11-0 @1-14:3 — 61-5-1047 
812 44-103 4-7-12:7 -— B43- 93-6 


* The for H. erectus and the australopithecines are from Tobias 
(ref. 10), Neandertal man after Patté (ref. 7) and Stewart (ref. 17), the 
Aleuts Moorrees (ret. 11), and the tu from Jacobson (ref. 12). 

The dimensions of the Ubeidiya third molar fall well 
below those of the australopithecines, but comfortably 
within the ranges for H. erectus, H. sapiens neander- 
thalensis and H. sapiens sapiens. The same might be said 
for its morphology: it is undoubtedly a hominine tooth, 
but nothing in its dimensions or morphology indicates 
to which species of Homo its owner belonged. 

The incisor tooth (Fig. 4). A second tooth was found 
in situ in layer 23 and has been identified as a probable 
left lateral mandibular incisor. It is represented by the 
crown and the upper few millimetres of the root. The 
tooth is fairly well preserved, and even the perikymata are 
clearly detectable. The incisal edge is moderately worn 
and two small linear areas of exposed dentine are present ; 
the mesial corner of this edge is right-angled, the distal 
corner rounded, exactly as described by Weidenreich for 
Pekin man*. The labial face is moderately curved from 
above downwards and strongly curved mesiodistally. 
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On the lingual face is a definite though 
slight lingual swelling. The cervical enamel 
line on the mesial face extends upwards as a 
smooth curve, whereas on the distal face it 
ends in a point, higher up than on the mesial 
surface. The crown is narrow mesiodistally 
and shows little tendency to broaden from 
cervical line to incisal edge, the distal face 
bulging slightly more than the mesial. 

The crown diameters are 5-6 mm (mesio- 
distal) and 5-6 mm (labiolingual), giving a 
nfodule of 5-6 mm, a crown area of 31-36 
mm? and a crown shape index of 100 per 
cent. These dimensions fall below those 
of australopithecine second incisors. The 
mesiodistal diameter falls within the sample 
range for H. erectus,*just below the sample 
range for Neandertal man, and within the 
range for modern man, as judged by Aleut, 
Bantu and other series. The labioli 
diameter of 5-6 mm falls below the lower 
limits of all available fossil hominine in- 
cisors and can be accommodated only in 
the range for modern man. Even if we 
compare the labiolingual diameter of the 
Ubeidiya incisor with those of first incisors, 
its value remains well below the lower limits 
for available samples of H. erectus and 
Neandertal man. The differences are, how- 
ever, not significant. In sum, the Ubeidiya 
incisor is very small and it can be accommodated somewhat 
more comfortably within series of modern human incisors 
than in samples of fossil hominine incisors. Notwithstand- 
ing, these comparisons cannot rule out the possibility that 
the owner of the tooth belonged to an extinet species or 
sub-species of Homo. 


<. 


All the morphological features indicate hominine rather 
than australopithecine status for the individual(s) 
represented by this group of remains. The only decidedly 
archaic feature seems to be the great thickness of the 
parietal bone. The Ubeidiya thickness measurements are 
compared with other hominid data in Table 2. 

The Ubeidiya parietal is thick, in comparison not only 
with the thin-skulled australopithecines and modern man, 
but also with the thick-skulled Neandertal group. On 
the other hand, it does not attain the thickness of the very 
thick-skulled Homo erectas group. An occasional normal 
modern cranium might attain a thickness of 12-0 mm in 
the asterionie region, but if the Ubeidiya parietal repre- 
sents a normal and fairly typical member of its population, 
and not an extreme variant, we should have to regard its 
massive thickness as a truly archaic feature. 

Nevertheless, on the fragmentary evidence before us, 
the Ubeidiya hominid cannot specifically be identified. 
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idence presented by Miss Molleson and Dr. Oakley?’ 
‘hominid fragments are younger than the Cro- 
fauna does not resolve the taxonomie problem: 
diya hominid could belong to an extinct or an 
xon of Homo. It is hoped that the painstaking 
ns of Profs. Stekelis and Haas will be rewarded 
discovery of further remains which it will be 
to identify. Meantime, the available evidence 
he assignment of the remains to the genus Homo, 





sult of their sexual activity, women may repeatedly 
protein from another individual into their repro- 
tracts. Although the females of most other 
an species engage in coitus fewer times during 
han do most humans, immunization of females 
components of semen, though rarely observed?, 
expected to occur with repeated coitus. Seminal 
roteins have served as antigens’-*, and sensitiza- 
foreign proteins has been shown to occur through 
ale reproductive tract’. 
ale ejaculate contains proteins in solution in the 
lasma, and proteins which are part of the sperma- 
other cells (mostly leucocytes) of the ejaculate. 
cytes, though relatively small in number when 
with the spermatozoa, would be expected to 
antigenic. Kiddy, Stone, Tyler and Casida® 
ecific antibodies in the blood of heifers which 
trauterine injections of bull blood, though the 
zed animals were fertile when mated with the 
gull from which the blood was taken. It has been 
od that antispermatozoal antibodies are 
eterologous spermatozoa are injected*-* or 
dinto the vagina’®!. Homologous spermatozoa 
shown to produce antispermatozoal antibodies 
red. fertility?®?. Franklin and Dukes’? have 
reported the presence of antispermatozoal anti- 
n the blood of some women. However, there does 
pear to be any evidence that the spermatozoa, 
nal fluid, or leucocytes entering the female reproduc- 
‘tract during coitus have any detrimental effect on 
ertility. 
mple evidence exists that the introduction of 
ps into the female reproductive tract 
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group of Ubeidiya hominid. fossils should ‘therefore 


classified as Homo ep. | 
I thank Profs. G. Haas and M. Siskelis for their ge 
invitation to invessigate these remains. I also thank 
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results in specific ar.tibody formation, we have under 
a comparison of she antigenicity of homolog 
heterologous seminal plasma proteins. Previous W 
have found that the injection of heterologous s 
plasma proteins el.cits specific antibody formation. (8 
ref. 7). Because seminal plasma proteins do functio: 
antigens, and becaase the female reproductive tra 
route by which immunization may occur, we for 
the working hypot tesis that the female does not 
sensitized to seminal plasma because she is imm 
logically tolerant to seminal plasma proteins of her 
species. We reasoned that if the foregoing hypot 
were true, heterologous seminal plasma proteins ` we 
antigenic if introduced into the female reprot 
tract, while homologous seminal plasma proteins ` i 
not be antigenic ewen when injected intravenously or ; 
subcutaneously. a eee 
Adult virgin female rabbits were administered: the 
antigen twice weekly. We utilized ‘Bovine Alb min 
Fraction V Powder’ (Nutritional Biochemical Corpora- 
tion) as a control antigen, and bull and rabbit seminal- 
plasma. Bovine albumin was dissolved in 0-85 per 
sodium chloride tc attain a concentration of 200 mg/ml. 
Bull semen was cbtained from a local supplier on the- 
morning it was ejaculated, and rabbit semen was collect a 
in our laboratory by means of an artificial vagina : 
bull and rabbit semen were diluted three tim 
phosphate bufferec. saline and centrifuged thre 
about 1,600g for 5 min to remove the sperma 
diluted seminal plasma was kept frozen in sm. 
until used. Antigen was placed in the va; 
rabbit by means of a glass tube with a polish 
was inserted deep into the vagina. Great ca 
to avoid trauma to the vaginal lining. No atter 
made to prevent leakage of the antigen from the va; 
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_ though some leakage was observed with all three antigens 
used. Antigens were administered twice weekly., No 
tempt was made to keep the dose of antigen the same 

dor each injection, but rather to build up an antibody 

- Pesponse as quickly as possible by giving as much antigen 

at each injection as the rabbit seemed able to tolerate. 

Blood samples were drawn from each rabbit at intervals 

during the course of the experiment for testing. 

. Double-diffusion agar plates were prepared according 

to the method of Ouchterlony", using a 1 per cent solution 

of ‘Special Noble Agar’ (Difco). After antigen and anti- 
sera were placed in the appropriate wells, the plates were 

placed in a moist chamber at room temperature for 24 h 

and then observed for signs of precipitation. Heavy 

precipitation was given a rating of + +++, and very 
light precipitation was given a rating of +; ++ and 
+++ reactions were intermediates. Reactions were 
designated as negative only when no evidence of precipita- 
tion could be discerned. 
. The results of these experiments are summarized in 

_ Table 1. Rabbits which received a total of 800 mg of 

_ serum albumin intravenously or 950 mg of bovine serum 
albumin subcutaneously were observed to be ++ ++ 





shortly after the final injection. Intravaginal doses of 


l 3,750-4,550 mg of the same preparation of antigen were 
required to obtain + or ++ reactions. These results 
provide an approximate assessment of the relative 


antigenicity of the same antigen administered by way of 


-the intravaginal route as compared with the intravenous 
and subcutaneous routes. In order to determine whether 
or not the antigen was being absorbed through the 
_ peritoneum, tubal ligations were performed on two of the 
rabbits 2 weeks preceding the initiation of antigen treat- 
ments. No difference in antibody titre was observed 
between rabbits with and without tubal ligations. 





‘fable 1. A COMPARISON OF ANTIBODY RESPONSE TO BOVINE SERUM 
ALBUMIN, BOVINE SEMINAL PLASMA AND RABBIT SEMINAL PLASMA 





Pnp Notal Total amount 
Z Antigen Route No, of of antigen Response 
as injections injected 
-Bovine serum ‘Intravenous 4 800-0 mg +p t+ 
» vadbuamin Subcutaneous 4 950-0 ++ ++ 
os Intravaginal 10 4,550-0 + 
Intravaginal 10 4,550-0 + 
Intravaginal* 8 3,700-0 + + 
, Intravaginal* 10 4,550-0 + 
. Bovine seminal Intravenous 3 2-5 mi. +t ++ 
Plasma Intravenous 3 1-5 + 
si Intravenous 3 15 + 
Intravenous 3 15 (anaphylactic 
death) 
Subcutaneous 6 9-0 +++ 
Subcutaneous 5 5-0 + + + 
Subeutaneous 5 5-0 + +44 
Subcutaneous 5 5-0 + + + 
Intravaginal 9 15-0 + 
Intravaginal 9 150 + 
Intravaginal* 9 15-0 + 
22%, Intravaginal* 9 15-0 + 
Rabbit seminal Intravenous 12 21-0 - 
Plasma Intravenous 6 20-0 “om 
Intravenous 6 20-0 oe 
Subcutaneous 12 21-0 — me 
Subenutaneous 6 20-0 — 
Subcutaneous 6 20-0 te ae 
Intravaginal 9 16-0 _ = 
Intravaginal 9 16-0 e ae 
Intravaginal* 9 WO m 
iIntravaginal* 9 16-0 — -= 


* Rabbits with tubal ligations. 


Bovine seminal plasma injected intravenously caused a 
++ ++ reaction after 2-5 ml. in one rabbit, and a + 
reaction after 1-5 ml. in two others. Another rabbit died 
of an anaphylactic reaction following the third injection. 
Subcutaneous injections of bovine seminal plasma 
resulted in +++ or + + + + reactions after 5-9 ml. of 
antigen. Four rabbits (two of which had tubal ligations) 
were observed to have a + reaction after receiving 15 ml. 
of bovine seminal plasma intravaginally. 
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Rabbit seminal plasma was ineffective as an antigen in 
rabbits. No discernible precipitates were seen in the 
blood after 16 ml. of antigen was placed intravaginally, 
nor after 21 ml. of antigen was injected intravenously or 
20 mi. subcutaneously. 

The finding that the female rabbit is apparently im- 
munologically tolerant to the seminal plasma proteins of 
the male cannot be explained by the presence of blood 
plasma proteins in the seminal plasma, for some of the 
seminal plasma proteins are different from those that 
occur in the blood plasma's. One possible explanation 
for the immunofogicai tolerance of the female to homolo- 
gous seminal plasma proteins lies in the common embryonic 
origins of the male and female reproductive tracts and, 
more specifically, in the accessory sex glands of the female 
which are homologous to those of the male. The following 
consideration of accessory sex glamds which occur in the 
female is quoted from Price and Williams-Ashman’’. 
“In many female mammals, homologues of the male 
prostate and bulbo-urethral glands develop in the foetus. 
These glands may retrogress prenatally, rernain vestigial, 
or develop postnatally and become funetionally active. 
These homologues are the female prostate glands (para- 
urethral glands of Skene) and the bulbovestibular (major 
vestibular or Bartholin’s glands). In addition, there are 
urethral glands (minor vestibular) which are homologous 
with the male urethral glands of Littre, and female pre- 
putial or clitordal glands corresponding to the male 
preputials. The major vestibular, when present, and the 
minor vestibular and clitordal glands are functional in 
many mature females. In a few cases, well-developed 
prostate glands which are actively secretory have been 
found in females of four mammalian orders,” 

We reasoned that the accessory sex glands of the female 
might be producing the same proteins as those in the 
seminal plasma of the male and, if this were so, might be 
present in the female reproductive tract. We therefore 
obtained five reproductive tracts from cows and five 
reproductive tracts from heifers. 150 ml. of saline was 
inserted into the fimbrium of a Fallopian tube and 
flushed out through the vagina. This was repeated with 
the same 150 ml. of saline for each Fallopian tube of each 
cow reproductive tract. The process was repeated with 
another 150 ml. of saline for the heifer reproductive tracts. 
A highly reactive rabbit antiserum obtained by injecting 
bull seminal plasma intravenously was then adsorbed 
against cow blood plasma until no further precipitate 
was obtained. The adsorbed rabbit anti-bull seminal 
plasma serum was then tested against the washings from 
the cow reproductive tract and from the heifer reproduc- 
tive tract. In both cases, significant precipitates were 
formed. 

The possibility existed that the rabbit antiserum against 
bull seminal plasma contained antibodies against bull 
protein that were not limited to the seminal plasma. 
If that were true, the washings which we obtained from 
the reproductive tracts of cows and heifers could have 
contained such proteins. Therefore, the rabbit antiserum 
against bull seminal plasma protein was adsorbed with 
cow blood, saline extract of homogenate of beef liver, and 
saline extract of homogenate of beef kidney. When 
adsorbed antiserum was then reacted with washings 
from eow and heifer reproductive tracts, a precipitate 
formed. 

It therefore seems that the immunological tolerance of 
the cow to seminal plasma protein can be explained 
by the presence of the same protein in the female repro- 
ductive tract. Some of the proteins common to the cow 
and the bull reproductive tract are not found in blood, 
liver or kidney. The present evidence does not indicate 
the source of these proteins in the female. While it is 
evident that other possibilities exist, a reasonable expecta- 
tion would be that the accessory sex glands of the female 
reproductive tract produce the same proteins as do their 
homologous glands in the male reproductive tract. 
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NUCLEIC ACID SYNTHETIC PATTERNS IN SYNCHRONIZED 
MAMMALIAN CELLS 





































‘esult of a number of elegant autoradiographic 
ses of cytological systems, it is recognized that 
somal DNA replication occurs in definite sequential 
s'. Not only is the sequence well ordered but the 
of the synthetic (S) phase appears constant in 
n to other phases of the cell cycle”. An excellent 
w of the cell cycle is given by Baserga*. Some insight 
he operation of the genetic control mechanism 
nsible for this stability requires analyses of bio- 
tic DNA patterns during the cell cycle. It is equally 
portant to delimit the replication period with respect 
‘time of other macromolecular components as well, so 
to understand their modes of interaction with DNA. 
Randomly growing cell populations obviously present 
culties because of the exact nature of the DNA 
thetic process. The use of synchronized cultures 
ates this difficulty and allows precise autoradio- 
phic analyses of synthetic patterns of nucleic acids and 
teins. The present article is concerned with observa- 
ons of the patterns of incorporation of tritiated thy- 
ine into DNA and tritiated uridine into RNA. 
{P human epithelial adenocarcinoma cells were 
onized in tube cultures by double-blockage with 
thymidine, as deseribed previously‘. After removal 
ormal medium at the end of the second blockage, 
ell population emerged as a synchronized unit into 
¥ phase. Tritinted thymidine was added for a l-h 
pulse at 12-5 ue./ml. (New England Nuclear Corporation, 
ot 108~55-114, 6-7 ¢./mM) and then fixed in Carnoy’s 
xotic~aleohol (1:3). At the beginning of the second 
jour of synchrony, another tube wes labelled for 1 h. 
ttern was followed for 14 h in all, a period long 
ugh to include S, G2, M, and the onset of G1. Randomly 
ig colls were likewise exposed to labelled thymidine 
for 1 h. An identical sequential pulse procedure was 
followed using tritiated uridine at 20 yue./ml. (Schwarz, 
Lot 6501, 442 ¢./mM) to evaluate the incorporation 
patterns into RNA. Autoradiographic and staining 
-o procedures were carried out as described previously’. 
t was not possible to make quantitative grain counts 
of the intense labelling at different times in the 
‘but the intracellular lebelling patterns were 




































was no sign of DNA synthesis during the first 
ynehrony, as was shown by the complete lack of 
g with tritiated thymidine. This was undoubtedly 
ie presence of an endogenous store of unlabelled 
‘from the previous blockage medium which 
et fully metabolized. The typical pattern of 
hesis was also delayed in some cells during 
our. For these reasons, the S phase was con- 
‘begin at the end of the first hour in normal 
All time periods mentioned in the subsequent 
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discussion are corrected for the l-day delay.. Fig. b- 
illustrates the dramatic increase in S-phase cells which. 
took place in the frst hour. By the third hour, almost. 
98 per cent of the population was labelled with tritiated 

thymidine. The facs that 95-98 per cent of the population 

exhibited DNA synthesis during a 3-h period (1-4 h} 
compared with 30 per cent in a randomly growing cult 
demonstrates the remarkable degree of synchrony é 
in the S phase. The maximum percentage labs 
3 h was followed by a gradual decrease to 10 pe 
labelling after 11 hk which remained constant duri 
next 2h. This 10 ver cent group represents the fra 

of the population which was out of synchrony and s 
still synthesizing DNA when the main synchronized 
population was passing through during the G2 and M 
(mitotic) phases. The mitotic rate in this particular 
experiment attained a peak of 17 per cent at a single. 
sampling time (11 h) following the initiation of DNA 
synthesis, a rate which was almost six times that measur 
in random cultures and sixty times higher than in blocket 
cells. In other synchrony experiments, we observed 
mitotic bursts as high as 50 per cent. Presynchrony 
treatment with 25 mM thymidine did not produce 








































Percentage of labelled cells 





Time (h) 


Fig. 1. Percentage of synchronized CMP tumour cels labeled: Ho 
tritiated thymidine for 1 h in normal medium after final blockage in 25. 
mM unlabelled thymidire. Time Öh oceurs 1 h after blocked cells are 
placed in normal medium. A minimum of 1,000 cells were eounted for. 
each point indicated. A cell was considered to be labelled if its nu Heus 
had any detectable silver grains over background The unusually high 
ievel of synchrony is especially well demonstrated in the early- and- 
mid-S phase (0-5 h) by the rapid and almost 100 per cent labeling 
rate. During the G2 ({—-11 h) and M (11-12-5 h) phases, eynchrony drops — 
to 85-90 per cent, ————, Synchronized culture; mm, Untreated 
control culture 
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macromolecular synthetic patterns, this possibility 
highly unlikely in view of the actual cell cycle 
ameters we obtained. The breakdown of this particular 
chronized population revealed an S phase of approxi- 















mately 9 h, a G2 of 2 h, and an M phase of 1-5 h. Less 
_. than 1h of the next G1 phase was sampled before the end 

_ of this experiment. The generation time of untreated 
CMP cells is about 28-5 h according to our unpublished 
cing film analyses. Since 30 per cent of such a population 

_. 48 labelled after being pulsed with tritiated thymidine, the 
_& phase is close to 8-6 h—a figure which corresponds well 
with the 9-h S phase observed in synchronized cultures. 
reported’ that excess thymidine in a single treat- 
of 26 or 45 h produces an apparent stimulation of 




































sis of cultured cells which results from a prolonged 
phase time. The conditions of treatment and results 
ntirely different from our experiments since we use 
uccessive exposures to thymidine which produce an 
omplete premitotie block. 
attern of incorporation of tritiated thymidine 
unusual differences during the S phase. A 
i-summary of the relative incorporation pattern 
on visual analysis of all slides is presented in Fig. 2. 
eated control cells displayed a relatively uniform 
ig pattern in nuclei undergoing DNA synthesis 
during exposure to tritiated thymidine. In some nuclei, 
_ there was also incorporation into nucleoli (Fig. 3). In 
< early S (0-2 h), labelling was moderate and uniform over 
the entire nucleus, except for nucleoli which were almost 
d of synthetic activity, and became progressively 
intense with time (Fig. 4). Beginning at 2 h, DNA 
esis Was especially prominent in regions corresponding 
icleoli in size and appearance. Further support for 
wleolar DNA in CM P cells is based on cytochemical 
g and ultrastructural evidence of chromatin‘. 
uidine incorporation into nucleoli progressively 
ased and reached a high level 3-4 h in the S phase. 
the same period of proferential nucleolar labelling, 
mainder of the nucleus was still undergoing DNA 
esis, but at a lower rate than the nucleolus (Fi g. 5). 
ig the next hour (4-5) there was an abrupt stoppage 
cleolar DNA replication and a marked reduction of 
ucleolar DNA synthesis. Thymidine incorporation 
up again between 5 and 6 h in both reg‘ons, leading 
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-Graphical summary of the relative incorporation of radioactive 
ic precursors into RNA and DNA of synchronized cells. Data are 
Lon Visual estimations of developed silver grains in autoradiographic 
rations and are presented to illustrate dramatic changes in nueleic 

tterns. See text for discussion, » RNA; meree e, chro- 
he matin DNA: = = =, nucleolar DNA 
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S phase was attended by a slow decline in DNA synthesis. 
The small proportion of cells out of synchrony (10 per 
cent or less of the population) lagged behind the others and 


were detected during the mitotic burst and in the main 
Gl phase population (11-13 h). Some of the lagging 
group incorporated thymidine (S phase) or were fixed 
in cell division (M phase). Cells delayed in the G2 phase 
were unlabelled and contained larger nuclei than G1 
phase cells. 

With the exception of one brief period, there was a 
continuously high level of RNA turnover and probable 
net synthesis in nucleoli and chromatin of all cells through- 
out the DNA synthetic and the premitotic G2 phases 
(Fig. 2). The density of labelling over nucleoli, nuclei, and 
cytoplasm wes in the approximate ratio of 6:3:1 
respectively; the same was true for untreated control 
cells (Fig. 9). The exceptional pattern of RNA incor- 
poration was first noticed at 2~3 h (Fig. 10) and became 
fully developed between hours 3 and 4 in the S phase. 
At this time, there was a complete absence of nucleolar 
RNA synthesis, a slight decreese in chromatin RNA 
synthesis, and a lack of cytoplasmic labelling of RNA 
(Fig. 11). Nuecleoli were frequently outlined by grains in 
the perinucleolar regions, which suggested an incorporation 
into chromatin localized here. The sudden cessation of. 
intranucleolar RNA synthesis coincided with the time of- 
peak intranucleolar DNA synthesis. After the naturel 
inhibition of nucleolar and extranucleolar RNA synthesis, 
there was an immediate return to the usual incorporation 
pattern (Fig. 12) which persisted into the G2 phase 
(Fig. 13). After exposure to tritiated uridine for 1 h, cells 
undergoing division frequently showed very low but 
clear-cut levels of radioactive RNA on the chromosomes 
and in the cytoplasm. The pattern of response wes by 
no means uniform as many cells in mitosis showed no 
labelling at all, either on the chromosomes or in the 
extrachromosomal regions. These observations refer to 
cells labelled just before end during the mitotic burst _ 
(Fig. 13) as well as to randomly dividing populations 
(Fig. 9). We did not attempt to make a detailed anal Ki 


of the labelling pattern of different mitotic stages. Ou ease 


results indicate that chromosomal synthesis of RNA 
during mitosis makes a negligible contribution to the 
total RNA produced during the cell cycle. Cells in the 
early GI phase were small and demonstrated the typical 
RNA incorporation pattern described earlier for most of 
the S and G2 phases. 

Nucleolar DNA has been reported in some cells on the 
basis of light microscopy of stained preparations’. Its 
presence is often regarded as exceptional and without 
significance since the nucleolus itself appears to be of 
chromosomal origin’:*, Following the work of McClintock” 
intranucleolar DNA was assumed by some workers to 
represent the attached nucleolar-organizing region of a 
chromosome which was genetically inactive and without 
special biochemical significance—a point of view which 
necessarily biases the interpretation of macromolecular 
contro] mechanisms". A contrary and somewhat prophetic 
view was stated almost 20 years ego by Schultz!!. Recent 
biochemical data‘, in addition to cytochemical: and 
electron microscope observations!* of the nueleolus, 
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Figs. 3-8. Untreated or synchronized CM P cells exposed to tritiated thymidine at 12°5 ae ‘ml. for 1 h fixed in acetic—alcohol (1 : 3), and washed 
in 5 per cent trichloroacetic acid at 5° C for 15 min. Developed ‘AR 10° autoradiographs stained tightly with haematoxylin and eosin and 
photographed by bright-field except for Figs. 4 and 5. (Figs. 3-6, x e. 500; Figs. 7 and 8, x ¢. 965) 


Fig. 3. Randomly growing control cells demonstrate intense tritiated thymidine incorporation in.o nuclear DNA. A few nucleoli also appear 
labelled (arrows) in addition to nucleolar-associated chromatin 


Fig. 4. Synchronized cells in the very early S phase (1-2 h) demonstrate uniform DNA sy nthesis ix the nucleoplasm. There is no apparent DNA 
synthesis in nucleoli, Phase-contrast photomicrograph 


Fig. 5. During early S phase (3-4 h) the first intranucieolar DNA fraction is synthesized (arrows). Synthesis of this fraction is superimposed 
on extranucleolar DNA replication 


Fig. 6. Preferential tritiated thymidine incorporation is demonstrated into a second intranucleolar DNA fraction (arrows) between 5-6 h of the 
S phase. Phase-contrast photomicrograph 


Fig. 7. Specific and exclusive replication of the second intranucleolar DNA fraction and its associited chromatin is revealed in several nuclei of 
a culture labelled between 6-7 h of the S phase 


Fig. 8. Synthesis of heterochromatin is indicated in these nuclei where proomnens heteropyknotic blocks are heavily labelled in the Iate S phase 
) 
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revealed distinctive RNA and protein fractions to be 
present. One of the first biochemical reports of nucleolar 
DNA was made by Monty et al.'*. Since then, actively 
synthesizing DNA has been demonstrated by autoradio- 
graphy at the light’® and electron microscopic?! levels. 
Untreated CMP cells contain large quantities of nuclear 
DNA, substantial amounts of which are concentrated in 
the perinucleolar and intranucleolar regions’. At the 
fine structural level, we observed that perinucleolar 
chromatin often intrudes directly into the nucleolar mass. 
In other cases, distinct isolated patches of chromatin 
he within partly vacuolated areas of the nucleolus. The 
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appearance of intranucleolar chromatin stained with 
metallic salts is identical with that found in the peri- 
nucleolar region and the marginal nuclear areas. This 
morphological similarity may not extend to chemical 
base composition since it is known that a DNA template 
with a high adenine and thymine content gives rise to an 
RNA of high guanine and cytosine content in the region 
of nucleoli!’, In cultured cells infected with DNA viruses 
such as SV40, substantial quantities of Feulgen-positive 
material are observed within the nucleolus in very early 
stages of infection". At the ultrastructural level, unusual 
dense particles, which appear to be DNA viral cores, are 





Figs. 9-13. Untreated or synchronized CM P cells exposed to tritiated uridine at 20 c. /ml. for lh. Subsequent handlingis the same as described 
9 


for preceding plate. Photomicrographs obtained by bright-field. ( Figs. 9, ll and 12, 


xe. 560; Figs. 10 and 13, x e. 220) 


Fig. 9. Randomly growing control cells. Radioactive RNA Is haaviestin nucleoli, followed by nucleoplasm and then cytoplasm. Cellsin metaphase 
and anaphase (arrows) are unlabelled. 


Pig. 10. During the very early S phase (2-3 h), nucleolar RNA wr ne 
minis 


Sogins to be turned off. Incorporation into chromosomal RNA also is 


Fig. 11. Complete repression of nucleolar RNA synthesis is demonstrated in these synchronized cells labelled between 3—4 h in the S phase. 
Arrows mark several unlabelled nucitolar areas 


Fig. 12. The normal intracellular pattern of RNA synthesis is resumed immediately following the natural RNA repression illustrated in Fig. 11. 
The photo: ph demonstrates cells labelled between 5-6 h of ae Ss phase, 2e incorporation pattern is typical of most of the S phase and of 
untreated control cells 


Fig. 18. A low-power autoradiograph of synchronized cells expos to the radioactive RNA 


synthesis is demonstrated with the usual intracellular distribut 


recursor during the G2 phase. Unabated RNA 


on of label found in control cells, A few cells arc already in mitosis and do not 


appear labelled (arrows) 
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likewise observed within nucleoli of SV40- (ref. 19) and 
adenovirus-infected cells*. It is reasonable to assume that 
the mechanism responsible for intranucleolar viral DNA 
synthesis also operates at a lower level of activity in 
uninfected cells. 

As detected and defined in the present report by its 
first appearance in the early S phase (2-5-3-5 h) and again 
in a second burst of synthesis soon afterward (4:5-5-5 h), 
this intranucleolar DNA undergoes its own distinctive 
pattern of renewal as does the DNA found elsewhere in the 
nucleus. The extent to which either of these fractions is 
a part of the nucleolar organizing chromosome region 1s 
not known with certainty. However, we are inclined to 
regard the second one as genetically inactive or repressed 
(heterochromatin) and to be derived from the nucleolar 
organizer since there are no significant RNA renewal 
changes in the nucleolus during its period of replication. 
It also is synthesized later in interphase when extra- 
nucleolar heterochromatin is duplicated. The first 
nucleolar DNA fraction may likewise represent part of 
the normal chromosomal complement, but in view of the 
concomitant RNA changes which accompany its repli- 
cation we attach greater significance to it and regard it 
as @ reservoir of genetic information and a possible site 
of the DNA control mechanism (see later discussion). 
Taken collectively, these observations and others on 
nucleolar function®® would suggest that this organelle 
is more than & repository or transient stop for nucleo- 
proteins but serves important synthesizing functions, one 
of which is the production of at least one biochemically 
significant DNA fraction. 

There seems to be general acceptance of the concept, 
DNA——>RNA-——>protein, in which DNA serves as a 
template for the formation of messenger RNA which, in 
turn, is essential for cytoplasmic protein synthesis in 
ribosomes*?. With low doses of actinomycin D, it was 
shown that binding of the DNA template?® prevents the 
action of DNA-dependent RNA polymerase** and selec- 
tively blocks nucleolar RNA synthesis**. Since RNA 
polymerase is a nucleolar constituent? and is normally 
associated with DNA**, we emphasized recently’ that 
nucleolar DNA is the logical site of the trigger for geneti- 
cally coded RNA synthesis in the nucleolus. In this 
connexion, it was demonstrated by Granboulan and 
Granboulan®’, using electron autoradiography, that some 
nucleolar RNA is synthesized at the sites of nucleolar- 
associated chromatin. Blockage of DNA with 5-fluoro- 
deoxyuridine prevents the formation of ribonucleoprotein 
in granular components of the nucleolus®®. Our present 
results substantiate this relationship, as we detected a 
complete block in nucledlar RNA synthesis in the early 
S phase during the time when the first nucleolar DNA 
fraction was being replicated. The normal presence in 
the nucleus of messenger RNA?” and transfer RNA*° 
would suggest that these fractions are all responsive to 
nucleolar DNA. The fact that chromatin RNA production 
was also depressed at the same time as nucleolar RNA in 
our experiments suggests that this RNA fraction also is 
nucleolar DNA-dependent. The second nucleolar DNA 
fraction, which is synthesized as a block in the mid-S 
phase, apparently does not code for nucleolar RNA as 
does the first fraction since RNA synthesis continues 
unabated in this region. 

Proceeding from this point, our working hypothesis is 
that in a multiplying cell population continuous renewal 
of DNA must occur, including template DNA of the 
nucleolus and chromatin. While template DNA is in the 
process of having both its strands replicated, primarily 
during the early S phase, it is impossible for either of these 
strands to serve as a matrix for RNA synthesis. As an 
obligatory consequence, RNA synthesis is temporarily 
switched off during this period. This may be considered 
as one of the periods of crisis during macromolecular 
replication in the cell cycle. In support of this hypothesis 
is a recent finding that a particularly sensitive DNA 
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fraction is synthesized in the early © phase*?. In addition, 
Prescott and Kimball’s results on the ciliated protozoan 
Euplotes are in aecord since they found that nuclear 
regions engaged in DNA synthesis were incapable of 
incorporating RNA precursors®®?. We should emphasize 
in, this connexion that after this critical period of major 
template DNA renewal, when DNA replication occurs in 
various nuclear sites, continuous RNA synthesis is carried 
on in the chromatin and nucleolus. Presumably the 
synthesis of messenger RNA and coded mbosomal RNA 
precursors account for much of this main stream of RNA 
activity during interphase, which is in harmony with the 
suggestion of Hurwitz et al.” that the information for 
protein synthesis has to be continually renewed by the 
synthesis of new messengers. This stream of RNA is 
derived primarily from the nucleolus, which has already 
completed its template replication. However, the ob- 
servation that there is continuous chromosomal RNA 
synthesis going on (except for the early crisis period) 
at the same time as DNA replication is under way suggests 
that additional multiple DNA template sites are continu- 
ously being inactivated and activated on the chromosomes, 
depending in part on whether or not they are undergoing 
replication. We are aware that part of the labelled RNA 
may not be DNA-dependent and may have undergone 
some translocation during the labelling period, but do not 
propose in this article to enter into the question of the 
origin(s) of cellular RNA**. Continuous RNA synthesis 
throughout interphase has been reported® and is generally 
confirmed in our investigations. The fact that this pattern 
is interrupted briefly in both chromatin and nucleoli of 
early S phase cells is a new finding to our knowledge, but 
is not unexpected in view of other evidence that RNA 
synthesis may be interrupted during the cell cycle**. 

On. a molecular level, the model requires template DNA 
to be in the double-stranded state while coding the 
synthesis of RNA and in a partially unwound but replica- 
ting state at other times during the S phase. In this 
connexion, it is known that RNA polymerase is more 
active when primed by non-replicating DNA than by 
single-stranded DNA’. It may be premature to speculate 
further about the molecular nature of a DNA-protein 
model which allows multiple regions to prime the synthesis 
of RNA while other portions undergo self-replication. 
It has been suggested that chromosomal DNA exists in 
at least two different molecular associations, an early 
labelling and a late labelling variety**. Our observations 
support the idea that RNA polymerase can, initiate RNA 
synthesis from the middle of the DNA chain and can 
copy selected regions of the molecule**. We have not 
dealt here with the role of histones in the regulation of 
RNA synithesis®*. Another suggestion, derived from our 
data, is that RNA polymerase is likely to be found 
associated with a template DNA fraction in the chromatin 
as well as with a nucleolar DNA template as already 
reported*®. As a consequence, it is predicted that DNA- 
coded RNAs will be produced in both these regions. 
The fact that actinomycin D in low doses affects the 
nucleolus and in higher doses acts on chromatin as well* 
is in harmony with this concept. Additional support 
comes from the finding that ribosomal RNA may be coded 
by chromosomal DNA*®*, in addition to being associated 
with the nucleolus**-4!, 

The specific location of the genetic control system, which 
triggers and regulates the intranuclear DNA replication 
pattern, is a matter of conjecture at present. Although 
we consider nucleolar DNA to be a reasonable candidate 
for this role, this is only a working hypothesis at the 
moment which is supported by the findings of Harris‘. 
There is other experimental evidence, as detailed in the 
present article, for stating that RNA synthesis is primed 
for the most part by intranucleolar DNA and to a lesser 
extent by chromosomal DNA. These principal template 
DNA fractions are themselves replicated during the early 
S phase of the cell cycle. Shortly afterwards, in the 


140 NATURE 


mid-S phase, a second nucloolar DNA fraction is synthe- 
sized which is probably derived from the nucleolar 
organizer. It differs from the first fraction in its time 
relations and in the fact that nucleolar RNA synthesis 
is not simultaneously repressed. 

This work was supported in part by research grants from 
the U.S. Public Health Service and the Milheim Founda- 
tion for Cancer Research. We thank Mr. Jørgen S. Hansen 
and Mr. C. George Lefeber for photographic assistance 
and Miss Marian Turner for laboratory aid. 

Note added in proof: Relevant studies on amino-acid 
incorporation patterns during the cell cycle of synchron- 
ized mammalian cells were presented by the senior author 
at a symposium on “The Nucleolus, its Structure and 
Function”, at Montevideo, Uruguay, during December 
5-10, 1965, and will appear in a forthcoming monograph 
of J. Nat. Cancer Inst. 
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HUMAN CITRATED PLATELET-RICH 


PLASMA PRODUCED BY ADENOSINE DIPHOSPHATE AND ADRENALINE 


By Dr. D. C. MACMILLAN 
Department of Cardiology, Royal Infirmary, Edinburgh 


Tue addition of thrombin to platelet-rich plasma 
(PRP) induces platelets to release rapidly adenine 
nucleotides and 5-hydroxytryptamine’, and the platelets 
undergo ‘viscous metamorphosis’. As only a small 
amount of protein is released at the same time, it is 
probable that a generalized increase in membrane permea- 
bility does not occur. These changes may depend on 
adenosine diphosphate (ADP), which is released from the 
platelets?. The release of ADP and ‘viscous metamor- 
phosis’ are also produced by collagen®*. This article 
reports a secondary clumping phenomenon of human 
platelets which occurs at an interval after the addition 
of ADP and results in changes of the same magnitude as 
those produced by the addition of collagen or thrombin. 
Its presence or absence affects the response of any par- 
ticular PRP to ADP and also to adrenaline. i 
Human citrated venous blood. (0-38 per cent sodium 
citrate) was withdrawn by a two-syringe technique and 


centrifuged at 160g for 10 min. All contamers were either 
plastice or siliconized glass. PRP was removed and stored 
at 37° ©. l-ml. samples of PRP were examined by the 
nephelometric method of Born’ and the transmission of 
light was recorded continuously: the details of this 


_— technique have been described previously’. ADP (Sigma 


Chemicals, Ltd.) in saline was added by micrometer 
syringe in 0-5 to 2 per cent dilution of PRP. 

The morphology of samples of PRP fixed in 4 per cent 
formalin’? taken before and after clumping has been 
examined by phase-contrast microscopy. Single platelets 
were examined in wet films. This allowed platelets to 
turn, over and. aided identification of their shape. Three 


categories have been recorded: thin discs of normal “ 


size, larger degenerating shapes, and smaller irregular 
ovals plus spheres. Detail of clumps could only be seen 
after they had been firmly squashed between a coverslip 
and a slide®. The compression separated the platelets in 
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the clumps and so the clumps have been, classified according 
to the resistance of the platelets to separation. “Loose 
adhesion’ indicates that most of the platelets in a clump 
have been separated; ‘moderate adhesion’ that individual 
platelets cannot be seen at the centre of the clump but 
are still visible at the edges; ‘marked adhesion’ that 
single platelets have not been separated even at the edges 
of the clump. Some plasma contained more than one 
type of clump and some clumps had the features of two 
grades of adhesion in different portions. Tho specimens 
were classified on the dominant features. The grades of 
adhesion could still be identified when the degree of com- 
pression was varied. 

Platelets have been counted by the method of Dacie?*. 
In the post-ADP specimens platelet debris and granules 
were present and were not included in the counts. The 
term ‘maximal clumping’ has been applied to specimens 
in which most clumps showed marked adhesion, and in 
which there were few clumps of less than fifty platelets 
and there were less than 25,000 single whole platelets/ 
mm, 

Supernatants were prepared from clumped specimens 
of PRP which had been stirred for 2-3 min after the 
addition of ADP or adrenaline by cooling the specimens to 
4° © and centrifuging for 5 min at 1,250g. The super- 
natant was stored in ice. It was warmed to 37° C immedi- 
ately before the addition of 0-25 ml. by plastic Mantoux 
syringe to 1 ml. of PRP. Platelet-poor plasma (PPP) was 
prepared from the same blood specimen used in each 
experiment. ADP was added to aliquots of this PPP 
which were then added to the PRP used for testing the 
supernatants. A. calibration curve was thus obtained. 
The ADP.-like activity in a specimen is given by multiply- 
ing the activity in the 0:25 ml. of its supernatant by five. 

It has been shown previously that the stirring of disk- 
shaped platelets causes a swirling effect in the plasma, 
resulting in variable light transmission which when 
recorded gives an oscillating tracing®. Following the 
addition of ADP, there is rapid conversion of disks to 
irregular ovals and spheres. This reduces the resistance 
of the platelets to stirring and so there is a loss of oscilla- 
tions and, due to the more uniform distribution of the 
platelets in the PRP, an initial decrease in light trans- 
mission. Clumping of these changed platelets results in a 
subsequent increase in light transmission. This sequence 
of changes produces a ‘hump’ tracing®. 

Fig. 1 shows the changes m platelet shape and clumping 
produced by the addition of different clumping agents to 
stirred PRP. 0-25 ml. of PPP or saline produced an in- 
crease in light transmission due to the dilution of the 
PRP and did not alter the oscillations or cause clumping. 
Adrenaline caused a gradual loss of oscillations and a 
slow inerease in light transmission. Many clumps of 
platelets which had retained their disk shape were present. 
5-Hydroxytryptamine (5-HT) and ADP produced an 
immediate hump tracing. Only a small subsequent 
increase in light transmission oceurred following the 
addition of 5-HT. Thrombin produced a hump tracing 
but after a delay of 3-10 sec. The delay decreased as the 
thrombin concentration was increased. The clumping 
activity of adrenaline was mhibited by phentolamine 
and partially by adenosine (see later), and of all other 
clumping agents by adenosine. In addition, the action 
of 5-HT was also inhibited by phentolamine and of 
thrombin by heparin. These results confirm the obser- 
vations of Born!® and O’Brien! 3.14, Thus, the nature 
of a clumping agent present in a supernatant can be 
detected from the change it produces in platelet shape 
plus the effect of inhibitors on this change. The concen- 
tration of the agent can be determined from the increase 
in light transmission produced. When more than one 
clumping agent is present in a supernatant, the initial 
changes in platelet shape are those of the agent with the 
most rapid action. Quantitative estimation of one 
clumping agent in a supernatant containing more than 
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one must be made in test PRP to which inhibitors of the 
other agents have been added. 

‘The dose-response curve of PRP to the addition of 
ADP was examined. The PRP was stirred for 30 sec 
and then the ADP was added. The changes in light 
transmission were followed for 10 min (for 2 min at the 
same chart speed and 8 min at a slower chart speed 
(Figs. 2 left, 3 left)). Then the platelet count, the frequency 
of different sizes of platelet clamps and the morphology 
of the larger clumps were noted (see Table 1). 

The response of a PRP to increasing concentrations 
of ADP appears as an increase in light transmission 
(clumping phase) followed by a decrease in light trans- 
mission (reversal phase) (Fig. 2 left). A small reversal 
phase was still present after the addition of 10-5 M ADP 
but not after 10-* M ADP. The samples removed after 
stirring for 10 min (Table 1) demonstrated that increasing 
concentrations of ADP caused a reduction in the number 
of single platelets and small platelet clumps and an in- 
crease in the number of larger platelet clumps. The degree 
of platelet adhesion also increased with increasing ADP 
concentrations and 10-4 M ADP produced ‘maximal 
clumping’. The addition of supernatant from a similar 
PRP to test PRPs (Fig. 2 right) demonstrated a loss of 
ADP-lke activity between the time of adding the ADP 
and. of testing the supernatant. 

Fig. 3 left shows the response of another PRP. The 
addition of 5 x 10-7 M ADP (0-5) led to clumping and 
reversal phases similar to those illustrated in Fig. 2) 
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Fig. 1. Effeot of 0:25 mi. of platelet-poor plasma alone (PPP) and with 

adrenaline (adren), 5-hydroxytryptamine (6-HT), and ADP and of 0-25 

ml. saline with thrombin (THR) on platelet-rich plasma. The final 

concentrations were adren 4 x 10° M, 5-HT 5 x 108 M, ADP 2 x 10-4 

M, Thr 0-2 u./ml. The percentages of single platelets which were disk- 

shaped, degenerating larger shapes (degen), and ovals plus spheres 
(O + S) have been averaged from six experiments 
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Table 1. EFFECT OF SECONDARY CLUMPING ON THE PLATELET COUNT, 

FREQUENCY OF DIFFERENT SIZES OF PLATELETS CLUMPS, AND MORPHOLOGY 

OF LARGER CLUMPS IN SPECIMENS OF PRP STIRRED FOR 10 MIN AFTER THE 
ADDITION OF ADP 
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The dose-response curves of the PRPs are shown ? Figs. 2 and 3, 1 unit 
ADP =10- M ADP, that is, 10=10- M ADP. , Many; + +, several; 
+,few; r rare:i, loose adhesion; m, moderate dhealon: M, marked adhesion. 


The addition of 8 x 10-7 M ADP produced the expected 
clumping phase, but the reversal phase was interrupted 
by a second clumping phase which continued until the 
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Fig 2. Left, Dose-response curve to ADP of PRP whieh did not give a secondary clumping 
phenomenon after the addition of ADP. 1 unit = 1 x 10° M ADP. Right, 0-25 


supernatant from s 
with PPP containing known amounts of ADP. 
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Fig. 3. Left, Dose-response Spry: to ADP of PRP which gave a secondary clum 


phenomenon at 8 x 10-7 M AD 8). 1 unit = 1 x 10° M ADP Ri 
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increase in light transmission equalled the change pro- 
duced by 10-* M ADP (100). There was no reversal of 
this secondary phase during the 10 min of observation. 
A specimen taken after stirring for 10 min showed that 
‘maximal clumping’ hac occurred. In this PRP an in- 
crease in the added ADP concentration of only 2 x 10-7 
M caused fusion of the initial and second clumping phases. 
The addition of supernatant from a similar PRP to a test 
PRP demonstrated a marked release of clumping activity 
during the second phase (Fig. 3 right). This increase in 
clumping activity was mhibited by pre-incubation of the 
test PRP with adenosine. Heparin and phentolamine 
did not inhibit this activity. Thus it produced the same 
changes in this test system as ADP. This activity was 
only released by ADP when platelets were present in the 
plasma and the plasma was also stirred. 

In some PRPs, therafore, a second clumping phase 

ocourred which resulted in ‘maximal clumping’ and 
also the release of ADP. This phenomenon will be 
called ‘secondary clumping’. It may occur at any ADP 
concentration from 10-7 M to 10-* M. The change from 
the curve showing secondary clumping interrupting 
the reversal phase to the curve showing fusion of the 
two clumping phases was produced by a small increase 
in ADP concentration. These three phases cannot 
be shown on one tracing in most PRPs which require 
more than 4 x 10-§ M ADP to produce secondary 
clumping. It was possible to produce ‘maximal clumping’ 
in all PRPs (Fig. 2 in Table 1), but when 
secondary clumping had not occurred no in- 
crease in clumping activity could be demon- 
strated in the test system used (Fig. 2 right). 
Secondarily clumped specimens stirred for 
l h at 37° C showed some break-up of the 
smooth edge of the clumps. Increase m 
platelet debris gave a decrease in light trans- 
mission. ‘There was no increase in recogniz- 
able single platelets. 
a] o Secondary clumping resulted in the release 
of up to 10> M ADP-like activity (Fig. 3). 
One-eighth of the supernatant of a specimen 
which had been secondarily clumped by 
75x107 M ADP contained sufficient 
activity to clump secondarily another 
specimen of the same PRP. Thus a self- 
propagating platelet clumping reaction 
can be produced in vitro despite dilution 
of the clumping activity released by the 
platelets. 

Adrenaline induces one phase of clumping 
in all PRPs and two phases of clumping in 
most platelet-rich plasmas'®. Secondary 
clumping to ADP and a second phase of 
adrenaline-induced clumping either were 
both present or were both absent in the same 
specimen of PRP when it was tested sepa- 
rately with both substances (Table 2). The 
concentration of adrenaline required to pro- 
duce a seccnd phase of clumping was in most 
instances less than the concentration of ADP 
required to produce secondary clumping 
(Table 2). 

Adrenaline was added to PRP which was 
incapable of secondary clumping following 
the addition of ADP (Fig. 4). The initial 
changes shown in Fig. 1 occurred and many 
o | clumps of up to 1,000 disk-shaped platelets 
were present. Their formation was also 
associated with a variable loss of oscillations 
of the tracing. Phentolamine added after the 
formation of the clumps of disks rapidly 
reversed the increase m light transmission 
and oscillations reappeared. Microscopy 
showed only very few clumps of more than 
ten platelets. 
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In those PRPs which showed secondary 
clumping to ADP, a second phase of adren- 
aline clumping interrupted the first phase © 
at a time after the addition of adrenaline i" 
which was directly proportional to both the i; 
adrenaline concentration and the ADP con- 3 
centration necessary to induce secondary ; 
clumping. The second phase started witha } 
reduction in oscillations which was associa- 
ted with the presence of many oval and 


spherical platelets. This was followed by a 30 Secs 


Fig.4 Reversal of the first phase of adrenaline clumping by phentolamine. Phentolamine 
2 x 10-° M was added at the point P to PRP (a and ¢) after it had been clumped by 
adrenaline 2 x 10-° M (a and b) and 1 x 10-* M (0) 


rapid fall of the tracing and then the 
appearance of marked oscillations (Fig. 
5A, a). At this point ‘maximal clumping’ 
was present. Equimolar phentolamine added during 
the first phase again caused complete reversal, but 
during the early part of the second phase reversal 
was only partiale No oscillations reappeared and 
some further clumping occurred after the addition 
of the phentolamine (Fig. 5A, 6). The clumping 
at this point was not due, therefore, to adrenaline. 
However, the adrenaline stimulus was still required at this 
point for the second phase to proceed to maximal clumping. 
Phentolamine added later in the second phase did not 
influence the development of maximal clumping. 

The supernatant from PRP maximally clumped by 
adrenaline (Fig. 5, B) produced an immediate hump 
curve in the test PRP. The test specimen containing 
phentolamine (which inhibits adrenaline and 5-HT) 
was clumped by the supernatant. This showed that 
ADP.-like activity had been released during the maximal] 
clumping and the fall in LT indicated that ‘secondary 
clumping’ had occurred. Both adenosine and phentol- 
amine were required to inhibit completely the clumping 
activity in the supernatant. The clumping which occurred 
in the specimen which contained only adenosine (Fig. 
5 B, b) was reversed by phentolamine. Thus adrenaline- 
induced clumping is not completely inhibited by equimolar 
adenosine. 

In summary and conclusion, the addition of ADP or 
adrenaline induced one phase of clumping in all, and 
two phases of clumping in many, citrated plasmas when 
stirred maximally. The first phase was the direct result 
of the addition of the clumping agent. The adrenaline- 
induced first phase consisted of clumping of disk-shaped 
platelets and was rapidly and completely reversed by 
phentolamine. This may be unique to the catecholamines. 
The second phases produced both by ADP and adrenaline 
are & property of the individual plasma and resulted in 
clumping which did not reverse itself in vitro, and in the 
release of ADP-like activity. In those plasmas in which 
“secondary clumping’ occurs at low ADP or adrenaline 
concentration, a self-propagating reaction was present 
in vitro despite dilution of the ADP-like activity released 
by the platelets. The relationship of these phenomena to 
haemostasis and thrombosis requires investigation. 

I thank Dr. M. F. Oliver for his advice and help 
and for providing research facilities, and Mrs. N. 8. 
Davidson for technical assistance. This work was under- 


Table 2. RELATIONSHIP IN REPRESENTATIVE SPROIMENS OF PLATELET-RICH 
PLASMA (PRP) BETWEEN THE PRESENCE OF SECONDARY CLUMPING TO 
ADP AND A SECOND PHASE OF CLUMPING TO ADRENALINE 


Secondary Second 

PRP clumping phase 
Subject Platelets/mm? (ADP) (Adrenaline) 
AT 785 9-5 x 10-7 M 5 x 10° M 
KD 210 75 x 10° M 5 x 10° M 
BM 410 756 x 107M 2x 107M 
JT 455 15 x 10-°M 1 x 10°M 
CC 305 3 x 10° RM 5 x 107M 
TH 307 4x 10°M 75H x 10° M 

AA 360 5 x 10-° A 5 x 10-* 
JH 809 8 x 10-° NT 8 x 10°M 

RWD 580 Absent Absent 

MH 260 Absent Absent 

NM 480 Absent Absent 


The lowest concentration producing secondary clumping has been recorded. 
Following the addition of ADP the PRP was stirred for 3 min and following 
adrenaline for 5 min. 
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Fig. 5. A, The effect on the two phases of adrenaline-induced clumping 
(2 x 10 M) of phentolamine 2 x 10° M added at increasing 
intervals after the addition of the adrenaline. During the first phase 
(c and d) complete reversal occurred; during the early part of the second 
phase (b) partial reversal occurred, and later in the second phase there 
was no reversal (a). B, The effect of inhibitors on the clumping 
activity present in the supernatant (0-25 ml.) from PRP maximally 
clumped by adrenaline. The mitial increase in transmission is a dilution 
effect. The inhibitors present were: (a) Incubation in advance for 5 min 
with adenosine 5 x 10~* M and phentolamine 2 x 10- M; (b) adenosine 
only—phentolamine was added at P; (c) phentolamine only; (d) heparin, 
25 u./ml.; (e) saline 
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THYROTROPHIN RELEASING FACTOR IN HYPOPHYSEAL PORTAL BLOOD 
By Dr. R. L. W. AVERILL*, D. F. SALAMAN and Pror. W. CURTIS WORTHINGTON, jun.t 


Department of Human Anatomy, University of Oxford 


Sincz the formulation of the hypothesis that the 
secretion of anterior pituitary hormones is controlled 
at least in part by neurohumoral agents passing to the 
pituitary by way of the hypophyseal portal vessels! ?, 
evidence for the existence of a specific thyrotrophin 
releasing substance (TRF) has been forthcoming (for 
reviews see refs. 3 and 4). Proof that such releasing 
substances are concerned in regulation of pituitary 
activity requires their identification ın the hypophyseal 
portal blood in concentrations which vary as appropriate 
pituitary activity varies?*. We believed that rat portal 
blood, if it contained a substance(s) which could 
release rat thyroid stimulating hormone (TSH), might, 
when infused into the pituitaries of rabbits, increase the 
peripheral level of TSH in the recipient rabbits. The 
evidence presented in this article suggests the presence of 
a factor ın the portal blood of rats which influences TSH 
release by the anterior pituitary. 

Lister female rats of 160-200 g and males of 180-280 g 
from the colony of the Department of Human Anatomy, 
University of Oxford, were used. In the females, bipolar 
electrodes, and in the males, unipolar electrodes of 
platinum wire (s.w.g. 34) coated with glass except for 
0-5 mm at the tips were placed stereotaxically in the 
anterior hypothalamus. These rats with implanted 
electrodes were screened (under urethane anaesthesia, 
1,000 mg/kg, 10 per cent in 0-9 per cent saline) to determine 
whether electrical stimulation (50 c/s sine wave) for 30 
min could elevate blood radioactivity levels while the rats 
were under a thyroxine (T4) dosage (5-10 ug T4/100 g/ 
day) sufficient to prevent release from their thyroids of pre- 
viously incorporated iodine-131. Of fifty rats screened 
in this way, sixteen responded with an increase in blood 
radioactivity, suggesting release of TSH as a result of 
stimulation. Stimulation was performed at voltages of 
1-4-2-5 V and current readings ranging from 80-120 pamp 
(peak to peak). 

7—10 days later, rats which had given a positive screening 
response were anaesthetized with urethane as before and 
prepared for the collection of portal blood from the 
severed pituitary stalk by a procedure described else- 
where’, After collection of an initial sample of 0-7~1-5 ml., 
stimulation was begun as before. Further portal blood 
samples were collected during stimulation. The volume 
of blood at several time intervals during collection was 
recorded, making possible an estimate of the overall 
rate of collection. The samples (in graduated tubes) were 
held in an ice bath, centrifuged, the haematocrit measured 
and the plasma, stored at —10° C. The portal blood plasma 
was afterwards used for infusion into rabbits. Some 
samples were also assayed for TSH content. 

Rabbit pituitaries were cannulated with platinum 
cannulae by the technique described by Campbell et al.*. 
2-4 weeks later, rab portal samples of 0-135-0-160 ml. 
were infused at the rate of 0-065 ml./h into the conscious 

* Presont address: New Zealand Medical Research Council Endocrinology 
Unit, University of Otago Medica] School, Dunedin. 

t Present address: Medical College of South Carolina, Charleston, U.S.A. 


rabbits and peripheral blood samples of 2-5 ml. were 
withdrawn from the rabbit ear veins before and after 
infusion. 

TSH was assayed in the rabbit peripheral blood samples 
and in four of the rat portal blood samples by an in vitro 
method described previously’*, and modified to allow 
expansion of the assay to include eight or nine unknowns. 
Rabbit TSH values were expressed as mv./100 ml. 
plasma. The values of A obtained in these assays fell 
between 0-19 and 0:48, except in one assay (0-64) the 
results of which were discarded. 

The electrodes of four of the sixteen screened rats 
became detached from the skulls before portal blood 
collection. Portal blood plasma was collected from the 
remaining twelve rats both before and during electrical 
stimulation. Assays of TSH in four of these samples 
showed that the levels before stimulation ranged from 
68 to 208 mv./100 ml. while those collected during subse- 
quent stimulation ranged from 5:3 to 39 mv./100 ml. 
plasma. These high levels are probably due to ischaemia 
of the pituitary after section of the portal vessels causing 
a passive leakage of TSH into the blood flowing back- 
wards through the gland. Paired samples of stimulated 
and unstimulated plasma from the rat portal blood 
collections were infused into a total of fifteen rabbits 
through cannulae in the pituitaries. A 24-48 h period 
was allowed for recovery between the first and second 
infusions in those rabbits which received two. Half the 
rabbits were given the unstimulated plasma and half 
were given stimulated plasma at their first infusions. 
One rabbit died immediately after its infusion. The 
plasmas of two other rabbits were included in an assay 
of doubtful validity (à = 0-64) and were discarded. 

Nine portal plasma samples collected before electrical 
stimulation of eight rats were infused into the pituitaries 
of recipient rabbits. Peripheral TSH levels fell in five 
rabbits, but showed no significant change in the other 
four. The samples of portal blood collected from the 
same eight rats during electrical stimulation induced the 
following changes in the levels of TSH in the peripheral 
blood of recipient rabbits: in two the TSE levels rose, 
in two they fell, and in five they showed no significant 
change (see Table 1). 

When the data from individual rats are compared 
across Table 1, it can be seen that while the pre-stimulation 
portal blood of rats Nos. 5, 18, 14, M9 and N6 caused 
falls in recipient TSH levels, plasma collected from the 
same rats during stimulation caused the level of TSH in 
the recipient to rise or to remain unaltered. In rat MT 
(both plasmas from which induced TSH. falls) and rat 
M9 the electrode tips were in the mamillery and pre- 
mamillary areas respectively. In all other rats shown in 
Table 1, the electrodes were in the anterior hypothalamus. 
The exposed tips extended downward to he above and in 
the ventromedial nuclei (Fig. 1). Sample 14 (ii) may 
indicate a decline in TRF activity after a short initial 
response to stimulation. For each rabbit in Table 1, 
the plasma TSH level after infusion is expressed as a 
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Table 1. CHANGES IN BLOOD TSH LEVELS IN RABBIT AFTER INFUSION OF HYPOPHYSEAL eas Broop FROM RATS BEFORE OR DURING ELECTRICAL 
STIMULA HerPpoTHALAMU 


TION IN THE 
Peripheral TSH levels in recipient rabbits (mv./100 ml. ee gee 
Rat Rabbit Pre-stimulation rat plasma Stimulated rat plasma Net response 
No. No. Post- Percentage of Post- Percentage of (B/A) 
Initial infusion t initial (4) Tnitial infusion t initial (B) 
5 1¢ 4-6 2:2 48 6-1 17:3- + 286 5-95 
13 8C 40:8 146+ 36 84-3 101-1 120 3:35 
14° { 4C 13-0 4-8 + 37 (i) 84-7 64-2 155 4-20 
7C 19:2 69+ 36 (ii) 8&4 87- 44 1-23 
16 6c 25-4 27-0 106 34:3 22-9 67 0-63 
M7 15C 10:7 42+4++ 39 28:8 T4— ++ 26 0°66 
M9 16C 19:3 90+ 47 8&3 8:2 99 2-12 
N6 14C 11:7 50 48 
17C ° 3:3 70- 215 4-46 
N10 13C 44 66 150 
18C 78 57 73 0:49 
Moan + S.E. 60:8 + 13-3 120-6 + 28:3 2:57 +067 
P (by ¢ test) <005 


* During stimulation of rat No. 14, plasma (i) was collected in the first 12 min and plasma (ii) in the following 15 min. 
+ Significance of change from initial value: +, P <0-05; ++, P <0-01; +++, P <0-001 (by variance ratio test). 


percentage of the same animal’s initial level (A and B) 
taken immediately before infusion. The percentage 

nses for each paired infusion are combined to give 
an index of the net response by the rabbit pituitaries 
(B/A) to hypothalamic stimulation in the donor rat. The 
mean index of response for all paired portal samples was 
significantly greater than unity (2-57 + 0-67, P< 0-05). 





Fig. 1. Horizontal section through rat hypothalamus showing electrode 
tracks as holes in ventromedial nuclei, (x 17) 


Although the onset of stimulation was always followed 
by an increased rate of flow of portal blood (mean before 
stimulation, 1:35 ml./h; mean during stimulation, 2°22 
ml./h) the rate of flow was not correlated with the ability 
of the- sample to raise or lower the blood TSH level in the 
infused rabbit. Thus flow in rat No. 5 before stimulation 
was at 1-2 ml./h and during stimulation was only 1-4 ml./h. 

Plasma from blood samples obtained during the surgical 
approach to the pituitary stalk but before the stalk was 
cut, and plasma from the pituitary stalk of rats without 
electrodes, were infused into rabbit pituitaries as a control 
procedure. These samples did not raise the peripheral 
TSH levels in the recipient rabbits. In two out of four 
cases, a significant fall in TSH levels was induced, com- 
parable to those shown in Table 1 after infusion of plasma 
collected before stimulation. 

This series of experiments domonstrates that blood 
collected from the hypophyseal portal vessels after stalk 
section in the rat, when infused into the pituitaries of 
recipient rabbits, was able either to raise or to lower 
peripheral TSH levels, the direction of the change de- 
pending on whether or not the hypothalamus was stimu- 
lated electrically. It has been shown that under stressful 
conditions of surgery and anaesthesia there is a marked 
inhibition of TSH secretion in the rat®’*. Under the 

| or more stressful procedures required for portal 
blood collection from the rat, the portal blood appeared to 
contain substances which depressed TSH levels in the 
recipient rabbit. When electrical stimulation was applied 


in the hypothalamus, however, the rat portal blood 
appeared to contein substances which either prevented 
this fall in the TSH levels of the recipient rabbits or in 
some cases caused them to rise. This was not a result of 
the TSH content cf the infused plasma samples, as these 
were assayed directly for TSH in four cases and in each 
case the TSH level of the pre-stimulation sample was 
higher than that of the sample collected under stimulation. 
In an infusion volume of approximately 0-16 ml. there 
would be less than 0-3 mu. TSH, insufficient to be detected 
after its infusion into a 2-5-3-5 kg rabbit. 
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Fig. 2. Cutaway seccion of rabbit skull airy 4 of cannula lying in 
x . 


-he anterior pituitary. ( 


These prelimirary findings, although by no means 
conclusive, are consistent with the hypothesis that 
following electrieal stimulation in the hypothalamus 
TSH may be released from the pituitary due to the 
liberation of a thyrotrophin releasing factor (TRF) which 
passes by way o` the hypophyseal portal vessels to the 
adenohypophysis Further investigation into this problem 
is under way. 

We thank Pref. G. W. Harris in whose laboratories 
this work was dene, and Miss Linda Palfry for valuable 
technical assistarce. The work was financed by a grant 
from the U.S. Air Force and by the U.S. National 
Institutes of Health and the Medical Research Council. 
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TOXICITY OF HEXAMETHYLPHOSPHORAMIDE IN RATS 
By Dr. RENATE KIMBROUGH and THOMAS B. GAINES 


Toxicology Section, Communicable Disease Center, U.S. Department of Health, Education and Welfare, 
Atlanta, Georgia 


Cana et al.’ reported that hexamethylphosphoramide 
(HMPA), an analogue of tepa, is an effective chemosteri- 
lant for houseflies. They emphasized that it has a low 
toxicity to mammals, and also that it has a wide margin 
of safety for flies between a lethal dose and a dose effec- 
tively sterilizing the males. Another advantage claimed 
for HMPA is that it is not an alkylating agent as, for 
example, are the ethyleneimine compounds which are 
also now being considered as chemosterilants. In view 
of the reported low acute toxicity of HMPA to mammals 
and its value as an insect chemosterilant, we undertook 
investigations of its toxicity to rats. 

Male and female Sherman strain rats were used, and 
echnical grade HMPA was either dissolved in water 
and given by stomach tube (while the controls were 
dosed with tap water) or mixed into ground Purine chow 
used as food. LD,» values for HMPA were determined 
according to the procedure developed by Gaines? for 
other pesticides; calculations were made according to 
the method of Litchfield and Wilcoxon’. All rats had 
free access to Purina chow and water. For white blood 
cell counts, blood was obtained by tail clipping. Complete 
autopsies were undertaken with most animals. Tissue 
for microscopic study was fixed in 10 per cent neutral 
formalin, and routine staining procedures were performed 
with haematoxylin and eosin. The left testis and epididy- 
mis were removed from a number of experimental male 
rats, which had been repeatedly dosed, and from a cor- 
responding group of controls. This procedure was carried 
out with the animals under sodium pentobarbital anaes- 
thesia 38-45 days after onset of exposure; microscopical 
examinations were then performed. These animals were 
then allowed to live for an additional 52 days. 

The LD,» values for HMPA given by oral and dermal 
routes to adult rats are shown in Table 1. The compound 
when given by the oral route was more toxic to male 
rats than to females. The acute toxicity of HMPA by the 
oral route in male rats was less than that of the alkylating 
agents, apholate, metepa and tepa, by a factor of about 
19 or greater. Gaines and Kimbrough‘ reported oral 
LDy values of 98, 136 and 37 mg/kg, respectively, for 
the latter three compounds. Owing to considerable 
variation in the mortality among rats given single doses 
of HMPA by the dermal route, the LD,» could only be 
estimated. The main clinical symptoms observed in 
acutely poisoned rats were involuntary urination, mild 
musele fasciculation, convulsions and bloody urine. 
(Large numbers of intact red blood cells were observed 
in the urine when it was investigated under the micro- 
scope.) Because HMPA is an organic phosphorus com- 
pound and because muscle fasciculation was observed, the 
blood cholinesterase level was determined titrimetrically 
in six adult male rats. When each animal was used as its 
own control, the change in plasma enzyme activity 
varied little (—3 to —42 per cent) at the time of most 
severe illness—-about 3 h after an oral dosage of 2,000 
mg/kg. Five hours after this dosage, there was some 

Table 1. ACUTE TOXICITY OF HMPA IN ADULT SHERMAN STRAIN Rats 

Lowest dose 





LD sy 19/20 conf, (mg/kg) 
Route Sex (mg/kg) limits (mg/kg) Tested Lethal 
Ora} M 2,650 2,325-3,021 500 2,000 
Oral 3,360 2,754-4,099 2,000 2,500 
Dermal M 3,560--4,500* ~ 3,000 3,500 
Dermal F 3,506—4 ,500* ~ 3,000 8,500 


return to normal (+8 to —19 per cent). There was no 
significant change in red cell cholinesterase at any time. 

A dose of 2,200 mg/kg was given to ten adult male 
rats. The total white blood cell and differential counts 
were determined before, 3 days after, and 1 week after 
treatment. The white blood cells did not appear to be 
affected. The only animals that showed a drop in total 
white blood cell count were 6- to 7-week-old male rats 
which had been treated daily with 400 mg/kg HMPA 
by stomach tube for 30 days. Their average count was 
8,820 white blood cells/mm! blood (range: 5,500-—13,050); 
the total white blood cell count of ten controis of the same 
age averaged 16,670/mm* blood (range: 10,600—23,050), 
The lowest single dose which resulted in a loss in weight 
in males was 1000 mg/kg; the lowest repeated dose with 
this effect was 100 mg/kg/day. 

In order to determine acute tissue changes, six adult 
male rats that had been given a single dose of 2,500 mg/ 
kg HMPA were killed when moribund (2 days after 
poisoning) and their tissues examined. Two instances of 
necrotizing cystitis and four instances in which the tubules 
of the kidneys contained red blood cells and hyaline casts 
were recorded; these findings are consistent with the 
haematuria mentioned earlier. Intra-alveclar haemor- 
rhage and bronchiectasis were observed in three rats. The 
spleen was smaller than normal in all animals. Even 
among the six rats killed only three days after a lethal dose, 
the testes of two of them showed a reduced number of 
sperms and spermatids, and occasionally multinucleated 
cells were observed. As will be described later, the testis 
proved to be the organ most consistently affected by 
single or repeated doses of HMPA, but other organs were 
also affected in some animals. For example, repeated 
dosing produced bronchial pneumonia with the formation 
of abscesses in the poisoned animals. The pneumonia was 
not related to the stomach tubing (Table 2), as it also 
occurred in the animals which received HMPA in their 
diet but not in the animals which received only water by 
stomach tube. It is possible that HMPA affects the reticulo- 
endothelial system and thus lowers the resistance to in- 
fection, as many poisoned animals showed very small 
atrophic spleens. The lymph nodes of these animals, on 
the other hand, were normal or enlarged. 

In a further investigation of the effect of HMPA on 
the testes, additional groups of adult male rats were 
killed about 40 days after receiving single doses of varying 
amounts of HMPA by stomach tube. The lowest single 
dosage damaging the testes was 1,000 mg/kg; a single 
dosage of 500 mg/kg produced no effect. The lowest 
dosage given repeatedly by stomach tube to rats in which 
the testes were examined microscopically was 100 mg/ 
kg/day, and this dosage caused testicular atrophy (see 
Table 2). When given in the diet at a level of 750 p.p.m., 
the daily intake, ranging from 80 to 40 mg/kg, produced 
partial or complete atrophy (Table 2). The testes were 
obviously smaller in living rats even when microscopic 
study revealed only partial atrophy. However, in a 
preliminary breeding experiment, it was found that 
when HMPA was administered by stomach tube at a 
rate of 25 mg/kg/day for 56 days it did not affect the 
fertility of male rats during that period, and the testes 
of the living animals appeared to be normal in size. 

Microscopic examination of the testes, 36-41 days after 
a single dosage of 1,000 mg/kg or more, indicated that at 
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2 included in the autopsy material. 





ie the spermatids are the cells of the seminiferous 
elium most affected by HMPA, but the effect 
t uniform throughout the testes. Particularly after 
ed dosing at or above the rate of 80-40 mg/kg/day, 
tubules of some of the testes still contained normal 
lmost normal seminiferous epithelium while others 
devoid of it or showed only a few atypical cells. We 
ave called this condition ‘partial atrophy’, as in complete 
testicular atrophy (Table 2) all tubules showed loss of the 
‘seminiferous epithelium except for a few remaining 
srmatogonia. Similar pictures of partial or complete 
phy were also observed with metepa in an experiment 
ucted earlier’. 

A single dose of 2,500 mg/kg was given to six females. 
Yo effect on the female reproductive organs was observed 
chen the animals were killed 36 days later. 

MPA was given to ten female rats by stomach tube 
t a rate of 200 mg/kg/day. The dosing began 7 days 
efore mating to undosed males and continued until the 
wentieth day of pregnancy. The females were then killed 
and their uteri opened. The offsprings and placentae 
vere weighed and examined grossly; the foetuses were 
‘xed in Bouin’s solution, and cross-sections were examined 
ater under the dissecting microscope. Abnormalities 
vere not detected in the offsprings of either the rats 
losed with HMPA or eight female control rats that had 
een dosed daily for the same period with tap water. 
the weight of each foetus, the weight of each placenta, 
he number of animals per litter, and the number of resorp- 
ion sites in the treated animals did not differ statistically 
i the controls. 


ONVERSION OF 


rous experimental work! reported from this 
atory on the phenothiazine derivatives has dealt 
aly with colour, crystal and spectrophotometric 
s as a means of identification. In a preliminary 
port? at a meeting of the American Academy of Forensic 
Science, attention was directed to the value of the 
ulphoxides as a further means of identification of these 
rugs, and a method for preparing them quickly and 
accurately was described. The sulphoxides have been 
only in a limited manner up to now, because only a 
f them have been available commercially and their 
on in the laboratory was very tedious and time- 
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Table 2, PNEUMONIA AND TESTICULAR ATROPHY IN MALE SHERMAN STRAIN RATS CAUSED BY HMPA 


Days between 
No. of doses last dose and 
Stomach Diet pathological Total 
tube examination examined 

1 36-41 9 
1 38 5 
1 38 6 
i 38 6 
38-099 0 8 
26-09 ü 3 
47 ü 4 
60-99 {} 10 
48 0 4 
38 0 10 
45 0 5 
61-103 i] 
45 G 3 
103 0 8 


+The dietary level of HMPA was 750 p.p.m. In the first few weeks the animals ate about 11C g/kg/day so that the intake of HMPA was about 80 7 
day; later as the rats matured the average food intake dropped to 55 g/kg/day and the HMPA intake to about 40 mg/kg/day, Mees eon 
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3 l Number ofanimals:. TENE 
Killed Died With pneumonia complete’ > 
ane testicular atrophy 
9 0 2 Oe 
5 0 3 D; 
6 0 1 o 
6 0 Q Oo. 
2 6 2 8 
3 2 3 5 
surgery * Q -= 4 
9 1 5 10. 
surgery * 0 = Do 
10 0 0 Q 
surgery* 0 ~ o 
8 3 8 yi 
surgery * i a a W: ni 
8 Q 0 aia 


oo oe Left testis was removed under sodium pentobarbital anaesthesia. The same animals as well as-others in the group that did not undergo surgery: are 
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A dosage of 160 mg/kg/day of HMPA is abou 
cent of the acute oral LD,,. In earlier invest 
which metepa was administered by stomach 
lowest dosage level that caused partial testicular atrophy 
in some rats after 55 days was 10 mg/kg/day; this : 
sents about 7 per cent of the acute oral LD 5, dose: M y 
was found to be more toxic to rats when given daily by — 
stomach tube in water than when given as a comp to 





owing to its greeter stability. Because of its stability, 
HMPA might present a greater problem as. a. 
than the ethyleneimines, which deteriorate rapidly, 
although both kinds of compound have a cumulative effect. ; 
on the testes. an - 
These data show that HMPA has a very specifi 
on the testes of rats when fed at a dietary level 
p.p.m. which may be compared with a level ¢ a 
p.p.m. in food necessary to cause 100 per cent sterility 
in male flies'. This comparison shows that the safety. 
of any future use of HMPA must be based on its moderate ` 
toxicity to mammals and on limitation of their contact 
with it rather than on any important difference in the 
inherent susceptibility of mammals and insects to the 
compound. | Sh idee 
1 Chang, S. C., Terry, P H., and Borkovec, A. B., Science, 144, 57 (1964) ‘i 
? Gaines, T. B., Toricol App. Pharmacol, 2, 88 (1960). ee 
3 Litchfield, jun., J. T., and Wileoxon, F., J. Pharmacol. Exp.’ 
$6, 99 (1949). ie 


‘ Gaines, T, B., and Kirabrough, R., Bull. Wid. Hlth. Organ.,18, 787 964). 
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PHENOTHIAZINE DERIVATIVES TO THE CORRESPONDING 
SULPHOXIDES ON THIN-LAYER PLATES o 
By J. KOFOED and Dr. C. KORCZAK-FABIEF.KIEWICZ 


Attorney General’s Laboratory, Toronto, Ontario 
AND 


Pror. GEORGE H. W. LUCAS 


Department of Pharmacology, University of Toronto 


consuming. The present article extends the data of the 
preliminary report and deals with a complete investiga- 
tion of forty phenethiazine derivatives and their respective 
sulphoxides using ultra-violet spectrophotometry, thin- 
layer and gas chromatography. It also makes it possible 
now to investigase these phenothiazine derivatives and 
their sulphoxides using infra-red spectrophotometry. _ 


F.eference Compounds 


A few sulphoxides were obtained from the various 
manufacturers. Others were prepared according to the 






was established by means of its ultra-violet and infra-red 
_ Spectra, colour tests, thin-layer and, where applicable, gas 
hromatography. 
The ultra-violet spectrophotometric data were obtained 
on a Beckman ‘DK-2A° ratio recording spectrophoto- 
meter, the infra-red data on a Beckman ‘IR-4’ infra-red 
spectrophotometer and the gas chromatographic work was 
done on a ‘Microtek GC-2500R’ gas chromatograph. A 
short-wave ultra-violet lamp, model ‘SL2537 (Ultra- 
violet Products, Inc., South Pasadena, California), was 
used to locate the spots on the thin-layer chromatography 
















wch of the following drugs in the form of their salts 
used in the experiments described here: chlorprom- 
e, thioridazine, trifluoperazine, thioproperazine, levo- 

ine, perphenazine, fluphenazine, triflupromazine, 
mazine and promethazine. 

ng routine work on the identification of pheno- 
“ines it was observed that when a developed thin-layer 
tte was left in the open air for some days, the ultra- 
let spectrum of an eluted spot no longer resembled 

f the original product, but was close to thet of its 
-liquid and thin-layer chromatography confirmed 
he sulphoxide had indeed been formed. Because of 
certain conditions influencing the oxidation of 
snothiazines on thin-layer plates were further investi- 








‘lates were prepared for ten different compounds. 
ch plate contained eight spots of the drug assigned 
< The plates were developed in the solvent and 
allowed to stand in open air in daylight at approx- 
mately 20° C. Each day one spot was eluted and the 

ra-violet spectrum recorded. After an interval 
of 48-72 h, depending on the derivative under investi- 
gation, marked changes in the absorption spectrum had 


taken place; the spectrum began to resemble that of the 
corresponding sulphoxide. At the end of 8 days the 
‘spectrum was that of the pure sulphoxide (see Fig. 1). 
While a change in colour of the spot was noted a few 
minutes after the dry plate was exposed to the daylight, 
it Was not accompanied by a change in the ultra-violet 
spectra. Gas-liquid and thin-layer chromatography con- 
firmed that only the sulphoxide was formed. 








Generic names Mlima ofthe 





Maxima of the sulphoxides 


Chlorpromazine 254-805 238-274-208-340 
Thioridazine 262-313 235~-260~-276-304 
Trifluoperazine 257-308 244~-276-304--386 
Thioproperazine 234-264-815 249-275-304-342 
Levopromazine 251-803 240-275-298-329 
Perphenazine 255-307 233-~-275-300-340 
Fluphenazine 258-308 233-255—-27 4802-340 
Triflupromazine 257-308 233~-255-274-300-—-340 
Promazine 252-303 233-272~-205--340 
Promethazine 249-299 234~-260-296-330 


The oxidation was complete at the end of 8 days and 
was dependent mainly on the availability of oxygen. 
When the ten compounds, spotted end developed on 
plates, were placed in total darkness in an oven at 20° C 
over circulating air for 8 days, oxidation was complete. If 
similar experiments were carried ouj without circulating 
air in darkness or in de.ylight no oxidation cecurred. The 
same was observed when the plate, spotted in the usual 
manner, was kept in a tightly closed vessel in an atmo- 
sphere of nitrogen for 2 weeks. This was confirmed by 
gas-liquid and thin-layer chromatography. 

These experiments emphasize the importance of having 
sufficient air (oxygen) in order to obtain conversion of the 
phenothiazines to their respective sulphoxides. It was 
also evident that light was not essential in the oxidation 
process. 

Numerous adsorbent gels are available on the market 
for thin-layer chromatography. Our experience with 
‘Silica Gel G’, ‘Adsorbosil P-2’, ‘Aluminium Oxide Q’ and 
‘Chromsorb-G is that they do not by themselves have 
any effect on the formation of the sulphoxides in these 
experiments. It was further established that the thick- 
ness of the gels was not a decisive factor in the oxidation 
reaction since the ultra-violet spectra obtained from 
phenothiazine derivatives on plates of varying gel thick- 
ness were identical under standard conditions. The gels 
were not affected by the presence of hydregen peroxide 
used to oxidize the phenothiazine derivatives to their 
sulphoxides, After spotting with 10, 20 and 30 per cent 
solutions of hydrogen peroxide, plates with silica gel were 
chromatographed, dried, eluted and examined in ultra- 
violet light. No absorption was detected. 

The oxidation reaction appears to be asscciated with a 
relativery large increase in the surface area of the pheno- 
thiazine drugs on the plate. Sueh increase is brought 
about by the development of the plate after spotting with 
the drug. 


Effect of Ultra-violet Irradiation 


No change in the ultra-violet spectra was observed on 
the spotted plate up to and after 4 days of irradiation with 
ultra-violet light in a dark room without circulating air. 








1 EEEE It was observed, however, that deep brownish colours had 
og E doveloped in the spots. A control plate placed in the 
Ek same room but excluded from ultra-violet irradiation had 
os HEE acquired a faint brown colour only, but no change in the 
| REER ultra-violet spectra was noted. It is our opinion that 
O7 EE ultra-violet irradiation does not have any appreciable 
TR effect on the oxidation of the phenothiazines by the 
E method used. Further experiments may shed some light 
50. on the changes occurring under these conditions. 
freed 
ee Effect of Temperature 
O-3 Ep When a series of plates, spotted with these diugs, is 
ae placed in an oven at 60° C with circulating air, con- 
ee version to the sulphoxides becomes measurable after 
Ot about 2 h and is complete after 3-4 days. A peculiar 
E phenomenon was encountered when a plate spotted with 
pË 





phenothiazine derivatives and developed in the usual 
manner was placed in an oven with circulating air at 
120° C. Contrary to our expectations, only traces of 
oxidized material were detectable by ultra-violet measure- 
ments at the end of 3 days. Further experiments are in 
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Fig. 1. Ultra-violet spectra of oxidized and unoxidized chlorpromazine. 

{1} Chlorpromazine sulphoxide standard; (2) chlorpromazine left on thin- 

layer chromatography plate for 8 days; (3) chlorpromazine treated with 
hydrogen peroxide; (4) chlorpromazine standard 
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progress to elucidate this phenomenon. Oxidative 
activity wes practically absent at low temperature; no 
oxidation took place on a plate left at 0° C for 5 weeks. 


Formation of Colour 


Our experiments were carried out on plates, some of 
which were exposed to daylight while others were kept in 
darkness or exposed to ultra-violet irradiation. Other 
plates, in addition, were maintained in ovens where air 
was not circulated, in jars where there was no circulation 
of air, or in an atmosphere of nitrogen. The temperature 
of the atmosphere in which the plates were kept was also 
varied. In each case a colour developed in the spotted 
areas and varied as described later. 

When plates were spotted with these drugs and main- 
tained in daylight at approximately 20° C with or without 
oxygen, colour developed in the spots within 15 min. In 
darkness, the development of colour was delayed. Under 
these conditions the colours varied widely, depending on 
the concentration of drugs used. Also, the colour of any 
individual spot was not uniform, but varied from light 
shades in the central areas to deeper and' darker shades 
in the periphery, or vice versa. When ultra-violet 
irradiation was applied to spots at 20° C in a dark room 
without circulating air, colour developed about as rapidly 
as it did in daylight. The shades were pastel at first and 
resembled those on the plates exposed to daylight, but 
with longer irradiation they changed colour. In those 
developed in daylight, on the other hand, the shade of 
the colour increased. The temperature at. which the 
plates were stored was important in the development of 
the colour. After 6 weeks at 0° C only faint spots were 
evident, whereas with temperatures well above 20° © the 
spots appeared very rapidly and were more intense. 


Hydrogen Peroxide as Oxidizing Agent 


In our preliminary report? it was shown, that spots of 
phenothiazine developed on thin-layer plates could be 
oxidized rapidly to the sulphoxide, using 3 per cent 
solutions of hydrogen peroxide (see Fig. 1). At that 
time the optimum concentration of peroxide had not been, 
determined. Further investigations have shown that the 
concentration of hydrogen peroxide is not critical, but 
that best results are obtained when the concentration is 
between 10 and 20 per cent. The oxidation product 
obtained in this manner on the plate was confined to one 
spot only, as can, be seen in Fig. 1 above the spot treated 
with 10-20 per cent hydrogen peroxide. The Er value 
corresponds to that of the pure sulphoxide. The optimum 
of hydrogen peroxide concentration was determined as 
follows. 

In Fig. 2 the original compound chlorpromazine HCl 
was spotted in such a manner as to obtain a large spot 
without tailing and the chromatogram was allowed to 
develop in direction 1. The spot was outlined under ultra- 
violet light and one strength of peroxide was applied to 
the upper part and another concentration to the lower 
part of the spot. Two reference spots were applied on 
line with and next to the spot, one with chlorpromazine 
and one with chlorpromazine sulphoxide. The plate was 


Table 2. SPROCTROPHOTOMETRIO DATA ON PHENOTHIAZINE DERIVATIVES 
KEPT IN CIRCULATING AND NON-OIRCULATING AIR (ABOUT 20° O) UNDER 
OXIDIZING AND NON-OXIDIZING CONDITIONS 


Maxima non- 


E Maxima circulating air , Maxima 
Generic names standard or nitrogen circulating air 
drugs atmosphere (sulphoxide) 

Chlorpromazine 254-305 253-302 240-2515-274-300~-340 
Thioridazine 262-813 262-312 260~-276,8-304—888 
Trifluoperazine 257-308 257-308 235-260-276-306-344 
Thioproperazine 234-264-315 234-265-314 288-264-310-340 
Laevopromazine 2561-303 250-592 250-275-298-832 
Perphenazine 265-307 255-307 239-251S~—275-308-344 
Fiuphenazine 258-308 256-307 284—260-276-306-348 
Trifupromazine 257-808 265-307 238-258-281-310~-342 
Promazine 252-303 261-301 233~-264.9-—270-800-840 
Promethazine 249-229 249-300 232-250,S9—-270-208~334 

S, shoulder. 
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Chlorpromazire Below 
Sulfoxide 10% 





Eig. 2. Effect of concentration of hydrogen peroxide on complete oxi- 
dation of chlorpromazine 


now allowed to cevelop in direction 2 perpendicular to 
the first one. Ths experiment indicated that in order to 
obtain a complet» conversion to the sulphoxides for the 
quantity used, a zoncentration of at least 10—20 per cent 
hydrogen peroxice was essential. Below that concen- 
tration, only portions of the drvg were oxidized and two 
spots were obtained on re-chromatographing. There was 
some indication that a second compound wes formed 
when 30 per cen= hydrogen peroxide was used together 
with hot air to cry the spot. This compound travelled 
behind the sulptoxide on the plate and might be the 
corresponding sulphone. The sulphoxides were identified 
by their ultra-violet spectra, colour tests, thin-layer 
chromatography and, where applicable, by gas-liquid 
chromatography. 


Gas Chromatography 


Gas chromatog-aphy is at present the most satisfactory 
method of separeting and identifying the phenothiazines 
and their respective sulphoxides. Excellent separations 
were achieved using a 2-ft. 3 per cent ‘SE-30 column at 
different temperasures (Tables 3 and 4). It should be noted, 
however, that only very broad peaks could be obtained 
for the sulphoxides of the four phenothiazines with the 
highest molecula> weights. 

The retention Limes for these four compounds varied 
from 40 to 60 mm. All compounds were injected in the 
free state as well as in salt form without any differences 
appearing in the chromatogram. 


Table 3. RETEMTION TIMES FOR PHENOTHIAZINE DERIVATIVES 


Retention time 
Temperature: 200° C 210° C 250° C 

Compound Fbwrate(ml./min) 80 90 120 
Triflapromazine 6-8 2-4 oon 
Promethazine 783 28 oo 
Promazine 91 31 ao 
Chlorpromazine oe 45 ve 
Levopromazine — 5-7 memean 
Trifluoperazine — 8-6 neem 
Fluphenazine = 28-7 4-3 
Thicridazine — 29 8 5'8 
Perphenazine m menera 96 
Thioproperazine — ~— 176 


Table 4. RETENTION TIMES FOR THE SULPHOXIDES 


Retention time 
Temperature: 210° © 250° C 

Sulphoxide of Flow rate (ml./min}> 90 120 
Triflupromazine 42 ad 
Promethazine 6-6 m 
Promazing 73 _— 
Chlorpromazine 10-2 2-5 
Levopromazine 11-8 33 
Trifluoptrazine 168 36 
Fluphenazine — m 
Thioridazine "A nea 
Perphenazine — —_ 


Thioproperazine 
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Table 5 
: i Spectrophotometric data of 
No Generic name Rp of original drug Rp of sulphoxide sulphoxides obtained tho annir 
esoribe 
1 Acetophenazine : 0 69 0-16 251-2745-810 
2 Acetopromazine or acetylpromazine 0 58 0-39 251-272S-310-343 
3 Aminopromazine or proquamazine 0 60 0-28 282-266-295-833 
4 Carphenazine 0-71 016 246-277S-310 
5 Chlorpromazine 0°62 0-48 238-273-298~-340 
6 Chlorprocthazine 0-69 0-49 238-2505~-273-288-340 
7 Chiorprothixene 0 86 0-45 255-302 
8 Cyamepromazine 061 0:39 243-2745-304-340 
9 Diıethazine 0-69 0-44 233-268-293-338 
10 Dimethoxanate 0:56 0:4] 240-274-296 
11 Ethopropazine or prophenamine 070 0-47 2833-267-2923 36 
12 Fluphenazine 0-75 0-59 282-—-278-304-343 
13 Tsopromethazine 0-63 0 39 288-267-291-336 
14 Isothipendy] 0°64 0-41 238-278-336 
16 Levopromazine 0:87 0:59 250-2765-296-333 
16 Mepazine 0-58 0 39 281-272-299-342 
17 Methdilazine G 64 0 48 232-272-998-342 
18 Methopromazine or methoxypromazine 0-67 0 35 244-—-274:5-294-330 
19 Methylpromazine 0:62 0-40 288-272-209-3.0 
20 Perphenazine or chlorpiprozine 0-65 0:45 240-250S~274-342 
21 Phenothiazine or penethazine 0 69 0-37 232-266-294--334 
22 Pipamazine _ 0:83 0-53 239-274-300-342 
23 Prochiorperazine 0-55 0°15 238-274—300-840 
24 Promazine 0-51 0-37 231—271-299-342 
25 Promethazine 0-66 0°38 232-270-297-340 
26 Proplomazine 0°77 0-54 246-265.S-304-360 
27 Prothipendy! 0-69 0-48 288-276-340 
28 Pyrathiazine or pyrrolazate 0-64 0:43 232-269-295-836 
29 Thiazinamium 0 53 0:33 232-269-294-886 
30 Thiethylperazine 0-47 0 28 288--272-801-350 
31 Thiopropazate 0°77 0°25 238-274-300-340 
82 Thioproperazine 0:43 0-26 245-262S-275-304-342 
33 Thioridazine 0-71 0-46 287-273-302-840 
34 Transergan, 0-53 0 33 22.5-266-291-330 
35 Trifluoperazine 0 63 0°41 238-273-302-343 
36 Triflupromazine 0-69 0-50 233-274-301-343 
37 Trimeprazine or allmemazine 071 0-50 282-297-340 
38 No 6710 Rhéne-Poulenc 0 68 0-46 251-~278-298-3a2 
39 No 9269 $3 g 0-85 0 59 240-274-305 
40 _No. 7261 Smith Kline and French 0°78 0-27 233-272-802-340 


Proposed Method of identifying Phenothiazine 
Derivatives a 

The phenothiazine derivative is spotted in the lower 
two corners of a thin-layer plate (20 em x 20 cm) 
approximately 3 cm from the edges. The plate is placed 
in the developing tank, with the spots at the bottom, 
until the solvent has travelled to about 3~4 cm from the 
top, after which time it is taken out and allowed to dry. 
The spots are now outlined under the short-wave ultra- 
violet light (cited previously) and the right-hand one is 
just wetted with small drops of 10-20 per cent hydrogen 
peroxide solution, added drop by drop. The spot is dried 
in a hot air stream (60° C), after which the plate is placed 
in the tank again with the peroxide-treated spot at the 
bottom and allowed to develop in a direction perpendicular 
to the initial one. In this way, two Rp values can be 
obtained, one for phenothiazine derivative and one for the 
sulphoxide. The spots can now be removed from the 
plate and eluted with distilled water. After the ultra- 


MECHANISM OF THE CYTOTOXIC ACTION OF ALKYLATING AGENTS 


MAMMALIAN CELLS AND EVIDENCE 


violet spectra are obtained from the supernatant, the 
original phenothiazine and its sulphoxide can be com- 
pared with reference compounds with the use of thin- 
layer and gas-liquid chromatography. It should be noted 
that even, after the most careful elution the gel remaining 
in the centrifuge tube still contains some sulphoxide 
which can be demonstrated by colour tests. 

Table 5 shows the ultra-violet spectrophotametric data 
on the forty phenothiazine sulphoxides investigated, 
together with the Ry values and those of the parent 
compound. 

We thank Smith Kline and French Laboratories and 
Dr. I. S. Forrest, Biochemical Research Laboratory, T'-47 
Veterans Administration Hospital, Palo Alto. California, 
for supplying samples of sulphoxides. 
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*Schmalz, A. C., and Burger, A., J. Amer. Chem. Soc., 76, 5456 (1954). 


IN 
FOR THE REMOVAL OF ALKYLATED 


GROUPS FROM DEOXYRIBONUCLEIC ACID 
By Dr. A. R. CRATHORN and Dr. J. J. ROBERTS 


Chester Beatty Research Institute, Institute of Cancer Research, Royal Cancer Hospital, London 


THe reaction of alkylating agents of the mustard type 
with cellular deoxyribonucleic acid has been proposed 
as the basis for their cytotoxic action’ ?, In an earlier 
report® results were presented which supported this view 
in the case of the reaction of mustard gas di-(2-chloro- 
ethyl)sulphide with mouse lymphoma cells (Fisher 
L5178Y) growing in culture. In this work two cell lines 
differing by a factor of about 2-5 in their sensitivity to 
the agents were investigated. With the more sensitive 
line, it was found that a dose which killed 90 per cent of 


the cells resulted in a depression of about 50 per cent in 
the rate of DNA synthesis within the first 2 h. This was 
the only rapid biochemical effect which was observed, 
protein and ribonucleic acid synthesis not being affected. 
It was also observed, however, that administration of a 
similar dose of sulphur-35-labelled mustard gas to the 
resistant line, which had very little biological effect, 
resulted in a similar extent of reaction of alkylating 
agent with the DNA of the cells. Walker has also recently 
reported! that the DNA of cells in the S or G, phases of 
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Fig.1 Dose response of HeLa cell survival to sulphur mustard treatment. 
Method of derivation of the curve ıs described in the text 


the cell cycle, which exhibit a difference in their sensi- 
tivity towards mustard gas, nevertheless reacted with 
[**S]mustard gas to the same extent. 

A logical explanation for these effects would be the 
existence of mechanisms capable of repairing the damage 
to DNA in cells less sensitive to the action of the mustard. 
Repair of damage to DNA could proceed by a sequence 
of steps which involves removal of the alkylated groups 
from alkylated DNA followed by subsequent degradation 
and resynthesis of a portion of the DNA. Evidence for 
an enzyme-mediated serial repair mechanism of this 
kind has been found in bacterial systems for the repair 
of damage caused by ultra-violet radiation®:*, while it has 
been found that alkylated bases are excised from the DNA. 
of Escherichia coli Bjr following alkylation with mustard 
gas’. The purpose of this article is to present evidence 
that a mechanism exists in mammalian cells for the 
removal of alkylated bases from alkylated DNA. 

Under conditions where extensive killing of cells occurs, 
the extent of reaction of the alkylating agent with DNA 
is very small (~ 1 alkylation per 105 nucleotides, see later) 
and it was considered that the only method havingsufficient 
sensitivity to demonstrate a loss of alkyl groups from 
DNA of this kind would involve measurement of the 
change in specific radioactivity of DNA after alkylation. 
with a labelled reagent. Despite the inhibition in the 
rate of DNA synthesis caused by mustard gas, DNA 
synthesis does proceed for many hours after adminis- 
tration of mustard and in cells which will not divide, so 
that the normal G, amount of DNA is synthesized®, 
Levis e¢ al.” have reported that after human, amnion cells 
(AUP strain) are treated with HN2 the DNA content 
per cell can reach much more than the G, level. Any 
loss m the specific radioactivity of DNA alkylated with 
labelled reagent could therefore be the consequence of 
an increase in the amount of DNA in the culture. In 
order to correct for any reduction in the specific radio- 
activity of the alkylated DNA due to continued DNA 
synthesis, cells were labelled with tritiated thymidine 
before they were treated with [®S]mustard gas. Not 
only did this provide a method whereby one could allow 
for the dilution of the sulphur-35 label by subsequent 
DNA synthesis, but it also enabled the rate of DNA 
synthesis to be compared with that of a non-alkylated 
culture—this comparison, is independent of the need for 
quantitative isolation of DNA. 
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For the presens investigation, HeLa cells growing in 
suspension cultures were used. These cells had been found 
to have a sensitivity to mustard gas similar to that of 
the resistant line of mouse lymphoma cells previously 
investigated®. Thəir use presents the practical advantages 
that it is easier to grow large volumes of culture to high 
cell density (~ 10‘/ml.) and that the DNA content per cell 
is greater (1:7 x 10-44 g compared with 1-2 x 10-1! g). 
A dose-survival curve (Fig. 1) was obtained by normal 
plating procedures. Petri dishes (Falcon TC} were inocu- 
lated with an appropriate number of cells to give about 
200 colonies per dish 30 min after treatment of the cells 
in suspension culsure with various doses of mustard gas. 
Colonies were counted after 10 days’ growth in a gassed 
incubator (95 pez cent air, 5 per cent carbon, dioxide). 
One factor which was observed, but not taken into account 
in the derivation, of the curve, was the apparently slower 
rate of division of colonies derived from treated cells. 
For the purpose of constructing this curve, however, it 
was considered legitimate to count all visible colonies 
irrespective of spparent growth rate!®. The dose for 
37 per cent surv.val of the cells (D,) was 0-05 ug/ml.— 
calculated from the straight portion of the survival 
curve (Fig. 1). as was the case with the resistant lym- 
phoma, cell line, the dose-response curve for the action 
of mustard gas cn HeLa cells exhibits a shoulder which 
has been thougkt to be indicative of the operation of 
repair mechanisms". 

In a typical experiment DNA was labelled by incubating 
HeLa cells (at a concentration of 4 x 105 cells/ml. growing 
in suspension culture in Eagle's medium) with tritiated 
thymidine at 5 myc. (2 mymole)/ml. After 24 h, the cells 
were transferred to the same volume of fresh medium for 
6 h before half the culture was treated with [*S}mustard 
gas at 0-32 uc. (0-5 pg)/ml. DNA, RNA and protein 
were then isolated after 45 min and at various times 
thereafter by the Kirby phenol method™.'* from suitable 
measured portions of the mustard treated and control 
cultures (about & x 107 cells). The DNA was freed from 
any contaminating RNA by treatment with ribonuclease, 
then centrifuged:in a mixture of 2 per cent sodium acetate 
and 1-5 per cent sodium chloride for 1 h at 64,000g. The 
following determinations were made at various times: 
the yields of DNA, RNA and protein, in equal portions of 
control and tressed cultures, the specific radioactivity of 
sulphur-35-labelled DNA, RNA and protein from mustard- 
treated cultures and the specific radioactivity of tritium- 
labelled DNA in treated and control cultures. 

The results showed that the rate of synthesis of RNA 
and protein after mustard treatment, as indicated either 
by the increases in weights of material isolated (Fig. 2b) 
or by the decreases in their specific radioactivities (Fig. 
2a), was the game as in the control culture. Furthermore, 
these syntheses proceeded at the same exponential rate 
as the increase in cell number of the control culture. This 
occurred despite the lack of increase in cell number of the 
mustard-treated. culture which became, after 48 h, a 
uniform populasion of enlarged cells. The increase in 
the amount of TNA isolated from contro] cultures and the 
decrease in its specific radioactivity also proceeded at the 
same rate as tke increase in cell number (Figs. 2a and 
b), thus providing evidence that in this system the thy- 
midine was not bemg lost from the DNA owing to its 
turnover, or being re-utilized after such a loss. In mustard- 
treated cultures, however, there was a decrease in the 
rate of DNA synthesis as reflected by the slower rate of 
drop in the specific radioactivity of tritium-labelled DNA. 
This drop in rate of DNA synthesis has been confirmed 
by pulse-labelimg experiments with [*H]thymidine of 
high specific radioactivity for both HeLa and mouse 
lymphoma, cells*. As this decrease occurred within 2 h 
of treatment wiih mustard, it could not have arisen from 
a mustard-induzed mitotic block resulting in fewer cells 
entering the next synthetic period, contrary to the 
findings of Layde and Baserga for HN2-treated Ehrlich 
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Fig 2. a, Rate of change of specific radioactivity of Wirt ae during 
growth of HeLa cell culture and rate of change of specific radioactivity 
of [3S] DNA, RNA and protein and PHIDNA isolated from a sumiar 
HeLa cell culture after reaction: with [*S]mustard gas (05 ug (0 32 
ue.)/ml.) A Packard ‘Tricarb 3003’ Irquid scintillation spectrometer 
was used for ali radioactive assays Tor the donbie-labelling experiments, 
settings were used such that in one channel tritium was counted at 
18 5 per cent and sulphur-35 at 15 per cent while in a second channel 
tritium was 10~ per cent and et entry 29 per cent efficiencies. The 
specific radioactivities of DNA and RNA were corrected to an #,? 200 
YW, Tnitiated DNA control; V, tritiated DNA mustard treated; A, 
sulphur-35 DNA mustard treated, [], sulphur-35 RNA mustard treated; 
©, sulphur-35 protem mustard treated 


Fig. 2. b, Rate of increase of protein, RNA and DNA and cell number in 

HeLa ccli culture and in a similar culture after treatment with [°*8]mus- 

tard gas (0 5 ug (0 32 ue )/ml.). @,! Protein control; O, protein mustard 

treated; M, RNA control; [), RNA mustard treated, A, DNA control, 

A, DNA mustard treated, WV, cell number control, V, cell number 
mustard treated 


ascites tumour cells!4. The fact that the incroase in total 
amount of DNA isolated paralleled this drop in specific 
radioactivity showed that either method of estimation 
was a true indication of net DNA synthesis and eliminated 
the possibility that any gross additional turnover of DNA 
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occurred following alkylation. The loss of sulphur-35 
label from DNA proceeded initially at a greater rate than 
the loss of tritium label from DNA, which indicated that 
a loss of the alkylated groups from DNA had occurred and 
had been accompanied by, or was a prerequisite for, 
continued DNA synthesis. The increase in yield of DNA 
could be calculated from the decrease in the specific 
radioactivity of the tritium in DNA, and from this and 
from the drop in specific radioactivity of the sulphur-35 
label in the same DNA a value for the absolute loss of 
alkylating agent residues from DNA was derived. Three 
such experiments were carned out under these con- 
ditions of mustard treatment and gave essentially the 
same result of an overall loss of sulphur-35 label from 
DNA of about 50 per cent (Fig. 3, IT, III and V). A fourth 
experiment (Fig. 3, IV) was also performed in which the 
pre-labelled HeLa cells were treated with unlabelled 
mustard gas (0:25 ug/ml.) and unlabelled cells were 
treated with the same concentration of [**S]mustard gas. 
The changes in radioactivity due to tritium and sulphur-35 
in the DNAs isolated after various times were combined, 
as with the double-labelling experiments, to give the 
percentage loss of sulphur-35 radioactivity (the sulphur-35 
labelled DNA was used for the chromatography discussed 
later (Fig. 4)). It is evident that the major portion of this 
loss had occurred within the first cell generation time 
after treatment, and thet the rate of loss decreased with 
time. At present there is insufficient evidence to indicate 
either the precise time-course for the reaction or its 
dependence on dose. 
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Fig. 3. Rate of loss of (°°S] radioactivity from DNA of HeLa cells 
following their reaction with various doses of *S}mustard gas. Loss of 
radioactivity was calculated from changes in [PH] and [*5S] specific 
radioactivity of DNA as Ilustrated in Fig. 2a and described in text. 
Curve II corresponds to data in Fig. 2a and b. I, 0-25 ug/ml. ; 
If, 0-5 wg/ml.; ILY, O 5 ug/ml ; IV, 0-25 ug/ml ; V, 04 ugjml. 
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Big 4. Radioactive profiles of paper chromato 
radioactive DNA (2 mg and not less than 4 muc ) isolated from a HeLa 
cell culture 0 5 h (1) and 48 h (2) after treatment with [?*S]mustard gaa 
(0°25 zg (0 4 uo. )jmi.), and heated in N hydrochloric acid (1 mg/0 05 ml.) 
at 100° Cfor0-25h Papers were devcloped by downflow chromatography 
with isopropanol—conc. uyon acid—water (78 : 16-4 : 15-6) for 
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That the loss of mustard from DNA was enzymatically 
mediated and did not arise from spontaneous hydrolysis 
of alkylated DNA! was indicated by the fact that it 
could be inhibited by iodoacetamide under conditions 
where DNA synthesis did not occur. Cells (2 x 108/500 
ml.) which had been, treated 0-5 h previously with [5°S]- 
mustard gas (0-25 ug/ml.) were disrupted by the method 
of Rosenberg and Cavalieri#*, DNA was isolated from 
half the cell lysate (2-5 ml.) while the remainder was 
placed in a dialysis bag with 0-5 mM iodoacetamide and 
dialysed at 37° C overnight against 500 ml. of Eagle’s 
medium. The specific radioactivity of the sulphur-35- 
labelled DNA which was later isolated was the same as 
that isolated initially (Fig. 3, I). 

It has been established! that, at low levels of reaction, 
mustard gas reacts preferentially with guanine moieties 
of DNA. A proportaon of the mustard reacts with two 
guanine moieties in adjacent base pairs, and it is thought 
that these le in opposite strands of the macromolecular 
structure: 1+ is this latter reaction which is supposedly 
responsible for the cytotoxic action of mustard gas. The 
preferential removal of these cross-links in the form of 
di(guanin-7-yljethyl sulphide has been shown by Lawley 
and Brookes’ to be associated with resistance to mustard 
gas in E. colt strain Bjr. Clearly it was of interest to 
determine whether the loss of mustard from the DNA of 
mammalian cells occurred in an analogous preferential 
manner. Accordingly, DNA isolated from cultures 45 min 
and 48 h after mustard treatment was hydrolysed with 
N hydrochloric acid and chromatographed on Whatman 
No. 1 paper. 

The distribution of radioactivity on the paper was 
determined using a Nuclear Chicago ‘Actigraph IP 
chromatogram-scanner and revealed the usual pattern of 
two radioactive products for 2-hydroxyethylthioethyl- 
guanine (B in Fig. 4) and at the origin the cross-linked 
product, di-(guanin-7-yljethyl sulphide (A in Fig. 4)— 
the latter present initially to the extent of 26 per cent-of 
the total radioactivity on the paper. In DNA isolated 
after 48 h, the proportion of this product on chromato- 
grams had increased to 34 per cent of the total. While the 
quantitative aspects of this phenomenon need further 
investigation, nevertheless some preliminary conclusions 
can be drawn from the result. 

If it is assumed that all product A results from inter- 
strand cross-linking, then three simple modes of action 
for a possible excision mechanism can be considered: 

(1) Exclusive excision of cross-hbnked material. This 
would lead to a maximum loss of activity in the experi- 
ments described of 26 per cent with a complete elimination 
of spot A. 

(2) Excision occurring on only one strand of DNA. 
This would lead, if all alkylated bases were removed, to 
a loss of activity of 37 per cent and an increase in the 
percentage of compound A to 40 per cent. 

(3) Completely random excision from both chains of 
the DNA, with the additional assumption that removal 
of an alkylated base from one chain does not affect the 
probability of the subsequent removal of the cross- 
linked base on the other chain. From these assumptions, 
if half compound B is removed, then a quarter of compound 
A is also removed, and a loss of 44 per cent of the total 
activity results in an increase in the proportion of A to 
33 per cent. 

The expermmental value obtained of a reduction of 
43 per cent in total sulphur-35 label in DNA accompanied 
by an increase in the proportion of A from 26 to 34 per 
cent agrees best with mechanism (3), although the errors 
inherent in deriving values from the chromatograms 
would not preclude mechanism (2). It is apparent, 
however, that the mechanism of excision of alkylated 
groups from DNA in mammalian cells as described here 
differs from that reported for the removal of alkylated 
bases from Æ. coli Bjr (ref. 7) in which the cross-linked 
material is preferentially removed. 
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These investigstions with a radioactive alkylating 
agent permit a calculation of the amount of reaction 
occurrmg with HeLa cell DNA in relation to the dose of 
mustard gas given and a comparison can be made with 
other published values‘. The lethal dose of mustard gas 
can further be compared with that of X-rays. At a dose 
of 0-5 ug/ml. the results show that one molecule of mustard 
gas reacts per 1-3 x 105 molecules of DNA-P, and at the 
D, value obtained from Fig. 1 of 0-05 ug/ml. the amount 
of reaction would therefore be 1 molecule per 1-3 x 10° 
molecules DNA-P. As there are 3 x 101° DNA-P atoms 
in the HeLa nucleus this is equivalent to 23 x 104 
alkylations in the totel cellular DNA. The corresponding 
value for either mouse L cellst or mouse lymphoma cells 
is 4 x 104 (ref. 17), Assuming that, as already discussed, 
25 per cent of tke reaction of mustard gas with HeLa 
cell DNA leads to cross-links which are the assumed lesions, 
then the overall reaction is equivalent to 5-7 x 10% cross- 
links in the total cellular DNA. It has been caleulated**:? 
that for ionizing zadiation the D, value 1s equivalent to 
one iomzation per DNA of molecular weight 10°-10'°, 
or 10310‘ total hits per cell. This value ıs therefore of the 
same order as the number of mustard cross-links per cell, 
and this comparison thus lends support to the view that 
DNA is the target for both agents. The extent of reaction 
with RNA or pretei molecules would in both cases be 
very small, because the molecular weight of these 1s much 
less than that of [NA and there is no evidence for anything 
other than, random attack on all cellular constituents. If 
the existence of tre shoulder ın the survival curve (Fig. 1) 
is indicative of a repair mechanism", then this repair 
mechanism is saturated at a dose of 0-07 ug/ml. which 
corresponds to 8 x 10? DNA cross-links per cell. 

Furthermore, the sole biochemical action of mustard 
gas at a dose atout equal to the D, value detected in 
these experiments on HeLa cells was a depression in the 
rate of DNA synshesis, and this depression was a prelude 
to the premitotic block which ensued and was not a con- 
sequence of it. Similar findings have been reported for the 
action of similarly low doses of X-rays'®-®. For both 
cytotoxic agents it is therefore indicated that the lethal 
damage is the result of direct effect on the DNA which 
interferes with its replicative ability, but not with its 
function as a template for RNA synthesis at the low 
doses capable of preventing cell division. 
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RIBONUCLEIC ACID SYNTHESIS IN MACROPHAGES IN RELATION TO THE 
SECONDARY IMMUNE RESPONSE IN VITRO 


By Dr. GILMOUR HARRIS* 


Experimental Radiopathology Research Unit and Department of Medicine, Postgraduate Medical School, 
Hammersmith Hospital, London 


RECENT investigations have suggested that macro- 
phages take an intermediary role in the mechanism 
of antibody formation, and most investigations of the 
fate of antigens have indicated that they are taken up 
by phagocytic cells in spleen and lymphoid tissues, and 
in various other organs including the liver!-*, where they 
have been reported as complexed with nucleic acids‘. 

Fishman and Adler reported that phenol extracts of 
ribonucleic acid (RNA) from macrophages after contact 
with bacteriophage induced phage-neutralizing antibodies 
when added to lymphoid cells in tissue culture or trans- 
plantation chambers. They concluded that the material 
was most likely to be a low-molecular-weight RNA, and 
further investigation indicated that such an RNA from 
macrophages was incorporated by lymph node cells*. In 
all these experiments, the RNA was extracted from cell 
preparations consisting largely of macrophages, but cell- 
transfer studies? with simular preparations showed that 
potential antibody-forming cells were also present. 

Haemocyanin was used as an antigen in mice® to find 
whether macrophages actively process antigens as a neces- 
sary step in the induction of the immune response. It 
was concluded that RNA preparations from mouse peri- 
toneal cells after uptake of haemocyanin labelled with 
iodine-131 in vivo were immunogenic in primed mice, but 
the RNA contained radioactivity with properties com- 
patible with the antigen or fragments thereof, and the 
preparations were found to be more immunogenic than. 
original antigen. 

A recent short report® has indicated that preparations 
of bovine serum albumin (BSA) after “biological filtering”, 
by injecting into intact, non-immunized rabbits and 
taking the serum after an interval to inject into fresh 
animals, had lost its ability to stimulate an antibody 
response and some of the rabbits injected with filtered 
BSA became tolerant to it. The authors suggested that 
macrophages pleyed a part in the immune response and 
that processing of antigens by these cells was necessary 
for the synthesis of antibody. A recent investigation? 
using autoradiography combined with electron microscopy 
has shown that iodine-125-labelled Salmonella flagellar 
protein was present on the surface of the dendritic macro- 
phages of the lymphoid follicles, perhaps bringing the 
antigen into close contact with the responsive cells. 

It has been found that peritoneal exudate cells induced 
in normal rabbits by intraperitoneal injections of oyster 
glycogen and triolein can take up heterologous proteins 
and that these primed cells can stimulate the rate of DNA 
synthesis in spleen cells from rabbits immunized to the 
specific antigen™. This response was antigen-specific and 
was considered to be an in vitro manifestation of the 
secondary immune response. Using this system, investi- 
gations of the role of RNA synthesis in peritoneal cells in 
relation to this transfer mechanism were carried out. 

Methods for obtaining spleen cell suspensions”? and 
macrophages!! have been described in detail, DNA syn- 
thesis in spleen cells being measured by the incorporation, 
of carbon-14-labelled thymidine during 24-48 h of 
culture’? RNA synthesis in macrophages was measured 
by the incorporation of tritiated uridine. Uptake of 
protein by macrophages was measured by the incor- 


*Prssent address> Department of Experimental Pathology, Medical 
School, University of Birmingham. 


poration of iodine-13l-labelled human serum albumin 
(HSA). All radioactive materials were obtained from the 
Radiochemical Centre, Amersham. 

When 1 x 10° peritoneal exudate cells were incubated 
in tritiated uridine for 8-h periods and the rate of incor- 
poration was measured (Fig. 1), the peak of uridine 
incorporation was maximal at about 20 h of culture and 
then fell to zero by 44 h. No effect, due to the presence 
of heterologous protein, was noted in these experimenis. 

Actinomycin-D (Act-D) obtained from Merck, Sharp and 
Dohme, Ltd., Rahway, New Jersey, was used to inhibit 
uridine incorporation, and typical results are shown in 
Fig. 2. No effect was seen during the first 24 h of culture 
until the concentration of Act-D was more than, 10-5 ug/ml. 
in the medium, while lower concentrations produced some 
inhibition, when uptake of tritiated uridine was measured 
over 48 h of culture 

Table 1 illustrates that inhibition by Act-D was time- 
dependent and that the effect was not reversed by washing 
the cells and incubating in the absence of Act-D for up 
to 48 h. 

The results in Table 2 show that the presence of Act-D 
in the medium in concentrations sufficient to inhibit 
significantly the incorporation of tritiated uridine into 
macrophages did not affect their ability to transfer an 
antigen-specific response to spleen cells from an im- 
munized rabbit. Pre-incubation of macrophages in Act-D 
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Fig. 1. Incorporation of tritiated umdine by macrophages. Triplicate 

cultures of 1 x 10® cells were incubated with 5 wc./ml. of tritiated uridine 

(200 me./mM) for periody of 8h. After washing in warm medium, the 

cells were removed from the culture beaker with cold 0:02 per cent 

sodium versenate, washed ın ice-cold 5 per cent TOA, the precipitates 

washed in cold methanol, and dissolved in hyamine for measurement of 
radioactivity by scintillation counting 
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Fig. 2. Inhibition of tritiated uridine incorporation into macrophages 
by actinomycin-D. Act-D and tritiated uridine were added initially 
and uridine incorporation measured as in Fig. 1 


for 6 h before exposing them to antigen also failed to 
prevent this transfer, and, as shown in Table 3, Act-D 
does not influence the uptake of iodine-131-labelled HSA 
by macrophages. Similar experiments using RNA pre- 
parations extracted with phenol!? from macrophages 
incubated with antigen have all been negative. Intact 
macrophages were necessary for positive results although 
cells, heat-killed or irradiated with a dose of 2,000 rads 
after incubation in ahtigen, could still stimulate responsive 
cells. 

The results presented here indicate that macrophages 
from peritoneal exudates took up antigen and transferred 
its specific stimulation of the rate of DNA synthesis in 
spleen cells from an, immunized rabbit. If RNA played a 
part in this process it was unlikely to be that of a specific 
template produced by macrophages after contact with 
antigen. Other investigations! have shown, that antigen 
was present on the surfaces of primed cells and that anti- 
body to antigen could block transfer. It is therefore 
tentatively concluded that the role of macrophages in the 
stimulation of cell proliferation in the immune response is 
to take up antigen on to their cell surfaces, where it plays 
some part in the regulation of lymphoid cell proliferation. 
The mechanism of this is obscure. Previous investiga- 
tions" have not been able to establish any evidence of 
direct contact of the dividing cells with macrophages. Of 
course, it is still possible that macrophages produce an 
informational RNA molecule which can direct the speci- 
ficity of antibody formation in cells synthesizing immuno- 
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Table 1. INHIBITION CF TRITIATED URIDINE INCORPORATION BY MACRO- 
PHAGES IN RELATION TO TIME oF CONTACT WITH AoT-D 


‘Time of contact RNA synthesis 
with Act-D (counts/10 min/culture) 
Times of wash-24 h 24-48h Time of wash-48 h 


1 x 10-° zg/ml. Act-D Control <Act-D Control Act-D Control 
th 2,464 4,006 15,565 28,626 2,408 3,768 
3h 1,070 7,663 6,172 23,968 1,251 41,124 
6h 1,024 12,636 2,033 26,141 1,308 10,854 

24h 429 8,615 29 24,548 29 24,548 


Macrophages were ireubated in Act-D, then washed in warm medium 
and the incorporation cf uridine was measured as described in Fig. 1. 


Table 2. EFFECT OF ACz-D ON THE ABILITY OF MACROPHAGES PRIMED WITH 
ANTISEN TO STIMULATE SPLEEN CELLS 


Act-D DNA synthesis rate (counts/min/culture) 

(ue/mi.) v C + M(C) HGG C + MCHGG) 
5E0 547 15,220 5,076 

1 x 10° ~ 433 — 3,925 

i x 10> — 600 oe 4,465 

1 x 10+ —_ 503 — 4,360 

1 x 10 — 543 Can 4,786 

1 x 10° _ 560 — 4,780 


Cultures of 1 x 10° macrophages were incubated in Act-D (M(C)) or 
Act-D and HGG (M(H3G)) for 18 h, washed three times in warm medium, 
and 1 x 107 spleen cells from a rabbit immunized to HGG were added. The 
rate of DNA synthesis fn the spleen cells was measured by the incorporation 
of carbon-14-labelled thymidine during the 24-48 h after adding the spleen 
cells to the macrophages. 


Table 3. UPTAKE OF IDDINE-131-LABELLED HSA BY MACROPHAGES IN THE 
PRESENCE OF ACT-D 


Act-D Uptake of HSA 

(ugiml.) (counts/min/culture) 
0 3,990 

1 x 10+ 4,883 

1 x 107 3,630 

1 x 10 3,170 

1 x 16: 3,775 


Triplicate cultures of 1 x 10° macrophages were incubated in the presence 
of jodine~131-labelled ESA and Act-D for 24 h, washed three times ın ice-cold 
saline and dissolved in 6 N hydrochloric acid for gas-flow counting. 


globulins. This possibility is being further explored. The 
experiments presented here were only concerned with the 
mechanism of stimulation of cell division in response to 
antigen. i 
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AN EARLIER PHASE OF THE LIGHT-EVOKED ELECTRICAL RESPONSE FROM 
THE PIGMENT EPITHELIUM-CHOROID COMPLEX OF THE EYE OF THE TOAD 


By Dr. KENNETH T. BROWN* and Dr. PETER W. GAGE 


Department of Physiology, Australian National Untive-sity, Canberra 


~ 


AN extremely rapid biphasic response has been found 
which 1s evoked by light from the retinal photo-re- 
ceptors of the monkey, and which has been designated 
the early receptor potential+-*. This type of response 
has also been found in a number of other vertebrate 
species’, Its second phase may be selectively abolished 
by either lowered temperature? or light adaptation’, 
so the two phases of the early receptor potential are 
separately generated. The early receptor potential is 


* Permanent address: Department of Physiology, University of California 
Medical Center, San Franoelsco, California. 


+ Present address: Department of Physiology and Pharmacology, Duke 
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followed by a much slower response called the late receptor 
potential’*, which may be selectively abolished by anoxia}. 
Thus the response of the retinal photoreceptors consists 
of three separate phases. More recently, it has been shown 
that the pigment epithelium-choroid complex of the 
eye of the toad contains photosensitive cells which generate 
an electrical response to light stimuli®. For convenience, 
this type of reszonse will be referred to in the present 
article as the ‘non-retinal response’. It seems evident 
that the cells which generate the non-retinal response 
are not as specialized for light detection as the retinal 
rods and cones. This provides an opportunity to compare 
the responses from retinal photoreceptors with those from 
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a more primitive type of photosensitive cell.- The non- 
retinal response was first described as biphasic in form, 
and its latency was about 25-30 usec’. We have nòw 
found an earlier phase of the non-retinal response which 
has no detectable latency. Thus the non-retinal response 
hkewise contains three phases, which we have separated 
by appropriate procedures, and evidence is presented 
which indicates that the three phases of the non-retinal 
response are comparable with those generated by retinal 
photoreceptors. These findings greatly increase the 
probability that a fundamental sequence of electrical 
responses has been found which occurs in many or all 
types of photosensitive cells within the animal kingdom. 

The general methods for this work have been described 
previously in detail’. Briefly, the eye was enucleated from 
the toad (Bufo marinus). The front of the eye was then 
cut away, and the retina was removed from the eye cup 
with a piece of dry cotton. The remaining eye cup con- 
sisted only of the pigment epithelium-choroid complex, 
which was supported by the sclera. This eye cup was 
set on a cotton wick soaked with frog Ringer’s solution, 
which acted as the reference electrode. A second cotton- 
wick electrode made contact with Ringer’s solution inside 
the eye cup. The polarity of all records was such that an 
upward deflexion indicated positivity of the inner side 
of the eye cup. The frequency of the recording system 
was flat over the range 6-60,000 c/s, which was sufficient 
to give undistorted responses. Light stimuli were provided 
by a condenser-discharge lamp (Honeywell ‘Strobonar 
65C’), which gave an intense flash having an effective 
duration of 0-7 msec. This lamp was mounted outside the 
electrically shielded recording room, and the light was 
led to the preparation by a fibre optics bundle, one end 
of which was placed close to the flash tube, and the other 
mounted directly over the eye cup. Both electric and 
photoelectric artefacts were completely absent from the 
records, except when introduced deliberately for timing 
purposes. The preparation was mounted in a small 
flat-bottomed glass dish, which was partially submerged 
in a water bath, the temperature of which could be held 
constant or varied. The temperature of the preparation 
was monitored by a small thermistor probe in the Ringer’s 
solution inside the eye cup. 

Fig. 1 shows the major effects of lowered temperature 
on the non-retinal response, and these effects have all 
been observed consistently in many experiments. The 
response at 24:5° C consisted of a rapid negative phase, 
followed by a slower positive phase. These are the two 
phases reported previously at room temperatures’, and 
they comprise the second and third phases of the total 
response. When the temperature was lowered to 16-5° C, 
the positive third phase was decreased in amplitude; 
also its peak occurred at a later time, and the response 
was broadened. By comparison, the negative second 
phase showed a distinct increase in amplitude. The 
different sensitivities of the second and third phases to 
lowered temperature strongly suggest that they are 
generated by different mechanisms, and the apparent 
increase of the negative second phase is probably due to 
the greater effect of lowered temperature on the positive 
third phase. When the temperature was lowered to 
7° C, the effects on the third phase became more marked. 
The second phase showed a slight further increase in 
amplitude, while its peak was delayed and its time course 
broadened. Also at this temperature a positive first 
phase became apparent. When the temperature was 
further lowered to 2:5°-C; the negative second phase 
became smaller-and markedly slower in its time course, 
and the positive first phase became even more prominent. 
Thus the total response contains an mitial positive phase, 
which normally is masked by the negative second phase. 
Because this masking occurs, and results in a normal 
response with a clearly measurable latency, the second 
phase must normally begin at the same time as the first 
phase or very shortly thereafter. Lowered temperature 


NATURE 


JULY 9, 1966 


VOL. 211 


affects the second phase more than the first; thus as the 
negative second phase is slowed in its time course, and 
reduced in amplitude, the initial positive phase is, pro- 
gressively revealed. Because the second phase is more 
temperature-dependent than the first phase, these two 
phases also appear to be generated separately. The 
effects of lowered temperature on the first and second 
phases of the non-retinal response are closely analogous 
to those found by Pak and Cone for the early receptor 
potential of the whole eye of the rat*. In their work 
on the rat an initial positive phase of the early receptor 
potential was not seen clearly at room temperatures, but 
was revealed by lowered temperature as the negative 
second phase was decreased in amplitude and slowed in 
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Fig 1. The effect of lowered temperature on the non-retinal response. 
The temperature was first lowered, and representative records are shown 
reading from the top downward; the temperature was then returned 
to the control value, as shown by the bottom record Stimuli were 
delivered at J-min intervals for 5 mun before this seres of records, and 
throughout the series of records, in order to maintain constant light 
adaptation. The time of delivery of the stimulus 1s shown by an arrow 
over the top record 
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its time course. The first phase was essentially isolated at 
about 0° C, and Pak and Ebrey’ found that the first phase 
could be detected at temperatures.as low as — 35°C. 

. In certain experiments we lowered the temperature of 
the preparation as far as — 8° ©. Glycerol was used in the 
wicks to prevent freezing, but was not added to the 
solution in the eye cup because it, shrinks cells. Within 
this sub-zero range, progressive effects of lowered tem- 
perature were noted which were qualitatively similar 
to those shown in Fig. 1. At —8° C the third phase was 
extremely slowed and had almost disappeared, while the 
second phase was much smaller and broader; the first 
phase was larger, but at this temperature it was still 
not so large as the second phase. Thus lowered tempera- 
ture might isolate the first phase of the non-retinal response, 
but in this case the temperatures required are incon- 
veniently far below 0° C. 

While investigating the non-retinal response at sub- 
zero temperatures, the introduction of Ringer’s solution 
and glycerol (1:1) into the eye cup caused a reduction 
in amplitude of both the second and third phases of the 
response. This occurred within a few seconds, revealing 
an initial positive phase. The second and third phases 
sometimes recovered gradually, but incompletely, over a 
period of several minutes. It seemed hkely that these 
effects were due to the high osmotic pressure of the glycerol 
solution, which initially dehydrated the photosensitive 
cells, with gradual penetration of the glycerol into the 
cells resulting in re-hydration and partial recovery of the 
response in some cases. If this interpretation were correct, 
the initial positive phase should be isolated stably by 
increasing the extracellular osmotic pressure with bio- 
logically inert substances which do not penetrate cell 
membranes. For this purpose we tried Ringer’s solutions 
containing polyethylene glycol (‘Carbowax, 1500’) and 
having osmotic pressures above 1,000 mosmols. Fig. 2 
shows the sequence of effects when ‘Carbowax’ Ringer’s 
was introduced into the eye cup. The third phase was 
reduced more rapidly than the second phase, as shown in 
record 2. Then the third phase disappeared, as shown in 
record 3, at which time the second phase was greatly 
reduced and the initial positive phase was revealed. In 
record 4 the second phase has also disappeared, and the 
initial positive phase appears to be isolated. The different 
sensitivities of the three phases of the response- to this 
procedure provide another type of evidence that the three 
phases are generated by somewhat different mechanisms. 
As shown by record 5, the isolated first phase of the 
response has no detectable latency. It would seem that 
the latency of this first phase could not exceed a few usec, 
which is comparable with that of the first phase of the 
early receptor potential of the toad retina‘. 

When Ringer’s solution was saturated with sucrose, 
similar results were obtained. Also if the preparation 
was allowed to dry by standing in air for several hours, 
and if a wick electrode was then inserted mto the eye cup 
without adding fluid, the response consisted only of a 
small initial positive potential. Thus any method of 
removing the intracellular fluid seems to isolate the first 
phase. With ‘Carbowax’ Ringer’s the form and amplitude 
of the isolated first phase have been stably maintained 
for at least 15 min. This was sufficient for our experiments, 
so longer periods were not attempted. Thus, ‘Carbowax’ 
provides a simple and effective method for isolating the 
initial positive phase, and for maintaining it stably so 
that some systematic experiments may be performed 
on it. 

When the pigment epithelium-choroid complex was 
removed from the preparation, and the sclera was partially 
filled with ‘Carbowax’ Ringer’s, no response was detected. 
Also no response was recorded when the wick electrodes 
were in direct contact. Similar controls have been per- 
formed for the second and third phases of the response’. 
Thus all three phases of the non-retinal response are 
generated bioelectrically within the pigment epithelium- 
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choroid complex. The non-retinal response of the frog 
has been recordec recently by micropipette electrodes in 
the pigment epitkelial cells, which he immediately at the 
surface of the;eys cup preparation’. Both the first and 
second phases,of the response are inverted ın these intra- 
cellular records, so the non-retinal response appears to be 
generated by the zells of the pigment epithelium. 

The non-retinal response 1s so resistant to light adap- 
tation that true efects of light adaptation were not clearly 
demonstrated in the initial report’. We have now found 
that during a sequence of maximum intensity flashes at 
15-sec intervals, both the second and third phases decrease 
slightly in amplitude; initial amplitude is then recovered 
after dark adaptation. Following isolation of the first 
phase by ‘Carbowax’ Ringer’s, a similar schedule of 
stimulation and dark adaptation produces similar effects 
on the amplitude of the first phase. Thus all three phases 
of the response shaw quite small effects of light adaptation. 
This is in contrast with responses of the toad’s retinal 
photoreceptors, which show marked .effects of light 
adaptation®. An important question is whether all three 
phases of the non-retinal response result from the ab- 
sorption of light by a single type of photopigment. 
Because resistance to light adaptation is a unique property 
of this response, th similar small effects of light adaptation 
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Fig. 2. Isolation of tke first phase of the non-retinal response by a 
hypertonic extracellulat medium. Record 1 1s a control response with 
Ringer’s solution in the.eye cup Then the Ringer’s solution was sucked 
out and a Ringer’s solution containing ‘Carbowax’ was introduced (see 
text). Record 2 was taken about 20 sec after this procedure, and record 
3 was taken after 170 ssc. Record 4 shows the final effect in a different 
preparation, ın which ‘Carbowax’ Ringer's gave an isolated Initial 
phase which was particalarly large, and record 5 shows this isolated first 
phase at higher sweep speed. In record 5 a stimulus artefact, which 
resulted from discharge of the condenser in the light source, was intro- 
duced deliberately for suming purposes, 1b was recorded as a vertical 
line, and the response rses rmmediately after the artefact. During these 
records the stimulus was repeated at 15-seo intervals, fer control of 
light adaptaticn, and the temperature was about 25° C 
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on the three phases are strong evidence that the three 
phases result from the absorption of light by a single 
type of photopigment. Recent results indicate that this 
pigment is melanin. The response which resists light 
adaptation is large and readily demonstrated in the eyes 
of pigmented rats, while a superficially similar but smaller 
response from the eyes of albino rats’ now seems to be 
due to the early receptor potential. These findings were 
first made by Arden®, and have been confirmed by Brown 
and Crawford’. 

We also observed the effects of lowering the temperature 
on receptor responses in the isolated retina of the toad, 
using previously described methods of isolating the retina 
and recording from it’. This was done in order to compare 
the effects of lowered temperature on the retinal responses 
with effects on the non-retinal responses of the same 
animal. The a-wave of the electroretinogram, which 
results from the rise of the late receptor potential®, dis- 
appeared when the temperature was reduced to the range 
of 5°-9° C. Further reduction of temperature eliminated 
the second phase of the early receptor potential and 
isolated the first phase; this occurred at about 0° C. Thus 
the three phases of the response from retinal photoreceptors 
show a similar order of temperature-dependence. But 
the second and third phases of the retinal response do not 
survive to such low temperatures as analogous phases of 
the non-retinal response in the same species. 

In both the retinal and non-retinal responses, the first 
and second phases are quite rapid by comparison with the 
slower third phase. But at room temperature the second 
phase of the non-retinal response attains its peak after 
about 0-3 msec, while the second phase of the early 
receptor potential of the toad occurs after about 1-75 
msec, Also the third phase of the non-retinal response 
must begin after less than 0-3 msec, because its amplitude 
can affect the measured amplitude of the second phase, 
while the late receptor potential of the toad’s retina 
does not seem to begin until after at least 5 msec. 
Thus the second and third phases of the retinal response 
appear to be slower than analogous phases of the non- 
retinal response. Of several possible explanations for 
this, one is the greater length of the retinal photoreceptors. 
The first two phases of the non-retinal response have the 
same polarity as the two phases of the early receptor 
potential. But the third phase of the non-retinal response 
is positive, while the late receptor potential is negative, 
when recorded under comparable conditions, This is an 
intriguing point which requires further investigation. 

The entire non-retinal response was well supported by 
placing either 0-9 per cent sodium chloride or frog Ringer’s 
in the eye cup. When the sodium chloride in the Ringer’s 
solution was replaced by sodium nitrate, there was no 
distinct effect. But when the sodium chloride was re- 
placed osmotically by sucrose or lithium chloride, the 
third phase was reduced in amplitude within 1 or 2 min 
and then abolished. Thus the third phase is dependent 
on sodium ions in the eye-cup solution. Also ouabain 
(5 x 10— M), which depresses active transport of sodium 
across cell membranes’, slowly and selectively reduced 
the amplitude of the third phase. This suggests that the 


NATURE 


JULY 9, 1966 


VOL, 211 


third phase is dependent on an active transport of 
sodium ions. Bub the second phase seems insensitive to 
the ionic composibion of the eye-cup solution, and the 
first phase can even withstand dehydration of the cells. 
In these respects, also, the non-retinal response seems 
comparable with responses of retinal receptors. The a- 
wave of the electroretinogram, which serves as an index 
of the late receptor potential, is critically dependent on 
sodium ions1)»!2, It is also abolished by high potassium 
concentrations, which presumably depolarize the retinal 
receptors**. On the other hand, the early receptor potential 
is not affected by the ionic composition of the bathing 
medium!>+4, 

Thus the findings reported in this article greatly increase 
the likelihood that the sequence of electrical responses 
in retinal photoreceptors is a fundamental one which 
occurs also in a more primitive type of photosensitive 
cell in the pigment epithelium-choroid complex. It 
seems possible to explain readily the detailed differences 
which have been noted on the basis of differences in the 
absorbing photopigments or in the generating cells. 
Thus the two response sequences seem to represent 
variations on a basic theme, as expected if a fundamental 
response sequence is investigated in photoreceptors at 
different levels of specialization. In this sequence it 
seems very likely that the first phase is generated by a 
solid-state potential. It survives dehydration of the 
cells, is not affected by the ionic composition of the bathing 
medium, and has a very low temperature-dependence 
which permits its survival well into the sub-zero range. 
The general possibility of solid-state potentials in excitable 
cells has already been suggested*~!’, and this type of 
potential would now seem to have been found in photo- 
receptors. The characteristics of the second phase are 
rather transitional between those of the first and third 
phases, and the third phase appears to result from a 
transmembrane ion flux. 

During this work, one of us (K. T. B.) was a Fellow of 
the Commonwealth Fund, on sabbatical leave of absence 
from the University of California Medical Center in San 
Francisco. This work was also supported in part by a 
grant from the National Institute of Neurological Diseases 
and Blindness, U.S. Public Health Service. 
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BIREFRINGENCE OF DIAMOND 


By Pror. S. TOLANSKY 
Royal Holloway College, University of London, Egham, Surrey 


It is generally considered, both from its morphology and 
etching figures, that diamond belongs to the holohedral 
cubic system and that it should not show birefringence 
unless strained. Yet it has been common knowledge since 
1815, when Brewster described double refraction in some 
diamonds, that many diamonds are, in fact, birefringent. 
It has generally been assumed that these were strained 


either during growth or later. There have been conflicting 
views as to how widespread is this diamond birefringence. 
The most significant contribution to this subject is that 
of G. Friedel!, who described a polariscope investigation 
of 200 diamonds and of 150 thin cleavage sheets. He 
reported that all the crystals showed some degree of 
birefringence and that so also did many of the cleavages. 
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In the extensive literature dealing with the diamond, 
very little has been published concerning terrestrial 
micro-diamonds, if we call as such (quite arbitrarily) 
diamonds smaller than 0-2 mm across. With the advent 
of some millions of carats of synthetic diamond of just 
this size, it is now of interest to compare the properties of 
synthetic diamond with natural diamond of comparable 
size. In the standard grease-table recovery technique 
used at diamond mines, quantities of small-mesh tailings 
are collected, but it is not economic or useful to sort 
this material. I have acquired 350 carats of small-mesh 
South African mine tailings and a search through this 
has yielded 3,000 clear transparent well-formed micro- 
diamonds. They are present in the tailings to the extent 
of a fraction of 1 per cent, the rest being breakage frag- 
ments from much larger crystals. 

These small whole crystals are about equally divided 
between octahedra, dodecahedra and triangular twins. 
There are no cubes, which is in conformity with usual 
South African experience. Some 10 per cent of the octa- 
hedra show a small black inclusion. Inclusions are quite 
rare in both the dodecahedra and the triangular twins. 
These crystals are now being investigated from the point 
of view of determining their morphology, surface micro- 
topography, fluorescence and birefringence. This report 
will deal only with their birefringence. 

Surprisingly enough, without exception, all 3,000 ex- 
hibited birefringence. Despite the small thickness, in 
most, the double refraction can be fairly large, and fre- 
quently several bands appeared under the polarizing 
microscope. Observations were deliberately made with a 
light source of only moderate intensity, so that any near 
approach to extinction would not be over-illuminated. 
The occurrence of birefringence in all these small, clear, 
well-formed crystals was so unexpected that arrange- 
ments were made with the central diamond distributing 
organization (Industrial Distributors) to examine a con- 
siderable number of selected gem-quality diamonds for 
birefringence. Two thousand such diamonds were specially 
selected by their expert sorters, as follows: (a) 1,000 
crystals (1 carat each), mixed octahedra and dodecahedra ; 
(b) 400 flat triangular twins (1 carat each); (c) 200 half- 
carat selected “Cape dies”? (dodecahedra), traditionally 
for drilling, for wire dies, and reputed to be long-lasting 
in use; (d) 400 1 carat fragments (chips). 

All 2,000 diamonds were examined, singly, with a 
simple pocket polariscope consisting of two crossed 
‘Polaroid’ disks and a x10 eyepiece, the combination 
fitting over a small hand torch. Without exception, all 
these gem-quality selected crystals showed some degree of 
birefringence. There was a wide range in response, but 
complete extinction was not obtained with any of the 
diamonds. Twenty crystals (that is, 1 per cent) exhibited 
a strong localized birefringent region which was clearly 
linked with a slight local defect or inclusion. About 100 
erystals (that is, 5 per cent) were only weakly birefringent, 
and in most of these the transmitted light appeared in 
rectilinear patches lying in crystallographic directions. 
On average, the 200 Cape dies showed less birefringence 
than did the rest of the diamonds, thus confirming the 
traditional belief in their strength. Yet many did show 
several bands of polarization. Notable were the 400 
chips, for nearly all showed considerable double refrac- 
tion, some long chips being the most birefringent of all 
those examined. 

On the basis of these observations made on 3,000 fine- 
quality micro-diamonds and on 2,000 good-quality gem- 
stones, it is certainly not rash to conclude that the 
chances of finding a non-birefringent diamond appear to 
be remote. There is clearly now a very strong case for 
believing that almost all diamonds are birefringent. My 
observations on 5,000 good-quality diamonds confirm the 
tentative conjecture made by Friedel (in 1924 with his 
200 diamonds) that probably all diamonds are birefrin- 
gent; however, I am quite unable to accept the explana- 
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tion which he proposed, and I shall offer here an alterna- 
tive one. 

Finding a transition temperature at 1,885° C (ref. 2), 
where diamond tends to shatter catastrophically, Friedel 
argued that all diamonds, initially isotropic at formation, 
pass through a plastic state, sufficient to accept permanent 
deformation the eause of which is associated with this 
transition temperature. He went on to argue that this 
creates the strain leading to the ubiquitous birefringence. 

I shall offer quite a different explanation. Harrison and 
I? have sectioned and etched numerous diamonds and 
have always been able to demonstrate the existence of a 
stratigraphical etch pattern, often strictly linear, which 
clearly indicates that diamond must have grown by 
successive layer formation. Fig. 1 is a typical strati- 
graphical etch pattern on the surface of a l-mm slice cut 
from the mid (girdle) region of a fine-quality transparent 
octahedron observed by oblique illumination. Bright 
regions are areas which have accepted heavier etching. 

By pg mp this slab in light of wave-length just 
shorter than 3009 A (which can distinguish type 1 from 
type 2 diamond) I found that the darker regions of Fig. 1, 
which are those free from etch (or relatively less etched), 
are type 2 diamond, while the brighter (heavily etched 
regions) are of type 1. 

Now this diamond like the rest is birefringent; a 
polariscope pictwre of the slab is shown in Fig. 2. The 
slab is highly birefringent and a remarkable correlation is 
obvious between the etch pattern and the birefringence. 
To account for this, it is only necessary to postulate that 
there exists some small difference in either the thermal 
expansion property or the elastic strength or the lattice 
dimension of the two distinct types of diamond. Such 
an assumption would adequately explain the close cor- 
relation between the birefringence pattern and the 
stratigraphy. 

To account for the birefringence it is then necessary to 
propose that all diamonds are layer mixtures of type 1 
and type 2 material. Such a conjecture not only explains 
the universal occurrence of birefringence, but it also 
accounts for the catastrophic shatter described by Friedel 
and Ribaud. Fè explains also the microcharacter of 
diamond cleavage surfaces. In most diamonds despite 
the intermixing. one type usually dominates the other, 
and it is this dominant type which determines the 
ultimate classifieation. I have already demonstrated’ 
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by interferometric studies on 
diamonds which are predominantly type 2 cleave 
much flatter than those which are predominantly 
type 1. Yet any cleavage usually shows distinct regions, 
some of which cleave well, mixed with regions which 
cleave poorly. The conjecture that I make here as to an 


cleavage planes that 
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intermix of types would also explain this aspect of 
cleavage. 

Friedel’s idea of a mere mechanical strain is not able 
to explain why so many of our observed strain patterns 
follow linear crystallographic directions. On the con- 
trary, because in my view the crystel has grown by way 
of oriented sheet layers, it is clear that the interfaces 
between type 1 and type 2 can, in faet, be expected often 
to orient parallel to crystallographic directions; thus the 
appearance can be predicted of strain pattern fringes 
lying along crystallographically oriented directions— 
and this is found. 

Friedel’s theory also fails to explain the appearance of 
strong birefringence in the many chips or fragments. If 
mere direct mechanical strain were the cause of bire- 
fringence in diamond, it could reasonably be anticipated 
that when such a strained crystal fractured it would 
tend to do so in such a manner as to tend to relieve the 
mechanical strain. Thus it would be expected thet such 
strain-relieved fragments would, on the whole, show less 
birefringence than complete crystals. Yet the contrary is 
true, which implies that the birefringence is built into 
the fragments and cannot be released by the act of 
fracture. In our view, a complete mixing of types would 
automatically lead to high strain and, if such a strained 
erystal fractured, the individual pieces, being also com- 
plex, would still remain highly strained. as in fact is 
observed. Thus I noted considerable strain in all the 400 
chips which I studied. The strain cannot be relieved by 
the act of fracture if an intermixing of type 1 and type 2 
is responsible for the birefringence as I suggest here. 


' Friedel, G.. Bull. Soc. Frang. Mineralogie, 47, 60 (1924). 

* Friedel, G., and Ribaud, G.. Bull. Soc. Franç. Mineralogie. 47, 94 (1924). 
* Harrison, E. R., and Tolansky, 5., Proe. Roy. Soc., A., 279. 490 (1964). 

* Tolansky, S., Surface Microtopography (Longmans, London, 1960). 

* Tolansky, S., Microstructures of Diamond Surfaces (N.A.G. Press. 1955). 


NICKEL (Il) COMPLEXES OF THE TETRADENTATE MACROCYCLE 2,12- 
DIMETHYL-3,7,11,17-TETRAAZABICYCLO (11.3.1) HEPTADECA-| 
(17),2,11,13,15-PENTAENE 


By JACK L. KARN and Pror. DARYLE H. BUSCH 


Department of Chemistry, Ohio State University, Columbus 


As part of the investigation’ of the reaction of linear 
polyamines with 2,6-diacetylpyridine in the presence 
of metal ions, Curry prepared the macrocyclic complex 
cation, 2,12-dimethyl-3,7,11,17-tetraazabicyclo (11.3.1) 
heptadeca-1 (17),2,11,13,15 pentaene-nickel (II), here- 
after referred to as NiZ*> (Structure I). 


The perchlorate salt was characterized by its infra-red 
spectrum, elemental analyses (carbon, hydrogen, nitrogen 
and chlorine), and determination of the formula weight 
in water using a ‘Mechrolab’ Osmometer (calculated for 
monomer, 516; found, 518). Rich and Stucky? claimed to 
have isolated the tetrachlorozincate salt of this cation 
but have offered spectral data for a product that has not 
been analysed. They have identified the copper complex 
as the tetrachlorozincate. 

The complex ion of structure I, NiZ?*, is planar with 
unhindered axial sites, so that salts containing anions or 
other donors, such as water, provide a series of tetragonal 
complexes in which the nickel ion is subjected to a rela- 
tively constant in-plane ligand field but varying axial 
perturbation. Some of the chemical and physical pro- 
perties of a number of these complexes have been examined 
in the course of a general investigation of tetragonal 
macrocyclic nickel (IT) complexes. 


Syntheses 


NiL(CIO,), was prepared as described by Curry! by 
the reaction of stoichiometric quantities of NiCl,-6H,O, 
diacetylpyridine, and diaminodipropylamine in 50: 50 
water-ethanol solution for several hours at 60° C. After 
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the removal of the bulk of the ethanol by evaporation, 
the crude product was precipitated by the addition of 
concentrated aqueous sodium perchlorate. The product 
was recrystallized from warm water, yielding grey-brown 
needles which turn brick red on removal of co-ordinated 
water in vacuo. The dihydrate of the perchlorate salt was 
prepared by letting the anhydrous salt stand in a water- 
saturated atmosphere. 

The chloride and thiocyanate salts were prepared by the 
addition of lithium chloride or sodium thiocyanate to an 
acetone solution of the perchlorate salt, the chloride or 
thiocyanate immediately precipitating. These products 
were recrystallized from chloroform. Both these products 
precipitate as anhydrous salts, but the chloride readily 
picks up water to form the hydrate, turning from olive 
green to grey. The brown thiocyanate shows no tendency 
to pick up water. 

NıLBr H,O was precipitated by the addition of a 
concentrated solution of sodium bromide to aqueous 
NiZCl,. The product was recrystallized from warm water. 
The addition of concentrated sodium bromide solution to 
aqueous solutions of NiZ(ClO,). or Ni£(BF,). results in 
the precipitation of the mixed salts NiZBr(BF,)-H,O or 
Ni£ZBr(C10,)-H,0. 

The analytical data are reported in Table 1. 


Magnetic and Spectral Properties 


The magnetic susceptibilities of the samples were 
determined from room temperature to liquid nitrogen 
temperatures by the Gouy method. NiZ(ClO,), and 
NilZnCl, (ref. 3) are diamagnetic, and are presumed to be 
square planar complexes. The infra-red spectrum of the 
perchlorate salt shows no evidence of co-ordination by the 
perchlorate anions. NiZCl,, NiL(SCN), and Nii(H,0),- 
(ClO;), are paramagnetic species which exhibit normal 
Curie-Weiss temperature dependence. The Curie-Weiss 
plots for these complexes are shown in Fig. 1, where the 
curves are constructed from a least squares fitting of the 
depicted data points. 

NiDBr,H,0O is diamagnetic. This is interesting in view 
of the fact that similar macrocyclic complexes of nickel, 
such as the bromide salt of the hexamethyltetraazacyclo- 
tetradecane complex reported by Curtis’, are paramag- 
netic. Since stereomodels indicate that the axial sites in 
NiL?+ are considerably less hindered than in the Curtis 
macrocycle, the failure of bromide to produce a para- 
magnetic complex cannot be attributed to steric factors. 
It may be that, as a result of the stronger field produced 
by the azo-methine groups in NiL?*, the weak axial per- 
turbation produced by the bromide ion is insufficient to 
unpair the electrons of the nickel(II) ion. It seems quite 
unlikely, however, that Ni£Br,-H,O is a 6-co-ordinatie 
species with both bromides co-ordinated, since the com- 
plex shows no solubility in chloroform in which Ni£Cl,, 
NiZ(SCN),, and the tetragonal chloride and bromide salts 
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Fig. 1. Temperature dependence of susceptibility of tetragonal com- 

plexes of 2,12-dimethyl-3,7,11,17-tetraazabicyclo (113.1) heptadeca-1 

(17),2,11,13,15-pentaene O, NiZ(H,0),{ClO,),, wveff=3-22 B., 

@=19-1°; A, NILSON), veff=311 BM, @=03°, @, NıLCh, 
uef =322 BM., 6=69° 
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of the Curtis macrocycle are soluble. It is also difficult 
to explain the mtense colour of this complex if 6-co- 
ordination is asstmed. 

A particularly striking observation is that the visible 
absorption spectram of NiZBr,-H,0O is virtually identical 
to that of the mixed salts NiLBr(BF,) H,O and NıLBr- 
(ClO,)H,0 and markedly different from that of the planar 
NiLZ(ClO,), compiex or the tetragonal NıLX, (where 
X is chloride, thiocyanide or water) complexes. Examples 
of these spectra, which were run on Nujol mulls using a 
‘Cary 14’ spectrophotometer, are given in Fig. 2, and the 
band maxima are tabulated in Table 2. 

The possibility that water is co-ordinated at one axial site 
in these complexes with bromide at the opposite position 
is rather remote, since the average field thus produced 
should be at least as strong as that resulting from the 
axial co-ordination of chloride, which produces a para- 
magnetic complex. Although the possibility of 6-co-ordi- 
nate bridged bromide complexes cannot definitely be 
ruled out for NiZBr.H,O, NiZBr(BF,)-H,O, and NiZBr- 
(C1O,)-H,O, the abjection to such structures on the basis 
of the deep colcur of these complexes can again be 
raised. The co-crdination number of five seems highly 
likely for these substances. 

The part played by water in these complexes is almost 
certainly a significant one. NilBr,-H,O and the two 
mixed salts contain 1 mole of water which is not removed 
by heating to 100° C ın vacuo. The infra-red spectra of 


Table 1. ANALYTICAL DATA FOR THE COMPLEXES 


Compound Carbon Hydrogen Nitrogen Chlorine Selphur Bromine Fluoride 

NiZ(C1O,)s T 34°91, 4:26 10 86 13-74 

F: 35°36 “41 10 89 14 06 
NiZCl, T- 46 43 5°72 14-44 18°28 

F 46 32 ö 80 14-35 18 34 
NiL(SCN), P. 47 13 5 12 19-40 14 80 

F. 47 30 5 64 19°15 14 82 
NiZBr, H,0 T 36 40 4 88 11 32 32:29 

F 36 48 § 02 11:20 32 15 
NiZBr(B¥F,)-H,0 p: 35 90 4 82 11 17 15 14 

F: 36 21 4 82 11-02 14 64 

Percentage water loss on drying N1Z(H,0),(C1O,), z A . A 
Table 2 
Compound v4 A Py P Ys Va Py 

Ni£Cl, 9,350 (wk) 14,3006 19,200 
NiL(SCN ). 10,800 (sh) 13,900 18,900 (sh) 25,400 (sh) 
N1Z(H30)_(C104%s 18,900 21,800 (sh) 25,200 
NiZ(C104)s 17,900 (sh) 24,200 28,600 
NiZBr. H0 16,500 18,200 21,800 
NiZLBriCloO,) H0 16,600 18,200 21,800 
NiLBr(BF,) H0 _16,500 18,200 21,800 
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these complexes show sharply split bands in the region 
of the O—H stretching frequency, and it seems likely that 
the molecule of water exerts a profound effect on the 
structure of the complex. A number of examples of the 
interaction of water with co-ordinating anions have been 
observed previously. The anhydrous chloride and bromide 
salts of the Curtis macrocycle are paramagnetic, while 
their dihydrates are diamagnetic’. Since the spectro- 
chemical series would lead one to expect, if anything, the 
reverse behaviour, it must be assumed that water is 
interacting with the halides in some manner which either 
prevents their co-ordinating or weakens their donor 
strength. Similarly, Melson and Busch have found that the 
bromide and chloride salts of the complex ion tetrabenzo- 
[b, f, 7, n] [1, 5, 9, 13] tetraazacyclohexadecine-nickel(II) 
contain one mole of water, which can only be removed 
with difficulty, and have postulated that hydrogen 
bonding between this water molecule and the halides 
is responsible for lowering the ligand field of the halides 
and producing the abnormally low magnetice moments 
observed for these complexes. 

A. particularly interesting hydrate structure has been 
proposed by Goodgame and Venanzi to explain the fact 
that the dihydrate of bis(N,N-diethylethylenediamine) 
nickel(II) bromide is paramagnetic whereas the anhydrous 
compound is diamagnetic’. In this case Goodgame and 
Venanzi suggest that hydrogen bonding as shown in 
Structure IT is responsible for holding the bromide ions 
in the axial sites. 


H H 
sarr, 
i Br 
H 
\ ft 
| a | 
Eth SNH 
Et Ae 
Bro 
H~ cH 


(11) 


A similar interaction of water with the bromide in 
NilBr, and the mixed salts, which have only one N—H. 
bond, would produce essentially 5-co-ordinate, diamagnetic 
complexes. The choice of this structure (IIT) is a com- 
pelling one, since it accounts for the tendeney of the 
complex to bind only one molecule of water and for the 
splitting of the O—H band in the infra-red spectrum. 
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Fig. 2. Electronic spectra of solid complexes of 2,12-dimethyl-3,7,11,17- 
tetraazabicycle (11.3.1) heptadeca-1 (17),2,11,13,15-pentaene 
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The intense colour of the complexes, which exist as fine 
black needles, is consistent with this low degree of sym- 
metry. The molar conductance of NiJBrBF,H.O in 
CH,NO, is 84-1 ohm- at 21°, as expected for a uni- 
univalent electrolyte’. 


Reduction of the Azo-methine Linkages 


The catalytic reduction of the azo-methine linkages in 
this macrocycle yields two isomeric products which are 
red and yellow in colour. with the red form predominating. 
The infra-red spectra of the products show enhancement 
of the N—-H band at 3,180 cm- and diminution of a band 
at 1,570 cm-t, presumably the C=:N band in the starting 
material. The complete disappearance of this band is 
not observed because it coincides with a band originating 
from the diacetyl-pyridine moiety. Hydrogen uptake is 
consistent with that expected for the reduction of both 
azo-methine linkages. It can be concluded that these two 
isomeric forms are geometric isomers with the two methyl 
groups extending on either the same or opposite sides of 
the plane of the nickel ion (meso and racemic, respectively). 
Further results on the reduced complexes and its salts 
will be reported elsewhere. 

This investigation was supported by a grant from the 
U.S. Public Health Service from the National Institute 
of General Medical Sciences. 


Curry, J. D., thesis, Ohio State Univ. (1964). 
2 Curry, J. D., and Busch, D. H., J. Amer. Chem. Soc., 88, 592 (1964). 
3 Rich, R. L., and Stucky, G. L., Inorg. and Nucl. Chem. Letters,1, 85 (1963). 
t Curtis, N. F. (pmvate conversation). 
5 Melson, G. A., and Busch, D. H., J. Amer. Chem. Soc., 86, 4830 (1964). 
Goodgame, D. M. L., and Venanzi, L. M., J. Chem. Soc. 616 (1963). 
7 QH, N., and Nyholm, R S, J. Chem. Soc., 3997 (1959). 


No.5045 JULY 9, 1966 


NATURE 


163 


EVIDENCE OF TWO SOUND CHANNELS IN THE POLAR ATMOSPHERE 
FROM INFRASONIC OBSERVATIONS OF THE ERUPTION OF AN 
ALASKAN VOLCANO 


By C. R. WILSON and S. NICHPARENKO 
Geophysical Institute 
AND 
Pror. R. B. FORBES 
Geophysical Institute and Department of Geology, University of Alaska, College 


AT daybreak on January 24, 1966, ash-charged vapour 
columns were seen over Mt. Redoubt from Kena: and 
Anchorage, Alaska. Reports soon confirmed that the 
column, was being erupted through a new fissure vent on 
the north ridge of the volcano below the old crater. Mt. 
Redoubt (3,110 m) is located at 152° 50’ W. long., 
60° 30’ N. lat., 550 km from College, Alaska, at an azimuth 
of 210°. The voleano has been active during at least five 
previous occasions in historical time as summarized in 
Table 1. 
Table 1. Mt. REDOUBT VOLCANO 


Year Type of activity 
1778 Active (type unknown) 
1818 Smoke ienn and/or ash clouds) 
1902 Active e unknown 
he j Smoke (steam and/or ash clouds) 


Sporadic emission of vapour plumes (from a new 
fissure on north flank) 


The chronology of the recent eruptive cycle is: 

January 24, 1966. A turbulent ash-charged cloud 
which reached an altitude of 6,100 m was reported over 
the volcano; the presence of a new vent at the 2,300-m 
level on Redoubt was reported by aircraft in the area. 

January 25-27, 1966. Heavy cloud cover obscured 
the voleano; however, on January 25 an eruptive cloud 
appeared above the cloud deck. Its height was estimated 
at 12,000 m by a jet pilot flying near Redoubt. 

January 28, 1966. Helicopter reconnaissance by one 
of us revealed that activity had decreased to the rather 
steady emission of a turbulent but ash-free steam cloud. 

February 5, 1966. A second eruptive cycle of ash- 
charged gas columns began after a quiescent period of 
9 days. 

February 6-8, 1966. Visual observations were hampered 
by bad weather conditions, but reports on February 8 
indicate the emission of a persistent 4,570-8,100 m ash- 
charged vapour column throughout the day. 

February 9-10, 1966. Another day of marginal visi- 
bility; two columns were erupted which were closely 
monitored by U.S. Air Force radar facilities and aircraft 
at Kenai, Alaska. Shortly after 1900 h v.r., a U.S. Air 
Forco plane reported the emergence of a brown-coloured 
turbulent cloud which mushroomed at 13,720 m from a 
closed deck below. This elevation was confirmed by U.S. 
Air Force radar control at Kenai. On February 10, at 
0050 h V.T., the radar station, at Kenai reported another 
eruption, cloud which mushroomed at 9,700 m. 

February 20, 1966. Activity was markedly reduced 
from February 10 until February 20 when a Geophysical 
Institute seismic research team on the south ridge of Mt. 
Redoubt reported a steam and ash cloud at 1938 h V.T. 
which rose to 5,000 m. There has been no further activity 
other than the emission of a continuous column of steam 
. similar to the activity which characterized the two interim 
quiescent periods. 

So far, lava has not been erupted from the new vent 
and no crater development has been observed. The 
ejecta deposited by the eruptive clouds are composed of 
andesite pumice, scoria and lithic fragments, and a sand- 
sized fraction consisting of discrete and fractured grains 


of quartz, feldspar and hornblende, which has apparently 
been derived from granitic sub-voleanic basement rocks. 
Glass shards are rare or absent in ejecta deposited up to 
1 km from the vent and the lithic and erupted fragments 
show no evidence of magmatic transport. 

The explosive clouds erupted by Mt. Redoubt were 
apparently derived from the rapid degassing of an ande- 
sitie magma which was initiated at considerable depth. 
The lithic fragments were probably derived from the 
attrition of andasite flows within the volcanic pile, but 
the pumice and scoria are believed to represent the 
vesiculated and degassed equivalent of the juvenile 
magma. 

During the period of January 24-February 20, 1966, 
infrasonic pressure waves travelling at acoustic velocities 
were observed st the Geophysical Institute at College, 
Alaska, following the eruptions of Mt. Redoubt. The 
infrasonic signals were detected by a quadrilateral array 
of microphone stations using equipment and techniques 
developed by the National Bureau of Standards?. Assum- 
ing a plane wave solution, one can, determine the azimuth 
of the arriving signal as well as the horizontal trace 
velocity Vn of the waves from the arrival times of the 
pressure waves at the four microphones. If the angle 
between the ware normal and the horizontal plane is «, 
then « is given by Va = sec x, where Fẹ is the local 
velocity of sound. From the analogue recording of the 
pressure variaticns as a function of time one can obtain 
the absolute amplitudes, the periods and dispersion of the 
infrasonic waves. ‘The acoustic waves from the Mt. 
Redoubt eruptions were recorded without filtermg on 
magnetic tape and also on charts with two different 
bandpass filters, namely, an N7 channel filter with half- 
amplitude pointe at 9 sec and 70 sec, and an N6 channel 
bandpass from 0 1 sec to 35 sec. 

Six separate irfrasonic events were associated with the 
various eruptions of Mt. Redoubt. Each of these events 
can be related so the eruption of a specific turbulent 
cloud. The strength of the infrasonic signals was generally 
proportional to she height of the erupted cloud. From 
the observed character of the eruptions the infrasonic 
pressure waves were probably generated by the sudden 
ejection of large volumes of high-pressure gas by the 
volcano rather than by explosions of the type reported 
by Gorshkov? and Goerke et al.’ for Bezymianny and 
Agung volcanoes. 

The characterstics of these six infrasonic events are 
given in Table 2 together with the height of the erupted 
cloud in metres and the component of the wind in m/sec 
at the 30-km level from an azimuth of 210°. The average 
azimuth of all tne infrasonic signals from Redoubt was 
210:8° with seldom more than +5° variation from this 
direction. The various waveforms of the infrasonic 
pressure waves are shown for events numbers I, 2, 4 and 
6 in Fig. 1 in which the waves have been superimposed to 
give the best correlation of phase of the pressure waves 
among the four microphone sites. 

Table 2 shows that for all events, with the exception of 
number 3 in which the signal was only a single pressure 
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Table 2. MT, REDOUBT INFRASONIO SIGNALS dioud 
ou 
No, 1966 U.T. Ne channel N7 channel Amplitude Duration Period height Wind 
Date =. re Va (m/sec) 9 Va (m/sec) . (dynesjem) (min) . (sec) . (m) (m/sec) 
1 1-24 1000 — 202° 339 1-5 8 75-80 g 
1012 me 220 430 2-0 8 70-50 } 8,100 20-6 
2 1-25 2130 - 209° 1) 8637 206 331 > 100 25 65-25 } 13 000 9 14-9 
2139 —_ 211 404 > 100 15 15-10 a 
8 2-5 0230 216 336 211 389 25 spike 10 sec — $8 
4 2-9 1944 210 316 211 | 860, 7 20 30-20 | 13,720 -98 
1956 213 407 ‘ 914 408 16 20 30-20 . 
5 2-10 0102 207 346 215 - $53 2-5 8 40-30 9.700 ~ 13-9 
0112 mam - 207 450 2-0 3 40-30 } r 
6 2-20 2008 206 319 . 207 366 1:38 3 10 5.000 34 
2010 208 456 203 429 1:0 i 10 : 


spike, there were two arrivals of infrasonic energy asso- 
ciated with each volcanic eruption. The two successive 
arrivals of infrasonic energy can best be seen in Fig. 1 for the 
events on January 24 and February 20. The first arrivals 
are at 1000 h and 2003 h, while the second ere at 1012 h 
and 2010 h on January 24 and February 20, respectively. 
A difference in the alignment of the superimposed pressure 
records between the first and second signals is indicated 
by the break in the time line: The sequences of numbers 
1, 2, 4, 3 on the time line in Fig. 1 give the time of arrival 
sequence of the waves at the four microphone sites. The 
difference in the character of the incoherent noise and the 
presence of an infrasonic signal can be clearly seen in 
Fig. 1 for the January 25 event. The four’pressure traces 
exhibit random. fluctuations from the beginning of this 
record until 2130 h'when the coherent signal arrived and 
all four traces became superimposed. 

The average delay time between the two infrasonic 
signals is 10 min for the five events. The trace velocity 
is greater for the second signal than for the first in all 
these events. The averaged velocities are V» = 343 
m/sec for the first wave and Vp = 426 m/sec for the 
second. If the local acoustic velocity is given by C = 
20-60 yT m/sec, where T is the absolute temperature, 
then for the temperature measured by balloons at the 
7-km level of 230° K, we find that C = 304 m/sec. Using 
this velocity as an approximation of the group velocity 
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of the infrasonic waves, the travel time to cover the 
550 km distance by a level path would be about 30 min. 
Thus, a 10-min delay time for the second signal indicates 
that the path for the second signal was about 30 per cent 
longer than that for the first signal. If V, is assumed to 
be 304 m/sec, then the angle of incidence of the first wave 
is about 28° while that of the second is about 45°. From 
these considerations we conclude that the infrasonic 
pressure’ waves are travelling from Mt. Redoubt to the 
observing site by two different acoustic channels in the 
atmosphere. -The signal which arrives first travels in the 
lower sound channel, described by Diamond‘, between the 
ground and the 50-km level. The second signal which 
arrives from a larger angle of incidence travels in the 
higher channel, described by Pfeffer and Zarichny*®, from 
the 50-km to the 110-km level. 

The normal dispersion (that is, group velocity increasing 
with increasing period) of the wave trains of the first 
signal in events numbers 2 and 4, which can clearly be seen 
in Fig. 1, is consistent with the dispersion expected for 
acoustic propagation by the fundamental mode in the first 
sound channel’. Further evidence of the normal disper- 
sion of the ducted infrasonic waves can be found by 
averaging the trace velocities in Table 2 for the high- 
frequency N6 and lower-frequency N7 bandpass filters. 
The average velocity for the “first signal” which propa- 
gated in the lower sound channel for the N6 bandpass is 
342 m/sec while that for the N7 bandpass is 
359 m/sec. Thus a higher group velocity, 
characteristic of normal dispersion for, the 
longer period waves in the lower sound 
channel, ıs indicated by the higher average 
trace velocity for the signals observed on the 
1020 UT N7 relative to the N6 bandpass ‘filters. 
Superposition of the second signal on the 
tail of the first makes it impossible to deter- 
mine the dispersion characteristics of the 
second signal. 

No evidence was found of infrasonic 
waves that had propagated around the 
Earth by a great circle path through the 
Antipodes from any of the Mt. Redoubt 
eruptions as were observed in the case of 
the eruptions of Mt. Agung’. The lack of 
such east-to-west propagation af acoustic 
signals is consistent with the inhibiting 


Uf effect of the westerly winds on the lower 


sound channel in winter‘. 

The effect of the wind on the strength of 
the received signals may account in part for 
the difference in the amplitude and duration 
of the infrasonic waves. The amplitude of 
event number 2 was much greater than that 
of number 4. Although the heights of the 
erupted clouds were about the same for these 
two events, the wind at the 30-km level, 
as shown in’ Table 2, would favour the 


channel‘ for event 2 while inhibiting it in 
event 4. l 

The difference in the observed periods of 
the pressure waves for these two events can 
be used to show that event number 2 was 
intrinsically more energetic than number 4 


development of a strongly ducting sound . 
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even though some of the differences in their amplitudes can 
be explained by wind effects. Hunt et al. have shown 
that the average period of the largest wave due to an 
explosion in thé atmosphere is roughly proportional to 
the cube root of the energy released by the explosion. 
The mean periods of the waves in events 2 and 4 averaged 
over the first four cycles are 55 sec and 21 sec, respectively. 
The ratio of the infrasonic energy released in event 2 
to that in 4 would then be (7,/7',)? or about 18 to I. 
Unfortunately the bad weather conditions on January 
25 prevented this being verified by visual observations. 

It is possible to estumate from the amplitude of the 
pressure waves the volume of gas ejected by the 
volcano by use of a model developed by Hunt et al.*. 
They calculate the pressure variations as a function of 
time and distance from a source which injects 1 km? of 
gas into the atmosphere. By extrapolation of their 
curves in Fig. 7a for the pressure variations at a distance 
of 1,000 km from the explosion site to the closer distance 
of 550 km (the Redoubt to College distance) it was found 
that the injection of 1 km? of gas at the explosion site 
would cause a 30-dynes/cm? pressure wave at a distance of 
550 km from the explosion. The volume of gas ejected 
by the Redoubt eruptions which generated the infrasonic 
pressure waves can be found by calculating the ratio of 
the observed pressure variation at College to the extra- 
polated theoretical variation of 30 dynes/em? and multi- 
plying this by 1 km‘. 

The maximum amplitude of the February 9 infrasonic 
pressure wave from the magnetic tape record was 16 dynes/ 
cm?. This gives a volume of gas injected into the atmo- 
sphere by the eruption of about 0-5 km*. Because the 
signal from the January 25 eruption was off-scale on the 
chart recorders and had saturated ‘the magnetic tape 
record, we can only estimate the volume of gas 
ejected by Mt. Redoubt for this event as eighteen times 
that of the event of February 9, or 9 km’. This follows 
from our previous discussion of the relative energy of the 
events of February 9 and January 25 which we derived 
from the ratio of the periods of the two infrasonic waves. 

The energy of the eruptions which ejected the gas clouds 
from the fissure vent on Mt. Redoubt can be found by 
calculating the work done by the ejected gas in expanding 
against the ambient atmospheric pressure at the level 


y 
of the vent. The energy is thus given by fPdv where 
0 
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F is the volume of the ejected gas and P is the constant 
pressure at the 2300-m level or 0:8 x 10° dynes/cm’. 
The energy necessary to inject 0-5 km? of gas in the 
February 9 eruption is thus (0-8 x 10° dynes/em*) 
(0-5 x 1035 em’) or 4 x 10% ergs. For the January 25 
eruption the enerzy would be about 7 x 10%! ergs. 

Our findings can be compared with those of G. Ñ. 
Gorshkov? in his study of the explosion of Bezymianny 
volcano, Kamacnatka, U.S.S.R., on March 30, 1959. ~ 
Using microbarozraph data from eight meteorological 
stations at distamces from 45 km to 760 km from’ the 
voleano, Gorshkcv calculated an average value of 3 x 
1022 ergs for the air wave generated by the explosion. 
Gorshkov stated that about 10 per cent of the total energy 
of the voleanic explosion was transformed into resultant 
air wave energy Thus Gorshkov estimated the total 
energy of the Bezymianny eruption to be approximately 
3 x 102? ergs. 

In the case of Mt. Redoubt, because of the non-explo- 
sive character of the eruptions, the fraction of the total 
energy of the eruption which was consumed as work 
necessary to eject the gas clouds against atmospheric 
pressure is thought to represent the majority of the 
energy of the eruption. Some energy would be used in 
imparting kinetis energy to the solid ejecta; perhaps 
one-third of the total energy. Thus we can establish 
lower limits for the energies of the Mt. Redoubt eruptions 
as 6 x 10° ergs for the event of February 9 and I: ve x 

10”? ergs for that of January 25. > 
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PRODUCTION OF MESONS IN THE NUCLEI OF GALAXIES 


By Dr. D. F. FALLA 
Department of Physics, University College of Wales, Aberystwyth 


THE emission, of radiation by electrons from the decay of 
mesons produced in high-energy astrophysical processes 
has frequently been discussed. Some years ago, Burbidge? 
and Ginsburg? considered ~ meson production in the 
interaction of fast cosmic ray protons with galactic 
material; while Burbidge and Hoyle? consideréd « meson 
production in the annihilation of anti-nucleons. The 
electrons from the meson decey reactions: 


m>u+vandu oe +v+y (1) 


could then, under favourable conditions of electron energy 
and galactic magnetic field, produce synchrotron radiation 
in the optical and radiofrequency regions of the spectrum. 
Burbidge and Hoyle found that it was possible, on the 
basis of their proposed model, to meet the luminosity 


requirements of the most energetic radio sources, provided 
that the number of anti-nucleons in the galaxy could be 
maintained at a constant level—a level which would, 
moreover, be zonsistent with the pair production of 
nucleons at a rate given by the requirements of steady- 
state cosmology. 

In these mcdels, no assumptions had to be made 
regarding any possible localization of the meson produc- 
tion process wichin the galaxy. 

Later, Burb:dge, Burbidge and Sandage* presented 
detailed evidenze for the occurrence of violent events in 
the nuclei of galaxies, including the Seyfert galaxies and 
@ number of tha strong radio sources, and suggested that 
the nuclei may have many effects on the structure and 
evolution of taese galaxies and may be the ultimate 
sources of their' energy. Hoyle and Fowler®' at the same 
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time proposed a model on which an energy sufficiently 
large to account for the strong radio sources could be 
produced by a galactic nucleus, in the form of a massive 
star, as a result of its gravitational contraction. 

Following the discovery of the quasi-stellar radio 
sources’, several further models were advanced to 
account for the existence of highly localized sources of 
great energy: Fowler*?° developed the massive star 
model, and & similar system was discussed by Greenstein 
and Schmidt"; while Field?*, Woltjer*® and Gold et al.™ 
considered various processes which could occur if the gal- 
actic nucleus were to consist of a stellar cluster rather 
than & single star. 

I shall propose here a model which has features in 
common with several of those already suggested. We 
consider @ process whereby new material is accreted from 
intergalactic space by a galactic nucleus consisting of 
hydrogen already at an advanced stage of condensation; 
and we shall now investigate the situation for which this 
material, before its entry into the galactic nucleus, has 
acquired an energy exceeding the threshold for the pro- 
duction. of x mesons and anti-nucleons. Adopting a phrase 
originally applied by Salpeter*5 to the accretion of inter- 
stellar matter by a massive star, this process ean be 
described as one of “catastrophic accretion”. I suggest 
that such a process, centred on a galactic nucleus of radius 
somewhat greater than its Schwarzschild limit, could lead 
to the production of x mesons and anti-nucleons: decay 
of the = mesons would give rise to fast electrons as 
already discussed, while the anti-nucleons would give 
the same ultimate decay products, but by way of the 
production of x mesons in the process of annihilation 

_ For a proton or hydrogen atom, henceforth referred to 
simply as a proton, entering the gravitational field of the 
galaxy from a distance which is large by comparison. with 
the radius (R) of the nucleus, the appropriate equation of 
motion gives the final velocity (Be): 


5 IMG 7 
Bo = “SE = Fa (Rep) (2) 


where M and p are the mass and density of the galactic. 


nucleus, and G the constant of gravitation. (R is the 
Schwarzschild radius for the mass M at B = 1.) 

The production of m mesons and anti-nucleons may 
occur in initial interactions of the types: 


p+ip>»N+N+n (3a) 
and 


p+p>N+tN+4N4+Ñ: (3b) 


In the first the proton energy threshold for the production 
of a single n meson (n = 1) is 300 MeV, while in the 
second the threshold for the production of an anti-nucleon 
is 5-6 GeV. We calculate from equation (2) the values of 
Rp required for the attainment of the corresponding 
values of B : R? p equals 0-685 x 10?? g em~ for equation 
(3a), and 1-575 x 102? g cm~ for equation (3b). 

We consider proton-proton interactions at an arbitrary 
energy of 7 GeV, for which R?ọ has a value very similar 
to the second of these figures, and for which many data 
have been collected from experiments with the Nimrod 
and Bevatron proton synchrotrons. From this required 
value of R? p we calculate p and also M, expressed in solar 
mass units, for different values of R. Some of the results 
are given in Table 1. 

_A galactic nucleus specified by one of the sets of figures 
given in Table 1 could act as a 7-GeV cosmic proton 
accelerator, and give rise to the production of r mesons 


Table 1. PARAMETERS DESCRIBING GALACTIO NUCLEUS 


R o M 
(cm) (g cem) MO 
101 16x10- 2-3 x 108 
1975 1-6 x10 3°3 x 10° 
10%* 1-6 x 10-5 3°3 x 10% 


t 
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and anti-nucleons in the process of catastrophic accretion 
occurring at this energy. 

It is essential, however, that the charged «= mesons 
should have a large probability of free decay, eventually 
to electrons, and only a small probability of secondary 
interaction. This condition immediately sets an upper 
limit to the density of the hydrogen of the galactic 
nucleus. We estimate from the results of calculations by 
Morgan}* that an approximate mean momentum for m 
mesons produced by 7 GeV protons is 1 GeV/c. In 
general, the mean free path for meson decay at a 
momentum of p is given by: 





A (decay) = techy = (2 =) 


where + is the proper lifetime of the meson. Now it is 
the lifetime of the x meson which is relevant here, because 
only the strong interactions of the « mesons offer com- 
petition to the production of decay electrons, even though 
the u meson has the longer lifetime. Taking, therefore, 
a value of + equal to 2-55 x 10-8 sec, we find that 
A (x decay) = 5-45 x 103 em. For the interaction of 
charged mesons in hydrogen we estimate, from data 
summarized by Kallén!’, that the total cross-section at 
1 GeV/c is 38 millibarns: the mean free path for inter- 
action is then given by ìA(m interaction) = (Npo)-? 
=: (0-023 p)-1. In order that, for the m mesons, decay 
should be more probable than interaction, (0-023 p) > 
5-45 x 10°, which sets an upper limit to e equal to 
0-8 x 10-8 g em". This corresponds to a lower limit for 
R of 4-45 x 101 cm. 

The range of possible values of R is also limited by the 
mass of the galactic nucleus. If we take as a guide the 
figures for the dimensions and mean density of our own 
Galaxy’, we find that unless # < 3 x 1018 em the whole 
of the galaxy mass is concentrated in the nucleus; and 
if we consider only galactic systems similar in total mass 
to our own, this value of R may be taken as an upper 
limit to the radius of the galactic nucleus on our model. 

With regard to these limits, we conclude that an 
acceptable value for R would be 10 em, with values for 
p and M as given by Table 1, although it could be as 
high as 101° em if an appreciable fraction of the galaxy 
mass were concentrated in the nucleus. The former figure 
is taken ın most of the subsequent calculations. 

For a catastrophic accretion process centred on & 
galactic nucleus described by these figures, the interaction 
mean free path for the incident protons, initially in the 
tenuous material of the envelope and then in the denser 
material of the nucleus, may be estimated approximately 
in terms of the proton—proton cross-sections and the 
appropriate densities of the material. A survey of the 
values taken by the cross-section over the energy range 
corresponding to the difference in radii of the galactic 
envelope and the galactic nucleus suggests that at no 
stage is the proton acceleration process inhibited appreci- 
ably as a result of proton interaction with the material 
of the envelope: for a mean density of galactic material® 
of 7 x 10-*4 g em~’, a proton can easily derive enough 
energy from the gravitational field over a distance of an 
interaction mean free path to more than compensate for 
any energy loss by collision. For the galactic nucleus, 
we may take for the inelastic cross-section the particular 
value of 27 mbarns!® which, for the value of p already 
estimated, corresponds to a mean free path of 3-9 x 104cm. 
It can therefore be concluded that the protons incident 
on a galaxy described by our model reach the centre 
without an appreciable loss of energy, and that their 
interactions are localized in the extreme periphery of the 
nucleus. ; 

We now estimate the rate of production of energy in 
the form of fast electrons inside the galactic nucleus. 
First, we calculate the flux of protons, AN jdt, gravitating 
from the region of intergalactic space, at a distance & 


m e ee 


A 


A 
+ 
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from the galactic centre, where the density of protons 
iS pọ em; 


dN 64 
+ = (= MG pT protons sec"! (4) 


where T is the accretion time for protons from this 
region, and which is related to R by the expression: 


T =x A sec (5) 


If we take for ® a distance equal to half the mean 
separation between galaxies in a cluster of typical size, 
and set the maximum energy attained by the protons 
equal to our arbitrary energy of 7 GeV, so that M has 
the value already estimated, we find that: 


“a = 3:92 x 1054 p, protons sec~* (6) 
The corresponding value of T is 1-31 x 10:8 sec, which 
is of the order of the Hubble time. Only a comparatively 
brief phase towards the end of this total accretion time 
is, however, relevant to the occurrence of the high-energy 
processes at present being considered on our model. 

Secondly, we estimate the mean energy produced, in the 
form of fast electrons, per incident proton. We assume 
that the whole of the inelastic cross-section of 27 mbarns’® 
represents direct m meson production in proton interac- 
tions of the type (3a). The meson multiplicity n measured 
at this energy, the m meson charge ratio deduced from 
charge independence, and a small correction, for the finite 
probability of n meson secondary interaction together 
give the result that the mean number of decaying charged 
z mesons is 1-2 per incident proton. We estimate that for 
& z meson momentum of 1 GeV/c about 4 per cent of the 
meson decay energy appears in the form of fast electrons, 
and we finally obtain the figure of 7-6 x 10-5 ergs for the 
mean, electron energy produced per incident proton. 

To see if the catastrophic accretion process could give 
arate of energy production comparable with that observed 
for the quasi-stellar sources, we shall leave aside for the 
moment any consideration of the other products of the 
incident proton interaction, and try to explain the energy 
production in terms of electron energy alone. Combining 
the figures obtained for incident proton flux and electron 
energy produced per proton, and leaving po, the density 
of protons in intergalactic space, as an undetermined 
parameter, we put the product equal to the total lumin- 
osity of a quasi-stellar source, taking for example the 
figure of 104° ergs sec-! for the source 3C 273 derived 
from the estimate made by Greenstein and Schmidt": 


(3-9 x 1054) x (7-6 x 10-5) py = 10% (7) 


which has the solution pọ = 3-4 x 10-5 cm-*. If we had 
taken R as 108 em, the right-hand side of equation (6) 
would have been (1-24 x 1055) pọ protons sec~!, which 
would have given pọ = 1-1 x 10 cm. These values of 
Qo correspond to hydrogen densities in intergalactic space 
of 5-7 x 10- gem and 1:8 x 10-2° g em for R = 104% cm 
and R = 10° om, respectively. 

These figures are very similar to the theoretical values 
discussed by various authors: Sciama?°, for example, 
suggests that matter exists in intergalactic space with a 
density of 2 x 10-?®g em-5, An upper limit to the density 
of neutral hydrogen, in intergalactic space, derived from 
the results of observations at a frequency of 21 em dis- 
cussed by Davies*!, is 4:3 x 10-29 g em~. On our cata- 
strophic accretion model, the density is the total density 


of intergalactic hydrogen, both neutral and ionized, so` 


that our figures are consistent with this upper limit for 
a wide range of levels of ionization, each level corresponding 
to a different temperature for the intergalactic hydrogen. 
Sciama** has, however, pointed out that if the temperature 
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of the intergalactic gas exceeds 10° °K, the gas is thermally 
stable against collapse. As we may expect a similar con- 
dition to apply tc our model, it is clear that the model 
may be feasible nly if the temperature is, in fact, less 
than this limiting value. 

Recently reported?’ observations by Gunn of the 
Lyman-a radiation from the quasi-stellar source 3C 9 
have suggested tkat the density of intergalactic neutral 
hydrogen may be as low as 5 x 10-5 g om-. If this 
result is confirmed, then we may have to revise our con- 
clusions in one of two ways: either we may take this 
figure to be an ind-cation of a very high level of ionization, 
in the event of which our model in its present form may 
no longer be feasible for the correspondingly high gas 
temperature; or we may take the figure to be an indica- 
tion of a very low total gas density, in which case our 
model is still feasible but gives a lower rate of energy 
production. For the second alternative, an improved 
situation would result if the “local” density of the inter- 
galactic gas withim a galactic cluster were several orders 
of magnitude highar than that outside: the rate of energy 
production could then, be as large as previously estimated. 

Whether a giver intergalactic hydrogen atom is neutral 
or ionized would sem to matter most when it enters the 
envelope of the galaxy. At this stage of the accretion 
process, the kinetic energy is already greater than the 
lonization energy for hydrogen, so that ionization, of a 
neutral atom occurs when it interacts with the material 
of the outer enve-ope. Any free electrons produced in 
this process can Le expected to diffuse inwards, but to 
an extent which is significantly affected by local values 
of the galactic maznetic field. 

In considering energy production in the nucleus of the 
galaxy we have orly, so far, dealt with the contribution 
made by fast elecsrons from charged meson decay, and 
have assumed that these electrons when injected into the 
magnetic field of the nucleus can produce observable 
synchrotron radiat-on. Our conclusions would be modified, 
in favour of our obtaining a more powerful energy source 
for a given intergelactic gas density, if other products of 
high-energy protox interactions of the types indicated in 
equation (3) were also taken into consideration. We 
estimate that whereas less than 1 per cent of the incident 
proton energy is converted into the energy of fast electrons 
via charged m meson decay, about 10 per cent appears in 
the form of gamma-ray photons from x° meson decay, 
and 15 per cent im the form of neutrinos. Some of the 
gamma-ray photons, which are of mean energy 50 MeV, 
should undergo secondary interactions in the nucleus, 
also producing fast electrons. 

Electrons which escape into the envelope, where tho 
strength of the ga.actic magnetic field is probably much 
less than inside tae nucleus, should radiate at a lower 
energy level than they would if retained in the nucleus: 
perhaps the energy of most of these electrons is emitted 
in the radiofrequency continuum, while that of electrons 
retained in the nuc-eus is emitted in the optical continuum. 

Whatever the mechanism of its production may be, 
radiation emitted from a galactic nucleus such as we have 
described is strongly affected by the gravitational field 
of the nucleus. Fcr a nucleus which is capable of acceler- 
ating particles to 3 velocity of Bc, the gravitational red- 
shift (52/2) of radiation, emitted from its surface is 48°. 
In order for this efect to be consistent with the Doppler 
(“cosmological”) interpretation of the observed red-shifts 
associated with the quasi-stellar sources, we must assume 
that the emission lines of the optical spectrum are pro- 
duced in material outside the nucleus, in regions where 
the gravitational potential of the nucleus is much lower 
than at its surfaœ. Any gravitational red-shift which 
these lines may have is inextricably combined with the 
Doppler red-shift Cue to any radial component of velocity 
within the galactsc material. We estimate that for a 
galactic nucleus baving mass and radius as calculated, 
the gravitational red-shift for material at a distance of 
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only 10-1 parsec (pc) from the galactic centre is equal to 
the Doppler red-shift for velocities of the material of 
108 km sec-}. 

Now the occurrence of velocities of 2 x 10° and 
3 x 10 km sec! in the quasi-stellar sources 3C 48 and 
3C 273 has been deduced by Greenstein and Schmidt! 
from the widths of emission lines from regions of diameter 
10 pe and 1 pe, respectively. If the events inside and in 
close proximity to the galactic nuclei we have déscribed 
are indeed related to the production of quasi-stellar 
sources, then the small gravitational red-shifts predicted 
may well be completely obscured by this additional 
observational feature of high velocities in the source 
material. 

These emission “lines, originating in the innermost 
region of the galactic envelope, are presumably excited 
by the electrons which escape from the nucleus. (An 
electron at a distance of 10 pe from the galactic centre 
has an energy of about 10 eV, and so is capable of inducing 
optical transitions in hydrogen and other light elements 
of the galactic material.) In general, it would seem that 
electrons which give up their energy at a large radius 
(> 10-1 pc) from a galactic centre provide & means 
whereby energy produced as the result of a gravitational 
process can be radiated without appreciable modification 
by gravitational red-shift. ` 

The picture we now have representing high-energy 
events occurring in the galactic nucleus and its immediate 
environment is related by several common features to 'the 
model of quasi-stellar sources constructed by Greenstein 
and Schmidt}! from detailed considerations of all the 
available observational data. On this model, a quasi- 
stellar source consists of three concentric regions: the 
first, of radius < 1 pe, gives rise to the optical continuum 
and may contain a central object of mass ~ 10° Mo; the 
second, of radius 1 pe—10 pe, is the source of the emission 
lines; and the third is an outer region from which the 
radiofrequency radiation is emitted. Observations by 
Smith and Hoffleit?? of the variations in optical intensity 
of 3C 273 over a number of years have mdeed indicated 
that the size of the optical component of the source is 
< 1 pe, at a conservative estimate, and could be much 
smaller, ~ 10-2 pe (3 x 10! cm). 

Greenstein and Schmidt found that, in order to satisfy 
total energy requirements, for an estimated lifetime of 
10° years for the quasi-stellar source and for a synchro- 
tron emission model with equipartition between magnetic 
field and total particle energies, it was necessary to have 
a source of energy, possibly associated with the central 
massive object, which provided a steady supply of high- 
energy electrons. Now the process of catastrophic acere- 
tion which we have discussed is a mechanism by which 
this central massive object, if identified with the galactic 
nucleus of our model, could act as the required 
high-energy electron source. (Regarding the continuous 
generation of relativistic particles in, for example, the 
nucleus of 3C -273, we note the possible similarity of the 
nucleus in this respect to that of the Crab nebula, pointed 
out by Shklovsky**, who suggested that if the two phen- 
omena are similar in nature and differ only iri seale, then 
there would be difficulties in explaining them on an 
accretion, model*.) 

The length of time over which a galactic nucleus acts 
as a source of high-energy electrons cannot be estimated 
from our model alone. Electron production, begins when 
the accretion process has produced an energy above the 
threshold for v meson production, and ends when the 
“stellar” evolution of the accreted material of the galactic 
nucleus has attained a stage beyond which the density 
of the material exceeds the limit corresponding to the 
meson decay condition. The lifetime of the source is, 
therefore, defined in principle; although it has not been 
estimated, because our own knowledge of the probable 


course of evolution of such s massive accretion is not at’ 


present sufficient. 
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After I had completed the work described here, I 
realized that Zel’dovich and Novikov™ had considered a 
similar gravitational process—the accretion of interstellar 
material by a neutron star with the production of soft 
X-radiation. While the two gravitational processes are 
quite distinct, they are clearly of the same general type 
and form an interesting comparison. 

The calculations mace here have been based throughout 
on a model involving a number of simplifying assump- 
tions, and may best be regarded as numerical illustrations 
of the working of our model. They do indicate, however, 
that in the process of catastrophic accretion of inter- 
galactic hydrogen by the nucleus of a galaxy, highly 
localized sources of great energy may be produced; and 
they suggest that the nucleus, taken together with the 
innermost region (radius < 10 pe) of the galactic 
envelope, could perhaps be identified observationally with 
the optical component of a quasi-stellar source. 

The calculations also indicate that, with favourable 
conditions, such a source may occur at a phese during the 
lifetime of a galactic system having fairly typical pro- 
perties. (Although I heve taken a galaxy in a cluster as 
an example, I do not mean to suggest that quasi-stellar 
sources should necessarily be associated with clusters.) 

It would be interesting to correlate stages of evolution 
of a galaxy with different stages of energy production on. 
the accretion model. Both the total luminosity and the 
spectral distribution of the emitted radiation would be 
expected to change as the galactic material is continuously 
redistributed. I propose to investigate the consequences 
of the model when it is extended to cover such tim 
variations of the system. h 

For the present I suggest that catastrophic accretion 
may be one possible mechanism whereby some of the 
gravitational energy of a galactic system is converted into 
electromagnetic energy, and that this conversion may 
operate through the intermediary processes of r meson 
production, and decay. Se ws 
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discussion and constructive criticism. especially Dr. R. R. 
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of Bristol) and Drs. P. Clegg, B. W: Davies and H. J. 
Sherman, of the Department of Physics, Queen Mary 
College (University of London), and also Mr. G. A. Falla, 
whose interest in astronomy provided the initial stimulus 
for this work. 
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LETTERS TO THE EDITOR 


PHYSICS 


High Elastic Modulus Carbon Fibre 


PRESENT-DAY interest in fibre reinforeed composite 
materials has been centred on the difficulty of preparing 
suitable filamentary materials in large quantities. The 
attractive physical properties of whisker crystals have 
not, as yet, been exploited, because of the difficulties of 
bulk production of uniform whiskers. 

Of all filamentary materials, their physical properties 
give graphite whiskers greatest potential for composite 
development. Small quantities have been prepared and 
they are reported! to possess the highest tensile strengths 
(3 x 10° |b./in.2) and Young’s moduli (about 130 x 
10° tb./in.?) yet recorded for any material. In addition to 
this, the specific gravity is low (2°27) and the high strength 
and high modulus can be expected to be maintained to 
high temperatures. But, again, these whiskers are not 
amenable to bulk production by present techniques. 

Carbon fibres are available commercially in relatively 
large quantities, but their tensile strengths and Young’s 
moduli are too low (about 10° lb./in.? and 5-10 x 10° 
Ib./in.*, respectively) for them to be of any significant 
use as structural elements in composite materials. 

We have prepared carbon fibres of high elastic modulus 
in continuous lengths and in relatively large quantities, 
by precisely controlled heating of commercially available 
textile fibres to 3,000° C in both reactive and inert atmo- 
spheres. Average values of Young's moduli greater than 
60 x 10° jJb./in.2 with peak values more than 100 x 10° 
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Fig. 2. Cross-section of carbon fibre reinforced polyimide resin ( x 400) 


lb./in.2 have been attained. Average tensile strength 
values of 250,000 I>./in.* are typical. Fig. 1 shows typical 
modulus and strength distributions. The specific gravity 
of such fibres is usually in the range 1-8-2-0. The tensile 
strength and modulus values reported for graphite 
whiskers indicate that these carbon fibre values are poten- 
tially capable of great improvement, but the present 
values are sufficiently high to make these fibres out- 
standing. 


Table 1, COMPARISON GF THE MECHANICAL PROPERTIES OF A NUMBER OF 
ALLOYS WITH THOSE OF A CARBON FIBRE EPOXY RESIN COMPOSITE 


Tensile Young's Specific Specific 
Material Density strength modulus strength modulus 
(b.jiœ) (Ib./in.*) (1b./in.*) (in.-*) (in.~-*) 
Aluminium 
alloy—A/FLS 0-100 45,000 10-5 10° 450x 10° 105 10° 
Titanium alloy 
T/AM 0-154 65,000 17 x 10* 400x 10° 105x 10* 
Fibre glass epoxy 
x P219 0-073 155,000 7x10" 2,000 10° 92 x 10* 
Carbon fibre 0-081 90,000 40«10* 1,500 10" 660 10° 
epoxy 


Composites produced from this material include carbon 
fibre reinforced ecoxy resin and carbon fibre reinforced 
polyimide resin. A comparison of ‘the properties of the 
carbon fibre epoxy composite with those of other mater- 
ials is shown in Table 1. 

Fig. 2 shows e typical cross-section of carbon fibre 
reinforced polyimide resin. 

A. E. STANDAGE 
R. PRESCOTT 
Advanced Researea Department, 
Rolls-Royce, Ltd., Derby. 
! Bacon, R., J. App. Phys., 31, 283 (1960), 


Effects of Long-chain Molecule Additives in 
Water on Vortex Streets 


Tue spectacular reductions of turbulent friction which 
ean occur as a result of dissolving certain long-chain 
molecule substances in water! have still not been ade- 
quately explained An explanation might be sought in 
terms of a continuum theory relating the stresses in the 
fluid to its motion Various logieally possible sets of such 
constitutive equat ons have been proposed, and both the 
second-order fluid of Coleman and Markovitz* and the 
anisotropic liquid of Ericksen? seem attractive as possible 
models of dilute polymer solutions. It is desirable, there- 
fore, to try to devise simple experiments which will help 
to decide which model fits the real fluids best and determine 
the disposable constants in the theoretical model. 
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_ One of these constants in either model corresponds to 
the Newtonian viscosity as measured in conventional 
iteady-flow viscometers. This must be equal to the 
viseosity of water for zero additive concentration, and in 
fact it varies comparatively little for concentrations of 
additive up to about 100 weight parts per million 
(w.p.p.m.). The other disposable constants would be 
expected to be linearly proportional to concentration for 
small concentrations. 
_ As turbulence is a process dependent on time, it might 
be conjectured that the time-dependent terms in the 
theoretical models would be of particular significance 
with regard to turbulent drag reduction, and additions of 
different drag-reducing substances, in concentrations of 
roughly equal effectiveness for turbulent drag reduction, 
might all have been expected to produce similar effects 
on simple time-dependent flows. Further, these effects 
would seem likely to vary linearly with concentration. 
However, these reasonable expectations do not seem to 
be borne out, at first sight in any event, by the following 
experiments. 

A suitable simple time dependent flow can be generated 
by a circular cylinder of diameter d placed transversely 
to a flow of speed v. As is well known, alternate eddies 
are. regularly shed from the cylinder at a frequency n, 
forming a ‘vortex street’ wake, provided the Reynolds 
number vdjv (where v is kinematic viscosity) is in the 
appropriate range. In the present experiments the flow 











Was a jet of circular cross-section and diameter 2-0 mm 


falling under gravity from a header tank, and the cylinder 
was a wire of diameter 0-15 mm placed transversely to 
the axis of the jet at a point where the gravity head was 
15:7 em, so that the speed was 1:76 m/s. Thus Rœ 240 
and the Strouhal number S = nd/v ought to be about 
0-17, according to Relf’s resultst. The eddy-shedding 
frequency was measured by a strain gauge element which 
sensed the small oscillations of a stylus 1-8 mm below 
‘ire and in its wake. The results of measurements of 
he Strouhal number in water and various concentrations 
: v.p.p.m.) of various drag-reducing additives are shown 
in Table 1. 















- Table 2. MEASUREMENTS OF THE STROUHAL NUMBER (S) IN WATER AND 
| WERE VARIOUS CONCENTRATIONS (C IN W.P.P.M.) OF VARIOUS DRAG-REDUCING 


: | | ADDITIVES 

W: ge ut S O15—- O-17 

oxide 5 10 «15 20 30 40 
(Union Carbide 

“Polyox | 

WSR301') S 0-16 016 013 6-08-G-11 0608-0-09 0-08-0-09 
Polyseryl- 

amide C 18 36 #2 

(Dow Separan 

NP 30’) 5 0°16 


0-16 0-16 

Guar gum C 80 120 
S 015-016 0-16 

Small concentrations of all the additives made the 
eddy-shedding more regular than for water, where doubt- 
less some breakdown of the vortex street into turbulence 
was beginning to occur. Presumably the additives in- 
hibited this breakdown. However, as ean be seen, larger 
concentrations of polyethylene oxide produced a large 
reduction in eddy-shedding frequency, quite unlike the 
behaviour of the other two additives, and far from linear 
in concentration. The large reductions in frequency were 
accompanied by proportionate increases in amplitude, 

The threshold concentration of about 10 w.p.p.m. for 
polyethylene oxide, below which no reduction of the 
Strouhal number occurs, has no real counterpart in 
turbulent drag reduction. There—although there is a 
threshold shear stress which must be exceeded for drag 
reduction to oceur'—the drag reductions are linear in 
concentration for small concentrations. It is conceivable 

that in the present eddy-shedding experiments there is 
some mechanism which tends to lock the Strouhal number 








to about 0-16 or some sub-multiple of this, as for concen- 
< trations greater than 20 w.p.p.m. the Strouhal number 


tends to about 0-08-—half its initial value. Thus the 





NATURE, 


VoL. 214 


present results do not entirely rule out a constitutive 
equation in which the coofficients are linearly proportional 
to concentration. Furthermore, the tendency for the 
lower frequencies to be favoured at the expense of higher 
ones is not inconsistent with the behaviour of turbulent 
flows, where the smaller eddies are suppressed. How- 
ever, polyacrylamide solution of 30 w.p.p.m. concentra- 
tion or guar gum solution of 100 w.p.p.m. concentration 
would typically produce the same order of turbulent drag 
reduction as 15 w.p.p.m. polyethylene oxide solution, yet 
these fluids clearly do not behave similarly in the present 
eddy-shedding experiment. 

All this suggests, perhaps, that various different 
mechanisms may be responsible for turbulent drag 
reduction. This conjecture is supported by normal-stress 
difference measurements in progress at this Division, 
which show that here again polyethylene oxide behaves 
differently from solutions of polyacrylamide or guar gum 
of equal turbulent drag reducing potency. 

G. E. GADD 
Ship Division, 
National Physical Laboratory, 
Faggs Road, Feltham, Middlesex. 
* Gadd, G. E., Nature, 206, 468 (1965). : 
* Coleman, B. D., and Markovitz, H., J. App. Phys., 35,1 (1964), 
* Ericksen, J. L., Trans. Soc. Rheol., 4, 29 (19605, 
t Relf, E. F., Aero. Res. Coune. Rep. and Memo. No. 825 (7922-3), 
* Elata, C., and Tirosh, J., Israel J. Technol., 8 (1965), 


Turbulent-flow Properties of 
Deoxyribonucleic Acid Solutions 


Many natural and synthetic high polymer solutions 
have lower friction in turbulent flow than the pure solvent?. 
In an effort to devise an experiment to explain the 
mechanism involved, flow studies were made using 
deoxyribonucleic acid (DNA) together with various car- 
cinogens, steroids, acridine dyes, an antibiotic, and other 
materials which modify the effective molecular size, shape, 
and weight of the dissolved DNA. While the mechanism 
of friction reduction is still as elusive after these experi- 
ments as before, the interesting differences in turbulent 
flow properties of the various DNA-additive complexes 
may point to a simple way of estimating the effects of 
additives on the configuration of the DNA molecule. 

An apparatus for measuring the turbulent-flow prop- 
erties of fluid samples, based on the change in pressure 
loss due to pipe friction compared with that of distilled 
water, was used for the DNA tests?:3. This instrument 
gives an indication of the friction-reducing properties of 
high polymer sohitions. The test consists of measuring 
the pressure drop in a section of small pipe at constant 
flow rate corresponding to a Reynolds number of 14,000, 
first with distilled water, then with the test solution. 
Then the friction reduction can be caleulated using the 
relation : 

Percentage of friction reduction = 100 (1 — AP; JAP u) 


where AP; is the pressure drop using test solution, and 
A Py is the pressure drop using distilled water. 

All chemicals were commercially obtained, as well as 
the calf thymus DNA (Sigma Chemical Co.), and were 
used without further purification. The tests were made 
at 23° C, with a 0-15 M sodium chloride, 0-015 M sodium 
citrate, pH 7-0 solution as the solvent. This solution 
shows no difference from distilled water in flow charac- 
teristics in the test apparatus. Additives which dissolved 
in this solvent (no DNA present) did not affect the friction 
properties. 

Fig. 1 shows the results obtained for DNA and for DNA 
mixed with steroids, a purine, and a mustard. In each 
case a weight of chemical equal to half the weight of 
DNA in solution was added and stirred at 23° C for at 
least 1 h before testing. While DNA itself seers to be a 
very effective material in terms of reducing the turbulent 
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jou; mixtures of DNA plus these chemicals showed 
sistent change in effect. From these data it 
id seem that the binding*> of 178-ocestradiol, testo- 
caffeine, and tris(2-chloroethyl) amine has little 
= flexibility or other structural characteristics 
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Actinomycin-D aiso exhibits the same characteristic 
DNA although the binding may not involve in 
in this case’. In contrast, acridine orange seems 
colate! to such an extent as to separate the D 
components so that the. friction-reduction of t 
was practically identical to that of a DNA pre 
which had been denatured by bringing a water soh 
to 90° C and rapidly cooling. Er 
Tests with the carcinogens 3,4-benzpyrene and 
dibenzanthracene (Fig. 3) indicated substanti sl 
of the friction reduction effeet. I surmise this toa 
partial unwinding of the helix or at least. a weakening 
which allows mechanical shear partially to sep 
helix pairs. These materials seem to act by intercolation® — 
and the test date show that phenanthrene which is a near — 
carcinogen by several measures’? may act in almost: | the 
same fashion, l 
In summary, the method of measuring the ti 
friction resistance of DNA-complexes may offi 
insight into the ehanged structural characteristic ch 
occur. Since the method requires such simple apparatus, 
it seems that refinement of the technique : ofo 
value in further investigations of the physical effects of F 
additives on the DNA molecule. 
I thank Lt. M. F. Hayes, of the Naval Postgraduate 
Sehool, Monterey, California, who performed these ex- 
periments during a summer assignment at thi Station, 
and Dr. H. D. Brown, of Merck, Sharp an Doh me. 
Research Laboratories, for a gift of ‘Dactinomyein’. 
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Growth of Ice Tubes 


Ir has been known for many years that when supercooled 
water suddenly freezes, whisker-like growths may occa- 
sionally form on the upper side of the layer of ice covering 
the water. It would seem that this was first reported by 
H. G. Dorsey in 1921 (ref. 1), but it has since been men. 
tioned by several other observers?~*, 

Two theories have been put forward to account for the 
whisker-like growths. The earlier observers thought they 
were produced by reverse sublimation, that is, the capture 
of vapour molecules by the ice, and it was suggested that 
they might even be of single-crystal form. Bally*, how- 
ever, argued thet the needles might, in fact, be tubes of 
ice with & core of water. Unfortunately, their smell size 
(diameters a few tenths of a millimetre and lengths up to 
about a centimetre are typical), and the fact that neither 
the time nor the place of their sudden appearance can be 
predicted, have hitherto prevented detailed observation 
of their growth so that direct evidence of the growth 
mechanism has been absent. 

A new method of cultivating these growths was dis- 
covered in the course of other work, which results in 
specimens up to an order of magnitude larger than those 
grown by the conventional method. These large growths 
have been filmed, and this has provided conclusive 
evidence that Bally’s ‘tube’ theory of growth is correct. 

The growths are formed in a vacuum from frozen 
deaerated water. About 50 ml. of distilled water con- 
tained in a beaker is vigorously agitated with a vibrating 
stirrer, inside a vacuum chamber where the air pressure 
is reduced to about 0-1 mm mercury absolute. Under 
these conditions the water boils vigorously at room tem- 
perature, and the air previously dissolved in the water 
is extracted. Then the stirrer is switched off, and the 
vacuum is momentarily released. This sudden increase 
in pressure forces any traces of undissolved air into 
solution in the deaerated water, thus removing any 
nuclei that might later have initiated boiling. 

When the vacuum is restored the water does not boil 
but enters the metastable region, where the pressure is 
below the saturated vapour pressure, that is, it becomes 
superheated. When the stirrer is in action it promotes 
vigorous agitation in the water, which still does not boil 
but remains in a superheated state. This may seem sur- 
prising in view of the widely held belief that metastable 
conditions in water are disrupted by vigorous agitation. 
Numerous experiments in this laboratory have shown, 
however, that agitation has no effect on a moderately 
superheated liquid, or even on a liquid under moderate 
negative pressure—provided that gas nuclei have been 
completely removed and that the agitation is not such as 
to introduce fresh nuclei. 

In this condition of agitated superheat, rapid evapora- 
tion occurs. This cools the water progressively, and after 
& few minutes its temperature falls well below freezing 
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Fig. 1. Graphical representation of the double metastable state in 
liquid water (supercooling-cum-superheating) 
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Typical ice-tube formation. (The stirrer rod is 0:25 in. in 
diameter) 


Fig. 2. 
point. The water is then doubly metastable: it is both 
superheated and supercooled, simultaneously. 

This condition is illustrated in Fig. 1. The region below 
the saturation line AB corresponds to the superheated 
state, while the region to the left of the melting curve CD 
corresponds to the supercooled state. Consequently, the 
shaded area, which is below AB and to the left of CD, 
corresponds to the double metastable state, where the 
liquid is both superheated and supercooled. If seeded 
with an ice crystal it will freeze, but if seeded with a gas 
bubble it will boil. 

When the temperature of the water falls to about 
— 10° C, spontaneous freezing occurs. A solid disk of ice 
forms on the surface, and a network of ice crystals inter- 
spersed with water forms beneath. After a period which 
may be anything from a few seconds to a few minutes, 
an ice needle may grow rapidly from the upper surface 
of the ice. 

The needles may take a wide variety of forms. A needle 
may be straight or gently curved as in Fig. 2. It may bend 
very sharply, and even bend through 180° uncil it ends by 
returning to the ice surface from which it emanated. 
Needles grown by this method are usually between 2 mm 
and 3 mm in diameter, and up to 5 em long; their rate 
of growth is of the order of 1 em per sec. 

The growth of a number of these large specimens has 
been filmed at 50 frames per second, and when the film 
is projected at 24 frames per second it can be seen that 
the ‘needles’ are, in fact, hollow tubes of ice with a core 
of water, as was conjectured by Bally*. This is most 
clearly apparent at the moment of cessation of growth, 
when the core of water can be seen to freeze. Sometimes 
the wall of the tube can be seen to burst. under the 
pressure generated by the freezing of the water inside it. 

While a tube is growing its tip is hemispheriea] in shape, 
and the surface of the hemisphere can be seen to pulsate. 
It is evident that the tip consists of an unfrozen drop of 
water. The outer edges of this drop of water rapidly 
freeze, thus progressively lengthening the walls of the 
tube, while the drop is continuously replenished by fresh 
water passing up the inside of the tube. 

Pressure is obviously required to foree the water up 
the tube. This pressure is evidently generated by the 
expansion of water as it freezes slowly in the enclosed 
space between the upper disk of ice and the walls of the 
beaker. That this is so may be seen by using a slightly 
contaminated beaker for the experiment; in this case 
the disk of ice does not adhere perfectly to the wall of 
the beaker, no pressure is generated, and an ice tube 
does not form. 

A film of these experiments, complete with a sound 
commentary, has been prepared and may be borrowed 
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Technique for the Measurement of the 
Transit Time of an Optical Signal 


During the past several decades numerous arrangements 
have been developed for measuring the time of transit 

of a beam of light propagated over a tropospheric path. 

In these arrangements the transit time is determined by 
measuring the phase shift of modulation on the beam™ ê, 
Most of this work has been carried out in connexion with 
measurements of (1) the velocity of electromagnetic 

| ves, (2) geodetic distances, and (3) atmospheric tur- 
3 tence. 













COo “This communication presents still another configuration 
for such phase measurements by combining elements 
found in several of the approaches already referred to. 
The combination described here appears to possess several 
characteristics which might, in certain applications, 
provide improved performance compared with those 

-.. Suggested in the literature to date. 

~The suggested scheme is similar to the techniques 

a escribed by Bergstrand! and that used by the Central 

Radio Propagation Laboratory at microwave frequencies 
<o since 19557-8, In fact, it may be considered to be the latter 
< technique modified to propagate the microwave measuring 
signal as polarization modulation on an opticel frequency 
carrier rather than by direct radiation and reception of 
the microwave signal. The principal differences between 
this technique and the one used by Bergstrand are the 
. cheterodyning process for reducing the measuring signal 
to lower frequencies and the use of direct linear phase 
comparison. 
The basic system is shown in Fig. 1. At terminal 1 
a light beam is polarization modulated by modulator 1 
and transmitted along the path to terminal 2, where it is 
modulated again by modulator 2. The modulating 
- signal at terminal 1 is obtained from a stable reference 
-oscillator operating at frequency f, of, say, 10 GHz. 
The modulating signal at terminal 2 is obtained from a 
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voltage-controlled oscillator the frequency (f+) of which is 
chosen such that f.—f,=f1, where f: is, say, 50 kHz. The 
polarization modulation is then converted to intensity 
modulation by polarizer 2. 

The intensity-modulated light emerging from polarizer 
2 has a componen> at frequency fi which is detected and 
converted to an electrical signal by photodetector 2. This 
intermediate frequency (IF). fi, is compared in the 
phase detector wita a 50 kHz signal generated at terminal 
2 by the IF reference oscillator. The output from the 
phase detector is applied as an error signal to the voltage- 
controlled oscillater. This phase locks the voltage- 
controlled oscillater to the microwave modulation on the 
incoming light beam and ensures that fa —fi= fi. 

Simultaneously, a light beam is transmitted from ter- 
minal 2 to terminal 1. This beam is first modulated by 
modulator 2, transmitted along the path, then passed 
through modulatcr 1 and polarizer 1. When this beam 
emerges from polarizer 1 it also has a component of 
intensity fluctuation at frequency fi, which is converted 
by photodetector 1 to an IF signal of frequency fi. This 
IF signal is returned to terminal 2 for phase comparison 
with the IF signal generated by photodetector 2. 

Except for a constant term, the phase difference between. 
the IF signals generated at terminals 1 and 2 is equal to 
the phase difference of the modulation signals travelling 
along the path, and thus provides a measure of the transit 
time. Since the same analysis applies here as applies. to 
the Bergstrand and Central Radio Propagation Laboratory 
systems referred to above, this aspect will not be repeated. 

The polarizatien modulation of the light beams is 
accomplished by the common technique in which the 
original beam frorn the source is passed through a polarizer 
and an element ths birefringent properties of which depend 
on an electrical potential (Kerr cell, Poekel cell, ete). 
Aside from focusing and intensity considerations, the 
coherence properties of the beam itself have no particular 
significance for this application. 

By the use of a single transit of the beam over the path, 
more light power and less scintillation are achieved than 
with systems in which the beam is reflected back over the 
path to the poins of origin®. For an order of magnitude 
calculation, assume a collecting aperture diameter of 
20 em, divergence of 0-1 milliradian for the beam (represen- 
tative of a laser beam: the relative improvement realized 
in the case of a wider beam is correspondingly greater), 
and the atmospkeric attenuation of 0-5 dB/km. There 
results an increass of light intensity given by: 

(P,/P.)=(0-5L+ 20 log 05L) dB 
where L is the path length in kilometres, P, is the light 
intensity available at the photodetector for a one-way 
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sion, and P, is the light intensity available at 
yhotodetector after reflexion back over the path. 
t term on the right-hand side arises from the attenu- 
f the light beam in the atmosphere. The second 
esses the fraction of the beam area intercepted 
ollector at the terminal where it is received and 
that the latter lies completely within the former. 
km path (P,/P,) is about 19 dB, for 20 km about 
and soon. This does not take into account reflexion 











gain in received light intensity is purchased at the 
providing the auxiliary link, but the essential 
ems involved in obtaining a suitable link have been 
already’. Other advantages include the use of 
phase measuring with its attendant simplicity, 
acouracy, and high-frequency response and the absence 
0 able light paths, obviating problems of depolariza- 
additional optical elements. 
apper value to the modulation frequency may be 
by the state of available modulators to frequencies 
her than a few GHz for continuous operation. 
peration may be required for higher frequencies. 
-use of a second telescope and modulator might 
-to be a disadvantage compared with some 
4:19.11 However, these systems have a back-scatter 
i which may be quite serious. In this arrangement, 
| -oo because of the increased received light intensity compared 
with a system using a reflector at one terminal, back- 
< scatter should be accordingly less important. Further- 
- more, back-scatter can be further reduced in this system 
by the use of nearly monochromatic light sources at slightly 
different. wave-lengths and the appropriate narrow-band 
optical filters before each photodetector. 
In the measurement of geodetic distance through the 
troposphere one of the more serious difficulties is the 
_ determination of the average refractive index along the 
path. It has been suggested®? that the atmospheric 
dispersion in or near the visible portion of the spectrum 
>- -is large enough to be useful in determining this average 
_. refractive index. 
< The extension of this system to include the measure- 

























. a ment -of atmospheric dispersion is relatively straight- 
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Fig. 2. Modifleation to permit determination of atmospheric dispersion 


light from separate sources. At terminal 2, the incoming 
beam containing both light wave-lengths is passed through 
modulator 2, where the modulation on each is hetero- 
dyned to the IF frequency. The voltage-controlled 
oscillator is phase-locked as before to one of the incoming 
signals. By means of the narrow-band optical filters each 
of the photodetectors responds to the modulation on the 
corresponding component of the incoming beam. The 
phase shift between these photodetector output signals 
will be proportional to the dispersion of the propagation 
path. As discussed in the references, this information 
can then be used to correct the path length indicated by 
the first part of the system. 

L. E. Woop 

M. C, Tromrson, jun. 
U.S. Department of Commerce. 
Environmental Science Services Administration, 
Boulder, Colorado. 
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‘ Froome, K. D., and Bradsell, R, H., J. Sci. Instrum., 88, 458 (1961). 


* Richter, H., and Wendt, N., Rep, distribated at the TAG Symp. Electro- 
mag. Dist. Meas., Oxford (£965). 
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’ Herbstreit, J. W., and Thompson, jun., M. C., Proc. Inst. Radio Eng., 48, 
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* Prilenin, M. T., Trudi Tsentral’nago Nauch-na-Issledovatal’ skogo Instituta 
Geodezil Aeros’ emki i Kartografil, No. 114, 127 (1957), 
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ASTROPHYSICS 


Radio Astronomical Detection of Helium 


WE report the detection of three radio lines arising from 
transitions between highly excited states of neutral 
helium (He). The observations were made with the 
60-ft. telescope of Harvard University during the months 
February—April 1966. The observed helium lines result 
from transitions of the n + 1-»n type between states 
160 and 159, 159 and 158, and 157 and 156. Conforming 
to the notation suggested in our recent work: on excited 
hydrogen, we shall cal these transitions “He 1562’, 
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1580’ and ‘He 159’, respectively. Their respective rest 
squencies are 1716-372 Mc/s, 1652-214 Mc/s and 1621-332 
Mc/s. (Adopting a more recent value of the Rydberg 
tant Ro (ref. 2), the rest frequencies of the lines 
ported in our previous reports (refs. 1, 3) are slightly 
odified. The frequencies for H 156«, H 158« and H 
6x are 1715-673 Mc/s, 1651-541 Me/s and 1424-734 Mc/s, 
spectively.) 
» Harvard 60-ft. telescope is equipped with a cavity 
fen-channel radiometer having a frequency resolu- 
-tior 0 ke/s. The antenna beam-width is 52 2 min 
of are and the aperture efficiency is 0-38 + 0-02 over the 
-range of frequencies utilized. The total noise tempera- 
¿“ture of the system is about 100°K. 
< Fig. 1 shows the H 159« and He 159« profile obtained 
in 14h of integration time. Also included is a profile of 
the He 158g line with 21 h of integration time. The zero 
level of the He 158 data is arbitrarily elevated for visual 
comparison. Fig. 2 is the profile of a comparison source, 
Taurus A, obtained over the same frequency range as the 
« profile shown. The theoretical separation of the 
9a and He 159« lines is 0-660 Mc/s and this value 
1 indicated on Fig. 1 by the vertical lines through 
rogen and helium features. 
Ve have considered the possibility that the helium 
nals are produced by another atomic or molecular 
species, 
three different frequencies we can exclude the possibility 
that these are anything other than na type lines. 
The total abundance of all the elements other than 
hydrogen or helium has been estimated by a number 
of methods to be of the order of 1 per cent of the total 
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jectrum of a comparison source, Taurus A, obtained at the 
cy range used in the 159a measurements on M17. The 
tenna temperature of Taurus A is 29° K. 18-h integration 
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mass of the galaxy and, if so, they will not produce na 

type signals of sufficient intensity to. be measured by our 

telescope. We hawe calculated the frequencies of the 

H nB and H ny transitions which lie near the frequencies 

of the three helium lines and find that they do not coincide 

with our observec. signals. Furthermore, the normal 

theory of differential galactic rotation would exclude the 

possibility of an EII region having a radial velocity of 

~ — 100 km/s in tae direction of M17. While we cannot 

rule out the posxbility that an HII region with an 

extremely large peculiar velocity lies along the line of 

sight to M17, the Doppler shift must be exactly the 

separation of the Ee na and H nz lines in this frequency. 

range, a coineidence we regard as unlikely. R a 
For a system capable of achieving larger signal-to-noise. 

ratios for the helium lines (preferably at much higher == _ 

frequencies where the line strengths are greater), simule o0 

taneous measurements of hydrogen and helium should = 

yield several important quantities. First, a comparison. o 

of helium and hydrogen line widths should make it pi 












signal-to-noise ratios, we have a possible meth 
determining the eectron temperature and turbulence in - 
the nebula. However, the accuracy of the method depends 
on the relative magnitude of the turbulent and thermal: —— 
contributions to tae observed line widths. This method — 
would be importart because of the apparent disagreement _ 
between optical semperature determinations (see, for - 
example, O’Dell*} and recent radio determinations. of 
nebular electron temperatures!* following the method- 
suggested by Karcashev®. Recent work by Goldberg’ has. 
shown that determinations of electron temperatures by 
the method suggested by Kardashev may be inaccurate | 
in some cases. Taus, the method utilizing the hydro 

and helium line wadths may be the only way to det 















these factors acecunted for, it will be possible to obtain 
the helium : hydrogen ratio from the radio profiles. 
Radio astronomy at the George R. Agassiz Station of 
Harvard Universty is supported by the U.S. National 
Science Foundation. E 
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Radio Emission of Venus at 3 cm and the 
Solar Activity 


Because of the favourable observing conditions, the 
planet Venus has frequently been observed in the radio 
spectrum for some years now. Recently, precise observa- 
tions at the wave-length 3-3 cm were made by Bibikova 
et al.. These observations were made after the inferior 
conjunction in Summer 1961. The authors found that 
the temperature of the planet was distinctly dependent 
on its phase. The mean temperature observed was about 
544° K for the mean phase 0-47, and the value derived 
from the phase dependence for the inferior conjunction 
was found to be about 372° K. This large day-night 
contrast in temperature gives some support to Sagan's? 
greenhouse model over Opik’s? aerospheric model of the 
Venusian atmosphere. 

Bibikova et al. have also compared their results with 
those obtained by Mayer et al.‘ for the 1958 conjunction. 
For the temperature difference of about 100° K between 
the two inferior conjunctions, they admitted (in one of 
their two suggested hypotheses) the possibility that the 
difference found may be caused by solar activity, because 
the observations were made at different phases of the 
solar cycle. 

_As can be seen from the data of Bibikova et al., the 
differences between the individual temperature values 
are in some cases greater than their mean error. Thus 
the variability of the observed temperature must be real 
and an adequate explanation of this phenomenon must 
be sought. 

We have therefore investigated the possible dependence 
of the Venusian temperature as given by Bibikova et al. 
on the instantaneous solar activity, represented by the 
daily Wolf’s numbers R. When making correlations the 
longitude differences of the Earth and Venus must be 
respected. Because of the rotation of the Sun, this differ- 
ence gives a shift in phase in the scales of the time of 
observation of the solar activity on the Earth and the 
influence of the activity on Venus. We therefore correeted 
all the dates of observations of Venus (tg) for this geo- 
metric effect and obtained fictitious dates (t'g) suitable 
for correlating the Venusian temperature T's with R. 
To obtain a good correlation between the curves of To 
and Æ the Tọ curve must be shifted to the left by about 
8-9 days. The result using a supplementary shift, At, of 
8-5 days is given in Fig. 1. In this case the ratio AT/AR 
is about unity, and for R = 0 the dependence of Tg 
on the phase of the planet disappears. The resulting 
value for the temperature, reduced to the conditions 
without solar activity, is To = 475° K. 

In order to confirm this finding we have made a short 
analysis of the observations made by Mayer ef al at 
A315 em during the 1956 inferior conjunction. The 
dispersion of the temperature values was greater in this 
case, and the correlation was not as detailed, but the 
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results correspond in general to those for the 1961 conjunc- 
tion. Only the reduced temperature for zero activity was 
lower and was estimated to be about 440° K. A more 
complete analysis of the dependence of Venusian tempera- 
ture on solar activity, using data published by different 
authors for other frequencies, will be published elsewhere*. 

In both the cases mentioned the trend of solar activity 
was decreasing in the direction of the conjunction (in 
1956 observations were made before and in 1961 after 
the inferior conjunction). This led Bibikova et al. to 
suspect that the temperature was dependent on the phase 
of the planet. The actual independence of temperature 
from the phase suggests a high speed of rotation. How- 
ever, the rotation of a planet with an atmosphere must 
induce a general circulation, with transport of energy 
through the atmosphere. It is very difficult to compare 
present models of the Venusian atmosphere with existing 
radio measurements, as has been shown by Danilov? 
and Jastrow and Rasool*. The dependence of the observed 
temperature on the solar activity indicates that the 
influence of far-ultra-violet and X-radiation, produced 
by the hot active regions in the solar corona, must now 
be taken into account in the construction cf the models 
of the Venusian atmosphere. The most difficult aspect 
of this problem is the great retardation of about 8 days 
in the transformation of the radiation energy from the 
active regions into thermal energy in the form of radio 
emission from the planet. 

More systematic, detailed and accurate observations at 
different wave-lengths Curing the rising part of the com- 
mencing solar eycle are now needed in order to verify 
the present results and to obtain more information on 
this phenomenon at other wave-lengths. 

V. LErrus 

Astronomical Institute, 

Czechoslovak Academy of Sciences, 

Ondřejov. 
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Observations of the Low-energy Photon 
Fluxes during the Solar Approach of the 
Ikeya-Seki Comet 


A BALLOON-BORNE omnidirectional scintillation detector 
was aloft over Palestine, Texas (L value about 1-6), 
during the solar approach of the Ikeya-Seki comet on 
October 20, 1965. One of the aims of this experiment was 
to observe any possible enhancements to the low-energy 
atmospheric photon flux induced by the passage of the 
comet. The perihelion of the comet occurred on the ‘dark’ 
side of the Sun with an orbital inclination ef about 40° 
to the ecliptic and therefore had an apparent perihelion 
of about 1° around the Sun as observed from the surface 
of the Earth. 

The detector consisted of a cylindrical sadium-iodide 
(thallium doped) scintillator of diameter 5 in. and depth 
4 in, yielding a geometric factor for an isotropic flux 
of 76-2 emê. The axis of the detector was vertical, and a 
5 in. photomultiplier tube observed the scintillations from 
below. Pulse height analysis techniques (which were 
compatible with FM/FM telemetry systems on both the 
balloon package and the ground station) enabled a study 
of the atmospheric photon component in the energy 
intervals 100 keV-325 keV, 100 keV—660 keV, energies 
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Fig. 1. A comparison of the differential photon fluxes obtained in the 
present investigation with those obtained by previous workers. The 
altitudes at which the various spectra were obtained are as follows: 
P (Peterson), 6 gem; V (Vette), 5-4 gem*; N (Northrop et al.), 
rocket: A (Anderson), 6°5 gem-*; C (present results), 8:8 gem~ 


above 660 keV, and 325 keV—660 kev (the details of this 
latter channel, which includes the positron annihilation 
photons, will be the subject of a later publication). 
At the float altitude of 8-8 gem-* the differential photon 
energy spectrum was determined to have the exponent 


(—1-80 *9 7). 


Fig. 1 compares the results of some of our differential 
fluxes with the results of previous workers such as Peterson’, 
Vette, Northrop and Hostetler’, and Anderson‘. It is 
readily seen from Fig. 1 that our results agree very 
favourably with the previously measured fluxes, albeit 
the latter were determined at slightly higher altitudes. 
In fact, this excellent agreement (any departures certainly 
lying completely within the differences in detector re- 
sponses) is reason for concluding that the solar approach 
of the Ikeya-Seki comet produced no significant effects 
on the atmospheric photon flux. 

This research was supported by the National Aero- 
nautics and Space Administration. 

PHILIP T. GRONSTAL 
ROBERT P. BUKATA 
Southwest Center for Advanced Studies, 
Dallas, Texas. 
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GEOLOGY 


Devonian Fishes from Kashmir, India 


THIS communication reports the finding of fragmentary 
remains of Devonian fishes from India. They were col- 
lected by one of us (V. J. G.) in situ near Margan Pass 
(33° 44’ N., 75° 32’ E.) in the Anantnag District of Kash- 
mir, India. They were discovered in dark, calcareous 
shales that overlie the fossiliferous Naubug Beds and 
underlie the Muth Quartzite, which is exposed on the talus- 
covered slopes south-west of Mangan. The former are of 
Upper Silurian age, while the Muth Quartzite near 
Naubug has been assigned to the Middle Devonian. 

The first specimen (Fig. 1) consists of crowded and 
stacked skull plates and scales. The plates are thick and 
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their surfaces perforated by numerous pores—as in the 
cosmine of crossopterygians and lungfishes. They have a 
middle layer with numerous small canals or cavities, and 
a thick, clearly laminated basal layer. A few of the skull 
plates are only sightly displaced from their original 
articulation, and their small size in relation to the scales 
suggests that we sre dealing with a primitive lungfish. 
These plates are cemparable with, though not definitely 
identifiable with, plates of the D*¥pterus cranial roof; 
possibly they are X, Y,, Ya and J,, J of White's termin- 
ology’. They have relatively large lateral line pores, and 
the possible J, has a widely open pit-line groove. Other 
skull plates have net been determined even provisionally. 
The seales are broken but would seem to have been 
relatively large, thin and cycloidal. On part of their 
external surface they show fine radiating ridges which 
resemble those of the overlapped areas of Dipterus scales. 
One small area has more widely spaced, subparallel, fine 
ridges on a meshwork base; this resembles the exposed 
area of scales of a specimen of Dipterus valenciennest 
(Field Museum, PF 1294) in which the cosmine layer is 
absent. The Kashmir specimen is without doubt a lung- 
fish, probably of the family Dipteridae, but the genus 
and species must romain undetermined. 

The other specimen (Fig. 2) shows scattered scales, a 
few of which are still articulated. The scales are smooth, 
more or less rhombic, and have an outer surface that is 
shiny and pierced by numerous fine pores as in cosmine. 
The anterior, overlapped area is relatively broad and 
lacks cosmine. These scales probably belong to a cross- 
opterygian of the family Osteolepididae, but cannot be 
identified more speeifically. The opposite surface of the 
same specimen shows a small part ef a tail in which are 





Devonian lungfish from Kashmir, plates of cranial roof and 
broken scales (x e. 4) 
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belongs to the same type of osteolepid. 

_ These fishes are similar to the Middle Old Red Sandstone 
es of Scotland and suggest a Middle Devonian age for 
shales which contain them. It is interesting that these 


the - Thurso Flagstone Group of Caithness, Scotland. The 
finding in India of osteolepids and dipterids, both typical 
amilies of fresh-water fishes, is of considerable palaeo- 


: geographical importance. 






V. J. GUPTA 
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Geology. 
Chandigarh, India. 

Rospertr H. Denison 
Field Museum of Natural History, 
Chicago, Illinois. 
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Standard Cenozoic Stratigraphic Zonal 
E Scheme 
IN 1957 Bolli- published a detailed account of twenty- 
nine planktonic foraminiferal zones for the Trinidad 
Cenozoic. These zones have now been recognized and 
have been widely used in the stratigraphy of many other 





a zE ypical and also to a lesser extent in the temperate 





regions‘~’, I would like to comment briefly on a drastic 
revision and modification of Bolli’s zonal scheme recently 
lished in this journal’. 
ne of the best documented evolutionary lineages in 
Miocene planktonic Foraminifera was first described 
Bolli” and is known as the G. fohsi lineage. Later, 
-Banner and Blow" called it “the well known evolutionary 
lineage” and they provided considerable supporting 
~ evidence for the lineage in the form of excellent photo- 
“micrographs which demonstrated the development of the 
pheral keel in the succeeding taxa. Banner and Blow? 
fave now apparently revised the G. fohsi lineage to such 
an extent that none of Bolli’s four original zones, based 
on the G. fohsi lineage taxa, appear in their revised zonal 
scheme. 
< An another communication" I have demonstrated to 
Banner, Blow and their colleagues that in the New 
Zealand Lower Miocene, Globoquadrina dehiscens appears 
stratigraphically lower than Globorotalia kugleri. A similar 
succession of species has also been reported by Wade" in 
South Australia. How then is it possible for “G. dehiscens 
praedehiscens” to evolve into “G, dehiscens dehiscens” 
after the extinction of G. kugleri in Zone N.5 as reported 
by Banner and Blow*? The co-authors! claimed to have 
examined Australian and New Zealand fossils, but they 
have obviously chosen to ignore well-documented pub- 
lished evidence of the stratigraphic succession of plank- 
tonic foraminiferal species from the Australasian 
region25-15, 

-The use of nomina nuda in the zonal scheme proposed 
by Banner and Blow! ? is bad taxonomic practice and the 
specific names do not appear to satisfy Article 13 of the 
international Code of Zoological Nomenclature. 

One further point of criticism concerns the persistent 
placing by Banner and Blow of the G. ampliapertura and 
GŒ. opima zones (or their now revised equivalent) in 
their so-called Miocene’. This is an integral part of the 

hypothesis of Eames, Banner, Blow and Clarke!* that the 
“Oligocene” is missing in many parts of the world. The 
published evidence to the contrary and the opinion of 
most other workers is that the G. ampliapertura zone 
and part, if not the whole, of the succeeding G. opima 
zone form part of the Oligocene!7-2°, 
< One of the best methods of appraisal of a new strati- 
graphic zonal subdivision is its usage and acceptance by 
other workers of the same discipline. Bolli's Trinidad 




















‘sl hi les have a very close lithologic resemblance to some of 
the beds of the Middle Old Red Sandstone, particularly of 
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elsewhere*!, but the zones have been workable units in 
the tropical areas. Berggren?* made the following com- 
ment on Bolh’s! Paleocene—lower Eocene zones: “This 
zonation has since (1957) found widespread utility and has 
served as a standard reference in the recognition of zones 
based on other pelagic groups, such as the nannoplank- 
ton”. There is therefore considerable doubt in my mind 
as to the value and need for such a drastic change of 
Bolli’s zonal scheme as that recently presented by Banner 
and Blow®. 
D. GRAHAM JENKINS 
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METALLURGY 


Fatigue—Generation of Vacancies 


RECENTLY, it was reported that fatiguing (cyclic straining} 
at room temperature results in observable diffusion of 
silver into copper at that temperature’. This important 
effect was attributed to the athermal generation and the 
subsequent diffusion of vacancies which are greatly in 
excess of equilibrium. 

We report here some preliminary results which are in 
agreement with the conclusions of Derrick Jones and 
Dover': that large numbers of vacancies are generated 
by fatigue, and these vacancies can contribute to diffusive 
processes. 

In the present instance, a precipitation reaction was 
used to study the influence of large numbers of vacancies. 
It is known that Guinier—Preston zones (elusters rich in 
solute) form at ambient temperatures at high rates owing 
to the supersaturation of vacancies which become frozen- 
in during the quench from the solution temperature?. 
The zones may be redissolved by heating above the ageing 
temperature for a short time—yet still within the two- 
phase region. This treatment is termed “reversion”, 
and on recooling to the original ageing temperature, the 
zones form at a much lower rate owing to the smaller 
supersaturation of vacancies which are retained from the 
lower reversion temperature. In the experiments reported 
here, specimens in the reverted condition were cyclically 
strained and then aged. 

Aluminium—4 wt. per cent copper was used. The 
treatment involved first quenching from 540° C to water, 
followed by ageing for 1 day at 30° C, than reverting at 
200° C for 10 min, followed by acetone quenching. After 
the reversion treatment the specimens were mounted 
in a specially designed testing device and cycled at the 
temperature of liquid nitrogen®. The specimens were then 
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; 30° C, and the electrical resistance determined 
trogen by means of an interruption technique. 
esults for strain cycles of 0, 100, 1,000 and 10,000 
shown in Fig. 1. The maximum strain amplitude 
+0-0020 in./in. Data for the isothermal ageing of 
yclically strained specimens are clearly representative 
f accelerated rates of zone formation—the rate increases 
ith the number of cycles. It should be noted that the 
sistivity always initially increases during the formation 
uinier—Preston zones in this system’. 

We conclude that vacancies must be generated by cyclic 
g of the reverted alloy and that these defects are 
sontribute to diffusive processes, thus significantly 
ing the transport of solute atoms to zones. An estimate 
e excess vacancies (Cy) generated by cyclic straining 
“be obtained by applying the empirical relation of 


eitz!: Cy=10~e, where g is the total plastic strain. For 

,000 cycles, the atom fraction of vacancies thus obtained 

is of the order of 10. This number is close to what would 

‘be expected for quenching from 500° C; however, it is 

-eertain that, before it is strained, the reverted alloy 

-o gontains less than 10-* atom fraction of vacancies’. 
‘This research was supported by the Advanced Research 

Projects Agency of the Department of Defense. 
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- Cracking of Titanium Alloys 

as been known for more than 10 years that titanium 
va suffer from intergranular stress corrosion cracking 
y are in contact with chlorides at elevated tem- 
tures (> 250° C), but it was only 18 months ago that 
wn! discovered that stress corrosion failures could occur 
oom temperature in a 3 per cent solution of sodium 
loride. Titanium alloys are highly resistant to pitting 
ack in chloride solutions, and in order to investigate 
pagation rather than crack initiation, Brown used 
of titanium alloy in the form of notched rect- 
rs which had been fatigued in air until fine 
-formed at the base of the notch. He found 
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ee ‘Fig. 1. Ageing curves at 30° C after quenching, reversion, and reversion and straining 
for Ci, 10* cycles; 
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with static load tests that under- plain. 
strain conditions a 3 per cent solution of 
sodium chloride caused a decrease in the 
resistance of the alloy to the further 
propagation of the crack. This was a very 
important result, as it indicated that the 
stress corrosion resistance of titanium 
alloys under marine conditions depended 
on tke resistance of the surface oxide on the 
alloy to the solution and not on the intrinsic 
resistance of the alloy lattice to the propa- 
| gation of a stress corrosion crack which is 
| the only really safe criterion. 
9 

5 





The situation is far more serious than 
suggested by the experiments of Brown, as 
we have recently found that stress corrosion 
cracking of a single phase «-titanium alloy 
(Ti-5Al-2-5 Sn) in 3 per cent solutions of 
sodium chloride does not require fine 
surface notches or fatigue cracks, and it can 
occur readily on flat chemically polished 
sheet specimens at room temperature. 

By examining thin foils of the alloy by transmission 
electron, microscopy, we had previously shown’ that 
hydrides were formed in the alloy surface when the alloy 
was plastically defermed while immersed in a 3 per cent 
solution of sodium:-chloride. This occurred only in suseept- 
ible alloys and only in the specific cracking environment, 
and on the basis of these observations and other data we 
believe that hydride formation is part of the cracking 
mechanism. We had also found that at some stage during 
the chemical polish:ng of susceptible titanium alloys in a 
mixture of 40 per cent hydrogen fluoride and 72 per cent 
nitrie acid in the volumetrie ratio 2:3 the alloy surface 
became contaminated with hydrides. We therefore tested 
chemically polished Ti-5Al1-2-5 Sn alloy by bending sheet 
specimens into a curved shape while immersed in a 3 per 
cent solution of sodium chloride acidified with hydrochloric 
acid to pH 0-75 and then clamping them. Within 6 weeks 
the specimens developed transgranular cracks on the outer 
surface of the bend Specimens that were not chemically 
polished still show no signs of cracking even after exposure 
for 3 months. Lae 

We shall report-cn the mechanism of cracking and the 
crystallographic features of hydride precipitation on a 
later occasion. The purpose of this communication. is to 
report that pre-existing notches are not required for 
stress corrosion craeking to occur in titanium alloys, and 
also to direct attention to the importance of surface 
preparation in determining susceptibility. The implica- 
tions of these two points are important both in the 
determination of the cracking mechanism and in the 
future use of titanium alloys in marine engineering. 
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CHEMISTRY 


Pseudorutile—a New Mineral Intermediate 
between Iimenite and Rutile in the N 
Alteration of limenite 

ALTERATION of the mineral ilmenite, FeO-TiO, in 
nature involves the processes of oxidation and leaching 
whereby iron is progressively removed to give a residual 
product, essentially TiO, Several investigations have 
been reported of the alteration products of ilmenite, but 
apart from composizes of known oxides of iron and titan- 
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ium, no distinct intermediate phase has been. discovered. 
As a result of an investigation of several altered ilmenite 
concentrates by X-ray techniques hitherto not applied to 
this problem, a new crystalline phase has been identified 
as a major constituent of altered ilmenite. The new 
phase crystallizes in a disordered structure of hexagonal 
symmetry and has the theoretical composition Fe,0,- 
8TiO,. We propose the name ‘pseudorutile’ for this new 
mineral. 

The samples used were all commercially available 
titanium mineral concentrates classed as ‘Ilmenite’, 
but are in fact largely composed of alteration products 
of the mineral ilmenite. (These materials are described 
at length separately'.) Chemical and structural analyses 
of bulk samples used are given in Table 1. Water and 
oxides other than those of iron and titanium are omitted. 
The structural composition was derived from powder 
diffraction data subsequent to the identification of 
pseudorutile. 





Table 1. CHEMICAL AND STRUCTURAL COMPOSITION OF ALTERED LIMENITE 
SAMPLES FROM VARIOUS LOCALITIES 


Chemical composition Estimated concentration of 


Sample in weight per cent. crystalline phases 

FeO FeO, Tid, Ilmenite Pseudorutile Rutile 
Plorida 4°} 25:2 64:2 Trace High Low 
ilmenite 
New Jersey 0-1 32-2 8627 Trace High Low 
ilmenite | 
ution P 25:4 60-0 Medium High Low 
(indian) 
ilmenite 
Brazilian 57 315 87-1 Low High Low 
iimenite 


= Rotation of single grains of altered ilmenite about 
arbitrary axes in initial X-ray diffraction studies produced 
patterns characteristic of single crystals rather than of 
polycrystalline samples. Consequently, we treated small 
mineral grains of altered ilmenite like single crystals and 
recorded the diffraction patterns representing different 
orientations with rotating crystal, equi-inclination Weis- 
senberg and precession camera techniques. Zirconium- 
filtered molybdenum K« radiation was used. 

From these patterns it was determined that the major 
portion of the grains consisted of hexagonal pseudorutile 
with a = 2-872 A and e = 4-594 Å, using the dimensions 
of rutile as an internal standard. Small amounts of rutile 
with a = 4-594 A and c = 2-958 A were present in all 
grains in a specific threefold orientation. Rhombohedral 
ilmenite with the hexagonal dimensions a = 5-078 A 
and ¢ = 14135 A was occasionally observed. The 
orientation relationship between ilmenite, pseudorutile 
and rutile is shown in Fig. 1. 

dn addition to sharp and well-defined diffraction spots 
present on all photographs, a number of diffuse streaks of 
considerable intensity were observed on 1 = 2n + 1 level 
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photographs of pseudorutile. These streaks are caused 
by the disordered structure of pseudorutile and do not 
originate from another phase. 

The positions and thermal parameters of the atoms in 
pseudorutile were derived from diffraction data recorded 
by the Weissenberg technique and were refined by least- 
squares analysis. The best agreement between observed 
and calculated structure factors (R = 4:5 per cent) was 
found with the oxygen atoms placed in a close-packed 
hexagonal arrangement. A fraction of the octahedral 
sites available in such a structure is statistically occupied 
with iron and titaniurn atoms according to the stoichio- 
metry Fe,Ti,O,. 

The disordered structure of pseudorutile can be 
described as a transition phase between the atomic 
arrangements in ilmenite and rutile in which the nearly 
perfect close-packed hexagonal arrangement. of oxygen 
atoms is but little affected during the transformation 
ilmenite —> pseudorutile —> rutile. The structural rela- 
tionship between all three phases is apparent in the 
orientation relationship illustrated in Fig. 1. 

The alteration of ilmenite can be formulated as a 
topochemical reaction in which the number and arrange- 
ment of oxygen atoms in ilmenite are essentially preserved 
in pseudorutile and rutile: 


Oxidation f 
FeUTiO, ————> FellITiO, + 1/2Felllo, 
Ilmenite Pseudorutile 


Further removal of Fe,0, from pseudorutile causes the 
direct formation of rutile without formation of other 
erystalline phases. Pseudobrookite and rutile are formed 
by heating pseudorutile to temperatures above 800° C: 
> 800° 
FellTi,0, ——> FellITiO, + 2TiO, 


Pseudorutile Pseudobrookite Rutile 


Two minerals of the composition Fe,Ti,O, have been 
reported: arizonite?? and proarizonite’. In neither case 
are the published interplanar spacings and intensities 
identical with those of pseudorutile. With samples having 
a high rutile/pseudorutile ratio, the superpesition of most 
of the powder lines might result in the presence of pseudo- 
rutile being overlooked—or mistaken for rutile. 


Table 2. COMPARISON BETWEEN OBSERVED SPACINGS AND INTENSITIES OF 
NEW JERSEY IDMENITE WITH CALCULATED SPACINGS OF PSEUDORUTILE AND 
ASTM 4-0551 DATA REPORTED FOR RUTILE 
New Jersey ilmenite Pseudorutile Rutile 
dAods, Til, d A cate. (hkl) AÅ Til, (hil) 
3-847 BD D 
3-281 15 3245 100 (110) 
2-768 D D l 
2-484 60 2-459 (100) 2489 4l (101) 
2301 4 2-207 (O02) 2297 7 (2090) 
2:187 Ot} 2-187 {101} 2-188 22 {hil} 
2-057 1 2-054 i (210) 
1-688 100 1-638 (102) 1-687 50 (211) 
1-632 D 1-624 16 (220) 
1-469 D D 1-480 g (0023 
1-437 30 1-436 (110) 
1-384 D D 1-360 16 (3013 
1-305 4 304 (103) 1-305 1 (3119 
1-246 2 1-244 (200) 1-243 3 (202) 
1-202 2 1-260 (201) 1-200 1 (212) 
1-150 § 1-149 (O04) 1-1485 4 {400) 
1-094 12 1-064 (202) 1-0933 4 (222) 
1-043 9 1-043 (104) 1-0424 5 (431) 
0-8975 T 0-8870 (114) 
O-S711 6 0:8700 (212) 
Ilmenite Pseudorutile Rutile 


{0001} [1180] ji {0001} {1010} | {010} [001] 
Observed spacings (dA) and intensities (J/I,) of an 
altered ilmenite sample are listed in Table 2. The 
spacings of the five principal diffuse bands are included. 
The sample represents a mixture of pseudorutile listed 
with caleulated spacings and (hkl) indices together with 
a small amount of rutile (ASTM No. 4-0551). The 
diffuse bands are marked with a ‘D’ to indicate that they 
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=> Mechanism of the Acid Hydrolysis of 

oo Pentammine Cobalt Complex lons 

o UNEQUIVOCAL evidence in support of a particular 
hanism for the acid hydrolysis reaction (1) has not, 

t, been obtained. 

JX] + H,O = [Co(NH,),H,0%) + X- 


(X= F-, Ch, Br-, I-, NO, H,PO-;) 



























(1) 


veral recent communications?-3 serve to emphasize 
that the problem is still an open issue. In any kinetic 
investigation a knowledge of the species present is of 
ime importance, particularly, in a reaction of type (1), 
where ion-pairs are likely to oceur; the acceleration of 
‘tion (1) by added anions has been observed*:*. In 
cent detailed investigation for (X=Cl-), Laurie and 
önk? attributed these accelerations to ion-pairs being 
e reactive than the free complex ion; the thermo- 
amic dissociation constants derived from the rate data 
the proposed ion-pairs were in good agreement with 
values from investigations of the electromotive force’. 
‘he results are collected in Table 1. It is the purpose of 
his communication to show the importance of these 
results with regard to two misconceptions and to the 
-mechanism of reaction (1). 
--. According to Basolo and Pearson’, increased reaction 
yates in the presence of added anions cannot be attributed 
__ solely to more reactive ion-pairs. Their conclusion is made 
invalid by the above results and by the findings of Davies?’ 
1 other similar reactions. Moreover, Basolo™ takes the 
erease in hydrolysis rate with decrease in positive charge 
the complex to be indicative of an Syl reaction; for 
mple, for similar low-spin dë complexes the decrease in 
activity follows the order Fe(II) > Co(II) > Pt(IV), but 
in such a sequence differences in ligand field strength 
‘also be operative. For the species [Co(NH,),Cl]**, 
NH;,),CIJZ*, and [Co(NH,);CI]M®, where L- and 
are ion-pairing anions, ligand field strength 
nees are negligible and the observed’ increase in 
hydrolysis rate along the series may be attributed solely 
~ to the lowering of the positive charge. These rate increases 
=: (Table 1) are, however, small (the activation energy 
-echanges by only 0-1 keal on lowering the charge from + 2 
> to 0) and can be interpreted in terms of an Sy2 mechanism 
in which the lowering of the positive charge promotes 
ioval of the chloride ligand (ion-ion interaction) 
scourages attack by the nucleophilic water molecule 
pole interaction). The former effect, being the 
r, would predominate, giving the observed increases 
‘at the same time preserving the well-established 








































a Table 1* 
Ligand Nitrate Glycollate Sulphate Malonate Phthalate 
os. M 115 2-05 2-134 2-95 
9-09 0-03, 0-0032 0-0050 0-0030 


ken from ref. 7. . 

tly given as 2-08 in ref. 7. kalk, is the ratio of the reaction rate 
ie ion-pair to that of the free complex ion, at 35°. K is the 

dissociation constant at 35° C. 
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order. ee ae 4 oS thoes o : n aoe 
Langford’s analysis? of the free-energy data suggests — 


that for an Syl mechanism to occur the entering nucleo- : 
phile must be previeusly present in the second co-ordina- 


tion sphere of the Co(II) ion. If this is so, then the non- 
entry of the ion-pairing anion into the first co-ordination 
sphere must rule out an Syl process. By similar reasoning 
an Sy2-trans mechanism can be discounted. ; ee 
The data presented comply with an Sy2-cis-type 
mechanism, in whieh the transition state involves an. 
extended Co——X bord and an adjacent weak bond between 
the cobalt-atom and a water molecule present in the second 
co-ordination sphere, the reaction being completed by the 






breaking of the Co--X bond and the simultaneous entering — — 


of the water molecule. The inclusion of the extended- 


Co—X bond is in accordance with Vicek’s deductions? 


from polarography measurements and means that expan- — 
sion of the inner ec-ordination sphere is not necessary. 
For minimum potential energy the ion-pairing anion 
must be “trans” to the departing ligand and hence would 
not be expected to enter the inner-co-ordination sphere _ 
on the basis of this mechanism. The proposed mechanism. . 
also fits in well with other observations on deuteratio: 
and steric hindrance™ effects and the findings that 
plexes of the type cis-[Co(en),XCI*], X=NCS 
and NO}, hydrolyse without stereochemical chang 
Finally, it is to be noted that the mechanism prop 
above is very similar to the ‘‘solvent-assisted dissoc 
process favoured by others (for example, see re 
Indeed, the difference may be one of semantics only ae 
Stuart H, LAURIE 
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Enzymatic Etching of Single Crystals of 
Naphthalene 


Ir was previously observed! that when crystals. of > 
naphthalene, which had been grown from the vapour. 
phase, were immersed in an aqueous. suspension of soil- 
pseudomonads for about 10 min at room temperatures, a 
small number (about 10% em-?) of well-defined, pyramidal 
pits were produced on the principal habit faces {001}. 
This result was tentatively interpreted to mean that 
preferential attack of the naphthalene by the pseudo- 
monads occurred at the regions of emergence of disloca- 
tions, a view which was consonant with: (i) the con- 
clusions of Kochendcrfer?, who indicated that dislocations 
lying in {010} planes, having a Burgers vector in the 
[001] direction, migat be possible in naphthalene; (ii) 
the results of Koslovskii®, who observed growth spirals 
on the {001} faces of certain naphthalene crystals; (iii) 
the more recent work of Sears‘, who also proffered evidence 
for dislocations emergent at {001} faces. The result agreed 
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with the molecular interpretation of Davies and Evans* 
concerning the oxidative metabolism of naphthalene by 
microbial enzymes. 

This communication reports some of the salient features 
of a more rigorous investigation which we have made of 
the enzymatic attack of naphthalene crystals produced 
in two distinct ways. Type I single crystals of ‘scintilla- 
tion grade’ naphthalene were grown from the melt using 
the Bridgman technique by Thorn Electronics, Ltd. 
(Surbiton, Surrey). Type II single crystals were produced 
by slow sublimation of polycrystalline ‘molecular weight 
grade’ naphthalene. The etchant used consisted of an 
aqueous solution of the cell-free enzyme derived from 
pseudomonads as follows. Cells grown in a naphthalene- 
mineral salts medium under forced aeration were sonically 
disrupted in a phosphate buffer of pH 7 (0-05 M) to yield 
a supernatant (after centrifuging at 25,000g) which was 
active on naphthalene in the presence of reduced niacin 
adenine dinucleotide (NAD) as cofactor. Etch patterns 
on the {001} faces only could be studied by transmission 
optical microscopy—a restriction imposed largely by the 
cleavage behaviour of naphthalene crystals. 

In Fig. 1, which shows a {001} face of a type I crystal 
after etching for 30 sec, there are numerous flat-bottomed 
etch-pits which tend to be hexagonal in outline and all 
of which are of the same crystallographic orientation. 
Fig. 2 is an enlargement of part of the surface shown in 
Fig. 1: the tendeney for hexagonal etch-pits to be pro- 
duced is more evident here. Type II crystals behave in 
essentially the same way, although there does appear to be 
rather more aptitude for triangular (flat-bottomed) pits 
to be produced than with type I erystals. 

We are of t he opinion that it is unlikely, but not impos- 
sible, that the etch-pits in Figs. 1 and 2 are nucleated at 
the termini of dislocations that glide in {010} planes (and 
would emerge at {001} faces). (Gordon* has recently shown 





Fig. 1, Etch pattern on 00! face of naphthalene crystal after 30 see 


exposure to enzymatic etchant (x e. 103) 





Fig. 2. Magnified area of another region of the crystal face shown in 
Fig. 206) 
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Fig. 3. The various bond types in naphthalene 


that there is a greator likelihood for dislocations in 
naphthalene to glide in {001} rather than in {010} planes.) 
We feel that they are more likely to be undersaturation 
etch-pits’ which have been nucleated randomly on the 
{001} faces. So far as the crystallographic orientation of 
the pits is concerned, it is possible to explain the results 
obtained with both types of crystals in terms of the 
anisotropy of reaction rates at various erystallographic 
planes of the naphthalene lattice. This anisotropy, in 
turn, devolves on differences of reactivity at various 
sites in the naphthalene molecule. In essence, our con- 
clusions are that bonds A and B (see Fig. 3) are more 
susceptible to attack by pseudomonads than bonds C 
and D. A full account of this work is to be published 
elsewhere. 
We wish to acknowledge the encouragement and advice 
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Dimethylalloxazine as an Electron Donor 
and Acceptor 


I WISH to report that 1,3-dimethylalloxazine (I) can 
form molecular complexes acting not only as an electron 
acceptor but also as a donor. It was possible to crystallize 
complexes from ethylene dichloride with the following 
compounds: pyrene, tetracyanoethylene (TCNE), and 
2,3-dichloro-5,6-dicyano-p-benzoquinone. The results of 
the elemental analysis indicate that these complexes con- 
tain dimethylalloxazine and the other component in a 
ratio of 2: 1 regardless of whether the latter is a donor 
or acceptor. As the infra-red spectra of the complexes are 
very close to the superimposed spectra of the components, 
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there is no appreciable change in the intramolecular 
bonds by complex formation. Therefore, the ground states 
of the complexes are essentially non-bonding. The com- 
plexes are more deeply coloured than the components. 
For example, the pyrene and TONE complexes are deep 
yellow. On the other hand, dimethylalloxazine is pale 
yellow and the other two components are colourless. As 
shown in Fig. 1, the appearance of a new absorption is 
clearly seen in these complexes. It can be concluded that 
these complexes are of the charge transfer type; dimethyl- 
alloxazine in the pyrene complex is acting as an electron 
acceptor and in the TCNE complex as a donor. 

In the present complexes, which have essentially non- 
bonding ground states, the energies of the molecular 
orbitals may be little different from those in the separate 
components. In a naive approach, the energy of the first 
charge transfer band in a given complex can be considered 
as the energy difference between the highest occupied 
molecular orbital of the donor and the lowest vacant 
molecular orbital of the acceptor’. Therefore, the relative 
positions of the molecular orbitals associated with the 
complex formation can be ascribed on the basis of the 
energies of the excitation within the component molecules 
and of the first charge transfer bands in the complexes. 
Strong donors are expected to have their highest occupied 
molecular orbitals at relatively high energies and strong 
acceptors are expected to have their lowest vacant 
molecular orbitals at relatively low energies. 

In Fig. 2, the lowest vacant molecular orbitals of the 
acceptors, including dimethylalloxazine, were located 
relative to the highest occupied molecular orbital of 
pyrene by means of the energies of the charge transfer 
bands in the pyrene complexes. The positions of the re- 
maining molecular orbitals were assigned on the basis of the 
first excitation energies in the component molecules. As any 
changes in energy of the molecular orbitals ın forming the 
complex have been ignored, the present position 1s only 
approximate. Nevertheless, it is clearly shown that the 
highest occupied molecular orbital of dimethylalloxazine 
is located between those of the donor and the acceptors, 
and the lowest vacant molecular orbital of the alloxazine 
1s located again between those of the donor and acceptors. 

agreement with the observation reported here, the 
molecular orbital diagrams given in Fig. 2 indicate that 
dimethylalloxazine can be an electron donor when combined 
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Fig. 1. Kubelka-Munk plots of diffuse reflectance spectra of dimethyl- 
alloxazine (——), the pyrene complex (---), and the TCNE complex 
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molecular orbitals ın #irnethylalloxazine and some other compounds 


with strong acceptors and can be an acceptor when com- 
bined with strong conors. 
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Polymorphic Forms of the Diaminopyrene-p- 
chloranil and Related Molecular Complexes 


I REPORTED earlier that most of the quinone complexes 
with electrical resistivities of 10* ohm cm or less have 
essentially dative ground states’. The only exceptions 
found were the .,6-diaminopyrene complexes with gp- 
chioranil and p-bromanil. It therefore seemed worthwhile 
to examine these complexes further. The resistivity 
values reported foz the p-chloranil complex are scattered 
in a wide range, mamely 10°-104 ohm em for the pressed 
polycrystalline samples? and 105-10° ohm cm in the three 
directions of the single crystal‘. This communication 
reports the existeace of some polymorphic forms of the 
1,6-diaminopyrene-p-chloranil and related molecular com- 
plexes. The poly-norphie forms are distinctly different 
in colour, diffuse reflectance spectrum, vibrational spec- 
trum, X-ray diffraction, and also electrical resistivity. 
The scattered resistivity values appear to be well related 
to those of such ferms. 

The p-chloranil complex prepared in chloroform, the 
solvent from which Kronick and Labes grew their single 
crystal‘, is dark blue and green when pulverized. The 
composition is 1:1. Calculated (per cent): carbon 55-3, 
hydrogen, 25; wmitrogen, 5-9; chlorine, 29-7. Found 
(per cent): carkon, 55:2; hydrogen, 2-4; nitrogen, 
6-1; chlorine, 29-4 The diffuse reflectance spectrum shown 
in Fig. 1 indicates that, although the spectrum has an 
absorption minimum at about 530 mu, the absorption 
extends to about 1:8 u. The pressed pellet exhibits a 
resistivity of the order of 10’ ohm cení. ‘This value seems 
to be reasonable as the average for 105~-10° ohm cm ob- 
served in the three directions of the single crystal. This 
green form can 5e transformed into the brown form 
(mentioned later) by recrystallization from benzene. 
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Fig. 1. 
pyrene-p-chloranil complex, green (———-), brown (---), and low-resis- 
fivity (—* — } forms 


When, benzene is used for the preparation, the brown 
form crystallizes. The composition is again 1:1. Found 
(per cent): carbon, 55:2; hydrogen, 2-8; nitrogen, 
5-9; chlorine, 29-2. The resistivity of the pressed pellet 
prepared after careful drying of the sample is of the order 
of 10° ohm cm. This brown form can easily be transformed 
into a third form, exhibiting a resistivity of only a few 
ohm cm, by compression in the presence of benzene. Even 
a trace of the solvent remaining in the sample can result 
in a lowering of the resistivity of the pellet to about 10%- 
10* ohm cm. It should be noted that the second and third 
forms show electronic absorption covering the visible 
and infra-red regions.and extending beyond 2-5u. The 
large difference in, the optical and electrical properties 
found in these polymorphic forms shows the importance 
of the stacking of the component molecules as one of the 
factors determining the electronic properties of such a 
complex. 

The vibrational spectra of the green and brown forms 
of the p-chloranil complex are similar to the superposed 
spectra of the components. Therefore, they appear to have 
essentially non-bonding ground states. However, the 
patterns in the region between 5:5 and 6'8u are very 
characteristic of each form, and this indicates that the 
mode of intermolecular interaction is different in these 
forms (see Fig. 2a and 2b). The whole spectrum of the 
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Fig. 2. Vibrational spectra in the region between 5-5 and 6-8 of (1) the dia 
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brown form was presented with those of the components 
in my previous note’. The spectrum of the low resistivity 
form is very dark, suggesting that the electronic absorp- 
tion seen in Fig. 1 extends over the entire sodium chloride 
region. Although the vibrational bands of the various 
components are for the most preserved, their intensities 
are very much modified. Furthermore, the carbonyl 
stretching vibration band is shifted to longer wave-lengths 
by about 0-2 u or 50 cm- in this form. This unusually 
large shift may indicate that the crystal structure 1s 
favourable for a strong interaction between the component 
molecules and that the contribution of the dative structure 
to the ground state is appreciable. It 1s suggested that the 
low resistivity form of the p-chloranil complex is near the 
border line between complexes with non-bonding ground 
states and those with dative ground states. 

Green and brown forms were also found for the tri- 
chloromonobromo- and dichlorodibromo-p-benzoquinone 
complexes. The green forms, prepared in, chloroform, 
would seem to be similar to the green form of the p- 
chloranil complex. On the other hand, the brown forms, 
crystallized from benzene, show infra-red spectra quite 
different from that of the brown form of the y-chloranil 
complex. Figs. 2d and 2e show, respectively, the spectra of 
the green and brown forms of the 2,5-dichloro-3,6- 
dibromo-p-benzoquinone complex. : 

Only the brown form is obtainable both from chloro- 
form and from benzene for the monochlorotribromo-p- 
benzoquinone and p-bromanil complexes. All the brown 
complexes except the brown form of the p-chloranil 
complex are of similar nature and exhibit resistivities of 
the order of 10? ohm em. This value is in accordance with 
that reported for the p-bromanil complex by Lebes eż 
al.?, i 
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Transition State in the Inversion of the 
Sachse Hexagon ' 


A FEW years ago, Hendrickson! suggested that the trans- 
ition state in the inversion of the chair form of the Sachse 
hexagon in cyclohexane was one in which half the mole- 
cule is in the planar Baeyer form and the other half in 
the Sachse chair form. This suggestion has 
recently been accepted by Anderson*®. How- 
ever, for various reasons, it is difficult to 
accept this idea. 

For one thing, the two halves do not fit 
each other. The squared distances between 
opposite sides are, in the Baeyer and in the 
Sachse hexagons 2a7(3/2) and 2a7(4/3), 
respectively, and the squared distances be- 
tween opposite corners (36/9)a? and (33/9)a*, 
respectively, where a is the carbon-carbon 
distance. Secondly, there is nothing to 
prevent us from imagining forms of the car- 
bon hexagon intermediate between the 
Baeyer and Sachse models, in which the 
angles are different and the partition of 
strain therefore more or less skew, as it is to 
an extreme degree in Hendrickson’s model. 
But it is very questionable whether such non- 
symmetric structures can be formed from the 
highly symmetrical Sachse hexagon by stress- 
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ing forces from isotropic surroundings: and finally, if the 
partition of strain is skew, the internal molecular 
forces cannot balance each other, as they must. 

So itis difficult to escape the conclusion that all six angles 
are equal in the strained hexagons, and that the transition 
state ın question therefore must be the Baeyer form of 
cyclohexane. In this form, the potential energy arises 
partly from the six angular strains and partly from the 
twisting of six pairs of valency triads from staggered 
. into eclipsed orientations. In principle, it should thus be 
possible to calculate the work necessary to bring the 
cyclohexane molecule from its normal strainless state into 
the transition state. The work of twisting has been 
determined by Pitzer? at about 2-8 keals or about 12 kJ 
for each “mole” of a pair. The contribution from the 
work of twisting may therefore be estimated at about 
72 kJ. The work, V, of extending each of the six angles 
from the tetrahedric value to 120° may be calculated 
from 


2V = Aa? 


where A is the angular restoring force, and « the angular 
difference 10-53° = 0-1838 radian. In a well-known 
review, Westheimer has accepted A = 8x10-? erg/ 
(radian)? for one angle in one molecule, while Wilson‘, 
on the basis of ns investigation of the infra-red and 
Raman spectra of cyclobutane, derived A = 7-67 x 10-2 
for the same quantity. Westheimer’s value yields for 
one mole 


6V = 48:82 kJ 


The total work of activation may therefore be estumated 
at about 120 kJ/mole, which means that the inversion of 
the Sachse chair form should be an extremely slow process 
at room temperature. 

Tentative calculations based on the lowest frequency 
observed in the Raman spectrum’ of cyclohexane itself 
lead to an even higher work of activation of the reaction 
in question. Thus the evidence derived from infra-red 
and Raman spectra seems to disagree completely with 
that derived from nuclear magnetic resonance spectra. 
This situation calls urgently for a revision of the mter- 
pretation of both kinds of spectra. For example, one 
might ask, is the inversion of the Sachse hexagon the only 
possible explanation of the coalescence of a doublet in 
the nuclear magnetic resonance spectrum existing at lower 
temperature into a singlet at room temperatures? ? Or 
could the phenomenon be caused by the “thawing” of 
a vibration of the hydrogen atoms which is “frozen” 
at lower temperatures ? 
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Electronic Transitions in Hexachloro- 
co-ordinated Titanium and Chromium 


In the crystal structure of a-titanium trichloride}, the 
chlorine ions are in a hexagonal close-packed pattern, 
whereas in y-titantum trichloride and chromium 
trichloride the chlorine ions are close-packed in a cubic 
pattern?*, The metal ions occupy two-thirds of the 
octahedral holes between alternate layers of chlorine 
ions. 

Wessel and Ydo? investigated the crystal structure of 
the isornorphous compounds Cs,Ti,Cl, and Cs,Cr,Cly. 
According to their results, units of Ti,Cl,?- and Cr,Cl,?- 
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are present in the crystal in the form of two octahedra 
sharing a face. 

The similarity of the octahedral surroundings in the 
compounds of the transition metal ions mentioned above 
induced us to study the optical transitions of g- and y- 
titanium trichloride, Cs,Ti,Cl,, chromium trichloride 
and Cs,Cr,Cl,. The optical d-d transitions of transition 
metal ions placed in a crystal field of a certain symmetry 
can be interpreted on the basis of an electrostatic model 
in which the ligands are considered as point charges or 
point-shaped dipolee. According to the single-electron 
approximation the five-fold degenerate d-level of a tran- 
sition metal ion will split into a three-fold degenerate 
and a two-fold degenerate level if the transition metal 
ion is placed in a cryszal field of ideal octahedral symmetry. 

Recently, we made observations of the electronic tran- 
sitions of a-, B- and y-titanium trichloride’. The spectra 
of «- and $-titanium trichloride have also been published 
by Clark®, Howeve>, our spectrum of a-titanium tri- 
chloride, reproduced in Fig. 1, curve 1, does not show the 
shoulder at 12,000 cm~ observed by Clark. 

The spectrum of y-sitanium trichloride is quite analogous, 
which is to be expected in view of the correspondence of 
the crystal structures of «- and y-titanium trichloride. 
CssTi,Cl, was prepared by fusing in a sealed quartz tube 
a mixture of caesium chloride and a-titanium trichloride 
(Stauffer H.A.) in the molar ratio of 3:2. After the 
tube had been heated at about 725° C for about 25 h the 
compound CssTi,Cl; had formed and was identified by 
X-ray analysis. 

In order to avoid contamination by oxygen and water 
the manipulations were carried out in a glove-box through 
which dry nitrogen was passed. The reflexion spectra 
were run by means of a ‘Beckman DK 2’ type spectro- 
photometer using ~nagnesium oxide as a blank. The 
reflexion spectrum of Cs,Ti,Cl, is shown ın Fig. 1, curve 2. 
The chromium trichloride used was sublimed chromium 
trichloride (Riedel-De Haen A.G., Seelze-Hannover). 
The reflexion spectzum is shown in Fig. 2, curve 1. The 
complex Cs,Cr,Cl, was prepared and analysed in an analo- 
gous way as the ccmplex Cs,I1,Cl,. The reflexion spec- 
trum is given in Fig. 2, curve 2. 

The titanium (IIT) ion has the electron configuration 
A(3d). In ideal octahedral surroundings the (3d) level 
splits in a three-fold degenerate ża and a two-fold degener- 
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Fig 1. Refiaxion spectrum of: 1, a-TiCl,, 2, Cs,Ti,Cl, 
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ate eg level. From the knowledge of the crystal structure 
we conclude that in «- and y-titanium trichloride the 
titanium ions are octahedrally surrounded by chlorine 
ions, whereas the deviations from the octahedral sym- 
metry are relatively small. The absorption band at 14,300 
em-! observed for g- and y-titanium trichloride will corre- 
spond consequently to the transition 2T — E4. 

One might suggest that the bands observed for «- and y- 
titanium trichloride at 14,300 em-' and 19,300 em-', as 
well as the bands observed for Cs,Ji,Cl, at 13,400 cm~ 
and 21,500 cm-, are caused by a splitting of the band 
formed by the transition °T — *H,. The magnitude of 
such a split, however, seems too large to be caused by the 
Jahn-Teller effect or by deviations from the octahedral 
symmetry. Consequently, it would be reasonable to 
assign the band observed at 19,300 cm-! for a-titanium 
trichloride and at 21,500 cm for Cs,Ti,Cl, to charge- 
transfer transitions of the type r —> t. 

The chromium (IIT) ion has the electron configuration 
A{3d)*. In ideal octahedral surroundings the strong 
field configuration (tə)? gives rise to the states ‘Ag, 
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"By, Tig, and *f,,. The excited configuration (tag) (€g) 
produces a.o. the states T'a and ‘Tig. It appears? that 
the level with ‘Ta symmetry is lower in energy than the 
level with ‘Tig symmetry. The only spin-allowed tran- 
sitions are ‘Ag —> Tag and tA —> Tg. The transitions 
4A ng — Tag and tA, — Tg are observed in Cr(H,O),?+ 
at 17,400 and 24,500 cm— (ref. 7}. 

In chromium trichloride and Cs,Cr,Cl,, the chromium 
ions are also octahedrally surrounded by chlorine ions. 
We therefore assign the bands observed for chromium 
trichloride at 13,600 cm~ and 18,900 em-! and the bands 
observed for Cs,Cr,Cl, at 12,800 em-! and 18,000 cm-? 
to the transition ‘Ag, —> Tag and tA — ‘Tg respect- 
ively5, 

In Fig. 3 we give a picture of the discussed d-d tran- 
sitions. The wave numbers of maximum absorption are 
summarized in Tables 1 and 2. 


Table 1* 
a, y-Litanium 
trichloride Cs,Ti,Cl, 
Tir Eg 14,300 13,400 
mt—>te; 19,3006 21,500 
Table 2* 
Chromium 
trichloride Ca;Cr,Cl, 
*Ay>'T 13,600 12,800 
‘ATs 18.900 18.000 , 


* Wave numbers in em-?, 
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Strengths of p-Alkoxy- and -Alkyithio-benzoic 
Acids 


ALTHOUCH the literature contains references to the 
pKa values of the acids (I)!-? and (II)*, in neither case 
have they been determined in a common solvent; in each 
series, the group R has included only primary and secon- 
dary alkyl. Moreover, a discrepancy exists between the 
results of Jones and Speakman! and of Cavill, Gibson 
and Nyholm? for the p-alkoxybénzoie acids (1; R= 
Me, Et and Pri). 


OR SR 
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The apparent pK, values for the acids (I) and (il), 
where R is Me, Et, Pri and But, respectively, and for 
benzoic acid, have been determined by potentiometric 
titration in 30 per cent v/v acetone-water. The choice 
of this solvent system was dictated largely by the lower 
solubilities of the acids (II) compared with those of (I). 

Each alkoxybenzoic acid (I) is weaker than its alkylthio 
analogue (II); this is consistent with the more limited 
data of Baker, Barrett and Tweed’. Relative to benzoic 
acid, the variation in acid strength with variation in 
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R is for (1), Benzoic > But > Me 2 Et > Pri, and for 
(IT), But > Pri > Benzoic > Et 2 Me. These trends 
confirm those observed by Cavill, Gibson and Nyholm? 
for (I; R=Me, Et, and Pri), and by Baliah, Shanmiga- 
nathan and Varadachari‘ for (II; R=Me, Et, Pri). The 
position of the But acid in each case is a clear demon- 
stration of the operation of a steric effect involving 
the But group and the o-hydrogen atoms, which prevents 
the attainment of coplanarity of the bonds of the oxygen 
(or sulphur) atom and the benzene ring, and thereby 
destabilizes the acid relative to its anion. It would appear 
that a small, though real, steric effect operates in (IT) 
even when R is Pri. The steric interactions present in 
(Il; k=Pr and But, respectively) would appear to be 
so effective as to hinder the operation of the electron- 
releasing mesomeric effect of the sulphur atom to such a 
degree that the electron-withdrawing inductive effect of 
this atom becomes predominant in determining the free- 
energy difference between each of these acids and its 
anion. 

A more complete interpretation must await the out- 
come of investigations into the esters of (I) and (II), and 
the corresponding m-alkoxy- and alkylthio-benzoic acids, 
and their esters. 

NEVILLE H. P. SMITH 


Department of Chemistry, 
University of Manchester Institute 
of Science and Technology. 


1 Jones, B., and Speakman, d. C., J. Chem. Soc., 19 (1944). 
s Savi g W. K., Gibson, N. A., and Nyholm, R. 8., J. Chem. Soc., 2466 


ə ents A W., Barrett, G. F. C., and Tweed, W. T., J. Chem. Soc., 2881 


‘ Balah, Y., Shanmuganathan, S , and Varadacbarı, R., J. Phys. Chem., 81, 
1013 (1957). 


BIOCHEMISTRY 


Incorporation of Histamine Ribonucleoside 
into Soluble Proteins 


IsororrcĘaLLY labelled histamine ribonucleoside can be 
detected in the urine of experimental animals after 
intraperitoneal administration of either 2(ring} C- 
labelled histamine?, or similarly labelled histamine- 
adenine-dinucleotides?. However, in such experiments the 
quantities of histamine ribonucleoside recovered from 
the urine represent only a small percentage of the expected 
amount. This apparent disappearance of histamine ribonu- 
cleoside in vivo suggested the possibility of its combination 
with proteins. The incorporation of amines into proteins, 
probably through transamidation, was studied by Waelsch 
et al.34, A similar system, that is, a 100,000g supernatant 
of a guinea-pig liver homogenate’, was used in our in- 
vestigations. Histamine ribonucleoside was prepared 
from histamine adenine dinucleotide phosphate’, as 
already described?. The degree of purity of this material 
was checked ionophoretically?#, and only a single spot 
was observed in either tris-hydrochloric acid (pH 8-0) or 
sodium borate (pH 9-1). As shown in Table 1, there was 
appreciable incorporation of radioactivity into the acid 
insoluble fraction of the incubation mixtures when either 
histamine, or histamine ribonucleoside, or histamine- 
adenine-dinucleotide-phosphate was used. This incor- 
poration was Ca?+-dependent. Thus, in controls from 
which Ca*+ was omitted, very few scintillations were 
counted, and radioactivity approached background 
values (Table 1). When tested under conditions similar 
to those in Table 1, the guinea-pig liver supernatant used 
in our investigations was found free of activities capable 
of liberating inorganic phosphate from the dinucleotide. 
This may be partly due to the lack of the proper enzymes 
(that is, pyrophosphatases and phosphatases) and partly 
because of the lack of magnesium ions. In any event, this 
finding led us to the conclusion that the dinucleotide 
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Table 1 INCORPORATION OF 2(RING)-C-LABELLED HISTAMINE AND CERTAIN 
OF ITS N(RING)-RIBOSYL ATIVES IN THE ACID-INSOLUBLE FRACTION 
OF GUINEA-PIG LIVER PREPARATIONS 


Radioactivity above 


Compound Cat+ background (d.p.m. 
(b mM) per 27 mg of protein) 

Histamine + 5,688 
Histamine — 3 

Histamine ribonucleoside + 1,494 
Histamine ribonucleoside _ 32 
Histamme-adenine dinuclevtide phosphate + 1,840 
Histamine-adenime dinucleotide phosphate - 26 


All compounds were identically labelled. Each amine (025 M, 50,000 
d.p m.) was incubated for 1 h at 37° C with an equal portion of 100,000g 
supernatant of a guinea-pig liver homogenate (ref 3) corresponding to 27 
mg of protein, as determined by the biuret method (ref. 8), in a total volume 
of 2'0 ml. The reaction was stopped by adding, in the cold, trichloroacetic 
acid to 5 per cent final concentration. The mixture was centrifuged and the 
ri era was discarded. The precipitate was redissolved in 10 mi, of 
0:2 N sodium hydroxide and reprecipitated with 3 ml. of 15 per cent trichlo1o- 
acetic acid, in the cold. This operation was repeated five times, Finally, 
the washed precipitate was dissolved in 15 mil. of “‘Hyamine’ (Packard 
Instrument Co, Inc.) and the sample was prepared for counting in the 
scintillation counter as before (ref. ae: After counting, an appropriate 
quantity of }*C-labelled toluene was added to the sample (internal standard) 
and counting was repeated The efficlency of counting was computed from 
the difference of the two counts, and on this basis the results were converted 
yi disintegrations per minute (d.p m ). 


The background counts were about 
0 cpm. 


was probably attached as such on the protem molecule. 
In the experiments shown in Table 1, incorporation of 
radioactivity into protenms from free histamine was 
greater than from ita ribonucleoside derivatives. However, 
unlike histamine end other amines (see, for example, 
ref. 6), histamine ribonucleoside is not deaminated in 
mammalian tissues??)7:1°, Because deaminated com- 
pounds would not react in the transamidation system, it 
follows that the histamine dinucleotides and histamine 
ribonucleoside would probably have a greater chance than 
histamine of becoming attached on to proteins if found 
in the proper in vivo environment (that is, in the presence 
of deaminases). These preliminary observations explain 
qualitatively previously found quantitative discrepancies 
and open the route for further experimentation concerning 
the significance of the formation and fate of histamine 
dinucleotides in vivo. 
This work was supported in part by a contract with 
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Release of Peptide Chains from Rat-liver 
Polysomes by the N,N-Dimethyl-p-methoxy- 
L-phenylalany! Analogue of Puromycin 


Tue synthesis of a peptide on the surface of a ribosome 
takes place in the presence of messenger RNA, aminoacy]l- 
sRNA, transfer enzymes and guanosine triphosphate 
(GTP). During protein synthesis, ribosomes move along 
the message and become detached on completion of the 
peptide chain!~*. Release of the completed peptide chain 
appears to be rather complex in that (1) the peptide chain 
is always attached to a molecule of sRNA in all stages of 
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its growth and thus requies some special chemical or 
enzymatic process to release it from its SRNA carrier®:’, 
and (ii) peptide chains are not normally released at inter- 
mediate stages of growth‘. 

It appears reasonable to assume that there is a specific 
sRNA concerned with release of completed polypeptides. 
In this regard, Brenner’ and his colleagues have recently 
provided evidence that this is the case, in their work on 
nonsense triplets for chain termination. If we then assume 
that there is a specific sRNA concerned with peptide 
chain release, we can imagine that it must carry an amino- 
acid of some particular type. Primary and secondary 
amino-acids cannot function here, as they would form 
stable peptide bonds with release of a polypeptide con- 
taining an additional amino-acid. However, if the releas- 
ing sRNA carries an amino-acid bearing a tertiary amino 
function, reaction can, still occur, giving a quaternary 
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for incoming aminoacyl-sRNA*-1!, In this type of release, 
the primary amino group of puromycin forms a peptide 
bond with the growing peptide chain. Ifthe aforementioned 
suggestion concerning peptide chain release by way of a 
tertiary aminoacyl-sRNA is feasible, it should be possible 
to demonstrate the release of peptide chains from ribo- 
somes with a derivative of puromycin having its primary 
amino group changed to a tertiary amino function by 
introduction of two methyl groups. To test the above 
hypothesis, therefore, the N,N-dimethyl-p-methoxy-t- 
phenylalanyl analogue of puromycin (Fig. 3, I) was syn- 
thesized and its effect on protein synthesis and peptide chain 
release investigated. 

In Table 1 are shown the results of the N,N-dimethyl- 
p-methoxy-L-phenylalany] analogue (hereafter called N,N- 
dimethylpuromycin) and puromycin on protein synthesis 
in a system consisting of rat-liver polysomes and 


linkage as shown in equations (1) and (2). pH 5 enzyme. It is seen that the new derivative has 
approximately 58 per cent of the acti- 

O oO vity of puromycin (both at 6x 10-4 

I a | M), and definitely inhibits protein syn- 
sRNA—O-—~C—CHR .NR,+sRNA’—O—C—-CHR .NH peptide-NH,.— thesis. Further experiments were 
O O carried out with polysomes containing 

ll + | [*4C]-labelled peptide chains. Fig. 1 
sRNA—O—C—CHRF.NR,—C. CHR .NH—-peptide-NH,+ sRNA’—O- (1) shows the effect of N,N-dimethylpuro- 
O o mycin on the release of peptide chains 

f % | from pre-labelled polysomes. It can be 
sRNA—-O—-C—-CH2 .NR,—C.CHR .NH-—peptide-NH,+4- H,O—> seen that it has approximately 60 per 
O O cent of the activity of puromycin in 

ll k | releasing peptide chains at a concen- 
sRNA—O—C-—-CHR .NR,+ HO one . NH———-peptide-NH,+ H* (2) tration of 10> M. Further, it will be 


A quaternary bond of the type shown would be very 
unstable under aqueous conditions and would presumably 
be readily hydrolysed to the free peptide and tertiary 
aminoacyl-sRNA (2). It seems reasonable to suggest that 
a similar type of mechanism might be operating in protein 
synthesis. 

Puromycin releases peptide chains from ribosomes at all 
stages of their growth by competing with and substituting 


ps 
~J O 
oO oS 


Percentage [“C}-peptide chains released 
oO 
S 


0 10" 10-7 


Molarity (puromycin, @, N,N-dimethylpuromycin, O} 


Fig 1 Release of peptide chains from pre-labelled polysomes by the 
N,N-dimethyl-p-methoxy-L-phenylalanyl analogue of puromycin and 
puromycin. Polysomes were labelled in the incubation medium given in 
Table 1. Incubation was carried out for 10 min at 87°C. The labelled 
polysomes were diluted with medium A (0 25 M sucrose, 0 05 M ¢tris-HCl 
(pH 7 6), 0 005 M magnesium chioride and 0 025 M. potassium chloride) 
and isolated by centrifugation at 105,000g for 1 h. The resulting pellet 
was resuspended In medium 4, and the suspension laycred over 05 M 
sucrose (containing medium 4 buffer) and centrifuged at 99,000g for 2h 
in the No. 30 rotor. The resulting pellet was taken up in medium 4, 
and cleared of denatured material by low-speed centrifugation. Treat- 
ment with puromycin derivatives: aliquots of the [‘O]-labelled poly- 
somes were treated with N,N-dimethyipuromycin and puromycin for 
15 min at 37° C, cooled im tee, diluted with medium A, and then isolated 
by centrifugation at 105,000g for i h. They were resuspended in 0 02 M 
tris-HCl (pH 76), 0004 M magnesium chloride, 0:05 M potassium 
chioride buffer (FKM buffer) and washed once again by centrifugation 
as described above. The pellets were finally suspended in TKM buffer 
and processed for [0] radioactivity by the ‘Millipore’ washing procedure 
of Nirenberg and Leder (ref. 14). Counting was carried out in the 
Packard scintillation spectrometer Control polysomes gave 8,458 
c.p.m./mumole riboszore 


noted that increasing the concen- 
tration of the substituted puromycin above 10-3 M 
brings about no increase in its activity. N,N-Dimethy]l- 
puromycin has no effect on the integrity of polysome 
structure as evidenced by sucrose gradient centrifugation 
(Fig. 2), in conformity with the results obtained previously 
with puromycin??, 

The above results demonstrate that 6-dimethylamino- 
9-(3’-N,N-dimethyl-p-methoxy-L-phenylalanylamino-3’- 
deoxy-f-p-ribofuranosyl)-purine, a puromycin derivative 
bearing a dimethylamino-acid (tertiary), is capable of 


0 50 


0 40 


0 30 


Optical density (260 n+) 


010 





0 
0 10 20 30 0 10 20 30 
Fraction No. 
Fig 2. Sucrose gradient analysis of polysomes pretreated with the 


N,N-dimethyl-p-methoxy-L-phenylalany! analogue of puromyen. 
Polysomes (0 38 mumoles ribonucleoprotein) in 10 ml. of medium A 
were incubated for 10 min at 37° C with and without N,N-dimethyl 
puromycin. They were cooled in ice, and then layered on to pre-cooled 
sucrose gradients (16-34 per cent w/v sucrose containing 0 05 M tris-HCl, 
pH 7:6 and 0005 M magnesium chloride) Centrifugation wes carried 
out in the ‘SW 25-1" swinging bucket rotor at 24,000 r.p m. for 2°5 h. 
a, Profile of control polvecses b, profile of polysomes pretreated with 
N,N-dimethylpuromycin (final concentration 10-* M) 
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releasing peptide chains from polysomes in the absence 
of GTP and transfer enzyme. The possible chemical 
reactions depicting the release of peptide chains by 
N,N-dimethylpuromycin are shown in Fig. 3. We suggest 
that a similar type cf reaction may possibly occur in 


Table 1. EFFECT OF THE N,N-DOLETHYL-p-METHOXY-L-PHENYLALANYI: 
ANALOGUE OF PUROMYOCIN AND PUROMYOIN ON PROTRIN SYNTHESIS BY 
RAT-LIVER POLYSOMES 


Each reaction tube contained the following in a final volume of 11 ml.: 
0:03 M tris-HCl (pH 7:6), 0 016 M potassium chloride, 0 006 M magnestum 
chloride, 0:14 M sucrose, ATP (3 wmoles), GTP (1-25 umoles), phosphoenol 
ee (12°5 umoles, potassium salt}, pyruvate kinase (60 ug), GSH 
i moles, pH 7 6), [O] yeast hydrolysate (1 uc.) (specific activity 1,200 
uc. dmg), polysomes (0-76 mg ribonucleoprotein), and pH 6 enzyme (2 6 mg 
protein) N,N-Dimethyl-p-methoxy-L-phenylalanyl-puromycin and puro- 
mycin were both dissolved ın water and used as such. Incubations were 
carried out for 10 min at 37° O. Reactions were stopped by the addition of 
1 ml. of 10 w/v trichloroacetic acid and the resulting precipitates washed by 
the procedure of Mans and Novelli (ref. 13). Labelled proteins were finally 
washed on to ‘Millipore’ filters with 6 per cent trichleroacetic acid. The 
filters were dried and counted for radioactivity in the Packard ‘Tri-Carb’ 
liquid scintillation spectrometer 


[24C]-labelled 


Reaction protein Percentag2 
conditions c.p.m /mg inhibition 
protein 
Control 10,880 — 
Puromycin (5 x 107 M) 5,183 53 
N,N-Dimethylpuromycin (6 x 107 M) 7,500 31 
N,N-Dimethylpuromycin (10-? M) 7,278 33 


6-Dimethylamino-9-(3’-N,N-dimethy]-p-methoxy-1L-phenylalanylamino-9’ - 
deoxy-f-D-ribofuranosyl)-purine was prepared from puromycin dihydro- 
chloride by reductive methylation (formaldehyde, hydrogen, palladium/car- 
pon catalyst). The new compound was characterized by analysis and mass 
spectrometry. Detalls concerning its synthesis and mass spectra will be 
published shortly ın conjunction with Dr S. H Eggers of these laboratories. 


C=0 
{ 5 e \ 
tad ¥ 0 
Meo-{ O )-CHe CH'N Mez oD CHR - NH-C--- peptide - NH2 
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normal protein synthesis with the releasing sRNA carrying 
a tertiary amino-acid. 
A. O- HAWITREY 


S. I. BIEDRON 
National Chemical Rəsearch Laboratory, 
Council for Scientific and Industrial Research, 
Pretoria. 
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Nature of the Non-haem Iron in Ferredoxin 
and Rubredoxin 


RECENTLY, Gillard. McKenzie, Mason, Mayhew, Peel 
and Stangroom! presented optical rotatory dispersion 
data on non-haem iron proteins from several sources. 
They found that wLereas the bacterial ferredoxins from 
Clostridium acidi-uresi, C. pasteurianum and Peptostrepto- 
coccus elsdenii and the rubredoxin from P. elsdenii have 
very similar optical rotatory dispersion spectra in both the 
oxidized and reduced forms, these spectra differ qualita- 
tively from that obtained with oxidized plant (parsley 
and spinach) ferrecoxin. No data were presented on 
reduced plant ferredoxin, and indeed it has been, reported? 
that reduced plant ferredoxin has no optical activity in 
the visible region of the spectrum. Gillard et al. conse- 
quently suggested ‘that the bonding of iron in plent 
ferredoxin is entirely different from that in bacterial 
ferredoxin and rubr3doxin”’. 

Recently, we obtained measurements of both optical 
rotatory dispersion and circular dichroism on plant 
ferredoxin® and conirmed the earlier data which Gillard 
et al. and earlier wo7>kers?-+ had reported, with the excep- 
tion that we were unable to find the trough at 330 mu 
(see ref. 1, Fig. 3°. Furthermore, we extended these 
measurements to reduced ferredoxin; in contrast to the 
earlier report®?, we found intense and detailed optical 
activity in the chemically reduced species in the visible 
region, of the spectram. However, this disappears slowly 
with a concomitant irreversible denaturation of the 
protein. The circular dichroism spectra indicate the 
presence of at least eight optically active transitions 
between 300 and 700 my in the oxidized and reduced 
proteins. 

More pertinent, however, are some recent electron para- 
magnetic resonance {EPR ) results which were not available 
to Gillard et al. Briefly, these can be summarized as 
follows. (i) Spinach ferredoxin exhibits no electron 
paramagnetic resonance spectrum in its oxidized form. On 
reduction, a spectrrm typical of the g = 1-94 class of iron 
proteins is obtained’. (ii) C. pasteurtanwm ferredoxin 
gives a variable amount of ag = 2-0 signal in the oxidized 
form and develops strong resonance in the g = 1-94 
region on reductior®. However, whereas the line-shape of 
spinach ferredoxin is readily understood, that of the 
bacterial ferredoxin is not. (iit) C. pasteurtanwm rubre- 
doxin exhibits a strong g = 4:3 signal in the oxidized 
form and nothing on reduction?®. Table 1 contains a 
summary of this amd other pertinent data. 

The prediction made by Gillard et al. on the basis of 
their optical rotatcry dispersion results, that the binding 
of iron in rubredo=in should be quite similar to that of 
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Table 1 
Visible optical 
absorption Visible optical activity EPR* signals Labile Redox 
Oxidized Reduced Oxidized Reduced Oxidized Reduced sulphide potential Ref. 
Spinach ferredoxin Strong Strong Strong Strong None = 1:94 Yes — 0:432 3,5,9 
A pasteurianum ferredoxin Strong Strong Strong Weak g = 20 (variable) 4g = 1:94" Yes — 0:42 1, 6,10 
C. pasteurianum rubredoxin Strong None Strong Weak g=43 None No —0 06 1, 7, 8,11 


* Electron paramagnetic resonance. 


the bacterial ferredoxins, is not substantiated by our 
electron paramagnetic resonance data. The electron 
paramagnetic resonance spectrum of rubredoxin is of the 
high-spin type found with ferrichrome and transferrin!*. 
However, the ferredoxins have spectra which would 
seem to be due to low-spin iron, in tetrahedral symmetry. 
Furthermore, the contents of Table 1 indicate that the only 
satisfactory way to classify these three proteins is indi- 
vidually. However, as has been well known", the plant 
and bacterial ferredoxins have much more in common with 
each other than, either has with rubredoxin; even so, the 
observed differences are real and cannot be rationalized 
at this time. 

Attempts to determine the ligand environment of these 
proteins should not be based on the application of one 
experimental method alone. In particular the results of 
Mossbauer, magnetic resonance, optical and circular 
dichroism spectroscopy should all be considered in our 
attempts to define the molecular orbital configurations 
of this important new class of electron-transfer proteins. 

This work was supported by the National Institutes of 
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Chromogen Formation and Degradation of 
N-Acetylhexosamines and N-Acetylneuraminic 
Acid by Barium Hydroxide Treatment 


ALKALINE degradation! has been used as a means of 
determining the structures of oligo- and poly-saccharides. 
Various alkalis have been used as degradation reagents. 
The barium hydroxide technique especially has been 
effectively used for the exploration of the chemical 
structure of the carbohydrate moieties of some sialomuco- 
proteins?-*. Under the conditions of the barium hydroxide 
treatment, N-acetylglucosamine’ and N-acetylneuraminic 
acid? are partly converted into chromogen I (ref. 5) and 
N-acetylhexosamine, respectively. However, none of the 
reactions of N-acetylhexosamines and N-acetylneuraminic 
acid with barium hydroxide has as yet been completely 
examined. ‘The present work was undertaken to obtain 
more detailed knowledge of the chromogen formation 
and degradation of the N-acetylhexosamines and N- 
acetylneuraminic acid under the conditions of barium 
hydroxide treatment. 

A solution of 20 mg of a sample in 4 ml. of 0:02 N 
barium hydroxide solution was heated at 80° C for 15 
min and cooled. The cooled mixture was neutralized 


to pH 5:5 with 0-1 N sulphuric acid and centrifuged. 
The precipitate was washed with water and the washings 
and supernatant solution were combined. Half the 
combined solution was evaporated over phosphorus 
pentoxide in a vacuum desiccator. 0-3 ml. of water was 
added to the dry residue and the mixture centrifuged. 
The supernatant solution was subjected to the two- 
dimensional paper electrophoresis and chromatography 
as described in a previous article. 0-5 ml. of 2 N sulphuric 
acid and 0:25 ml. of 2,4-dinitrophenylhydrazine reagent’ 
was added to the other half of the combined solutions. 
The mixture was allowed to react overnight at 37° C 
and diluted to 20 ml. with water and then shaken with 
three successive portions of ethyl acetate—10, 5 and 5 ml. 
respectively. The combined solvents were washed with 
water and extracted with three 10-ml. portions of 3 per 
cent sodium bicarbonate. The solvent was washed with 
water and evaporated. The dry residue was designated 
as the neutral carbonyl compound fraction. The com- 
bined sodium bicarbonate extracts were acidified with 
4 N sulphuric acid and re-extracted with three 10-ml. 
portions of ethyl acetate, and the solvents were washed 
with water and evaporated. The dry residue was 
designated as the keto acid fraction. The two fractions 
were subjected to ascending paper chromatography. 
(The solvent used for 2,4-dinitrophenylhydrazones of 
aliphatic carbonyl compound was methanol-hexane 
(1:1) (ref. 8). The solvents for keto acid 2,4-dinitro- 
phenylhydrazones were n-butanol saturated with 3 per 
cent aqueous ammonia®?° and n-butanol-ethanol-water 
(5:1: 4) (ref. 10).) 

The results of the barum hydroxide treatment of 
N-acetylglucosamine, N-acetylmannosamine and N-acetyl- 
galactosamine followed by two-dimensional separation of 
the reaction products are summarized in Table 1. Spots 
1, 3, 4, 9 and 10, produced from the three N-acetylhexos- 
amines, were classed as chromogens on the basis of their 
reactivities in colour tests 1 (the indirect Ehrlich reaction)’ 
and 2 (the direct Ehrlich reaction)*. The chromogens 
appear to be furan derivatives, since these violet or pink 
colours fade within 1~2 h. Of these furan chromogens, 
spot 3 was the main chromogen at all times and identified 
as chromogen I (ref. 5) by its electrophoretic and chromato- 
graphic mobilities (Table 2). Spots 2, 5 and 7 were identi- 
fied as N-acetylglucosamine, N-acetylgalactosamine and 
N-acetylmannosamine, respectively, on the basis of their 
reactivities in colour tests 1 and 2 and their mobilities. 
Spots 6 and 8 were unknown 2-acetamido-2-deoxy- 
aldoses. The results show that under the conditions of 
barium hydroxide treatment, the main reaction products 
of the three N-acetylhexosamines are furan chromogens 
which include chromogen I. Each N-acetylhexosamine 
gave an unidentified 2-acetamido-2-deoxy-aldose as a 
by-product and reversible epimerizations of N-acetyl- 
glucosamine and N-acetylmannosamine occur simultane- 
ously as side reactions. 

After N-acetylneuraminic acid was treated with barium 
hydroxide, the reaction products obtained were subjected 
to two-dimensional paper electrophoresis and chromato- 
graphy. The results are shown in Table 3. Since spots 
6-9 from N-acetylneuraminic acid gave pink violet 
colours which were stable for several days, these spots 
are likely to be N-acetylneuraminic acid and its deriva- 
tives, or pyrrole compounds derived from the acid by 
the barium hydroxide treatment. Of these spots, numbers 
7 and 9 were identified as N-acetylneuraminic acid and 
pyrrole-2-carboxylic acid', respectively, by their electro- 
phoretic and chromatographic mobilities. Spots 2, 5 
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TWO-DIMENSIONAL PAPER ELECTROPHORESIS AND CHROMATOGRAPHY (REF. 6)* OF THE REACTION PRODVOTS OF THRES N-ACETYLHEXOSAMINES 


WITH BARIUM HYDROXIDE 


Colour Colour and 


Spot poparated on paper sh t 


Sample test mobility 1 2 8 8 9 10 
Colour 1.~P V int-V Int-V l-V 1-V I-P IV 
Treated N-acetyl- 1 EM — 1'4 1-8 2- 2°7 72 7'8 73 A 6 
glucosamine CM 18 7 8-9 12:8 0-5 4'6 0-3 24 127 
Colour }-P int-V Yy IP l-V 
2 EM ~ l'4 2°6 28 73 7-6 
7 CM 16 3 12-7 0:5 2:0 125 
Colour P 1-¥ int-V int-V 1-¥ 1-V 1P f-Y 
Treated N-acetyl- 1 EM. ~ 17 1:8 2'8 29 7-1 73 73 9°56 
mannosamine CM. 17-0 8'8 12-9 0:0 4°6 00 1:7 13-0 
Colour 1-P int-V 1-P 1-P {-V 
2 EM — 18 2-5 2°7 73 7°7 
CN 16 2 12:8 0-2 17 12-8 
Colour I-P int-V 1-V l-V 
Treated N-acetyl- 1 EM ~17 2 3-7 7'0 
galactosamine 18:3 12-9 50 3-6 
Colour LP int-V 
2 EM — 1'6 26 
CM 17-0 12-8 


* Whatman No. 3 MM paper strip (ref Ae Buffer for the first dimension (paper electrophoresis): 0 025 M sodium tetraborate, 200 Y, 6h. Solvent for 


the second dimension (paper olpomatogranhy. 
Colour test 2 (refs 6, 16): the direct 
were migrated tothe anode f, Faint; int, intense; 1, light; P, pink; Y, violet. 


Table 2. ‘TWO-DIMENSIONAL PAPER ELECTROPHORESIS AND CHROMATO- 
GRAPHY OF REFERENCE COMPOUNDS 
Colour and Colour and 
Reference mobility Reference mobility 

Colour int-V Colour Yy 
N-acetyl- EM 18 Chromogen I EM 26 
glucosamine OM 9-0 OM. 12°6 
Colour int-V Colour Yy 
N-acetyl- EM 7-2 N-acety]-neur- 10-0 
mannosamine COM 4:6 aminic acid CM 0-0 
Colour y Colour P 
N-acetyl- EM 87 Pyrrole-2- EM 18-2 
galactosamine CM 4-8 carboxylic acid CM. 8-7 


Abbreviations as for Table 1. 


: n-butanol-pyridine-water (2:2° 1), } 
ch reaction. EM, Electrophoretic mobility (em); CM, chromatographic mobility (cm). Allspots, except spot 1, 


45° O, 16 h. Colour test 1 (refs. 6,16): the indirect Ehrlich reaction. 


cluding chromogen I, pyruvic acid and acetaldehyde, and 
the other is pyrrole chromogens, including pyrrole-2- 
carboxylic acid. Since it is clear? that the N-acetylhexos- 
amine fragment present in the N-acetylneuraminic acid 
molecule is N-azetylmannosamine, N-acetylglucos- 
amine formed in the degradation of the N-acetylneur- 
aminic acid by the barium hydroxide treatment seems to 
be an epimerization product of the N-acetylmannosamine 
which derived from the acid by the treatment. 

These findings indicate that in general the chromogen 
formation and epimerization of the N-acetylhexos- 


Table 3. TWO-DIMENSIONAL PAPER ELECTROPHORESIS AND CHROMATOGRAPHY OF THE REACTION PRODUTZTS OF N-ACETYLNEURAMINIC ACID WITH BARIUM 


HYDROXIDE 
Colour Colour and Spot separated on paper electropherochromatogram 
Sample test mobility 1 2 3 4 5 6 7 8 9 
Colour 1-P y y £-V f-V l- LPY £-PV £-PV 
Treated N-acety!- 1 EM — 1-4 1-7 26 2-6 7-2 9-0 10 0 12-8 18-4 
neuraminic acid CM 16°2 87 128 0-0 4-5 20 0: 0: 8-6 
Colour I-P V Very f-V 1-PV 1-PY £-PV f-PV 
2 EM —1:6 27 25 9-1 103 13-0 13-2 
CM 16-5 12-6 0-0 1-8 0-0 0 86 


Abbreviations as for Tables 1 and 2. 


and 3, produced from N-acetylneuraminic acid, were 
identified as N-acetylglucosamine, N-acetylmannosamine 
and chromogen I, respectively, by their mobility and by 
their reactivities in colour tests 1 and 2. Paper chromato- 
graphy of the neutral carbonyl compound and keto acid 
fractions obtained from the N-acetylneuraminic acid by 
the barium hydroxide treatment showed that N-acety]- 
neuraminic acid produced pyruvic acid and acetaldehyde. 
These results indicate that under the conditions of the 
barium hydroxide treatment, N-acetylneuraminic acid 
is degraded into two groups, one of which consists of 
N-acetyimannosamine, N-acetyiglucosamine, an unidenti- 
fied 2-acetamido-2-deoxy-aldose, furan chromogens, in- 
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Fig. 1. Ohromogen formation and degradation of V-acetylhexosanunes 

and N-acetylneuraminic acid by barium hydroxide treatment. GlcNAc, 

N-acetylglucosamine; ManNAc, WN-acetylmannosamine; GalNAe, 
N-acetylgalactosamime; NANA, N-acetyIneuraminic acid 


amines in barium kydroxide solution are similar to those 
of the N-acetylhexosamines in sodium hydroxide", 
carbonate’ and prridine—nickelous acetate!® solutions. 
Furthermore, the degradation of N-acetylneuraminic 
acid in barium hydroxide solution to N-acetylmannos- 
amine, N-acetylglucosamine and pyruvic acid is similar 
to that of N-acetylneuraminic acid in sodium hydroxide!‘ 
and pyridine~nickelous acetate!® solutions. The reactions 
of the three N-azetylhexosamines and WN-acetylneur- 
aminic acid with barium hydroxide can be depicted as in 
Fig. 1. 
We thank Prof. T. Furuhata for his advice. 
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Bone Marrow Suiphydryl Levels 


DURING the course of other investigations the sulphydry] 
levels of rat bone marrow have been measured. Unlike 
other tissues examined, the bone marrow was found to 
show a high protein-bound sulphydryl level and a rela- 
tively low acid-soluble sulphydryl level. The investigation 
was extended to determine whether this unusual distri- 
bution of sulphydryl was a feature of other bone marrows. 

All animal bone marrows were forced out of the femora 
of freshly killed animals by air pressure. The human 
specimens were obtained by sternal puncture. Estima- 
tions of total sulphydryl were made by the method of 
Calcutt and Doxey! using p-chloro-mercuribenzoic acid 
as the reactant. Acid-soluble sulphydryl was determined 
by the variation of the above method devised by Caleuté, 
Doxey and Coates*, using trichloroacetic acid as the 
protein precipitant. The difference between the total 
sulphydryl and the acid-soluble sulphydryl Jevels as 
determined on two samples of the same marrow was 
taken as representing the protein-bound sulphydry]l value. 

The results for the animal experiments are shown in 
Table 1. It was noted that the rabbit marrow was ex- 
tremely fatty in comparison with the others, and this 
may partly explain the lower total and protein-bound 
values obtained. It was also found that, proportionate 
to their size and weight, rats of the Wistar strain have 
considerably larger amounts of femoral marrow than do 
rats of the August strain. 

Findings in respect of the human cases are given m 
Table 2. These samples were all taken from hospital 
patients (diagnoses are shown in the Table), and the pos- 
sibility of the results being affected by the illness cannot 
be excluded. Nevertheless, the same general feature of 
high protein-bound sulphydryl and low acid-soluble 
sulphydry] is apparent. 

The values for acid-soluble sulphydryl found in this 
work were lower than those previously obtained from 
animal livers but rather higher than those found for 
muscle, kidney, spleen or a range of animal tumours’. 
The present values are, however, considerably lower than 
those previously recorded by Lutwak-Mann for rat marrow 
(150-198 mg/100 g)*. This may arise from the fact that 
these last values were obtained by the non-specific 
iodometric method. An earlier investigation’ gave 0-5 
mg/100 g of glutathione for rabbit marrow. This is much 
lower than the present figures but, as no details of method 
were given, comment is not possible. 

The protein-bound sulphydry] levels found in the present 
work are much higher than any previously found for 
other tissues. Liver has shown the highest values for 


Table 1. LEVELS OF SULPHYDRYL IN ANIMAL BONE MARROWS 


No. of Total Acid-soluble Protein-bound 
Species Sex samples sulphydryl sulphydryl sulphydry! 
Rat (August) M 10 29-9 5-9 24-0) 
(23 2-36-0) (4-1-9-9) (16-7~30'1) 
Rat (August) F 10 33- 27° 
; (29:3-39 0) (2°3-8 4) (21-6-33-6) 
Rat (Wistar) M 6 45-7 ' 35° 
: (40 6-52-3) (6-0-18 1) (286-44 5) 
Rat (Wistar) F 6 . 10 8 . 
(31:1-63-7) (7-7-14:0) (19-7-—41°3) 
Guinea-plg M 6 35- 10-2 26-9 
. {28 9-46 1) (7-8-12 3) {18-5~-36-4) 
Rabbit M 5 14:9 . 8-1 
(12-3-16-2} {3:5-9 5) (6-1-9 8) 


For each value the mean and range (in parentheses) are shown. AJl values 
are expressed as ug sulphydry]/100 mg wet weight of tissue. 


Table 2. LEVELS OF SULPHYDRYL IN HUMAN BONE MARROW 


Acid- Protein- 
Sex Age Diagnosis Total soluble bound 
sulphydryl sulphydry! sulphydryl 

M 57 Carcinoma of stomach 12:3 1:8 10°7 
M 68 Lymphosarcoma 10-2 1-8 8-4 
M 39 Melanoma 17-1 1-9 16-2 
M 78 Mycosis fungoides 23 7 3-5 20-2 
F 62 Plasmacytoma 15-9 1:3 14-6 

F 47 Thyroid enlargement 18-6 3-1 156 

F 20 Disseminated lupus 9-2 2-1 71 

erythematosus 
F 78 Carcinoma of colon 9:4 11 8-3 
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normal tissues with levels up to about 7:5 ug sulphydryl 
per 100 mg wet weight*, while one tumour has given 10°65 
ug sulphydryl/100 mg wet weight’. This raises the ques- 
tion as to why bone marrow should have such unusually 
high levels of protein-bound sulphydryl. Possible ex- 
planations are: (1) marrow cells have protein with more 
than the normal number of cysteine residues; (2) the 
marrow cell protein has a greater than usual exposure of 
sulphydryl groups; or (3) the marrow cells contain much 
more protein than do other cells. Some further evidence 
is available in measurements of the total sulphydryl 
levels in denatured specimens of August bone marrow. 
A 1 per cent solution of “Teepol’ (Shell Chemical Co., Ltd.) 
was used to denature the homogenized marrow, this 
method having previously been found to be a very 
effective one. Using marrow from six male rats, a mean 
value of 35-8 ug sulphydryl per 100 mg wet weight of 
tissue and a range of 24:8-50-9 were obtained. This 
value is only a little above the total sulphydryl values for 
male August rats and suggests that in bone marrow most 
of the protein-bound sulphydryl is normally exposed. 
This contrasts with previously’ obtained values for liver 
and tumours where only one-twelfth to one-thirtieth 
of the protein-bound sulphydry] was normally found 
exposed. 

These findings have a particular interest in respect of 
the great sensitivity of bone marrow to certain cytotoxic 
agents. It has already been suggested by Calcutt and 
Connors’ that sensitivity to alkylating agents is correlated 
with a high ratio of protein-bound to acid-soluble sul- 
phydryl. It now appears that bone marrow has such a 
high ratio and in fact one which is higher than for any 
other tissue so far examined. At the same time bone 
marrow sensitivity to alkylating agents is a limiting factor 
in their use. 

I thank Dr. Anne Bromley of the Department of 
Pathology, Mount Vernon Hospital, for supplying the 
human bone marrow specimens. The expenses of this 
work were defrayed from a block grant by the British 
Empire Cancer Campaign for Research. 
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Normal Human Serum Fluoride 
Concentrations 


RESULTS from a new method of analysis of fluoride from 
serum indicate that the generally accepted value for normal 
humans is too high by as much as a factor of ten. The 
average serum fluoride concentration of sixteen non- 
fasting individuals, all presumably drinking fluoridated 
water, was found to be 0-7 uM + 0-4 S.D. (0-013 p.p.m.) 
and the average difference in duplicates was 0:18 uM. 
(The very low values found here for serum fluoride make 
ppm. an awkward unit. Therefore the shift has been 
made to the more useful and acceptable chemical concen- 
tration terms, mymole (millimicromole) and uM (micro- 
molar).) The generally accepted average serum fluoride 
value is 8 uM (0-15 p.p.m.) as found by Singer and Arm- 
strong, regardless of the concentration of fluoride in the 
drinking water up to 130 uM (2-5 p.p.m.)!. 

Themethod is being published in detail elsewhere, but 
essential features are diffusion at 25° C from 3 N hydro. 
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chlorie acid and an indicator which depends on the loss of 
fluorescence of a morin thorium complex. As little as 
1 my mole of fluoride (0-02 ug) in a volume of 3 c.e. is 
able to reduce the fluorescence 50 per cent. Diffusion 
of the hydrogen fluoride into 0:1 N sodium bicarbonate is 
enhanced by moans of a rotary shaker. The diffusion 
dishes are non-wettable polystyrene (‘Falcon’) with the 
septum in the outside compartment partially removed 
and the hds sealed with a silicone grease. 

The crucial difference in this procedure as compared 
with that of Singer and Armstrong lies in the conditions 
for the diffusion process. Sera from six adults, run 
under conditions similar to those of Singer and Armstrong? 
(diffusion, from 3 N perchloric acid to 2:5 N sodium 
hydroxide at 60° C), were found to have apparent fluoride 
values within the range that they find, 6-10 uM. One 
of these samples was then tested for heat stability using 
fluorine-18 as a control. After diffusion the sodium 
hydroxide solution, was converted to a mixed carbonate- 
chloride salt which was fused in platinum crucibles over a 
burner. Blanks and standards were similarly treated 
and all were labelled with fluorine-18. Results showed 
only about a 10 per cent loss of fluorine-18, but there was 
a 90 per cent loss of apparent fluoride. Quadruplicate 
values for the non-fused serum samples ranged from 9 
to 11 uM while the fused samples ranged from 0-9 to 
1:7 uM (figures corrected for the loss during fusion). 
Standards treated the same way showed a 10 per cent loss 
of both fluorine-18 and fliuorine-19. Serum samples 
diffused by the new method and then fused showed a 
10 per cent loss of fluorine-18 and little or no loss in 
measured fluorine-19. 

There has been, other evidence, largely ignored, that the 
serum fluoride values reported by Singer and Armstrong 
are too high. Their results are most easily explained by a 
hypothesis that their serum fluoride values are too high 
by somo large relatively constant error. The average 
serum fluoride values they report are the same whether 
the individuals are drinking 5 uM (0-1 p.p.m.) or 130 pM 
(2-5 p.p.m.) fluoride in the water’. This seems unreason- 
able, because with this difference of fluoride intake the 
incidence of dental mottling increases from 0 to 90 per 
cent? and the average bone‘ and the urine® fluoride con- 
centrations change several-fold. 

Data from their study on the clearance of radioactive 
fluoride, if apphed to the serum fluoride values determined 
at the same time’, indicate that the urine fluoride concen- 
trations went as high as 800 uM (15 p.p.m.). Based on 
the amount of ingested fluoride and water this figure 
would have been, expected to be less than 150 uM (3 p.p.m.) 
(ref. 7). The most likely explanation again seems to be 
that the serum value is in error by & factor of at least 
five. 

Hall, using a new colorimetric method, which appears 
to be sensitive enough to detect serum fluoride-levels of 
about the magnitude that Singer and Armstrong claim, 
states that he rarely finds detectable amounts®. 

Smith, Gardner and Hodge in 1950 found average non- 
fasting blood fluoride-levels of 1-8 uM + 1-2 S.D. (0-04 
p.pm.) in a community on fluoridated water’. Their 
method was cumbersome and they had to apply & correc- 
tion factor due to losses occurring during the double 
distillation and ashing of the 50 e.c. of serum”, but the 
work should receive more consideration than it has, because 
it is the only study to show a difference in serum fluoride 
concentrations of those living on fluoridated water 
(1-8 uM) as compared with those on non-fluoridated water 
(0:7 uM, ‘P’ value of the difference given as 0-010). The 
range of values they found was 0-4 uM (0-072 p.p.m.). 
The difference between their average value and that 
reported here probably is due to analytical problems 
but may be due to sampling. The most likely reasons for 
sampling problems are a difference in the ages of the 
subjects and inclusion of subjects with sub-clinical 
kidney or bone disease. The group here averaged 24 
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years of age with a range of 17-40; their group averaged 
42 years of age witk a range of 27—53 (ref. 9). 

I thank Dr. Wiliam George for supplying the blood 
samples from persors undergoing pre-employment physical 
examinations, and Mrs. Joy Howe for technical assistance. 
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Effect of Arabolic Androgens on Tissue 
Replacemeat in the Ear of the Rabbit 


Ir was recently reported that, when tissue of 1 cm? area 
was excised througn the full thickness of the pinna of the 
rabbit’s ear, regeneration occurred. Furthermore, the rate 
of regeneration was significantly greater in males than in 
females):*. It was suggested that the rate of regeneration 
might be influence by male sex hormones. If this were 
so, then treatment of females with androgens should 
increase the rate af regeneration. ‘Two androgens were 
used in experimenzs to test this hypothesis: (a) androst- 
4-en-17$-3-one-phenyl-propionate (testosterone phenyl- 
propionate—TPP)—a steroid with highly androgenic and 
some anabolic act=vities, closely allied to the naturally 
occurring steroid testosterone; (b) 19-nor-androst-4-en- 
178-3-one-phenyl-propionate (nandrolone phenylpropion- 
ate, NPP, or ‘Dursbolin’)—a, steroid with less androgenic 
but more anaboli activity than testosterone phenyl- 
propionate, and therefore more suitable for the treatment 
of females. 

Tissue of 1 em® was removed from the ears of adult 
male and female zabbits under ‘Nembutal’ anaesthesia. 
Four groups of animals were given subcutaneous injections 
as follows: (1) six-females, 25 mg TPP/3 kg body-weight, 
twice weekly; (2 six females, 1 mg TPP/3 kg body- 
weight, five times weekly; (3) six females, 17-5 mg NPP/ 
3 kg body-weight, twice weekly; (4) six females, | mg 
NPP/3 kg body-weight, five times weekly. Group 5 (twelve 
females) and group 6 (eighteen males) were left untreated. 
The steroids injected were dissolved in sesame oil, to 
which 0-5 per cent phenol had been added as a bacterio- 
static. 

Photographs, taxen every 7 days, recorded the progress 
of regeneration. The area of the new tissue and the 
degree of contractian were determined from transparencies 
by the ‘square-counting’ method described in a previous 
communication!. Growth measurements were commenced 
at 14 days, after shedding of the scab had revealed the 
junction between old and new tissue. ; 

The rates of growth in area of the regenerates after 
treatment with TPP are shown in Fig. 1. In this, and in 
Fig. 2, each point on the graph represents the arithmetic 
mean of measurements at a particular time for all the 
members of a group, and the mean growth recorded was 
arrived at after ecrrection for contraction. By means of 
analyses of variance it can be shown that treatment of 
female animals with TPP (groups 1 and 2) increases the 
growth of ear tissue significantly (P < 0-005 in both 
cases) in comparicon with the amount of growth in un- 
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treated females (group 5). After 21 days there is a close 
similarity between the growth curves for untreated males 
(group 6) and for females treated with TPP at a high 
dose-level (group 1). This similarity may be coincidental. 
but it seems to indicate that the higher rate of tissue 
regeneration normally found in males is, in fact, due to 
their androgen-level. 
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Fig.1. Comparison of the rates of growth of the ear regenerates of TPP- 
treated animals and those of untreated animals. @, High TPP female; 
©, low TPP female; ©, untreated male; Q, untreated female 
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Fig 2. Comparlson of the rates of growth of the ear regenerates of NPP- 
treated animals and those of untreated animals. @, High NPP female; 
©, low NPP female; ©, untreated male; GQ, untreated female 


The rates of growth of the regenerates after treatment 
with NPP are shown ın Fig. 2. Analyses of variance show 
that treatment of female animals with NPP (groups 3 
and 4) increases the growth of ear tissue significantly 
(P < 0-005 in both cases) in comparison with growth in 
untreated females (group 5). The effect of a low dose- 
level of NPP on the rate and extent of growth of the 
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tissue regenerate of females closely resembles the effect of 
a high dose-level of TPP. The effect of NPP at a high 
dose-level was shown by analyses of variance to be sig- 
nificantly greater than the effect of TPP at either high or 
low dose-levels (P < 0-005 in both cases), and this, 
together with its lower androgenicity, makes it a more 
suitable growth-stimulating agent. The growth curves of 
untreated males, for females treated with low doses of 
NPP, and for females treated with high doses of TPP, 
are all very similar. Treatment with either steroid causes 
a steepening of the gradient of the linear portion of the 
growth curve (indicating a rate increase) and the point of 
inflexion occurs earlier than in untreated animals. 

The following conclusions can be drawn from these 
experiments: (1) Androgens stimulate the rate of tissue 
regeneration in females. (2) It can be assumed that the 
higher rate of growth in males as compared with females 
is due to the higher androgen-level in the former. (3) Nan- 
drolone phenyl propionate is more effective than testo- 
sterone phenyl propionate in increasing the rate of 
regeneration in females. 

As a further test of validity of this hypothesis, the 
effect of lowering the androgen-level on the reparative 
rate in males is being investigated. 

We thank the Endowments Committee of Guy’s Hos- 
pital for a grant towards the expenses of this investigation, 
Dr. W. R. Buckett and Dr. W. J. Tindall, of Organon 
Laboratories, Ltd., for their helpful advice and the supply 
of steroids used in this investigation, and Mr. E. Quinn 
for his technical assistance. 
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Protective Effect of Some Neutral Solutes 
on the Inactivation of Myosin A-Adenosine- 
triphosphatase 


Myostn-ATPase is a labile enzyme the activity of 
which is easily destroyed by various physical or chemical 
operations during preparation such as heating'-*, freezing 
and thawing’, lyophilizing®, and shifting the pH of the 
solution, to the acid or alkaline side®*.1°. Hence, the only 
means of storage of this enzyme after preparation has 
been to keep it a little above 0° C and at a neutral pH. 
Under these conditions, it retains its activity for a few 
weeks. 

Recent developments in methods of deep-freezing and 
lyophilization have made possible the storage of various 
biological materials while maintaining structural and 
functional integrity. It has been found empirically that 
several labile substances from living cells or tissues main- 
tain their original biological functions through processes 
of freezing and thawing or lyophilization by the addition 
of certain inert organic compounds’? "4, Though no 
explicit study has yet been undertaken, myosin also has 
been shown to behave in, a similar way®. This communica- 
tion reports investigations on the protective effect of 
some organic compounds containing hydroxyl group(s) 
(sugars and alcohols) on the inactivation of myosin 
A-ATPase caused by warming, freezing and thawing, 
lyophilization, and [H+]. 

In Table 1 are illustrated the changes in the activity of 
myosin A before and after incubation at 35° C and pH 7-0 
for 30-60 min in the presence of some sugars and alcohols. 
All compounds tested, except methyl alcohol and ethylene 
glycol, showed a protective effect against thermal inactiva- 
tion of the enzyme. Although considerable inactivation 
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Fig, 1. Protective effect of sucrose on the mactivation of myosin Ae 


ATPase activity. Freezing and thawing (A), myosin A (2 0 mg/ml.) in 
0-5 M potassium chloride, 50 mM tris-maleate buffer at pH 6-0 and 0-1:0 
M sucrose was stored in a deep-freezer ab — 15° O for a week and thawed 
in a bath at 20° C within 5 min. Lyophilization (@), myosin A(~10 mg/ 
mJ.) in 0-5 M potassium chloride, 20 mM tris-maleate buffer at »H 6-0, 
and 0-1-0 M sucrose was lyophilized and stored at — 15° ©, When used, 
the samples were dissolved by distilled water in a volume equal to the 
original and equilibrated overnight at 3° ©. Incubation at 36° C and pH 
7-0 for 80 min. (A), Incubation mixture contained 2 mg/ml. myosin A 
0-5 M potassium chloride, 20 mM tris-maleate buffer, and 0-2 M sucrose, 
Inoubation at pH 6-0 and 3° C for 18 h. (©), Incubation mixture contained 
20 mg/ml. myosin A, 50 mM ¢fris-maleate buffer, 0-5 M potassium chloride 
and 0-2 M sucrose. Incubation at pH 10 8 and 3° Cfor 18h. (x), Incu- 
bation system was the same as at pH. 6 0 except that 50 mM glycine- 
potassium hydroxide buffer was used in place of tris-maleate buffer. 
All ATPase activity measurements were conducted in the following 
mixture at 21° © and pH 7-0: 0-5 M potassium chloride, 50 mM tris- 
maleate buffer, 5 mM calcium chloride, 1 mM ATP, 0-2 mg/ml. myosin 
A, and less than 0-2 M sucrose. Pi was determined by the same method as 
described in Table 1. Myosin 7 vas prepared by the method of Perry 
ref. 


of the enzyme was observed before incubation at 35° C 
when the activities were measured in the reaction system 
with high concentrations of the sugars and alcohols, the 
apparent inactivation was almost completely reversed, 
except in the case of methyl alcohol, as the concentrations 
of these organic compounds in the system were diminished 
by dilution. The same reversibility also held in the case 
of sucrose, fructose and glycerol even after incubation 
for 30 and 60 min at 35° C. Then the reversed activities 
were very close to those before thermal treatment, while 
a large percentage of the enzymatic activity of the control 
was lost by the same treatment. 

On the other hand, despite its ability to cause the 
reversible inactivation of myosin A-ATPase before incuba- 
tion, ethylene glycol has no influence over the thermal 
denaturation of the enzyme. The activity destroyed by 


Table 1. Exrrcrs of Sugars AND ALCOHOLS ON Myosin A-ATPASE ACTIVITY 
BEFORE AND AFTER INOUBATION AT 35° C AND pH 7 0 


Conc. of sugars Conc. of sugars 


or alcohols or alcohols in ATPase activity (zmoles P, g- 
during reaction sec74) 
incubation mixture Before _ After 
(M) (AD incubation incubation 
Control 0 00 5 78 0-96* 
Sucrose 2 20 0 62 9 62* 
190 2-93 2°76* 
02 5 58 5 58* 
5 49 
Fructose 2 2:0 0:56 0 56 
0-2 5'65 5-41* 
Glycerol 4 4:0 4 00 3-287 
0'4 5'25 ra 
Ethylene 8 8-0 8:43 0-50 
giycol 0-8 5-20 0 25+ 
4 0-4 5-60 6:96 * 
Methyl- 8 8-0 0-36 G11 
alcoho! 0-8 8-83 O11 


* Incubation for 80 min. + Incubation for 60 min. Incubation system‘ 
0-5 M potassium chloride, 20 mM fris-maleate buffer, and 2:0 mg myosin 
Ajml. Reaction system: 0-5 M potassium chloride, 5 mM calcium chloride, 
20 pet i Ep buffer, 1 mM ATP, and 0-2 mg myosin A/ml. At 21° C 
and pH 7:0. 

Both systems contained various amounts of organic compounds as indicated 
in Table 1. The ATPase reaction was stopped by addition of trichloro- 
acetic acid in a final concentration of 5 per cent; P: was determined by the 
method of Fiske and Sabbarow. 
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incubation at 35° C is no longer reversible in this case. 
Since it has been suggested by Brahms and Kayl.: 
that the unfolding of the protein helical structure is 
intimately involved in the changes of the ATPase activity 
of myosin A examined in varying concentrations of ethyl- 
ene glycol, the action of this alcohol differing from those 
of glycerol and the sugars to thermal imactivation of 
myosin A-ATPase may originate from this effect of 
ethylene glycol on tae protein structure. 

Fig. 1 summarizes the effects of sucrose on inactivation 
of myosin A. It protects against inactivation of myosin 
A by high (10-3) anc low (6-0) pH, freezing and thawing, 
lyophilization, and heat. The differences in concentrations 
of sucrose necessary Zor protection against inactivation by 
pH and heat and inactivation by lyophilization and 
freezing and thawing may possibly be due to concentra- 
tion of the solutiors during freezing. The mechanism 
of the protective eFect of these organic compounds on 
the inactivation of myosin A~ATPase is not yet known. 
Further investigations are in progress and will be pub- 
lished elsewhere. 

This investigatior was supported by a research grant 
from the Ministry of Education of Japan to the Research 
Group on Freezing and Freeze-drying of Meat. 
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Effect of Insulin on Purified Creatine 
Phosphokinase 


Tae effects of insulin can be readily demonstrated on a 
variety of metabolic processes in intact cells both in vivo 
and in vitro; however, the exact site of insulin action 
remains unexplained. Numerous investigators have 
proposed that the affects of insulin are mediated through 
its action on one enzyme or one enzyme system, but no 
such action has been consistently demonstrable. During 
an investigation imvolving the effects of insulin on certain 
aspects of creatine metabolism, I have found that insulin 
enhances the actcvity of a purified enzyme, creatine 
phosphokinase, i vitro. The reaction involved is the 
following: 


Insuli 
Creatine-PO, + ADP ——— creatine + ATP 
g 


The physiological significance of this observation, requires 
further enquiry; however, this in vitro effect is easily 
and consistently Cemonstrated. 

The insulin effect was observed under a wide range of 
conditions. In mest experiments 1-0 ml. of the following 
incubation mixture was used. 





Creatine phosphokinase About 1:0 ng/ml 


Tris buffer 0-05 M 
Creatine phosphate 0-02 M 
Adenosine diphosphate 002 M 
Magnesium acetate 0-02 M 
Cysteine 0-02 M 


The creatine phosphokinase was purified rabbit enzyme 
obtained from C. F. Boehringer und Soehne G.m.b.H., 
Mannheim, Germany, or from Sigma Chemical Co., St. 
Louis, Missouri. Insulin was obtained from Eli Lilly and 
Co., Indianapolis, Indiana, or from E. R. Squibb and Sons, 
New York. The insulin was diluted to the required 
concentration with buffer before it was added to the in- 
cubation mixture. The entire mixture was prepared with 
the exception of the adenosine diphosphate (ADP), and 
the reaction was initiated by addition of the latter. A 
blank was included for each test and was identical to the 
incubation mixture except for the substitution of water 
for ADP. The incubation was carried out at 37° C and pH 
7-40 for 10 min. After incubation, magnesium was chelated 
with a 10 per cent excess of ethylenediamine tetraacetic acid 
(EDTA), a barium hydroxide-zine sulphate filtrate was 
made, and creatine was determined by a method pre- 
viously described)}?. Subtraction of the blenk value from 
the test value gave the creatine formed from creatine 
phosphate by the action of creatine phosphokinase. Fig. 1 
illustrates the dose-response curve obtained under the 
described conditions. 


bd = 2 
© co wa 


umoles creatine/min/zg enzyme 
[sass] 
re 


05 1-0 15 2:0 2:5 3-0 
Insulin (0) 


Fig. 1. The effect of varying amounts of insulin on creatine formation 
by purifted creatine phosphokinase 


An extensive series of experiments wes undertaken in an 
attempt to rule out artefactitious causes for the observed 
effect. These experiments provided the following infor- 
mation: (1) Insulin after being heated with 1-0 N sodium 
hydroxide for 30 min was inactive. (2) Creatine phos- 
phokinase and insulin from two independent sources 
gave similar results. (3) Zine at concentrations found in 
insulin and at higher concentrations either had no effect 
or inhibited the reaction. (4) Glycerol and ‘phenol, which 
were the preservatives in the insulin used, were without 
effect at the concentrations present. (5) Addition of 
purified bovine albumin instead of insulin had no effect. 
(6) None of the constituents in the incubation mixture 
except creatine had any effect on the reaction used for 
quantitation. Magnesium produced a slight interference 
but was removed with EDTA before measurements were 
made of the creatine. (7) No effect of insulin on the reverse 
reaction (ATP + creatine — ADP + crectine-phosphate) 
could be demonstrated. 

The insulin effect was demonstrated in numerous experi- 
ments involving several hundred incubation mixtures. 
The enhancement of creatine phosphokinase activity 
usually represented a 60-100 per cent increase in rate of 
product formation. It is of interest to note that cysteine 
and other sulphydryl compounds have a similar activating 
effect on the forward reaction but not the reverse reaction? ; 
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however, it appears unlikely thet the sulphydryl groups 
per se on the insulin chains are responsible for the ob= 
served effect as there is a several-thousand-fold excess of 
sulphydryl groups already present in the incubation 
mixture. Cysteine is not necessary in the incubation 
mixture for demonstration of the insulin effect, but its 
addition results in closer replicates cnd more linear dose- 
response curves. Calculation of the molar retio between 
insulin and enzyme under the conditions of our experi- 
ments indicates that maximum effect wes stteined with a 
ratio of about 100: 1. The conditions of incubation were 
not selected as the optimum conditions for the lowest 
insulin-enzyme ratio, however. | 

The relationship between the action of insulin on crea- 
tine phosphokinase and its known effects in the intact 
animal is now being investigated; however, I would like 
to suggest that a physiological significance for this action 
is not unreasonable. Insulin has been shown to affect 
numerous processes in the animal,:including glucose up- 
take, glycogen synthesis, incorporation of amino-ecids 
into protein and fatty acid synthesis. The diverse effects 
of insulin in the intact animal indicate that we must 
consider two possibilities in any attempt to formulate a 
hypothesis to explain its action. This diversity of effects 
may be caused by numerous discrete actions on different 
enzymes, enzyme systems or membranes, but a more 
attractive possibility is that insulin has only one basic 
action and that other observed phenomena are secondary 
to this. The common link between most of the known 
effects of insulin appears to be a requirement for energy, 
and it is clear that the net result of the demonstreted 
effect of insulin on creatine phosphokinase would be to 
increase the rate at which energy in the form of ATP is 
made available. 3 

It is of interest that the tissue in which an insulin 
effect is most easily demonstrated is skeletal muscle, and 
it is this tissue which has the highest concentration of 
creatine phosphokinase. Liver, æ tissue in which an insulin 
effect is less easily demonstrated, contains lesser amounts 
of creatine phosphokinase than, does:muscle. Since insulin 
has an effect on isolated adipose tissue, absence of creatine 
phosphokinase from this tissue would cast doubt on a 
possible physiological role for the observed action. Since 
no data on creatine phosphokinase activity in adipose 
tissue could be found, some preliminary experiments 
were undertaken to investigate this question. The dorsal 
fat pads of 250 g female rats were homogenized in a 
Vertis homogenizer with 40-80 volumes of tris buffer. 
The homogenates were tested in the system described above 
using homogenate instead of purified enzyme. Adipose 
tissue was found to possess appreciable creatine phos- 
phokinase activity. Brown adipose tissue had a much 
higher creatine phosphokinase activity than did white 
adipose tissue. Thus, on the basis of available information, 
creatine phosphokinase is present in all tissues in which 
definite insulin effect. can be demonstrated. 

Numerous questions are immediately raised by the 
possibility thet the effects of insulin in the intact animal 
might be mediated through its action on one enzyme, 
creatine phosphokinase. I am. not aware of any experi- 
mental evidence which repudiates this hypothesis, and I 
believe that further experimental enquiry is warranted. 

I thank Mrs. Beverly Barnett for her technical assistance. 

This work was supported by a grant from the National 
Institutes of Health. U.S. Public Health Service. 
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Optical Rotation of Irradiated Rhodopsin 
Solution 


It has been suggested from spectroscopic observations 
of rhodopsin! that the photoisomerization of chromo- 
phore—11-cis to all-trans retinal—must be followed by a 
conformational change in the protein moiety of the 
rhodopsin molecule, which is considered to play an im- 
portant part in the initiation of visual impulses. Such a 
conformational change in the protein should be determ- 
ined by direct measurement of the optical rotation, as 
this is believed to be closely related to the conformation 
of the protein‘-*, The purpose of the present investigation 
was to determine how far the rotatory polarization of 
rhodopsin solution changes in response to bleaching by 
light. 

The materials were mainly digitonin extracts of cattle 
rhodopsin’, and in some experiments ‘Tween 80’ extracts? 
and sonicated rod particles’. The optical rotation of rho- 
dopsin solution was determined by an automatic recording 
spectropolarimeter (Yanagimoto Manufacturing Co., Ltd.) 
and a Rudolph polarimeter (type 200); vessels with light 
paths 0-5, 1, 10 and 20 cm long were used, around which 
was circulated aqueous ethylene glycol at constant tem- 
perature. Each sample was adjusted to a desired pH with 
1/15 M phosphate buffer. 

The optical rotation of rhodopsin solution was re- 
corded in the range 620-220 my before and after irradia- 
tion with 10,000 lux for 1 min—this was found 
to bleach rhodopsin completely. Fig. 1 shows curves 
of the optical rotatory dispersion in rhodopsin digitonin 
solution before and after irradiation. In the range 
of wave-lengths longer than 350 my, the ‘dark’ 
curve is above the ‘irradiated’ one; between 330 mp 
and 340 mp they cross over. In the neighbourhood of 
450 mu, the two curves come into contact with each other 
(Fig. la). As shown in Fig. 1b, we always observed a 
minimum in the optical rotatory dispersion curves 


Optical rotation 





400 450 500 550 
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250 300 
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Fig 1, Curves for optical rotatory dispersion of rhodopsin digitonin 

solution before and afterirradiation In Fig 1a, the optical density at 

500 my is 198 (ExoofFaoc * 0 32, PH 6 25, 15° C, irradiation * 10,000 lux, 

i min) In Fig 18, the samples are diluted fo 1/20 {upper two curves) 
and 1/40 (lower two curvas) 
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Fig. 2. Changes in obsarved optical rotation of rhodopsin solution after 
irradiation and after further heating at 80° C for 5 min (digitonin extract, 
PH 6:25; Es, 0°45; ight path, ae a: irradiation, 10,000 lux, 1 min, 
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(Cotton effect). In she upper curves of Fig. 1b, the ‘dark’ 
curve is slightly lower than the irradiated one. It should 
be noticed that in this experiment the measurement in 
ranges shorter than 235 my was not accurate because of 
the deep absorbance of the sample, even though it was 
diluted to 1/20th for recording in the visible range. 
As for the lower curves in Fig. 16, the sample was further 
diluted two-fold so that the measurement would be 
accurate down to 225 my. Thus a minimum of optical 
rotation is found at 235 my, although the difference in 
optical rotation between the dark sample and the one 
which is irradiated becomes less definite under these 
conditions. 

The Cotton effect, which shows a minimum for optical 
rotatory dispersion.at 235 my, is considered to result from 
the helical structure of the sample; after irradiation the 
optical rotation of the sample tends to increase in the 
ultra-violet range and to decrease in the visible range. 
These facts led us to suppose that the helical contents of 
rhodopsin might decrease in response to bleaching by 
light. Another noteworthy fact in the visible -range is 
that the ‘irradiated’ curve seems to indicate a simple 
dispersion while the ‘dark’ curve indicates a rather complex 
one. In other words, the ‘dark’ curve appears to show 
another weak Cotton effect in the region of 450 mu. Is this 
due to the chromophoric site giving rise to some optical 
activity ? This is unlikely, because the chromophoric site 
of rhodopsin is not considered to be optically active; (1) 
retinal itself is not optically active; (2) retinal is said to be 
bound with an amino group in rhodopsin’, but it cannot 
interact with an optically active carbon to produce a new 
optical activity, because rhodopsin does not have a 
terminal « amino group", associated with an optically 
active carbon atom. Further experiments on this problem 
are in progress. 

In order to compare the change of optical rotatory 
dispersion in rhodopsin with the results of conformational 
changes in other proteins, the optical rotation of the highly 
concentrated sample was measured between 610 my and 
546 myu. Fig. 2 snows the observed optical rotations of 
rhodopsin solution before and after irradiation at 28° C, 
and after heating at 80° C for a further 5 min. It can be 
seen from Fig. 2 that the optical rotation is decreased 
(increased in laevorotation) by irradiation and further 
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Table 1. Ala], DIFYRRENOR OF SPECIFIC OPTICAL ROTATORY POWER OF RHODOPSIN SOLUTION BOTH IN THE DARK AND WHEN IRRADIATED* 


lem 
pH Detergent Temp. Faoo/E E Light path Wave-longth (my) 
ec). = “(em 610 600 590 589 580 578 570 660 550 546 

625 Digitonin 28 0-30 1:52 10 29 31 41 44 47 70 62 
6-25 ‘Tween 80’ 28 0 418 0-54 20 17 33 43 43 49 
ji E E heati a0 GO, 5 nt i a (120) (120) 8 

urther heating 80° min =80 
52 igitonin 0-78 10 57 6 04 85 } 
62 Somcated aa 0-33 10 69 69 76 69 76 107 100 

* Details in the taxt. 


t Calculated from the results shown in Fig. 2. 


decreased by successive heatings at any measured wavo- 
length. 

As the heating condition (80° C, 5 min) is sure to de- 
nature opsin”, it is more likely that, after heating, an 
increase in laevorotation reflects a change to a more 
random conformation in the protein moiety of rhodopsin— 
such as is observed in other proteins and peptides. A 
similar tendency was found in ‘Tween 80’ extracts and in 
sonicated rod particles. 

In general the specific rotatory power is used to 
compare the magnitude of changes in the protein con- 
formation. As rhodopsin cannot as yet be purified, it is 
difficult to determine its optical rotation. If the change 
in the optical rotation of the sample after irradiation, 
however, is considered to be dependent on rhodopsin only, 
the difference of specific rotatory power before and after 
irradiation, A[«], may be given from the difference of the 
observed rotations divided by the gram concentration of 
rhodopsin, which can be estimated from the molar 
extinction of 40,600 at 500 mu and the molecular weight 
(40,000) (ref. 13). Thus we can compare the effects of 
light on rhodopsin in different experimental circum- 
stances by means of A[«], and further discuss the results 
in comparison with the values from other denatured 
proteins. 

Table 1 shows the differences in the specific rotatory 
powers before and after irradiation. From these, we 
notice that there is a general tendency such that the 
shorter the wave-length the larger the value of Afa]; 
furthermore, at any wave-length, the values are similar 
irrespective of optical purity. The latter fact may 
support the concept that the A[a] value depends on 
conformational change only in rhodopsin caused by the 


Aa x 100 


action oflight. (A[a]= Ba o. where Acq is the difference 


of observed optical rotations, J is the light path in dm, 
and c is the gram concentration of the sample.) In many 
helical polypeptides, we find a value of 100° for A[a]p (p 
denotes sodium D line near 589 my), the difference 
between [«]p observed in helical conformation and that 
in arandom coiled one. The value of A[a]p may be referred 
to as the contribution of the helical structure*. Heat- 
denatured rhodopsin shows the large value of 120°, 
while the bleached form exhibits about a third of the 
value of Afa] (pH 6-25). The values at pH 5-2 are larger 
than those ab pH 6-25. Opsin is known to be denatured 
more easily than rhodopsin”, and pH 6-25 may offer a 
better condition to prevent further denaturation of opsin 
after bleaching than pH 5-2. So the larger values at pH 5-2 
may be explained by the contribution of further denatura- 
tion of opsin after bleaching by light. 

Although we consider that changes in the optical 
rotation of rhodopsin directly correspond to changes in 
its helical structure, some recent findings suggest that the 
changes in the optical rotation are caused by changes in 
the hydrophobic interaction related to protein con- 
formation™, and also by changes in the antiparallel 
cross B-structure®. We cannot as yet conelude that the 
observed change in the optical rotation is entirely con- 
cerned with the helical structure in rhodopsin, but it 
must somehow be related to the change in conformation 
of opsin. 

We thank Prof. I. Honjo for his encouragement, and 
Dr. K. Hamaguchi and Dr. A. Kurono of the Institute for 


t 


Protein Research for their criticism and help. This work 
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Infra-red Spectroscopic Investigations of a 
New Acid Mucopolysaccharide isolated from 
Human Gastric Juice 


In our earlier investigations? we;have tried to isolate 
and characterize the acid mucopolysaccharides from the 
gastric wall in the dog and from human gastric juice. 

In the gastric wall, in addition to hyaluronic acid and 
chondroitin sulphuric acid B, traces of a different type of 
sulphated mucopolysaccharide were found. We thought 
it possible that this constituent was secreted mainly 
with the gastric mucus, and so we collected large amounts 
of human gastric juice. The acid ‘mucopolysaccharides 
were precipitated from this gastric juice with cetylpyri- 
dinium chloride (CPC) after hydrolysis with papain. 
The material precipitated with CPC would distribute into 
four fractions which were soluble in 0-3 N sodium chloride, 
and in 0-5, 0-6 and 0:8 N magnesium chloride, respec- 
tively. The chemical analyses of the fractions revealed 
that they contained fucose, galactose, glucosamine, 
galactosamine, sialic acid and sulphate, but no hexuronic 
acids. The molar ratios of the monosaccharide components 
were nearly the same in all fractions, but the degree of 
sulphation increased in the above-mentioned fractions 
from 0:3 N sodium chloride to 0-8 N magnesium chloride 
in this order. 

The infra-red spectra of these fractions were obtained 
on & Perkin-Elmer model 237 spectrophotometer using a 
potassium bromide technique. 1 mg of the mucopolysac- 
charide (as the sodium salt) was mixed with 150 mg 
potassium bromide. Examples of the spectra of the 0:3 
and 0-6 fractions are shown in Fig. 1. The spectra of 
fractions 0:5 and 0°8 are similar except that the area of 
the absorption band of sulphate: (1,230-1,260 em~) 
in fraction 0-5 is smaller and in fraction 0-8 somewhat 
greater than in the 0-6 fraction. 

These spectra very much resemble the earlier** pub- 
lished spectra of acid mucopolysaccharides, namely, 
those of hyaluronic acid and chondroitin sulphates. These 
polysaccharides have an absorption: band at 1,420 cm~ 
which is due to the ionized carboxy! group’. This absorp- 
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Fig. 1. Infra-red spectra of the fractions 0-3 (a) and 0-6 (b) of the muco- 
polysaccharide isolated from gastric juice 


tion is quite weak in gastric juice polysaccharide (and 
may be due to sialic acid). The sharp band at 1,380 
cem- may be due to the methyl group. 

The absorption bands at 820 cm~ and 775 cm- indicate 
that the polysaccharide from gastric juice resembles 
chondroitin sulphate C in this point. It may be that the 

sulphate groups occupy the C, position in the hexosamine 

moiety. 
... We conclude that these fractions represent various 
-sulphation grades of the same polysaccharide. The non- 
ilphated form of this polysaccharide is not acidic by 
ure and is therefore not precipitable with CPC under 
‘same conditions as are the actual acid mucopolysac- 
rides. 
‘his work was supported by a grant from the U.S. 
Health Service. 
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; Formation of a Phosphonolipid by Larvae 
r of the Housefly, Musca domestica 


8. presence of 2-aminoethylphosphonate has been 
‘in ciliates! and in two sea anemones Anthopleura 
sima? and Metridium dianthus®. The finding of 
phonate in hydrolysates of lipid extracts obtained 
se sources and the identification of its glyceryl 
lcoholic extracts of the sea anemone suggest 
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the natural occurrence of a diacylglycerylphosphonolipid. 
Rouser et al.‘ isolated a phosphonolipid from the sea 
anemone and identified it as a sphingolipid on the basis 
of its hydrolysis products. Baer and Stanacev® have 
synthesized the phosphonic acid analogue of cephalin. 
Larvae of the housefly, Musca domestica, are able to 
replace lipid-bour.d choline and ethanolamine with a 
number of other amino- and N-methylated amino-aleohols 
when these are addad to the larval diet®’?. We have shown 
that 2-aminopropen-l-ol, 3-aminopropan-1l-ol, 1-amino- 
propan-2-ol and z-aminobutan-1l-ol are all extensively 
incorporated into she phospholipid in place of ethanol- 
amine. The impled lack of specificity of the enzyme 
systems responsible for phosphatidyl-choline and -ethanol- 
amine synthesis led us to speculate that the reported 
occurrences of 2-aminoethylphosphonate in lipid extracts 
may be a consequence of this combined with the avail- 
ability of the phososhonate to the organism. To test this, 
housefly larvae ware allowed to grow under aseptic con- 
ditions on a casein medium as previously deseribed*. 
2-Aminoethylphosphonate (Calbiochem) was added to the 
medium (75 mg/7 5 g casein) in the absence or in the 
presence of choline. After 6 days, the lipids of the larvae 
were extracted using the procedure developed by Felch®. 
Equal portions of shese lipid:extracts were hydrolysed by 
heating in sealed subes containing 6 N hydrochloric acid. 
at 110° C for 24 h and examined for the presence of 
2-aminoethylphosphonate. The phosphonate whieh. is 
stable under these conditions can be separated from other 
ninhydrin-positive compounds likely to be present in a 
lipid hydrolysate and from «-glycerophosphate and 
ortho-phosphate by two-dimensional chromatography. on 
thin layers of silica-gel H (Merck) using 77:23 (v/v) 
96 per cent ethanol; 28 per cent ammonium hydroxide 
in the first direct.on and 50:15:5:30 (v/v) methanol : 
28 per cent ammenium hydroxide : 10 per cent trichloro- 
acetic acid : wate: in the second direction. Using this 
system, a zone giving a positive ninhydrin test and travel- 
ling to the same position on the plate as 2-aminoethyl- 
phosphonate was found in both hydrolysates. When the 
ninhydrin-positive zones were scraped from the plate 
and digested wit. perchloric acid, they were shown to 
contain phosphoris. These zones could not be detected — 
in hydrolysed ligid extracts from larvae grown im the — 
absence of 2-amimoethylphosphonate. E 
Equal portions of the lipid extracts were chromato- 
graphed on thin layers of silica-gel H using 65:35:5- 
(v/v) chloroform methanol :7 N ammonium hydroxide 
as solvent. The separated lipids were detected by exposure 
to iodine vapour and a new lipid zone was detected in the 
extracts of larvae fed on the phosphonate. This zone 
gave a positive test with ninhydrin and travelled slightly 
slower than phosphatidylethanolamine. Two-dimensional 
chromatography using the alkaline solvent in the first 
direction and 50: 25:7:3 (v/v) chloroform : methanol : 
glacial acetic acid : water in the second (Fig. la) showed 
that the new lipid travelled slightly faster than phospha- 
tidylethanolamina in the acid solvent. This new lipid zone 
when separated an silica-gel using the alkaline solvent was 
scraped from the plate and extracted from the absorbent 
in 1 per cent acetic acid in methanol. The extract was 
hydrolysed with 8 N hydrochlorie acid for 24 h at 110° ©. 
The separated phosphatidylethanolamine zone was 
similarly treated Examination of the hydrolysis products 
for 2-aminoethylphosphonate using the chromatographic 
system described here showed that the phosphonate 
occurred only im the hydrolysates of the new lipid zone. 
The lipid extraets were freed from neutral lipids and 
then subjected to the mild alkaline hydrolysis pro- 
cedure developed by Dawson’. This removes the fatty 
acid moieties from any  diacylglycerylphosphatides 
yielding the wat=r-soluble glycerylphosphory! derivatives 
of the base. Sohingolipids, plasmalogens and glyceryl 
ethers are not bydrolysed (or are only partially so) and 
remain insoluble in water. The 6 N hydrochloric acid 
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hydrolysis were shown to contain 2-aminoethylphos- 
phonate whereas none could be detected in the hydro- 
lysates of the lipids remaining after alkaline hydrolysis. 

sample of dimyristoyl-t-x-glyceryl-(2-aminoethy])- 
phosphonate (kindly supplied by Prof. E. Baer) had 
similar chromatographic properties to the new lipid 
(Fig. 1b). The lipid found in the larval extracts would 
seem to be a dialkylglyceryl-(2-aminoethy])phosphonate 
and not a ceramide derivative, as such a compound would 
remain unhydrolysed by dilute alkali. 


Table 1, PERCENTAGE DISTRIBUTION OF PHOSPHOLIPIDS CONTAINING 

ETHANOLAMINE AND CHOLINE AND OF THE PHOSPHONOLIPID IN EXTRACTS 

OF HOUSEFLY LARVAE FED ON DIETS CONTAINING ADDITIONS TO THE BASIC 
DIET as INDICATED 


Percentage of total lipid phosphorus 
hanolami pi poe 


ne Cholin no- 
Additions to diet lipids lipid lipid 
> ‘Ang thylphosph 70 27 3 
2- noethylp onate “9 27 51 
Choline 65-4 17-0 0 
Choline + 2-aminoethylphosphonate 546 18-1 8&4 


Table 1 gives the percentage of the total lipid phos- 
phorus determined in the phosphonolipid and phospha- 
tidylcholine zones separated on thin layer. The values for 
lipid-bound ethanolamine were obtained after hydrolysis 
of the lipid extract and formation of the 2:4 dinitro- 
phenyl-derivatives using the method of Axelrod et al. 
(DNP-2-aminoethylphosphonate cannot be extracted 
with chloroform under the conditions used). The values 
obtained were expressed as a percentage of the total lipid 
phosphorus assuming a 1: 1 molar ratio of ethanolamine 
to phosphorus. The smaller proportion of the phos- 
phonolipid found in larvae reared in the absence of 
choline could be explained if the 2-aminoethylphosphonate 
were considered to be in competition with a larger amount 
of ethanolamine phosphate in such larvae compared with 
larvae in which choline is present in the diet. The larger 
percentage of phosphatidylethanolamine found in larvae 
reared in the absence of choline is consistent with this. 

Inclusion of ethylamine hydrobromide in an equimolar 
concentration in place of 2-aminoethylphosphonate in 
the larval diet did not result in the formation of any 
phosphonolipid (Fig. lc). Thus no enzyme, analogous to 
a phosphokinase but capable of producing a phosphonate, 
is present in housefly larvae. The present results together 
with our earlier observations show that a considerable 
lack of substrate specificity exists in the enzyme systems 
involving cytidine diphosphoryl bases for phospholipid 
synthesis. The experiments of Chojnacki™ indicate that 
this is so for the rat, chicken and frog. The natural 
occurrence of phosphonolipids may well be a result of 
this and not of a requirement of any special metabolic 
function associated with this type of lipid. 
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J. RICKETTS 
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of: TEE cerevisiae which in batch 
onstrated little tendency to elongate was shown 
in continuous culture when the supply of nitrogen 
nited!. Because fewer cells elongated when sul- 
compounds or sodium selenate were added to the 
the sulphydryl-disulphide balance in the cells 
-to be implicated. Later investigations with the 
ae e yeast? revealed that the change in cell shape was not 
es -closely paralleled by changes in total and individual 
Pos carbohydrates, proteins, nucleic acids and lipids of the 
Si cells. Attention was therefore directed to enzymes 
thought: to be important in cell extension. Nickerson 
an! et al. ‘placed special emphasis on a protein-disulphide 
oe reductase system controlling the formation of disulphide 
bridges in mannan-protein of the wall. They demon- 
n bakers’ yeast? and Candida albicans‘ that after 
n with potassium ferricyanide of isolated cell 
ein, the disulphide linkages were reduced by 
mitochondria. The protein- -disulphide-reductase 
vas, however, very low in a mutant strain of 
ns with elongated cells‘. It was of interest, 
9, to compare activities of mitochondria isolated 
ngated and ovoid cells of our strain of bakers’ 














































liminary experiments, both the oxidized mannan- 
representing the cell wall substrate and the 
ndria were prepared by methods resembling 
of Nickerson and Falcone**. Batch-grown ovoid 
ere the source of the mannan-protein. Mitochon- 
4 were isolated from both ovoid and elongated cells of 
-same strain which had been continuously cultured at 
Cin glucose-limiting and nitrogen-limiting media 
espectively?. In all cases the dilution rate was 0-1 h~. 
rotein-disulphide-reductase activity of the mitochondria 
was measured after incubation for 1 h at 25° C with the 
substrate. The method of Boyer® was used for the assay 
f. sulphydryl groupings. Mitochondria from ovoid cells 
\owed much greater activity than an equal mass from 
ated cells. The incubation mixtures of Nickerson 
alcone contained a “liver coenzyme concentrate” 
imilar addition was shown to be unnecessary in the 
‘experiments. Activity was not promoted by 
dihydronicotinamide adenine dinucleotide phos- 
ADPH), while less than 10 per cent increase in 
n was stimulated by 0-5 pmole of dihydronicotin- 
denine dinucleotide (NADH). 

trophoretically pure ovalbumin (Sigma grade) 
nished an alternative and convenient substrate in 
ce. of mannan-protein. Ovalbumin and mitochondria 
ved as before from ovoid and elongated cells were 
ed for 30 min, but in further work the incubation 
was reduced to 10 min (Table 1). The results 











Table 1 










Incubation one FE 
Cell shape period (min) production* 
Nitrogen 1 Elongated 30 183-1 
‘Glucose limiting Ovoid 30 649°3 
Nitrogen limiting Elongated 10 982 t 15:2 
A Glucose: Hmiting Ovoid 10 248-) + B5-( 
te limiting Oveoid 10 208-1 + 28. i 





phat 
_* Expressed as mumoles cysteine/mg protein, means of four results after 
subtraction of contro! values. Protein-levels of mitochondria estimated 
routinely as total nitrogen x 6-25 but confirmed in selected cases by the F olin— 
Clotaltean “method (ref. 6). Mitochondria in phosphate buffer (pH 7-0) 
nd ovalbumin solution adjusted to uma = 1-0 (0-25 ml.) and incu- 


evacuated desiccator at 25° C. 
Table 2 
















fas SH production* 
ywedinum 


Cell shape Ovalbumin MP(E) MPO) 
imiting Elongated 101-7 +11-9 0-00 0-00 
imaiting Ovoid 3754 + 25-5 111-4 123-2 
imiting Ovoid 312-8 417-5 = -= 


ochondrial supernatant and 0-1 ml. ovalbumin solution or 
protein incubated for 1 min at 25° € in air with results 
moles cysteine/mg protein, mean of three results after 
ntrol values. MPU) and MP(Q) represent mannan-protein 
cells, respectively. 
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were supplemented by using: w ochondria of ovoid cells 
continuously cultured in phosphate-limited medium. 
There was no substantial inerease in activity when. NADH 
was added to the various incubation mixtures. 
The results suggested either a considerable difference 
in protein-disulphide-reductase activity of the mito- 
chondria of ovoid and elongated cells or differences im 
permeability of the mitochondrial membranes. Accord- 
ingly the experiments with ovalbumin and mannan- 
protein were repeated using mitochondria preparations 
which had been disrupted sonically and the membranes 
removed by centrifugation at 20,000g for 20 min. The 
activities shown in “able 2 were not significantly increased 
when NADH was added. They demonstrated for the 
first time that the difference in activity between mito- 
chondria of elongated and ovoid cells was not due to 
permeability effects, and provided evidence that there is 
little difference between the mannan-protein of elongated : 
and ovoid cells as substrates. | 
Activity of the mitochondrial supernatant was lost | 
when 40-60 per cent saturated ammonium sulphate was: 
added to the preparation: The material precipitate 
the addition was taken up in 5 mM phosphate or tris- 
buffer at pH 7-0 and dialysed overnight against similar 
buffer. When presented with ovalbumin (0-25 m ai 
substrate, the dialysed material (adjusted to the 
absorbance) displayed no disulphide-reductase ac 
after 1 min at 25° 3. Addition of 0-25 umole NADI 
the incubation mixture, however, brought about. 
production of 1,360 mumoles cysteine/mg protein. It — 
is clear, therefore, that while protein-disulphide- -reductase 
in yeast mitochondria is not dependent on the ` mito- 
chondrial membrane, it is closely coupled with either 
NADH or an alternative coenzyme. 
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Trypsin Inhibition by Phenylmethylsulphony ~ 
fluoride with Reduced Wool as Substrate 
WE are trying to dissolve native proteins from woo. by 


the method of limited proteolysis". Unreduced wool is a 
not attacked by trypsin and so, in our experiments, W 





ool. 
has been reduced under the mildest possible conditions — 
which will allow trypsin digestion. We believe that these 
conditions do nos cause denaturation of the wool? 
Apparently, large protein fragments are dissolved from . 
the reduced wool ky trypsin, and in a synthetic boundary 
run‘ in the Spinec model Æ ultracentrifuge, the unfrac- - 
tionated solution gave a schlieren peak, sedimentation 
coefficient of 3-1. One obstacle to further characterization — 
of the dissolved proteins is the enzyme in the solution, 
which may continue to digest the fragments it has released 
from the fibre. This communication describes experi- 
ments which show that the inhibitor phenylmethyl- 
sulphonylfluoride (PMSF)* will arrest the reaction. ae o, 
trypsin with reduced wool. e 
Accurately weighed samples of wool were reduced. w 
controlled conditions, rinsed and treated with t 
solutions. Fig. 1 shows the results of a series o 
ments in which different amounts of inhibitor wer 
trypsin solutions at different times before ini 
the reduced wool sample. A comparison was: : 
tween the amount of protein dissolved by the i in 
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100 


Min before adding aubatr— 





0-25 0-5 
Inhibitor/trypsin ratio 


Fig. 1. The numbers in the circles indicate the amount of protein 
“dissalved from reduced wool by trypsin solutions inhibited by PMSF, 
as a percentage of the amount dissolved by the uninhibited trypsin 
solution. Lineoln wool was purified by extraction with methylene 
ehioride, dried at room temperature, and conditioned at 65 per cent 
-Telative humidity and 22° C so that it absorbed 15 per cent of water. 

s Samples of about 0-2 g were accurately weighed out and reduced for 18 h 

- AEA” Cin 02 M thiogivcollic acid, 0-1 M disodium hydrogen phosphate 
adjusted with sodium hydroxide to pH 9-75. In this treatment 19 per 
gent of the wool dissolved. The reduced wool was rinsed in 0-1 M 
` disodium hydrogen phosphate at pH 8-0, and then placed in 4 ml. of a 
ns spain solution (wool : enzyme ratio, 50: 1) in the same buffer, to which 
ferent amounts of PMSF dissolved in 45 per cent ¢- propanol-water 










had been added at various times before the wool was added. Digestion 
was allowed to occur for 50 min at 20° C after which the wool was 
 gemoved and the solution centrifuged at 100,000¢ for 15 min. The 
~eoncentration of protein in solution was measured in a Zeiss inter- 
ferometer. Iftnhibitor is not added to the trypsin solution, 64 per cent 

P of the reduced wool is digested 


S tr ypsin solutions and the uninhibited solution. Trypsin 





= 


activity is almost completely inhibited if, for example, 
an amount of PMSF equal to 0-28 times the weight of 
enzyme is allowed to react with the enzyme for 55 min 
at pH 8-0 and 20°C. 

< This work was supported by the Wool Textile Research 
Couneil 
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IMMUNOLOGY 


-Antibody Production in Bursectomized 
< Chickens given Repeated Injections of Antigen 


Caickens which have had their bursa of Fabricius 
removed at birth are unable to produce adequate quan- 
tities of antibody?. Assay of spleen sections from such 
bursectomized birds has revealed an almost complete 
failure of the pyroninophilic cells to proliferate after an 
intravenous injection of antigen*. In chickens, many 
basophilic lymphoid cells are situated outside the spleen 
and the bursa, and cells of the plasmacytic series are 
found scattered throughout the wall of the intestine, or 
accumulated in the tonsilla caecalis’. For this reason, it 
cannot be assumed that the deficiency in antibody forma- 
tion of bursectomized chickens is absolute. Indeed, the 
present, experiment demonstrates that the compromised 
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ne ized birds can 





“aly fonction: of: surgi call 
be repaired by multiple i 

Rhode Island Red. aons a were used. i Sàl bur- 
sectomy was performed on one-day-old chickens. All 
operated birds were checked at autopsy for bursal rem- 
nants, and only those in which no residual bursal tissues 
were to be found were taken into consideration. One 
group of bursectomized and unoperated birds was im- 
munized when 8 weeks old, and another group was 
immunized when 6 months old. 2-0 ml. of a 10 per cent 
suspension of washed human O red blood cells were 
injected into the wing veins of the chickens; a further 
three injections were given with an interval of 24-26 days 
between injections. Blood samples were taken 9 days 
after antigen injection and sera examined for the presence 
of any haemagglutinins. All sera were assayed for mer- 
captoethanol-sensitive antibody according to the method 
previously described*. Thymus, spleen, bursa, tonsilla 
caccalis and fragments of intestine were taken for histo- 
logical examination. 





Table 1. HAEMAGGLUTININ PRODUCTION (LOG, MEAN TITRE) IN NEONATALLY 
BURSECTOMIZED CHICKENS HYPERIMMUNIZED WITH HUMAN EEE 


Age at 
time of Primary Secondary Tertiary Quaternary 
Group primary response response response response 
challenge 
Unoperated Sweeks 7-7 (14/14)* & 0 14/14) 86 (2/12) 2 (12/12) 


Bursectomized S weeks 0 (0/13) 
Unoperated & months 8-8 (8/8) 
Bursectomized 6 months 0 (0/10) 


4-5 (10/13) 5-7 (16/13) 6-6 (10/12) 
ne : (8/8) 
1 {10/10} = = 


*In parenthesis, nominator, No. of chickens with haemagglutinins; 
denominator, No. of chickens in group. 


Table 1 summarizes the results of antibody production 
in hyperimmunized unoperated and  bursectomized 
chickens. The titre of haemagglutinin increases as the - 
hyperimmunization progresses in control groups. Birds 
of both bursectomized groups failed to produce any 
detectable quantities of circulating antibodies after 
primary immunization. However, they did respond to 
some extent to the second injection of antigen, and the 
third and fourth injections caused a further increase in 
antibody production. 

Histological examination of the spleen sections of un- 
operated chickens has revealed large areas of mature 
and immature plasmacellular elements*. In the spleen of 
hyperimmunized bursectomized chickens the size of the 
area occupied by the proliferating pyroninophilic cells 
varied from individual to individual. The spindle-shaped 
thickenings of arterial subterminal branches were sur- 
rounded by a large number of pyronin-positive cells. An 
increase in the number of plasmacellular elements was 
also noted in the tonsilla caecalis and intestine of un- 
operated and bursectomized chickens after multiple 
injections of antigen. Plasma cells were found in the 
thymus of chickens from all experimental groups; in six 
cases round-shaped aggregates of cells, which closely 
resembled the germinal centres seen in the spleen and 
caecal tonsil, were observed in the medullary portion of 
the thymus (Fig. 1). No apparent alterations were noted 
in the bursa of hyperimmiunized control chickens. These 
morphological changes in the spleen, tonsilla caecalis and 
gut, and probably in the thymus, following multiple 
immunological stimulations could well account for the 
increase in level of circulating antibodies during hyper- 
immunization. 

After primary immunization, haemagglutinins in the 
circulation of normal chickens were predominantly mer- 
captoethanol-resistant, and antibodies produced in the 
course of hyperimmunization continued to be of this type. 
On the other hand, a preponderant production of mer- 
captoethanol - sensitive antibodies by bursectomized 
chickens was noted. Using a soluble antigen, Benedict 
et alè showed that the sera obtained after secondary 
antigen injection have some antibodies which were 
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Fig. 1. Germinal centre in the thymus of a bursectomized hyper- 
immunized 


chicken, (Stained with methyl green-pyronin) 


resistant to mercaptoethanol and sedimented as 75 
immunoglobulin. 

It has been shown by others* that lymphoid tissue of 
the gut is capable of producing antibodies, and that the 
intestinal bacterial flora probably continuously stimulates 
the lymphoid tissue in the gut. The absence of lymphoid 
masses in the intestinal wall of germ-free animals gives an 
indication of the important part played by the intestinal 
flora and its products in the multiplication and differ- 
entiation of intestinal lymphoid cells’. The question still 
remains, however, as to why these cells (which are present 
in large numbers in the intestine of bursectomized 
chickens) do not manufacture circulating antibodies 
following the first intravenous injection of antigen. So 
far as histological changes in the spleen and gut are con- 
cerned, it would also be intriguing to know why the 
proliferation of pyronin-positive cells of bursa-less 
chickens occurs solely after the secondary and subsequent 
antigenic stimulations. It can further be assumed, how- 
ever, that in bursectomized chickens there is an inhibitor 
of antibody synthesis which is particularly related to the 
primary response, or that bursa-less birds are deficient in 
some factors (hormone 7?) necessary for the initiation of 
antibody formation. Consequently, the priming capacity 
of antigen in unoperated chickens is superior to that in 
bursectomized ones. In any event, the phenomenon 
described requires careful serutiny in any discussion of 
the transient vulnerability of antibody-synthesizing 
mechanism due to extirpation of the bursa which can be 
repaired by hyperimmunization, regardless of whether or 
not there are more than two primary organs (thymus and 
bursa) in birds which control the immunological machinery 
of the body. 

This work was supported by grants from the Federal 
Scientific Fund and the Republic Scientific Fund, Belgrade. 
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Immunochemical Reactions of Conalbumin 
and its Metal Complexes 


[IMMUNOCHEMICAL methods have been extensively used in 
protein chemistry for the elucidation of structural changes 
in proteins. More recently, this method has been success- 
fully used to demonstrate possible conformational and 
configurational chanzes in the protein molecule as a result 
of its interaction with small molecules and prosthetic 
groups’. Immunochemical differences, for example, 
have been reported “or horse oxyhaemoglobin and deoxy- 
haemoglobin, as well as for metmyoglobin and apomyo- 
globin??, 

These investigations have prompted our interest in the 
application of immunochemical methods for the investiga- 
tion of the antigeric properties of metallo-proteins as 
compared with ths apo-proteins. We found earlier 
that even small structural changes cause measurable 
changes in the rate of the antigen-antibody reaction’. 
The rate of antigen—antibody reaction can be conveniently 
followed by measuring the change in the light scattering 
of the antigen—antizody reaction mixture. The method 
of measuring light scattering also has the advantage that 
it is a direct measurs of the antigen—antibody interaction, 
which requires no alteration of antigen or antibody by 
labelling, or by the addition of precipitating agents as 
other techniques do. 

The protein chosen for this investigation was conalbu- 
min (CA)—a well-known metal-binding protein from egg 
albumen‘. CA forms a red-coloured stable complex with 
two atoms of Fe*+ per molecule of protein. It also forms 
weaker complexes with Cut and Zn**, The metals are 
readily dissociated from the protein at pH values below 6. 
Tyrosine phenolic and histidine imidazole groups have 
been implicated at tae metal-binding sites of this proteim*~’. 
Three-times crysta lized CA was prepared essentially as 
in earlier investigations, use being made of the carboxy- 
methylcellulose cation exchanger*. 

Bovine and anti-conalbumin (ACA) was prepared as 
described earlier* and contained 3-7 mg antibody protein/ 
ml. antiserum. AI measurements of light scatter were 
performed with reagents which had been passed through 
‘Millipore’ filters. Various concentrations of the antigens 
were mixed with a constant amount of 25 x diluted 
ACA in 0-1 M borate buffer (pH 8-2) directly in al x 1 
em rectangular quartz cuvette. The light scatter of the 
antigen-antibody reaction mixture was measured in an 
Aminco—Bowman spectrophotofluorometer at 90° angles. 
The incident beam was at 334 my and the scattered beam 
at 668 mp. The light intensity of the scattered light was 
directly recorded cn a Honeywell Electronie 19 recorder 
with a chart speed of 1 in./min. The results are expressed 
as the increment in light scatter (read on the transmittance 
scale AT’) in the first 2 min of the reaction. The light 
scatter increased a most linearly with the antigen concen- 
tration in the ‘antibody excess’ zone; therefore, com- 
parisons of the immunoreactivity of the systems examined 
were made in the ‘slight antibody’ excess zone. Fig. 1 
illustrates typical results from such experiments. 

Because the most significant decrease in the rate of the 
antigen-antibody reaction was caused by FeCA, we 


investigated the possible effect of Fe** itself on 
antibody-antigen reaction. The results are given in 
Table 1. 


These experiments were conducted under the same 
conditions as those in Fig. 1. The free Fe** added was 
equal to the stoichiometric amount needed for the FeCA 
complex formatior (2 moles Fe**/mole CA). It is evident 
from Table 1 that the addition of Fe*+ to the ACA before, 
after, or simultaneously with the addition of CA or FeCA 
does not influence the rate of the reaction. This indicates 
that the free Fe*+ in the applied concentration, does not 
interfere with the antibody or with the immuno-reaction 
itself. These results also indicate that the antigen- 
antibody reactior occurs much faster than the Fe** 













CA + Fel ae, Beg 
- ACA +CA + Fe 14-0 
ACA + FeCA + Fe 4-5 
ACA + Fe + CA 12-0 
ACA + Fest + FeCa 6-5 
ACA + ae simultaneous 13-0 


ACA + Pek simultaneous 50 





oro i | seh aa , l [mixed _ 
1 4 mi. antibody +0-1 ml. antigen+0-1 ml. Fes in 6-10 sec 
recorded. 


eater Composition of the reaction mixtures was the same as for Fig.1. The 
co exta Fot added was 3-74 x 10-4 umcle per ml. of reaction mixture, 
Peas TAT, increment in the light seatter between 0 and 2 min of the reaction. 





= binding by CA—at least under the conditions used in this 
<> Ox periment. 
<= [he inerease in the light scatter during an immuno- 
‘hemical reaction is an indication of the combining proper- 
the antigen with its antibody and thus represents 
ilar events which are occurring during this inter- 
. It is, therefore, expected that alteration in the 
‘of antigen may affect these interactions. The 
ad antigenic reactivity of metal-CA complexes 
pared with CA may, therefore, reflect the alteration 
otein structure as a result of chelation of metal 
by the protein. The interaction of metal with CA 

sult in configurational changes of the protein 
le, as well as in masking of important functional 


tigenic sites) which may be required for a maxi- 
antigenic reaction. 

immunochemical observations are in agreement 
formation obtained on the structure of CA and its 
“omplexes by other techniques. Previous investiga- 
on the metal-binding activity of CA have demon- 
ed that FeCA is significantly more resistant to 
ysis, thermal denaturation, as well as to chemical 
ifications, as compared with CA (refs. 11 and 12). 
ations of optical rotatory dispersion have demon- 
an anomalous effect for FeCA, as compared with 
n rotatory dispersion for CA (ref. 13). This suggests 
; the interaction of metal with CA produces important 
iges in the protein molecule which affect its specific 
-binding functional groups as well as its overall 
éture. 
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Fig. i. The change of light scatter in the reaction of CA and its metal 
sorplexes with ACA. Protocol: 1-0 ml. antibody +0-1 ml. antigen 
mi 1- light scatter recorded. Antibody: 25 x diluted ACA in OIM 
“buffer pH 8-2 (0-1 x104 umolejmi. antibody protein, 3-2 mg/ml. 
erim protein). Antigen: CA, FeCA, CuCA or ZnCA (1-87 x 10-4 
Hin Od M borate buffer, pH 8-2). The experiments were con- 
at 21° C. The curves onn are redrawn from actual recorded 
i racings 
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eli ttering tec ue. ú measures the. 
ondary antigen-antibody interaction, is an even more 
sensitive method for the detection of changes in the E 
antigenic reactivity than techniques which measure the . 
primary antigen-antibody interactions", Investigations. — 
are being carried out to determine whether or not this 
change in antigenic reactivity is caused by configurational 
or conformational change in the protein molecule. 

This investigation was supported by the U.S. Public 
Health Service. | 
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MICROBIOLOGY 


Inhibitory Effect of Lactobacillus acidophilus 


SABINE! demonstrated the antibiotic-like effect of Lacto- 
bacillus acidophilus by growing it in a solid medium in | 
holes cut in a plate seeded with a staphylococcus and 
Escherichia coli as test organisms. He stated that the 7 
inhibition observed was not a result of acidity, since ` 
there was no difference in the pH of the agar in the cup, — 
in the inhibition zone or in the outer zone. The antibiotic 
substance was said to be extremely labile and had not. 
yet been isolated. | 
We examined the inhibitory effect of L. acidophilus 
(Aplin and Barrett, Ltd., Yeovil) against E. coli by a - 
procedure based on that of Ritter?. 50 ml. of milk agar. 
was poured into a 6-in. plastic Petri dish and allowed to” 
solidify. Another 30 ml. of milk agar inoculated with 
3 ml. of a 10-* dilution of 1-2-day-old nutrient broth 
culture of E. coli I wes then poured on top of the solidified ES 
ager and allowed to set. Using a sterile hollow steel P 
borer, 15 mm in diameter, the required number of holes — a8 
were cut into the medium and the bottom of each hole: 
was sealed with a few drops of milk agar. 0-3 ml. quan- _ 
tities of the test solutions were then pipetted into these 
holes. After 3 h of pre-diffusion at 5° C the plates were 
incubated for 18 h at 30° C. Es 
Using this technique we found that a 48-h-old J. ao 
acidophilus culture in a tomato dextrose broth (TDB) > 
was usually about pH. 3-5 and inhibitory. Raising the pH 
reduced the inhibition, which almost disappeared above 
pH 4-5. A neutralized and non-inhibitory TDB became... 
inhibitory again on reacidification with lactic acid, but | 
far less so when, hydrochloric acid was used. The inhibitor 
was found to be present in a cell-free (membrane-filtered) 
filtrate and to be heat-stable. We photographed a plate 
(Fig. 1) showing the inhibitory effect, of sterile TDB 
edjusted with either lactic acid or hydrochloric acid to 
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pH of broths adjusted to 
3-6 3-9 4+2 


n i a =. á 


etn La r 
o* 9% > 


Fig. 1. Inhibition of E. coli by various broths. Plate seeded with £. 
i; cups filled with broth. Prediffusion for 3 h at 5° C followed by 


18 h at 30° C. A, Cell-free filtrate from L. acidophilus culture in tomato 
dextrose broth; B, tomato dextrose broth acidified with 2:3 N lactic acid; 


C, tomato dextrose broth acidified with 0-5 N hydrochloric acid 


pH 3-6, 3-9 and 4-2, and also that of a cell-free filtrate 
of an L. acidophilus culture of pH 3-6 and adjusted 
with caustic soda to 3-9 and 4-2. As can be seen, the 
zones of inhibition diminish markedly when the pH 


x 
ee ae 





0-5 1 2 35 
Incubation at 37° C (h) 


re 4 Survival of Æ. coli in tomato dextrose broth acidified with lactic 
acid to pH 3-6 (0), #2 (A), and ioe { ‘2 Sma with hydrochloric acid to 
pP . 
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of the broths is rsised in fairly small stages. While 
the inhibitory effect of the L. acidophilus filtrate is 
almost unequalled sy that of the broth acidified with 
lactic acid, the broth acidified to corresponding pHs 
with hydrochloric acid produces only little inhibition. 
By incorporating a mixed indicator consisting of 0-25 
per cent methyl red and 0-5 per cent bromthymol 
blue (1:1) it was found that the zones of inhibition co- 
incided with the extent of spread of acidity from the enpe 
as judged by the orange colour of the indicator. 
lactic acid spreads much farther into the medium than 
the hydrochloric acid—acidified broth, apparently govern- 
ing the size of the zones of inhibition observed. 

However, if the incubation time was extended beyond 
18 h or the incubation temperature raised to 37° C, the 
pH of the whole aga? changed gradually towards alkalinity 
with only some diminution of the zones of inhibition. 
Thus the time of measuring the pH is fairly critical, and 
Sabine’s finding (after 24 h at 37° C) that the pH was the 
same throughout the plate may well be explained in 
this way. 

Since the zones of inhibition produced by lactic acid 
remained clear even though the whole plate had become 
uniformly slightly alkaline, we next examined the relative 
lethal effect of lacsie acid and of hydrochloric acid on 
E. coli. TDB acicified with either acid was inoculated 
and plate counts were carried out after incubation at 
37° C. The results given in Fig. 2 show that lactic acid at 
pH 3-6 causes practically 100 per cent mortality of 
E. coli in TDB at 37° C in 1 h, whereas hydrochloric acid 
at the same pH reduces the viable count by only 60 per 
cent in that time and by 90 per cent in 3-5 h. Only very 
little, if any, kill occurred at 5° C in 3-5 h with either acid. 
These results are n good agreement with some earlier 
findings of Shilling aw and Levine’. 

Lactic acid is thus shown to be strongly germicidal and 
possibly largely responsible for the inhibitory effect of 
L. acidophilus. Our plate cup experiments, notably the 
small inhibition zone produced by L. acidophilus culture 
even when its pH s raised to 4-2, suggest the possibility 
that some other inhibitor is also formed. 

J. TRAMER 
United Dairies, Ltd., 
Research Laboratories, 
Western Avenue, London, W.3. 
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* Shillinglaw, ©. A., and Levine, M., Food Res., 8, 464 (1943). 


Incidence of Clostridium botulinum Type E 
in Fish Procucts in the United Kingdom 


UNLIKE other areas of the world, such as the United States, 
Japan and Scandinavia, the British Isles, until recently, 
appeared to be free from the presence of Clostridium 
botulinum type E. Early surveys by Meyer and Dubovsky', 
Leighton and Buzton*, Haines*, and more recently by 
Dolman‘ and Camn et al.*, failed to demonstrate its 
presence either in soil in the British Isles or in sea muds 
and fish from traditional British fishing grounds. A 
recent examination by Hobbs et al.* of more than two 
hundred commercial vacuum-packed fish purchased in 
the United Kingdom and of the intestines of a hundred 
fresh North Sea herring gave no toxic samples. Neverthe- 
less, type E botu.ism could arise from the ingestion of 
fish imported from areas where there is a high incidence 
of Cl. botulinum type E.°7. 

In continuing a survey of fish and fish products in the 
United Kingdom for the presence of Cl. botulinum type 
E, 646 samples of vacuum-packed fish and samples of 
fresh herring were examined. The vacuum-packed fish 
were purchased az random from shops in England. The 
techniques of examination are reported elsewhere*. 
The herring were part of cargoes landed at British ports 
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by foreign vessels thought to have been fishing in areas 
where there is a high ineidence of Cl. botulinum type E. 
These were sampled in two ways. In the first, contents 
of the lower intestine of each fish were cultured anaero- 
bically after dissection under aseptic conditions and the 
-broths were incubated for 3-6 days at 30°C. In the second, 
_ herring were vacuum-packed whole and incubated for 6 





ood ys at 30° C before testing for the presence of toxin. 





- OF the 646 samples of vacuum-packed fish examined, 
five contained Cl. botulinum type E. These were kippers 
-Which were all purchased in the same area in early summer 
< 1965, Further attempts to isolate Cl. botulinum type E 
-from fishery products met with no success until February 
1966, when out of one sample of twenty-six Storsild 
herring, landed at Aberdeen by a Scandinavian carrier 
‘ship, eleven were toxic, and out of a second sample of 
‘sixteen herring five were toxic. 

One of these catches is known to have been taken just 
off the coast of Norway east of the Viking bank. In spring 
and early summer there is a large herring fishery off the 
coast of Norway and it is possible that the five positive 
isolates of Cl. botulinum type E made in 1965 came from 
herring landings from this area. 





Table 1. INCIDENCE oF Clostridium botulinum TYPE E 






No. 
n EA No. containing 
oo. Source Type of sample tested Cl. 
a botulinum 
Poe type E 
_ Shops in Britain Vacuum-packed fish 646 5 
Skagerrak White fish (intestines) 130 Q 
Ska White fish (whole) 130 ü 
2 White fish (intestines) 96 G 
2 Herring (intestines) 200 G 
Herring (whole) 29 19 
egian Herring (intestines) 14 0 
ig Ba Herring (whole) 18 & 
ng Bank : Herring (intestines) $ 3 
oom. of Swedish 
ler. carrying 
nataminated fish Swabs and ice samples 16 
“North Sea 
west of Haugesund Herring (whole) 12 Q 


, As a consequence of the demonstration of such a high 
incidence of Cl. botulinum type E in the Storsild herring, 


_ farther batches of fish landed by Scandinavian trawlers 
~ Were examined. The results are shown in Table 1. The 
=o.. ineidence of the organism was sufficiently high to attempt 
= Viable counts using ‘most probable number’ techniques 


with the demonstration of toxin in a culture indicating the 


5 -i presence of at least one viable spore. Of six fish tested, 
One gave a count of one spore/16 g and two gave counts 










16 spore/200 g of whole fish. 
revious work on the distribution of Cl. botulinum 


ae : ‘type E in sea-bottom deposits had shown the organism 


© present off the coast of Norway so far north as 
7 59° N., 4° 53’ E. (unpublished data) but had not covered 
> the areas in which the above-mentioned fish were known 
to have been caught. The research trawler, Sir William 
Hardy, was therefore sent to sample the off-shore areas 
een the Viking Bank and the towns of Alesund and 
istiansund. In all, twenty-eight samples of sea bottom 










deposit were examined with negative results. 

_ The source of contamination of the herring, therefore, 
is not known, but the sporadic incidence of Cl. botulinum 
type E in herring indicates the probable presence of the 
- organism in the sea in concentrated pockets, and although 

it is still true to say that Cl. botulinum type E has not been 


Sean: emonstrated in materials indigenous to Britain there is 
icto ROW no doubt that the organism is present in some 









old in British shops. 

ere is little danger of botulism due to the ingestion of 
type of product, as the cooking times recommended 
anufacturers will generally inactivate any toxin which 
be formed as a result of bad storage (unpublished 


). The main danger lies in products such as smoked 
salmon which are eaten without further cooking. It is, 
therefore, essential that all fish products, whether vacuum- 

acked or not, should be stored below 4° C or preferably 
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frozen from the time they. are processed until they are 


eaten, and all packs should be clearly labelled to this 


Breen D. C. Cann 
BARBARA B. WILSON 
J. M. SHEwan 
G. HoBBS 
Torry Research Station, 
Aberdeen. 


| Meyer, K. F., and Dubovsky, J. B., J. Infect. Dis., 81, 600 (1922). 


? Leighton, G., and Buxton, J. B., J, Hyg. Camb., 28, 79 (1928). 


* Haines, R. B., J. Hyg. Camb., 42, 323 {19423}. 

t Dolman, C. E., Arctic, 13, 230 (1960). 

* Cann, D, C., Wilson, B. B., Hobbs, G., Shewan, J. M., and Johannsen, À., 
J. App. Bact., 28 (3), 428 (1965). 

* Hobbs, G., Cann, D. C., Wilson, B. B., and Shewan, J. M., J. App. Bact., 
28 (2), 265 (1965). 

* Johannsen, A., J. App. Bact., 26, 43 (1963). 

* Cann, D. C., Wilson, B. B., Hobbs, G., and Shewan, J. M., J. App. Bart., 
28 (3), 431 (1965). 


An Enrichment Method for Auxotrophic 
Yeast Mutants using the Antibiotic 
‘Nystatin’ 

ENRICHMENT methods have greatly facilitated the work of 
geneticists in obtaining desired mutants. The various 
methods in use depend on the selective removal or killing 
of growing cells relative to non-growing mutants. Moat 
et al showed that several antifungal agents could be 
used with yeast to increase the proportion of mutant 
survivors in artificial mixtures of mutant and wild-type 
cells. Although ‘Nystatin’ was not so effective as ‘Endo- 
mycin’ or ‘Amphotericin B’ in their experiments, it seemed 
a desirable antibiotic with which to undertake further 
work, as a great deal is known about the physiology of its 
action on yeast?-4 and especially as it had been reported 
that actively metabolizing cells take up much more of it 

than glucose-starved cells’, 

Preliminary experiments were carried out to determine 
the killing action of ‘Nystatin’ on growing and non-grow- 
ing cells. Haploid strain S288C of Saccharomyces cere- 
visiae (obtained from Dr. R. K. Mortimer) was grown 
with shaking at 30° © until stationary phase in YEP 
(1 per cent yeast extract, 2 per cent Bacto-peptone, 2 
per cent glucose). The culture was washed twice with 
water, resuspended in a synthetic minimal medium 
(Difco yeast nitrogen base, without amino-acids) from 
which the nitrogen source, ammonium sulphate, was 
omitted, and incubated for a further 6h. After washing 
twice with water, the nitrogen-starved culture was 
adjusted to about 108 cells/ml. 1 ml. of this suspension 
was added to a flask containing 8-0 ml. of the minimal 
medium with ammonium sulphate (S medium), and to a 
second flask containing 8-0 ml. of the nitrogen-free medium 
(S—-NH, medium). The two flasks were incubated for 
3:5 h before 1-0 ml. of a 100 ug/ml. ‘Nystatin’ solution 
was added to each. The ‘Nystatin’ solution (Squibb) was 
made by diluting a 1 mg/ml. solution in 95 per cent alcohol 
1:10 with sterile distilled water, and was used without 
additional sterilization. Samples were removed at 0, 
20, 40 and 60 min, and plated for viability in YEP agar. 
The results are given in Table 1. The viability of the 
cells in S--NH, dropped about 20 per cent after 60 min, 
but only 0-003 per cent of the cells in S were alive after 
40 min, and less than 0-0005 per cent were alive after 
60 min. 


Table 1. VIABILITY OF NITROGEN-STARVED YEAST CELLS EXPOSED TO 
10 G/ML. “NYSTATIN’ IN MINIMAL MEDIUM WITH AND WITHOUT NITROGEN 
“Nystatin’ treatment Viability 
before plating (min) (per cent) 


Cells in S~—-NH, medium 0 100 
20 BS 
40 R5 
69 81 
Cells in S medium 0 100 
20 0-04 
40 0-008 
60 < 00005 
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till metabolizing sufficiently to be sensitive to its 
on. (3) Maximum killing was found when 3-4 h 
- growth in S was allowed between nitrogen starvation and 
= addition of ‘Nystatin’. During this time, cell number 
-< increased 10-15 per cent, and microscopic examination 
-showed that most cells had started budding. (4) An 
exposure of at least 1 h to the antibiotic should be given. 

Longer treatments (up to 25 h) resulted in somewhat 
greater killing, but they also resulted in increased killing 
of non-growing cells and possibly some mutants may be 
le 5) The amount of killing is rather less at 108 
sells/ml. than at 10?/ml.; however, even with the higher 
neentration viability was reduced by almost 
thirty after treatment for 1 h. 

‘o determine whether the proportion of mutant cells 
‘be increased relative to wild-type, an experiment 
r to those of Moat et al. was undertaken. 8288C 
a red adenine-requiring strain of the same mating- 
je (A708C) were separately grown in YEP and treated 
before. After nitrogen starvation and washing they 
re mixed by volume in the proportion of one mutant 
to 1,000 wild-type cells, and then suspended in 5. The 

< ATOSC cells would not grow because the medium lacked 
adenine. After incubation for 4 h in §, ‘Nystatin’ was 
dded to a final concentration of 10 ug/ml. as before, and 
platings were made at intervals of 30 min on to S-agar 
ylemented with 20 pg/ml. adenine. On this medium, 
ed adenine-requiring colonies could easily be dis- 
uished from the white wild-type colonies. Our results 
re given in Table 2 as the change in ratio of red to white 
~~ “golonies. There was a maximum calculated enrichment 
of about 10,000-fold for mutant cells relative to wild-type 
---@ells. However, this figure is not very reliable as there 
were very few red colonies in the 0 min platings. A more 
< reasonable estimate would be at least a 1,000-fold enrich- 
`- yment for mutants among survivors. 
It thus became necessary to determine whether the 
method could be used with newly induced mutants. 
>o $288C was grown in YEP as before, washed, suspended 
at 107 cells/ml. in tris buffer at pH 7-4, and ethylmethane- 
~~ gulphonate (EMS) was added to a final concentration of 
J per cent. After 3 h incubation the cells were washed, 
< suspended in 6 per cent sodium thiosulphate for 10 min, 
d washed twice more. Survival after treatment with 
AS was about 50 per cent. The treated cells were 
spended in YEP and grown for about 18 h, then sub- 
sted to nitrogen starvation and ‘Nystatin’ selection as 
Survival after treatment with ‘Nystatin’ was 






















































































ble 2. CHANGE IN THE PROPORTION OF ADENINE-REQUIRING (RED) TO 
WILD-TYPE (WHITE) COLONIES IN A 1: 1,000 MIXTURE (BY VOLUME) 


IN MINIMAL MEDIUM CONTAINING 10 G/ML. “NYSTATIN’ 


in’ treatment Ratio red : white Enrichment 
i colonies factor 
1:470 — 
124:1 580 
2:1 4,300 
352:1] 11,800 
1ł}7:1ł 6,500 
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S supplemented with the specific growth factor. One 
cyclo of ‘Nystatin’ selection may be sufficient in such- 
cases, but if the mutation is rare it is advantageous to go — 
through a second selection cycle (after washing and a 
second intermediate growth period) in order to increase 
the mutant yield. When using this two-cycle method 
to select specifically for histidine auxotrophs, 5-10 per 
cent of surviving colonies regularly proved to be the 
required mutant typ=s. 

The proportion o petite colonies is increased after 
‘Nystatin’ selection, but in practice this has not been a 
serious disadvantage. They can be eliminated by plating 
on a medium contairing a non-fermentable carbon source 
such as glycerol, or identified by replicating to such a 
medium. 

A period of growth after mutagen treatment seems 
necessary to ‘fix’ tae mutation. No auxotrophs were 
obtained in one experiment in which ‘Nystatin’ selection 
was used immediately after EMS treatment. The desir- 
ability of intermediate growth has also been noted when 
using the penicillin method with bacteria‘. As is also the 
case with penicillin selection, it is desirable to allow the 
prototrophs to grow vigorously before the antibiotic is 
added (Moat, personal communication). Lampen et al.* 
have shown that log phase cells bind more ‘Nystatin’ than 
stationary phase cels. 

The uptake of ‘Nystatin’ by yeast is influenced by pH, 
the maximum being at about pH 4 (ref. 5). Because the 
minimal medium used had a pH of about 4:2, no adjust- 
ment was made. Hf media with higher pH’s are used 
adjustment would probably be necessary to ensure that 
the antibiotic has maximum effect. 

The ‘Nystatin’-sealection method is analogous to the 
penicillin-selection method widely used in bacteria®“. 
Although the mutant yield does not reach that of the 
penicillin method, Nystatin’ selection has nevertheless 
proved a conveniert way to isolate a wide variety of 
auxotrophic yeast strains. 

RICHARD Svow* 
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PHYSIOLOGY 


Kininase Activity in Experimental Pancreatitis 
Tue role of vasoactive polypeptides as humoral media- 
tors in acute pancreatitis has been the subject of much 
recent speculation. Both trypsin and kallikrein, normally 
present in the pancreas in an inactive form, are activated. 
in acute pancreatitis, and these enzymes are able in turn 
to split the polypeptides bradykinin and kallidin from the 
alpha 2 globulins to which they are bound in the blood. 
The active peptides have well-known pharmacological 
properties which include pain production, increased 
capillary permeabiity, smooth muscle stimulation, pro- 
duction of hypotersion and leucocyte aggregation. The 
severe pain, unique retroperitoneal oedema, hypotension, » 
and shock encountered in acute pancreatitis suggest the 
presence of such a substance. 7 

The kinins are rapidly destroyed in the normal subject 
by peptidases whieh split off a termina] peptide leaving 
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8-h blood samples from eight dogs with bile pancreatitis 








uin production thus becomes extremely important 
disease. 

ts have been made of increased kinin activity?-4 
decreased kinin precursor? during experimental 
itis in the dog, but to our knowledge changes in 
ininase levels have not been studied. 

gut mongrel dogs were anaesthetized with sodium 














BOUA A 54 age 0 
thal ( 10-5 mg per Ib.). Bile pancreatitis was produced 0-2 1 20 
ecting 10 c.c. of the bile of the dogs into the major Particle diameter (p) 

reatie duct under pressure. The portal vein was Fig. 1. Percentage of inhaled particles deposited in the alveolated 
uated, through the splenic vein and blood was col- regions of the lung as a function of particle size, for unit density spheres.. 














a os ise > Upper curve, Terrestrial deposition; middle curve, lanar deposition; 
at 0, 2, 4 and 6 h; in two dogs a specimen was lower curve, deposition in the absence of gravity , 
ollected at 8 h. 







of the aerosol particles. The other mechanisms for upper _ 
. respiratory tract deposition, Brownian diffusion and im- 
i with 19-5 c.c, of buffered saline solution, and 5 e.e. paction, will be unaffected, but the former is of negligible — 
s mixture was incubated with an equal amount of importance for particles greater than about ly. a 
dard solution containing 0-05 meg of bradykinin I recently published details of a method for calculating 

y supplied by Sandoz Pharmaceutica!s, Hanover, alveolar deposition as a function of particle size?*. The — 
ersey). In a rat uterus bioassay system, unrespon- computations were performed on an electronic computer, 
o histamine, serotonin and catecholamines, vaso- and recalculations based on a different gravitational 

_of the incubated mixture was determined at acceleration were easily performed. The results are sh 

ervals until no activity was detectable. in Fig. 1, for a tidal volume of 500 c.c., a 3-sec linea: 
, kininase levels increased during the first 8 h symmetrical breathing cycle without pauses, and a func- 
nereatitis in all the dogs. The time for total tional residual capacity of 21. It is seen that alveolar — 
on of 0-05 meg of bradykinin decreased from a deposition on the Moon does exceed terrestrial alveolar 
ontrol time of 39 min to a mean of 23 min in the deposition, as predicted, in the region of particle-sizes — 
increatitis specimen (Fig. 1). No change in the greater than Tu. However, the difference is not so great _ 
plasma kininase was detected during sham pan- as might have been expected, and this is due to the fact _ 
that, on the Moon, a higher proportion of those particles. 

investigation was supported in part by funds which penetrate the upper respiratory tract are exhaled: 

























he U.S. Public Health Service. from the lower respiratory tract without being deposited 
| F. Warren NUGENT there. This is even more true in the complete absence of 
Wintrrepo A. ATENDIDO* gravity, and alveolar deposition in this case is everywhere > 
Manvet B. BULAN lower than it would be on either the Moon or the Earth. 
oo ARNOLDO J. MACDONALD J. M. BEECKMANS 
Lahey Clinic Foundation, Department of Physiological Hygiene, 
Boston, Massachusetts. University of Toronto. 
eas Present address: 8321 Dangal Street, Sta. Mesa, Manilla, Philippines. ‘Muir, D. C., Nature, 209. 921 (1966). 
*'Fasciolo, J. C., Acta Physiol. Lat. Amer., 14, 170 (1964). * Beeckmans, J. M., Canad. J. Physiol. Pharmacol., 43, 167 (1965). 


? ee a P. Kobold, E. E., and Hollenberg, M. J., Amer. J. Surg., 105,708 ° Beeckmans, J. M., Ann. Occup. Hyg., 8, 221 (1964), 


Ryan, J, W., Moffat, J. G., and Thompson, A. G., Arch. Surg., 91. 14 (1965). . ; bs te es ee 
> t Nugent, F. W., and Atendido, W. A., Amer. J. Gastroenterol., 43, 437 (1965). Technique for investigating Binding of 
< = | Labelled Thyroxine by Human Serum a 
Alveolar Deposition of Aerosols on the TECHNIQUES using two-dimensional electrophoresis for. 
Bas Moon and in Outer Space the investigation of the proteins of human serum have been 
as recently suggested! that, on the Moon, man will reported in the past'?. However, these techniques are 
ore susceptible to infection by aerosols containing rarely used because they do not offer advantages over | 
ria because the smaller gravitational field will lower other procedures*. The present communication contains & 
ltration efficiency of the upper respiratory tract. report of a new two-dimensional technique of paper. 
duction in upper respiratory tract deposition will electrophoresis which was used to achieve a better separa: 
used by a reduetion in the sedimentation velocity tion of the proteins of human serv same technique 
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was afterwards used to investigate the binding of thyroxine 
labelled with iodine-131 (T4*) by human serum proteins. 

The new technique is based on the ordinary hanging- 
strip paper electrophoresis procedure in a ‘Spinco’ cell, 
with some modifications. A special 30 x 30 cm sheet 
of Whatman 3 MM paper was prepared to replace the 
eight paper strips which go in the folding rack. Eight 
holes were punched in the sheet on each of the four sides 
coinciding with the pegs of the folding rack. Also, for the 
first-dimensional electrophoresis, one of the edges of the 
sheet was folded under to allow for the introduction of 
one narrow paper strip in the folding rack in addition to 
the sheet. The purpose of the paper strip was to have a 
control of the migration of the serum proteins in the first- 
dimensional electrophoresis. It also became important 
to choose proper buffers for the procedure. Veronal 
and tris-maleate', both at pH 8-6, were chosen. These 
buffers were interchanged at different steps of the pro- 
cedure. Veronal was selected for the second-dimensional 
electrophoresis when tris-maleate had been used in the 
first dimension and vice versa. 

In the first-dimensional electrophoresis, the folding 
rack with the sheet and one paper strip was placed in the 
‘Spinco’ cell; the papers were then wetted with the 
buffer, and electrophoresis was started after equilibration. 
After approximately 16 h, the procedure was stopped, and 
the papers were taken out of the cell and dried at room 
temperature. Only the paper strip was stained and fixed 
in order to obtain information on the migration of the 
proteins of the serum in the first-dimensional electro- 
phoresis. 

In the second-dimensional electrophoresis, the sheet of 
paper was unfolded, rotated through 90° and placed back 
with the folding rack in the ‘Spinco’ cell. The alternate 
buffer, as stated before, was used. Every step in this 
part of the procedure followed exactly those of the first 
procedure. After 16 h of electrophoresis, the sheet was 
taken out from the cell, dried and stained*. The staining 
revealed five bands in the sheet. These represented 
albumin (A), alpha 1, alpha 2, beta and gamma globulin 
when veronal was used as the first and tris-maleate as the 
second buffer (Fig. 1). Only four bands identified as 
albumin (A), alpha, beta and gamma globulin were stained 
when tris-maleate was the first and veronal the second 
buffer (Fig. 2). It became evident from this part of the 
experiment that separation between alpha 1 and alpha 2 
globulins could only be obtained under one of the experi- 
mental conditions, namely, when veronal was the first 
buffer and tris-maleate the second. The reason for the 
different behaviours of the proteins of the serum with 
the two buffers is unknown at present. 

It has been shown in the first part of this experiment 
that the new two-dimensional electrophoretic method 
produced a distinct separation in two dimensions of the 
arg of human serum. This separation is, of course, 

tter than the one obtained in one dimension only. 
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Fig. 1. Two-dimensional electrophoretogram of human serum with 
iig as the first and fris-maleate as the second buffer, both at pH 8&6 
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Two-dimensieaal electrophoretogram of human serum with 
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ns the second buffer, both at pH 8-6 
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Fig. 3. At the top is shown a one-dimensional electrophoretogram of 

human serum in ¢ris-medeate buffer at pH 86. Immediately below is the 

autoradiogram of a one dimensional electrophore m of human serum 

plus iodine-131-labellec thyroxine in fris-maleate buffer. In the lower 

is the autoradi of a two-dimensional electrophoretogram of 

uman serum plus jodiae-131-labelled t ne with tris-maleate as the 
first and veronal as the second er, both at pH 86 


These results enccuraged us to undertake the second 
part of this experment, in which binding of iodine-131- 
labelled thyroxine T4*) by the proteins of human serum 
was investigated m two-dimensional electrophoresis. 
For this purpose a fresh batch of T4*, specific activity 
42-8 me./mg (0-0649 mg T4/ml.), was purchased from 
Abbott Laboratorms, Oak Ridge, Tennessee. 3 uc. of 
this T4* were them mixed thoroughly in a test-tube with 
1 ml. of normal human serum, and 10 ul. of the mixture 
were used for each of the two dimensions of the electro- 
phoretic procedure. The materials and methods used 
were the same as those previously described. Another 
step was introduced which consisted of the preparation 
of autoradiograms from the electrophoretograms®. It 
was found necessary to take 2-4 days over this process if 
clear and defined autoradiograms of the electrophoreto- 
grams were to be ebtained. In the autoradiograms, T4* 
was bound in three areas which corresponded to the pre- 
albumin (PA), albamin (A) and inter-alpha (IA) regions 
of the human serum when veronal was the first buffer 
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Fig. 4. At the top is shown a one-dimensional elect of 
human serum in veronal buffer at pH 8-6. Immediately below is shown 
one-dimensional electropho 


used and tris-maleate the second (Fig. 3). Poor separation 
between the bands of albumin (A) and inter-alpha (LA) 
lobulin was obtained when t¢ris-maleate was the first 
er and veronal the second. No binding of T4* could 

be detected in this instance in the pre-albumin area (Fig. 
4). It is known that T4* binds in the albumin and inter- 
alpha regions when veronal is the buffer’, and that T4* 
also binds in the pre-albumin area when fris-maleate is 
the buffer. It is the first time, however, that T4* has 
been shown to bind in the pre-albumin area in two- 
dimensional electrophoresis using veronal as the first and 
tris-maleate as the second buffer. Since pre-albumin 
shows T4* binding in tris-maleate buffer, the results are 
not surprising. The second run merely washed all veronal 
away with the tris-maleate buffer so that the inhibitor of 
T4* binding by pre-albumin (that is, veronal) was no 


i present. 

re experiments are now in progress in which the 
binding of T4* by the human serum and tissues is under 
in tion with the aid of the new two-dimensional 
electrophoretic technique. In these studies autoradio- 
grams of the electrophoretograms are made and counting 
of the radioactivities in the sheets is also carried out. 
Itise ted that more progress in this field will be made 
in the future with the new technique. 


RAUL GRINBERG 


Department of Breast Surgery, 

Roswell Park Memorial Institute, 
l t of Health, 

State of New York. 
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Translocation of Amino-acids in Sugar Beet 


STUDIES of translocation have been largely eoncerned with 
movement of sugars or photosynthate, and investigations 
of transport of nitrogenous material have been limited. 
Organic nitrogen has been found in root exudates'*, but 
these consist of material transported in xylem. Analyses 
of phloem contents have revealed nitrogenous material’, 
but large samples are difficult to obtain. Indirect methods 
for investigation of phloem transport must often be used. 
An earlier report* described specific movement of amino- 
acids from roots to young leaves in phloem. Further 
experiments on nitrogen movement are now reported. 

Sugar beet were used for this work, although some 
similar phenomena were observed with seedlings of cucum- 
ber, tobacco and vine. Methods of growth and detection of 
radioactivity were as described earlier*’. 

When supplied to the roots of intact plants, a hydroly- 
sate of carbon-14-labelled protein (complete mixture of 
protein amino-acids) was translocated preferentially to 
young leaves over periods of 6-24 h, as were glutamine and 
glycine, reported earlier*. Sarcosine, betaine and -alanine 
were more generally distributed to all leaves, as reported 
for «-amino-isobutyric acid. In an attempt to investigate 
the mechanism of selective distribution, intact plants 
were supplied for 30 min with carbon-14-labelled protein 
hydrolysate, then subjected to the treatments shown in 
Table 1. In the subsequent 2-5 h in unlabelled nutrient 
solution considerable amounts of carbon-14 were trans- 
located into young leaves. Removal of old leaves had 
relatively little effect on accumulation of carbon-14 by 
young leaves, whereas removal of roots markedly decreased 
translocation of label (transfer of material to the insoluble 
fraction accounts for the fact that the soluble fractions in 
treatment 4 are lower than in 1). It is likely, therefore, 
that the specific distribution involves discrimination and 
transfer to phloem in the roots, rather than a general 
transport to all leaves and redistribution from old to 
young. However, this latter mechanism could be made 
to operate in abnormal circumstances. When seedling 
tops were supplied with amino-acids through the cut 
hypocotyl, all leaves became labelled in the first 30 min 
and there was a subsequent redistribution of label to 
young leaves. 

Phloem translocation of amino-acids from older leaves 
could be demonstrated. Carbon-14-labelled glutamate, 
-glycine and -protein hydrolysate, applied in drops to the 
upper surface of leaves, were translocated into growing 
leaves. After 24 h the typical distribution was to the 
nearest young leaf, often only the adjacent half, as shown 
in Fig. 1. This resembles the distribution of photosynthate 
from mature leaves®. A greater proportion of the absorbed 
activity was translocated when the treated leaf was 
nearing senescence. 5-12 per cent of the absorbed 
amino-acid was translocated from the treated leaf in 
18 h. ‘Translocation was stopped by petiole steaming. 
The non-protein amino-acids «-amino-isobutyric acid and 
p-alanine were absorbed by treated leaves but very little 
was translocated to young leaves. 

The date presented here and earlier show that phloem 
transport of organic nitrogen is readily carried out by the 
plant, and that the mechanism and resulting distribution 
Table 1. RADIOACTIVITY IN LEAVES OF SUGAR BEET SEEDLINGS (EIGHT 
LEAF STAGE) AFTER SUPPLYING “C-AMINO-ACID MIXTURE TO THE ROOTS 


Amino-acids were supplied for 30 min, then ts were treated as shown. 
Leaves were extracted with hot 70 per cent ethanol 


Radioactivity (e.p.s.) 


Vou. 211 


Leaves 1-8 (growing) Leaves 4-6 (mature) 
Soluble luble 
Further treatment: traction Insolnble fraction Insoluble 
(1) Immediate harvest 1,097 827 2,008 1,470 
(2) Transferred to Inactive nu- 8,402 4,533 1,736 1,267 
trient for further 150 
(3) As 2, but older leaves (4-8) 3,054 -— (1,850 =- 
remov at 30 min) 
(4) As 2, but fibrous roots and 551 —- 1,158 — 
moved 


lower tap root re 
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Trandoaloa of carbon-14 to a young leaf after supplying 
irbon-14-labelied glutamate to a mature leaf of beet for 18 h. The 
lutamate solution was placed in a small well (a ring of ‘Tygon’ tubing) 
Aled to the leaf with lanolin, and covered with cellulose acetate film to 
= restrict evaporation. Diagram based on autoradiographs 































re quite different from those of xylem transport. It 

nais to be shown whether phloem translocation of 

ino-acids can contribute a significant amount of 

trogen for young leaf growth. 
| K. W. Jox* 

A. J. ANTCLIrFt 

Department of Plant Physiology, 

nperial College of Science and Technology, 

London, 8.W.7. 


3 Present address: Department of Botany, University of Toronto, Canada., 
Present address: C.8.1.R.0. Horticultural Research Section, Merbein, 
toriy Australia. 
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- Variation in Gestation Length of Mink 
(Mustela vison) 


NE reproduction is characterized by several remark- 
opines, among which the variability of gestation 
th is of outstanding interest. Hansson! and Enders? 
nphasized this variability (from 37 to 91 days) 
lassie studies on mink reproduction. It is gener- 
ted that this range in gestation length is due to 
periods of delayed implantation, when the fertil- 
7 side in the uterus for an extended period of 
a time efore nidation occurs. This communication reports 
some investigations which I made of the normal] variations 
tation length in four modern colour phases (strains) 
‘the effects of the age of the female, the date 
and litter size on gestation length. 
mink of the four colour phases were used. The 
t ormulae of these colour phases were: ‘Pearl!’ 
ip a ‘Cameo’ (alal bmHbmH), ‘Dawn Pastel’ 
und ‘Violet’ (pp alal bmbm). The mink were 
er normal ranch conditions in the Great Lakes 
he United States. All mink received a standard 
sting of 55 per cent meat, 12 per cent cereal 
‘cent water. This ration was supplemented 
A (1,560,000 1.0. per ton of dry feed) and a 
l enzyme (Nopeo Chemical Co., Harrison, 
1-8 kg per ton of dry feed). Some of the 
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‘able 1. GESTATION LENGTH OF YEARLING AND OLDER MINK OF FOUR 
COLOUR PHASES 
No, of Mean gestation 
Factor gestations length (days) 

(1) Colour panase 
(a) Pearl 4i 52-5 + 4-0 
(8) ‘Cameo 20 60-8 + 5-2 
(e) ‘Dawn Pastel’ 22 533 +3+9 
(d) “Violet” 7 52-0 + 5-1 

(2) Age of female 
(a) Yearling 60 62-0441 
(6) Older 30 §2-9+4-5 

Table 2. GESTATION LENGTH OF MINK BASED ON TIME OF BREEDING 


No. of Mean oam 
Date of breeding gestations length (days) 
March 10-14 12 50-82 
March 15-19 46 53-0 + 2-7 
March 20-24 25 50345 
March 25-29 7 46-424-4 


Table 3. GESTATION LENGTH OF MINK IN RELATION TO LITTER. Size 


Gestation length No. of Mean gestation Mean litter 
range (days} gestations length (days) size 
42-45 8 43-1 4-00 + 1-82 
48-49 1l 475 4-00 + 2-14 
50-53 33 DLS 8-88 +218 
54-57 29 bS-1 3-60 + 2-21 
58-61 9 58-7 3°33 + 1:86 


mink received an additional supplement of ethylene. 
dichloride extractec. wheat germ oil (Dukelow*). This. 
treatment did not significantly affect gestation length, 
and therefore data from mink receiving this treatment: 
were pooled with data from untreated mink. 

Matings were started on March 10, 1963. All females. 
were mated only oace and did not accept mating at a — 
later date. Because of this procedure it can be assumed — 
that these mink wer? of higher fertility than the remainder. 
of the herd which afterwards accepted a later mating. a 
The gestation length was measured from the date of mating — 





to the date of birth All data were treated by analysis of- pi 


variance. Differences in gestation length between colour 
phases and yearling and aged females were not statistically 
significant (Table 1°. Hansson! reported gestation length | 
meens of 51-3 + 5-4 days for ‘Eastern’ mink and 490 + 
4-2 days for ‘Alaskan’ mink. The lack of a significant 
A between yearling and older mink in gestation. 
length is in agreement with Apelgren‘, but conflicts with — 
Enders?, who believed that the gestation length was 
longer in yearlings than in the same individuals when g 
older. A highly significant difference (P < 0-01) was 
observed between gestation lengths based on the date of - 
mating (Table 2). Generally, the later in the breeding 
season that mating occurred, the shorter was the gestation 
period. 7 
Hansson! reported that the length of gestation decreases. | 
greatly when the date of mating is moved forward. He- 
also reported a decrease in Gosreuon length from matings 
on March 10-Mare. 29 of 6-5 days compared with 10:4. — 
in the present investigations. Table 3 illustrates the 
relationship between the length of the gestation period = 
and the number cf kits born. The shorter gestations 


tended to be associated with larger litters. Hansson! _ 


showed a similar but irregular tendency. The cause ofo 
this phenomenon is not known. Early workers believed _ 
that the presence of a larger number of foetuses resulted in 
an earlier stimulus to parturition and a shorter gestation © 
length. However, modern endocrinological theories of the - 
onset of parturition are in conflict with this. A more. 
logical explanation lies in the higher mortality of zygotes . 
during the period of delayed implantation associated with _ 
longer gestations. oo 
I thank Mr. Nob-e Hall, Woodland Mink Ranch, Grand 
Rapids, Minnesota, for his assistance and co- operation | 
in these studies. | 







W. RICHARD DUKELOW _ 
Department of Biochemistry, e 
University of Georgia, 
Athens, Georgia. 
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Ascent of Calcium in Intact and De-rooted 
Bean Plants 


CaLcruM ions are known to be practically immobile in 
the phloem of plants and are thus not re-translocated 
from older leaves’. Other elements manifesting low 
phloem mobility are zine, boron and iron; the last- 
mentioned is also immobilized in the xylem in various 
circumstances’. Apparently, it has not been suggested 
that elements other than iron may be immobilized in the 
xylem*. 








Fig. 1. prellogrepie of (A) intact bean plant, and (B) similar but 

de-rooted bean Both absorbed calcium-45 from a labelled 

10° N calcium gpi en solution during 24 h, at 25° C, in a photoperiod 
of 18 h light and 6 ħ darkness 


In the present investigation, upward movement of 
calcium in de-rooted and in intact bean plants (Phaseolus 
vulgaris L.) was compared. Calcium was delivered to the 
whole plant when absorbed by roots of intact plants; 
it was, however, retained in the basal stem segment 
when absorbed by cut surfaces of similar but de-rooted 
plants (Fig. 1). Other mineral ions such as chloride’, 
sulphate and potassium, as well as an acid dye—fuchsin— 
were found to be distributed throughout the whole plant 
when absorbed by de-rooted beans. Immediate micro- 
scopic examinations of hand-sections made from stems of 
de-rooted plants after absorption of acid fuchsin showed 
that the flow of the solutions was restricted to the xylem 
vessels. These observations seem to indicate that the 
mobility of calcium ions in the xylem vessels of bean plants 
is increased by the passage of these ions through the 
roots. 

Tron chelates have been found in exudates from soybean* 
and tobacco® plants; it was therefore suggested that 
chelated iron is the form translocated in intact plants. 
The effect of bean roots on the mobility of calcium ions 
in the xylem may also result from the binding of these 
ions to organic ligands during permeation of the roots, 
and thus translocation in the xylem as metal organic 
calcium compounds. This hypothesis seems to be con- 
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firmed by further experiments, the results of which will 
be published | in detail e elsewhere. 
B. JACOBY 
Department of Plant Physiology, 
The Hebrew University, 
Rehovot, Israel. 
' Biddulph, O., in Plant Physiology, edit. by Steward, F. C., 2, 553 (1959). 
* Bollard, E. G., Ann. Rer. Plant Physiol. ,11, 141 (1960), 
* Jacoby, B., Plant Physiol., 39, 445 (1984). 
' Shmid, W. E., and Gerloff, G. C., Plant Physiol., 36, 226 (1961). 
* Tifin, L. O., and Brown, J. C., Science, 135, 311 (1962) 


RADIOBIOLOGY 


Roles of Phosphate and Respiration in 
Nuclear Damage in Irradiated Rat Thymocytes 


THE highly radiosensitive thymic lymphocyte (or thymo- 
cyte) suffers true physiological death shortly after irradia- 
tion with relatively low doses of X-rays. The most 
striking symptom of radiation damage is the loss of nuclear 
structure (pycnosis); the prominent chromatin granules 
and threads of the interphase nucleus disperse and form 
a structurally homogeneous basophilic mass’. 

The development of nuclear homogeneity is prevented, 
or reduced, by the inhibition of respiration either with 
inhibitors such es cyanide and high concentrations of 
nicotinamide, or by incubating the irradiated cells in an 
anaerobic environment*:*. Cha the phosphate 
concentration of the medium also has a profound effect 
on the post-irradiation rate of nuclear homogenization". 
This communication describes the relationships between 
respiration rate, phosphate concentration and nuclear 
structural homogenization (pyenosis). It also presents 
evidence to support the hypothesis that nuclear homo- 
genization is caused by phosphate. 

Thymocytes (from 1l-month-old Sprague-Dawley rats) 
were suspended in a glucose-phosphate medium buffered 
at pH 7:2 with tris (hydroxymethyl) aminomethane. 
Phosphate was added in the form of sodium monohydrogen 
phosphate, and variation of its concentration required 
that the concentration of sodium chloride also be varied 
to keep the total Na* concentration at 130 m.equiv./L.; 
the rate of nuclear homogenization is strongly influenced 
by the concentration of sodium ions’. This medium and 
the method of preparing thymocyte suspensions have 
already been described in full':*+4-5, 

Thymocyte suspensions were irradiated at 37° C with 
1,000 r. (at 100 r. min-') of 250-kV X-rays produced by a 
Seifert ‘Isovolt’ X-ray machine. After irradiation, 2 ml. 
samples were removed from the suspensions (containing 
about 1 x 10° cells/ml.) and placed in respirometer 
flasks. After irradiation, oxygen consumption was 
measured for 2 h with a Warburg constant volume 
respirometer. The gas phase in the flasks was air. The 
cells were then fixed in neutral formalin and stained 
with Delafield’s haematoxylin according to the method 
developed by Whitfield et al.'. 

The relation between respiration rate and nuclear 
homogenization was determined by suspending irradiated 
cells in medium containing 15 mM sodium monohydrogen 
phosphate and varying their respiration rate by incubating 
them at various temperatures from 25° to 37° C. The rate 
of nuclear homogenization was very sensitive to changes in 
the respiration rate between 8 and 24 ul. oxygen consumed 
per 10° cells/h (Fig. 1). When the oxygen consumption 
fell below 8 ul./10* cells/h, the development of nuclear 
homogeneity was completely inhibited. 

Therefore, when the phosphate concentration is con- 
stant, the rate of nuclear homogenization is determined 
by the respiration rate. However, experiments with 2,4- 
dinitrophenol clearly showed that respiration itself was 
not directly responsible for the nucloar changes. When 
dinitrophenol was added to cell suspensions (in 15 mM 
phosphate medium ; incubated at 37° C) at & concentretion 
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‘reapiration, ‘but the development of pueléar 
was strongly inhibited. For example, the 
‘rate in the presence of dinitrophencl was 
oxygen/10*® cells/h while in the control it was 
wever, dinitrophenol reduced the percentage of 
rith homogeneous nuclei 2 h after irradiation from 
ntrol value of 25-0 per cent to 1-9 per cent. Higher 
tions of dinitrophenol (5 x 10-4 and 10-* M) 
the respiration rate and inhibited nuclear homo- 
lization. 
Concentrations of dinitrophenol which do not inhibit 
respiration inhibit the active transport of inorganic 
=> — phosphate. Because active transport of phosphate into 
eels and mitochondria is driven by respiration’-* and the 
| post-irradiation rate of nuclear homogenization i is strongly 
_ affected by the concentration of inorganic phosphate in 
: edium}.5, it is very likely to be the phosphate 
s somehow responsible for the nuclear changes. 
on would influence nuclear changes only inm- 
y way of its role in active transport of phosphate. 
the respiration and phosphate effects, we 
irradiated cells at 37° C in media containing 
centrations of sodium monohydrogen phosphate, 
he concentration of sodium monohydrogen 
Ə from 0 to 2-0 mM increased the respiration 
g- 2A), but there was no change in the rate of 
ar homogenization (Fig. 2B). However, the rate 
nuclear homogenization was directly and linearly 
roportional to the phosphate concentration between 
0 and 30-0 mM while the respiration rate remained 
ially constant (Fi g. 2A and B). Therefore, it is 
able that phosphate is directly responsible for nuclear 
ogenization. 
he basis of cytological!+-3.* and biochemical!®-14 
ations, we have already suggested’?* that nuclear 
ogenization in irradiated thymocytes arises from a 
sphate-induced separation of the chromatin-condensing 
istones from the deoxyribonucleic acids of the nucleo- 
teins which constitute the chromatin. It has, in fact, 
learly and directly shown that phosphate compounds 
ie for structural homogenization in isolated 
è ey? 12 
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ion between the rates of nuclear homogenization and 
irradiated cultures of rat thymocytes. The respiration 
do by Pena me ays at different temperatures 
o ge 


NATURE 





Respiration (ul. oxygen/10* cells/h) 
t 





a 
3 
g 
o 
Fre’ 
= 
= 
5 
= 
tnt 
© 
RA 
y 
S 
Sad 
S 
S 
fni 
pag 
f 


z0 30 0 10 20 30` oa 


0 10 - 
Concentration of sodium monohydrogen phosphate (aw ie 
Fig. 2. Effect of varyirg the phosphate concentration in the: itio 


medium on (A) the respiration rate and (B) the rate of homogentéatior ; 
of nuclear structure i populations of irradiated rat thymocyt 
























A satisfactory explanation of the present observis 
could therefore be formulated in the following wa 
During the first hour after irradiation, respiration? ari 
phosphate uptake!» proceed normally; however, n 
ability of the irradiated nuclei to combine inorgan 
phosphate with adenosine diphosphate to form adent 
triphosphate is impeired or inhibited**. For this ree 
free phosphate aceumulates and releases the histone 
from the irradiated, and thus unstable", deoxyribon. 
proteins of the chromatin aggregates. Therefore, var 
of the respiration rase affects the post-irradiation d 
ment of nuclear changes indirectly by way of a change 
the amount of phosphate which is drawn into. 3 
during the first hour after irradiation. 
J. F. Wariri 
T. YOUDALE ` 
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Strontium-90 im Finnish and some imported. 
Cereals during the Harvest Period 1963-64 


MiLx and cereals provide the major part of the calcium, ` 
and consequently of the strontium-90, in the Finnish | 
diet. According tc the statisties of the Food and Agri- 
culture Organization!, the contribution of cereals to the“ 
calcium supply is calculated at 6 per cent; this is much 
less than the corresponding figure for milk, 87 per cent... 
However, the ratio of strontium-90 to calcium is so much 
greater in cereals taan in milk that the cereals approach — 
milk in importance as a supplier of radio-strontium, 
especially in a country like Finland, where no calcium p 
is added to cereals. a 
Samples of wheat and rye from the 1963 Barsei : 
(harvest period 1953-64, the main part being consumed. > 
during 1964) were delivered by the State Grain Storage — 
















om four storage oo (Districts: Noa.” L Pe 


a nt of all Finnish wheat production, and nearly half the 
ey rye: production. The proportion of wheat from District 
-- No. 2 is about 6 per cent. Districts 3 and 4 represent 
y local production in a narrow area. The State Grain 
rage also collected the samples of imported cereals; 
ese samples were taken from cereals imported during 
6 winter 1963-64—their histories are unknown apart 
. from their countries of origin, namely, the U.S.S.R., the 
- United States, Canada and Argentina. 

-cC The determinations were made in respect of whole grain 
and flour. The flour was separated in a laboratory mill 
“with a yield of 55 per cent for wheat flour and 80 per cont 

for rye flour. The analyses were made as double determin- 
ations. 1 kg of flour and 0-5 kg of whole grain were taken 
for each determination. The analytical method used, 
with some modifications, is given in ref. 2. The yttrium 
ighter of strontium-90 was precipitated as oxalate, 
| the radioactivity was counted in an anti-coincidence 
anter, of which the background was about 0-7 e.p.m. 
id the efficiency about 50 per cent for yttrium-90. The 
mical yield of strontium was determined with an 
omic absorption spectrophotometer, and the yield of 
rium determined gravimetrically. 
tean be seen that there is a distinct difference between 
strontium-90 activities of the Finnish and the imported 
cereals. The reason for this is not clear, as the histories 
of the imported samples are unknown. These may be 
from the harvests of earlier years. If this were the reason 
r lower levels of activity, they should have been har- 
ested in 1961 or earlier-—-Finnish cereals of the 1962 
vest? were of appreciably higher activity than the 
ported material of 1963-64 examined in this investiga- 
_ When, the levels of activity of the 1963 Finnish 
harvest are compared with the Danish results from the 
me. year, it is found that the level of strontium-90 in 
Danish wheat is very similar to the activity found in the 
innish wheat; the mean level of strontium-90 in whole 
rain according to the Danish determinations! was 846 
-~the corresponding Finnish value was 890 s.u. 
the Danish rye, on the other hand, the strontium-90 
ent was appreciably higher than in the Finnish: 
195 and 637 s.u. respectively. The West German results 
om. 1962 (ref. 5) are also rather similar to the corre- 
sponding Finnish figures for the same year. Thus, at 
least. so far as the neighbouring countries are concerned, 
he contamination of cereals is rather similar to that 


ble 1. 





































STRONTIUM-90 IN WHEAT AND RYE IN THE HARVEST PERIOD 
1963-64 


Ca-content Strontium-90 activity Deviation from 


ee f (g/kg (pe./kg the mean of the 
ge ems Moisture fresh fresh (pe.jg double determ- 
Me weight) weight) calcium) inations (%) 
Mee = Wheat 
ee Whole rain 
oo  ierict 1 12:26 0-380 B28 863 034 
-i i District 2 12-44 0-420 446 1,063 5-61 
oo Diebrict 8 11-44 0-545 357 655 1°30 
oor Metriet 4 13-13 405 397 981 0-34 
 Rassian | 10-86 0-385 46 120 227 
: Soft White 12-11 0-350 73 208 42 
Manitoba 12°45 0-230 78 279 3-40 
Flour 
THatrict 1 14°00 0-156 33 212 7°50 
District 2 14-21 0-155 42 269 0-58 
istrict 3 14-01 0-190 44 229 345 
.. Pistrict 4 13-88 0-196 2 433 1-08 
oo > pester 13-98 0-140 12-0 86 0-17 
ooo Bott White 13-60 0-200 13-5 67 2-15 
3 -Manitoba 14-02 0-130 115 88 0-87 
ee Rye 
TSR Whole rain 
os TAatrict 1 12°26 0-340 174 5138 1°26 
Coo o District 2 12-64 0-360 294 816 7-26 
oo  Mstriet 3 12-24 0-345 139 403 3°96 
| District 4 13-83 0-400 326 816 1-68 
ooo. Russian 11-56 0-350 109 310 238 
cooo Argentinean 1126 0-380 45 119 4°47 
Powe 
o District 1 11-61 0-290 146 500 7°38 
oo pistriet 2 11-85 0-220. 224 1,018 0-46 
os Pptatriet 3 11-39 0-260: 129 496 3°81 
. THstrict 4 12-20 320 — 269 840 1°26 
Russian 11-24 0-300 8&6 288 0-39 
Atgentingan 11:13 0-426 . £2 100 3-00 








2, 3 and 4). 
District No. 1 is an area which contributes about 80 per 
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Fig. 1. The grain collecting areas 


in Finland, and it seems probable that the reason 
for the lower levels of contamination of the imported 


cereals depends not so much on a difference in location -` 


but rather on a difference in the time of harvesting. . 


We thank the State Grain Storage for the important - 
contribution it made to this investigation in collecting 5> 


the samples. 

J. RAJAMA 

0O. E. NrgxKILA 

P. MÄKELÄ 
The State Institute for Technical Research, 
Laboratory for Food Research and Technology, 
Otaniemi, Helsinki, Finland. 
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ENTOMOLOGY 


Chromosome Numbers of some Psocid 


Genera (Psocoptera) 

Psocip chromosomes have been, studied by Boring!, who 
has described in detail the behaviour of the chromosomes 
of Cerastipsocus venosus (Kolbe) during meiosis in sperm- 
atogenesis. The chromosome number for this species of 
the family Psocidae was established as 22 = 16 + 1 in 
the male. We have examined testis squash preparations 
of a number of Hong Kong species, both in order to verify 
Boring’s description, and interpretation of the mechanism 
of sex determination, and also to establish the chromo- 
some numbers of representatives of as many genera and 
families as possible. 

Specimens of twenty-one species, representing seventeen 
genera in twelve families of Psocoptera, were collected in 
Hong Kong throughout the year. Males were used in 
this investigation; female oogonial meiosis and embryonic 
mitotic figures were attempted, but without success. 

The insects were lightly etherized, and the testes were 
removed by dissection in 0-7 per eent sodium chloride 
containing a little detergent to reduce surface tension, 
and transferred into a drop of aceto-carmine to fix and 
stain for 20 min on an albuminized slide®. The testis 
squashes were made according to the method described 
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ae 2 Sas Table 1. DIPLOID NUMBER OF CHROMOSOMES OF VARIOUS SPECIES or Hono Kona Psocips 

<o Sub-order Division Family Species 2n in male 
“Trogiomorpha Atropetae Trogiidae Lepinotus inquilines Heyden 1641 
Bat Psoguillidas Peoquilla marginepunctata Hagen i8 +i 
a J Psocatropetae Psyllipsocidae Psocatropos sp. 28+1 
froctomorpha Amphientometae Amphientomidae Seopsis sp. 14+1 
Psocomorpha Caecilietae Caeciliidae Caecilius singaporersis Enderlein 16+1 
an Caecilius sp. i6 +4 
7 Dypsocus sp. 1641 
Homilopsocidea Í Mesopsocidae Mesopsocus hongkongensis Thornton 1641 
f Philotarsidae Haplophallus oriensalia Thornton 1641 
Homilopsocidea IT Peripsocidae Ectopsocopsis cryptameriag (Enderlein) 16 +1 
Ectopsocus maindreni Badonnel 1641 
Peripsocus fasciatus Thornton 1641 
Pertpsocus quercico-a Enderlein 1641 
Peripsocus sp. 1641 
Hemipsocidae Hemipsocus sp. 1641 
Pseudocaeciliidae Pseudocaecilius hirsutus Thornton 1641 
Archipsocidae Archipsocus sp. 1641 
Psocetae Psocidae *Cerastipsocus venosus (Kolbe) 1641 
E Psococerastis sinensis Thornton 1641 
P Ptycta incurvata Taornton 16+1 
ca "a enoteenum medium Thornton 16 +1 
ae * Boring’s determination. Trichadenclecnum xudum Thornton 16+14 


: by "Darlington and La Cour’. The slides were made 
permanent by removing the cover glass using dry ice‘. 

The chromosomes of psocid spermatogonia are short 
and small (Fig. 1), and it was not possible to interpret 
morphology from the preparations. 















10 Ae 


Fig. 1. (1) Lepinotus inquilinus, first metaphase, showing eight pairs and 
one odd chromosome. (2) Hemipsocua Sp., second metaphase, showing 
eight chromosomes in one cell, nine in the other. (3) Psoquilla margine- 
-o <penctata, first metaphase, showing nine pairs and one odd chromosome. 
a All drawings to same scale 


< In all species examined an odd chromosome was present. 
Soring’s interpretation of the sex-determining mechanism 
therefore confirmed, and it seems likely that the XO 
ë of sex determination is general in the Psocoptera. 

The chromosome numbers found for the different species 
sted in Table 1, in which the classification adopted 








| pepresentatives of fourteen genera “of eight families of the 
ee sub- order Psocomorpha is noteworthy, particularly in 
-view of the fact that departures from this were found in 
eae the two remaining sub-orders. 

oe The three sub-orders are regarded on morphological 

rounds as fairly discrete taxonomic groups; the present 

tigation would appear to confirm this, although an 
ation of more representatives of other families 
rogiomorpha and Troctomorpha, usually regarded 
primitive than the Psocomorpha, is needed before 
utionary conclusions can be drawn. 
S. K. Wone 
I. W. B. THORNTON 
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_A Neural Fat-body Sheath in a Phytophagous | 
Insect ¢Carausius morosus) 


RECENT experiments have demonstrated rapid mea : g 
of inorganic ions and molecules between the haemolymph = 


and the tissues of the central nervous system in Insect 
species'*. These exchanges occur through the peripheral 
cellular and fibrous nerve sheath, which in most species is 
bathed directly by she surrounding haemolymph. 


that in the cockroach she fat-body cells exhibit a very close: 
relation with the underlying neural lamella*t. In view o 
the relative permeability of the neural lamella it was- 
suggested! that the metabolic processes of the fat-body — 
cells might be intimately linked with those of the under- 
lying perineurium, which is thought to be involved m- 


the mobilization of nutrient substances by the central Ai 


nervous system), 


In an insect such as the cockroach, the deposits of = _. 
closely adhering fat-body cells are confined as small 
patches on the surface of ganglia and are absent from thè 
Recent investigation has >o 
shown that in the stick insect (Carausius morosus), how- = 
continuous. oo 
sheath which completely encloses both the ganglia and 0. 
The fat- =- 
body cells overlying the ganglia tend to be thinner and 


inter-ganglionic connectives. 
ever, the fat-body cells are modified to form a 

connectives of the ventral nerve cord (Fig. 1). 
less closely packed than those associated with the con- | 


nectives; the continuity of the sheath is, however, . 
maintained by the basement membrane. The ultra- 


structural organization of these fat-body cells is | 
essentially similar tc those found in other parts of the _ 
The disposition of the fat-body cells appears = 
to differ from that found in the cockroach ganglia in that 
they do not seem to be closely applied to the surface of = > 
the neural lamella. The environment contained between 
the fat-body sheath and the neural lamella has also been 


insect. 


found to contain haemocytes. 

The discovery of the neural fat-body sheath surrounding 
the central nervous system in Carausius is of interest in 
view of the extrercely specialized composition of the 
haemolymph in this insect. The haemolymph of this 
phytophagous species is characterized by an extremely 
low sodium content, of about 20 mmole/l. (refs. 3, 6-9), 
and a relatively high magnesium level, averaging 60 
mmole/l. The haemolymph is also relatively dilute, 
with a freezing poins depression of only 0-53° C (ref. 8). 
It is possible that this neural fat-body sheath may be 
involved in the ionic regulation of the central nervous 
tissues. It might, for example, contribute to the relatively 
large, rapidly exchanging, im fraction demonstrated 
nary experiments 
have shown that there is a poten ient of between, 
15-20 mV across ths fat-body sheath, the inner surface 
being positive with respect to the exterior. The un- 











certain, regions, however, as in the cockroach, the surface 
of the abdominal nerve cord may be overlaid by patches — 
of fat-body. Electron microscopic investigation has shown... 
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FAT-SODY CELLS 


100x 
T C S, 


iI. Tracing of photomierograph of a section of ‘Araldite’-embedded material stained 

with methylene blue (ref. 10). The diagram shows the sheath formed o7 fat-body cells 
around a connective between pro- and meso-thoracic ganglia 

specialized nature of the fat-body cells in this sheath 

is, however, difficult to correlate with any extensive role 


TRACHEAE 


in ionic regulation. Furthermore, nervous conduction 
has been shown to occur in the absence of the fat-body 
sheath in preparations bathed in low sodium solutions. 
The possibility exists that this fat-body sheath may 

represent a device to maintain an adequate concentration 
of appropriate nutrient molecules in the immediate 
vicinity of the nerve cord surface. Such a specialization 
might also be correlated with the relatively low osmotic 
concentration of the haemolymph in this species. 

S. H. P. MADDRELL 

J. E. TREHERNE* 
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AGRICULTURE 


Influence of the Level of Nitrogenous Fertilizer 
on the Yield and Dry Matter Content of Marrow 
Stem Kale at Various Sowing Dates 


ALTHOUGH nitrogen appears to be the major element 
affecting the yield of kalet, there is marked variation 
in response*, which depends on the level of soil fertility’, 
rainfall‘ and the dates of harvestingt* and sowing, 
some authors finding a greater response to nitrogen when 
sowing occurs after early June’. It is also known that 
higher rates of nitrogen reduce the dry matter content*-§ 
and increase the number of lodged and rotted plants in 
marrow stem kale, especially with very late harvesting®. 
In 1962, 1963 and 1964 the effects of nitrogen level and 
plant population on the yield and dry matter content of 
Cannells marrow stem kale were investigated in respect 
of varied dates of sowing and two dates of cutting (Table 
1). Five levels of nitrogen were used: (a) no nitrogen, 
1963 and 1964; (b) 2 ewt. nitro-chalk (21 per cent nitro- 
gen) per acre, late sowing 1964; \(c) 4 cwt. nitro-chalk/ 
acre, 1962, 1963 and 1964; (d) 6 ewt. nitro-chalk/acre, 
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early sowing 1964; (e) 8 cwt. nitro-chalk/ 
acre, 1962, 1963 and 1964. All nitrogen was 
broadcast immediately after drilling and 
each treatment received a basal i 
of 5 ewt./acre of a 20 per cent phosphorus 
pentoxide compound, 20 per cent potassium 
monoxide compound which contained no 
nitrogen. Graded seed was precision drilled 
at 1 and 2 in. spacings in rows 8, 16 (1962) 
and 24 in, apart. 

In all years the response to nitrogen level 
obeyed the law of diminishing returns, but 
the magnitude of the response depended on 
the date of sowing and declined as sowing 
was delayed. The actual yield of dry matter 
(Table 1) and the response in terms of lb. dry 
matter/unit nitrogen applied (Table 2) were 
thus very large with the early sowings and 
lower rates of nitrogen application, but 
were small or even negative with late sow- 
ing and a high rate of nitrogen application. 
The response to a high nitrogen level was 
also greater at the second harvest, except for (e) in 
1963. 


Table 1. WEIGHT OF DRY MATTER/UNIT AREA (Own, Acan) AND 
PERCENTAGE DRY MATTER OF LEAF AND 
Weight of dry Dry matter (per cent) 
matter (cwt./acre) Leaf Stem 
1962 
Date of cut 25.9 14.11 25.9 14.11 25.9 14.11 
Treatments 
Date of Nitrogen 
sowing level* 
E, 16.4 c 777 &8-7 15-08 14°60 15-42 17-18 
858 100-9 15-31 13-08 13-76 1448 
M, 30.5 c 71:8 85:8 13-25 138-36 10-89 12-77 
€ 73- 91:5 13°37 13-15 10°38 12-20 
L, 10.7 c 37-4 51-1 10-29 12-22 7-86 9°73 
e 854 49:5 9-91 1-70 7:61 8-74 
1963 
Date of cut 25.9 10,12 25.9 10,12 25.9 10.12 
BE, 7.5 a 53-4 60-0 1410 1417 18-42 20-95 
e 86-0 104:8 14:13 12-72 16-06 17-55 
e 98-7 111-9 1350 12-22 13:72 15°45 
L, 3.7 a 34-7 53-6 10-77 12°17 9-87 18-84 
c 40-9 60-7 9-98 11-91 8-37 11-73 
r 42-6 58:9 $95 11-32 746 1002 
1964 
Date of cut 22.9 8.12 22.9 8.12 22.9 10.12 
E, 7.5 a 40-0 35-3 1862 1411 20°04 20-02 
c 61-4 59-8 16:79 12-48 17:19 15°74 
d 68:6 742 16-20 11-95 15-80 14:89 
e 70-0 72° 1570 11-32 1461 138-19 
L, 2.7 a 30-9 43-4 1420 12-87 1:96 16-068 
b 35-2 50:8 13-46 11-74 11-15 13-52 
c 36-1 52:2 13-05 11-59 10:33 1235 
e 40:0 56-4 12-24 10-39 9-50 1039 
Sowing date: E, early; J, late. 


nitro-chalk applied; d, 6 cwt./acre nitro-chalk ap E N 
nitro-chalk applied. The nitro-ehalk used centained 21 per cent nitrogen. 


Table 2. RESPONSE IN LB./UNTT NITROGEN FOR THE FIRST AND SECOND 
4 OWT. APPLICATIONS OF Se 21 eg CENT NITROGEN (84 UNITS 
OF NITROGEN 


* a, No nitrogen applied; b, 2 cwt./acre nitro-chalk applied; c, 4 tab marri 
pied: cwt. facra 


Treat- Early cut Late cut 
ment 1962 10963 1064 Mean 1962 1963 1964 Mean 
E, c — 43-5 28:5 36-0 — 59-7 32-7 46-2 
ë 10:8 14:3 11-5 12-2 168:3 0-5 17:2 14:3 
M,e 24 — —- 2-4 7-6 — — 76 
L, c — 8-3 6-9 76 -— 9-5 147 12-1 
¢ —2-7 2-3 5-2 16 21 —21 5-6 1-9 


The visible effects of nitrogen on growth depended on 
sowing date and on season. The plots sown late and 
receiving no nitrogen (a) were affected only mildly, 
but the corresponding plots sown early exhibited severe 
symptoms of nitrogen deficiency and hard stunted growth. 
This effect was accentuated by severe drought in July, 
August and September 1964, when only 3-95 in. of rain 
fell, compared with 9-59 and 7-14 in. in 1962 and 1963 
respectively. The 1964 drought also affected autumn 
growth with early sowing, when only the (d) and (e) 
levels of nitrogen gave any further increase in weight of 
dry matter at the second harvest. The yield of the (a) 
and (c) levels was actually lower. 
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Dry matter content was affected by date of sowing and 
nitrogen level, although differences were far greater in the 
stem than in the leaf. Dry matter content was greatest 
at the early sowings and the lowest nitrogen level, and 
declined as sowing was delayed and as nitrogen increased. 
The effect of the date of harvest depended on the season. 
In all sowings except the early sowing in 1964 when 
drought advanced maturity excessively, the content of 
dry matter rose substantially at the late harvest. 

The effects of spacing, relative to nitrogen, were usually 
small and there were no significant interactions between 
the two. However, closer spacing gave a somewhat 
higher content of dry matter and a shorter crop; this is 
an important consideration when grazing kale. 

This investigation shows that in conditions of field 
practice the level of nitrogen application to marrow stem 
kale should be related to the date of sowing so that the 
level is reduced as sowing is delayed. The results obtained 
in 1964 suggest that, in an arable rotation, 126 units is 
likely to be the maximum amount profitable for sowings 
before mid-May, while for sowings in early July the 
nitrogen should be restricted to about 60 units. If the 
crop is sown at the latter date, high levels of nitrogen result 
in severe reductions in the content of dry matter in the 
stem and reduced production of dry matter may occur in 
a normal year. However, in an extremely dry year higher 
rates of nitrogen application give a slightly better response. 
With late sowing it is normally better to drill closely 
rather than to give heavy applications of nitrogen. 

We thank Dr. D. A. Boyd of the Rothamsted Experi- 
mental Station for advice on layout and analysis of data, 
and Mr. J. L. Jemmett of the National Institute of 
Agricultural Botany for the provision of facilities for 
estimating dry matter. 

R. D. Toosey 
J. W. USHER 
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Absorption of Ethylene by Self-indicating 
Soda-lime 


Durme investigations on the effects and interactions of 
carbon dioxide and ethylene on the physiology of flowers 
after cutting, an absorbent was required which would 
remove respiratory carbon dioxide but not ethylene. 
Investigations by Walls? and Potter and Griffiths*® indi- 
cated that soda-lime absorbs fruit volatiles but probably 
not ethylene. Petri dishes of carbon dioxide absorbents 
(150 g) were placed in large glass tanks of capacity about 
70 1., sealed, and then injected with sufficient ethylene 
through a rubber cap (‘Suba-seal’) to give a concentration 
of approximately 1:0 p.p.m. After allowing time for 
mixing, gas samples (1-0 ml.) were withdrawn at intervals 
and the concentration of ethylene determined by gas 
chromatography using a flame-ionization detector as 
described by Meigh’. The absorbents investigated were 
soda asbestos, sodium hydroxide, and self-indicating 
(‘Carbosorb’, BDH; ‘Indicarb’, Hopkin and Williams) 
and non-indicating soda-limes. Sodium hydroxide proved 
the most suitable for the investigation in hand. 

However, it became clear that there was a substantial 
difference between the two soda-lime formulations; the 
self-indicating forms rapidly absorbed the ethylene, 
whereas the non-indicating forms did not. These observa- 
tions were confirmed by repeating the experiments using 
small quantities of soda-lime (2:5 g) wrapped in cotton 
cloth inserted into winchester quart bottles. The bottles 
were then stoppered with “‘Suba-seals’ and treated with 
ethylene and sampled. The results are shown in Fig. i1. 
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Fig. 1. Absorption of ethylene by self-indicating soda-lime (2-5 g) 
enclosed in winchester quart bottles. Initial concentration of ethylene 
approximately 1-0 p.p.m (2:275 ul.) 


Two chemical supply houses suggested that there were 
no physical or chemical differences in their soda-limes 
apart from the addition of the indicator. One of the 
firms disclosed that the indicator is a manganate. A 
possible explanation of the phenomenon, is that ethylene 
is oxidized to ethylene glycol, either by the manganate or 
by permanganate formed in the presence of carbon 
dioxide and water. 
The important point is that recently there has been 
considerable interest in the physiological interaction 
of carbon, dioxide and ethylene’. This is well recognized- 
for fruits and has been reported for cut flowers®, and is 
supported by work in this laboratory. Thus the obser- 
vation that the commonly used self-indicating form of 
soda-lime absorbs both carbon dioxide and traces of 
ethylene at concentrations which are physiologically 
active may indicate a possible source of error in inter- 
preting results in investigations in this field. The possibility 
of using some form of manganate for absorption of ethy- 
lene would merit further investigation. 
We thank British Drug Houses Ltd. for disclosing and 
allowing us to publish the indicator in ‘Carbosorb’. 
R. NICHOLS 
A. TOPPING 

Agricultural Research Council, 

Ditton Laboratory, 

Larkfield, Kent. 

1 Walls, L. P., J. Pomol., 20, 59 (1942). 

* Potter, N. A., and Griffiths, D. G., J. Pomol., 22, 231 (1946). 

*Meigh, D. F., Nature, 196, $45 (1962). 


* Burg, S. P., and Burg, E. å., Science, 148, 1190 (1965). 
8 Fischer, fun., O. W., N.Y. State Flower Growers’ Bull., 61, 1 (1950). 
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Obstacle Detection using Ambient or 
Self-generated Noise 


OBJECT ranging can be achieved by humans using the 
sound reflected or scattered from obstacles. For a range 
of wave-lengths short compared with the size of its sur- 
faces, and long compared with the size of the irregularities 
in these surfaces, specular reflexion will be obtained and 
an acoustic image of the sound source will be formed 
analogous to an optical image. In many situations, 
however, such as the approach of an external corner, an 
acoustic image may not be audible from the observer’s 
position. In these cases sound scattered from the edges 
and irregularities may, or frequently may not, give the 
necessary warning. Such signals are, however, weak 
compared with those of the acoustic image with which we 
are chiefly concerned. 

In the neighbourhood of such an obstacle, sound 
reaches the ears of an observer both directly and by 
reflexion from the obstacle, as if originating from the 
acoustic image. Interference between these signals 
introduces a series of maxima and minima into the 
frequency spectrum, the spacings of which depend on the 
path difference. A sound of broad: bandwidth develops 
a characteristic tone the pitch of which becomes higher as 
the obstacle is approached!. This tone is not normally 
perceived as such; blind subjects generally claim to ‘feel’ 
the presence of an obstacle directly*. It is, however, 
readily perceivable under laboratory conditions. 

Blind people are reputed to find difficulty in negotiating 
obstacles in the immediate vicinity of intense noise 
sources’. There would appear to be several reasons for 
this difficulty. , l 

First, people accustomed to using self-generated noises 
such as their own footsteps may find such noises masked 
and be unaware that reflexion of the extraneous noise 
itself could give them the information that they require. 

For people who normally make use of the ambient noise, 
there are some further causes of difficulty when the 
source is nearby. The depth of modulation of the spectrum 
as they approach an obstacle will depend on the relative 
amplitude of the direct and reflected waves. For large 
source distances and high reflexion coefficients, these will 
be nearly equal and the depth of modulation will be high. 
Nearby sources, however, in which the ratio of the path 
lengths is large may give modulation depths below 
threshold. 

The pitch itself may also be very different from that 
obtaining for a distant source so that, for example, while 
maintaining a parallel course with a wall they would hear 
a changing pitch. Naturally, this could lead to the dis- 
orientation of the observer. Moreover, when the source 
lies between the observer and the obstacle, it can be seen 
that the pitch will be determined predominantly by the 
position of the source and very little by the position of the 
observer. This is, however, unimportant in practice as 
the reflecting surface would not be considered as an 
obstacle until the source of sound itself had been 
negotiated. 

The main object of this article is to point out the 
potential importance of rates of change of pitch in giving 
additional ranging information, enabling several am- 
biguities to be overcome. The first of these is the occur- 
rence of octave mismatches when this type of signal is 
matched in pitch to a sine wave, indicating the possibility 
of more than one estimate for the distance. The second 
arises when the source of sound lies at an angle remote 
from the normal to the reflecting surface, giving a higher 
value of pitch than for angles near the normal (f= 


_ Ĉĉ- where c is the velocity_of sound, z the distance 
2a cos 9 5 
of the observer’s ear from the plane of the reflecting 
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the normal to the surface). . 
In both cases, if pitch is defined in the musical sense of 


log frequency, it can be seen that the rate of change of 
zL , will lead to 


unique evaluation of the distance of the obstacle in the 


pitch with movement of the observer, 


direction of motion. Specifically, Wis ye regardless l 
8 


of the angle of approach; so that the motion required to 
change the pitch by a given small amount is a direct 
measure of obstacle distance. This will, of course, be 
true only if the distance of the source from the surface is 
large compared with that of the observer. For distances 
that are comparable, the expression for the path difference 
is more complex; but, as before, the rates of change can 
be calculated by differentiating this. Despite the apparent 
complexity of this expression, the rate of change of pitch 
tends toward the simple value given above as the obstacle 
is approached. 

It would seem then that, although a blind man must 
inevitably encounter difficulty and disorientation in the 
neighbourhood of a sound source, nevertheless if he is 
prepared to carry on his original course the appropriate 
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surface, and @ the angle between the source of sound and X 


ranging information will reappear and become more - 


definite and more accurate as he gets 
obstacle. 

At higher speeds of travel, greater distances will be 
covered before the observer can come to a halt. The higher 
speeds, however, will also lead to greater rates of change of 
pitch with respect to time or conversely to a greater 
distance at which a predetermined rate of change is 
achieved. 

As the rate of chenge of pitch is proportional to velocity, 
and inversely proportional to distance in the direction of 
motion, it follows that once a certain critical value of 
rate of change of pitch has been reached, the observer, 
whatever his velocity, will have a constant time, T, 
before collision if he maintains this velocity. An experi- 
ment of Leonard and Wycherley® gave stopping distances 
proportional to speed up to 5 m.p.h., at about 1 ft./m.p.h. 
(0:7 ft./ft./sec). The critical value for rate of change for 
this subject would therefore be about 2 octaves/sec, 
giving him 0-7 sec before collision if he takes no avoiding 
action or, assuming uniform retardation, 1-4 sec to stop. 

The human auditory system is likely to be particularly 
sensitive to rates of change of this order, as they lie well 
within the range of rates encountered in the rise and fall 
of the formant frequencies of speech. It is interesting to 
note that, in the case of the cat, cortical neurones have been 
found that respond only to certain ranges of changing 
pitch’. Although the frequencies are much higher than 
can be perceived by humans, the rates of change con- 
cerned are comparable (1—5 octaves/sec). 

Furthermore, most subjects have expressed the opinion 
that the pitch of this type of signal is much more readily 
perceived when it is changing. : 

It would appear that our auditory system and possibly 
those of some animals are well suited to the problems of 
detection and avoidance of obstacles. 

I thank the Science Research Council for supporting 
this work. 
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J. P. WILSON 
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University of Keele, 
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1 Wood, A., Acoustics, 200 tBlackie, London, 1840). 

2 Cotzin, M., and Dallenbach, K. M , Amer. J. Psychol., 68, 485 (1950). 

* Bassett, I. G., and Eastwood, E. J., J. Acoustical Soc. Amer., 36, 911 (1964). 
s Supay ay Cotzin, M., and Dallenbach, K. M., Amer J. Paychol., 57, 188 


$ Leonard, J. A.j and Carpenter, A., Amer Found. Blind Bull., 4, 70 (1964). 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk are open to the public) 


Wednesday, July 13 


INSTITUTH OF MATHEMATICS AND ITS APPLICATIONS (at University College, 
Gower Street, London, W.C.1), at 2.80 p.m,.——Symposium on “What are the 
Criteria by which the Content of Sıxth Form Mathematics Syllabuses should 
be Judged ?” 


BRITISH INTERPLANETARY SOCIETY (in the Botany Lecture Theatre, 
University College, Gower Street, London, W.0.1), at 6.30 p.m.—Academician 
A. A. Blagonravoy and Mr. 8. N. Vernov (U.S.8.R.): “The Soviet Space 
Programme”. 


No $045 


Monday, July 18—Friday, July 22 


ROYAL MIOROSCOPICAL SOOIETY (at Imperial College, London, S.W.7), at 
10 a.m. daily—Conference on “The Role of the Microscope in Scientific 
Investigation”. 


APPOINTMENTS VACANT 


APPLIOATIONS are invited for the following appointments on or before the 
dates mentioned: i 

JUNIOR LECTURER (graduate with medical or science qualifications in 
pharmacology, biochemist or physiology) IN PHARMACOLOGY-—The 
Gtia King’s College (University of London), Strand, London, W.C.2 

y 1 . 

LEOTURER IN EXPERIMENTAL PHRYSICS--The Secretary, Royal Holloway 
College (University of London), Englefield Green, Surrey (July 12). 

EXPERIMENTAL OFFICER (graduate in geology, physics or chemistry) IN THE 
DEPARTMENT OF GEOLOGY, to take charge of and operate the X-ray laboratory, 
including scanning electron probe microanalyser and X-ray diffractometer— 
The Registrar, The University, Leicester (July 14). 

LECTURER IN THE DEPARTMENT OF CIVIL ENGINEERING—The Registrar, 
The University, Liverpool, quoting Ref, CV/118/N (July 15). 

LECTURER or ASSISTANT LECTURER (with a good honours degree in an 
appropriato subject and experience in the fleld of either experimental pharma- 
cology or biochemical pharmacology) IN PHARMACOLOGY in the School of 
Pharmarology-—The Registrar, Bradford Institute of Technology, Bradford, 

y * 

SENIOR DEMONSTRATOR (graduate, preferably with a higher degree and 
research experience in industry, & university or government research establish- 
ment) IN THE SCHOOL OF PHYSICS, to undertake original research in collabo- 
tation in one of the research groups operating m the School of Physics and to 
take an active pert in the undergraduate and postgraduate teaching pro- 
grammes—The Registrar, The University, Newcastle upon Tyne, 2 (July 15). 

SENIOR LECTURER (medically qualified) IN THE DEPARTMENT OF BAO- 
TEBIOLOGY-—The Registrar, The University, Liverpool, 8, quoting Ref. 
CV, feeds (July 16). 

SISTANT LECTURER IN MATHEMATIOAL LOGIO AND THE THEORY OF 
PROBABILITY IN THE DEPARTMENT OF HISTORY AND PHILOSOPHY OF SOLENCE 
—The Secretary, Chelsea College of Science and Technology, Manresa Road, 
London, §.W.3 (July 18). i 

DEMONSTRATOR (preferably with a special interest ın taxonomy or ecology) 
IN THE DEPARTMENT OF BoTANY—' The Registrar, University College of 
Wales, Aberystwyth (July 18). 

LEOTURER or ASSISTANT LECTURER (graduate in fuel science or technology, 
chemical enginosriog, phyalos or physical chemistry) IN THE DEPARTMENT OF 
FUEL Sorencsz, The Houldsworth School of Applied Science—The Registrar, 
The University, Leeds, 2 (July 18). 

LEOTURER (with a special research Interest in genetics) IN THE DEPARTMENT 
or Borany~-The Deputy Secretary, The University, Southampton (July 18). 

LIBRARIAN (graduate with a professional qualification in librarianship, and 
appropriate semor experlence)}—The Secretary, Royal College of Advanced 
Technology, Salford, 5, Lancs, quoting Ref. LY/19 (July 18). 

TECHNICIAN IN THE ELECTRON MICROSCOPE LABORATORY at the Hammer- 
smith Annexe, working moa in the fields of biology and polymer physics-—~ 
The Superintendent of the Physics Laboratories, Chelsea College of Science 
and Tehnology, Manresa Road, London, 8.W.3 (July 18). 

ASSISTANT LECTURER or LECTURER (with a good honours degree and 
experience in the fields of digital computers and electronics) IN THH DEPAR'- 
MENT OF ELECTRICAL AND CONTROL ENGINEBRING—The Academic Registrar 
(LEG), Battersea College of Technology, London, 8.W.11 (July 22). 

LECTURER or ASSISTANT LECTURER (with good qualifications in astronomy 
with some research experience, or qualifications in mathematics or physics 
with experience in astronomy) IN ASTRONOMY-—The Secretary, University 
College, Gower Street, London, W.C.1 (July 22). 

ASSISTANT LEOTURER (preferably with theoretical or experimental exper- 
jence in plasma or laser ers) IN THE DEPARTMENT OF NATURAL PHILO- 
sopHy-——Ihe Registrar, University of Strathclyde, George Street, Glasgow, 
C.1, quoting Ref. 27/66 (July 23). 

LECTURER (with a good honours degree and professional and/or research 
experien) a) CIVIL ENGINEERING—The Secretary, The University, Abor- 

eon y 28). 

LECTURER (with qualifications ın entomology and preferably research 
experience in ecology) IN ENTOMOLOGY at the University of Auckland, New 
Zealand—-The Association of Commonwealth Universities (Branch Office), 
Marihorough House, Pall Mall, London, S.W.1 (New Zealand and London, 

uly 25). 

SENIOR LEOTURER, LECTURER or ASSISTANT LECTURER (honours graduate) 
IN MATERIALS SOIENCE/PHYSIOAL ELROTRONICS; and a LECTURER or ASsISs- 
TANT LECTURER (preferably with experience in modern semiconductor circuit 
design) IN COMMUNICATIONS ENGINRERING—The Secretary, University of 
Edinburgh, Old College, South Bridge, Edinburgh (July 26). 


CHAIR OF MATIOS; and CHAIR OF PHIOSsOPHY—The Registrar, 
University of York, Heslington, York (July 29). 
SENIOR LEOTURER or LECTURER (suitably qualified and interested in any 


of the following research topics: solid state studies, radio investigations of the 
upper atmosphere such as meteor distribution, auroral zone detection and 
studies of alr-glow and of the lower ionosphere) IN Puysios at the University 
of Canterbury, Christchurch, New Zealand-—The Association of Common- 
wealth Universities (Branch Office), Marlborough House, Pall Mall, London, 
S.W.1 (New Zealand and London, July 29). 

TECHNICIAN (with a pass degree, A.I.M.L.T., H.N.C. or equivalent qualift- 
cations, interested in intermediary metabolism and willing to handle large 
farm animals) IN THE DEPARTMENT OF BIOCHEMISTRY—The Secretary, 


NATURE ` ae 


a- - 
© b 
? ‘ *e it S > ia i 


$ 
r 
Pdr a aa * w - 
, - 
=a 7 ‘ a ` ae, i i ` 


Institute for Research on Animal Diseases, A.R.C , Compton, Near Newbury, 
Berkshire (July 30). 

Teoria) Aamir Leorurers (with a degree in medicine or pene, 
suitable teaching and research =xperience, and preferably with a eae 
interest m enzymology or biophysical chemistry) IN BIOCHEMISTRY & k e 
University of Malaya—The Association of Commonwealth pavara EA 
eh Office), Mariborourk House, Pall Mall, London, S.W.1 (Kuala 

umpur and London, July 31). , 

MIogORIOLOGIST (with a first- or upper second-class honours degree wN 
microbiology or bacteriology as one of the main subjects, oe ha ry 
research experience and preferakly a Ph.D.) at the Food Research Ins ul G 
Norwich, for fundamental research concerning food spoilage bacana m e 
Secretary, Low Temperature Rerearch Station, Downing Street, Cambridge, 
quoting Ref. 66/2 (July 31). ae 

BREADER/SENION LECTURER or LeOroRER/ASSISTANT LECTURER (gradua a 
ın electrical engineermg or ary other related discipline with ree 
experience in the field of electronic engmeermg) IN THE bist forage 
ELECTRICAL ENGINEERING ela ee o University of Essex, 
Wivenhoe Park, Colchester, Essex (July 31). 

SENIOR LECTURER or LECTURZR IN PREHISTORY IN THE DEPARTMENT i 
ANTHROPOLOGY, University of Auckland, New Zealand—The Association | a 
Commonwealth Universities (Brinch Office), Marlborough House, Pall , 
London, 8.W.1 (New Zealand aad London, July 31). 4 _ 

RESEAROH ASSISTANT (with £ good honours degree in zoology ee pres 
ferably with interests in palaeontology, sedimentary petrology or struc a : 
eology) IN GEOLOGY IN THE DEPARTMENT OF BIOLOGY AND et cae ne 
geese Norwood Technica. College, Knight’s Hill, London, S.E. 

ugust 1 
SENIOR LECTURER (preferably medically qualified pharmesslor=. IN THE 
DEPARTMENT OF PHARMACOLOGY, University of Melbourne, Australia—The 
‘Association of Commonwealth. Universities (Branch Office), Marlborough 
House, Pall Mall, London, S.W.1 (Australia and London, August 1). v8 

VETERINARY OFFIOERS (men and women aged at least 23, M.R.O.V.5., 
with at least one year’s appropriate postgraduate experience} with the 


Ministry of Agriculture, Fishers and Food, for posts in various parts of the 
country —6l Service Commisaion, Savile Row, London, W.1, quoting Ref, 


180/66/1 (August 1). 

E Bcunuesee ‘at the University of Queensland, Australia— 
The Association of Commonweelth Universities (Branch Office), Marlborough 
House, Pall Mall, London, S.W. (London and Brisbane, August 5). 

LECTURER (preferably with experience and interests in the fields of control 
engineering or energy conversion) IN ELECTRIOAL ENGINEERING at the Uni- 
versity of Adelaide, Australic—The Assoclation of Commonwealth Uni- 
versities 3 (Branch omge), Maxborough House, Pall Mall, London, 8.W.1 

Australa, Au ` 

; LECTURER (preferably with several years postgraduate experience ane 
specialized in the feld of theorstical elementary particle physics, and capab i 
of supervising M.Sc. and PhD. students) IN MATHEMATICAL PHYSIOS 2 
the University of Adelaide—The Association of Commonwealth Universities 
(Branch Office), Marlborough House, Pall Mall, London, S.W.1, or the 
Registrar of the University (Australia, August 8). 

LECTURER (graduate of a B-itish Commonwealth University or of equiva- 
lent status, preferably corporate member of the Institution of Mechanical 
Engineers, and teaching exy2rience at university level) IN MEOHANIOAL 
ENGINEERING at the University of Hong Kong—The Association of Common- 
wealth Universities (Branch Cfitce), Marlborough House, Pall Mall, London, 
8.W.1 (Hong Kong and Londcn, August 15). ; 

LEOTURER or ASSISTANT LEDTURER (preferably with research experience in 

lant metabolism including radio-tracer techmques) IN Botany—The 
( eee emanenaid College of North Wales, Bangor, North Wales 
ugus : 

LECTURER (preferably with 4 speciai interest in high energy nuclear physics) 
IN EXPERIMENTAL Puysiocs—The Registrar and Secretary, University of 
Durham, Old Shire Hall, Durnam (August 15). 

SENIOR LECTURERS/LECTUZER IN PHYSICS in the School of Mathematics 
and Physics, Macquarie University, Sydney, Australla—The Association of 
Commonwealth Untversities (Branch Office), Marlborough House, Pall Mall, 
London, S.W.1 (Australia and London, August 26). _ 

CHAIR OF MATERIALS SOLEAOH at Monash University—-The Association of 
Commonwealth Universities “Branch Office), Marlborough House, Pall Mall, 
London, §.W.1, or the Academic Registrar, Monash University, Clayton, 
Victoria, Australia (Australia. and London, August 31). 

CHAIR OF PSYCHOLOGY at the University of Western Australia—The 
Association of Commonwea‘th Universities (Branch Office), Marlborough 
House, Pall Mall, London, $.W.1 (Australia and London, August 31). 

LECTURER or ASSISTANT LEOTURER IN THE NEW DEPARTMENT OF CERAMICS, 
Houldsworth School of Applied Science—The Registrar, The University, 
Leeds, 2 (August 31). 3 

LECTURER (preferably witn an interest in material science, physical elec- 
tronics or monolithic circmts- IN ELECTRICAL ENGINEERING at the University 
of Western Australla~—The Association of Commonwealth Universities 
(Branch Office), Marlborough House, Pall Mall, London, 8.W.1 (Australia 
and London, August 31). 

SECOND CHAIR OF ELEOTRIOAL ENGINEERING at the University of ey: 
Australia—The Association of Commonwealth Universities (Branch Office), 
Marlborough House, Pall ‘Mall, London, §.W.1 (Australia and London, 
August 31). i . 

SENIOR LECTURER IN PeEysics at the University of Cape Town, South 
Africa—The Association of Commonwealth Universities (Branch Office), 
Marlborough House, Pall Mell, London, S.W.1, and The Registrar, University 
of Capo Town, Private Bag, Rondebosch, Cape Town, South Africa (August 

1 b 


SENIOR LECTURER (with wide research experience in ionospheric or radio 
physics) IN THE DEPARTMENT OF PHYSIOS (R.A.A.F. Academy), University 
of Melbourne, Australia, tc engage full-time in research and postgraduate 
training—The Association pf Commonwealth Universities (Branch Office), 
es alt House, Pall “Mall, London, S.W.1 (Australa and London, 

october 3). 

ASSISTANT LECTURER (with experience elther In the biochemistry or repro- 
duction ım vertebrates or in mechanisms of photosynthesis) IN BIOCHEMISTRY, 
to participate in the teachmg and research programmes of the Department 
—The Registrar, Universi-y of Strathclyde, George Street, Glasgow, C.1, 
quoting Ref. 26/66. 

ASSOCIATE PROFESSOR IN THE FIELD OF MOLECULAR BIOCHEMISTRY— 
Prof. B. E. Conway, Charman, Department of Chemistry, University of 
Ottawa, Ottawa, Ontario, Danada, i 

BiooHEwst (preferably graduate in chemistry or biochemistry) IN THE 
PATHOLOGY DEPARTMENT Ilhe Group Secretary, Princess Margaret Hos- 
pital, Swindon, Wiltshire. 

BIOCHEMIST (well-qualitied with suitable research experience) IN THE 
PHYSIOLOGY DEPARTMENT to lead a small group investigating the bio- 
chemistry of the mammary gland and related topies—The Secretary, National 
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Institute for Research in Dairying (University of Reading), Shinfleld, Read- 
ing, Berkshire, quoting Ref. 66/N/15. g ' 

DEPARTMENTAL DEMONSTRATOR (preferably with some experience in X-ray 
crystallography or in physical methods of rock and mineral analysis) IN 
MINERALOGY—The Reader in Mineralogy, Department of Geology and 
Mineralogy, University of Oxford, Parks Road, Oxford. 

EDITOR OF Chemastry in Bruain-—~The Secretary and Registrar, Royal 
Institute of Chemistry, 30 Russell Square, London, W.C 1. 

LECTURER (preferably with the ability to assist with biochemistry) IN 
MICROBIOLOGY to teach the subject to university degree level—The Principal, 
College of Technology, Headington, Oxford. 

MATHEMATICIANS to work on a wide range of problems arising from 
research into the utibzation and distribution of electricity (topics include: 
arc physica, electro-chemical reaction kinetics, solid state devices, magnetism, 
electrical distribution systems, heat transfer, and the application of 
mathematics to hfe scrence)-—D. C. Page, Head of Personnel Services, The 
Electricity Council, Research Centre, Capenhurst, Chester, quoting Ref. N/29. 

READER (with high academic qualifications, together with an established 
record of research in an appropriate Seld such as vibrations, materials, applied 
thermodynamics or fuid mechanics) IN MECHANICAL: ENGINERRING—The 
Academic Registrar, Hatfleld College of Technology, Hatfteld, Hertfordshire. 

RESEARCH ASSISTANT or EXPERIENCED SENIOR RESEARCH 'TEOHNICIAN 
IN THE PHYSIOLOGY DEPARTMENT (Division of Biochemistry) for research on 
lipid and carbohydrate metabolism—The Assistant Secretary, Royal 
onary College (University of London), Royal College Street, London, 


RESEARCH FELLOW IN CHEMISTRY for work which will involve the appli- 
cation of far mfra-red spectroscopy to problems in inorganie and physical 
chemistry, under the direction of Dr. A. Finch—The Secretary, Royal 
Holloway College (University of London), Englefleld Green, Surrey. 
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Council for Scientific Foley — University Grants Committee. A Report of 
a Joint Working Group on Computers for Research. Pp. vii+80. (Cmnd. 
2883.) (London: H.M. Stationery Office, 1966) 8s 6d. net. [224 

The British Industrial Biological Research Association Annual Report 
1965. Pp. 43. (Carshalton, Surrey: The British Industrial Biological 
Research Association, 1966.) 254 

Proceedings of the Royal Physical Society of Edinburgh, Vol. 29. Part 4: 
The Mechanism of Biological Speclfteity. (Third Symposium held In Edim- 
burgh, 27-28 May 1960.) Part 2: Some Aspects of Homeostasis. (Fourth 
Symposium held in Edinburgh, 26-27 May 1961.) Pp. wi+94+1 plate. 
(Edinburgh: Royal Physical Society of Edinburgh.) [254 
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by Dr. H. Dighton Thomas. Pp 30. 12s. 6d.; 180 dollars. Vol. 106, 
Section 15 (1983): Pisces. Compiled by G. Palmer and H. A. Toombs. Pp. 
a á W ; 4.28 dollars. (London: The Zoological Society of pondon; 
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ana Durability of Plastics. Pp. 8. (London: H.M. Stationery Office, 1966.) 


; [254 
River Pollution and the Farmer. Pp. 12. (Edinburgh: Department of 
Agriculture and Fisheries for Scotland, 1966 ) [264 

The Overseas Development Institute, Lid. Volunteers in Development. 
By Adrian sr ig Pp. 141. (London: The Overseas Development Institute, 
1966.) 8s. 6 , [274 

BBC Engineering Monograph No. 60: Colorimetric Analysis of Inter- 
ference in Colour Television, By K. Hacking. Pp 28. (London: British 
Broadcasting Corporation, 1966) 5s. . [274 

Association of the British Pharmaceutical Industry. Annual Report 
1965-66. Pp. 25. (London: Association of the British Pharmaceutical 
Industry, 1986 ) ; i [284 

Heveacrumb: a Standard Malaysian Rubber ın a New Form. Pp. 24. 
(London’ Malayan Rubber Fund Board, 1966 } _ [294 

English Electric Valve Company By Precision to Perfection Revised 
edition Pp. 36 (Chelmsford: English Electric Valve Company,1966.) [294 

Astronomical Contributions from the University of Manchester. Series IT, 
No. 128: Three Colour Photoelectric Photometry of the Moon. By G. L. 
Roberts. Pp. 80. (Manchester: The University, 1966 ) , [204 

Proceedings of the University of Newcastle upon Tyne Philosophical 
Society. Vol. 1, No. 4: The History of the Pottery Firm of W. H. Goss of 
Stoke-on-Trent, together with a Review of Some of the Wares Produced. By 
fe ay Willis-Fear. Pp. 36-51. (Newcastle upon Tyne: The yener 
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The British Coal Utilisation Research Association. Annual Report 1965. 

ae vE A (Leatherhead: The British Coal Utilisation Researe rioni 
ion, 2 

The Commonwealth Forestry Institute, University of Oxford Forty-firs 
Annual Report, 1964-65 Pp. 61. (Oxford: The Commonwealth Forestry 
Institute, The University, 1966.) [85 

The Council of Engineering Institutions. Education and Training 1966. 
Statement No. 1: The Council’s Examination. Part 1: Syllabuses and 
Specimen Papers. Pp. 36. (London: The Council of Engineering Institu- 
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The Kent Incorporated Society for Promoting Experiments in Horticul- 
ture. Annual Report of the East Malling Research Station for 1964 (1st 
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aid (Maidstone: East Malling Research Station, 1966.) art 
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Philosophical Transactions of the Royal Society of London. Serles A: 
Mathematical and Physical Sciences. No. 1102, Vol. 259 (5 May 1966): 
Wind Effects on the Water in a Narrow Two-Layered Lake. Part 1: Theo- 
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dollars. No. 1103, Vol. 259 (5 May 1966): Propagation of Ocean Swell 
Across the Pacific. By F. E. Snodgrass, G. W. Groves, K F. Hasselmann, 
G. B. Miller, W. H. Munk and W. H, Powers. Pp. 431-497. 273; 4.05 
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Imperial Cancer Research Fund. Research Using Transplanted Tumours 
of Laboratory Animals. a Cross Referenced Bibliography—II. By D., C, 
Roherts. Pp. 127. (London: Imperial Cancer Research Fund, 1966.) [55 

Office of Health Economics. The Common Illness of Our Time: a Study 
of the Problem of Ischaemic Heart Disease. Pp. 43. (London: Office of 
Health Economics, 1966.) 28. 6d. [56 
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Other Countries - 


Académie Royale de Belgique. Mémoires. Tome 36, Fascicule 5: Pro- 
priétés Blectriques Superfielelles des Diélectriques Solides. Par R Goffaux. 
Pp. 74. 120 francs. Tome 36, Fascicule 6: l'Astronomie Royal de Turin, 
Giovanni Plana (1781~-1864)—Un Homme, Une Carrière, un Destin. Par 
Dr Albert Maquet_, Pp. 254. 300francs Tome 36, Fascicule 7 Évolution 
de la Végétation Epiphytique du Peuplier en Relation avec l'Age ét les 
Mcdifications de 'Écorce. Par Jean Marget. Pp. 82. 140 franes (Brux- 
elles’ Académie Royale de Belgique, 1965 ) [254 

Institut des Recherches sur le Caoutchouc au Cambodge. Rapport Annuel 
1964. Pp. ıx+107. (Kompong-Cham: Institut des Recherches sur le 
Caoutchouc au Cambodge, 1965. [254 

Malaysia: Ministry of Agriculture and Co-operatives. Division of Agri- 
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M. L. Leamy and W. P. Panton, Pp. x+226. (Kuala Lumpur: Division 
of Agriculture, Ministry of Agriculture and Co-operatives, 1966.) 5 Malayan 
dollars; 11s. 8d. [264 

The Food Protection and Toxicology Center, University of California. 
Progress Report for Calendar Year 1966. . 71. (Davis: The Food Pro- 
tection and Toxicology Center, University of California, 1966.) [264 

Chemrstry of Heterocyclic Compounds, Vol. 1, xo. 1 (January-February 
1965). Translated from the Russian Pp. 1-104. Annual subscription 120 
see Single issue 35 dollars. (New York: The Faraday Press, ee 

Transections of the American Philosophical Society. New Series, Vol. 56, 
Part 2: The Dal Pozzo-Albani Drawings of Classical oneg ties in the Royal 
Library at Windsor Castle. By Cornelius ©. Vermeule, WY. Pp 170. (Phila- 
delphia: The American Philosophical Society, 1966.) 5 dollars. [264 

nited States Department of the Interior: Geological Survey Geo- 
physoal Abstracts, No. 231 (April, 1966). By James W. Clarke, Dorothy B. 
italiano, Virginia 8. Neuschel and others. Pp i1+ 299-396. 85 cents. Water 
Supply Paper 1767. Delaware Water. By W. C. Rasmussen, J W. Odell 
and N. H. Beamer. Pp. vii+106. 70 cents. Water-Supply Paper 
1815: Gunpowder Falls, Maryland: Uses of a Water Resource Today and 
Tomorrow. By Derice O’Bryan and Russell L McAvoy. Pp. v+90. 
45 cents. Professional Paper 502-A: The Hydrology and ene One of 
Deep Springs Lake, Inyo County, California. By Blair F. Jones. Pp. iv+ 
56+ plates 1 and 2. Professional Paper 542-B: Effects of the Earthquake of 
March 27, 1964, at Whittier, Alaska. By Reuben Kachadoorlan. Pp. 
oes pami 1-3. (Washington, D.C : Government Printing Offtce, ieee 
an 

Smithsonian Institution: United States National Museum. Bulletin 245: 

Cincinnati Locomotive Builders, 1845-1868. By John H. White. Pp. 


ix+167. (Washington, DC.: Government Printing Office, 1965.) 
2 dollars. [284 

Glossary of Terms Frequently Used in Cloud Physics. Pp. 48. (New 
York: American Institute of Physics, 1966.) 1 dollar. [284 


A Field Key to the Savanna Trees of Nigeria. By Dr. Brian Hopkins and 
D. + Stanfield Pp. vii+39. (Ibadan: Ibadan University Press, 1000) 
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Bulletin of the American Museum of Natural History. Vol. 181, Article 4: 

Phyletic Studies of Teleostean Fishes, with a Provisional Classification of 

Living Forms. By P. Humphrey Greenwood, Donn E. Rosen, Stanley H. 


Weitzman and George S. Myers. Pp. 339-456+ plates 21-23. (New York: 
American Museum of Natural History, 1966) 3 dollars | [284 
Annals of the New York Academy of Sciences. Vol. 128, Article 8: 


Advances in Biomedical Computer Applications By M. Adeiman and 60 
other authors. Pp. 721-1116 (New York: New York Academy of Sclences, 
1966 ) 8 dollars. i [25 

Dystonia Museulorum Deformans: a Genetic and Clinical Population 
Study of 121 Cases By Tage Larsson and Torsten Sjogren, with the assis- 
tance of Gdte Sjogren. (Acta Neurologica Scandinavica, Supplementum 17, 
Volumen 42,1966) Pp. 232. (Uppsala: The Institute for Medical Genetics 
of the University of Uppsala, 1966. Orders to Munksgaard, Copenhagen ) [25 

Centro de Edafologia y Biologia Vegetal de Santiago de Compostela. 
Monografias Ecologicas y Agrarias, No 1: Suelos de Galica: Analisis y 
Necesidades de Fortilizantes con Especial Referencia ul Fosforo, By Manual 
Muñoz Taboadela. Pp. xi+109. (Madrid. Consejo Superior de Investiga- 
ciones Cientificas, 1965.) 110 ptas [25 

Smithsonian Miscellaneous Collections. Vol. 150 (whole volume): The 
Birds of the Republic of Panama. Part i: Tinamidae (Tinamous) to 
Rynchopidae (Skimmers), By Alexander Wetmore. Pp. 488. (Publication 
4617.) Pp. 483. (Washington, D.C.: Smithsonian Institution, 1965) [25 
_. Nuclear Sevence and Applications, Vol. 1, No. 1 (December 1965), Pp. 
1i+1~108. (Dacca: Atomic Energy Centre, 1965.) [25 

Proceedings of the United States National Museum, Smithsonian Institu- 
tion. Vol.117, No 3515: Revision of Diaperini of America North of Mexico, 
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Charles A. Triplehorn. Pp $49-458+7 plates. Vol 117, No. 3516: Marme 
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Pp 5563-566 Vol. 117, No 38518° Systematic Significance of Breeding 
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Thailand (Mollusca: Pulmonata’ Camaenidae). By Alan Solem Pp. 
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HOW MUCH SCIENCE? 


_ Decrpine what part of a nation’s resources should be 
" spent on scientific research and development remains 
unfortunately just beyond the reach of rational dis- 
cussion. Though there is now a great volume of public 
literature on the various problems of estimating and 
allocating scientific resources, and though no self- 
respecting nation will embark on a year of public 
administration without some declaration of its inten- 
tions towards science, rules of thumb are still as 
conspicuous as more objective yardsticks in the making 
of scientific budgets. Recently the most familiar, and 
the most fashionable, of all these rules is the doctrine 


oe total expenditure on research and development 


ould amount to a certain proportion of the Gross 

tional Product. In Britain, for example, this 
proportion is something like 2-7 per cent, and those 
who fashion science policy comfort themselves that 
this is only a little less than the corresponding propor- 
tion in the United States, and that it exceeds the 
percentage of the Gross National Product being spent 
on development in other European countries. But one 
nation’s comfort is another’s goad, and it is in this 
spirit that the most recent edition of the French Plan 
declares that expenditure on research and development 
must be at least 2-5 per cent of the Gross National 
Product by 1970. 

The most obvious difficulty, of course, is that the 
percentage of a nation’s Gross National Product being 
spent on research and development is only a rough- 
and-ready guide to the real volume of its scientific 
activity. Much depends, for example, on how much 
of the total is spent on military research and develop- 
ment, for in such activities it is known that qualified 
scientists can run through comparatively large sums of 
money in a year. The balance between academic and 
industrial research can also vary enormously within 
the confines of a fixed proportion of the Gross National 
Product, which also suggests that the use of the Gross 
National Product as an indicator can conceal great 
variations in the real volume of a nation’s scientific 
effort—and great differences in the consequential 
benefits which it is entitled to expect. All this implies 
that yardsticks constructed from the Gross National 
Product have strictly limited value. 

They can probably be used with confidence to suggest 
that nations spending a mere 0-3 per cent of their 
wealth on research and development are probably 
being too niggardly, and that nations spending—or 
trying to spend—-30 per cent of their Gross National 
Product in the same way are being unreasonably 
ambitious. They are probably no more valuable than 
„other indices—such as those which indicate the 
allocation of a nation’s skilled manpower “to different 
kinds of activities—in deciding whether the balance of 
activity is right or wrong. Indeed, the index based on 
the Gross National Product is likely to be misleading, 
and dangerously so, when used to suggest that all must 


be well with a nation’s policies because the proportion 
of its Gross National Product being spent on research 
and development is such and such a percentage. 

But if the Gross National Product is an insufficient 
yardstick for deciding science policy, what yardsticks 
should be used instead ? This was one of the questions 
implicit in the recent report of the Council on Scientific 
Policy in Britain, for it is plain that the Council’s 
argument with the Treasury in the months ahead is 
going to depend in a crucial manner on the degree to 
which its claims on behalf of scientific research can be 
sustained by objective arguments. The question has 
also been raised explicitly in the United States, and 


one response has been the great volume of detailed . 


study, under the National Academy of Sciences, which 
has now led to the publication of assessments of the” - 
various branches af science and of possibilities which 
the immediate future has to offer.. Among these 
documents the report on chemistry (the Westheimer 
Report) stands out because of its calculation that the 
economic importance of the chemical industry in the 
United States should somehow be reflected arith- 
metically in the funds devoted to academic chemical 
research at American universities. On the face of 
things, this looks like the design of an objective 
yardstick of a novel kind, though in the event only 
the chemists have welcomed it wholeheartedly. In 
general, of course, the attempt to indicate where 
opportunities now exist for investing profitably in 
scientific research must be as much an embarrassment 
as a help to those who must allocate resources, for there 
is nothing to suggest how priorities should be decided 
among the possibilities which have been described. 
The construction of objective yardsticks is plainly a 
problem of international importance. How is it to be 
begun ? The ideal, of course, would be some grand 
theory linking the investment of funds in scientific 
research and development with the economic value of 
the consequences. If only it were possible to show 
that a million dollars spent on research in high-energy 
physics must eventually result in, say, the addition of 
ten million dollars a year to that nation’s Gross 
National Product, the difficulties of financing scientific 
research would melt away. The trouble is that the 
connexion between research and economic prosperity 
is by no means simple. Research is not always 
profitable. There are, for example, some circumstances 


in which it may be economically profitable .not to . 
carry out research but to use results obtained by 


other people, at least in the short run. There may 
also be circumstances in which a rapidly growing 
research programme may drain skilled people away 
from productive jobs, and may thus diminish a nation’s 
productivity—in the short run, again. 

The use of educational principles in constructing an 
objective yardstick for deciding expenditure on 
university research is perhaps a more hopeful possibility. 
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In Britain, thanks to the detailed description of the 
university system provided by documents such as the 
Robbins Report, there are good foundations for 
calculating how many people must be employed on 
science faculties at universities. For example, with 
an undergraduate population similar to that in 1964, 
and on the assumption that one undergraduate in 
three stays on to do research, it is easy to conclude 
that university research in Britain should cost some- 
thing like £130 million a year, at least on the assump- 
tion that each member of a scientific faculty costs 
roughly £10,000 a year by the time he has been 
provided with a salary, somewhere to work and with 
adequate assistance and materials. As it happens, this 
figure is not very different from that which the British 
Government at present spends on university research, 
either through the grants of the research councils or 
by the subventions of the University Grants Com- 
mittee. The immediate interest, however, is that this 
line of argument could in principle be made to yield 
a link between the nation’s demand on the educational 
system and the cost of scientific research in the 
universities. It would in particular show that the 
greatest cost in increasing the population of post- 
graduate students will be that of providing the students 
and those who teach them with opportunities for 
research. 

Another yardstick could in principle be designed to 
ensure that a nation could hold on to a certain propor- 
tion of its senior scientists. Though not enough is 
known about the reasons why people leave nations in 
Western Europe to take permanent jobs in the United 
States for example, there is no question that one of 
the decisive factors is the availability of facilities for 
research. It follows that a nation wishing to keep a 
greater proportion of its skilled people at home must 
spend more on competitive facilities. With persistence, 
this line of argument could be made to yield criteria 
for deciding how much money should be spent on 
capital equipment of various kinds. Like the educa- 
tional yardsticks, those based on attempts to prevent 
emigration at a certain level would necessarily be 
incomplete. They would, however, have the advantage 
of being ways of linking the cost or scientific research 
with tangible decisions about public policy in a wider 
field. At a time when the gross yardsticks based on 
Gross National Product are evidently too crude, and 
when treasuries everywhere are anxious to see further 
growth of science justified objectively, they obviously 
have great value. 


ELDO RECONSTITUTED 


THE new agreement on ELDO (European Launcher 
Development Organization) reached at Paris on July 8 
seems to have papered over the cracks previously 
apparent in the structure of that organization, at least 
so far as the members are concerned. At the same 
time, the reputation of the British Government has 
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been saved because the new agreement, operative from 
January 1, 1967, ensures that the British share of the ` 
cost will amount to 27 per cent, or just about two-thirds . 
of the original levy. The fact that the West German _ 
contribution will, in future, be the same should further 
help to make it appear as if the Government has been 
fighting for nothing but the interests of its taxpayers 
in the past few months. In reality. however, the 
so-called apogee—perigee system to which British 
representatives were objecting vigorously on grounds 
of cost only a few months ago is now firmly written 
into an extended programme that will run until 1970. 

The heads of the agreement at Paris include a 
determination to extend the ELDO programme so as 
to make possible a stationary communications satellite 
system of the kind proposed by the European Con- 
ference on Satellite Communications (CETS). On to 
the original ELDO-4 programme are to be grafted a 
number of subsidiary programmes, including some 
work on inertial guidance, the development of a 
launching site near the Equator in French Guiana 
(which has done little to comfort the Australians), and 
the development of two rocket systems to be fired at 
the perigee and then the apogee of an elliptical orbit 
so as to carry a load of as much as 200 kilograms into 
a stationary orbit about the Earth. It is expected 
that the cost of the four years of work from January 
1967 will amount to 330 million dollars, or rather more 
than the sum that will have been spent by the end of 
1966. By way of a watchdog, ELDO is to be provided 
with a force of financial inspectors. The central 
organization will in future be free to place contracts 
directly with potential contractors, but will have to 
suffer more frequent meetings of its controlling com- 
mittees. 

To the extent that an efficiently managed programme 
is better than one that is muddled, the last of this 
reorganization of ELDO is obviously something of a 
gain. Yet the suspicion remains that ELDO is 
awkwardly incomplete and inadequately constructed. : 
For one thing, there is no guarantee and only a small : 
likelihood of a commercial demand in 1970 for the © 
kinds of communications satellites that ELDO will 
then be able to construct. And whatever successes 
the years ahead may bring, much more will be . 
determined by what happens within the COMSAT - 
organization in the United States, and in the develop- 
ment of its international links with other nations. In 
this sense, there is much in the view that the best 
insurance of European freedom in international 
telecommunications will be to drive tough bargains on 
landing rights from communications satellites—not to 
follow the American development of communications 
satellites proper. This is probably too cynical an 
argument, and may be wrong as well, but it would 
be a great mistake if the new excitement about ELDO 
were to blind its sponsors to the need for working out 
practical but permanent arrangements for European * 
participation in international! satellite communications, - 
if necessary without the participation of European | 
rockets. 
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NEWS AND VIEWS 


©) Successful Physics 


Tex Institute of Physics and the Physical Society 
seems to have had a successful and busy year. In its 


: annual report for 1965, the Institute says that member- 


? 





ship increased by 1,086 to a total of 11,273 at the end 
of the year. This is a larger increase than in recent 
years, and is attributed in part to the energy which 
has been devoted to recruitment and in part to the 
introduction of the new licentiate grade of member- 
ship. The buoyant membership has been reflected in 
a buoyant revenue, and the Society was able to transfer 
more than £9,000 to its general reserve during 1965. It 
is proving to be particularly successful as a publishing 
organization and showed a surplus of some £50,000 on 
the sales of books and journals during 1965—a figure 
that should comfortably cover the cost of salaries 
and other overheads. Even the annual exhibition of 
instruments produced a cheerful surplus of more than 
£5,000, though in this respect 1965 was not so successful 
as 1964. 

These surpluses are evidently not going to be wasted. 
During 1965, the Institute of Physics and the Physical 
Society finally acquired the Fulmer Research Institute 
and thus set up in business as a research contractor in 
its own right. It also provided its members with advice 
on what are described as “various aspects of pro- 
fessional conduct”. Though the four documents con- 
cerned are supposed to be confidential to the member- 
ship, enquiry shows that they are concerned with the 
terms of employment which working physicists should 
be prepared to accept, the terms and conditions on 
which outside consultancy work should be carried out, 
the rules to be followed by physicists wishing to write 
for the Press or to appear on television, and the pre- 
cautions to be taken by those about to sign contracts 
with publishers. Clearly, the Institute of Physics and 
the Physical Society now feels able to pass on to its 
membership some of the secrets of its own success in 
combining business with learning. It remains curiously 
anomalous that this go-ahead organization still cannot 
settle for one half or the other of its composite title, 


, and cannot call itself either the Institute of Physics or 
the Physical Society. 


i World Atmospheric Study 
' Tue meteorologists have tentatively settled on 1972 for 


a comprehensive study of weather patterns and their 
predictability in both hemispheres to be known as the 
Global Atmospheric Research Programme. The deci- 
sion was taken at the second meeting of the Committee 
on Atmospheric Sciences of the International Union of 
Geodesy and Geophysics (TUGG) held in Geneva at the 


‘end of April. According to Prof. P. A. Sheppard of the 


Imperial College of Science and Technology, a member 
of the [UGG Committee, the aim is nothing less than an 
observation of the whole atmosphere up to 30 km in 


; order to determine how far ahead—perhaps a few 
weeks-——the evolution of weather systems can be 


worked out from data available at a given instant. 


. “We see the possibility and we should try to turn it into 


fact.” 
Talk of the research programme has been in the air 
for the past two years. Part of the stimulus for it has 
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been a wish to see whether the atmosphere is really 
determinate on larger time scales as some theories of 
numerical prediction now suggest. Weather satellites 
provide further opportunities. Because of the planning 
which has to be done, 1972 is the earliest year in which 
the experiment can be mounted. It is irtended that 
intensive studies in that year will be well co-ordinated 
with the World Weather Watch being sponsored by the 
World Meteorologice] Organization. The atmospheric 
programme is, however, intended to be very much 
more complete and, Indeed, it owes its existence in part 
to the impatience >f some meteorologists with the 
difficulty of using she work of the World Weather 
Watch to make a critical assessment of the value of 
their theories in cormputer programmes. 

It is probable that by 1972 there will be in operation 
a number of meteorological balloons, able to drift at 
fixed heights of up t> 30 km, and equipped to transmit 
information by means of communications satellites. 
According to one plan, these balloons would be 
launched into eight >r nine distinct levels in the atmo- 
sphere ; they would be sufficiently permanent, and 
their spacing sufficiently close, to provide the detailed 
information about the free atmosphere on which 
accurate long-range computer forecasting must even- 
tually be based. 


Atomic Energy in Latin America 


THE Organization of American States appears to be 
doing some constrictive work at last. The Inter- 
American Nuclear Energy Commission of the Organiza- 
tion met for its sixth annual meeting in Washington, 
D.C., at the end of June. Five resolutions were passed 
encouraging research and co-operation in the economic 
uses of atomic power, but the Organization has not yet 
chosen to back taese resolutions with hard cash. 
Before the June meeting, the approved programme 
for 1966-1967 provided only for the holding of a 
conference on raciochemistry and a special legal 
committee meeting. At the meeting itself, four 
countries pledged 35,000 dollars, including 20,000 from 
the United States. and other member states stated 
their intention to make contributions during the year. 
The additional furds will be used for technical con- 
ferences on radio:sotopes in agriculture and food 
preservation, reactors for the production of electric 
power and water, end problems related to health and 
radiological protection. Some funds will also be 
available for assisting member states in the fields 
of insect control, she assessment of water resources, 
food preservation end the determination of soil needs. 
Additional funds ‘vould make it possible to expand 
these programmes, to implement study groups to deal _ 
with specific topizs, and to initiate training pro- 
grammes in accordance with interests expressed by 
the member states. 

The meeting agreed that “the importance of these 
programmes may rot have been adequately recognized 
at all stages of the budgetary process of the Organiza- 
tion of American States” and resolved “to recommend 
that the Secretary-General of the Organization give 
greater consideration to the growing importance of 
science and technology in the balanced development 
of the countries of the hemisphere, and particularly to 
more adequate susport of reasonable programmes in 
the field of nucleer energy”. The 1967-1968 budget 
that the meeting submitted for approval includes 
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68,000 dollars to support conferences, study groups, 
training, and assistance to member states—a slightly 
larger figure. 


National Academy versus Fat 


Tux United States National Academy of Sciences has 
now published a further edition of the report of the 
Committee on Fats of the Food and Nutrition Board, 
and has in the process moved a tiny step closer to a 
declaration against fatty acids and phospholipids as 
components of human diet. Without saying in as 
many words that dietary fat disposes a person to 
atherosclerosis, the report wags a finger at diets con- 
taining excessive fat—a category which can be counted 
as including the American diet, with 40 per cent of 
its calories derived from fat. Though it lends some 
support to the view that there is a link between the 
concentration of cholesterol in the blood and the 
likelihood of contracting atherosclerosis, this evidence is 
described as “considerable but not conclusive’. 

On the issue of whether poly-unsaturated fats are 
the best fats to eat, the report comes down, without 
much emphasis, on the side of those who hold that 
margarine is better than butter. First, it acknowledges 
the validity of the dietary experiments which show 
that the substitution of “unsaturated vegetable oils 
for animal fats” leads to a reduction in the concentra- 
tions of cholesterol in the circulating plasma. The 
report goes on to argue, however, that there is no 
evidence to show whether some unsaturated acids are 
more effective than others in bringing about a reduction 
of plasma cholesterol, and no evidence to show which 
natural animal fats are most productive of high 
concentrations of cholesterol. ‘There is also continuing 
uncertainty about the extent to which the concen- 
tration of cholesterol, as distinct from the concen- 
tration of triglycerides in plasma, or some combination 
of them both, may be relevant to the causation of 
atherosclerosis. The evidence of epidemiological studies 
is, at the same time, inconclusive ; in some parts of 
the world where all the fats in diet are animal fats, 
the amounts of cholesterol in the blood are low. In 
the circumstances it is no wonder that the report 
comes out most strongly against over-eating as such. 


Material for Materials Science 


Two new journals have stepped in to fill what they 
feel is a gap in the literature. The Journal of Materials 
Science and Materials Science and Engineering have 
appeared within five months of each other; the 
Journal, first published in February, states that its 
purpose “is to promote an inter-disciplinary approach 
to the study of the relationships between the structure, 
properties and uses of materials’’. The editorial staff 
is based in England with Prof. R. W. Cahn, professor 
of materials science at the University of Sussex, as 
chairman The first issue of Materials Science and 
Engineering came out this May; its sub-title is “An 
International Journal” and its associate editors and 
advisory board represent the United States, Britain, 
The Netherlands, Germany, France, Italy, the Soviet 
Union, Japan, Australia, Canada, Sweden, and Argen- 
tina. Prof. Robert Madden, director of the School of 
Metallurgical Engineering of the University of Pennsyl- 
vania, is editor-in-chief; Dr. A. H. Cottrell is a member 
of the Advisory Board. Like the Journal, Materials 


NATURE 


Jury 16, F966 vor. 21: 
Scrence “has been founded in the belief that much 
depends on a deeper understanding of the structure 
and synthesis of materials, and of their engineering 
application. ... It is their [the editors and pub- 
lishers] hope that Materials Science and Engineering 
will become the chosen publication medium for signi- 
ficant and forward-looking work in this broad field.” 

If these two journals are to become complementary 
and not merely competitive, the operative word in the 
above statement must be ‘broad’. And from the 
introductory issues there is some hope that this will 
be the case ; Journal of Materials Science seems to be 
concentrating more on the chemical properties while 
Materials Science and Engineering is placing more 
emphasis on physical and engineering aspects of the 
science. 


Parliament in Britain 


In a written answer in the House of Commons on 
June 26 to a request for a list of advanced technical 
and scientific projects which Great Britain is under- 
taking in collaboration with European nations, Mr. G. 
Thomson, on behalf of the Secretary of State for 
Foreign Affairs, listed twenty-five projects. Three of 
those are under the European Nuclear Energy Agency, 
four under the European Space Research Organization, 
in addition to the Sounding Rocket Programme 1964- 
67, four aviation projects in collaboration with France, 
and two natural gas projects. The list also includes 
the Vulcain project, the European Launcher Develop- 
ment Organization, the European Organization for 
Nuclear Research, the Channel Tunnel, an Anglo- 
Dutch project, Sea Dart, an Anglo—French—German 
project for a lightweight jet lift engine, an Anglo- 
German—Canadian project for a reconnaissance drone 
system, the International Agency for Research on 
Cancer, and the Cross-Channel Current Link. There 
are also close relations between many British and 
European bodies in the field of advanced science and 
technology. 


In reply to questions in the House of Commons on - 


June 28, the Prime Minister, Mr. H. Wilson, said that 
it was the duty of the Committees on Manpower 
Reserves for Science and Technology to look at the 
whole field, including manpower employed in defence. 
Although much work was due on this subject in 
relation to the National Plan, there was no special 
entry or section dealing with it. Sir Solly Zuckerman 
was now looking intensively at all questions arising 
out of the co-ordination of scientific and technological 
matters, and manpower was one of them. It was the 
Government’s policy to transfer far more scientific 
reserves to civil purposes from defence, and the transfer 
of much of the Ministry of Aviation to the Ministry of 
Technology would further this process. Expenditure 
on civil research and development had increased in 
2 years from £194 million to £289 million on the 
Civil Votes. 


In replying in an adjournment debate on water 
supplies for Manchester in the House of Commons on 
June 27, the Minister of Housing and Local Govern- 


ment, Mr. R. Crossman, stated that after the new! 


Water Order at present with the printers, there would. 
be no further abstraction from Ullswater in the Lake, 
District, and no more artificial resources such as was 


t 
4 


4 


i 
\ 
: 
! 


+ 
r 


* een ” "an mee 


. 


No. goa JULY 16, 1966 


proposed for the Winster Valley. In adding that it 
was necessary to look at the lower reaches of the rivers 
in this region, he appeared to have accepted an earlier 
recommendation of the Nature Conservancy. Mr. 
Crossman, went on to say that it would be sensible to 
rule out barrages across Morecambe Bay and the 
Solway Firth as sources of water supply before 1980. 
Mr. Crossman said also that the Water Resources 
Board had a Northern Committee which was assessing 
long-term demands and resources for the whole of the 
north of England, and at his request this Committee 
was preparing a short list of schemes for Manchester 
and south-west Lancashire on which urgent detailed 
investigations must be concentrated. This Committee 
was also doing the exploratory work which formerly 
had been left to individual water undertakers or had 
been neglected. 


Ix a written answer in the House of Commons on 
June 27, the Secretary of State for Education and 
Scienee, Mr. A. Crosland, listed thirty-two institutions 
registered by him as charities whose purposes con- 
cerned him in connexion with his general functions 
relating to education. The list included the Battersea 
College of Technology, the Bradford Institute of 
Technology, Bristol College of Science and Technology, 
Chelsea College of Science and Technology, College of 
Aeronautics, Institute of:_Electronics, Institute of 
Transport, Loughborough College of Science and 
Technology, Royal Aeronautical Society, Royal College 
of Advanced Technology; Salford, and Woolwich 
Polytechnic. 


University and College News: 
Battersea College of Technology 


Dr. P. R. Davis, reader in anatomy in the Royal Free 
Hospital School of Medicine, has been appointed to the 
chair of human biology. 


Heriot-Watt 


, Dr. B. Grover has been appointed to the chair of 
à chemistry in succession to Prof. F. Bell. 


Massachusetts Institute of Technology 


Girrs exceeding 40 million dollars have beon received by 
the Massachusetts Institute of Technology during the 
past year, according to Dr. James R. Killian, jun., chair- 
man of the Corporation. This is the largest sum ever 
received in one year and exceeds the total amount received 
by the Institute during its first fifty years. Reflecting on 
` the growth of the Institute, Dr. Killian said that the 
i academic staff has grown from 300 to 2,800 in fifty years, 
: that graduate enrolment has increased 50 times, and that 
expenditure is 260 times larger than half a century ago. 
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| Nottingham 

| Pror. A. D. M. GREENFIELD, at present professor of 
physiology in St. Mary’s Hospital Medical School, has 
been appointed first dean and professor of physiology in 

< the new University of Nottingham Medical School. 






Sheffield 


Dr. W. GALBRAITH, at present group leader, High 
Energy Physics Group, Nuclear Physics Division, Atomic 
Energy Research Establishment, has been appointed 
professor of physics. 
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Appointments 


Pror. K. DUNHAM, at present professor of geology in the 
University of Durham, has been appointed director of 
the Institute of Geolcgical Sciences in succession to Sir 
James Stubblefield. 


Dr. D. W. Kent-Jonzs has been appointed chairman of 
the Council of the British Industrial Biological Research 
Association, in success.on to Sir Owen Wansbrough-Jones. 


Dr. 8. Q. Dunrizy has been appointed president of the 
Optical Society of America to fill the unexpired term for 
1986 of the late Dr. Van Zandt Williams. 


` 


Announcements 


Ar the ordinary meeszing of the Royal Society of Edin- 
burgh on July 4 tke following were elected honorary 
fellows of the Society: Pror. P. M. S. BLACKETT, emeritus 
professor of physics -n the University of London; Dr. 
F. H. C. Crick, member of staff of the Medical Research 
Council Laboratory of Molecular Biology; Sim PETER 
MEDAWAR, director of the National Institute for Medical 
Research; Lornp Topp or TRumpPIneTON, Master of 
Christ’s College, Cambridge; Pror. F. Brocs, Depart- 
ment of Physics, Stanford University; Pror. K. KURA- 
TOWSKI, Faculty of Mathematics and Physics, University 
of Warsaw; Pror. «. Monon, Faculty of Science, Uni- 
versity of Paris at the Sorbonne; Dr. T. B. NOLAN, 
formerly director, United States of America Geological 
Survey; Pror. L. C. Paurina, Santa Barbara, California; 
ACADEMICIAN N. N. Semenov, director of the Institute of 
Chemical Physics, Moscow. 


At the annual generel meeting of the Institute of Physics 
and the Physical Society on July 5, the following were 
elected to honorary cffices and as members of the Council: 
S James TAYLOR, president; Dr. J. V. DUNWORTE, 
vice-president; P. I. Menzres, honorary treasurer; DR. 
R. Press, honorary secretary. 


At the annual meeting of the Board of Trustees and the 
members of the Cordoration of the Woods Hole Oceano- 
graphic Institution held during June 22-23, the following 
were elected officers of the Corporation: P. M. Fvs, 
president of the Corporation; N. B. MoLman, chairman 
of the Board of Trustees; E. D. Brooxs, sun., treasurer. 


Mr. C. COOKERELL has been awarded the gold Albert 
Medal of the Royai Society of Arts for 1966, in recog- 
nition of his worE in connexion with the technical 
development of the hovercraft. 


TEE eighth international conference on “Semiconductors” 
will be held in Kyoto during September 8-13. Further 
information can be obtamed from Dr. M. G. Hatoyama, 
The Research Institute of Sony Corporation, c/o Japan 
Physical Society, P.O. Box 28, Hongo Post Office, Tokyo. 


AN international symposium on “Atherosclerosis and 
Reticulo-Endotheliel System” will be held in Como 
during September 8-10. Further information can be 
obtained from Prof R. Paoletti, Institute of Pharmaco- 
logy, 32 Via Vanvitelli, Milan. 


THe ninth internacional Congress of Internal Medicine 
will be held in Amsterdam during September 7-10. 
Further information can be obtained from the Secretariat 
of the Congress, c/a Holland Organizing Centre, 16 Lange 
Voorhout, The Hague. 


Tue ninth congress of the International Society of Geo- 
graphical Pathology will be held in the State University | 
at Leiden during September 7-10. Further information 
can be obtained from the Secretariat of the Congress, c/o 
Holland Organizing Centre, 16 Lange Voorhout, The 
Hague. 
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A symposium on “Synthesis” will be held by the 
Organic Division of the Chemical Institute of Canada at 
the University of Alberta, durmg August 31—-September 2. 
Further information can be obtained from Dr. F. W. 
Bachelow, Symposium Secretary, C.I.C., Department of 
Chemistry, University of Alberta, Calgary, Alberta. 


Tue third international congress of psychosomatic medi- 
cine on “The Psychosomatic Approach to Fatigue” will 
be held in Paris during September 15-18. Further 
information can be obtained from the Société Française 
de Médecme Psychosomatique, Hôpital Cochin, 27 rue du 
Faubourg-Saint-Jacques, Paris 14. 


Tas inaugural meeting of the new Radiochemical Methods 
Group of the Society for Analytical Chemistry will be held 
Jointly with the Microchemical Methods Group at the 
University of Kent, Canterbury, during September 16-17. 
Further information can be obtained from the Society for 
Analytical Chemistry, 14 Belgrave Square, London, 8.W.1. 


A, TWO-DAY meeting, organized by the Mass Spectroscopy 
Group, will be held in the University of Birmingham 
during September 14-15. Further information can be 
obtained from R. M. Elliott, Associated Electrical Indus- 
tries, Ltd., Scientific Apparatus Department, Barton Dock 
Road, Urmston, Manchester. 


THe seventh international Machine Tool Design and 
Research Conference will be held in the University of 
Birmingham during September 12-16. Further informa- 
tion can be obtained from the Organizing Secretary of the 
Conference, Department of Mechanical Engineering, The 
University, Edgbaston, Birmingham 15. 


A. CONFERENCE on “Electrical Network Theory and 
Design” will be held in the University of Newcastle upon 
Tyne during September 11-18. Further information can 
be obtained from Dr. A. G. J. Holt, Department of 
Electrical Engineering, Merz Court, The University, 
Newcastle upon Tyne I. 


A CON¥ERENCE on “Instrumental Optics and Optical 
Design”, arranged by the Optical Group of the Institute 
of Physics and the Physical Society, will be held at Chelsea 
College of Science and Technology during September 
19-21. Further information can be obtained from the 
Meetings Officer, Institute of Physics and the Physical 
Society, 47 Belgrave Square, London, S.W.1. 


A TWO-DAY conference on “Use of Rubber in Engineering 
Applications’, organized by the Natural Rubber Pro- 
ducers’ Research Association, will be held at the Imperial 
College of Science and Technology during September 
15-16. Further information can be obtained from the 
Natural Rubber Producers’ Research Association, 19 
Buckingham Street, London, W.C.2. 


THE second decennial conference on “Advances in Cell, 
Tissue, and Organ Culture’’, sponsored by the Tissue 
Culture Association and supported in part by the American 
Cancer Society, will be held at Bedford, Pennsylvania, 
during September 11-15. Further information can be 
obtained from Dr. V. J. Evans, National Cancer Institute, 
Bethesda, Maryland. 


Tae sixth international conference on ‘‘Microwave and 
Optical Generation and Amplification”, sponsored jomtly 
by the Electronics Division of the Institution of Electrical 
Engineers and the Institution of Electronic and Radio 
Engineers, will be held in the University of Cambridge 
during September 12-16. Further information can be 
obtained from the Joint Conference Secretariat, Institu- 
tion of Electrical Engineers, Savoy Place, London, W.C.2. 


A CONFERENCE on ‘Radiation Measurements in Nuclear 
Power”, arranged by the Berkeley Nuclear Laboratories 
of the Central Electricity Generating Board in collabora- 
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tion with the Institute of Physics and the Physical 
Society, will be held at Berkeley during September 12-16. 
Further information can be obtained from the Meetings 
Officer, the Institute of Physics and the Physical Society, 
47 Belgrave Square, London, 8.W.1. 


THe annual meeting of the Conference on Electrical 
Insulation of the National Academy of Sciences—National 
Research Council will be held in Pocono Manor, Penn- 
sylvania, during October 4-5. Further information can 
be obtained from Mr. D. W. Thornhill, Staff Executive, 
Conference on Electrical Insulation, National Academy of 
Sciences, 2101 Constitution Avenue, N.W., Washington, 
D.C. 


CORRESPONDENCE 


Independence for Universities 


Srr,—Much of your leader of July 2, 1966, is timely and 
will find support in the universities. A few points call for 
comment, however. 

The main point which will not find support is the 
suggestion that the vice-chancellors must represent the 
universities in the outside world, unless all you mean by 
that is that, in a given area, it is the local vice-chancellor 
who will be the main P.R.O. for his university. It is 
undoubtedly time that there was a body which could 
state the case for ths universities, and this body should 
contain representativas of the committee of vice-chancel- 
lors as top administrators and of my Association as the 
actual teachers who bear the brunt of work-pressures 
with inadequate facilities in too many cases. At the 
moment anyone, whether he be malicious or well-inten- 
tioned, can make any criticism of the universities without 
drawing an official comment or explanation: this is sheer 
folly on the part of the universities, in my view. The fact 
remains, however, that the committee of vice-chancellors 
alone can never speak for the universities, nor would they 
claim to do so. Many apparently administrative matters 
are in the last resort dependent on academic decisions 
and the voice of the academic should be clearly heard in 
any public pronouncements. 

May I add a few other points briefly ? The ‘really big’ 
university, if that means the American-type mammoth 
organization, presents major problems of student/staff 
relations in the context of the British concept of university 
education. This Association did, it should be noted, 
submit to the Robbins Committee that there was room 
for some large universities in our system, but may not 
have meant by ‘large’ what you have in mind. As for the 
staff/student ratio, this does in fact differ very much from 
faculty to faculty and from subject to subject. 

You raise a most mmportant question at the end of the 
article. Robbins estimated the need for university places 
on the basis of student demand, because that was the only 
basis sufficiently documented at the time—and that is still 
largely true to-day. That student demand and national 
needs must sooner or later be reconciled is obvious, and 
my Executive has promised to prepare and submit to the 
University Grants Committee at a later date some observa- 
tions on this and on possible methods of reconciling them. 
The main problem may be to avoid suggesting to the 
unfortunate sixth-former that he may be directed to 
study a subject which he has no desire to study. Much 
long-term planning (and publicity) is required to avoid 
universities and schools reacting to trends in such a way 
as to produce permanent imbalance of need and demand. 


Yours faithfully, 


K. URrwIN 
General Secretary, 
Association of University Teachers, 
Bremar House, Sale Place, London, W.C.2. 
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X-RAY DIFFRACTION STUDIES OF DOUBLE HELICAL RIBONUCLEIC ACID 


| By Dr. S. ARNOTT, Pror. F. HUTCHINSON*, Dr. M. SPENCER and Pror. M. H. F. WILKINS 
Medical Research Council Biophysics Research Unit, King’s College, 26-29 Drury Lane, London, W.C.2 


Dr. W. FULLER 
Biophysics Department, King’s College, 26-29 Drury Lane, London, W.C.2 


AND 


Dr, R. LANGRIDGET 
Children’s Cancer Research Foundation, Massachusetts, and Harvard Medical School, Boston 


THis article presents a preliminary account of X-ray 
= diffraction studies of helical RNA molecules and of how 

they crystallize. The results lead to suggestions of how 

helical regions in RNA molecules may play an essential 
~ partin protein synthesis. 

_ The first diffraction patterns of RNA were obtained by 
= Rich and Watson'. These patterns were not very well 
} defined but suggested that RNA had a helical structure 

with some resemblance to that of DNA. Improved, 
f semicrystalline patterns (Fig. 1) were obtained by some 

of us? from yeast RNA which was first believed to be 
intact transfer RNA but which was later shown by one of 
-us to be fragmented RNA? probably of ribosomal origin‘. 
i The conclusions drawn from these patterns were that 
_ there are strong similarities between the helical structure 
of RNA and the A conformation of double-helical DNA, 
and that the helices are very similar in all kinds of RNA. 

By analogy with the A DNA structure and because 

there was a faint 2-5 A reflexion on the meridian or close 
to it, the internucleotide spacing was taken as 2-5 A. 
The helix-pitch varied from 28 A to 30 A as the humidity 
varied from 66 per cent to 92 per cent, implying eleven 
to twelve nucleotide pairs per helix turn. The base tilt 
(angle between the normal to the base-pair plane and the 
helix axis) appeared to be about 20°. Much more accurate 
and detailed structure analysis became possible when 
Langridge and Gomatos* obtained crystalline diffraction 
patterns from reovirus RNA. Their preliminary analysis® 
indicated that the RNA helix might be ten-fold (that is, 
with ten nucleotide pairs per helix turn) with inter- 
nucleotide spacing of 3-05 + 0-05 A and base tilt of 10-15°. 
Similar results were obtained by Tomita and Rich*® with 
wound tumour virus RNA and by Langridge et al. with 
MS2 virus replicative intermediate RNA’. The present, 
more extensive, analysis of reovirus RNA patterns shows 
that an eleven-fold helical model (base tilt 17°) is in as good 
ca with the data as a ten-fold model (base tilt 
11°). 

It appears that viral RNA has two crystal forms, which 
we call « and 8. RNA diffraction patterns of «-type (Fig. 
2) have already been published** and indexed. The 
8-form obtained by one of us (R. L.) with reovirus RNA 
(Fig. 3) has crystalline perfection approaching that of 
DNA (Langridge and Gomatos, to be published). Recently, 
using rice virus RNA, similar æ- and $-patterns have been 
observed and analysed*. (We thank Prof. M. Tsuboi for 
kindly showing us his results before publication.) There 
is no appreciable difference between the overall diffraction 
intensity distributions in the crystalline patterns of «- 
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and 8-RNA and in the less-well-defined patterns of frag- 
mented yeast RNA. This shows that the helical structure 
is, within small limits, the same in all three cases. We 
give here a preliminary account of quantitative diffraction 
data obtained in two dimensions from the yeast RNA 
patterns and in three dimensions from « and $8 reovirus 
RNA patterns. The molecular packing in RNA crystals 
is more complicated than for DNA and the analysis 
required to determine the crystal structure and the 
precise molecular conformation is more elaborate than 
that previously applied to fibre diffraction patterns. 
Preliminary molecules models derived from these data are 
described. In fibres of «- and 8-RNA, the molecules are 





Fig. 1. Diffraction pattern of fragmented yeast RNA? (p by 
Dr. G. L. Brown), fibre at oer beam, 92 per cent relative 
umidity 
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arranged in groups of three which appear to be the same 
in both cases. We find many indications that hydrogen 
bonds hold the molecules together in these groups. 
We suggest the possibility that such hydrogen bonds 
may be involved in the interaction of transfer RNA 
({RNA), messenger RNA and the ribosome. 








Fig. 2. Diffraction pattern of reovirus RNA (prepared by Dr. P. J. 

Gomatos), a-type fibre at 81° to X-ray beam. 75 per cent relative 

humidity. Obtained at i E i Kareg Research Foundation by 
n ge 


Analysis of the Diffraction Patterns of Fragmented 
Yeast RNA 


Densitometry of the pattern shown in Fig. 1 gives the 
X-ray intensity data shown in Fig. 4. The lattice is hexa- 
gonal with three molecules passing through the unit cell 
at positions ($, $, 4), (4, 0, $), (0, §, 0). The crystallinity 
is optimum when the fibre humidity is between 75 per cent 
and 92 per cent; at 75 per cent the unit cell dimensions 
are a=40-7+0-2 A, c=29-0+0-2 A, the c axis being 
in the helix axis direction. Because of disorder, the outer 
parts of the pattern consist of continuous diffraction. 
Measurements of this part were related to those of the 
sharp spots in the inner part by a procedure’ applied to 
DNA patterns. As a result, curves were derived of the 
scattered intensity from a single molecule (Fig. 4). 

When the relative humidity surrounding the RNA 
fibres is increased the fibre swells and the separation be- 
tween molecules increases. The resulting considerable 
variations of intensity of the 110 and 220 reflexions show 
that the molecular scattering curve passes through zero 
at R=0-05 A-* and 0-10 A approximately, as is the case 
for A DNA”, 

Preliminary molecular models. The similarity of the 
diffraction patterns of helical RNA and A DNA strongly 
suggests that the RNA helix is basically like that of 
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DNA?*: it consists of two anti-parallel polynucleotide 
chains joined by Watson—Crick base pairs, a conclusion | 
supported by the base ratios of the viral RNAs!*4, A 
series of maxima and minima on the scattering curve on 
the equator (including the zeros referred to in the previous 
paragraph) and on the second layer line shows, as for A 1 
DNA, that the phosphate and sugar groups in RNA are 
both at a radius of about 9 å. When molecular models 
are built and adjusted to fit the X-ray data (using pro- 
cedures already described™) it becomes clear that the 
middle of the base-pairs is displaced about 5 A from the 
helix axis and that the phosphates in the two chains 
almost superimpose when viewed parallel to the helix 
axis. 
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Fig. 3. Diffraction pattern of reovirus RNA (prepared by Dr. P. J. 

Gomatos), 8-t fibre at 76° to X-ray beam. 75 per cent relative 

humidity. Obtained at Children’s Cancer Research Foundation by 
R. Langridge 
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Because the upper layer lines of the fragmented yeast 
RNA pattern are diffuse it is not possible to derive unam- 
biguously from the pattern the number of nucleotide 
pairs per turn of the helix. It was first suggested? that the 
number lay between eleven and twelve (depending on the 
relative humidity) and that the base tilt was about 20°, ~ 
The crystalline reovirus RNA patterns were much sharper; 
and the fact that on the tenth layer line there was a 
reflexion which appeared to be meridional strongly 
suggested that there were ten nucleotide pairs per turn®:*, 
and preliminary consideration of models suggested’: 
that the base-pairs were tilted at 10°—15°. However, when 
we built various types of models we discovered, rather to 
our surprise, that very similar intensity distributions could 
be produced with different degrees of twisting and extend- 
ing of the helix. Except for the meridional reflexions, 
the effect of changing the helix twist could largely be 
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compensated by changing the tilt and position of the 
bases. It is true that the meridional reflexion appeared 
on. different layer lines for different twists, but it was not 
strong. Unless a meridional reflexion is strong, it cannot 
reliably be used to identify the number of residues per 
helix turn because we cannot safely assume that all the 
unit cell contents are in a regular helix. For these reasons 
and because the observed reflexion on the tenth layer line 
is not unambiguously meridional, the number of nucleotide 
pairs per turn could not be established with certainty. 
Nevertheless, the allowed variation of helix twist is small 
enough for the relative arrangement of the atoms in each 
nucleotide to be determined to within a few tenths of an 
Angstrom. In this sense the conformation of the molecule 
is already fairly well defined. Fig. 5 shows a preliminary 
ten-fold model built on the basis of the fragmented yeast 
RNA data (and taking into account the published analy- 
sis of a-RNA crystalline patterns and the general 
appearance of the unpublished reovirus 8-pattern obtained 
by one of us (R. L.}), and an eleven-fold model developed 
during the present analysis of crystalline reovirus RNA 
data. Comparison of observed and calculated diffraction 
is shown in Fig. 4. 


Layer line number 
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The free OH group. One feature of the RNA models is 
of special interest. Although helical models can be con- 
structed with the ribose OH hydrogen-bonded to another 
part of the same molecule, so far we have nob succeeded 
in building a model of this kind which is both stereo- 
chemically satisfactory and compatible with the X-ray 
data. Therefore, although not yet firmly established, 
it appears very likely that the OH does not form intra- 
molecular hydrogen bonds. As a result, the OH is free to 
form external hydrogen bonds. Such bonds to phosphate 
groups on other RNA molecules could influence crystalliza- 
tion of helical RNA, as will be discussed later. 

If the ribose OH hydrogen were to form a hydrogen 
bond within the RNA helix this would provide an explana- 
tion, which is otherwise so far lacking, of why RNA 
double helices are stable at higher temperatures than 
DNA double helices of equivalent base composition". 
The present work concerns RNA structure in the solid 
state; we cannot exclude the possibility that the RNA 
hehx in dilute solusion (when its stability is assessed) 
contains intramolecular hydrogen bonds and that when 
the RNA solution is concentrated the helical conformation 
alters reversibly and intermolecular hydrogen bonds form. 


Layer line number 


Fig. 4. Right, Observed diffraction intensities corrected to show intensity of scattering from a single RNA helix. Yeast RNA: W, sharp 


reflexions; ----, continuous diffraction. Reovirus RNA 


on. a, © (O, less accurate observations). Reovirus RNA £, BH (T, less accurate obser- 
vations), (Note: The yeast RNA intensities (W) are less accurate than the reovirus intensities (MI) and (@).) Left, 





, Corresponding calculated 


diffraction from ten-fold helical model; --~-~-, corresponding calculated diffraction from.eleven-fold helical model 
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Fig. 5. Similarity of ten- and eleven-fold RNA models. Projection. como rt os axis of a nucleotide (the purine base of the ten-fold model is omitted 
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The Crystalline Virus RNA Patterns 


Three-fold arrangement of molecules. The best-defined 
diffraction patterns were obtained by one of us (R. L.) 
from reovirus RNA prepared by Dr. P. J. Gomatos'. 
One of the «-patterns measured (Fig. 2) has been pub- 
lished’. The B-pattern is shown in Fig. 3. 

Both types of patterns can be indexed on hexagonal 
lattices: 


for a, a= b=43-94+0-2 A, c=30-0+0-2 A (at 75 per cent 
relative humidity) ; 

for B, a=b=39-8,+0-1, A, c=29-9,+0-1, A (at 75 per 
cent relative humidity). 

The «-lattice is very similar to that already derived for 
wound tumour virus RNA‘. The fact that the lattices are 
hexagonal suggests that the contents of the unit cells 
have trigonal or hexagonal symmetry. The intensity 
relations described below are consistent with this sym- 
metry and support its assignment. The intensities exclude 
the possibility that the RNA molecule itself has three- 
fold symmetry. Therefore, because the unit cell is too 
small to accommodate six molecules, it appears that ıt 
has passing through it three molecules related either by a 
triad axis, or by a screw triad. Intensities were measured 
with a densitometer. i 

When the «- and_8-patterns of reovirus RNA are care- 
fully indexed special intensity relations become apparent. 
These are of key importance because they reveal the 
nature of the molecular packing and thus enable one to 
compare the observed diffraction intensities with those 
calculated for a given molecular model. The relations also 
show that only ten-fold and eleven-fold models need be 
considered. 


Allowing for the form of the scattering curve for a 
single molecule, anc particularly bearing in mind where 
the curve falls to zero, the intensities follow the rules: 


When /=0, or 3 (for the inner part of the pattern) 
and when l= 5, 8, for g, in the mam, reflexions with both 
h and k even are strong and others weak; for 6, reflexions 
with k-k = 3n are strong and others weak. 

When l=1, 2 (for the inner part of the pattern) and 
when l=7, 9, for «, in the main, reflexions with both 
h and k even are absent and others present ; for 8, reflexions 
with k-k = 3n are weak and others strong. 


The rules arise as follows. Assume that the unit cell 
contains three right-handed ten- or eleven-fold helical 
molecules. The diffracted amplitude from one molecule 
is given by the sum of Bessel function terms!*. For the 
inner part of the pattern (l= 0-3) only the Bessel function 
terms with m=0 (see ref. 12) are appreciable. When 1 
is not much different from 10 or 11, only the terms with 
m=:1 are appreciable (for our models this apples for 
l= 5-11). The Bessel function terms from each of the three 
molecules interfere to give the various F(Akl). Let the 
jth molecule be at position (ax;, by;, cz;) in the unit cell. 
First let us consider the equator {l= 0}. It may readily be 
seen that when 2;=y;=+4 (as for some forms of DNA?) 
the intensity rules are A-k=3n strong and h-k Æ 3n 
absent. For 8-RNA the h-k Æ 3n reflexions are not 
absent, but are weak; this shows that a;~y;~4. The 
a-RNA rules apply when 2;~y;~ $. 

Considering other layer lines, if it is assumed that the 
Bessel function terms with m= 0 need only be considered 
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when /=0, 1, 2, 3 and those with m=1 when /=7, 8, 9, ` 
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three right-handed ten-fold helices related by a left- 
handed screw triad axis or for three eleven-fold helices 
related by a triad axis. Nine-fold and twelve-fold helices 
are excluded. These deductions can be made because 
in much of the pattern one set of Bessel function terms 
only is appreciable. When more than one set is appre- 
ciable (that is, on outer parts of layer lines) intensity 
rules are complicated. 

The molecular packing and identity of molecular triads 
wn a and B. The molecular packing is defined by the 
molecular dimensions, the dimensions of the molecular 
triad, its orientation in the unit cell and the orientation 
of the molecules in the triad. The geometry of the packing 
is essentially the same for both «- and #-crystals, but they 
differ in the value of x (see Fig. 6) which is about 4 in « 
and about 4 in B. In B-RNA the molecules are approxi- 
mately hexagonally close packed. a-RNA has a surprising 
feature: there are large ‘holes’ in the structure—the 
structure may be regarded as approximately hexagonally 
close packed, with one quarter of the RNA sites occupied 
only by water and ions. Values of x, probably accurate 
to within 0-01, can be obtained from the diffraction data 
by least-squares analysis. This requires that a molecular 
model be assumed. However, the value of x was insensitive 
to the model chosen: in B-RNA a ten-fold model gave 
0-360 and an eleven-fold gave 0-365. The value for 
a-RNA was 0:46. It was assumed that the triads were 
oriented so that, in both crystals, molecules lay on the 
unit cell edges and the short diagonal. That this was 
correct was confirmed by varying the triad orientation. 

It is noteworthy that the molecular triads in the a- and 
B-crystals appear to be identical: although the values of a 
and of x are different for the two structures, the dimensions 
of the triads are the same, and there is good evidence that 
the ortentation of the molecules is the same. This orienta- 
tion was determined by comparing the agreement between 
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observed and calculated diffraction intensities (as measured 
by conventional crystallographic residual) for different 
molecular orientations. With an eleven-fold model the 
agreement varied merkedly with orientation and the best 
orientation was definzd within a few degrees for both « and 
6. For the ten-fold model the measure of agreement for 
both a and 8 varied. little with orientation and therefore 
the best orientation was poorly defined. The best agree- 
ment which could b> obtained for the ten-fold model in 
both « and B was sl ghtly inferior to that obtained with 
the eleven-fold model. The difference was not sufficient 
to exclude the possibility that an improved ten-fold 
model could be built with better agreement than that 
obtained by an eleven-fold model. 

In addition to the identity of the molecular triads in « 
and 8, the crystals >xhibit another special feature—one 
which may provide u clue to the origin of the two crystal 
forms. If an eleven-fold molecular model is assumed, it 
follows from the vacues of x established for both «- and 
B-RNA that every molecule in both crystal forms makes 
identical contacts wizh each of its four nearest neighbours. 
This equivalence of contacts is possible only for triadic 
arrangements where the triads are arranged so that the 
molecules lie on the nit cell sides and on minor diagonals 
where the values ofw are related to the number of mole- 
cular residues per helix turn. A similar equivalence 
would occur for ten-fold helices only if x were 0-50 in 
a-RNA and 0:41 in B-RNA. It thus appears that only 
an eleven-fold helisal RNA molecule gives the same 
contacts throughout both « and § crystals. 

It was hoped that consideration of interatomic distances 
between molecules -n close contact in g- and 6-crystals 
might enable one tc choose between ten-fold and eleven- 
fold models. Neither, however, could be eliminated. 
Intermolecular interatomic distances were calculated as 
a function of molecvlar orientation. The stereochemically 
permissible orientat:ons (assuming normal van der Waals 
radii) were in agresment with those derived from the 
X-ray data for botk ten-fold and eleven-fold helices. 

Fourier synthesis. Fourier studies, particularly differ- 
ence syntheses of the c-axis projection, were made using 
phases derived from both molecular models. The molecular 
orientation previously determmed for the eleven-fold 
model was confirmed, but in some of the Fourier maps 
for the ten-fold mcdel discrepancies persisted of a kind 
which suggested that no ten-fold model might be accep- 
table. 

Is the RNA. helix ten- or eleven-fold ? The main reason 
for thinking that ths helix might be ten-fold is that there 
is a fairly strong reflexion on the tenth layer line on or 
close to the meridian in both «- and 6-patterns. Further- 
more, the distribution of intensity on the seventh, eighth, 
ninth and tenth layer lines of the RNA patterns closely 
resembles that on tie ninth, tenth, eleventh and twelfth 
layer lines of the pattern of the complex of polyinosinic 
and polycytidylic azids (poly I : poly C)** (also Langridge 
and Chamberlin, in preparation). The twelfth layer hne 
of the poly I: poly > pattern is closely meridional and the 
helix ıs twelve-fold. It may be vald to compare corre- 
sponding parts of tne diffraction pattern of a twelve-fold 
helix with that of s ten-fold. In the present case, such a 
comparison indicates that the RNA helix is ten-fold. 
However, we have shown that, if the helix is ten-fold, 
a screw triad axis must relate three molecules (though this 
cannot be proved exactly) and, as a result, the meridional 
(0,0,10) reflexion, Cue to the helices, on the tenth layer 
line must be absenz. If a meridional-reflexion is present 
it must be produced by some part of the structure other 
than the ten-fold helical molecule, (that is, ions, water, 
or perturbation “of the helices) and, moreover, by a part 
of the structure wich is not operated on by the screw 
triad axis (the same is true for a meridional reflexion 
on the second laye? lin of some «-patterns). A ten-fold 
helix could give (1,0,;10) diffraction ‘which would be 
difficult to distingcish from the true meridional (0,0,10), 
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because the patterns are not sufficiently well defined. 
While it does not appear that an unperturbed eleven-fold 
helix can give diffraction on the tenth layer line as close 
to the meridian as is observed (allowing for disorientation), 
a perturbed eleven-fold helix (as discussed later) could 
do so. 

Other considerations relevant to the question—is the 
helix ten- or eleven-fold ?—-may be summarized as follows. 
If the overall agreement between observed and calculated 
diffraction intensities is considered, there is no clear pre- 
ference for the eleven-fold model. However, the geometry 
of the a- and 8-crystals is neatly explained if the helices 
are eleven-fold but not if they are ten-fold. If one 
accepts the idea that RNA molecules should crystallize 
with only one intermolecular stereochemical relation 
between molecules in contact, then the structure must 
be eleven-fold and not ten-fold. However, such an argu- 
ment cannot be relied on to establish the structure. To 
do this it is very desirable to obtain X-ray diffraction 
data of still higher resolution than those described here. 

Hydrogen bonding in the RNA crystallites. The viral 
RNA crystallizes in forms more complicated than those 
of DNA. Intermolecular hydrogen bonding could be 
responsible for this. Calculation of interatomic distances 
between neighbouring molecules shows that, for both 
ten- and eleven-fold models, hydrogen bonding is likely. 
Because the positions of atoms may be in error by 0:2 A 
or more, the results cannot be interpreted very strictly. 
However, they show that with eleven-fold helices oriented 
as indicated by the « and B X-ray data, two hydrogen 
bonds per helix turn between two molecules are possi- 
buities. The distance between the relevant oxygen atoms 
of the ribose OH and phosphate groups is correct 
(~2-7 A) for hydrogen bonding. Non-bonding atoms 
are in contact but not too close. By varying the orienta- 
tion of the molecules by an amount within the error of the 
X-ray determination, one OH direction may be made 
to lie along one hydrogen bond. There is a deviation of 
60° for the other. (Hydrogen bond angles were derived 
by Dr. J. H. Venable.) With a ten-fold model the situation 
is much the same. It does not seem possible to adjust 
a regular helical model so that the deviations from linearity 
of both hydrogen bonds are reduced to reasonable values, 
that is, less than 20°. We are, therefore, at present 
investigating the possibility that the RNA helix is dis- 
torted slightly by the hydrogen bonding. Reasonably 
linear hydrogen bonds could be achieved if the sugar 
phosphate chains in the region of the hydrogen bonds 
were displaced (~1 A) in a direction parallel to the helix 
axis. Systematic distortions of a regular eleven-fold 
helix could also result in meridional diffraction on [=10 
and broadening of the transform peaks on l=7, 8 and 9, 
as observed. 


Possible Biological Implications 


Study of the RNA crystallites in the fibre specimens 
suggests that helical regions of RNA molecules join to- 
gether in a specific way by hydrogen bonding from a 
ribose OH group of one helix to a phosphate group of 
another. There is no direct evidence from the diffraction 
patterns of fragmented RNA that the molecules are 
hydrogen bonded together. However, the peaks on higher 
layer lines (particularly on l= 8) are broadened as in the 
crystalline reovirus patterns. As already discussed, peak 
broadening could result from distortion of the regular 
helix. If this were so, it could be argued that distortion 
was unlikely to occur unless there were specific inter- 
molecular interactions as in «- B-RNA. We will briefly 
discuss possible roles of this hydrogen bonding in protein 
synthesis. Specific attachment of a {RNA molecule to a 
ribosome carrying messenger-RNA is believed to involve 
Watson-Crick hydrogen bonding between the bases in 
the codon and im the anticodon. 
ribosomes probably contains regular helical regions like 
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fragmented yeast RNA helices. ¿RNA also contains 
helical regions. Some of the ribosomal RNA helices 
may be sufficiently free of protein to come in contact- 
with the ¿RNA helices, especially when the repulsion 
between phosphates of the ribosomal RNA and of tRNA 
is reduced by cation concentration and presence of basic 
groups in ribosomal protein. Ribose OH hydrogen 
bonding might then occur between the helices of ribo- 
somal RNA and of RNA. Bonding of a (RNA molecule 
specific for a particular amino-acid would depend on the 
additional binding resulting from the codon-anticodon 
interaction. The inter-helix ribose OH hydrogen bonding 
would hold the RNA molecule to the ribosome in a highly 
specific way; this might facilitate codon-anticodon 
interaction. Furthermore, ribose OH hydrogen bonding 
might be one of the factors involved in holding, in correct 
relation to the ribosome, the codon in the single-chain 
messenger RNA molecule. In order that inter-base hydro- 
gen bonding should cause formation of Watson-Crick 
pairs and not others it may be necessary for the glycosidic 
bonds in each base pair to be held relative to each other 
at the correct angle and separation. This could be achieved 
by ribose OH hydrogen bonding of both {RNA and codon 
to the ribosomal RNA. 
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Conclusion 


We find that both ten-fold and eleven-fold helical RNA 
models are in reasonable agreement with the X-ray data. 
Because these data are limited and the structures complex 
we cannot yet decide between the two types of model. 
Furthermore, our conclusion that there are hydrogen 
bonds between adjacent helical molecules is tentative. 
That these bonds exist is indicated by the following: 

(1) In both ten-fold and eleven-fold models described 
here the ribose OH groups are not hydrogen bonded to 
any part of the same molecule. 

(2) The distances calculated between atoms in neigh- 
bouring helices in virus RNA crystallites following deriva- 
tion of the orientation of the RNA molecules in the reo- 
virus RNA crystallites are such as to permit intermolecular 
hydrogen bonding. 

(3) The geometry of the «- and $-crystal forms suggests 
that RNA helices have specific directional interaction. 

If the inter-helix bonds exist, their discovery is probably 
the most significant part of this work. To obtain results 
which are more definite, diffraction patterns with still 
higher resolution should be obtained and analysed. The 
main. obstacle to doing this is the lack of suitable RNA in 
sufficient quantities. 

One of us (F. H.) held a Guggenheim Memorial fellow- 
ship at the time of the work. We thank Miss A. Kernaghan, 
Miss J. Graham and Mr. Z. Gabor for technical help. The 
work in Boston was supported by grants from the U.S. 
Public Health Service and National Science Foundation 
to R. Langridge. The reovirus RNA was prepared by 
P. J. Gomatos and the fragmented RNA by G. L. Brown. 
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THE METHOD 


The Methods of Contemporary Thought 

By J. M. Bocheński. Translated from the German by 
Peter Caws. Pp. x+135. (Dordrecht: D. Reidel Pub- 
lishing Company, 1965.) .18 D.fl. 


In this slight volume we have everything essential for 
the understanding of the methods of rational thought 
and, moreover, completely up to date. As a subject, this 
is distinct from both philosophy and logic, and claims 
attention, in its own right. Basically, methodology has 
not been enriched appreciably from British sources; 
its study and impact came largely from the Continent 
and the United States. The translator, Dr. Peter Caws, 
has produced a clear text to which he has added a few 
footnotes of his own, in one or two of whieh he has slight 
reservations about the original text to make. All this is 
to the good, resulting in a book of exceptional value, 
because of the author’s erudition both as a historian of 
logic and as a teacher of wide experience. He never 
leaves the reader in the air, however difficult the theme 
may be. There are not too many examples: they occur 
at exactly the right place, not to make things easier, 
but to clinch the argument. 

Before going into detail, a general point will be noticed 
at once, namely, that in science there is little need for a 
complex system of methodology; what is required is 
fairly obvious, and the means of obtaining it admit of 
little argument. In philosophy, however, method is more 
important, and may well determine the outcome. How- 
ever, this is by no means all—the major scientific achieve- 
ments of the twentieth century, the theory of relativity 
and the quantum theory, have thrown, up problems which 
are fundamentally philosophical, and to advance in these 
fields a deliberate methodik is essential. Neither Prof. 
Bocheński nor the translator say so, but both classical 
thermodynamics (including Nernst’s theorem) and Cara- 
théodory’s axiomatic surfaces of adiabatic isolation are in 
the same position; the traditional cycles are very 
clumsy, and the implications of the concepts of Kelvin 
and Clausius for a formal deductive process are still 
scarcely resolved. 

All this renders essential a firmer grasp au fond: no 
amount of mere technological expertise will help in the 
least, nor will greater refinement of experimental skills, 
except in so far that events knowable in principle (that 
1s, not physically meaningless, like velocities in excess of 
that of light) may in time become factual knowledge. 

After a few pages of introduction, which are definitive 
for such necessary elements as terminology and so forth, 
The Methods of Contemporary Thought consists of four 
parts: the phenomenological method, semiotic methods, 
the axiological method, and reductive methods. At the 
end is an epilogue, containing a guide to future reading, a 
bibliography and a couple of indexes; everything, in 
fact, which a careful reader needs. At the outset, great 
emphasis is placed on, the necessity to keep the disciplines 
of formal logic, methodology and the philosophy of- logic 
separate. Confusion, has arisen in the past on this score. 
Meanwhile, Prof. Bocheriski’s four divisions may be dis- 
cussed in detail. The name ‘phenomenology’ seems to 
stem from J. H. Lambert’s Neues Organon of 1764, but 
little of permanent moment appeared until E. Husserl 
- first used it in an exact context, since when it has become 
largely the working creed of the existentialists. Methodo- 
logically speaking, this means seeing things intellectually, 
which lies at the root of all true cognition, the putting 
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into practice of tke German ding-an-sich. From the 
observer this demsends a rigid type of contemplation, 
utterly devoid of ary axiological content, still less of any 
teleological elemen>. This does not entirely exclude 
value-judgments as such (as Scheler and Otto have 
demonstrated), but only that the basic detachment must 
be supreme. Incidentally, one suspects that herein lies the 
aesthetic appeal of phenomenology. 

Husserl himself, always ready (perhaps ‘a little too 
ready) to do battle with psychologism, was radical in his 
exclusion of knowlecge by testimony, deductions, hypothe- 
ses and so forth. Ina word, for him tradition was suspect, 
and that brought him nearly into line with a tenet already 
accepted some six centuries earlier when St. Thomas 
Aquinas gave the lowest rating to argument from human 
authority. It is noieworthy that in this, if nowhere else, 
modern thought clasps hands with the philosophia 
perennis. 

We now proceed to the study of semistics, or the 
analysis of language Historically, this subject was known 
to the Stoics (next ro nothing of whose contribution now 
exists), and to the eholastics, of whose work in this field 
little is known. As we regard it to-day, such learning is 
attributable to Cherles Morris (1938). Among its con- 
quests are acceptabis solutions of several of the antimonies, 
including the famovs paradox of the liar, a sore vexation 
since the time of P.ato. It is now recognized that such 
sentences are incapsble of resolution in terms of syntax 
alone: they entail the use of a meta-language. Why 
should this be ? Because everything that needs to be said 
about & science is sayable Gf at all) not in the language 
of that science, but in its meta-lenguage. It is almost 
impossible to over--alue the importance of this process. 
Perhaps the most telling illustration of its power is the 
well-known attemp: of Hilbert to lay the foundation of 
mathematics by msans of such a meta-discipline, only 
to be followed by Gédel’s discovery of the impossibility 
of the completeness of an axiomatic system (for example, 
arithmetic), probab y the greatest advance in logic since 
Aristotle. 

This leads naturelly to the consideration of the axio- 
matic method itself. Its history is revealed with great 
lucidity: Leibniz as a precursor, followed by Boole, 
de Morgan. and othars, culminating in Principia Mathe- 
matica. Then another leap forward, which produced 
results neither Aristotelian nor Stoic, namely, the many- 
valued logic of Lulsasiewiez (1931), and the work of the 
intuitionists. Hers occurs perhaps the only slight 
obscurity in the bock, the ‘natural logics’ of Gentzen and 
Jackowsky, which zonsist of rules only. Surely, these 
have nothing to do with the ‘natural logic’ ofp. 13, a naive 
affair suited to the needs of elementary science. But we 
are not told in so many words what this is. However, an 
axiomatic system must be complete and consistent; the 
latter requires proof that no contradiction can occur: it is 
not enough to show that no contradiction 1s discoverable. 
Aesthetically, the urge is to reduce the number of axioms, 
perhaps even to one. 

Finally come redactive methods, of special importance 
to the sciences, and again originating with Aristotle, in 
spite of his preoccupation with deduction. To us, the 
basis seems to be Francis Bacon’s tabulae, but they were 
in fact scarcely such as to aid research or discovery. 
Broadly, with empkasis on induction, we witness the rise 
of natural science, and the establishment of history as a 
scientific activity, differing only (in principle) in the 
assessment of the stage at which protocol statements can 
be made. f 
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In surn, this elementary treatise of Prof. Bochenski is a 
little masterpiece. There is no branch of learning, scienti- 
fic or humanistic, into which methodology does not enter. 
Here is a specific contribution to the unity of knowledge. 

F. I. G. Rawlins ` 


THEORY FOR EXPERIMENTALISTS 


The Physics of Elementary Particles 
By H. Muirhead. Pp. xv+737. (London and New York: 
Pergamon Press, Ltd., 1965.) 140s. net. 


EXPERIMENTAL workers in elementary particle physics 
are almost always conscious of never having been able 
to devote the time they would have wished to mastering 
the basic theory of the subject. This is partly due to 
the inadequacy of the typical first degree course, which 
does not bring them to the stage where they can ‘readily 
progress naturally to an understanding of the theory 
without the help and stimulus of formal postgraduate 
courses. Happily, these latter courses are- now becoming 
more and more common. Also, in such a competitive 
and rapidly moving field where the student is invariably 
working in a fairly large team, there is a tendency for many 
students to be involved immediately in the development of 
advanced techniques and, at an early stage, to make an 
immediate contribution to an often complicated experi- 
ment, the choice of experiments being determined by the 
more senior members of the team. 

It is therefore an event of great interest when a com- 
prehensive treatise, written by an experimentalist for 
experimentalists, is published. It will be hoped that here 
is a book which can be used as @ basis for postgraduate 
courses, and as a reference book by the students and 
indeed by their mentors. How far does Dr..Muirhead’s 
book meet these expectations? As may be expected from 
the sheer size, it could certainly be called comprehensive. 
In addition to dealing with topics with which the fresh 
research, student will be unfamiliar, an excellent résumé 
of the special theory of relativity is given and also the 
Euler-Lagrange equation and Hamulton’s equations are 
derived starting from the Principle of Least Action. The 
bold statement of this principle, as the starting point of 
dynamics without further discussion, illustrates one of 
my main criticisms of the treatment. Other examples of an 
unstated axiomatic approach in which physical require- 
ments follow from the mathematical formalism instead of 
determining that formalism are ‘“Thus the invariance of the 
Lagrangian under gauge transformation of the first kind 
ean lead to charge conservation”, and “The linearity of 
the space also implies the principle of superposition. . . . 
This properly is of great importance in quantum 
mechanics”. How different from Dirac! The principle of 
superposition, is the physical reason for choosing the 
mathematical formalism of linear vector spaces. 

Of the more difficult, less familiar parts of the theory, 
the author’s stated intention to keep mathematics as 
simple as possible has not, despite some sacrifice of 
mathematical elegance, made for easy reading, and 
most experimental readers will have to work hard to 
master the subject. I have a slight feeling that an 
apparently more demanding, but more elegant approach 
may have been easier for the reader. This is not to imply 
that any effort made by the student will not be amply 
rewarded. I have learnt much from this book, not with- 
out some effort; the conservation of energy implies a 
minimum expenditure of effort to reach a given height, 
and free airline tickets are not easy to come by. To coun- 
teract the criticisms made above, the merits of the book 
should be clearly stated. Not only are there many excellent 
paris (Chapter 6, for example), but also the completeness 
of the treatment offers an excellent reference to the whole 
subject. Many parts are sufficiently self-contained to make 
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The book is relatively free from typographical errors, 
considering the size. A second edition could remove the 
more glarmg and irritating of these and also the few 
examples of confusing Enghsh. 

All in all, Dr. Muirhead is to be admired and congratu- 
lated on the industry and knowledge which have added 
such a useful volume to the literature. 

E. H. BELLAMY 


MODERN GAS DYNAMICS 


Atomic Theory of Gas Dynamics 

By John W. Bond, Jr., Kenneth M. Watson and Jasper 
A. Welch, Jr. (Addison-Wesley Series in Aerospace 
Science.) Pp. x+518. (Reading, Mass., and Eondon: 
Addison-Wesley Publishing Company, Ine., 1965.) 136s. 


Ir is almost certain that a review of Atomie Theory of 
Gas Dynamics will betray, by its criticisms, the allegi- 
ance of the reviewer, for it is still usual to identify oneself 
by exhibiting a label of some kind, ‘aerodynamicist’ or 
‘physicist’ or ‘chemist’ or ‘applied mathematician’, for 
example, even though such labels no longer define the 
occupation and interests of their owners with any degree 
of precision. Indeed, the book by Bond, Watson and 
Welch provides an illustration of the necessity nowadays 
for & good measure of expertise in all the disciplines 
mentioned here, since they have become so closely inter- 
woven as a result of the exigencies arising, principally, 
from flight through the atmosphere at super- and hyper- 
sonic speeds, although, to be sure, the subject matter has 
many applications in other fields. The thirteen chapter 
headings will perhaps illustrate the point; they are, in 
order: ““Thermodynamioc Properties of a Gas’; “Shock 
Hydrodynamics’; “Continuum Hydrodynamics”; 
“Atomic and Molecular Physics’; ‘Equation of State”; 
‘Kinetic Theory of Gases’; ‘General Theory of Transport 
Processes and Hydrodynamics”; “Dissociation and 
Ionization in a Gas”; ‘Kinetic Theory of Transport 
Processes in Multi-component Gases’; “Radiation Trans- 
port Theory”; “Opacity”; “Radiation Transport Applica- 
tions”; and, finally, “‘Shock-Front Structure”, 

It is quite clearly not possible, within the compass of 
only five hundred or so pages, to satisfy all of the people 
all of the time where such a wide variety of topics is 
concerned. The specialist practitioner in one or other 
of the foregoing arts is almost sure to find some omission 
or imprecision in a book of this kind which will upset 
him, and it 18 sometimes necessary to exercise a more- 
than- -average degree of tolerance in order to avoid criticiz- 
ing the authors unfairly. Indeed it would be difficult to 
criticize those parts of the book which deal with the more 
physical aspects of the problem. The desoription of a 
wide variety of particle interactions and their cross-sections 
and of the associated rate processes constitutes a most 
useful and readable contribution to the subject. The 
same is true of the later chapters, which concentrate 
primarily on the problems arising in radiating gases, 
although, inevitably, the rapid advances being made in 
this area must leave the information contained therein 
rather dated. From my point of view, then, the exercise 
of tolerance was not necessary here. A mild application 
was required for the discussions of kinetic theory, since 
I felt that these were rather disjointed and would have 
benefited from a more unified treatment. This is especi- 
ally true of the derivation of the equations of change from 
the Boltzmann equation. It is possible to oarry this 
through with a very high degree of generality without 
ever entering into detailed discussions of the collision 
terms in the latter equation and without any implied 
restriction to binary collision processes, or implied approxi- 
mation if ternary and higher-order collisions actually are 
involved. A matter.of rather more importance is the 
quite unnecessary confusion of A, 3 and d operators which 


No. 5046 JULY 16, 1966 
occurs in the earlier chapters.- This lack of precision is 
also too evident to avoid comment in parts of the chapter 
on thermodynamics. .F'or example, pô V [sic] is only the 
work done in an infinitesimal expansion of the system 
when that work is done reversibly. 

Thus far the oriticisms are of a comparatively minor 
nature. It1s when one comes to the chapters on shock and 
continuum hydrodynamics that the important deficiencies 
occur. At best these parts of the book are amateurish, 
at worst downright incorrect. Most especially I refer to 
the section on sound waves, where a particular solution 
of the inhomogeneous wave equation is derived on the 
basis of a gross confusion between what are commonly 
known, as ‘body forces’ and the forces actually experienced 
by a body immersed in a continuum supersonic stream. 
The distinction between them is known to every under- 
graduate who has anything to do with fluid mechanics 
end the appearance of such an error in any text-book is 
unforgivable. To summarize, the present book can be 
read with profit for its atomic theory but can hardly be 
recommended for its gasdynamics. JouN F. CLARKE 


SOVIET OPERATIONAL CALCULUS 


Integral Transforms and Operational Calculus 

By V. A. Ditkin and A. P. Prudnikov. Translated by 
D. E. Brown. English translation edited by Ian N. 
Sneddon. (International Series of Monographs in Pure and 
Applied Mathematics, Vol. 78.) Pp. xi+529. (London 
and New York: Pergamon Press, Ltd., 1965.) 100s. net. 


INTEGRAL transforms, as & technique for solving differen- 
tial equations, are a familiar part of the education of 
every mathematician. The technique is only really 
effective for some amenable linear differential and 
integral equations and provided that the space-time 
boundary conditions of the problem are sufficiently 
specialized. It is not viewed with great favour by modern 
pure mathematicians, as it aims at producing results 
rather than understanding. Yet, despite these manifest 
limitations, it will always be studied and books about it 
will continue to be written, because it rapidly and elegantly 
yields formulae of basic importance throughout the whole 
of linear physics and engineering. Indeed, its theoretical 
foundations have recently been the object of intense 
study by Russian mathematicians. Operational calculus 
was developed systematically in the middle of the nine- 
teenth century, and then successfully applied by Oliver 
Heaviside to the solution of various problems arising 
from electromagnetic oscillation theory. Heaviside’s point 
of view was afterwards displaced by the integral trans- 
form methods of Bromwich (not mentioned in this book) 
and others. Now the wheel has turned full cycle, and, as 
the authors point out in their foreword, “A complete 
return to the original operator view-point was made by 
Mikusinskii. He has provided a strict operator basis for 
Heaviside’s operational calculus without any reference to 
the theory of the Laplace transform. When describing 
his-theory, ıt occurred to Mikusinskii to introduce different 
notations for a function and for its value.at a given point. 
For instance, 2 is the number, while {2} is the function 
taking the constant value 2. 

“The definition of convolution given in Chapter V differs 
from that of Mikusinskii in that there is no need to dis- 
tinguish. between constants and functions of a constant. 
Since the various transformations and calculations con- 
nected with‘ finding the operational formulae are con- 
siderably simplified in a number of cases when the Laplace 
integral is used, an indication is given here of the con- 
nexion between our calculus and the Laplace transform.” 

This chapter, entitled “Operational Caleulus”, is by far 
the most recondite in the book, and is evidently addressed 
to a more exclusive audience than are the other chapters. 
It-does, however, contain remarks on difference equations, 
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and on differential equations.-with: phase lag, that should 
be of general interest. The treatment throughout the 
book is fairly straightforward, though one may sometimes 
wonder what distinguishes a “theorem” from a “‘property’’, 
and why dates are mentioned in the enunciation of some 
theorems and not in others. Reasonable familiarity with 
the special functions of analysis is assumed: Bessel and 
Gamma functions appear without warning on page 23; 
Green’s function appears without explanation on page 62; 
MacDonald’s function is introduced without a definition 
on page 75. A number of minor errors and misprints will 
be spotted by the reader without difficulty. 

These five chapters, taking up some 150 pages, comprise 
only Part I ofthe book. They are in effect an introduction 
to Part Il, which 1s a 350-page compilation of well- 
classified transforms drawn up partly from existing tables 
and partly from the solution of concrete problems known 
to the authors. Most of the latter are probably unknown 
outside the Soviet Union. The tables are prefaced by a 
list of some 150 special functions encountered in the text. 
Russian functional symbolism is used, but differs only 
slightly from our own as indicated on p. 147. About 250 
references are cited. 

This is not a baok for the beginner, or even for the 
amateur, but specialists should find it a mine of useful 
information about developments in this field. 

M. A. Jaswon 


TECHNETIUM AND RHENIUM 


The Chemistry of Technetium and Rhenium 

By R. D. Peacock. (Topics in Inorganic and General 
Chemistry, Monograph 6.) Pp. ix+137. (Amsterdam, 
London and New York: Elsevier Publishing Company, 
1966.) 55s. 


The Chemistry of Technetium and Rhenium is a fascinat- 
ing example of recent developments in inorganic chemistry, 
and the majority of the references cited at the end of 
each chapter are drawn from the literature of the past 
15 years. Rhenium, discovered in 1925 by Noddack by 
means of its charecteristic X-ray spectrum, is widely 
dispersed in nature and this factcr undoubtedly delayed 
its discovery and impeded the study of its chemistry. 
In 1937 Perrier and Segre produced a radioactive isotope 
of element No. 43 by deuteron bombardment of molyb- 
denum and appropriately named the element technetium. 
Earlier attempts to discover “primordial” technetium 
were thwarted. by the instability of all its isotopes, 
although “natural” technetium-99, generated by spontane- 
ous fission of uranium, has recently been detected. The 
development of largs-scale nuclear reactors has produced 
reasonable quantities of technetium-99 as a by-product 
and has accordingly stimulated the investigation of the 
chemistry of this element. 

Technetium and rhenium are transition elements par 
excellence, and show oxidation states from 0 to 7 and 
co-ordination numbers from 4 to 7 with a wide variety of 
ligands including fluoride, nitride, hydride, zx-cyclo- 
pentadienyl, acetylacetonate, diarsine, triphenylphos- 
phine oxide, cyanida and carbonyl, not forgetting some 
fascinating polynuclear chlorides containing metal-metal 
bonds. 

Prof. Peacock has done justice to this interesting field 
with a concisely written monograph which is a mine of 
information and interesting to read. Following the two 
opening chapters on the discovery and isolation of the 
elements and their general and elementary properties, 
the descriptive chemistry of these elements is dealt with 
in a series of chapters on oxides, halides, cyanides, ete., 
and the final chapter summarizes analytical methods, 
For good'measure there are appendixes on the laboratory 
handling of technetium, bibliography and further -refer- 
ences. This. method of organization seems successful, 
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and the subject index makes reference to particular 
compounds agreeably speedy. A valuable feature of this 
book is the critical approach adopted by the author to 
the material taken from the literature. 

It seems a pity that with Colton’s book, The Chemisiry 
of Rhenium and Technetium, published in.1965, there are 
now two very similar books covering the same ground. 

D. C. BRADLEY 


GAS CHROMATOGRAPHY 


Gas Chromatography 1964 

Edited by A. Goldup. (Proceedings of the Fifth Sym- 
posium organized by the Gas Chromatography Discussion 
Group of the Institute of Petroleum held at Brighton, 
September 8-10, 1964.) Pp. xii+386. (London: The 
Institute of Petroleum, 1965.) 90s. 


THis is an account of the proceedings of the fifth sym- 
posium organized by the Gas Chromatography Discussion 
Group held at Brighton during September 8-10, 1964. 

The book is on similar lines to previous volumes with 
the exception of an additional section dealing with the 
informal discussion periods which were an innovation at 
this symposium. The main content, however, is a collec- 
tion of the twenty papers presented and verbatim reports 
of discussions following each paper. These papers are 
presented under three headings, dealing with (a) column 
design, (b) techniques of separation and identification and 
(c) exploitation of molecular interaction. 

Apart from one paper dealing with the preparation and 
operation of high-efficiency columns, section (a) is devoted 
to theoretical aspects of column evaluation and design. 
Although bridging the gulf between theory and practice 
will present many formidable problems, the possibility 
of very-high-efficiency columns of the order of a million 
theoretical plates performing separations within minutes 
18 fascinating. The theory is aimed in general at extend- 
ing established principles and correlating them with 
practice. The non-mathematical student of gas-chroma- 
tography must sometimes be perplexed with the number 
of parameters required to express the theory and he 
is unlikely to welcome the addition to this list of a 
“performance parameter”. This section also contains 
a comprehensive appraisal of packed capillary columns, 
a relatively new aspect of column technology. 

The second section begins with a philosophical discus- 
sion of the gas-chromatographic process of separation in 
terms of the entropy of a hypothetical system. The 
remainder, in contrast, is entirely practical in aspect. For 
example, pyrolysis, normally a “finger print”? technique, 
is discussed in a paper which describes an apparatus 
claimed to give better reproducibility than a mass spectro- 
meter. Because of the time factor involved, normal elu- 
tion chromatography is not always a satisfactory method 
when applied to process control, and a number of alterna- 
tive techniques involving continuous sample flow through 
a column are discussed. Other papers include the com- 
plementary use of thin-layer chromatography and mass 
spectrometry. This symposium, which has always been a 
forum for the introduction of innovations, includes papers 
describing the adaptation of the flame ionization and 
argon detectors for monitoring the effluent of non-volatile 
substances in solid/liquid chromatography. . 

The third section on exploitation of molecular inter- 
action is mainly concerned with the. growing potential 
applications of gas/solid chromatography. Appreciations 
of present views on molecular interactions in liquids and 
solutions, and solid interfaces, are made, with particular 
reference to their application to the interpretation of gas 
solid chromatography. The relationship between the 
surface chemistry of solids and retention data is also dis- 
cussed at some length. Considerable point is made that 
one of the Bron virtues of gas/solid chromatography is the 
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stability of many of the types of absorbants over relatively 
wide temperature ranges. Several developments in this 
direction are described and the impression emerges that 
here there is a whole new area for research worthy of 
greater attention than has hitherto been given, par- 
ticularly with modified types of absorbants. 

The editor, A. Goldup, is to be congratulated on main- 
taining the high standard one has come to expect of this 
biennial publication. The book should be of great value 
both to research and analytical chemists, particularly 
those who wish to remain in step with developments in the 
sphere of gas chromatography E. A. WALKER 


A MODERN 
LIBER DE ARTE DISTIL? 


Distillation 

Edited by E. 8. Perry and A. Weissberger. Second com- 
pletely revised and augmented edition. (Technique of 
Organic Chemistry, Vol. 4.) Pp. xx+838. (New York 
and London: Interscience Publishers, a Division of John 
Wiley and Sons, 1965.) 180s. 


Despite the large number of books and papers published 
over the years on various aspects of distillation processes 
and apparatus, there is still room for works which either 
make an original contribution to the field or else provide a 
comprehensive account of the state of knowledge. 

With the relatively few fundamental advances in 
distillation theory over the past 40 years, there has been 
a tendency to treat the details of the latest apparatus and 
techniques in some isolation, without presenting a critical 
appraisal of the application of theory to practical prob- 
lems. 

The appearance of a comprehensive work which covers 
the field of laboratory distillation in both its theoretical 
and practical aspects, and which includes a wealth of 
details of apparatus and operating techniques, is therefore 
particularly welcome. 

The new edition of Distillation, volume 4 of the Inter- 
science ‘‘Technique of Organic Chemistry” series, pro- 
vides much useful material in addition to that given in 
the first edition published in 1951. This volume in its 
augmented form covers all aspects of experimental 
distillation theory and practice from laboratory to pilot 
scale, and not only constitutes a valuable and compre- 
hensive handbook for all those directly involved in such 
experimental work but also presents an admirable and 
concise summary of basic distillation theory. 

The contents cover basic distillation theory, with 
particular reference to laboratory distillation. The theore- 
tical basis and experimental determination of vapour- 
liquid equilibria, apparatus and procedures for fractional 
distillation under a wide range of conditions from low- 
temperature to high-vacuum with particular emphasis in 
the latter case on ancillary apparatus and the special 
requirements of extractive and azeotropic distillation and 
sublimation, are all dealt with. 

Of particular value are the new sections on continuous 
distillation, pilot plant distillation and automation in 
distillation. 

The theoretical section, written by Arthur and Elizabeth 
Rose, occupies more than 200 pages and provides a 
thoroughly detailed account of the development of 
distillation theory and its application to the practical 
problems. Of particular importance is the emphasis on 
batch distillation and fractionation and the methods of 
determining the number and height of theoretical plates, 
with details of still sampling techniques, and the use 
of specialized test mixtures for which detailed vapour- 
liquid equilibrium, density and refractive index data are 
given. One further aspect which is dealt with and which 
is particularly important in laboratory work is the effect 
of hold-up on performance. This is of interest not only 
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in determining batch distillation performance but, more 
vitally, in the calculation of equilibration time for different 
types of column. 

This aspect is extended to a general investigation of 
the effects of process variables in batch distillation and 
the recommendation of optimum operating conditions. 
It also covers the use of digital computers in calculating 
the separation of multicomponent mixtures. Typical of 
the thoroughness of this section is the compamson of the 
Lewis, Chilton and Colburn, Westhaven and Kuhn, 
the Cohen, Marshall-Pigford and Bowman equations 
governing the approach to equilibrium. The section 
concludes with an extensive bibliography. 

The treatment by Deal of vapour-liquid equilibria is 
concise and yet contains a valuable survey of the relation 
between molecular structure and activity coefficients. 
The treatment of experimental techniques and the design 
of the equilibrium is still perhaps excessively brief, as is 
the coverage of consistency tests, which are so important 
in the assessment of the reliability of experimental data. 
Williams on the other hand gives a wealth of detail on the 
performance and construction of both wetted-wall, packed 
and plate columns and ancillary apparatus such as tem- 
perature controllers, pressure controllers and reflux 
dividers. The operating procedure is also covered in detail. 

The section on extractive and azeotropic distillation by 
Carlson and Steward might have suffered from the 
problem inevitable in a book of this type, namely the 
duplication of material covered by other contributors. 
However, the treatment of equilibrium is still so much 
more comprehensive than Deal’s that all one can do is to 
criticize the editor for the allocation of section headings. 
The actual techniques of extractive and azeotropic 
distillation are well covered, although one would like to 
see a more extensive list of specific solvents and en- 
trainers and a more detailed analysis of the relative merits 
of the two separation systems. 

The section by Tipson on vacuum distillation gives 
much useful information on column design and vacuum 
techniques including the appheation of mechanical stills. 
Perry provides a detailed account of molecular distillation 
which is complemented by Hecker’s contribution on all 
aspects of the performance of the distillation apparatus 
and ancillaries under vacuum. 

The three new sections m this edition provide a valuable 
extension to the literature of laboratory distillation. 
Continuous laboratory distillation is treated somewhat 
briefly by Williams but is particularly interesting despite 
the lack of details on reboilers, feed pumps and flow meters. 
Orgen’s treatment of pilot plant distillation covers the 
sizing of plant and ancillaries and is therefore valuable in 
itself and also serves as an introduction to the engineering 
of distillation plant and thus serves as a useful bridge 
between chemists and chemical engineers. This is particu- 
larly important at the present time when the control of 
full-scale plants 1s changing from that of the simple 
physical parameters of ternperature, pressure and flow 
to the more elaborate and challenging idea of direct 
control of product composition by means of chromato- 
graphy, mass spectrometry and infra-red and ultra-violet 
spectrometry. In this area the chemists become directly 
involved in commercial scale processing techniques. 

The final section by Wilhams on automation and control 
in distillation therefore serves as a fitting conclusion. The 
chemist should find the coverage of these control tech- 
niques of both interest and use. Fundamental to control 
is the phenomenon of the dynamic responses in fractiona- 
tion columns which is also covered and 1s a much-needed 
reminder to all those involved in distillation that the 
operation of fractionating plant is essentially an unsteady 
state in stable equilibrium on which are superimposed 
transient responses to external conditions. 

This book covers a very wide range of topics of interest 
and value to the worker in the field, and will certainly 
earn a place on his bookshelf. M. G. Royston 
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THE BALD FACTS 


Die Menschliche Glatze im Altersformwandel der 
Behaarten Kopfhauz 
Morphologische Studie. Von Klaus Goerttler. Unter 


Mitarbeir von Peter Gordel. (Zwanglose Abhandlungen 
aus dem Gebiet der Normalen und Pathologischen 
Anatomie, Heft 17.) Pp. vii+48. (Stuttgart: Georg 
Thieme Verlag, 1965.) 23 D.M. 


TH1s short monograph, an account of the way the “‘glatze”’ 
or bald pate develops during ageimg, is based on a patho- 
logical investigation. of 118 scalps of both sexes, classed 
by decade of life and ranging from birth to old age. The 
material was taken from several regions—top, sides and 
in-between—and examined not only by traditional histo- 
logical methods but also by the preparation of epidermal 
sheets. 

In the newly-bora, it seems that the dermo-epidermal 
junction is uncorruzated, but as the lanugo is replaecd 
by terminal hair, she interface becomes crenulated to 
form the pattern of the rete-pegs. This development 
reaches a maximum-in the second and third decades, when 
even the hair follicles become involved in the inter- 
digitation of dermis and epidermis. By the fourth decade 
there are already signs of decline in those regions which 
were previously mcst active; the hair bulbs still appear 
relatively strong, brut the hair shafts become feeble. From 
the fifth decade onwards, first at the side and crown, later 
in the intermediate regions, the dermo-epidermal junction 
flattens and the hair follicles dimmish and shorten. For 
a time the sebaceous glands resist change, or even enlarge, 
but ultimately they, too, succumb to ageing; only the 
sweat glands remain unaffected and continuo to function 
in old age. 

This work is becutifully illustrated with photographs 
and constitutes a zlassic anatomical description of the 
relentless ageing of the scalp, a field in which surmise has 
often been a substitute for evidence. A full understanding 
of the process in dynamic terms awaits other investigators. 
The prognosis may appear somewhat depressing, but a 
faint optimism may be engendered by the reports of 
Drs. Papa and Klizman of Philadelphia that, in spite of 
the undoubted implcation of male hormones in the 
development of hereditary baldness, the process can 
sometimes be mysceriously reversed by the local appli- 
cation of androgens. And if the hair follicle of the scalp, 
of all human organs, appears to be the one least well 
designed for a lifesime of service, one can at least take 
comfort from the shought that this is but a recognition 
by natural selecticn of its vital redundancy. 

R. E. CrurcH 
F. J. EBIING 


Forest and Savanaa 

An Introduction ta Tropical Plant Ecology with Special 
By Brian Hopkins. Pp. 
xii+100+5 plates. (London: Heinemann Educational 
Books, Ltd., 1965. 18s. net. 


Dr. Horxmoys devotes the first few pages of Forest and 
Savanna to an explanation of what is meant by ecology 
and he then gives background information about West 
African population, geology, soil and climate. This 
information is cleerly set out at an elementary level and 
it would serve beginners at college, as well as the in- 
terested layman vr others unfamiliar with the West 
African scene. Tke real meat is to be found in Chapters 
3 and 4, which deal with forest and savanna respectively 
from an ecological point of view. They provide sufficient 
detail to instruct without overloading the beginner. On 
the other hand, as the author points out in his preface, he 
has in some secticns reached the limit of our knowledge 
simply because the study of tropical ecology is still 
relatively neglected. Things are changing in this respect, 
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however, partly as a result of Hopkins’s own valuable 
researches, and it is to be hoped that this book may hasten 
the progress by interesting African nationals in the sub- 
ject. Conservation of natural vegetation can only be 
achieved effectively by those who live in the country 
concerned having an intelligent appreciation of the need 
for it. Forest and Savanna should have a part to play in 
this all-important educational aspect. In particular the 
fifth chapter, which deals with the relationship between 
forest and savanna, brings out many points concerning 
land management that are vital to the inter-related aspects 
of agriculture, forestry and conservation. Two appendixes, 
dealing with field methods for vegetation analysis and 
suggested student projects, will be of special value to the 
instructor. References and an index conclude this small 
text-book which should rapidly find an ecological niche in 
the curricula of school sixth-forms and first-year university 
courses. F. N. HEPPER 


Mathematical Analysis 

Differentiation and Integration. By I. G. Aramanovich, 
R. S. Guter, L. A. Lyusternik, I. L. Raukhvarger, M. I. 
Skanavi and A. R. Yanpol’skii. Translated by H. Moss. 
English edition edited by I. N. Sneddon. (International 
Series of Monographs ın Pure and Applied Mathematıcs, 
Vol. 81.) Pp. xi +322. (London and New York: Pergamon 
Press, Ltd., 1965.) 63s. net. 


Tms book contains a concise account of the properties 
of differentiation, differentials, Riemann integration in 
one and several dimensions, together with umpheit func- 
ee a a the ages of transformations in differen- 
lation and integration theory. ieltjes i j 
a a gr ry. The Stieltjes integral is 
There are no proofs, examples, or exercises, but there 
are several counter-examples to show where and why the 
theory will not extend. This renders the book useful for 
reference for the non-specialist, and it might be valuable 
to a lecturer planning a course, but not to a student. 
The fact that different authors have written different 
parts is apparent in an inconsistent notation. Thus, for 
example, yinl(z) and y(n)(z) are used to denote the 
Schwartzian derivative, and elsewhere both y(n)(z) and 
y® (ax) denote the ordinary derivative. The book concludes 
with useful lists of integrals, etc., and a few tables of 
higher transcendental functions. R. L. PERRY 


Die Tierische Zelle in Zellkultur 

Von R. Schindler. (Fortschritte der Krebsforschung. 
Recent Results in Cancer Research, Vol. 1.) Pp. vi+ 88. 
(Berlin: Springer-Verlag, 1965.) 16 D.M. 


To assess the value of cell culture in cancer research, 
it 1s clearly necessary to consider many different aspects. 
In the series on “Recent Results ın Cancer Research”, 
published by Springer, the author, Dr. R. Schindler 
has discussed the culture of animal cells rather generally. 
This book deals with various culture methods, basic 
medium and biochemical requirements of cells, pharma- 
ecological studies, cytogenetics, specific cell functions, 
the mitotic cycle, effects of ionizing radiation and 
changes brought about by viruses. The main descrip- 
tion of cancer cells in culture is given in the last chapter. 
There is an extensive bibliography of more than 700 
references. ‘The book therefore provides good back- 
ground reading and a good bibhography for people 
interested in taking up cell culture work on cancer prob- 
lems. A great deal of work has been done on cancer-cell 
culture—both hanging-drop cultures and cell lines in 
monolayer culture, and more recently in organ culture. 
One could wish that the author had covered these sub- 
jects in more detail. For the study of human cancer, where 
16 18 impossible to carry out experimental work in vivo, 
with one or two exceptions involving transplantation, of 
tissues into animals. the main future js likely to lie in the 
use of cultures for experimental work. A. Happow 
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GEOPHYSICS AND COMPUTERS 


THE Department of Applied Mathematics and Theoretical 
Physics at Cambridge was host from June 27 to July 5 
to the Third International Symposium on Geophysical 
Theory and Computers, an activity of the 1.U.G.G. Upper 
Mantle Committee. 

About eighty-five attended the symposium, and more 
than forty papers were given, each between half an hour 
and an hour in length. It would be impossible to mention 
every paper—invidious though it is to mention particular 
contributions, certain recurrent new themes emerged 
which are specially worthy of report. 

The major problem, one might say the only problem, 
in geophysics is that of inversion. Given a set or sets of 
data, what can be deduced about continuum parameters 
of specified regions of the Earth ? And is that information 
a sufficient guide to the composition and thermodynamics 
of the region? The question of uniqueness of interpreta- 
tion has until recently been treated in a rather indefinite 
way in seismology. Whereas it is fairly easy to show that 
surface observations of gravity and magnetic fields are 
insufficient to give unique distributions of density and 
magnetization beneath the surface, the uniqueness or 
otherwise of seismic data (which seems likely to be the 
principal source of information about the deep interior 
of the Earth for some time) is much more difficult to 
establish. 

Prof. V. I. Keilis-Borok and two colleagues from the 
U.S.S.R. gave summaries of the present situation with 
regard to body wave travel times, where uniqueness has 
been a pressing problem. It is demonstrable that in the 
presence of a ‘low velocity layer’, two different subsurface 
velocity distributions may yield the same travel time 
curve. However, the situation is in practice bedevilled by 
the difficulties of positively identifying body wave signals 
on actual seismograms. A lively debate between Miss I. 
Lehmann (Copenhagen) and Dr. E. A. Flinn (Alexandria, 
Virginia) on work which the latter had presented using 
array processing techniques epitomized this problem. 
However, as Flinn and others, notably Dr. D. H. Weichert 
(Ottawa), Dr. E. J. Kelly (Lexington, Massachusetts) and 
Dr. R. A. Phinney (Princeton) showed, array processing is 
becoming a valuable tool in mantle and core geophysics. 

The uniqueness, or otherwise, of normal mode data 
(from free oscillations of the Earth, Rayleigh waves and 
Love waves) has been an equally thorny problem. A 
notable paper by Prof. G. E. Backus and Prof. F. Gilbert 
(La Jolla, California) showed, among other things, that 
more than one density distribution can satisfy the same 
data to any prescribed degree of accuracy. This paper, 
with the Russian contributions, clearly showed the neces- 
sity of developing further criteria for the acceptance of 
Earth models. 

One such consideration 1s seismic amplitude data, and 
much more reliable information about amplitude as a 
function of range from source is being compiled by the 
U.K. Atomic Energy Authority group, and was presented 
by Dr. A. Douglas (Aldermaston). 

Another consideration 1s the plausibility of an Earth 
model on solid-state criteria. Prof. D. L. Anderson 
(California Institute of Technology) indicated the ques- 
tions which we would wish to ask of solid-state physics, 
and Prof. L. Knopoff (University of California, Los 
Angeles) indicated the possible uses of solid-state physics 
in combination with seismology in the determination of 
reasonable composition models. 

A seismological parameter of increasing importance and 
whose significance is still not fully understood is dissipa- 
tion. There is no doubt that this too will have to be taken 
into account in any unified view of the Earth’s structure. 
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Constant, or nearly constant, Q, the dimensionless 
attenuation, is commonly observed in laboratory tests on 
many materials. 

Papers by Dr. E. Strick (Houston, Texas) and Dr. M. 
Caputo (Trieste) examined consequences of these observa- 
tions. In different ways they both come to the same 
conclusion—that Q is very nearly frequency independent. 
This approach from an experimental point of view was 
complemented by a paper from Dr. B. M. Naimark 
(Moscow) in which ıt was shown how the effect of specific 
mathematical models of anelasticity on stress distributions 
could be calculated. 

Not all the conference was devoted to seismology, 
however, and there were other impressive contributions. 
Dr. A. H. Cook (National Physical Laboratory) gave an 
authoritative account of the present status of gravita- 
tional potential determmations by satellite observations. 
There were several papers on magnetic and gravity fields 
and the application of computers to their analysis. 
Dr. N. O. Weiss (Cambridge) and Dr. M. G. Wurtele 
(University of California, Los Angeles) both demonstrated 
the power of the computer to solve problems in magneto- 
hydrodynamics and meteorological fluid mechanics. 

D. Davis 


NON-ELASTIC MANTLE 


A symposium on “Non-Elastic Processes in the Mantle” 
was held in the School of Physics of the University of 
Newcastle upon Tyne during February 21-25. The 
symposium, which was organized at the request of the 
Upper Mantle Committee, was one of several to have been 
arranged in conjunction with the ‘Upper Mantle Project’, 
an attempt to co-ordinate internationally research on the 
outer 1,000 km of the Earth. 

It is a good indication of the present explosive growth 
of seismological research and interest in the deformation 
of the Earth on a geological time scale that an inter- 
national conference with more than a hundred participants 
can now be convened on such a specialized subject. As 
organizer of this symposium, my chief aim was to bring 
together physicists and mechanical engineers whose 
special interest is the deformation of solids and those 
geophysicists whose observational or theoretical interests 
entail some knowledge of the rheology of the mantle of 
the Earth. It is becoming ever more apparent to geo- 
physicists that elasticity 1s only a convement conceptual 
subdivision of a description of the total rheological 
behaviour of a material, and that 1t should not be given 
special significance. This has been obvious to solid-state 
physicists and professional rheologists for many years, and 
this remark is an indication of the need for much closer 
intellectual contact between these disciplines. 

After an introductory lecture by Sir Harold Jeffreys on 
“Rheological Problems in Geophysics’, the first one and 
a half days of the symposium were devoted to experi- 
mental and theoretical work on deformation in mineral 
and rock systems. Prof. P. L. Pratt (Imperial College of 
Science and Technology) reviewed current theories 
relating the microstructure of ionic solids to their plastic 
flow, creep and fracture. In ionic as opposed to covalent 
solids there is a more rapid decline with decreasing 
temperature of the number of slip systems, and this, 
together with the inhibition of dislocation multiplication 
mechanisms, accounts for the marked increase in brittle- 
ness of these materials at low temperatures. As the 
temperature is increased, the relative importance of 
deformation mechanisms based on diffusion processes 
increases and, as a result, permanent deformation occurs 
at very low applied stresses. A process of continuous 
deformation, usually referred to as steady-state creep, is 
observable m which hardening by deformation and 
thermal recovery are in a state of balance. Prof. Pratt 
commented that, so far as the interpretation of laboratory 
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investigations is concerned, the transition from low 
temperature deformation by dislocation glide mechanisms 
to the high temperature thermally activated processes 
occurs at a temperature in the neighbourhood of 0-5-0-7 
of the absolute melting temperature. (This figure may 
be somewhat less for deformation under low stresses 
applied on a geological time scale.) 

Dr. Paterson (Australian National University, Can- 
berra) discussed the general effect of confining pressure 
on the non-hydrostatic stress-strain relationship. He 
described how the different susceptibilities to such a 
pressure of various mechanisms of flow and fracture in a 
general solid can be used to elucidate the most important 
deformation mechanisms in at least some materials. Prof. 
Griggs (University of California, Los Angeles) reviewed 
the present evidence of weakening in rocks and minerals 
at high pressures by water, and described in some 
detail his recent expermments with Blacic on the behaviour 
of synthetic quartz in such conditions. Above a critical 
temperature, which is itself dependent on the water 
content (10-*-10-! per cent in the experiments), dıs- 
location ghde movement within the crystals appears to 
be enhanced by hydroxyl ions. Electron micrographs 
have demonstrated. the generation and propagation of 
dislocations in the weakened quartz similar to those in 
unweakened quartz at higher stresses. Prof. Griggs 
considered that the occurrence of this and other hydrolytic 
weakening processes in silicates at such low concentrations 
of water is of considerable geophysical significance. Prof. 
Gordon (Yale University) reviewed the evidence pertaining 
to diffusional creep and, using the result that in certain 
circumstances these processes can be represented by a 
Newtonian viscosity, he described the derivation of a 
relationship of viscosity with depth in the mantle. 

In this connexion there was a recurring debate through- 
out the symposium about the concentration of sources 
and sinks of point defects in mantle material, a quantity 
which enters directly into calculations of diffusional creep 
rates. Grain boundaries are often identified with such 
sources and sinks, but, judging from the discordant 
estimates of grain size that were made at the symposium, 
there is certainly a need for experimental work on high 
temperature, low stress creep in likely mantle material. 
A considerable problem here will be the acquisition of 
representative mantle material. 

Dr. Raleigh (Australian National University, Canberra) 
presented papers on an experimental study of glide m 
olivine and pyroxene minerals, and on a study of the 
strength and ductility of serpentinite in a range of con- 
ditions up to 700° C and a confining pressure of 5 kilobars. 
In addition to a considerable weakening at temperatures 
exceeding 500° C, there was an accompanying increase 
of brittleness. It is believed that both effects are associated 
with the dehydration reaction, the embrittlement being due 
to growth of pore pressure which is known to decrease the 
effectiveness of a confining pressure. These experiments 
are thought to be of considerable significance for theories 
of the tectonic emplacement of serpentinites, and possibly 
may also bear on theories of deep earthquakes if the 
concept of a serpentinized oceanic upper mantle can be 
further substantiated. f 

During the session on fracture phenomena, an interest- 
ing theoretical paper was presented by B. V. Kostrov and 
L. V. Nikitin (Institute of Physics of the Earth, Moscow) 
on the equilibrium of a crack under the application of a 
uniform longitudinal shear at infinity ın an elasto-plastic 
medium; the yield was determined by the Von Mises- 
Hencky theory. A full solution was obtained for both the 
pre-limiting and limiting stages of crack equilibrium and 
the results were compared with brittle fracture theory. 
It would seem that in the elasto-plastic theory it is 
impossible to decide whether crack propagation is un- 
stable at stresses higher than the limiting stress. 

In planning the sessions of specific geophysical interest, 
it was decided to consider deformations of progressively 
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greater period. Papers were presented by Prof. Anderson 
(Seismological Laboratory, Pasadena), Prof. Kovach 
(Stanford University) and Prof. Slichter (University of 
California, Los Angeles) on the observation of damping 
of seismic body-waves and free oscillations and their 
application in computing the specific dissipation function 
Q as a function of depth in the mantle. Prof. Orowan 
(Massachusetts Institute of Technology) reviewed. data on 
amplitude and frequency dependence of the damping 
of oscillatory motions in solids in the light of observations 
of Q for the mantle obtained by various methods. He 
emphasized the fact that distinct physical processes 
are thought to be involved in damping at seismic fre- 
quencies and in viscous creep, and it is difficult to derive 
from seismology information about the long-term response 
of the mantle to non-hydrostatic stress. 

Two papers by Jobert (Paris) and Melchoir (Brussels) 
described attempts to deduce the anelastic response of the 
upper mantle to oceanic tidal loads. Although regional 
differences have been detected which indicate non-elastic 
response of the crust, no data suitable for use in a model 
of upper mantle anelasticity have yet been obtained. 

Another set of papers concerned the process of isostatic 
adjustment. Prof. Bott (University of Durham) empha- 
sized the role of non-Newtonian effects accompanying 
adjustment, and Dr. Artyushkov (Institute of Physics of 
the Earth, Moscow) the great decrease of viscosity with 
depth in the outermost layers of the Earth. The latter 
can now be understood without direct appeal to partial 
melting in the upper mantle. Prof. V. Magnitsky (Institute 
of the Earth Sciences, Moscow) spoke of the possibility of 
accounting for the viscosities derived from post-glacial 
uplift theory in terms of a diffusional creep process. 
Dr. Crittenden (U.S. Geological Survey) described further 
data, on isostatic adjustment from Lake Bonneville and 
Glacier Bay, Alaska, and emphasized that the inhomo- 
geneity of the Earth with respect to viscosity could well 
explain the apparent permanence of certain topographic 
features and the disappearance of others. 

A session of papers on the theory of mantle convection 
was enlivened by a vigorously critical paper by Dr. 
Lyustikh (Institute of Physics of the Earth, Moscow) 
on the shortcomings of present theories of mantle convec- 
tion, and the evidence for continental drift. In particular, 
the simple assumptions that are made connecting surface 
topography and mantle convection were criticized and the 
blind use of spherical harmonics as an analytical tool 
was commented on. Prof. Knopoff (University of Cali- 
fornia, Los Angeles) described an investigation which 
he had made of the gravity field specifically associated 
with convection patterns. He concluded that there is 
general agreement on the magnitude of the observed 
departures of the geoid from a hydrostatic shape and 
those expected using the convection hypothesis. Prof. 
Orowan (Massachusetts Institute of Technology) de- 
scribed a theory which attempts to explain the arcuate 
form of certain island chains in terms of a redistribution 
of a sub-crustal flow and its associated stress system in the 
crust after an initial crustal fracture. An interesting 
feature of the theory is the use of the observations of 
hydrolytic weakening in serpentinite by Raleigh and 
Paterson to predict underthrusting by material on the 
upstream side of the fracture. If the flow of oceanic 
material towards continents is accepted, observed island 
structures in the Pacific basin are in significant agreement 
with this theory. Dr. Tozer (University of Newcastle 
upon Tyne) reported some model experiments on plane 
layers with internal heat generation. These show cellular 
flows at high values of the Rayleigh number that are greatly 
elongated in the horizontal direction. A ratio of horizontal 
to vertical length scales greater than five has been observed 
at values of the Rayleigh number of interest to mantle 
convection theorists. It was suggested that this feature 
overcomes objections that have been made to upper mantle 
conye¢tion on the grounds that the horizontal length scale 
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is insufficient to account for continental drift. Other 
convection papers were presented by Dr. Oxburgh 
(Oxford) and Prof. Bott (Durham), who has attempted 
to deduce the pattern of heat flow on the Earth’s external 
surface by a convection theory. He believes that a low heat 
on the flanks of oceanic ridges 18 a manifestation of non- 
Newtonian flow. D. C. TOZER 


RADIOSENSITIVITY AND REPAIR 


A MEETING to consider current ideas about the mechanisms 
of repair of radiation damage was convened at the Vienna 
headquarters of the International Atomic Energy Agency 
during April 18-22. 

The first session was devoted to repair at the chromo- 
some level. Dr. 5. Wolff (United States) reviewed evidence 
for the existence of repair mechanisms for radiation- 
induced chromosomal damage. It has been clearly 
established that metabolic and enzymatic activity is 
required for breakage and reunion, and evidence that 
proteins play an important part in the maintenance of 
chromosome integrity is increasing. Dr. J. R. K. Savage 
(United Kingdom), using data from fractionated dose 
experiments with Tradescantia, presented evidence that 
the initial decrease in exchange yield is consistent with 
the repair of partially damaged chromosome exchange 
sites to pre-irradiation sensitivity. The non-linearity of 
the X-ray dose-response curve for true chromatid dis- 
continuities, and its bearing on the exchange hypothesis, 
was discussed by Dr. 8. H. Revell (United Kingdom). 
Prof. H. J. Evans presented new data from dose frac- 
tionation effects in human leucocyte cultures, and 
challenged the classic breakage/reunion interpretation 
for chromosome aberrations. As an alternative hypo- 
thesis, he suggested that the observed changes are the 
result of ‘‘mis-repair’’. 

There is much evidence to indicate that some genetic 
mutations can also be repaired, and in the second session 
Prof. F. H. Sobels (The Netherlands) reported some 
contrasting processes of post-irradiation modifications 
of genetic damage in Drosophila. After irradiation under 
anoxic conditions, treatment with nitrogen favours 
repair in mature spermatozoa as compared with treatment 
with oxygen. Precisely the reverse situation is obtained 
in early spermatids, where repair is favoured by post- 
treatment with oxygen. In another paper on Drosophila, 
Dr. H. Traut (Federal Republic of Germany) concluded 
that differential radiosensitivity during gametogenesis 
ean be explained by metabolic repair of pre-mutational 
damage. Dr. S. Igali (Hungary) reported an antimuta- 
genic effect in the bacterium Æ. colt which occurred when 
homologous DNA extract was present in the medium 
during irradiation. 

In the third session, the various changes at the mole- 
cular level known to result in detectable mutation were 
summarized by Prof. M. Errera (Belgium), and he dis- 
cussed the processes of mutation reversion and suppression 
on the basis of what is known about amino-acid sequences 
in specific proteins. Because most of the detailed know- 
ledge of repair mechanisms has been derived from work 
with phages and bacteria, a number of the papers were 
concerned with this field. Dr. R. Devoret (France) 
reported some investigations of the effect of ultra-violet 
damage repair on the multiplication of phage A, and he 
showed that the ‘capacity’ of the cell to support phage 
growth was less affected by the ultra-violet damage of 
the phage-synthesizing bacterial structures than by 
bacterial repair processes, which modified indirectly 
the expression of the information content carried by the 
phage. The genetic and enzymatic control of radiation 
sensitivity in FE. colt formed the basis of a paper by Dr. 
A. Rorsch (The Netherlands). Five different classes of 
radiation-sensitive mutants are known, and these are 
associated with several different linkage groups on the 
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bacterial chromosome. He also reported details of a 
cell-free system for the demonstration of repair of ultra- 
violet-irradiated DNA in vitro. Dr. P. C. Hanawalt 
(United States) dealt with known repair/replication 
mechanisms in the bacterial genome. It is possible that 
some form of non-conservative DNA replication mech- 
anism has a necessary function ın the normal replication 
and transcription process, and that it may also function 
in the repair of a variety of defects in DNA. Repair of 
damage may also be related to the normal processes 
involved in genetic recombination, and this problem was 
reviewed by Dr. B. M. Wilkins (United Kingdom). 

- Prof. D. Shugar (Poland) outlined the fundamental 
chemical changes known to be induced by ultra-violet 
light in pyrimidino analogues and in model oligo- and 
polynucleotides. The processes involved in the reversal 
of a number of these changes are now well understood, 
and attempts may be made to relate them to photo- 
chemical transformations in nucleic acids. Dr. 5. Robev 
(Bulgaria) discussed X-ray damage to some informational 
micromolecules. Investigations of the formation, after 
irradiation, of a DNA/mRNA hybrid indicate a similar 
intrinsic radiosensitivity for both molecules, and it is 
possible to explain many apparent differences on the 
grounds of the number and rapid turnover of mRNA 
molecules. 

The last session of the panel took the form of a general 
discussion of some of the major topics which arose from 
the papers presented, and an attempt was made to inter- 
relate observations at the chromosomal, genetic and 
molecular levels. The first question to be considered was 
concerned with the nature of the basic lesions in nucleic 
acids brought about by ultra-violet light, ionizing radi- 
ation and chemical mutagens. Work using ultra-violet 
light forms the current basis for the interpretation of 
much of the radiation chemistry of nucleic acids, and the 
panel emphasized the importance of pursuing comparable 
investigations with ionizing radiations. 

The relative contributions of the various types of 
damage to such end-points as cell lethality and mutations 
were considered, and while some answers could be given 
for phages and bacteria, no assessment could be made 
for more complex systems. The panel then discussed 
known repair processes and how they operate. On almost 
all occasions, repair is of an enzymatic nature, and several 
genetic loci seem to be involved in its control. The DNA 
synthesis required in repair will occur in the absence of 
normal DNA replication. 

Much information has been obtained from investigations 
of the factors which influence repair mechanisms (for 
example, metabolic inhibitors). In some systems these 
factors act by preventing the formation of enzymes 
required for repair, although in most cases these enzymes 
are already present. There is also a possibility that some 
radioprotective agents may exert their effects by way of 
promoting repair, rather than by radical scavenging. 

The panel next examined models recently proposed 
for genetic recombination, and their possible relationships 
with known repair systems for irradiation damage. All 
these models involve single DNA molecules, and one of 
the major obstacles in any attempt to extend them to 
events at meiosis in higher organisms is an almost com- 
plete lack of information as to the fine structure of large 
chromosomes, which contain not only DNA but at least 
two types of protein and some RNA. There is increasing 
cytological evidence that such chromosomes are multi- 
strand, despite the fact that genetically they behavo 
like a single DNA molecule. 

Finally, consideration was given to radiation-induced 
achromatic chromosomal lesions (gaps) which appear to 
be completely reparable. Further progress in under- 
standing their nature requires biochemical investigation, 
and in particular, whether DNA loss is involved in their 
formation. Morton W. MILLER 

JOHN R. K. SAVAGE 
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OBITUARIES 


Dirk Brouwer 


Wıru the unexpecsed death of Dirk Brouwer on January 
31, 1966, the sub:ect of celestial mechanics suffered an 
irreparable loss. It 1s almost entirely due to Brouwer, 
directly or through his former students, that this mainly 
nineteenth-century discipline has been able to meet the 
quite incredible demands made upon it by recent space 
research. In addirion to his many contributions to what 
may be termed tre classical branch of the subject, he 
pioneered and daveloped the methods of numerical 
integration which must still be the mainstay of current 
orbital calculations for artificial satellites; and he gave a 
completely genera. solution, of great practical as well as 
theoretical interess, of the effect of the oblateness of the 
Earth on the motzons of satellites. Not content with his 
unique personal zontributions, he created in 1959 an 
annual series of summer institutes in dynamical astronomy, 
supported by the ational Science Foundation, from which 
have already come over 600 workers in this field, mainly 
in the space sciences. 

Brouwer was bcrn on September 1, 1902, in Rotterdam, 
and in due course studied mathematics and astronomy at 
Leiden, where he was greatly influenced by Willem de 
Sitter. After taking his doctorate (in celestial mechanics) 
he went to the United States in September 1927 with a 
post-doctoral fellcwship for study at the University of 
California at Berkeley, and later at Yale. He there became 
research assistant to E. W. Brown, and, remaining at 
Yale, became in turn professor, director of the University 
Observatory (in (941), chairman of the Department of 
Astronomy, and Miunson Professor (in 1944). He was to 
carry forward brilliantly the work of both his famous 
mentors and, moreover, to prove a worthy successor of 
Frank Schlesinger as director of the Observatory. Yale’s 
traditional observaticnal activity has been in the field of 
astrometry, partizularly in the construction of photo- 
graphic star catalogues and the derivation of proper mo- 
tions. Brouwer pursued this activity with characteristic 
thoroughness and vigour, both scientifically and adminis- 
tratively. He himself developed new techniques of 
observation and measurement, as well as pioneering the 
reference system of the minor planets. 

With his unique experience, Brouwer was in constant 
demand as chairman of or adviser to commissions and, 
more recently, to various ambitious projects. He served 
as President of Commissions 7 (Celestial Mechanics) and 
20 (Minor Planes) of the International Astronomical 
Union; and on meny special committees, such as those on 
astronomical conszants. He was editor of the Astronomical 
Journal from 194. and its rapid growth owes much to his 
influence. But, far from being overwhelmed by such 
administrative demands, he seemed to thrive on the 
additional work and responsibility. 

Probably the most significant of Brouwer’s many 
contributions to celestial mechanics are his work on 
planetary theory, using rectangular co-ordinates (1944); 
his discussion of tme secular variations in the solar system 
(1950); his share cf the numerical integration of the orbits 
of the five outer p.anets (1951); and the explanation of the 
“asteroid gaps” in the distribution of the minor planets 
(1963). But his werk on astronomical constants, stretching 
from his completion of de Sitter’s work in 1938 through 
the introduction >f Ephemeris Time (1960) to the IAU 
System of Astroromical Constants in 1964 must not be 
overlooked. 

Brouwer was a friendly and approachable man, willing 
at all times to discuss problems with his research associates 
and students, and capable of inspiring leadership; it is 
to be hoped that his monumental work at Yale can be 
continued, and sven expanded, to meet still further 
challenges from space research, for this is surely what he 
would have most-wished. D. H. SADLER 
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ORIGIN OF ANTIBODY VARIATION 
By Dr. S. BRENNER and Dr. C. MILSTEIN 


Medical Research Council Laboratory of Molecular Biology, Hills Road. Cambridge 


VARIATION of the structure of both x (refs. 1-3) and 
à (ref. 4) light chains of antibody molecules appears to 
be confined to the N-terminal halves of the proteins while 
the C-terminal sequences are invariant. All theories of 
the origin of the variation of antibody proteins must 
account for this remarkable structural feature of the 
molecules. Lederberg’ proposed that the variety of anti- 
bodies is a consequence of a high rate of mutation confined 
to a few genes in the somatic line of antibody producing 
cells. It is generally believed that hypermutation theories 
are unlikely to be correct because of the difficulty of 
defining a mechanism which operates only on part of a 
gene. The emphasis has therefore been placed on hypo- 
theses which realize the observed restriction of sequence 
changes by postulating genetic incorporation or poly- 
peptide fusion. Smithies? has proposed that the information 
specifying the variable region is carried by a virus which 
integrates into a gene determining the invariable region. 
In an analogous theory, Dreyer and Bennett’? suggest that 
the constant region is specified by a virus or episome which 
is incorporated into many different genetic sites. Another 
suggestion 1s that the two halves of the polypeptide 
chains may be independently synthesized and then jomed 
together by a peptide bond, perhaps by a specific enzyme®*, 
One may generalize these and other theories by saying 
that two fragments of (a) DNA, (b) RNA or (c) protein 
are jomed together to provide information for, or to make, 
the complete polypeptide chains. In addition, most of 
the mechanisms imply that many different genes will 
ultimately control the variable part of the antibody 
molecule. 

In this article we resurrect the hypermutation theory 
by suggesting a mechanism which allows the mutational 
acts to be restricted to specific regions of a few genes. In 
general terms, we propose that part of the nucleotide 
sequence of the gene specifying the invariable region acts 
as a recognition site for an enzyme which cuts the DNA. 
During repair of this local region errors are introduced at 
random at a high rate to generate a large number of 
different sequences. There are many variants of this 
general hypothesis, but it is useful to examine one in detail. 
This is shown in Fig. 1 where we consider a gene specifying 
one of the light chains. The messenger RNA carrying 
this information will be copied from one of the chains of 
DNA and will therefore have the same sequence as the 
complementary chain. The absolute polarity is given 
by the direction of translation of the messenger, that is, 
the 5° end corresponds to the N-terminal end of the 
polypeptide chain'-!3. We assume that a cleaving enzyme 
recognizes the nucleotide sequence on the DNA correspond- 
ing to part of the invariable sequence of the light chain 
near the variable region, and cuts one of the strands of the 
DNA, exposing a free 3’ end. An exonuclease then degrades 
the DNA, exposing a stretch of the complementary strand. 
The gap is then repaired by a polymerase and, during this 
repair, errors are introduced. These could be base pairing 
mistakes or additions or deletions. In this particular 
scheme, the trimming and repair are carried out by enzymes 
with the same mechanism of action as exonuclease ILI 
and DNA polymerase isolated from bacteria14~!*5, Enzymes 
with opposite polarity, trimming and repairing from the 
5’ end, have not yet been found. In the proposed mech- 
anism the right-hand end of the variable region is defin- 
itively fixed by the point of cleavage. We do not need to 
postulate a specific location for the left-hand end. For 


example, the polymerase may displace the exonuclease 
when enough single stranded DNA has been generated 
for it to bind sufficiently strongly to initiate repair. It is 
therefore possible that, on the average, the repaired 
length may only rarely include the extreme left-hand 
region, and this would be reflected in the clustering of 
errors towards the centre of the molecule. 

It is obvious that repeated repair of the region cannot 
in general lead to the accumulation of errors. Further- 
more, while the region cf the gene subject to repair corre- 
sponds to the N-terminal half of the protein, the DNA 
strand repaired is not the one which is copied into messen- 
ger RNA. Therefore, in order to express and stabilize the 
changes the cell must divide and the DNA must be repli- 
cated in the normal manner. One of the cells produced 
is like the original type, the other contains a mutant 
sequence. Repetition of the process could therefore 
generate a very large number of different sequences, but 
it is interesting to note that every sequence produced, 
including the primordiel one, is also conserved. Exactly 
how many division cycles are necessary to generate the 
deviations in sequence would depend on the mutagenic 
rate of the repair polymerase. 

The mutation process depends in the first instance on 
the presence of the cleaving enzyme, and both it and the 
polymerase may only be expressed at specific stages of 
the differentiation of antibody precursor cells. Further 
steps of differentiation could stop the sequence of events 
by destroying or inhibiting the cleaving and/or repair 
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SYNTHESIS OF EXCESS LIGHT CHAINS OF GAMMA GLOBULIN 
BY RABBIT LYMPH NODE CELLS 


By Dr. ARNOLD L. SHAPIRO*, Dr. MATTHEW D. SCHARFF}, Dr. J. V. MAIZELT, jun., me 
and Dr. J. W. UHR 


Departments of Cell Biology and Medicine, Albert Einstein College of Medicine, Bronx, New York, and the jevingvon: Hous 
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viously reduced samples'*. Electrophoresis of 0 3 il, 

samples was carried out on 5 per cent acrylamide gels for 
150 min at 4 V/em. The gels were then extruded! on to 
planchets which were dried and counted in a low back- 
ground gas flow counter (Nuclear Chicago model 1 050). 

The electrophcretic mobility of whole 7S gamma 
globulin, and of the component H and L chains, was 
determined by siaining electropherograms of puri ad 
proteins treated :n the same way as the cell lysates. 
Preliminary experiments confirmed that acetic: acid, | 
SDS, and urea cid not dissociate purified 7S gamma _ 
globulin whereas the addition of mercaptoethanol resulted 
in the complete dissociation into H and L chains‘? a8, 
Purified H and L chains were prepared by ‘Sephadex’ 
chromatography of gamma globulin reduced with ME 
in the presence of SDS and urea. 

An electrophercgram of the intracellular proteins syn- 
thesized by rabkit lymph node cells during the first 
30 min of exposure to carbon-14-labelled amino-acids is 
shown in Fig. 1. When the cell lysate was treated at low 
pH with SDS and urea but not mercaptoethanol (lower 
panel of Fig. 1), there was a large peak representing whole 
78 gamma globuln and a smaller peak the migration of 
which was identieal with that of L chains prepared by 
‘Sephadex’ chromatography. No H chains are detectable’ 
above the background radioactivity due to cellular 
proteins. In the presence of mercaptoethanol (upper 
panel, Fig. 1) the beak representing whole gamma globulin 
disappeared, the amount of material in the L chain area _ 
increased approximately two-fold, and a new p = 
intermediate migration appeared in the area whe 
chains were found on stained gels of ‘Sephadex’ pu rifi 

















various peaks (above the background of cellular proteins), 
mercaptoethanol releases about twice as much radio- 
activity into the H chain area as into the L chain area. 
‘This result is consistent with the fact that H chains are 
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Fig. 1. Acrylamide-gel electropherogram of a lymph node cell lysate 

affer 30 min exposure to carbon-14-labelled amino-acids. The lower 

panel presents the electrophoretic migration of the newly synthesized 

intracellular proteins before reduction with mercaptoethanol (— ME). 

In the upper panel, the same material has been treated with mereapto- 

ethanol (+ ME) to indicate where H and L chains migrate. The 
anode is on the right 
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Fig. 2. Electropherogram of the radioactive material released into the 
culture medium after incubation for 60 min with label 
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Fig. 3, Electropherogram of specifically and non-specifically precipitable 
material from radioactive cell lysates. The immune precipitates were 
dissociated with SDS, urea, and acetic acki but not with mercaptoethanol. 
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O- ©, Specific; @—@, non-specific 
about twice as large as L chains. Further, preferential 
labelling of either chain was unlikely since a mixture of 
carbon-14-labelled amino-acids was used as precursor. 

While, as shown by others", virtually no radioactivity 
was released from the cells into the medium in 30 min, 
after 60 min of incubation with carbon-14-labelled amino- 
acids both the whole gamma globulin and free L chains 
were found in the medium (Fig. 2). 

The rapidly migrating material found in the cells at 
30 min, and released into the medium by 60 min, had the 
electrophoretic mobility of L chains. In order to confirm 
the identity of this material, aliquots of the cell lysate 
were treated with either sheep anti-rabbit gamma globulin 
and unlabelled rabbit gamma globulin to coprecipitate 
newly synthesized gamma globulin, or with egg albumen 
and sheep anti-egg albumen as a control for non-specific 
coprecipitation**. The immune precipitates were treated 
with acetic acid, SDS, and urea, and analysed electro- 
phoretically for radioactive material. As shown in Fig. 3, 
both whole gamma globulin, and the material which 
migrates as free L chains, were specifically precipitated. 

The present experiments show that cells taken from 
lymph nodes of hyperimmunized rabbits 6-8 days after 
secondary stimulation synthesize and secrete excess 
free L chains. The absence of detectable amounts of H 
chains not associated with whole gamma globulin in 
solubilized whole cells suggests that the free L chains 
are synthesized de novo and are not the result of degrada- 
tion of whole gamma globulin. Furthermore, under the 
immunization conditions of these experiments, the number 
of 7S gamma globulin molecules would seem to be limited 
by the number of H chains produced. Similar results 
have been obtained with cells from a limited number of 
animals 90 days after immunization. Preliminary experi- 
ments on cells from animals 3 days after secondary 
stimulation show a more complicated electropherogram 
perhaps related to the formation of 19S gamma globulin. 

At a cellular level, the production of excess L chains 
could be due to either the synthesis of only L chains by 
some cells while others make equimolar amounts of both 
polypeptide chains or to the synthesis of more L than H 
chains by all cells. The latter possibility seems more 
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likely, Since Bernier and Cebra have presented immuno- 
fluorescent evidence that in humans all gamma globulin 
producing cells contain both types of polypeptide chains’. 

It is not known whether the synthesis of excess L chains 
is determined at the level of the DNA, the synthesis of 
messenger RNA (transcription), or the reading of the 
messenger (translation). However, the observed synthesis 
of approximately twice as many of the smaller L chains 
as H chains would occur if there were equal numbers of 
H and L chain cistrons which were transcribed and trans- 
lated at the same rate. In such circumstances, the syn- 
thesis of excess L chams might be more economical for 
the cell than the differentia] modulation of either the rate 
of synthesis or reading of the messenger RNAs for the 
two polypeptide chains. 

This work was supported by grants from the National 
Science Foundation, the U.S. Public Health Service 
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AN ESTIMATE OF THE NUMBER OF ADENOSINE DIPHOSPHATE BINDING 
SITES ON HUMAN PLATELETS 


By Dr. J. R. HAMPTON and Dr, J. R. A. MITCHELL 


Department of the Regius Professor of Medicine, Radcliffe Inirmary, Oxford 


Tse surface charge on human, platelets can be estimated 
from their electrophoretic mobility, and we have found 
that this mobility can be changed in two different ways. 
First, the electrophoretic mobility of platelets handled in 
siliconized containers is greater than it is after contact 
with a glass surface, and this change is probably due to the 
removal of adenosine diphosphate (ADP) from the platelet 
surface’. Secondly, charge can be changed by substances 
known to cause platelet aggregation, which ın low con- 
centrations increase mobility, and in higher concentrations 
cause a decrease in mobility?. We have suggested that the 
increase in mobility is due to the adsorption of ADP 
molecules by the platelet surface: because ADP is nega- 
tively charged lke the platelet, the overall negative 
charge is increased. There are some differences between 
the actions of ADP and noradrenaline? and we have 
suggested that noradrenaline acts by causing the release 
of ADP from within the platelet on to its surface. We have 
also shown, that in acute illnesses the sensitivity of the 
platelets to ADP and noradrenaline, as measured by the 
concentrations required to induce the maximum increase 
in, mobility, is increased up to a hundred-fold*. In acute 
illnesses the sensitivity to ADP and noradrenaline changes 
in parallel, while in some patients with crterial disease, 
and in patients with hypercholesterolaemia there is a 
dissociation, in sensitivity to these agents (unpublished 
observations). 

In each of these situations there would seem to be a 
maximum platelet mobility: in the presence of higher 
concentrations of aggregating agents than induce this 
maximum there is a decrease in mobility. If the difference 
in platelet mobility between the basal post-contact state 
and the state of maximum mobility is due to the ad- 
sorption of ADP on to the platelet surface, then the 
difference in charge between the two states represents the 
charge carried by the adsorbed ADP molecules. An 
estimate of the number of molecules of ADP which each 
platelet can adsorb can therefore be made. 

It is first necessary to show that there is a finite maxi- 
mum platelet mobility: 

(1) The relationship between the glass-contact effect and 
the increase in mobility induced by aggregating agents. The 
platelet mobility in thirteen subjects was measured 
before and after contact with a non-siliconized 
surface, and then the response to 0-005, 0-05 an 
of ADP was measured. The mea 








was 1-19 p/sec/V/cm and the mean post-contact mobility 
was 1:08 u/sec/V'em. After 10 min incubation with 
0-05 pg/ml. of ADE, which was the concentration inducing 
the maximum increase in mobility in each patient, the 
mean mobility was the same as in the pre-contact state 
(1-19 w/sec/V/cem). 

In, twelve other subjects the pre- and post-contact 
mobilities were maasured, and then the effect of three 
concentrations of noradrenaline was determined: in each 
patient the maximam increase in mobility was shown to be 
induced by 0-05 pg/ml. of noradrenaline. The mean pre- 
contact mobility was 1-15 and the mean post-contact 
mobility 1-05 u/sec/V/em. After incubation with nor- 
adrenaline 0-05 ugaml., the mobility was the same as in the 
pre-contact state, 1-15 u/sec/V/cem. 

It would seem, therefore, thet the pre-contact mobility 
is the same as the maximum mobility which can be induced 
by ADP or noradrenaline. 

(2) The maximun increase in mobility induced by ADP 
and noradrenaline; 

(a) The normal response. The response of platelet 
mobility to 0-05 pg/ml. of both ADP and noredrenaline 
was measured in seventeen normal subjects. The mean 
post-contact mobiity was 1-07 u/sec/V/em; after incuba- 
tion with 0-05 ug/ml. ADP or of noradrenaline the mean 
mobility was 1:15 s/sec/V/cem with each agent. In normal 
subjects the maximum increase in mobility is therefore 
the same whether is is induced by ADP or bynoradrenaline. 

(b) The abnormalresponse in acute illnesses. Five patients 
admitted for eleczive surgery were investigated before 
operation and at intervals afterwards. Before the oper- 
ation the platelet sensitivity was the same as that of the 
normal group of subjects, the maxymum increase in 
mobility being incuced by 005 pg/ml. of ADP or nor- 
adrenaline. In eazh patient the sensitivity to ADP and 
noradrenaline increased in parallel after the operation, 
and on the second Jay the maximum increase was induced 
by 0:005 ug/ml. of ADP or noradrenaline. Before operation 
the mean post-ecatact mobility was 1:05 u/sec/V/em; 
after incubation vith either ADP or with noradrenaline 
the mean mobility was 1-14 p/sec/V/em. On the second 
post-operative dar the mean post-contact mobility was 
sec/V/em; she mean maximum mobility induced 
was 1-17 and the mean maximum induced by 
es 1:16 w/sec/V/em. Thus, whatever 
P or noradrenaline induces the 
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maximum increase in mobility, this final mobility is the 
same with both ADP and noradrenaline. 

_ Four patients with acute myocardial infarctions were 
investigated serially : in each case, 24 h after the infarction 
the maximum increase in mobility was induced by 0-0005 
ug/ml. of ADP. After a variable time each returned to 
normal sensitivity, the maximum increase being induced 
by 0-05 ug/ml. The post-contact mobilities in the ab- 
normal and normal states of sensitivity were identical 
(1-05 u/sec/V/om) and the maximum mobility induced by 
ADP was 1:16 u/sec/V/em at the time of abnormal sensi- 
tivity, and 1-15 p/sec/V/em at the time of normal sensi- 
tivity. Whatever the sensitivity of the platelets the 
maximum mobility is not significantly changed. 

(3) Differential sensitivity to ADP and noradrenaline. 
Twelve patients with either hypercholesterolaemia or 
obliterative arterial disease were found to have a dissocia- 
tion of their dose-response curves to ADP and nor- 
adrenaline: the maximum increase in mobility was induced 
by 0-005 ug/ml. of ADP and 0-05 ug/ml. of noradrenaline. 
The mean post-contact mobility of these patients was 
1-09 p/sec/V/om; with 0-005 pg/ml. of ADP the mobility 
was 1-17 u/sec/V/em, and with 0-05 ug/ml. of noradrenaline 
the mobility was also 1-17 p/sec/V/em. Here again, there 
is evidence that for a given group of patients, irrespective 
of the concentration of agents which induce the maximum 
mobility, this maximum mobility is the same. 

Maximum increase in mobility. From these results we 
conclude that the state of maximum mobility is an entity: 
it can be produced in a variety of ways in different subjects 
and yet it has the same magnitude in any given group of 
subjects, however it is induced. 

The platelets of twenty normal subjects were therefore 
tested with three concentrations of ADP and the maximum 
increase in mobility was shown to be induced by 0-05 
ug/ml. The mean post-contact mobility was 1-06 u/sec/ 
V/cm andthemean maximum mobility was 1-16 /sec/V/em, 
giving a difference of 0-10 u/sec/V/em. If this change in 
mobility were due to the adsorption of ADP molecules, 
it would represent a calculable change in surface charge, 
and could therefore give a quantitative estimate of the 
ADP binding. 

Calculation of platelet surface charge. 
charge density, c, on the platelet can be calculated from 
its electrophoretic mobility using the Gouy-Chapman 
equation’: 


l +(1-«)t a + Iisi of] 
| (1-0) | iamo F sin h | oom 


where « represents the fraction of space on the platelet 
surface not available for counter ions’. When «=1 the 
Gouy-Chapman equation is obeyed; when a=0 the 
actual surface charge density will be twice that calculated 
from the Gouy-Chapman equation. The value of « for 
platelets is not known, but because this correction should 
apply equally to the platelet in its post-contact state and 
in the state of maximum charge, 1t has been omitted. The 
remainder of the factors in the Gouy-Chapman equation 
aro known or measurable constants: N is Avogadro’s 
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number; D is the dielectric constant of the medium; K 
is Boltzman’s entropy constant; T is the absolute tem- 
perature; e is the electronic charge; J is the ionic strength 
of the medium and Z is the zeta potential of the platelet 
calculated by the Smoluchowski equation: 


Z= Th u 


where ņ is the bulk phase viscosity, D the dielectric 
constant of the medium, and u the electrophoretic mobility 
of the platelet. As with Haydon’s modification, any 
invalid assumption used in the estimation of any of these 
factors should apply equally to the platelet in both 
mobility states, and should not materially affect the 
calculation of the difference in charge density in the two 
states. 

The surface charge density of the post-contact platelet 
as calculated from this formula is 4,620 =.s.c./em? and of 
the maximally charged platelet 5,050 E.s.u./em?: the 
difference in charge between the two states is thus 430 
#.8.U./em*. If the mean platelet surface area is taken to 
be 28-3 u? (ref. 7), then the mean charge per platelet can 
be determined; from this the number of “free electrons” 
per platelet is calculated by dividing by 4:8 x 10-*° 
(the charge per electron in E.S.U.). 

If ADP molecules are attached to the platelet by their 
adenine rings? and if three negative charges of each mole- 
cule are available to influence the net negative charge on 
the platelet, then the number of ADP molecules attached 
is equal to the change in the number of free electrons on 
the platelet surface divided by 3. Using the results we 
have obtained, the number of ADP molecules which would 
change the mobility of a single platelet from the post- 
contact state to the maximally charged state is 0-85 x 105; 
as no further imerease in mobility can be produced this 
probably represents the maximum number of sites at 
which ADP molecules can be bound. 

In these calculations we have made no correction for 
the electrical double layer and we have, of course, assumed 
that the change in mobility is entirely due to a change in 
surface charge. Although aggregating agents can change 
platelet shape? we are unable to account for the pattern 
of mobility changes which we have observed in terms of 
platelet shape or size, nor are the biphasic changes due 
to the aggregation process itself. Moreover, despite all 
the assumptions we have had to make, our estimate of 
0-85 x 105 ADP binding sites per platelet is in remarkable 
agreement with the value of 2 x 105 sites per platelet 
obtained by Born?!’ using an entirely different approach. 
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PRODUCTION OF HAPTEN-SPECIFIC DELAYED SENSITIVITY WITH LOW 
MOLECULAR WEIGHT CONJUGATES 


By Dr. SIDNEY LESKOWITZ and SOLOMON J. ZAK* 


Massachusetts General Hospital and Department of Bacteriology and Immunology, Harvard Medical School, Boston, Massachusetts 


Two necessary conditions are required for the demon- 
stration of hapten-specific delayed hypersensitivity: 
a carrier which will direct the ensuing response im 
hapten and a hapten which can by itself provide 
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sary interactive force with the delayed sensitivity moiety. 
Several properties of effective carrers have been investi- 
gated!, and in general it has been found that they are 
oor antigens with respect to antibody production. The 

haracteristics of a hapten capable of inducing 
7 layed sensitivity have been under 
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Fig. 2. Elution profile of microsomal mouse liver RNA after pulse 

labelling with carbon-14 labelled orotic acid. Open circles represent ab- 

sorbaney, closed circles and dotted hne the radioactivity after the 
1-h pulse, closed circles and solid line after the 2-h pulse 


To determine the quantity of 5S RNA on the ribosomes, 
ribosomal and microsomal rat liver RNA were fractionated 
on ‘Sephadex G-100’ and the total absorbancies of the 
three peaks at 260 my calculated. Two different con- 
centrations of magnesium ions (0-001 M and 0:015 M 
magnesium chloride) were used in the sucrose media for 
isolation, of ribosomes to ascertain whether the binding 
of 5S RNA to the ribosomes ıs dependent on magnesium 
ions. It was found that the 55 peak contained 1 per cent 
as much RNA as the high-molecular-weight RNA peak 
and that this relationship did not change with different 
concentrations of magnesium ions. Also, the relative 
amounts of 5S and ribosomal RNA were the same when 
RNA was extracted from ribosomes, microsomes, or whole 
cytoplasm. The amount of 4S RNA. changed at different 
concentrations of magnesium ion from 1 per cent for 
ribosomes isolated in 0:001 M magnesium chloride to 
2 per cent for ribosomes isolated in 0-015 M magnesium 
chloride, and was 3—4 per cent in the microsomal RNA. 
These results show that 5S RNA is a more stable com- 
ponent of the ribosomes than 45 RNA, and that 5S 
RNA is not contained in the membranes of the endoplasmic 
reticulum. 

If we assume that the molecular weight of the RNA in 
one ribosome ıs 2°3—2-6x'10® (ref. 12) and the molecular 
weights of 5S and 45 RNA are 35,000 and 28,000 rospec- 
tively, then we find that each ribosome contains 1-1 
(+ 0:1) molecule of 5S RNA and from one to three 
molecules of 48 RNA depending on the experimental 
conditions. This is in agreement with the data of Rosset 
et al. and supports the idea that 5S RNA may be a 
structural component of the ribosomes. 

5S RNA is not produced by the degradation of RNA 
of higher molecular weight during extraction for the 
following reasons: (1) The amount of 5S RNA is indepen- 
dent of the experimental conditions of extraction or frac- 
tionation of RNA. (2) When ribosomes were dialysed 
against 0-01 M EDTA and then applied to a ‘Sephadex 
G-100’ column, some 5S RNA eluted soparately from the 
ribosome peak; in this case no phenol extraction pro- 
cedure was used. 

To determine the rate of metabolism of 5S RNA, the 
labelling pattern of microsomal RNA 1 h, 2 h, and 4 h 
after injection of orotic acid labelled with carbon-14 in 
(6) position (30 mc./mmole) was investigated. Each mouse 
was injected intraperitoneally with 50 uc. for the l-h 
pulse, and 30 ue. for tho 2- and 4-h pulses. The extracted 
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RNA was purified oa ‘Sephadex G-25’, and fractionated 
on a ‘Sephadex G-190’ column. The specific activity of 
5S RNA was sunilar to that of the high-molecular-weight 
RNA whereas the specific activity of 4S RNA was about 
twice as high at 1 ard 2h (Fig. 2). The same pattern of 
spocifie activity was found even at 4h. This result rules 
out the possibility that 59 RNA is a precursor of 4S RNA, 
but suggests that 5S RNA is synthesized at the same rate 
as the two structural RNA compononts of the ribosomes. 

The abihty of 4S and 5S RNA to accept amino-acids 
was compared in vro and in vivo. The procedure for 
in vitro acylation o? Wettstein and Noll!® was followed 
using carbon-14-labelled protem hydrolysate from Chlo- 
rella. Under conditions in which 4S RNA actively in- 
corporated labelled emino-acids in vitro, 5S RNA accepted 
no label. 2 h after intraperitoneal imjection of labelled 
amino-acids into mise, detectable radioactivity appeared 
in 48 RNA, but notin 5S RNA. 

The nucleotide composition of RNA fractions from rat 
liver was determined after alkaline hydrolysis by the 
method of Katz and Comb! The mole percentages 
uridine, guanine, cytosine and adenine in 5S RNA were 
21-6, 33:2, 27-1, and 18-1 respectively, and in transfor 
RNA, 21-0, 30-8, 28 7, and 19-5. The quantity of methy- 
lated bases and pseudouridylic acid in 4 and 5S RNA 
wes examined according to the method of Cantoni et al.. 
4S RNA contamed about 3 per cent methylated nucleo- 
tides and 4 per cemt pseudouridylic acid as reported by 
Cantoni ef al.5. On_y traces of methyleytidylic acid were 
found in 58 RNA and the pseudouridylic acid content 
was 0-3 per cent. 

To confirm these- findings 50 uc. of carbon-14-methyl 
methionine (29-5 xac./mmole) were injected intraperi- 
toneally into each mouse and microsomal RNA from the 
livers was extracted 24 h later. As can be seen from Fig. 3, 
practically no incorporation of methyl groups wes found 
in 5S RNA, whereas 4S RNA was labelled. To prove 
that the counts represented methylation of the nucleo- 
tides, carbon-14-methyl methionine-labelled high-mole- 
cular-weight RNA and 4S RNA were subjected to alkaline 
hydrolysis after tha addition of carrier RNA, and the 
hydrolysates were examined for methylated nucleotides. 
The label in 48 RNA was recovered in the elution regions 
for methylated nucleotides whereas the label in high 
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Fig. 3. Elution profim of mouse liver RNA soluble in 1 M sodium 
chloride after a 24-h pulse of carbon-i4-methy!l methionine. Open circles 
represent arsorbancy and closed circles the c.p m. 
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molecular-weight RNA did not represent methylation of 
nucleotides and was attributed to the poor deproteiniza- 
tion of this RNA. 

Thus, although the base composition of 5S RNA was 
closely similar to that of 4S RNA, significant differences 
between the two RNAs were found so that 59 RNA 
cannot be a product of aggregation of 4S RNA. 

The melting curve of 5S RNA was compared with that 
of 45 and high-molecular-weight ribosomal RNA (Fig. 4). 
In 0-15 M sodium chloride and 0-015 M sodium citrate 
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Fig 4. Melting curves of 5S RNA (solid line), 4S RNA (dashed line), 
and high-molecalar-weight ribosomal RNA (dotted lme) in 0 15 M sodium 
chloride plus 0:015 M sodium citrate buffer, pH 7:4 
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buffer, pH 7-4, the total hyperchromicity of 45 and 5S 
RNA 1s similar. This suggests that they possess the same 
degree of ordered secondary structure. However, the 
Tm of 48 RNA is 49° C, compared with 55° C for 5S RNA, 
and at 37° C the 4S RNA has melted significantly more 
than the 5S RNA. These differences could result from the 
presence of fewer minor bases in 5S RNA and from varia- 
tion in sequence of bases. 

The mammalian 5S RNA described here resembles the 
fraction found by Galibert et al.? in its presence on the 
ribosomes, its lack of acceptance of amino-acids, its 
gel-filtration properties on ‘Sephadex G-100’ and its 
chromatographic proporties on MAK columns. Our data 
on its behaviour during agar electrophoresis, its S value, 
Tm, more stable binding to the ribosomes, and rate of 
synthesis, further distinguish 5S from 4S RNA. We 
suggest that 5S RNA may be a structural component of 
the ribosomes. Further experiments are in progress to 
elucidate the biological significance of 5S RNA. 

We thank Dr. A. Morosko for performing the analytical 


ultracentrifugation and E. Horoshutina for her excellent 
assistance. 
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‘ INFECTION OF THYMIDINE KINASE-DEFICIENT BHK CELLS WITH 
POLYOMA VIRUS 


By Dr. JOHN W. LITTLEFIELD* and Dr. CLAUDIO BASILICO 


International Laboratory of Genetics and Biophysics, Naples 


BIOCHEMICAL variants occur in heteroploid mammalian 
cell cultures, but have not been described in cultures of 
diploid human fibroblasts. They do occur in the BHK 
21/13 line of hamster cells', which is also primarily diploid?. 
A BHK 21/13 variant deficient in thymidine kinase would 
be useful for various genetic studies, as have been kinase- 
deficient L cell variants?*. In particular we wondered if 
infection of such cells with polyoma virus would cause: 
(1) a generalized transient increase in kinase activity— 
as occurs in mouse kidney! and mouse embryo’ cultures; 
(2) occasionally the permanent acquisition of the enzyme 
in a transformed cell through integration of the viral 
genome; (3) derepression or reverse mutation in the host 
cell genome; (4) transduction. 

Thymidine kinase-deficient cells are unable to phos- 
phorylate 5-bromodeoxyuridine, and therefore are pro- 
tected against the lethal effect of the incorporation of this 
analogue into DNA. The kinase-deficient L cell sub-lines 
were selected by virtue of their resistance to 5-bromo- 
deoxyuridine; however, it was not possible to isolate 
resistant cells directly as clones and the selection took a 
considerable time®*, For the present experiments BAK 
21/13 cells, kindly suppled by Prof. M. Stoker, were 
grown in Eagle’s medium containing four times the usual 

* Present address: Massachusetts General Hospital, Boston, Massachusetts. 


concentration of amino-acids and vitamins and supple- 
mented with either 10 per cent calf serum for routine 
maintenance or 20 per cent foetal calf serum for cloning 
experiments. To determine the sensitivity of this lne 
to 5-bromodeoxyuridine, 200 cells were plated in Petri 
dishes containing medium with various concentrations 
of the analogue. Compared with untreated cells, the 
survival was 97 per cent at 0-04 ug/ml., 43 per cent at 
0-12 ug/ml., 9 per cent at 0-37 ug/ml., and 0 at 1-1 pg/ml. 
Then 100-mm dishes containing only 5 x 10* cells were 
exposed to concentrations of 5-bromodeoxyuridine some- 
what greater than 1-1 ug/ml., as it was expected that a 
larger number of sensitive cells would inhibit the growth 
of any partially resistant variants*. After 10 days there 
were about twenty colonies in each dish containing 3°3 
ug/ml. Cells from these colonies were exposed to 30 ug 
of 5-bromodeoxyuridine/ml., in order to select highly 
resistant variants. A similar number of colonies appeared, 
two of which were isolated and enlarged into sub-lines 
designated B1 and B2. 

These sub-lines have remained highly resistant to 
5-bromodeoxyuridine. For example, the plating efficiency 
(without feeder cells) of B1 cells was 32 per cent in the 
absence or presence of 30 ug of 5-bromodeoxyuridine/ml., 
and 29 per cent with somewhat smaller colonies in 300 
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ug/ml. Cells of both sub-lines align themselves in parallel 
fashion when confluent like BHK 21/13 cells. They 
grow more slowly than BHK 21/13 (generation time about 
15 h for B1). Preliminary studies suggest that each sub- 
line has lost two or three chromosomes, and detailed 
karyotype analyses are in progress. As expected, extracts 
of Bi and B2 cells contained very little thymidine kinase 
activity (Table 1). For these determinations it was 
important to use 2-day-old cultures containing not more 
than 1:5 x 10° cells in each 100-mm Petri dish, as kinase 
activity decreases markedly in crowded cultures. 


Table 1. THYMIDINE KINASE ACTIVITIES OF BHK SuB-LINES 


Bumoles/10* 

Sub-line celis/10 min Per cent 
BHK 21/18 786 100 
B1 240 3°0 

13°0 1-6 
Txil 11°3 14 
Tx § 14-3 18 
BIRI 491 62 
B1R2 499 63 


The values represent the uumoles of thymidine-2-"C phosphorylated in 
10 min at 37° O by the extract of 10* cells, assayed ın duplicate and corrected 
for a blank reaction mixture from which ATP was omitted, as previously 
described (ref. 9). Bl and B2 are the 5-bromodeoxyuridine-resistant sub- 
lines; 7 xl and 7x5 are polyoma virus-transformed sub-lines of Bl; and 
nln tas B1R2 are aminopterin-resistant revertants isolated from the B1 
sub-line, 


The deficiency of kinase is reflected in the low rate of 
incorporation of thymidine-2-C into the DNA of growing 
Bl and B2 cells (Table 2). If the incorporation were 
increased during the hours following infection with 
polyoma virus, this would suggest an increase in kinase. 
B1 cells were infected with a small plaque type of polyoma 
virus (2 x 10° P.¥.u./cell), and at the end of the virus 
adsorption period (1 h) medium containing thymidine-2- 
uC was added, Twenty-four hours later the incorpora- 
tion of thymidine-2-“C into DNA was determined as 
previously described?®, and compared with that into 
uninfected control cultures. Likewise, B2 cells were 
infected with a large plaque virus (2 x 10? P.¥.v./cell), 
and then exposed to thymidine-2-4C for 48 h. In neither 
of these experiments was the incorporation of thymidine- 
2-4C into DNA increased after infection (Table 2). The 
same preparation of small plaque virus (grown in mouse 
kidney cells) had been shown to induce a twelve-fold 
increase in kinase in confluent mouse kidney cultures 
24 h after infection. 


Table 2. THYMIDINE-2-"“C INCORPORATION INTO DNA OF BHE Sup-tines 


mymotles/10* 

Sub-line cells/24 h Per cent 
BHE 21/13 148 100 
Bl 0°74 5-0 
B2 1:0 68 
B1 after infection 0 60 4+] 
B? after infection 0 82 55 
ie ae 0 89 60 
Tx 2 0-85 57 
Tx 3 0-81 55 
Tx5 065 4-4 


Actively growing cultures containing not more than 3x 10* cells/85 mm 
Petri dish were exposed for 24 or 48 h to medium containing thymidine-2-"4C 
(4x 10- M, 25 uc /umole), and then analysed as described previously (ref 
10). The values represent the mumoles of thymidine-2-4C incorporated into 
DNA ın 24h by 10° cells, corrected for the incorporation into control cultures 
held at 4° C Certain cultures were infected with polyoma virus before the 
addition of thymidine-2-™"C, as described in the text Txi, 7x2,7 x3, and 
Tx are polyoma virus-transformed sub-lines of £1. 
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It was important to know if the kinase-deficient cells 
could be transformed. with polyoma virus-hke BHK 21/13 
cells. The ability of cells to grow in Eagle's medium 
containing 10 per cent calf serum, 2 per cent tryptose 
phosphate broth, and 0°34 per cent agar was used as the 
criterion of transformation. None of 3:3 x 10‘ B1 cells 
and 0-05 per cent af B2 cells was able to grow in this 
medium (Table 3). Under standard techniques of 
infection!?#3, B1 cells seemed normally susceptible to 
transformation, while B2 cells were less so. Thus in one 
experiment 4'4 per cent of B1 cells were transformed after 
infection, and in another experiment only 0-25 per cent 
of B2 cells were trarcsformed (Table 3). 

Four transformed B1 colonies (Tx 1, 7x2, [x3 and 
T x 5) were isolated during Experiment 1 of Table 3. 
These cells showed the random orientation in culture 
described for transformed cells’. They incorporated 
thymidine-2-“C at the same low rate as untreated 61 
cells (Table 2), and extracts of two of these transformed 
sub-lines contained no more kinase activity than extracts 
of Bl cells (Table 1). These experiments indicated that 
transformation was not regularly accompanied by perman- 
ent acquisition of the enzyme. 

To determine if polyoma virus caused the acquisition 
of the kinase in an occasional cell, it was possible to take 
advantage of the fact that kinase-deficient cells, such as 
B1 and B2, cannot survive in medium containing 10 M 
aminopterin, 4 x 10° M thymidine, 10-4 M hypoxanthine, 
and 10- M glycine®. The endogenous synthesis of thym- 
idylic acid is blocked by aminopterin, and thymidine in 
the medium can be utilized only by cells containing thym- 
idine kinase. Normal or transformed BHK 21/13 cells 
show the usual plazing efficiency in this medium (30-40 
per cent), alone or in the presence of many killed B1 or 
B2 cells. Similarly transformed BHK 21/13 cells plate 
with the same efficiency in 0-34 per cent agar medium or 
in 0-34 per cent agar medium containing aminopterin, 
thymidine, hypoxanthine, and glycine. However, when 
B1 or B2 cells were infected with polyoma virus and 24 h 
later plated into this medium, no colonies appeared 
(Table 3). Thus none of the cells transformed had 
acquired the enzyme. Tt is likely that regain of one-half 
(see below), or perhaps less’, of the usual thymidine 
kinase activity/cell would have permitted survival in this 
medium. 

In other experiments (last 2 columns of Table 3) mono- 
layer cultures containing even larger numbers of B1 or 
B2 cells were infected with polyoma virus, and amino- 
pterin, thymidine, hypoxanthine, and glycine added to 
the medium after £4 h (Experiments 1, 2 and 4) or 48 h 
{Experiment 3). The cultures were re-fed with the selec- 
tive medium once or twice, and colonies scored about 10 
days after infection. In these experiments colonies 
occurred at about tne same low frequency in both infected 
and control cultures (Table 3), indicating that infection 
had not led to the acquisition of the enzyme in even a 
rare cell, 

None of these aminopterin-resistant colonies appeared 
morphologically tc be transformed. Presumably they 


Table 3. FREQUENCIES OF TRANSFORMATION AND REVERSION IN BHE SvuB-LINES INFECTED WITH POLYOMA VIRUS 


Multipheity 
Expt. Sub-hne of infection Normal agar medium 
(v.F.0 /cell) 
No. of cells No. of colonies 
(1) Bl 0 383x104 0 
10? 15x 10% 666 
(2) Bl 0 saa pis 
33x10? ee ~e 
(3) Bi 0 ain eee 
10° a —- 
(4) B2 0 7x 104 35 
16? 8 x 104 229 
(5) Txi wae oa 2 
Tx — nse ~_ 


Aminopterin agar medium Amiopterin fluid medium 


No. of cells No. of colonies No. of cells No of colonies 

12x108 0 12x 108 0 
— — 3 4x 107 3 

— — 40x10 Q 

— — 17x10 12 

— — 13x10 15 

2a = 5°6 x 107 1 

8 x 10% 0 3-2 x10? 2 
— — 107 2 

— — 107 2 


See text for details For the experiments with agar medium, the number of cells indicated was plated into agar ın several dishes 24 h after infection. 
For the experiments with fluid medium, monolayer cultures containing up to 10° cells/100-mm Petri dish were made 24 h before infection, and the number of 
cells given ıs an estimate of those present when aminopterin was added. Small plaque polyoma virus was used in experiments 1 and 2, and large plaque 
virus in experiments 3 and 4. The cells were infected in suspension in experiment 1, and otherwise ın monolayer. In all cases virus adsorption was carried 


out for 1h at 37° C. 
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represent revertant cells in the B1 and B2 sub-lines, such 
as occur in kinase-deficient L cells’. Extracts of cells 
grown from two of these colonies were found to contain 
62 per cent and 63 per cent of the kinase activity of 
BAK 21/13 cells (Table 1). 

The overall frequency of revertants in B1 cultures was 
8 x 10-8, and that in B2 cultures and two transformed 
B1 sub-lines was much the same (Table 3). To remove 
revertants, the cells used in Experiments 2 and 3 of 
Table 3 had been treated with 30 ug of 5-bromodeoxy- 
uridine/ml. up to 5 and 15 days, respectively, before 
exposure to aminopterin during the experiments. From 
the reversion frequencies in these and two other experi- 
ments and the generation time of B1 cells it is possible to 
estimate’* that the reversion rate is about 10-*/cell/ 
generation (range 0-1-2-0 x 10-7). 

The findings of these investigations indicate that variant 
cells markedly deficient in thymidine kinase activity can 
be isolated from the BHK 21/18 line of hamster fibro- 
blasts. They were obtained by a stepwise procedure in 
which clones partially resistant to 5-bromodeoxyuridine 
were selected from the BHK 21/13 culture, and then 
markedly resistant clones selected from the partially 
resistant cultures. Infection of kinase-deficient cells with 
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polyoma, virus does not seem to cause an initial increase in 
kinase, as occurs during the lytic cycle in mouse embryo 
and mouse kidney cultures. The enzyme-deficient cells 
can be transformed with polyoma virus. Kinase is not 
permanently acquired by even a rare (10-7) infected or 
transformed cell. 

This work was supported by the U.S. Public Health 
Service and the John Simon Guggenheim Foundation. 
One of us (J. W. L.) thanks Dr. G. di Mayorca and Prof. 
A. Buzzati-Traverso for advice, facilities and hospitality. 
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MECHANISM OF ACTION OF BOVINE PANCREATIC RIBONUCLEASE 
By Dr. A. DEAVIN, Dr. A. P. MATHIAS and Dr. B. R. RABIN 


Department of Biochemistry, University College, London 


RIBONUCLEASE has been shown to catalyse the hydrolysis 
of substrates of the type (I) in a two-step reaction in- 
volving the intermediate formation of a cyclic phosphate 
(LI) (Fig. 1). 

For substrates of low molecular weight and RNA, 
but apparently not for some homopolynucleotides, B 
must be a pyrimidine’. From an investigation of the 
kinetics of step 2 in a variety of solvents it was concluded 
that two histidine residues, one as an acid and the other 
as a base, form part of the active site of the enzyme*’. 
Jodoacetate, but not iodoacetamide, inhibits the mono- 
meric enzyme at pH 5-5 by reaction with either, but never 
both, of histidine residues 12 and 1194. The elegant 
hybridization experiments of Crestfield, Fruchter, Moore 
and Stein provide further evidence for the postulate 
that two histidine residues are involved at the catalytic 
site of the enzyme®*, We have proposed that step 1 
requires the interaction of one of the histidine residues 
(a), in the base form, with the 2’-hydroxyl, and the other 
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(b), in the acid form, with the oxygen atom bridging R 
and P (ref. 3). In step 2, residue (a) in the acid form reacts 
with the 2’-oxygen and the base form of residue (6) 
binds the attacking water molecule. It was postulated 
that the proper positioning of the substrate with respect 
to the catalytic groups of the enzyme was achieved by 
specific interactions between the protein and the pyrimi- 
dine base, B. Spectrophotometric investigations in this 
laboratory and elsewhere lend support to this proposal’. 
Obviously there would be a tendency for interaction to 
occur between the negatively charged phosphate oxygen 
of (I) and the histidine cation (b) to give an abortive 
complex. Clearly this tendency would be counteracted 
by an interaction between a site on the protein and the 
group E restricting the rotational freedom about the 
P-—OC; bond. The data of Witzel and Barnard (Table 1) 
can be interpreted in these terms on the assumption that 
the strengths of the R-protein interactions are in the 
order adenine > guanine > cytidine > uridine. Interaction 
between the & group and the protein would be expected 
to affect the parameter k+}, to a much greater extent 
than Km. This suggests that ribonuclease possesses two 
sites, one of which is specific for pyrimidines and the 
other of which prefers purines. 


Table 1. KINETIC CONSTANTS (ref. 8) AT pH 7:0 (IMIDAZOLE BUFFER), 26° © 


Substrate kt, (gec-*) Km (mM) 
Cpa 3000 10 
CpG 500 3-0 
Cpc 240 40 
Cpu 27 37 


We have attempted to gain further information on the 
nature of these sites and the chemistry of their interactions 
with substrates by spectrophotometric and spectropolari- 
metric investigations of the binding of nucleotides, coupled 
with kinetic and protection experiments. 

In this work, ribonuclease A was either prepared by the 
method of Taborsky®, or was a commercial sample which 
had been rechromatographed to eliminate the appreciable 
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Fig. 2. Optical rotatory dispersion spectra of nucleotides (1:0 x 10-4 M) 
and Ebonics A 5 x 10+ M) in a 1-em cell. 0-02 M sodium acetate 
buffer pH 5:2, 25° C —--, C2’P; , ATP; , de Oxy AYS 
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amounts of impurities which we have found more often 
than not in these preparations. Optical rotatory disper- 
sion spectra were determined with a Bellingham and 
Stanley “Polarmatic 62’ spectropolarimeter fitted with a 
cell compartment maintained at a constant temperature 
of 25° C and equipped with an X—Y plotter. The instru- 
ment was flushed with nitrogen and the base-line deter- 
mined in the same cell at the beginning and end of each 
run. Optical rotatory dispersion spectra of some nucleo- 
tides, ribonuclease and 119-carboxymethylated ribo- 
nuclease are shown in Fig. 2. Carboxymethyl RNase 
and native RNase have identical rotatory dispersion 
spectra within the limits of experimental error, making 
it unlikely that the loss of catalytic activity on carboxy- 
methylation is a result of a conformational change in the 
protein. These spectra were determined at pH 5-2 and 
low ionic strength (0-02). Fig. 3 shows the difference in 
the optical rotatory dispersion spectra of enzyme-—ligand 
mixtures and the computed sum of the separate compon- 
ents. Of particular note are the large differences, especially 
at low wave-lengths, observed with cytidine 3’-phosphate. 
We have recorded similar effects with a large number of 
other pyrimidine nucleotides, for example CXP, C5’P, 
U2’ and 5’P, provided these possess a 2’-oxygen atom, 
with 2’-deoxynucleotides or their esters as illustrated for 
2’-deoxythymidine 3’-phosphate benzyl ester in Fig. 3, 
no optical rotatory dispersion difference spectra are seen. 
For purine nucleotides including the 2’, 3’ and 5’ mononu- 
cleotides and the 5’ di- and tri-phosphates, only very small 
changes (if any) are detected. Similarly, no changes are 
found for pyrophosphate. It should be emphasized that 
all these compounds are powerful competitive inhibitors 
of the enzyme. Obviously they must bind to the protein 
and, indeed, with the exception of pyrophosphate, spectral 
changes can be observed on interaction with the ligand 
as illustrated in Fig. 4. These difference spectra were 
determined in split compartment cells type T'/H8/1/5/ 
41 manufactured by Thermal Syndicate Ltd., in a Cary 
‘model 14’ spectrophotometer with a thermostatted cell 
compartment, on the-0-—0-1 stide wire. We have found that 
split compartment cells manufactured to narrow toler- 
ances have decisive advantages over tandem cell arrange- 
ments in that they yield much more reproducible results. 
They also enable artefacts to be eliminated because it is 
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possible to recheck the base-line after mixing the compon- 
ent solutions in the reference compartment. The absence 
of any difference spectrum for pyrophosphate suggests 
that the difference spectra found with the nucleotides 
result from interactions involving the nucleoside. Spectro- 
photometric and spectropolarimetric titrations of . the 
protein with nucleotides have been carried out for some 
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Fig. 3. Optical rotatory difference spectra of mixtures of mbonuclease 


and ligands measured under same conditions as in Hig. 2. ---, 
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of the compounds and have demonstrated the formation of 
l : 1 complexes for ATP and C3’P. For C2’P the stepwise 
addition of two molecules of nucleotide has been observed 
by spectropolarimetry. No interactions were detected 
by either method between C2’P and 1-carboxymethy] 
histidine-119 RNase, 3-carboxymethy] histidine-12 RNase 
or 2: 4-dinitrophenyl lysine-41 RNase. All these proteins 
had essentially the same optical rotatory dispersion 
spectra. 

Dissociation constants of the enzyme ligand complexes 
have been calculated by measurements of their ability 
to protect the enzyme against alkylation by iodoacetate, 
and by determination of inhibition constants from the 
steady-state kinetics of hydrolysis of cytidine 2’: 3’ 
phosphate. Some of the results are shown in Table 2. 
Spectrophotometric determinations of the binding con- 
stants of a commercial sample of ribonuclease with C3’P 
as a function of pH. have been reported’*, A maximum 
was observed at pH 5:5. We have found a similar maxi- 
mum in our optical rotatory dispersion studies. At this 
pH there is also a minimum in the Michaelis constant for 
C2’: 3’P. Unfortunately interpretations of mechanism 
from these data are impossible, in the absence of additional 
information, because the measured constants reflect the 
pix values of the free enzyme, free ligand and enzyme- 
ligand complexes. The decrease in binding which occurs 
on the acid side of pH 5-5 could well be associated with 
protonation of the cytosine ring, and ın no way contravenes 
the mechanism that we have previously outlined?®. 


Table 2 DISsoclaTION CONSTANTS OF ENZYME-INHIBITOR COMPLEXES. 
SODIUM ACETATE BUFFER pH 5 2, {= 0-02, TEMPERATURE 25° G 


Ei x 10° 0.) 
Hydrolysis of a 


cytidine 2’ : 3’ Alkylation 
phosphate reaction 
Cytidine 3’ phosphate 16 48 
ATP POSTE 03 — 
2’-Deoxythymidine-3’-phosphate - 10 6°0 
benzyl ester ‘ 
Pyrophosphate 7-6 4'9 


Table 3. DISSOOLATION CONSTANTS (ref 11) OF GROUPS AT THE ACTIVE SITE 
OF RIBONUCLEASE 25° C, I=0 20 


Free enzyms Bnzyme-substrate complex 
oKs 522 + 0°20 pK’ 630 + 009 
pKa 6-78 + 0 20 pKa’ 810 + 0-09 


We wish to propose an extension of this model of the 
enzyme-~substrate complex which encompasses the data 
presented in this article. The pK values for the functional 
groups at the active site are shown in Table 3. On inter- 
action with the substrate C2’: 3’P both pK values in- 
crease. It is to be expected that the group required in the 
acid form will have its pK raised if it interacts directly 
with the substrate. Similarly, the group required in the 
base form should have its pK lowered if it binds directly 
with the substrate. In fact, its pK is also shifted to higher 
values. It was suggested that this group functions by 
forming a hydrogen bond with the attacking water (or 
alcohol) molecule as shown in Fig. 5. 
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This mechanism readily \acoounts for the raised pK 
of group (II) on formation of the enzyme substrate 
complex. In order to explain-a similar shift in the pK 
of (1), ib is necessary to postulatéan acid-stabilizing inter- 
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action between this group and the substrate. If this 
interaction involves the pyrimidine ring it would give 
rise to shifts in the absorption spectrum of the type 
observed. To understand this problem in detail it 1s 
necessary to know the direction of approach of the attack- 
ing nucleophile to the phosphorus atom. The geometry 
around the phosphorus atom is shown in Fig 6 Here 
the negative charges on the oxygen atoms x and y are 
shown as interacting with a positive charge in the protein, 
and this may well be the amino side chain of lysine 41. 
There are four possible directions along which a water 
molecule could approach. These may be defined by the 
trio of oxygen atoms surrounding the surface region of the 
phosphorus atom which makes contact with the attacking 
nucleophile. These four regions are defined by the follow- 
ing oxygen trios: 


(1) O02’, Oz’, Oz 
(2) Os’, Oz, Oy 
(3) 0,’, Oz, Oy 
(4) 02’, O,’,Oy 


Classical nucleophilic displacement would involve (2). 
However, there is a considerable density of negative charge 
impeding attack in this region. If interaction occurs with 
lysine 41, access along this direction would be hampered 
by steric hindrance. The same objections apply to region 
3. The approach to region 4 is prevented by the hydrogen 
atoms on ©, and C,. Therefore we suggest that the 
attacking water molecule approaches region 1. If a 
model is constructed from Cortauld space-filling atoms an 
interesting feature becomes obvious. The pyrimidine 
ring can be so positioned that its oxygen interacts, through 
a water bridge, with the hydrogen atom attached to 
imidazole (I), as illustrated in Fig. 7. 

The geometry is difficult to illustrate in two dimensions, 
but the model shows that, in the active configuration, the 
imidazole and pyrimidine rings are co-planar and approxi- 
mately at mght angles to the plane of the sugar. The 
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hydrogen, atom on C, of imidazole (I) is in Van der Waals 
ith the hydrogen atom on C, of the ribose. 
“structure is not possible for the cyclic 
phosphate. derivatives of purine nucleotides and this may 
account for the specificity of the enzyme. The interaction 
between the pyrimidine oxygen and the imidazole by 
way of the water bridge would stabilize this group in its 
acid form and hence raise its pK. Thus it would be 
> ted tha a eaa ua the arene with a aoe 










A> further consequence of the interaction would be a 
an _ perturbation of the pyrimidine spectrum similar to that 
found for enzyme—inhibitor complexes. 

Alkylation of imidazole (I) in Fig. 7 should cause 
< eomplete loss of activity. This suggests that this group 
oo. 48 histidine 119. We propose that histidine 12, in the acid 
-- form, interacts with the 2’ oxygen of the substrate. 
Alkylation of this histidine would not necessarily cause 
--eomplete loss of activivy since the alkylated imidazole 
could still function as an acid catalyst’. The optical 
rotatory dispersion studies reported in this article indicate 
that conformational changes on binding require the pres- 
nce of an oxygen atom on Cy of the sugar. It is possible 
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that these conformational changes arise during the for- 
mation of a hydrozen bond between O,, and histidine 12. 
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© SWARMING OF Proteus—A SOLUTION TO AN OLD PROBLEM? 
By Dr. R. B. MORRISON and Da. ANN SCOTT 


Department of Bacteriology, University of Glasgow 


‘Tae swarming of Proteus has intrigued bacteriologists 
ever since Hauser first isolated and described this organ- 
ism in 1886 (ref. 1). Anyone who has attempted to isolate 
_. pathogens from faeces must have known the irritation of 
c: finding a thin veil of Proteus covering the whole surface 
of his plate culture including the colonies of possible 
iogens which he had hoped to isolate and identify. 
henomenon of swarming raises a host of questions 
ear answer has not yet been given. Why do 
iighly motile bacteria fail to swarm over the 
plate cultures ? Why does a period of stationary 
hich transference to liquid media indicates 
of motile cells) always precede the phase of 
» Why do many chemically unrelated com- 
ibit swarming? ? Why does the absence of 
chloride and certain sugars from the medium 
4 anane | ? Baa does the LE of a 






























mre times ste than bie non-sw warming, 
till we dee Proteus colls?:2667 ? 






iqu Re used was anple if tedious: 
xtract coer ais were mioculatet at Tae centre 
















dat 37° C or at room EA E After 3—4 h, 
ie case of plates incubated at 37° C, and a longer period 
plates kept at the lower temperature, the cultures 
were placed on a microscope stage and the surface growth 
observed with the 4-mm objective and a 10 x eyepiece 
using bright field illumination. Sometimes continuous 
vation was made for several hours with the plate 
jeated stage at 37° C. Sometimes the surface 
xamined at regular intervals with the plate 
the 37° C incubator between observations. 
incubated at a higher temperature, micro- 








scopic observatior was frequently continued until swarm- 
ing had covered the whole surface of the plate. With 
plates incubated at lower temperatures the need for an 
interval for sleep prevented continuous observation. 

Over a period o” time a more or less clear understanding 
of the sequence o7 events from the first multiplication of 
the cells of the inoculum to the arrival of swarming cells 
at the edge of the plate was established. The conclusions. 
of a series of observations can be summarized as follows: 

(1) When the cells of the inoculum begin to multiply- 
without swarming the development of a normal type of i 
colony occurs and the cells produced are motile and- a fow.: P 
microns in length Eo 

(2) Somewhere between 3 and 4 h after inoculation. Ps 
subsequent incubation at 37° C, cell division diminishes i 
and longer cells become visible. E 

(3) Motion of tmese long cells without emergence from. 
the edge of the calony becomes apparent and they extend 
in length. ae 

(4) Eventually, cells of between 20u and 80u in faagth, 
protrude from the edge of the colony and move towards 
the edge of the pate, losing contact with the main mass 
of short bacteria. Cells often move outwards in the form 
of large rafts. 

(5) The process intensifies and within 30 min cells can 
be seen journeymg outwards, with some (but only a 
minority) cireling in their tracks and returning towards 
the central mass of growth. 

(6) This outward motion of long cells occurs in groups 
of cells and not by single-cell movement. 

(7) The group may appear to move as one unit or 
may obviously consist of rapid movement of one or more l 
cells along other cells forming part of the group. o 

(8) Sometimes a cell is left behind by the group; w) 4 
it has parted company with the other cells in the 
movement only continues for a short space of ti 

(9) Sometimes a moving group comes into cont: 
an immobilized cell and moves alongside the ingle « 
which is then reactivated into movement. a 

(10) Eventually, large groups of cells showing outward 
movement tend to break down into smaller groups, each 
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showing intermittent movement until finally two cells 
part company and each component cell ceases to move. 

(11) In the early stages the main movement is outward 
until an annulus of thin growth of about 2-cm diameter 
is formed which surrounds the central and initially 
stationary, colonial, type of growth. Towards the end of 
the first swarming stage the moving cells tend to curve 
back towards their starting point and form eventually a 
continuous entanglement of long cells with no further 

ing movement at the periphery. 

(12) The long cells break up into normal-sized Proteus 
cells 2-4 in length, which undergo multiplication, giving 
a mass of stationary growth consisting of short cells in 
which some long cells which have failed to sub-divide 
remain entangled. 

(13) After 0-5-1 h, the whole sequence of events repeats 
itself until at the end of 8-10 h incubation at 37° C we 
find ourselves with a plate culture covered with cells 
arranged in concentric rings of thin and thick growth. 

It would be tedious and space-consuming to illustrate 
photographically the whole of the foregoing series of 


Fig. 1. 
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A sequence of photomicrographs, lettered A-F, of swarming cells of Proteus mirabilis taken at intervals of about 4 sec. (x e. 350) 
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events and, in any case, only part of the description is 
relevant to the problem of why Proteus cells swarm and 
other motile bacteria do not. Fig. 1 contains a sequence 
of photographs taken at about 4-sec intervals. In these 
can be seen a number of the foregoing features, namely, 
the movement of a raft of cells in which the position of 
the component cells relative to each other differs from 
one photograph to the next; the reversal of the direction 
of movement of a group of cells, the movement of cells 
along the surface of other cells, and the cessation of move- 
ment when cells become isolated. 

Bright-field illumination was chosen as a matter of 
convenience though phase-contrast observation was also 
used. The use of bright-field illumination with the con- 
denser adjusted to a suitable distance from the stage and 
with the brightness adjusted to give the maximum of 
contrast between cells and medium with the minimum of 
eye-strain, and with the medium interposed between the 
light and the camera, made the achievement of aesthetic- 
ally satisfying photographs difficult. Fig. 1 does, however, 
show the manner in which the cells move even if the 
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background is full of blemishes from the photographer’s 
point of view. 

To summarize the conclusions drawn from the observa- 
tions, it might be stated that the swarming of Proteus is 
a consequence of the movement of long cells and that this 
movement is only continuous when. one cell is in contact 
with another. The long, swarmer, cells of Proteus move 
(and sometimes with startling rapidity) by climbing or 
sliding along each other. When contact between cells is 
broken, movement soon stops. When contact is re- 
established, a motionless cell may once more begin to 
move. The cells appear to slide along each other and 
usually the group movement is towards the periphery of 
the plate, but sometimes retrogression of the group 
towards the stationary growth occurs. Often when a raft 
of cells appears to move as a whole, careful study shows 
that the movement is a kind of shuffling or shuttling of 
the individual cells upon each other. 

One might frame the hypothesis that the flagella of 
these very long, heavily flagellate, cells are able to obtain 
a thrust on neighbouring cells which gives them sufficient 
impetus to propel themselves over the surface of a solid 
medium. To use an analogy, when the cell is isolated it 
is like a beached galley with the oars beating uselessly on 
air. When it is in contact with other cells it can be likened 
to a galley with scores of oars and oarsmen which, even 
on dry land, can move forward by leverage on an adjacent 
galley if the friction between galley and ground should 
differ in each case. The small, less heavily flagellate cells’ 
are like boats with a few oarsmen who have not the 
force at their disposal to overcome the resistance to 
movement. 
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One must not, of course, mistake an analogy for an 
explanation and much remains to be explained. What is 
the role of negative chemotactic substance*, what is the 
role of electrolytes and sugars’, and why do all sorts of 
chemically unrelated compounds inhibit swarming’ ? 
Why do the cells not climb on top of each other? How 
is the movement of the large number of flagella on a 
swarm cell co-ordinated ? What is the signal which some- 
times leads to a cell reversing direction like a shuttle 
which has reached the limit of its travel? This long- 
observed phenomenon still presents many questions 
intriguing to the curious mind. The work described here 
makes no attempt to answer them and is, in fact, a 
description of the behaviour of swarming cells which 
must have been observed many times in the past even if 
it has not been described in these terms. It is interesting 
to note in this connexion that the excellent photographs 
of swarming cells presented by Hoeniger® show a number, 
of features illustrated in Fig. 1; she did not, however 
interpret them in the foregoing way. - 

It is perhaps of some consolation to the older bacterio- 
logist that the application of simple, classical, techniques 
with the long-used tools of the bacteriologist’s trade can. 
still give rewarding information about a very old and 
intriguing problem. 


1 Hauser, G., Uber Faulnisbakterien und deren Beziehungen zur Septicaemie 
(Leipzig; Tag, 1885). 

* Moltke, O., Contributions to the Characterization and Systematic Classification of 
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INTERACTION OF BUBBLES AND BACTERIA IN THE FORMATION OF 
ORGANIC AGGREGATES IN SEA-WATER 


By RICHARD T. BARBER 


Hopkins Marine Station of Stanford University, Pacific Grove, California 


MEASUREMENTS of particulate organic matter in the ocean 
have shown that below the top 200 m the amount of 
particulate material does not consistently decrease with 
increasing depth?-§. This conflicts with the observation 
that organic particles sink and are consumed by organisms 
as they do sot. The contradiction may be resolved by 
supposing that much of the particulate material in sea- 
water is formed by the aggregation of dissolved organic 
carbon®-§ in a physical process by which organic molecules 
come out of solution to form an organic skin around a 
rising bubble. At the surface of the sea the bubble is 
ejected into the air, leaving behind its organic skin as 
a collapsed monomolecular film which then may sink 
through the water column, providing a seed on to which 
additional dissolved material may aggregate. 

This physical process, promoting exchange between the 
dissolved and particulate organic pools of carbon in the 
ocean, has been used by ecologists to explain the common 
gap in the amount of food required by filter feeders and the 
amount of particulate food available to them in the form 
of phytoplankton cells and debris®~#*, From this ecological 
point of view, it is important to be sure that the aggrega- 
tion of dissolved material is a simple physical process 
and not the result of a complex interaction mvolving 
bacteria. The experiments described in this report were 
therefore designed to determine whether organic mole- 
cules will aggregate into discrete particles under conditions 
of complete sterility. 

Carbon-14 incorporated into organic molecules was 
used to follow the distribution of the organic material. 
The labelled molecules were prepared by growing the 
diatom Nitzschia closterium in the presence of carbon-14 


sodium bicarbonate. The labelled diatoms were con- 
centrated and washed to remove inorganic carbon-14 
and then ruptured by sonication. The particulate debris 
was spun down and discarded, and the supernatant con- 
taining the soluble cell material was passed through a 
‘Bio-Gel P-100° polyacrylamide gel column. This mole- 
cular gel, which retards molecules with a molecular 
weight usually less than 100,000, was hydrated and eluted 
with fresh ‘HA Millipore’-filtered sea-water. The retarded 
fraction was collected and added to fresh ‘HA Millipore’- 
filtered sea-water to make several litres of solution with 
about 120 ¢.p.m./ml. carbon-14 activity after correction 
for background and self-absorption. The sea-water used 
in these experiments was bucket-dipped as needed from 
Monterey Bay (California) at the site of the Hopkins 
Marine Station sea-water intake. 

The foam tower was a modification of that described 
by Baylor and Sutcliffe*. Air bubbled through the solution 
was thoroughly heated to ensure combustion of any 
organic contaminants and was then cooled. Sterile 
barriers made it possible to draw the solution through a 
‘Millipore’ filter into a 2-l. ‘Plexiglas’ foam tower, to 
bubble the solution, and to draw the solution out of the 
foam tower through a ‘Millipore’ filter without introducing 
contamination. All the components of this system were 
autoclaved before use and assembled aseptically. During 
the experiments, sterility was assayed by adding 1 ml. 
inocula from the foam tower to “Difco AC’ medium re- 
hydrated with autoclaved sea-water. 

The experimental assay is based on the assumption that 
if the labelled organic material in the bubbled sea-water 
forms aggregates, they will be retained on a ‘Millipore’ 
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Fig. 1. The effect of bubbling a sea- aes polion containing labelled organie mole- 
0. Each bar represents the c.p.m. on a 
particular ‘Millipore’ filter through which te entire 11 of solution has been passed. 
The solid bars show the results of experiment A, using ‘HA Millipore’ (0 45-x) filters; 
the stippled bars show the results of an identical experiment, experiment B, done 


cules of molecular weight Jess than 100 


with ‘GS Millipore’ (0 22-) filters 


filter when the solution is filtered. The amount of carbon- 
14 activity on the filter is assumed to reflect the amount 
of material aggregated. The ‘Millipore’ filters were mounted 
on planchets and counted by a Nuclear Chicago gas-flow 
counter, model D-47. Preliminary experiments showed 
that when a solution of labelled organic molecules is 
repeatedly filtered, the amount of organic material 
retained on the filters occasionally varies rather markedly. 
To establish the average amount of material retained on 
the filter, the solution was filtered eight times before and 
after all experimental and control treatments. 

The data from two experiments using this procedure 
are shown in Fig. 1. The abscissa shows the sequence 
in which the solution was filtered and bubbled; the ordinate 
is a three-cycle log scale of counts per min (c.p.m.) on the 
filter. Each bar represents the c.p.m. on a particular 
‘Millipore’ filter through which the entire solution passed. 
The solid bars show the results of experiment A, using 
‘HA Millipore’ (0-45-y) filters; the stippled bars show the 
results of experiment B, identical with A, except that it 
was carried out with ‘GS Millipore’ (0-22-y) filters. 

In experiment A, c.p.m. on the filter increased greatly 
following bubbling. After both the 20-h bubbling periods 
c.p.m. increased more than 200-fold, indicating that a 
significant amount of organic material came out of solution 
in the form of particles large enough to be retained on the 
filter. These data are shown in Fig. 1 by the solid bars of 
filtrations Nos. 17 and 25. However, the sterility assay 
showed that bacteria were present throughout. Anderson 
and Heffernan’s'* isolation of several marine microbes 
that readily pass through 0-45-y filters suggested that it 
would be necessary to use a 0-22-py filter to remove all 
the micro-organisms from the sea-water. 

In experiment B, 0:22-p rather than 0-45-y filters 
were used for all thirty-two filtrations; the 20-h bubbling 
periods did not cause a significant increase in c.p.m., and 
the sterility assay showed that the sea-water solution 
was free from bacteria throughout the experiment. 
After the control treatment in experiment A there was 
no increase 1h ¢.p.m., indicating that when the filterable 
bacterium is present but not bubbled there 1s no increase 
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in the amount of organic material retained 
on the filter. When an inoculum of the 
microbe isolated from experiment A was 
added to a sterile solution, a solution that 
had produced no aggregates, the c.p.m. on 
the filter increased after bubbling. These 
data suggest that neither bacteria alone nor 
bubbling alone will cause a significant in- 
crease in the amount of particulate material 
produced in this system. 

When the ‘Millipore’ filters were cleared 
with immersion .oil and examined under a 
phase microscope, the filters with increased 
c.p.m., that is, those from the filtrations 
following bubbling, were found to contain 
large amounts of detrital material. Much 
of the material on these filters appears to be 
identical to the organic aggregatés described 
by Riley® and Wangersky**. Some are plate- 
like with definite, markedly refringent edges; 
others have very fuzzy edges and many small 
refringent inclusions. The relatively amor- 
phous appearance of the aggregates on the 
filter and their similarity to the detrital 
material found in the sea indicate that the 
increased amount of organic material on the 
filters after bubbling does not represent 
merely an increase in the bacterial biomass. 

Sieburth1* found that without bubbling, 
natural bacterial populations formed aggre- 
gates when proteinaceous substrates were 
decomposed producing ammoma. He sug- 
gested that the microzonal alkalinization 
that must occur during ammonia liberation 
could initiate the precipitation of inorganic nuclei around 
which organic aggregates could form. Such a mech- 
anism could be operating in the experiments described 
here. 

Carlucci and Willams!® showed that bubbling con- 
centrates the bacteria in sea-water in the surface film and 
froth. In our experiments, such partitioning of the 
bacterial fora would not have been detected because the 
entire solution, water and foam, was filtered in all thirty- 
two filtrations. The increased amount of labelled organic 
material retained on the filter after bubbling represents 
a net increase in particulate matter in the complete 
system. 

While more work is needed to clarify the interaction of 
bubbles and bacteria in the formation of aggregates from 
dissolved organic matter, it can be concluded from the 
experiments reported here that bubbling will not aggregate 
organic molecules of molecular weight less than 100,000 
into discrete particles under sterile conditions. 

This work was supported by a grant from the U.S. 
Public Health Service from the National Institute of 
General Medical Sciences. 
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ORGANOCHLORINE PESTICIDES IN THE ATMOSPHERE 


By Dr. D. C. ABBOTT, R. B. HARRISON, J. O’G. TATTON: 
and Dr. J. THOMSON 


Laboratory of the Government Chemist, Cornwall House, Stamford Street, London, S.E./ 


THE probloms introduced by the pollution of our atmo- 
spheric environment have been concerned. largely with 
those pollutants the effects and presence of which are 
readily demonstrated, for example, smog, sulphur dioxide, 
sooty materials and dusts. More recently, attention has 
been directed to the polynuclear hydrocarbons}-’, al- 
though their presence ın air is by no means solely of 
modern origin. 

Recent publications have given evidence for the presence 
of some organochlorine pesticides in rainwater! . It 
has been suggested’ that the minute traces found arose 
from the ‘scrubbing’ action of the falling rain on the air 
through which ıt passed, in a manner analogous to the 
collection of the morganic constituents of ramwater®. 
The present work describes the experiments which have 
been carried out to ascertain the extent to which these 
organochlorine compounds are present in the atmosphere. 

Pesticidal compounds may enter the atmospheric 
environment in several ways and in various physical 
states. Direct dmft from spraying operations will con- 
tribute particulate or globular matter at concentrations 
which are likely to vary inversely as the distance from the 
site of application, such effects being mainly local but 
possibly appreciable in extent. It has been shown’ 
that several organochlorine msecticides volatilize from 
treated soils, thus adding a slow, long-term contribution. 
Effluents and vapours from industrial processes, such as 
pesticide manufacture or moth-proofing of garments, 
may also contribute, while further quantities may accrue 
from the use of domestic aerosol insecticides and thermal 
vaporizers, and the dust from treated clothing and carpets. 

Wheatley and Hardman‘ examined rainwater for traces 
of pesticides in order to try to account for residues found 
in soil from untreated plots of land. The amounts which 
they found were msufficient to account for more than a 
very small proportion of the pesticides present in such 
soil. Although the concentration of these compounds in 
air is lower by a factor in the range of 10-100 than that 
in rainwater, the vastly greater volumes of air may render 
this contmbution of greater significance. As well as the 
normal, constantly changing contact between air and soil, 
the mass of air in surface soil may alter by up to 5 per 
cent owing to diurnal variations in temperature. Pesti- 
cides may thus be absorbed by the soil acting as a gas- 
solid chromatographic ‘column’ as well as by direct surface 
adsorption mechanisms. Assuming a tendency to equilt- 
brium, treated soils will lose pesticides while untreated 
plots will gain them. 

Preliminary experiments to illustrate the presence of 
pesticides in air were carried out by using a small portable 
constant-rate air-sampler which was used to suck air 
through a hexane trap. Although this method gave a 
total sample of only about 180 1. of air per power-canister, 
gas-liquid chromatography showed the presence of traces 
of BHC, DDT, DDE, TDE and dieldrin in samples taken 
in central London and its suburbs. Dieldrin alone was 
observed in a sample taken in Norfolk, while Aberystwyth 
air gave no detectable amounts of pesticide at'this sample 
size. It was clear from these preliminary observations 
that an analytical problem existed and that larger samples 
would be required before reliable data could be obtained. 
Accordingly, -an - electrically ~operated- vacuum pump 
capable of drawing 15 1. of air per min for long periods of 
time was brought into use. At this rate of flow hexane 





was too volatile, but dimethylformamide proved to be a 
suitable, non-volatile extractant. Examination of the 
separate contents of a sequential train of four solvent 
traps showed that nearly all the pesticide content was 
retained in the first vessel. Attempts have also been made 
to ascertain whether the pesticides present were in the 
vapour state or in association with the particulate matter 
of the air. Interposing bacteriological membrane filters 
(pore size 0-22 u) between the air inlet and the solvent 
trap showed that variable proportions of the pesticides 
were retained on the filter. The amount retained, however, 
tended to reach an equilibrium value, indicating that the 
compounds were volatilizing again from the filter into the 
air stream. Similar effects have been observed with some 
polynuclear hydrocarbons’. Thus, although the use of 
membrane filters offers a simple qualhtative test for 
pesticides in air, quantitative results can only be obtained 
by solvent serubbing procedures. a 
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Fig. 1. Thin-layer chromatoplate 


Metropolitan au was sampled by suction at about 
15 l/min through 100 ml. of dimethylformamide con- 
tained in a Drechsel bottle fitted with a coarse sinter at 
the inlet to the solvent to ensure adequate diffusion. 
Dispersion of the solvent in 500 ml. of 5 per cent sodium 
sulphate solution followed by hexane extraction yielded 
a clean solution which, after evaporation to small bulk, 
was applied to a 250 u silica-gel chromatoplate. This 
was developed with hexane : acetone, 99 + 1, for 35 min 
and appropriate fractions eluted with hexane!’ for exami- 
nation by gas-liquid chromatography on both silicone and 
‘Apiezon’ columns with electron-capture detection". 

Fig. 1 shows the positions on the thin-layer plate of 
the more important organochlorine pesticides and indi- 
cates the areas containing the residues which were re- 
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moved for examination. Figs. 2—4 illustrate gas-chromato- 
graph traces obtained from some of these areas; peaks 
corresponding to known pesticidal materials are marked-— 
the other peaks have not been positively identified as yet. 
The appearance of a peak at the appropriate retention 
time on two chromatographic columns of differing polarity 


on injecting the eluate from the chromatoplate area of _ 


correct Rr value for the compound concerned has been 
taken as evidence of the identity of the compounds. 
Table 1 lists the quantities of pesticides found on exami- 
nation of 8,000 1. of air taken on the roof of Cornwall 
House in August, 1965. The presence of alpha-BHC, 
gamma-BHC, dieldrin (HEOD), pp’-DDE, pp’-TDE and 
pp’-DDT was confirmed as already described; substantial 
agreement between quantitative results on both columns 
confirmed the absence of any appreciable amount of 
interfering non-pesticidal material of similar retention 
time. 


Tabe., 1. ORGANOCHLORINE PESTICIDES FOUND IN LONDON AIR 


Rp range of Concentration found (parts per 

Compound chromatoplate area 10** w/w) by og gg chromato- 

(a) Silicone are (D) ‘Aplezon I 
Alpha-BHC 0-37-0-48 1 1 
Gamma-BHC 0 27-0-36 5 11 
Dieldrin (HEOD) 0 17-0 26 18 21 
pp’-DDE 0-75-0 84 4 7 
pp -DDT 054-0 64 S 3 
pp’ -TDE 0°37-0 48 8 8 


Silica-gel chromatoplate developed with hexane: acetone, 99+1. 

Silicone column: 1:2 per cent silicone #.301 plus 0:12 per cent ‘Epikote 
1001’ on ‘Stlanized Chromosorb @’ (70-80 mesh) at 158° C; nitrogen carrier 
gas, 100 ml./min. 

‘Apiezon’ column: 3 per cent ‘Apiezon L’ plus 0-3 per cent ‘Epikote 1001’ 
on ‘Celite 545’ (100-120 mesh) at 186° C; nitrogen carrier gas, 100 ml./min, 


Great care must be taken in the interpretation of the 
gas-liquid chromatograms obtained from air samples. 
Even after the thin-layer separation process used, each 
fraction from the plate contained several peaks of un- 
identified materials showing electron-capturing properties. 
Some of the short-retention time peaks (Fig. 3) corre- 
sponding to section 2 of the chromatoplate (Rr 0-54~0-66) 
have been tentatively identified as the polynuclear 





Fig. 2, Gas-liquid chromatogram from section 1 of the fhin-laver 
chromatoplate 
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hydrocarbons acenaphthylene (Rr 0-57), anthracene 
(0-67), fluoranthene (0°57) and fluorene (0-70). Retention 
times on both columns confirmed these identities; these” 
substances are known to be among the polynuclear 
hydrocarbon ingredients of atmosphere dusts? 

The three peaks of longest retention times obtained 
from section 1 of the chromatoplate (Fig. 2) would seem 
to result from compounds the behaviour of which on the 
plate and on each column is identical with that shown by 
the compounds giving the first three of a series of unidenti- 
fied peaks often found m chromatograms of extracts from 





Fig. 3. Gas-liquid chromatogram from section 2 of the thin-layer 
chromatoplate 





Fig. 4. Gas-liquid chromatogram from section 5 of the thin-layer 
shromatoplate 
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the tissue and eggs of some predatory birds. Their con- 
centrations relative to each other in these two sample 
sources are also closely similar. Total chlorine determina- 
tions on avian tissue samples have indicated that these 
compounds contain chlorine, and because they are only 
found in samples containing appreciable residues they are 
probably breakdown products of organochlorine pesti- 
cides. 

The evidence presented here and from rainwater 
examination’ indicates the general occurrence in the 
atmosphere of minute traces of some of the persistent 
organochlorine pesticides. Such compounds have also 
been found in samples of air taken during the spraying 
season in American peach-orchard districts*. The 
concentrations of these residues are so low that it is 
necessary to work almost at the limit of sensitivity of the 
detection systems at present in use. For this reason, 
scrupulous care is necessary in order to avoid contamina- 
tion at each manipulative stage, from the initial apparatus 
preparation to the final injection on to the gas chromato- 
graph. Blank experiments must be performed at each 
stage and on all materials used. Particular care is required 
to exclude laboratory dust, for it is found that it is 
frequently a carrier of interfering electron-capturing 
materials. 

Although the levels concerned are extremely low, these 
indications of the presence in air of organochlorine 
pesticides call for further and more detailed investigation. 
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Confirmation of the identity of these residues by other 
methods such as infra-red spectroscopy or mass spectro- 
metry would also be desirable, although far larger samples 
would be required in order to obtain sufficient material 
in a suitably pure state. It would also be of interest to 
compare the levels found in London with those found in 
other parts of the country; seasonal variation and cor- 
relation with other indices of atmospheric pollution 
would also be worth investigation. In these ways it may 
be possible to obtain some indication as to whether the 
pesticides derive from within the shores of the British 
Isles or from further afield. 


1 Sawicki, K., Stanley, T. W., Elbert, W. C., and Pfaff, J. D., Anal. Chem., 
36, 497 (1964). 

2 Liberti, A., Cartoni, G. P., and Cantuti, V., J. Chromaiog.,16, 141 (1984). 

3 Sawicki, E. , Meeker, J. E., and Morgan, M. J., Intern. J. Atr Water Poll., 
9, 291 G 965). 

* Wheatley, G. A., and Hardman, J. A., Nature, 207, 486 (1965). 

5’ Abbott, D. C., Harrison, R. B., Tatton, J. O'G., and Thomson, J., Nature, 
208, 1817 (1965). 

‘ Egner, H., Brodin, G., and Johansson, O., Annal. Agric. Coll. Sweden, 22, 
869 (1955). 

1 Decker, G. C., Weinmann, C. J , and Bann, J. M., J. Econ. Entomol., 48, 
919 (1950), 

8 Marrs, C. R., and Lichtenstein, E. P., J. Econ. Entomol., 54, 1088 (1961). 

* Rondia, D., Intern. J. Air Water Poll., 9, 118 (1965). 

1° Harrison, R. B., J. Sei. Food Agric., 17, 10 (1966). 

it aoe Maunder, M. J., Egan, H., and Roburn, J., Analyst, 88, 157 

1t eT v a G. P., Liberti, A., and Torri, A. G., J. Chromatog., 

18 Breidenbach, A. W., Arch. Envir. Health, 10, 827 (1965). 


HORMONES OF THE VERTEBRATE HOST CONTROLLING OVARIAN 
REGRESSION AND COPULATION OF THE RABBIT FLEA 


By the Hon. MIRIAM ROTHSCHILD and BOB FORD 
Ashton, Peterborough 


In Nature, the rabbit flea (Spilopsyllus cuniculi Dale) 
only undergoes maturation on the healthy host during 
the last 10 days of the doe’s pregnancy, or on nestlings 
1-7 days old. Soon after the young rabbits are born, 
the fleas transfer to the nestlings, on which they feed 
avidly and pair: egg-laying on the body of the young and 
in the nest follows!)?. Between 8 and 22 (average 11) days 
later, the fleas abandon the young rabbits and return to 
the lactating doe. Any gravid fleas which remain on the 
doe after parturition, or are still gravid when they return 
to the lactating doe, regress rapidly and the developing 
oocytes are resorbed!. If, at a later date, the doe has a 
second pregnancy, these fleas are capable of undergoing 
maturation for a second time’. 

It was shown previously? that one of the principal 
groups of hormones governing maturation was the corti- 
costeroids under the control of adrenocorticotrophic 
hormone (ACTH), while the oestrogens (and, to a lesser 
degree, thyroxine) played an important contributory 
part in development and egg-laying. It is probable that 
prolactin is & subsidiary factor in maintaining and pro- 
moting maturation on, the nestling rabbits. The experi- 
ments described here indicate that lutemizing hormone 
(LH) and the progestins are two of the principal factors 
governing ovarian regression and that somatotropin 
(growth hormone), also secreted by the anterior lobe of 
the pituitary gland, constitutes one of the major ‘‘copule- 
tion, factors”. 

Earlier, it was claimed*- that not only fleas feeding on 
buck rabbits injected with cortisone, corticosterone or 
hydrocortisone, but also fleas sprayed externally with 
these hormones, matured their eggs and displayed the 
various character.stics associated with maturation. It 
was thus shown that the hormones acted directly on the 


fiea and not indirectly by way of the host. During the 
early stages of the investigation, it was thought that the 
rise and fall of the corticosteroid-levels in the blood of the 
host, and, to a lesser degree, in the levels of oestrogens 
and thyroxine during pregnancy, were sufficient to account 
for both maturation and regression. Thus the increased 
defaecation rate, which indicated an increased flow of 
blood through the body of the flea in response to the rise 
in hormone-level, automatically ensured that larger 
amounts of both hormone and food were available to the 
parasite. Conversely, a fall in the hormone levels cut 
down the defaecation rate (Table 2) and the amount of 
blood passing through the body of the flea, thus further 
reducing the amount of available hormones and nutrient 
material. Reduction in food intake alone does not 
account for the rapid regression of the ovaries of fleas 
feeding on the postpartum or oestrous doe; gravid fleas 
removed from the host and completely starved do not 


Table 1, MOVEMENT OF FLEAS BETWEEN DOE AND NESTLINGS 


Total No. of litters observed 66 
Successful litters in which at least some young survived 10 days or 
longer 51 
Unsuccessful litters’ (a) all dead 
{b} some dead 18 


(16 of these litters born during winter months) 
No. of litters in which some or all fleas transferred from postpartum 
doe to nest or nestlings 
(9 litters in which fleas were removed by hand are not included) 
No. of litters ın which no fleas transferred 19 
(14 were winter litters) 
No. of litters in which all fleas ase to nestlings or nest 
Mean No. of days in nest before returning to doo (range 8-22) 11 
Average time (approx ) for transfer from doe to young after parturition 
(range 10 min-26 h} 7-8 
Day on ee; brews F* generation first emerged from pupa: 
i- ys 
Mean : 30 days 
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regress nearly as rapidly as they do when feeding on the 
non-pregnant host, and no‘ resorption, or degeneration 
is observed for 7 ‘days after they have ceased feeding 
altogether?. 

Experiments were performed (Table 3) to test the possi- 
bility that other hormones, among them luteinizing 
hormone and progestins, are inyolveda in the phenomenon 


~ 
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of ovarian regression. Buck rabbits (New Zealand Whites), 
infested with fleas (bred in an artificial warren or col- 
lected from wild rabbits on the myxomatosis-free island 
of Herm, Channel Islands), were injected with 0-32— 
0:75 mg of hydrocortisone (‘“Hydrocortisyl’, Roussel, 
London, B.6572/9G8T) until maturation of the female 
fleas was clearly visible externally and the defaecation 


; “Table 2. apis leon RATE OF FLEAS ON NORMAL AND INJEOTED RABBITS .,-< . 


Fleas feeding ' Pleas feeding ` Fleas regressing 
Fleas feeding on on Fleas maturing - after the does 
on pregnant does pregnant does on does were the pte with 
oestrous does ‘3 days one day injected with cortisol and 
prepartum “prepartum cortisol progestin, _- 
Time between defae- ; - 
cations of fleas (min) 29 87 + 12-24 6 28 + 3-09 38 + 1-375 6 42 + 1-78 24-42 + 7-82 
No. of longitudinal 3 : C) ? F 7 
sections (cut at 8z) 35-58 38-59 Not known 51-65 88-104 78°34 + 885 56°64 + 8-41 
per flea No yolk in Ovaries with Yolk present in 23 out of Yolk absent in 24 out of 
oocytes. yolk i in oocytes 25 een examined 25 specimens examined 


FEN 3. OVARIAN DEVELOPMENT AND DEFAECATION RATE OF FLBAS UNDER THE INFLUENCE OF MAMMALIAN HORMONES 


Ei 


(SELECTED EXPERIMENTS) 


Injection inte the rabbit Spray on to the fleas - Duration of the experiment ` Condition of fleas’ ovaries Defaecation rate of fleas 
(mg dally) (days) E ; (No. per min 
(Doe and Buck Rabbitsy 3 i 


(Controls) 
Before commencement of 


experiment fe Nu Not matured Mean 29°67 + 12 24 
First { hydrocortisone, Nil 4, 5: 7; 9; 10;`12, 14, 18; "Mostly matured 1-3-10 min (approx.) 
period 0 25-0-75 - Mean 642 + -178 
, : 24 AN O 
(Doe Rabbit) (Control) 
First { hydrocortisone, 
period 0 30-050 Nil 6 Matured 1-12-16 
Second loan: Sprayed with inert spray 
period 0°30—0°50 (excipient only) at 5-day inter- 6 Matured 1° 9-16 
vals 
Third Eaa e Loe - 
period 0 30-0-50 ‘ f 4 Matured | 1°89 
Buck Rablni e To og ai ac Na : 
First { hydroocitisone, 1: 6-8, last day before pro- 
period 0 32-0 7 Nil 7 Matured eonene 
rf a . t ar a ra 
hydrocortisone, a 2 
Second 0 32-0-50 plus Nil T Regressing 1: 20-40 
period Ax mg progesterone 
daily ; 
hydrocortisone, oe r i g 
Third 0-32-0-50 plus Nil i 6 Regression complete 1: 20-40 
period a ne progesterone z : 
Fourth (igorten ‘ Matunng : 
period - Nil 14 Chorionated eggs present 1: 6-8 
Buck Rabbit . a - : : 
First {hydrocortisone, ETA day - 
period (032 Nil 11 Matured : 4-12. 
: Last aay before spray 
Second {hydrocortisone, i : - ` 
period Progesterone spray l 7 Regressing Ls 6-20 
Third oe pydroortions, Progesterone spray: second - 
period - dose 7 Regressing further 1:6-31 
Fourth { as hydrocortisone, - Redeveloping yolk : 
period Ni B 10 present in oocytes 1 4-7 
Doe Rabbit j 
Before commencement of : j 
experimen Nil Not matured - 1:20-29 
First f hydrocortisone, 
period t 0-32-0-50 Nil 9 Matured 1:2-6 
Second { hydrocortisone, .20a-0H 4 Regression 
period 0 32 (0-8 mg) 14 very marked 1 13-26 
Third {hydrocortisone, 20e-O0H 10 Regression : 
period (032 (0-2 mg) very marked 1 : 16-28 
Fourth ` { hydrocortisone, Matured 
period i 0°32-0 50 12 (yolk present) 1°10-14 
Doe Rabbit ; 
Firat (hydrocortisone, 
period t075 ` Nil 15 Matured 1 1:9+14 
hydrocortisone, Regression 
0°75 A Ni 20 noticeable by 5th day 1:17-21 
Second 10 mg chlormadi- ( 
penod none I vinta on to } j ‘ 
host’s flanks over ` Total regression 
a period of 20 days by 12th day 1. 17-26 
Third $ hydrocortisone, 2 
period {075 Nil after last spray Total regression 1 : 26-29 
Fourth  fhvdrocortisone, 21 Matured . 
period. {075 Nil after last spray Chorionated eggs present 1 15-22 
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Table 3 (continued). OVARIAN DEVELOPMENT AND DEFAEOATION RATE OF FLEAS UNDER THE INFLUENCE OF MAMMALIAN HORMONES 


{SELECTED EXPERIMENTS) 


Injection into the rabbit 


Spray on to the fleas 
(mg daily) 


Doe Rabbit 
First { hydrocortisone, 
period 9 30-0 50 Ny 
hydrocortisone, 
Second fo 30-0'50, plus nil 
2 mg LH (ovine) daily 
Third { hydrocortisone, 
period 0 36 Nil 
Ovariectomized Doe Rabbit 
Before commencement of 
experiment Nil 
First { hydrocortisone, 
period 1-9 Nu 
hydrocortisone, 
panes fro, plus 2 mg LH Nil 
(bovine) daily 
Third { hydrocortisone, 
period 10 Wi 
Doe Rabbit 
Before commencement of 
experiment 
First { hydrocortisone, 
period 075 Nu 
Second | hydrocortisone, Testosterone spray in jar and 
period 075 replaced on doe 
Third hydrocortisone, 
period 075 Testosterone spray 
Doe Rabbi 
Before commencement of 
experiment | 
Sprayed with testosterone 
Ni twice at 4-day intervals 
Buck Rabbit 
First hydrocortisone, 
period 0 32 Nil 
Second hydrocortisone, 
EnO [0 32 daily, plus 
prolactin (ovine) 5 Nu 
Buck Rabbit 
First { hydrocortisone, 
period 0-32 Nil 
hydrocortisone, 
Second {082 plus 2 mg 
oestradiol daily Nil 
i 
Buck Rabbit 
Before commencement of 
experiment : Nil 
First hydrocortisone, 
period 0 32 Nu 
Second hydrocortisone, 
period. 032 plus 10 units 
oxytocin daily Nil 
Doe Rabbit 
- Before commencement of 
experiment Nu 
First { prolactin (ovine) 
period 5-0 Nil 
Second (prolactin (ovine) 
period 15-0 Nil 
Third f prolactin (ovine) 
period {50 Nil 


rate had risen. (from one pellet passed every 15-30 min) 
and stabilized at about one pellet passed every 6-8 min. 
This defaecation rate is characteristic of female fleas at 
about 3 days before parturition of the host (see Table 2) 
and before egg-laying commences. Following stabilization 
of the defaecation rate, 20 mg progesterone (‘Progestin’, 
B.D.H., London, 33326/13/2501, 40437/15/2506 and 
24717/13/2408) was injected daily into the rabbits for 
a further period in addition to 0-32-—0-50 mg of hydro- 
cortisone. By the seventh day defaecation rates of the 
fleas had fallen to 1 : 20-40 min, resorption of. the largest 
oocytes was occurring and empty follicles were present 
in the pedicels of the ovarioles. Little if any yolk could be 
seen in the developing oocytes. At the end of a further 
6 days, resorption of developing oocytes was complete, 
yolk had been totally resorbed and the ovaries had re- 


Duration of the experiment 
(da 


10 


t0 


15 


10 


14 


11 


Condition of fleas’ ovaries Defaecation rate of fleas 


ys) (No. per min) 
Matured 1.5-8 
Regression on 4th day 
Completely regressed 1:3 17-27 
by 9th day 
Fully matured 
Chorionated eggs present 1: 23-26 Í 
Not matured 1 : 28-50 
` Matured 1:7-10 
Regression on 6th day 
Completely regressed 10th 1: 16-30 2 
day (when sectioned 10th 1:20-26 
and 11th day) 
: Maturation 1:13-28 
Not matured 1° 35-41 
Matured 1:6-8 
Egg-laying 6th day 1. 2-7 
Regression complete 
6 days later 1’ 16-20 
Not matured 1 . 27-30 
No maturation 1 : 18-37 
Matured 
Chorionated eggs present 1.7-9 
Matured 
Chorionated eggs present 1.7-9 
Matured 
Chorionated eggs present 1.6-8 
Matured 
Chorionated eggs present 1° 6-8 
Not matured 1 218-37 
Matured F 
Chorionated eggs present 1:7-9 
Matured = 
Chorionated eggs present 1.7-9 
Not matured J : 18-26 
Slight development visible 1 . 80-38 
Yolk in larger oocytes (decreased rate) 
Partial maturation 
but uneven 1 18-24 
Full maturation of some 
fleas only with chorionated 
eggs 1:10-14 


gressed to a resting stage; the internal organs generally 
resembled those of spent fleas. The process of regression. 
was then reversed by continuing daily injections of 0-32 
mg of hydrocortisone only. (without progesterone), for a 
further 14 days until maturation was again clearly visible 
externally; yolk was present in the developing oocytes 
and chorionated eggs were present in the oviducts of a 
proportion of the fleas sectioned. Regression and re- 
sorption could also be obtained not only by injecting the 
host, but also by spraying matured gravid feas externally 
with progesterone or 20a-hydroxy-pregn-4-en-3-one 
(Roussel metered spray; 100 mg of progesterone dissolved 
in 30 ml. of fluid carrier; 20 mg of 20a-hydroxy-pregn- 
4-en-3-one dissolved in 12 ml. of fluid carrier) and then 
replacing them on doe or buck rabbits receiving 0-32 mg 
of hydrocortisone daily. - 
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Rabbit fleas mature their ovaries if they are transferred 
on to castrated buck rabbits which have previously received 
0-40 mg of hydrocortisone sprayed (externally) on to the 
tip of the ear with the Roussel spray”. It was possible to 
induce reduction of defaecation rate and ovarian regression 
of gravid fleas by feeding them on a female rabbit which 
had been sprayed externally with (1) 0-20 mg 20a-hydroxy- 
pregn-4-en-3-one (20a-OH) on the ear, and (ii) 2 mg 
chlormadinone (6-chloro 6-dehydro 17-acetoxy proges- 
terone) on the flanks for 10 alternative successive days, 
although daily injections of 0-30-0-75 mg of hydro- 
cortisone were continued throughout the experiments. 

Luteinizing hormone was available for four experiments 
' only. In the first experiment 2 mg of LH (NIH/LA/S/17 
ovine) were injected into an ovariectomized New Zealand 
White doe in three daily doses for a period of 6 days. No 
changes were observed in the fleas feeding on this rabbit. 
In the second experiment, fleas were matured on 0:30- 
0-50 mg of hydrocortisone injected into a buck New Zealand 
White rabbit, daily, for 20 days. On the tenth day, 2 mg 
of LH (NIA/LA/S/6, ovine, lot 1334) was also injected 
into the rabbit, in three daily doses, and continued for 
10 days. The defaecation rate of the fleas began to fall 
on the fourth day and regression and resorption were 
complete by the ninth day. Three days only after 
the LH injections were stopped the fleas had fully 
matured and once again had chorionated eggs in their 
ovaries. 

This experiment suggested that LH itself was probably 
exerting a direct effect on the fleas and not merely stimu- 
lating a high secretion of progestins and testosterone in 
the rabbit. Fleas which have regressed completely, owing 
to high blood levels (or prolonged effects of smaller levels) 
of these steroids, require a period of 9-14 days, or longer, 
in which to return to the chorionated egg stage of matura- 
tion. 

In the third and fourth experments a castrated buck 
and an ovariectomized doe were chosen as hosts, as it is 
unlikely that injections of LH stimulate the release of 
steroid hormones in these rabbits. The fleas were matured 
on daily injections of 0:75-1 mg of hydrocortisone (into 
the rabbit) for 15-18 days, a higher dosage bemg generally 
required to mature the parasites on the castrated host. 
Afterwards, for 10 days, 2 mg of LH (NIH/LH/B/3 bovine) 
was injected in three daily doses in addition to hydrocorti- 
sone. The defaecation rate of the fleas fell by the fourth 
day and regression appeared complete by the eighth day. 
The fleas on the ovariectomized doe redeveloped on the 
seventh day after injections of LH had ceased; probably 
owing to the prolonged high dosage of cortisol required 
on the castrated host (see Table 3) redevelopment was 
slower than in the previous experiment. 

No regression or resorption of the yolk or of the chorio- 
nated eggs was found in gravid matured fleas transferred 
to buck and doe rabbits which were later injected with 
0:25-0:75 mg of hydrocortisone for periods ranging 
from 4 to 24 days, or injected with 0-32 mg of hydro- 
cortisone together with (i) 5 mg of prolactin (National 
Institutes of Health, Bethesda, ovine prolactin 23116) 
for 5 days; (ii) oxytocin (10 units ‘Pitocin’, Parke Davis, 
Ltd., London, 3/160/12/16) for 5 days; and (iii) 2 mg 
oestradiol (‘Oestroform’, B.D.H., 33753/124/2501) for 
9 days. No regression was observed if matured fleas were 
sprayed with the Roussel spray excipient only. Among the 
control samples there were a few exceptions in which 
fleas after 7 days (or longer) feeding on rabbits injected 
with 0-75 mg of hydrocortisone had either failed to respond 
or had responded and then afterwards regressed. It must 
be remembered that many of the fleas had previously 
been used in other experiments involving maturation 
and it has been noted that such fleas can fail to respond 
to further hormone stimulation. On the other hand, it is 
possible that with large pharmacological doses of either 
corticosteroids or oestrogens the fleas become exhausted 
and regression occurs spontaneously without the influence 
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of ether luteinizing hormone or progestins. It is therefore 
important, when LH or progesterone regression experi- 
ments are involved, to ascertain that, after the cessation 
of the experiment with the regression factor, the fleas 
can be brought back immediately to egg-laying when 
stimulated with corticosteroids. 

Our experiments suggest that luteinizing hormone, 
progestins (and to a certain limited extent, testosterone) 
can play an active part in regression and resorption in the 
rabbit flea and, moreover, that these particular hormones 
exert a direct effect on the flea and do not act only in- 
directly by way of the host. In Nature, maturation followed 
by bouts of egg-laying in the nest may predispose the 
female flea to rapid regression on the postpartum host. 

Insufficient 20a-OH was available to compare its 
activity with that of progesterone on the fleas’ ovaries, 
as we were able to do in the case of corticosterone and 
hydrocortisone. In the rabbit, 20«-OH is two thirds less 
active weight for weight than progesterone and when 
direct applications were made to fleas a correspondingly 
low activity was anticipated. However, results suggested - 
that 20a-OH is the more active of the two hormones m 
fleas when sprayed on externally—-a somewhat surprising 
conclusion because the Roussel spray used contained 
about half as much 20a-OH per measured dose as the 
progesterone spray. Furthermore, the defaecation rate 
of fleas sprayed with the latter hormone returned to the 
pre-spraying rate (1: 6-8) after about 9 days on a rabbit 
treated with hydrocortisyl, whereas those sprayed with 
20«%-OH remained below the pre-spraying rate for 21 
days. 

A is evident that the reduced intake of blood (estimated 
by the reduced defaecation rate), which is characteristic 
of fleas feeding on rabbits with a high blood-level of LH 
or progestins, plays an important part in regression. 
Apart from any other consideration, such as the reduction 
of nutrient material ingested, it follows that the intake of 
corticosteroids is thus drastically curtailed. It was noted 
earlier? that on thyroidectomized pregnant does maturation 
occurred without accelerated defaecation rates suggesting 
that maturation and yolk formation, although linked to 
faster feeding rates in Nature, were not dependent on it. 
Similarly, by raising the corticosteroid-levels of the blood 
very slightly (0-1 mg of hydrocortisone into the 10 lb. 
rabbit) yolk formation could be engendered in the fleas 
without raising their defaecation rate. A similar effect 
could be produced by injecting somewhat larger doses of 
corticosterone simultaneously with progesterone. Con- 
versely, relatively large doses of progesterone injected 
into the rabbit, in conjunction with smaller doses of 
hydrocortisone, could produce the reverse effect, namely 
regression of the ovaries without a reduction in the feeding 
rate. 

It would seem, therefore, that maturation, egg pro- 
duction, ovarian regression and the resting stages of the 
rabbit flea (feeding on both the doe and buck rabbit) 
depend on the relative blood-levels of various groups of 
hormones under the control of the anterior lobe of the 
pituitary gland. Maturation is probably delayed by the 
high levels of luteinizing hormone and progestins present 
during the early stages of the rabbits’ pregnancy, even 
if the corticosteroid blood-levels have already begun to 
rise before the twentieth day, when maturation of the 
flea first becomes evident. Regression of fleas on the 
postpartum doe seems to indicate a higher level of pro- 
gestin (particularly 20a-OH) circulating in the peripheral 
blood than has hitherto been suspected’, because the 
corticosteroid levels are still somewhat elevated in the 
lactating doe’. It is of interest that regression of the 
fleas on the postpartum doe is more rapid if the rabbit is 
re-mated immediately following parturition when, in 
consequence, the level of luteinizing hormone and pro- 
gestins in the blood is raised®. Nevertheless, at this 
stage of the life-cycle other factors may influence re- 
gression. It has been noted, for example, that fleas 
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which have been matured by spraying with oestradiol 
show, after 12 days, features reminiscent of the spent 
flea, which are rarely seen in fleas sprayed with corti- 
costeroids, even after such fleas have been maintained 
for periods of several weeks in the matured condition. In 
particular, the secretions in the oviducts of oestradiol- 
sprayed fleas coalesce to form thin sheets of tissue’. 
If these fleas thus sprayed with oestradiol, are replaced 
on rabbits with high corticosteroid blood-levels, the 
characteristics of the spent flea become grossly exaggerated. 
It would appear, therefore, that oestrogen blood-levels may 
speed up egg-laying and the process of maturation and 
play some preparatory part in the regression of fleas which 
invariably occurs on the postpartum doe, in which the 
corticosteroid levels are still elevated. 

In Nature, fleas do not mature on the healthy buck 
rabbit over the age of 10 days, although they may do so 
feeding on diseased rabbits‘. The results of the experi- 
ments with testosterone were somewhat perplexing and, 
although the general picture suggests that this hormone 
acts as a long-term inhibitory factor, further experiments 
are required. If fleas are sprayed oxternally with testo- 
sterone and placed on a normal oestrus doe, no maturation 
occurs and no change in the defaecation rate and the 
state of the ovaries can be observed. If, on the other 
hand, fleas are first matured on a doe receiving daily 
injections of 0-75 mg of hydrocortisone, then sprayed 
with testosterone and replaced on the doe, the fleas 
temporarily increase their defaecation rate and lay eggs 
by the sixth day, and then regress, despite the continued 
injections into the host of 0-75 mg of cortisol daily, and 
are fully regressed by the fifteenth day, the defaecation 
rate dropping from 1:2-7 to 1: 21-30. If fleas are fed 
on either oestrus does or ovariectomized does injected 
with 50 mg of testosterone every fourth day for 20 days, 
a somewhat similar picture is presented. There is uneven 
maturation of the fleas during the first week, but here 
without increase in the defaecation rate, although yolk 
is present in the oocytes, followed later by regression. 

It was pointed out earlier’ that the relationship between 
the hormone-levels, maturation and feeding behaviour 
of the fieas required further investigation, and this still 
remains true. There are indications that certain factors 
in the blood, apart from the various hormones mentioned 
above, play an important part in both initiating and 
maintaining maturation. This is clearly the case in other 
species of fleas because we have obtained maturation, 
pairing and egg-laying of Xenopsylla cheopis Roths. 
feeding for 5 days on the hypophysectomized male white 
rat, and maturation of Nosopsyllus fasciatus Bosc. and 
Ceratophyllus gallinae Schrank feeding for 5 and 12 days, 
respectively, on the castrated adrenalectomized male 
white rat. Furthermore, the rabbit flea does not undergo 
maturation on the pregnant cat—one of the few animals 
on which this host-specific flea will feed steadily. Certain 
cultures of the rabbit flea collected on Herm Island are 
relatively very resistant to cortisol and oestrogens in- 
jected into the host*4, Furthermore, it is not at all clear 
how many of the various changes seen during maturation 
and regression arise directly from the larger or reduced 
intake of blood engendered by the influence of the hormone 
in question. 

Copulation of the rabbit flea does not occur in Nature 
on the adult host but only on the new-born young from 
one to seven days of age!*. The copulation factors (like 
the maturation factors) are most active in nestlings during 
the first day of life and thereafter wane fairly rapidly 
until at the seventh day few, if any, fleas are stimulated 
to copulate. The copulation factors were assumed to be 
present in the prepartum doe at low levels because, after 
feeding on certain individual pregnant does, mature fleas 
occasionally copulate if removed from the rabbit and placed 
in test-tubes. It was also noticed that sometimes males 
were stimulated to attempt copulation in the test-tubes but 
that they were not accepted by the females. Just as there 
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is variation in the speed and degree of maturation of fleas 
feeding on individual does, so there is variation in the 
‘ripeness’ for copulation of fleas feeding on individual pre- 
partum female rabbits, and also in the time interval 
between parturition and their transfer to the nestlings 
from the postpartum doe (see Table 1). 

If individual new-born young rabbits were placed in 
observation boxes and matured female fleas off a pre- 
partum doe were removed from the doe’s ears and mntro- 
duced on to them, pairing first occurred after 40-50 min, 
whether the males present had fed and matured previously 
on the pregnant doe, or merely fed on a non-pregnant doe 
or buck. If, on the other hand, unmatured female fleas 
with ovaries at the resting stage were introduced, even 
together with males matured for 30 days on the pre- 
partum doe, pairing did not occur until after these female 
fleas had fed for a minimum of 10 h on the day-old young. 
Copulation, and in some cases fertilization, then occurred, 
although the ovaries of these fleas had not yet matured 
and no yolk was as yet present in the oocytes. Again, if 
female fleas matured on the prepartum doe were trans- 
ferred to the day-old young and allowed to feed on them 
for 3-5 h and male fleas then mtroduced, pairing occurred 
within 10-12 min, sometimes before the males had fed. 

These observations indicate that it is the female which 
responds to the copulation factors—the male copulating 
directly she is ripe for pairing. Furthermore, copulation 
can precede maturation providing sufficient of the required 
factors are present in the blood of the host. 

The act of leaving the doe for the young and possibly 
the change of temperature in the nest (which is lower than 
the ear (skin) temperature of the doe) may predispose the 
gravid female flea to copulate. 

Preliminary trials with beef growth hormone (supplied 
by the Department of Biochemistry, Cambridge) in which 
3-week-old nestlings were injected with 1-80 mg and a few 
pairs of gravid and matured fleas observed, afterwards, 
pairing on them, suggested that this hormone might 
provide one of the necessary factors for copulation. No 
rabbit growth hormone is available for experiments and 
therefore three trials were later carried out using human 
growth hormone (somatotropin, also supplied by the 
Department of Biochemistry, Cambridge). Two age-groups 
of rabbits were selected for these experiments: (a) 10-day- 
old rabbits, on which age-group we have not previously 
seen fleas pairing and from whose nest the fleas returned 
to the doe the same day on which the experiment was 
performed (indicating that these particular nestlings had 
ceased to be attractive to fleas). (b) Kight-week-old rabbits, 
an age-group which is still comparatively unattractive to 
fleas and on which copulation of fleas has not hitherto been 
observed. 

Two 10-day-old nestlings from the same litter were 
placed in observation boxes and forty matured fleas from 
a, doe, immediately prepartum, were introduced on to each 
ofthem. One of the nestlings was injected with 1:80 mg of 
human growth hormone dissolved in normal salme at 
12.30 p.m. Two hours later, five pairs of fleas were copulat- 
ing on this 10-day-old nestling, nine pairs at 3.15 p.m. and 
a further eight pairs at 3.45 p.m. No copulation had 
occurred up to this time on the control rabbit. Therefore 
at 4p.m., 3-5 h after the commencement of the experiment, 
the control was in turn injected with 1:80 mg of human 
growth hormone. At 6 p.m. two pairs of fleas were seen in 
copulation on this rabbit, three further pairs at 7 p.m., 
and two pairs at 9 p.m. No further pairing was seen on 
either 10-day-old rabbit after 10 p.m. This experiment 
was repeated with two 10-day-old rabbits from another 
litter except that in this case the experimental rabbit was 
injected with 1-67 mg of human growth hormone dissolved 
in normal saline (at 3.40 p.m.) and the control rabbit 
received at the same time an injection of normal saline 
only. One hundred matured fleas were introduced on to 
each rabbit from a prepartum doe. One pair of fleas was 
seen in copulation before they were introduced to either 
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nestling. Pairing was first seen on the rabbit injected 
with growth hormone at 4.2 p.m., 22 min after transfer 
from the doe, when four pairs were seen to be copulating. 
A total of thirty pairs were counted up to 11.5 p.m. One 
pair of fleas was noted copulating on the control 35 min 
after their transfer from the doe, but no further pairing 
occurred on the control for the following 4h. Therefore 
at 7 p.m. it was injected with 1-67 mg of growth hormone. 
One hour later three pairs were seen in copulation, and, 
in all, twenty-five pairs were counted on the control rabbit 
following the injection. Pairing was not observed on the 
experimental nestling after 11.5 p.m. but continued on the 
injected control until 2 a.m. when three pairs were still 
in copulation. 

Gravid fleas do not behave in the same manner on the 
10-day-old nestling as on the day-old nestling. Possibly 
the relatively high level of corticosteroids in the blood of 
the day-old rabbit® accounts for the fact that the fleas 
tend to scatter over the body without fixing to any specific 
arca, feeding chiefly on the sacral regions and the flanks; 
the naked skin of the new-born rabbit may also play a 
part in determining their behaviour. The defaecation rate 
of fleas on the day-old nestling is at a maximum of 1: 1-4 
but drops steadily until on the 10-day-old it is about 1 : 30. 
Unmatured fleas, fed for 26 h on the 9-10-day-old rabbits 
and later sectioned, are found to show no trace of develop- 
ment, whereas those fed for similar periods on 1~2-day-old 
nestlings invariably display signs of maturation. On the 
10-day-old rabbit the fleas, possibly in response to the 
longer hair and relative lack of certain hormones, tend to 
congregate on the head and fix in this position. 

The experiment on the 8-week-old rabbit was far less 
satisfactory. One of these was injected with 4:50 mg of 
human growth hormone and forty fleas matured on a pre- 
partum doe were introduced on to it. Observations were 
difficult in the longer hair of this age-group and were not 
considered altogether satisfactory. Three pairs of fleas 
were seen in copulation 4:5 h after the injection and none 
were observed on the control. All fleas on the injected 
rabbit were later sectioned, but only one specimen (despite 
the three observed pairing) had been successfully fertilized. 

Although it seems clear that growth hormone is a power- 
ful copulation factor if injected into young rabbits about 
the time when the fleas normally abandon them for the 
doe, yet it is insufficient to stimulate much pairing on the 
8-week-old rabbit. Some other factors are probably 
required or else some inhibitory elements are present in 
the 8-week-old rabbit which counteract the effect of the 
growth hormone. 

Fleas matured and feeding on adult rabbits were not 
stimulated to copulate by intramuscular and subcutaneous 
injections into the host of ACTH, hydrocortisone, corti- 
costerone, cortisone, prolactin, oxytocin, adrenaline, 
oestradiol, luteinizing hormone, progesterone, 5-hydroxy- 
tryptamine, and fructose (intravenous injections) and 
‘Metopirone’ (Ciba Laboratories, Ltd., Horsham, Sussex), 
nor by cholesterol administered orally to the host, or 
farnesol sprayed on to the fleas externally. No matured 
fleas were observed to pair on 10- or 12-day-old nestlings 
injected with hydrocortisone or normal saline, but two 
pairs were seen in copulation 14 h after an injection of 
2:5 mg of prolactin (NIH/P/S/6, ovine), and one pair 
40 min after an injection of 10 mg of testosterone. 

There is considerable variation in the behaviour of 
copulating fleas. Bird fleas of the genus Ceratophyllus 
will pair immediately on emerging from their pupae with- 
out a blood meal!*, but the female (not the male) of 
Aenopsylla and LEchidnophaga requires a blood meal 
before she will pair!?. The specialized behaviour of the 
rabbit flea, in which the insect’s copulation appears to be 
partly under the control of a protein hormone secretéd by 
the anterior lobe of the pituitary gland of the host, seems 
to be unique. 

The various changes associated with maturation can all 
be observed, with minor variations, during the maturation 
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of Xenopsylla, Echidnophaga, Nosopsyllus and Cerato- 
phyllus. Owing to the fact that maturation, pairing and 
egg-laying in the rabbit flea are compressed into a very short 
breeding period (10 days on the prepartum doe and 10 days 
in the nest), these changes appear with dramatic sudden- 
ness but, apart from the time element and certain special- 
izations, such as the simultaneous maturation of large 
batches of eggs, and sperm bundles (which can also be 
observed in Echidnophaga gallinacea), the process of 
maturation is fundamentally simular in the four genera 
which have been observed and sectioned during their 
development from the unfed imago to fertilization and 
egg-laying. It is not, of course, known how the hormones 
of the rabbit act on the flea, but it ıs unlikely that they 
each exert a direct effect on the reproductive or other 
organs of the insect; it would seem more probable that 
they influence the release of the fleas’ own hormones. It 
is possible to envisage a progressive increase in the release 
of the juvenile hormone, and a specific response in the 
various target organs in the flea to these different levels 
of juvenile hormone. The gradual increase in defaecation 
rate seen, in both sexes of the flea during the last 10 days 
of the host’s pregnancy could, for example, reflect a rise 
in the level of juvenile hormones released ın response to 
the rise in blood levels of certain hormones in the host. 
It is also possible that a hormone resembling that re- 
corded!4-!* from the corpus cardiacum of Periplanata 
americana's.15 is concerned with the accelerated defaeca- 
tion rate. This hormone, which ıs released by feeding, 
stunulates an increase in the rate and amplitude of the 
muscles of the heart, gut and Malpighian tubes. It is also 
claimed?* that a factor (FP), which is more or less specific 
for the hind gut, can be separated from extracts of the 
corpus cardiacum. On the other hand, it is also possible 
that a much lower level of juvenile hormone 1s sufficient 
to stimulate maturation without affecting the defaecation 
rate. Nevertheless, these observations suggest that the 
rabbit flea may have a specific hormone (distinct from the 
juvenile hormone controlling maturation!**°) which is 
concerned with the regulation of ovarian regression and 
resorption. 
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A FAST-NEUTRON SOURCE FOR RADIOTHERAPY 


By Dr. ROGER J. BERRY 
Radiobiology Laboratory, Department of Radiotherapy, Churchill Hospital, Oxford 


AND 
Dr. ROY E. ELLIS 


Department of Physics, Medical College of St. Bartholomew’s Hospital, London 


AS part of a comprehensive study of the effects of radia- 
tions of differing linear energy transfer (LET), dose- 
response curves for the survival of reproductive capacity 
of murine P-388 leukaemia cells were obtained in vivo 
after irradiation with fission-spectrum and 14-MeV mono- 
energetic fast neutrons‘and after irradiation with cyclo- 
tron-produced fast neutrons with an average energy of 
6 MeV (ref. 2). Comparison between the slopes of the 
dose-response curves indicated that there was a rather 
large difference in the radiosensitivity of these cells over 
a narrow range of difference in LET between the mono- 
energetic 14-MeV neutrons and those produced in the 
Medical Research Council’s cyclotron at Hammersmith 
Hospital. On the basis of this difference, it was suggested 
that there might be similar gross differences ın the sensi- 
tivity of anoxic tumour cells in situ over this narrow range 
of LET, and this would have important implications and 
limitations in the application of fast neutrons of these 
energies to clinical radiotherapy*-. 

The prosent experiments were designed to repeat and 
extend Berry and Andrews’s original observations! using 
14-MeV monoenergetic neutrons, and to compare the 
response of tumour cells irradiated ın a mouse in air with 
that of tumour cells in a mouse confined at 10 cm depth 
within a tissue-equivalent phantom to simulate the 
response of a deep-seated human tumour. 

The P-388 lymphocytic leukaemia of the DBA/2JN 
mouse and the assay of the reproductive capacity of its 
cells by serial dilution techniques have been described 
previously; the tumour does not provoke any detectable 
immune response from the brother—sister mated recipient 
animals of the DBA/2JNox¢ sub-line®*, The statistical 
handling of the data has also been described’; the ‘sur- 
viving fraction’ (the fraction of cells retaining reproduc- 
tive capacity after irradiation) was determined by the 
expression : 

# (irradiated) 

(control) 


where E is a fraction analogous to the ‘plating efficiency’ 
of cells grown in clonal] culture am vitro, and represents the 
percentage of morphologically intact tumour cells injected 
into recipient mice which are capable of producing tumours 
in those mice. 

Tumour-bearing donor animals were irradiated 7 days 
after the intraperitoneal injection of 10° cells; at the 
time of irradiation their ascites fluid volume was 5-7 ml. 
and the majority of tumour cells were anoxic when the 
mouse itself was breathing air, so that the radiation 
survival curves obtained were those for anoxic tumour 
cells. The 14-MeV neutrons were produced in a SAMES 
neutron generator. Deuterons were accelerated by an 
electrostatic generator operating at 150 kV. At a beam 
current of 400-500 amp, the deuterons were used to 
bombard a thin tritiated (titanium) target (5-5-9-5 e., 
initial activity) supplied by the Radiochemical Centre, 
Amersham. The radiation exposure was measured with a 
tissue-equivalent type ‘B’ Rossi chamber®, which had 
been calibrated against radium. This chamber was placed 
in the positions occupied by the tumour-bearing donor 
mice, and simultaneous readings were obtained with a 
remotely placed tissue-equivalent protection chamber 
which was connected to a vibrating reed electrometer. 
Instantaneous measurements of dose-rate were obtained 
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on, the remotely placed chamber at regular (5 min) 
intervals throughout the irradiation period. These were 
then integrated to give an estimate of the final total dose 
received by each individual mouse. Because of the rapid 
depletion of the tritium target at these high beam currents, 
the dose-rate varied during the exposure. At the position 
in which the tumour-bearing donor mice were irradiated, 
the maximum dose-rate was 11 rads/min and the mini- 
mum was 2:2 rads/min. 

The polythene containers used to confine the mice 
during irradiation were identical with those used by 
Berry, Bewley and Pernell?, as was the tank of tissue- 
equivalent solution used for irradiation of one tumour- 
bearing donor animal at a depth of 10 em. The containers 
were placed 5 cm from the cooling water jacket around the 
tritium target and were rotated during the exposure to 
produce the most uniform distribution of radiation dose 
within the aseites fluid in the abdomen. 

The results obtained in two separate experiments are 
shown in Table 1, and plotted graphically in Fig. 1. In 
addition, the earher data obtained by Berry and Andrews} 
have been subjected to the improved statistical analysis’ 
used ın the present experiments, and are shown in Table 2 
and plotted against the current results in Fig. 1. For 
purposes of comparison, the dose-response of anoxic 
P-388 leukaemia colls to X-rays, cyclotron-produced fast 
neutrons? and fission-spectrum fast neutrons’ 1s also 
shown. a ee ee 

The present results extend the survival curve for 
14-MeV neutrons below one cel! in a thousand, and form 
a quite homogeneous set of observations. The response 
of tumour cells in the donor animal irradiated at a depth 
of 10 cm in tissue-equivalent material to simulate a deep- 
seated human tumour did not differ from the optimal 
regression, line drawn through the date for survival of 
tumour cells irradiated in donor animals in air. This 
indicates that there is no significant change in the relative 
biological efficiency of these 14-MeV neutrons due to 
degradation of energy caused by passing through tissue 
to a depth of 10 cm. 


Table 1. SURVIVAL OF REPRODUCTIVE CAPACITY OF P-388 LEUKAEMIA 
CELLS 72 vive AFTER IRRADIATION WITH 14-MEV MONOENERGETIC NEUTRONS 


E Fraction 
Neutron dose (‘plating Log, E + SE. of 
{rads) efficiency’) surviving 
cells 
Experiment I. 
Control (0) 0 28 —0 552 + 0-134 {1-0) 
710 © 0090 —- 2 046 + 0-196 0 032 
1,240 0 00020 — 3:693 + 040 © 00072 
Experment IT 
540 0011 — 1'964 + 0°184 0-039 
740 0 0051 — 2296 + 0175 0-018 
860 0:0012 — 2 928 + 0190 0 0042 
290 0 057 —1 244 + 0184 0-20 


(at 10 em depth in 
phantom, see text) 


Table 2. DATA OF BERRY AND ANDREWS? FOR SURVIVAL OF P-388 LEUKAEMIA 
CELLS AFTER IRRADIATION WITH 14-MEV MONOENERGETIC NEUTRONS. 
RECALCULATED USING THE METHOD OF PORTER AND BERRY’ 


Fraction 
E of 
Neutron dose (‘plating Lege E £ SE. SUrVIVING 
(rads) efficiency’) cells 
Control (0) 0-28 — 0:557 + 0-026 (3-0) 
125 0-30 —-0520 + 0138 108 
250 0-10 —0 989 + 0 094 0-37 
500 0 027 — 1 665 + 0-126 0 097 
760 0-015 —1821 + 0176 0 054 
1,000 0-010 — 1-988 + 0 204 0-037 
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Fig. 1. Survival of reproductive capacity of anoxle P-388 leukaemia 
celis in vivo. W, Present series of experiments, irradiation with 14-MeV 
monoenergetic neutrons, donor mouse irradiated in air; C], present 
experiment, irradiation with 14-MeV monoenergetic neutrons, donor 
mouse confined 10 cm deep in tissue-equivalent phantom; b, data 
re-calculated from Berry and Andrews’, irradiation with 14-MeV mono- 
energetic neutrons at Brookhaven National Laboratory. ‘X-rays, 
Cyclotron, Neutrons”, data from Berry, Bewley and Parnell (ref. 2). 
“*Fission-spectrum fast neutrons”, data re-caleulated from Berry and 
Andrews (ref. 1). The vertical bars Indicate the standard error of each 
determination of fraction of surviving cells 


The present results, however, differ somewhat from 
those obtained by Berry and Andrews in the earlier 
experiments! in which P-388 leukaemia cells were irradi- 
ated with 14-MeV neutrons produced in the Van de Graaf 
generator at the Brookhaven National Laboratory. The 
physical parameters of the radiation exposure, however, 
differed in that at Brookhaven a low, but relatively 
constant, dose-rate was achieved. It has been shown 
that P-388 cells are capable of recovery between fraction- 
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ated acute X-ray doses spaced over 4 h apart®®, and that 
recovery occurs in these cells during protracted y-irradia- 
tion at low dose-rates!®. Recovery has also been shown 
to occur between fractionated acute doses of 14-MeV fast 
neutrons’. The initial agreement between the two sets of 
results at low radiation doses, followed by divergence 
between them at doses where the Brookhaven exposure 
times were excessively long (more than 8 h) owing to 
interruptions caused by temporary machine failures, 
etc., suggests that intra-cellular recovery during the 
radiation exposure may be an explanation of the differ- 
ences observed; in the present series of experiments, 
none of the exposures exceeded 6 h in overall duration 
and the high initial dose-rate meant that a majority of 
the dose was delivered even more rapidly (presumably 
before recovery could occur). 

The present results indicate that there is relatively 
little difference in the biological response of mammalian 
tumour cells to 14-MeV monoenergetic neutrons, and to 
the fast neutrons of quite similar average LET produced 
in the Medical Research Council’s cyclotron. If the 
generators of 14-MeV neutrons can produce sufficiently 
high outputs", and the problems of collimation of a 
beam of these neutrons can be overcome’? (as now seems 
practicable!5), there now seems little doubt that irradia- 
tion with 14-MeV neutrons in clinical radiotherapy could 
produce @ useful decrease in the protection normally 
afforded to tumour cells by anoxia} when they are 
irradiated with low-LET X- or gamma-radiation. 

This work was supported by a grant from the Medical 
Research Council. We thank Prof. J. E. Roberts and Prof. 
J. Rotblat for permission to use the Middlesex Hospital 
neutron generator (at present installed at the Medical 
College of St. Bartholomew’s Hospital). We also thank 
Prof. H. H. Rossi for donating the tissue equivalent 
liners for the type B chamber (the chamber was con- 
structed by T. Cornell and J. Musgrove). We also thank 
Mr. J. Lewis and Mrs. Jeanne Crane for technical assist- 
ance. 
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INFRA-RED DETERMINATION OF THE PERCENTAGE OF CRYSTALLINITY 
IN APATITIC CALCIUM PHOSPHATES 


By JOHN D. TERMINE and Dr. AARON S. POSNER 
The Hospital for Special Surgery, Cornell University Graduate School of Medical Sciences, New York 


Many solid systems contain an amorphous phase 
admixed with a crystalline phase. Because the exact 
proportion of the mixture contributes to the chemical 
and physical properties of the system, the measurement 
of the percentage of crystallinity (that is, the percentage 
by weight of the material found in the crystalline form) is 
of fundamental importance. Various methods such as 
X-ray diffraction, infra-red spectroscopy, specific volume 
and density measurements have been used to determine 
the ratio of the crystalline phase to the amorphous phase 
in polymers'. This report presents an infra-red spectro- 


photometric technique designed to measure the percentage 
of crystallinity on a series of apatitic calcium phosphates. 

The first solid formed during the precipitation of 
hydroxyapatite, Ca,.{PO,),(OH)., from a carbonate-free 
alkaline medium is a non-crystalline, or amorphous, 
calcium phosphate with a calcium to phosphorus molar 
ratio (Ca/P) of 1:50 (ref. 2). Afterwards, this solid in 
contact with the precipitating solution converts slowly to 
crystalline apatite (calcium : phosphorus = 1-67) by an 
autocatalytic mechanism’. By sampling the reaction at 
intermediate stages it is possible to obtain a series of 
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calcium phosphates with varying amorphous to crystalline 
compositions with the crystalline content remaining at a 
constant crystallite size?. Infra-red spectra of the solids 
formed in the conversion of amorphous calcium phosphate 
to crystalline hydroxyapatite show a gradual splitting of 
the 600 cm~ phosphate ion antisymmetric bending 
frequency (v,) from a broad singlet for amorphous caleium 
phosphate to a well-defined doublet for the fully crystalline 
solid’. Because the X-ray diffraction assay of the per- 
centage of crystallinity has certain experimental limita- 
tions (for example, large sample size), we decided to use 
this infra-red splitting effect to develop a quantitative 
measure of the percentage of crystallinity of these mixtures 
of amorphous and crystalline calcium phosphates. 

All infra-red absorption spectra were obtained on a 
Beckman JR-9 spectrophotometer by the potassium 
bromide pelleting technique; 700-mg disks of potassium 
bromide 22 mm in diameter, which contained 2-0 mg of 
sample (ground to 325 mesh) pressed at 52,000 Ib./in.? 
under vacuum, were used. 

Standard samples of varying percentages of crystal- 
linities were obtained by physically admixing, in a dental 
amalgamator, different proportions (by weight) of pure 
amorphous calcium phosphate and a pure crystalline 
hydroxyapatite prepared as described elsewhere?. Identifi- 
cation and purity of the phases used as standards were 
determmed by X-ray diffraction. The Ca/P ratios for 
these standard mixtures were obtained by weight averag- 
ing the analyses obtained from the amorphous and crystal- 
line phases in the proper proportion. These prepared 
mixtures, labelled as series 1, 2 and 3, ranged from 0 to 
100 per cent crystalline. The methods of chemical and 
X-ray diffraction analyses used throughout provided a 
precision of +1 per cent for the Ca/P ratios and +10 
per cent for the percentage of crystallinities. 

A second specimen series, labelled VI, VII, VII and 
XIII, was obtained by sampling the preparation of 
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hydroxyapatite? at various times in the conversion of 
the precursor amorphous calcium phosphate to the final 
crystalline phase. The samples obtained in this manner 
ranged from 0 to 100 per cent in crystallinity as determ- 
ined by X-ray diffraction. 

X-ray diffraction line broadening showed the apatite 
crystals in both sample series examined by infra-red to 
have about the same crystal size. To ascertain the effect 
of crystal growth in the infra-red data, a preliminary 
examination was made of two synthetic hydroxyapatites 
(100 per cent crystalline) of differing crystal size (~ 125A 
and ~ 450 A in average c-axis crystal diameter). 

The method of measuring the splitting of the phosphate 
ion antisymmetric bending mode at about 600 cm- is 
depicted in Fig. 1. As shown, a base line was drawn, by 
visual estimation, at the high transmission (top) end of 
the absorption band to mark the area limits, A., of the 
band. The two minimum points of transmission on the 
band were connected to form the splitting area, A,. 
Both areas were measured by planimetry and the amount 
of splitting is given by the ratio of the two areas, A,A», 
and is defined as the splitting function (SF). For a com- 
pletely amorphous calcium phosphate where a single 
broad peak exists, a value for the splitting function of 
zero is obtained as A, is equal to zero. The precision of 
the measurement of the splitting function was found to be 
+3 per cent. 

A plot of splitting function values against X-ray 
diffraction-assayed percentage of crystallinity (per cent C) 
for both series of calcium phosphates is shown in Fig. 2. 
A statistical analysis of variance showed no significant 
differences in either splitting function or per cent C 
between standard mixture sample points (1, 2, 3) and 
experimentally obtained points (VI, VII, VIII, XIII). 
Using all the data, mixtures as well as experimental 
samples, a regression analysis yielded a line with a slope 
of 549-5 per cent C/SF¥ units and an intercept on the 
abscissa of 6:4 per cent C. The correlation coefficient 
for this line is 0-799 and a statistical test for linearity was 
positive (P < 0-001). 

This plot shows that the infra-red splitting function 
measurement can serve as a quantitative measure of the 
percentage of crystallinity for the calcium phosphate 
system. Despite the low value of per cent C intercept 
on the abscissa, the practical lower limit of detection of the 
percentage of crystallinity by this infra-red method was 
found to be about 15 per cent. The precision of splitting 
function analysis above this lower limit is, as already 
stated, +3 per cent. 
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Fig. 2. Plot of infra-red splitting function against X-ray diffraction 
percentage of crystallinity of a series of ee spinerrete. 
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Fig. 3 shows a plot of the splitting function against the 
Ca/P ratio for all the samples. Again, no significant 
differences could be observed between the standard 
mixtures and the samples obtained at various time inter- 
vals from the preparation of hydroxyapatite. Regression 
Ca/P č , th 
oF units with an 
intercept on the abscissa of 1-51 Ca/P units. This line 
gave a correlation coefficient of 0-961 and a high level of 
linearity significance (P < 0-001). Thus, within the 
limits of the experiment, the sphtting function values 
can be used as a means of obtaining the Ca/P ratio of a 
given calcium phosphate mixture of amorphous (Ca/P = 
1-50) and crystalline hydroxyapatite (Ca/P = 1-67). 
Because the Ca/P and the per cent C of a given sample in 
both series are related, it ıs reasonable that both these 
values can be obtained from a measure of the splitting 
function. 

The crystal size was shown to have an effect on the 
value of the splitting function of a fully crystalline 
hydroxyapatite. The values of the splitting function 
observed for the two extreme samples with sizes of about 
125 A and 450 A were 0-155 and 0-250, respectively. 
This preliminary result points up the necessity for further 
investigation of the effect of crystal size on the infra-red 
splitting function factor. It should be emphasized, 
however, that all the samples examined in the foregoing 
study contamed hydroxyapatite with the same crystal 
size. 

This method of determining the percentage of crystal- 
linity in a mixture of amorphous and apatitic calcium 
phosphates has a few simple advantages over the present 
X-ray diffraction method. The infra-red study uses only 
a few milligrams of sample, while the X-ray method 
requires at least twenty-five to fifty times as much. 
This could be particularly important in the analysis of 
such biological calcium phosphates as bone and tooth 
minerals, if organic matrix effects are taken into account. 
In addition, the time for the infra-red analysis is much 
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Fig. 3. Plot ofinfra-red splitting function against molar Ca/P ofa calcium 
phosphate series. Symbols asin Fig 2 


shorter than that required for X-ray diffraction analysis. 
The method should be immediately applicable to studies 
on bone and tooth minerals if the effect of crystal size 
is taken into account, where necessary. Application of the 
splitting function technique to other chemical systems 
is possible, but as this is an empirical method, experimen- 
tal factors must be found suitable for the system under 
study. 

The chemical analyses, X-ray diffraction studies, and 
certain calcium phosphate samples were provided by 
Drs. I. H. Gillessen and E. D. Eanes of this laboratory. 
This work was supported in part by a grant from the 
National Institute of Dental Research. 

? Kine, G. M. (ed.), Analytical Chemistry of Polymer, 1 and 2 (Interscience, 
J. P. Wiley and Sons, New York, 1959). 
2? Eanes, E. D., Giilessen, 1. H , and Posner, 4. 5., Nature, 208, 865 (1965). 


3 Stutman, J. M., Termine, J. D., and Posner, A. S., Trans. N.Y. Acad. 
Sci., TI, 27, 689 (1965). 


AGE OF ALLUVIAL CLAYS IN THE WESTERN GEZIRA, 
REPUBLIC OF THE SUDAN 


By M. A. J. WILLIAMS 


Research School of Pacific Studies, Australian National University, Canberra 


THE Gezira plains occupy a triangle of about 5 million 
acres between the Blue Nile, the White Nile and the 
Kosti-Sennar railway-line. Khartoum forms the northern 
apex. 

Tothill! noted that freshwater snail shells occur down to 
depths of 2 m in vertisolic clays in a belt of land up to 
30 km wide on either side of the White Nile. He believed 
that the shells were laid down under swampy or lacustrine 
conditions. The climate would have resembled that now 
prevailing in the toch-lands north of Malakal (mean 
annual rainfall 820 mm; compare Kosti, 406 mm, Khar- 
toum, 164 mm). 

Sub-fossil shells of the land snail Limicolaria flammata 
(Cail.) are common in the upper few feet of Gezira clays 
in areas now too dry for it to survive®. Limicolaria is 
present in occupation sites near Khartoum dated by 
Arkell at between 5,000 B.C. and 3,000 n.c.!:2, The in- 
vasion of Limicolaria probably occurred when conditions 
became too dry for the aquatic mollusca, but still not as 
dry as now. 

During the course of a recent reconnaissance soil 
survey along the White Nile, undertaken on behalf of the 
Sudan Ministry of Agriculture by Messrs. Hunting 
Technical Services, Ltd., I collected unbroken freshwater 


molluse shells from soils of White Nile origin at distances 
up to 15 km from the present river. 

One sample came from a pit 11 km east of Esh Shawal, 
in latitude 13° 34’ N., at a ground elevation of 381-5 m 
(3°75 m above local high river level). Lanistes carinatus 
(Oliv.) and Cleopatra bulimoides (Oliv.) occurred in a 
matrix of fine sandy loam at a depth of 145-170 cm, and 
were overlain by slightly caleareous clays. From carbon-14 
measurements, it would seem that this shell layer was 
deposited 11,300 + 400 years B.P. (Date by Isotopes, 
Ine., by courtesy of Prof. A. J. Whiteman, Department 
of Geology, University of Khartoum.) 

Another sample came from a pit between Kawa and 
Hashaba, 2 km east of the river, in latitude 13° 56’ N., 
at a ground elevation of 381 m (c. 4 m above local high 
river level). Large shells of Ampullaria wernei (Phil.) 
were set in a silty calcareous matrix at a depth of 160-190 
cm, and were overlain by a calcic horizon 10 em thick. 
By carbon-14 dating it was found that these shells were 
laid down 8,370 + 350 years B.P. (date by Isotopes Inc.). 
Above the carbonate pan, the calcareous clay contained 
a further shell band (depth 140-160 cm) for which no date 
is available, and this band is in turn overlain by dark 
grey cracking clay. 
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Tothill? regarded the 382 m strand-line at Hashaba, 
with its associated water-worn shells of Cleopatra and 
Melanoides, as the highest level attained by the White 
Nile lake at the time of its greatest development. Between 
15 cm and 200 em of clay overlie locally fossiliferous calcic 
layers in the Kawa-Hashaba-Esh Shawal area. In the 
first pit, more than 140 cm of clay were laid down some 
time after 10,900-11,700 B.P.; in the second pit more than 
150 cm of clay were laid down after about 8,000-8,700 B.P. 
Deposition at the latter site was intermittent, with 
impeded drainage and calcium carbonate precipitation 
sufficient for the development of a calerete pan, followed 
by a phase of perenmally wet conditions during which 
aquatic mollusca flourished, and finally succeeded by a 
period characterized by seasonal swamps. 

From dated shell-beds in silt terraces between the First 
and Third Cataracts‘, it would seem that aggradation 
on the Main Nile began between 30,000 and 15,000 years 
ago, and reached its peak about 10,000 years B.P. At 
Singa on the Blue Nile, Levallois-type implements were 
found in alluvial sands beneath snail-bearing alluvial 
clays which were in turn overlain by Neolithic artefacts‘. 
These clays must therefore have been laid down at some 
stage after the formation of the lower Palaeolithic terrace 
and before about 6,000 B.P. The evidence from the Blue 
Nile and the Main Nile suggests that in Mesolithic times, 
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deposition was roughly synchronous. At some time, after 
about 8,000—12,000 B.P., some 150 cm of clay were laid 
down over snail-bearing deposits of White Nile origin. 
It is still uncertain whether these later clays are of Blue 
Nile origin, as the abundance of gypsum and mica in 
them suggests, or whether they represent purely local 
< in swamps bordering the receding White 
ile. 

To the north of Hashaba, winding sand dunes and former 
meander channels follow a sinuous course from south- 
south-east to north-north-west. They occupy perhaps 
3--400,000 acres, and may be traced on air photo mosaics 
from near Sennar on. the Blue Nile, through the scattered 
gozes of the Central Gezira, to the country around El 
Geteina, on the right bank of the White Nile, where they 
attain fullest development (Fig. 1). The dune sands overlie 
calcareous clays of unknown derivation, and Mesolithic 
and Neolithic artefacts are common on some of the dunes. 
It seems that as the White Nile dwindled to its present 
size, sandy distributaries of the proto-Blue Nile meandered 
across the alluvial clay plains left exposed by the receding 
White Nile lake and a series of sinuous channels with 
sandy bedloads came into being. 

As discharge diminished, perhaps due to climatic 
desiccation, the channels were abandoned and their bed- 
loads resorted by wind action. Inversion of relief occurred 
as channel deposits were raised into dunes by aeolian 
activity, levees were removed by deflation, and the form- 
erly channelled localities became filled in and levelled off. 

Conditions on the clay plains and inter-dune swales 
remained sufficiently unattractive (perhaps owing to 
swamps or to dense woodland) to discourage Mesolithic 
and Neolithic settlement other than on the dunes. Evi- 
dence? at Esh Shaheinab near Khartoum points to an 
annual rainfall of 800 mm in Mesolithic times, diminishing 
by Neolithic times (c. 4,000 B.c.). This accords with the 
inferred drainage chronology in the sand dune region 
around El Geteina. f 

The recent depositional history of the land bordering 
the right bank of the White Nile between Jebel Aulia 
and Rabak may be summarized as follows: Until about 
8,000-12,000 years ago, the White Nile formed a lake up 
to 50 km wide which reached a height of 382 m. There is 
some evidence of a higher lake level at 386 m (ref. 7), 
and I found shell-beds in pits up to an elevation of 384 m. 
These lakes probably had similar surface gradients to the 
present river when the reservoir at Jebel Aula is full 
(377-8 m elevation), at which time the gradient between 
the dam and Rabak is 0-1 cm/km. 

Fine sands and silts were laid down in the 382 m lake 
as littoral deposits. They contain mica and gypsum, and 
are far too coarse in texture to be authigenic White 
Nile deposits. They are probably re-worked deposits 
of Blue Nile origin. As the lake shrank, up to 150 cm of 
clay were laid down under swampy conditions over the 
snail-bearing silts between Hashaba and Esh Shawal. 
North of Hashaba, the proto-Blue Nile transported 
medium to coarse sands in braided or meandering channels, 
and fine-textured sediments accumulated in back-plain 
situations. By about 6,000 B.P., annual rainfall had 
diminished to about 600 mm near Khartoum, the level 
of the White Nile had fallen to 0-5-1 m above its present 
mean high level, and the Blue Nile was either in the final 
stages of meandering across the clay plain north of El 
Geteina, or had already been diverted northwards to its 
present confluence with the White Nile at Khartoum. 


1 Tothill, J. D., Sudan Notes and Records, 27, 127 (1946). 

2 Jewitt, T N., Repub. of the Sudan, Min. Agric. Bull No, 12 (1955). 

3 Tothill, J. D., 1m Agriculture in the Sudan, edit. by Tothill, J. D., chap. 7 
(Oxford University Press, 1948). 
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5 Arkell, A. J., in Agriculture an the Sudan, edit. by Tothill, J. D., chap. 2 
(Oxford University Press, 1948). 

‘ Arkell, A. J., A History of the Sudan to 1821, 32 (London, 1985). 
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IN HYDROTHERMAL SOLUTIONS 


By STUART H. WILSON 


Institute of Nuclear Sciences, Department of Scientific and Industrial Research, Private Bag, Lower Hutt, New Zealand 


THe difficulty of deciding whether the tritium content of 
a natural water is a function only of the age of the water, 
or whether it arises from admixture of old water with new 
tritium, is particularly marked in the case of hydrothermal 
water. The results of forty-three determinations of the 
tritium content of the water tapped by drillholes at the 
Wairakei Geothermal Power Development have now 
been made available by Taylor et al.. 

Wilson’ recently discussed the tritium determinations 
in the light of the chloride contents of the bore waters and 
the enthalpies of the bore discharges, and concluded that 
even tritium concentrations of 0-1 t.u. could not be 
explained by dilution with surface water. (1 T.U. is a con- 
centration of 1 tritium atom in 10%* hydrogen atoms.) 
The alternative explanation is that the tritium concentra- 
tion indicates the lapse of time since pre-thermonuclear 
rainwater, of average tritium concentration 2 T.U., left the 
surface, was heated, and ascended again to be tapped 
by the bores. It is not only that the times indicated 
(the shortest is 40 years) do not seem long enough for the 
formation of a large body of heated water of volume at 
least 3 km}, with fairly uniform chloride and heat content, 
but also that the variation in tritium concentrations from 
0-05 to 2-3 T.U. for water from bores of good output does 
not seem likely if age is the explanation. 

A possible cause of the occurrence of tritium seems 
to be the radioactivity of rock. Morrison and Pine’, in 
giving evidence for the radiogenic origin of helium-3, 
estimate that & million alpha particles give a yield of two 
thermal neutrons, of which 5 per cent are captured by 
lithium -6 to produce tritium. Calculations, using estimates 
of the uranium, thorium and lithium contents and the 
water content of deep rock at Wairakei, show that the 
concentration of radiogenic tritium would be under 0-01 
T.U. 

My first new suggestion is that consideration must be 
given to the transport of radioactive elements by the 
deep geothermal water, and their deposition in more 
concentrated form. It is well known that uranium minerals 
may be deposited by low-temperature hydrothermal 
solutions, and the assumption, is that the Wairakei under- 
ground water can also act as such an ore-forming fluid. 
Leonova‘ recently suggested that thorium can also be 
transported by low-temperature hydrothermal solutions. 
Further, the concentration of radium and radium-D 
can also be considered, along with the evidence at 
Wairake:' for the transportation and concentration of 
lithium. 

If certain reasonable assumptions are made about the 
water content at great depth (4 per cent of the mass of the 
rock), and the flow of the water (0-5 em/h), and it is 
assumed that uranium or radium is concentrated to 100 
times the content normally present in rock, then a thick- 
ness of 100 m of such a deposit would give a concentration 
of 0-1 T.U. to the water. 

There are enough consistent results on drillholes of 
high output and average enthalpy to give a good average 
result for the tritium concentration of the underground 
water in 1960. The value for seven samples was 0-:11+ 
0:01 t.u. The possibility that this small concentration is 
due to radioactivity is of no great significance, but of 
fifty Wairakei samples collected from 1956 to 1963, 
twenty-eight were found to have tritium concentrations 
from 0:3 to 23 vt.u.!. Many more determinations on 
rain and river waters have given values in agreement with 
reasonable hypotheses, and contamination or gross error 
in the above values is most unlikely. For most of the 


results, dilution can be excluded’, and an age effect is 
unlikely so that it is particularly for these values that a 
more satisfactory explanation 1s required. 

An additional hypothesis to explain these high values 
was suggested by a rough correlation with the enthalpy 
of the bore discharge. This suggested that high tritium 
concentrations were due to mixture near the bore mtake 
of the underground water with steam held in pockets in 
rock with some concentration of radioactivity. If steam 
replaces water, and tritium production is the same, the 
T.U. values will be thirty times as great because of the lower 
density of steam. If the combined effect of increased 
radioactivity and lithium content of the rock is assumed 
to be fifty tumes that which is normal to the rock, it can be 
calculated that after 40 years (three times the half-hfe of 
tritium), the tritium concentration will be about 10 T.U. 
Of course the actual concentration will be less because 
some of the HTO will diffuse out of the steam and there 
may be some flow of steam (example below of reduction 
to 0-4 T.0.). In two cases given by Wilson’, the enthalpy 
was known to be 340 cal/g instead of the normal 270, 
indicating a steam dilution of 20 per cent. The tritium 
concentration of the steam would have to be 2-6 T.U. 
to give the concentration found in the samples, 0-6 T.U. 

The best evidence for a steam horizon in New Zealand 
is the blow-out at Hole 204, which is described by Bolton‘. 
However, around the large fumarole, Karapiti Blowhole, 
there is a steaming area of 350,000 m? with a heat output 
of 100,000 keal/sec. The average tritium concentration 
of four samples from the fumarole was 0-8+0:3 T.U. 
This steam is coming from hot water about 600 m below 
and from this source it would bring 0-1 r.v. The ground 
water to cool the steam from 250° to 120° C could add 
only 0-15 T.U., a total of 0-25 t.u. The upward velocity 
of the steam is estimated as 8 em/h, and allowance for this 
gives a calculated tritium concentration due to radio- 
activity of 0-4 T.U., giving a total in the steam of 0-7 T.U. 

There is not yet much direct evidence in favour of this 
hypothesis. It is hard to prove the presence of excess 
steam in the discharges of high tritium bores, for the 
enthalpy is not measured at the time of sampling, and in 
many cases the excess steam will be steam flashed recently 
from underground water, and hence of low tritium concen- 
tration. If the steam is mdeed from steam horizons in the 
country, then these should gradually be exhausted. From 
determinations on five bores at different times, it has been 
found that for an initial concentration of 1 T.U. the average 
decrease is 0-5 T.U./yr. 

Well-logging equipment has been constructed by this 
Institute, but unfortunately it cannot be used above 180°C. 
Considerable differences in radioactivity were found by 
Ministry of Works engineers in three rather cold bores’. 
An eight-fold difference in gamma-ray counts was found 
at one bore at different levels in the same size casing, but 
this does not go far in supporting the assumptions made. 

Investigations are required to check the different possi- 
bilities in the assumed production of tritium by alpha- 
rays. For instance, if lithium is absorbed on the surface 
of grains in porous rock, its local concentration may be so 
high that a much greater proportion than 5 per cent of the 
neutrons may be captured. The effect of radon in the steam 
would have to be considered, although in water it is in- 
effective in the production of tritium. 

It may be objected that by juggling with assumptions 
one can make a case for the production of tritium by radio- 
activity. However, there is a good reason for not waiting 
for actual measurements before drawing attention to the 
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possibility of this origin for tritium. Soon, owing to the 
difficulty with high tritum levels in ram-water from 
bomb tests, there will be no interest ın the use of tritium 
determinations on thermal waters for determining the 
age ofthe water. Dilution by surface water can be measured 
in other ways. It is difficult to apply any conclusions 
as to the age or the effect of radioactivity to thermal 
areas other than Wairakei. Only in this area has drilling 
made it possible to get enough data on the chloride 
and enthalpy of the underground water to exclude the 
possibility of dilution by surface water. However, in the 
case of steam from fumaroles or drillholes, in hot spring 
areas or volcanic craters, it may be possible from the 
temperature of the steam to set an upper limit to the 
dilution by surface water. However, this will be useful 
in the Southern Hemisphere only for samples collected 
before the autumn of 1962, and in the Northern Hemi- 
sphere before 1954, for after these dates tritium from bomb 
tests brought concentrations in rain to values over 10 T.U. 

In New Zealand the only other samples of interest 
are from two drillholes at Kawerau (1:6 and 0-3 7.U.), 
and two from White Island crater! with tritium about 
0-6 T.U. Results for other places are given in a list of the 
International Atomic Energy Agency*. Concentrations 
at hot springs in the United States are obviously due to 
surface water, except for one case of 0-6 T.U. at Lassen 
Park. The only values for steam are four samples from 
deep wells at Lardarello, Tuscany, and the tritium econ- 
centrations were 0-3-2-7 t.u. The impression has been 
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given from the New Zealand results that the circulation 
time of geothermal water may be only 50 years®, and the 
same deduction may have been made for Lardarello 
steam. It should be pointed out that a radioactive ongin 
for most of the tritium would surmount the difficulty of 
accepting such a short age for geothermal waters. 

The suggested origin of tritium will not apply to deep 
cold water, as this is unlikely to transport and concentrate 
uramum and radium. However, it would be of interest 
before it is too late to have determinations of tritium in 
water vapour saturating natural gas m underground 
reservoirs. Unless the outward diffusion of HTO was rapid, 
the concentration of tritium in this vapour due to natural 
radioactivity should be appreciable. 

I thank Mr. C. B. Taylor of this Institute for drawing 
my attention to the article by Morrison and Pine, and for 
helpful discussions. 
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POLARITY OF THE EARTHQUAKE SOURCE 
By Dr F. F. EVISON 


Geophysics Division, Department of Scientific and Industrial Research, Wellington, New Zealand 


THE direction in which the ground first moves at the onset 
of an earthquake can give important information about the 
nature of the earthquake source. In a given earthquake, 
some seismograph stations record an initial compression 
(motion away from the source), and others an initial 
dilatation (motion towards the source). By projecting 
these observations back to the earthquake focus it is 
possible, in principle, to determine the pattern of first 
motions about the source. In practice only part of the 
pattern is ever well defined, the main reason being that all 
radiation from the upper half of the source reaches the 
surface within so small an area (of radius comparable with 
the focal depth) that few stations are in a position to 
observe this radiation. 

Without any presuppositions about the mechanism of 
earthquakes ıt would be natural to analyse an observed 
pattern of first motion on the focal sphere into a series of 
components; for example, it might be possible to find a 
spherical component (either of compressions or of dilata- 
tions), a second component with compressions in one focal 
hemisphere and dilatations in the other, a third com- 
ponent with compressions and dilatations in alternate 
quadrants, and so on. 

It is widely supposed, however, that earthquakes are 
generated by sudden fault movement, and that this 
movement produces an essentially quadrantal pattern of 
P-wave motion about the source—no other components 
being generated. In accord with this supposition, the 
analysis of recorded first motions has customarily taken 
the form of finding the orientation of that quadrantal 
pattern which best fits the observations, and thus arriving 
at a “fault-plane solution’’ for the earthquake. This 
does not mean that the observations definitely prescribe 
a quadrantal pattern; moreover, different authors have 
often given widely different quadrantal solutions for the 
same earthquake’. 

It is debatable whether or not fault movement really is 
the cause of earthquakes. It has been suggested? that 


sudden faulting may be but a gross kind of earthquake 
damage. Indeed, it is difficult to see how shear fracture, 
as usually understood, could occur at depths greater than 
a few kilometres, because the expected frictional forces 
become prohibitively large. 

Thus there is scope for an investigation of first-motion 
patterns from points of view other than that of the fault 
hypothesis. A full analysis of the various components 
would require more accurate information about the 
amplitude of the initial wave than is at present available. 
If the simplest of these components—the spherical one— 
is important in the earthquake source, it will make the 
pattern of first motions for any given earthquake either 
dominantly compressional or dominantly dilatational ; 
though in practice, because coverage of the focal sphere is 
limited, an observed dominance of one direction of first 
motion over the other is not conclusive evidence for a 
spherical component. 


Polarity 


Observations of first motions for a large number of 
earthquakes have been collected and tabulated by the 
Dominion Observatory, Ottawa, Canada. For sixty-five 
earthquakes in the period 1955-62 the number of observa- 
tions per earthquake is a hundred or more. Data have 
been published*- for the years 1955-58, and Dr. J. H. 
Hodgson has kindly provided me with data for 1959-62. 
The sixty-five earthquakes are well distributed over the 
major seismic regions of the world, and also in depth of 
focus; the magnitudes vary from 6'5 to 8-5. 

The numbers of compressions (Nc) and dilatations 
(Np) observed for these earthquakes are shown in Fig. 
1, in which Nc is plotted against Np for each earthquake. 
There is a clear tendency for one direction of first motion 
to be dominant over the other: in fifty-two earthquakes 
(80 per cent) the ratio exceeds 2:1; in thirty-eight 
earthquakes (58 per cent) the ratio exceeds 3:1. This is, 
in fact, what would be expected if the first motion at the 
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Fig. 1, ¥Firat-motion polarity of 65 well-observed earthquakes. Each point represents an 
earthquake and shows the observed number of compressions (Nc) plotted against the 
observed number of dilatations (Np) 


earthquake source had a strong spherical component; 
however, for reasons already mentioned, an apparent 
dominance could still arise from sources that were essen- 
tially hemispherical, or even of higher order. 


Polarity and Environment 


Of the sixty-five earthquakes investigated, forty gave 
a majority of compressional and twenty-five a majority 
of dilatational first motions. The polarity of an earth- 
quake seems to be related to focal depth and geographical 
position. Adopting the earthquake parameters published 
by the U.S. Coast and Geodetic Survey, and bathymetry 
from the 1961 World Map published by the U.S. Navy 
Hydrographie Office, the following correlations are found. 
In most deep-focus earthquakes the first motions are 
dominantly dilatational: twelve out of fifteen earthquakes 
with a focal depth (A) of 200 km or more were dilatational. 
Most of the shallow-focus earthquakes which occur beneath 
deep ocean trenches are also dominantly dilatational: 
five out of six earthquakes with epicentres coinciding 
with a water depth (d) of 2,500 fathoms or more were 
dilatational. Most other earthquakes are dominantly 
compressional: thirty-six out of forty-four earthquakes 
with focal depths less than 200 km and epicentres on land 
or in water shallower than 2,500 fathoms were compres- 
sional. These statistics are summarized in Table 1. 

The forty-four earthquakes in category (iib) of Table 1 
can be further classified according to geographical loca- 
tion, asin Table 2. Here it can be seen that compressions 
were dominant in twelve out of thirteen earthquakes 
located in island chains, in eighteen out of twenty-four 
on coasts (continental margins), and in six out of seven 
located in continental hmterlands. 

Considering Table 1 as the formulation of a global rule 
about the occurrence of dominantly dilatational and 
dominantly compressional earthquakes, it is seen that 


Table 1. NUMBERS OF BARTHQUAKES WITH DILATATIONS AND WITH COM- 
PRESSIONS DOMINANT IN THE OBSERVED FIRST MOTIONS 


Dilatational Compressional 
(D h2>200 km 12 3 
(nu) 4<200 km 
(2) d >2,500 fm 5 1 
b) d < 2,600 fm 8 36 
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the number of exceptions is 20 per cent or 
less in each of the three categories. This 
seoms a remarkable degree of correlation, 
especially as some apparent exceptions to 
the proposed rule would result from uncer- 
tainties in the calculated epicentres and focal 
depths. For example, a strongly dilatational 
earthquake situated near the Chile—Argen- 
tina border was given a focal depth of 7] km 
by the U.S. Coast and Geodetic Survey, and 
appears as one of the exceptions in Tables 1 
and 2; but the focal depth according to the 
U.S.S.R. Central Station, Moscow, was 250 
km, which would make this earthquake con- 
form to the rule. The possibility remains, 
though it seems remote, that the correla- 
tions are a fortuitous effect of such factors 
as the distribution of existing seismograph 
stations relative to the main seismic regions. 
Detailed work is in progress to examine such 
possibilities. 

What physical significance can be ascribed 
to these apparent correlations between the 
polarity of the earthquake source and its 
geographical environment ? 


Geophysical Implications 


Any interpretation of the observed pola- 
rity as arising from a strong spherical com- 
ponent in the earthquake source leads to a 
consideration of the source as (in part) a 
sudden volume change: an implosion for 
deep sources and for those shallow sources that are situated 
beneath deep ocean trenches; and an explosion for all 
other shallow sources. - 

Volume changes accompany many of the polymorphic 
transitions that occur in minerals within the range of 
pressure and temperature occurring in the upper mantle 
and crust. The idea that these solid~solid phase changes 
might be the immediate cause of earthquakes has been 
discussed by several authors?-*-*, though it is not yet 
known whether such reactions could run sufficiently 
rapidly through the requisite quantity of material. 
Some support for this hypothesis of earthquake causation 
is implied by the unexpected similarity found between 
the seismic radiation from underground nuclear explosions - 
and from natural earthquakes. The present study of 
radiation from a variety of well-observed earthquakes 
provides a more direct kind of evidence that earthquakes in 
general may be caused by sudden polymorphic transitions. 

On this hypothesis, the opposite polarities of deep 
and shallow earthquakes are what one might expect. 
In those disturbed regions where most of the world’s 
seismic, volcanic and diastrophic activity occurs one can . 
envisage that the outer mantle is at present undergoing 
gravitative differentiation. As the heavier fractions sink 
they become concentrated under conditions of higher 
pressures; some minerals become unstable and implode 
to a denser polymorph, giving deep-focus earthquakes. 
At the same time the lighter fractions rise and become 
concentrated under conditions of lower pressure; some of 
these minerals become unstable and explode to a less 
dense polymorph, giving shallow-focus earthquakes. 

Thus most earthquakes originating at shallow levels 
should be explosive in character, as in the present study. 
These earthquakes may be regarded as part of the process 
of diastrophie uplift, to which they contribute sporadic 
sudden increments. On the other hand, in certain limited 
Table 2 NUMBERS OF EARTHQUAKES (4<200 EM, @<2,500 FM) WITH 


DILATATIONS AND WITH CONMPRESSIONS DOMINANT IN THE OBSERVED 
FIRST MOTIONS 


Dilatational Compressional 


Insular 1 12 
Coastal 6 18 
Continental 1 6 
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regions, as exemplified here by deep offshore trenches, the 


diastrophic tendency is one of subsidence, and implosive — 


earthquakes prevail. 

Because the disturbed regions of the world are by no 
means all alike, it is to be expected that the boundary 
between deep and shallow earthquakes (defined as h = 
200 km in Table 1) and the boundary of ocean trenches 
{defined as d = 2,500 fm in Table 1) will actually differ 
somewhat from place to place. Furthermore, in the 
range of focal depth 200-700 km it is likely that a number 
of different polymorphic transitions would occur, and it is 
also conceivable that some might be explosive rather than 
implosive. Such variations may well account for some 
of the observed exceptions to the global rule given in 
Table 1. 

The observed polarities could well be interpreted as 
arising not from a spherical component but from a 
hemispherical or higher-order one. On this supposition, 
I am unable to suggest how it would be possible to account 
for the correlations with focal depth and geographical 
location. 


Farthquake Source 


I propose that earthquakes can be classified as domin- 
antly explosive or implosive, and that the observed 


NATURE 


275 


polarity is in accord with the hypothesis thatearthquakes 
are caused by sudden polymorphic transitions. ` 

In the present investigation of the first motions observed 
in sixty-five well-recorded earthquakes the ratio of 
dilatations to compressions, or vice versa, is typically 
about 3: 1. It is not suggested, however, that the minority 
observations are in error and that the pattern of first 
motions at the source is simply spherical. Higher-order 
components are presumably present. These in turn may 
perhaps be accounted for by the phase-change hypothe- 
sis; for example, a quadrantal distribution of compres- 
sions and dilatations is produced if a spherical body 
changes shape to an ellipsoid’. 

The conclusions arrived at in this study can be tested 
as observations of first motion of further earthquakes 
become available. 

I thank Dr. R. M. Hamilton and other colleagues for 
their advice. 
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ORIGIN OF HIGH-ENERGY ELECTRONS BEYOND THE MAGNETOSPHERE 
| By C. S. SHEN 


Department of Physics, Purdue University, Lafayette, Indiana 
AND 


C. C. CHANG 
Department of Space Science and Applied Physics, The Catholic University of America, Washington, D.C. 


EvIDENCE of the existence of high-energy eleetrons with 
energy # = 30 keV in the transition region beyond the 
magnetosphere was reported recently by Fan, Gloeckler 
and Simpson! and also by Anderson, Harris and Paoli’. 
As there can be no possibility of prolonged geomagnetic 
trapping in this region, the origin of these high-energy 
- electrons is a problem of considerable interest. Wo 
suggest that, because of the characteristic geometry and 
distorted structure of the interplanetary magnetic field 
near the magnetopause in the transition region, these 
electrons are locally accelerated by means of a Parker- 
Wentzel version of the Fermi mechanism*-*. (Parker 
considered the acceleration of charged particles trapped 
between two shocks which cross each other. Wentzel 
considered the case that charged particles trapped ahead 
of a single shock wave which moves into a stronger mag- 
netic field.) The general picture is illustrated in Fig. la, 
@ modification of Ness ef al.’s Fig. 40 (ref. 6). In the 
transition region II, which starts at the shock front, the 
solar wind and magnetic field can be considered as frozen- 
in and both are influenced by the downstream magneto- 
sphere. The solar wind compresses interplanetary 
magnetic field against the magnetosphere. The field 
strength increases with distance. According to Ness 
et al.°, it was observed to be turbulent and unsteady with 
finite amplitude. The unsteadiness can be considered as 
magnetohydrodynamic waves? propagating toward the 
downstream magnetopause. Because of the low density, 
the waves suffer no dissipation until they meet each 
other and build up a large amplitude pulse. The total 
field strength along the field lines inside the transition 
region may be expressed as: 

B(Z,t) = BZ.) + & Wy (Z)8(Z—-Z2:-—Ui-—#) (1) 

i 


where Z 1s the distance measured downstream from shock 


front along the line of force, B,(Z,t) is the background 
magnetic field, the strength of which m general increases 
as Z increases and depends weakly on the time ż, that 
is, the interplanetary magnetic field is compressed against 
the magnetopause (compare Fig. Ia and Fig. 16). 
Z; is the position of the ¿th magnetic pulse with strength 
H,(Z) at t=0, and U; is the parallel component of 
Alfven wave velocity of the travelling magnetic pulse 
along the field line based approximately on Bọ In such 
a collisionless region, the thickness of these large ampli- 
tude hydromagnetic waves is expected to be of the order 
of the Larmor radius of 2 thermal ion’, which is much 
larger than the electron’s Larmor radius. Thus the local 
electrons with pitch angles larger than 


“IT By (Z T 

H; (Z) 
will be trapped by the advancing pulse and be pushed 
toward the stronger magnetic field. The equation of 
motion for a charge particle in an adiabatically varying 
magnetic field is: 


tan 


0B(Z,t) 
a7 (2) 


Here, Vy is the parallel (to the field line) component 
velocity of the particle and 
W 
H= TI + 
is an adiabatic invariant, where W, is the transverse 
component of the particle’s kinetic energy. 

Equation (2) indicates, as 1s well known, that the 
longitudinal motion of a particle in an adiabatically 
varying field is mathematically equivalent to that of the 
motion of a particle under the force of a one-dimensional 
potential »B(Z,t). In our case, u being an invariant, 
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the potential is related to two parts of the magnetic 
field. One part is a ‘hill’, that is, the background mag- 
netic field Bọ, and the other part is a series of barriers, 
that is, the magnetic pulses H;(Z), which move up the 
hill with velocity U,. Note that the transverse kinetic 
energy of the particle is identical with the potential uB. 
Therefore the kinetic energy of the particle in this one- 
dimensional model is the actual longitudinal kinetic 
energy Wy in the three-dimensional space, while its 
potential energy is the actual transverse kinetic energy, 


L°’ 

The collision. of the particle with the advancing pulse 
pushes the particle up the hill until all its kinetic energy 
is converted into the potential energy, then the particle 
starts to move backward and meets with the pulse again. 
Each collision increases the particle’s energy by an 
amount of 4V} U + 4U°?. Because the pulse is moving 
up the hill toward a stronger field, a part of this energy is 
transformed to potential energy. 

The collision process repeats itself until the kinetic 
energy of the particle becomes larger than, the height of 
the pulse or “barrier”, at the pomt Z, Wi (2.)2 pH (Z,) 
then the particle will roll over the crest of the pulse and 
go down-the hill. (Some of the particles with large longi- 
tudinal kinetic energy may overcome the “hull” and leak 
to the dark side of the Earth.) Let Z, be the point where 
the particle was first trapped by the pulse. We have: 


W,(Z,) = pB,(Z,) = en Wy (Zs) (3) 
WZ.) = HZ) =o wy) A 


On the other hand, the particle can be trapped by the 
pulse at Z,, only if: 


WiZ) . BolZrsts) 8 
Wy (Z) H(Z,t) 
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Fig, 1. a, The structure of magnetic feld outside the magnetosphere on 
the ecliptic plane. Charged particles move along the field line where the 
line dritts towards the east because of rotation of the Sun, A and B are 
bottlenecks of magnetic field, b, Total magnetic field stength B(Z,t) 
along the magnetic ine. H:(Z) refers to the position of the pulses 
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Combining (3), (4) and (5) we obtain: 
Bo(Zate) + A(Zaste) 
By(Zysty) ag H (Zit) 


Equation (6) gives the energy gain of the particle in a 
single trip. 

Consider Z, to be some point in the outer transition 
region and Z, to be some point along the background 
magnetic lines where the magnetic field increases in 
strength near the shoulder of the magnetopause. We may 
assume some values of B, and H consistent with Hxplorer 
18 measurements: By,(Z,) ~ Ty,H(Z,) ~ Ty, Bo) ~ 30y 
and H(Z,) ~ Ty. 

This gives W(Z,) œ 3W(Z,). 

Clearly it is unhkely that electrons trapped only once 
can be accelerated to 30 keV energy. 

Now consider the situation after the particle rolls over 
the crest of the pulse; as ıt moves down the hill, its trans- 
verse kinetic energy is converted into longitudinal kinetic 
energy. Without some kind of effective redistribution 
mechanism of the longitudinal energy, the particle just 
rolls backward over successive pulses and can scarcely be 
trapped again. We propose that superrmposed on B, are 
small-scale magnetic turbulence or irregularities due to 
local current loops. These irregularities scatter electrons 
and randomize their energy distribution®. The transfer 
of energy by scattering from one component to another 
is proportional to the degree of anisotropicity. Parker? also 
found out that seattering efficiency diminishes as the 
scale of irregularity becomes either large or small com- 
pared to the Larmor radius of the particle and is maximum 
when the scale 1s comparable with the Larmor radius. 
Thus, whether the particle can be retrapped or not depends 
on the density of irregularities or the average scale of the 
magnetic eddies. If the condition 


Wi B 
Wy H 


can be re-established before the particle escapes from the 


W(Z:) = W(4)) (6) 


transition region (that is, across the shock boundary), 


the particle will again be trapped by the wave train of 
advancing pulses and be pushed up to the stronger field. 
Under ideal conditions, this process of acceleration and 
redistribution will repeat itself and boost up the kinetic 
energy of the electron until its Larmor radius becomes 
comparable with the thickness of the magnetic pulse, 
which is estimated to be of the order of the Larmor 
radius of a thermal ion (W ~ 1 keV). This gives the 
electron, energy an upper limit of 2 x 10° keV. 

The time required to boost the energy of an, electron 
to 30 keV can also be estumated. The electrons are trapped 
by the magnetic pulse in the outer portion of the transition 
region and penetrate the pulse near the magnetopause. 
Thus the distance travelled by the pulse is 10,000 km. 
Assume the propagation velocity of the pulse is ~ 100 
km/sec (the Alfvén velocity in the transition region), then 
it takes 100 sec to triple the energy of the electron. 
Therefore, for an electron, with initial energy X in eV, 

4 
10* logs —— 
to 30 keV. For example, to reach 30 keV energy a 10 eV 
electron, has to be trapped seven times and the time 
required is ~ 10 min. 

In this calculation we have assumed u to be a constant 
as the particle was trapped ahead of the magnetic pulse and 
advancing toward a stronger field. The scattering of the 
small-scale field with the particle will change the value of 
u and, in general, will increase the energy gain per trip. 
An elaborate calculation included this effect, and the effect 
of attenuation of large amplitude waves was carried out 
and will be published elsewhere’. However, the inclusion 
of these factors does not affect the basie assumptions and 
the major consequences of the proposed acceleration. pro- 
cess. They may be listed as follows. 


sec are needed to imcrease its energy 
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Basic assumptions. (1) There are large amplitude waves 
propagating toward the magnetopause causing the trap- 
ping of electrons. (2) There are small-scale magnetic 
irregularities or turbulences causing the redistribution of 
the energy of the electron. (3) The interplanetary mag- 
netic field in the transition region is, in general, stronger 
near the magnetopause through compression than in the- 
outer portion of the region. 

Major consequences. (1) Only electrons are accelerated. 
(2) The accelerated electrons tend to bunch in the mag- 
netic valleys because the trapping regions are ahead of 
the wave. (3) The velocity distribution of the accelerated 
electrons is anisotropic. (4) The mtensity of the high- 
energy electrons is closely correlated with the degree of 
disturbance of the magnetic field in the transition region 
(the evidence of the presence of large amplitude waves). 
After the transition, region is hit by a magnetic storm, 
there should be a time lag of the order of a few minutes 
before any merease in the intensity of hmgh-energy elec- 
trons. (5) The accelerated electrons may leak out of the 
shock front to interplanetary space immediately after a 
magnetic storm. They may also be pushed over the “hill” 
(the bottleneck part of the field shown in Fig. la) and 
leak to the dark side of the Earth. 

Comparison with the existing expermmental measure- 
ment}? indicates good qualitative agreement for conse- 
quences (1), (2), (4) and (5). The angular distribution of 
the high-energy electrons, so far as we know, has yet to 
be measured. So there is no comparison for consequence 
(3) now. However, we think this is the most interesting 
consequence. According to the proposed mechanism, 
after the particle has been pushed up the “hil” and is 
about to penetrate the magnetic pulse at Z’ (compare 
with Fig. 2) 

H(Z’) B(Z’) 
Wyss BIZ HZ) > 1 
But after it penetrates the pulse and moves down the 
hill, most of its energy is transformed to the longitudinal 
component. Conservation of energy gives: 


~ H(Z’) + Bi’) — B(S") 


W, and tan? 6 & 


B(Z’) 
and tan? 6 SAD) + BZ) — BIZ’ S l 


As it moves further away from the magnetopause toward 
the outer transition region the scattering with small-scale 
irregularities gradually smears out the asymmetry and 
and tan?ð approaches unit. 

A measurement of the pitch angle along the field line 
would strongly indicate the correctness of our conjecture. 
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Estimated distribution of pitch angle 6 and the background 


Fig. 2. 
BoA(Z) along the magnetic line 


Jokipii and Davis have suggested!* that these high- 
energy electrons are accelerated outside the shock front 
(that 1s, in the region III) by a Fermi mechanism similar 
to that discussed in our model. As they pointed out, it 
takes 200 reflexions to accelerate a J-keV electron to 
50 keV in their model. Because the strength of the 
background magnetic field in the interplanetary region 
is more or less flat, reflexions between magnetic fluc- 
tuation and shock front increase only the longitudinal 
energy of electrons. Thus it requires extremely efficient 
randomization to keep the electrons trapped for 200 
reflexions. In the model we discussed, the accelera- 
tion occurs inside the transition region near the shoulder 
of the magnetopause.- Because of the gradual increase 
of the field strength there, the pitch angle of the electrons 
can be kept from decreasing even without efficient ran- 
domization. This is required only when the electrons 
are not trapped by but roll over the advancing magnetic 
pulse. The distance travelled then is many times that 
in a single reflexion, and a l-keV electron needs to be 
trapped only three or four times to increase its energy to 
30keV. Thus comparatively the requirement on random- 
ization efficiency is more relaxed in our model than in that 
of Jokipii and Davis. 
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ON THE ORIGIN OF THE MICROWAVE BACKGROUND RADIATION 


By Dr. D. W. SCIAMA 
Department of Applied Mathematics and Theoretical Physics, Silver Street, Cambridge r 


THE recently discovered microwave background radia- 
tion!-? 1s far more intense than was expected, and its 
existence has led to many speculations. Between 3-2 
em and 20-7 cm its spectrum is approximately thermal 
with an effective temperature ~3° K. Dicke et al.4 have 
suggested that it is in fact black-body radiation at ~ 3° K, 
and that this radiation is a residue from the “‘hot big bang” 
origin of the universe (this residue would be expected to 
consist of black-body radiation, except possibly in the 
neighbourhood of 300u and 30 cm5). In support of this 
suggestion, Field and Hitchcock® have argued that the 
observed?! excitation of interstellar CN molecules indi- 
cates a radiation temperature ~ 3° K at a wave-length of 


2-6 mm, which again is far more intense than that due to 
any known sources. 

The demonstration that the microwave background 
consists of black-body radiation would be of the utmost 
importance for cosmology. In the first place it would 
almost certainly enable the steady-state model to be 
ruled out. Secondly, it would give considerable infor- 
mation about the early stages of the universe which would 
be of interest in itself and of importance for a number of 
problems, such as the formation of galaxies®1° and of 
helium?!-18, and the role of quarks" (if they exist) in the 
early stages. Thirdly, the resulting universal radiation 
density of ~1 eV cm would be large enough to have 
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several important direct effects, such as inverse Compton 
' collisions with relativistic electrons in galaxies, radio 
galaxies.and intergalactic space'-1*, absorption of high- 
energy cosmic y-rays'*-*°, and the slowing-down of the 
highest energy cosmic ray particles®'. In view of all these 
consequences of the universal existence of a 3° K black- 
body radiation field it is important to be sure that there 
is no alternative explanation of the observations. My aim 
in this article is to show that an alternative explanation 
does in fact exist. 


In the first place the CN excitation could arise from. 


collisions with protons and electrons, as Thaddeus and 
Clauser® have shown. They find that the ionized gas 
density required ~ 1 em- (not 100 em~? as Field and Hitch- 
cock state), which is reasonable? if the CN molecules are 
formed in the vicinity of an HI/HIT boundary, as Münch? 
had previously suggested. A similar suggestion has recently 
been madet for the place of origin of OH molecules. 
Admittedly two different regions in the galaxy show® 
a similar degree of CN excitation as would be expected 
if the excitation mechanism were universal, but such 
studies will have to be extended before this evidence 
becomes conclusive. Now the maximum of the black- 
body spectrum at 3° K occurs near 1 mm, so if the radia- 
tion temperature at 2-6 mm is far less than 3° K, the total 
energy density of the universal microwave radiation 
field will be far less than 1 eV em-*. If, for example, 
the spectrum of the radiation drops sharply at wave- 
lengths less than, say, ~ 1:5 cm, the energy density will 
only be ~3x 10 eV cm and all the scattering pheno- 
mena already described will become negligible. In this 
connexion, note should be made of Greisen’s?! remark 
that the fact that even one cosmic ray event with an energy 
of 10° eV has been observed?! is surprising if the black- 
body radiation is present. 

There remains to consider the radiation in the wave- 
length range 3-2—20-7 cm. The natural suggestion is that 
it represents the integrated radiation from a population 
_ of radio sources the spectra of which peak at centimetre 
wave-lengths. This possibility led Shapiro and Weinreb?° 
to observe at wave-lengths of 2 cm and 3-75 cm the blue 
stellar objects with large red-shifts discovered by Sandage?’. 
Their results were negative, the upper limits at the two 
wave-lengths being 2 and 0:5 flux units, respectively 
(1 flux unit is 10-28 Wm-? (c/s)-4). In addition Howell 
and Shakeshaft® assert that it is ‘most unlikely to be the 
explanation of the 20-7 em excess since Kellermann and 
Read** have carried out a survey of radio sources at 21 
cm wave-length in an area of 1 steradian and found no 
such population. The integrated emission from all the 
radio sources at this wave-length is thought to be less 
than 0-1° K”. 

This statement of Howell and Shakeshaft’s overlooks 
the fact that the sources which contribute most to surveys 
which have a limiting flux density may not be those which 
contribute most to the integrated background. For 
example, if we have two populations with concentration 
Pr p: per unit volume and intrinsic radio luminosity 
Pı, P, their contributions to a source survey depend on 
their relative values of pP3/?, and their contributions 
to the background on their relative values of pP. We 
might then have pP pn > PaP” and PeP > Pi 
If also the intrinsically weaker sources have a different 
spectrum from the intrinsically stronger ones, then the 
background will have a different spectrum from most of 
the discrete sources observed in a particular survey. 

Let us see if we can construct a plausible model by 
exploiting this fact. In the first place we note that it is 
not unreasonable to postulate a population of sources 
the flux density of which increases with frequency at 
high frequencies. Sources with such spectra are already 
known? (the Seyfert galaxy NGC 1275(3C84), the quasar 
30279, 2145+-06 and 0430+05). These sources actually 
have a minimum in their spectrum in the range 1,000- 
3,000 Mc/s, and it is probable that they are composite, 
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the low-frequency radiation coming mainly from an ex- 
tended envelope and the high-frequency radiation coming 
mainly from a compact quasi-stellar region. The compact 
components are probably**:** suffering from synchrotron 
self-absorption at all frequencies up to ~ 10,000 Me/s (if 
these sources were thermal or were undergoing absorption 
by ionized gas the associated optical emission would be 
far greater than is observed). The sources we shall in- 
troduce must not have a minimum, however, or they will 
make too large a contribution to the background tempera- 
ture at low frequencies. We shall therefore suppose that a 
quasi-stellar source which is self-absorbed out to high 
frequencies can form without its envelope radiating an 
appreciable amount of low-frequency radiation. 

Secondly, we must consider the spectrum of the inte- 
grated radiation from such self-absorbed sources. An 
individual source will have a special index of ~ +2:5 up 
to some maximum frequency ve We shall assume for 
simplicity that at higher frequencies the spectral index is 
— 1, but our results will not be sensitive to this choice. 
In the steady-state model the spectrum of the integrated 
radiation is then: 


(iG), 


(In other models we would have to specify the intrinsic 
evolution of the sources.) 

This spectrum peaks at 0-9 v, and differs insensibly 
from the observed spectrum only in the decade of fre- 
quencies from 0-07 v, to 0:7 v (A modest dispersion in 
vp would not affect these results significantly.) We must 
therefore assume that the CN excitation is collisional in 
origin, and take v,~ 20,000 Mc/s. Accordingly, the back- 
ground radiation should peak at ~18,000 Mc/s (1-7 cm). 
In view of the uncertainty in the spectral index of the 
sources for v> v,, and the effect of a dispersion in v, and 
intrinsic luminosity, we may round these numbers off and 
predict that the background and sources will peak in the 
general vicinity of 20,000 Me/s (1-5 em). 

The next question to consider is whether there are 
enough of these self-absorbed sources to account for the 
observed intensity of the background. In view of the illus- 
trative nature of our model we shall assume that all these 
sources have the same intrinsic radio luminosity P,(v), and 
number density f» Similarly we shall represent the bulk 
of the radio sources observed down to a given limiting 
flux density by the quantities P,(v) and pı The Keller- 
mann—Read?* (K-R) survey at 1,420 Me/s is consistent 
with the choice. 


P (1,420) ~ 1085 W (c/s)-? ster-* 
pı ~4x 10-8 pe. 


This choice is also consistent with the median radio lumin- 
osity at 178 Mc/s of Longair and Scott (based on optical 
identifications) and with the spectra*®)** of these sources, 
and gives an integrated background temperature at 1,420 
Me/s of ~0-05° K, in agreement with the estimate of 
Howell and Shakeshaft. 

Our main problem is now to estimate p and P} We 
do this by determining whether any K-R sources which 
have a flux density S 22 flux units are not in the 4C 
catalogue (the first part of which to be published** covers 
the regions of sky studied by Kellermann and Read). Since 
the 4C survey is complete down to a limiting flux density 
of 2 flux units at 178 Mc/s, such sources would have a 
positive spectral index between 178 Mc/s and 1,420 Me/s, 
and we might assume that they are of type 2. In deter- 
mining their number we excluded K--R sources in the 
region between 19h 35m and 20h 20m because of the 
confusing effects of Cyg A. We find then that there are no 
sources of type 2 out of a total of 30 K—R sources with 
S >2 flux units. Thus at most ~3 per cent of the sources 
at 1,420 Mc/s can be of type 2. We provisionally adopt 
this upper limit and set: 


o.P 2? ~ 0-03 pP, 
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To account for the microwave background we need: 


PaPa ~ 60 oP, 


Thus 
P,~3x 10-7 P, E 
and 
pa~ 2x 108 P, 
We thus find 
P.(1,420)~ 3 x 1018 W (efs)! ster-! 
and 


pa ~ 8x 10-17 pe.~? 


If the fraction of type 2 sources is actually 3% per cent, then 
P, and p must be multiplied by the factors s? and 2~, 
respectively. 

A population of sources with these properties would 
show self-absorption out to ~ 20,000 Me/s if they have a 
radius ~ 4x 10! em, and a magnetic field strength ~ 0-1 
gauss. As their concentration is rather high (see later), 
we assume that their lifetime is long, say 1077 sec. Then 
they must be stabilized by gravitation and we would 
expect equipartition of energy to be set up between the 
relativistic electrons and the magnetic field. The total 
energy content at any time in these forms ~ 10** ergs (the 
radiation rate being ~ 103°? ergs sec-1). The total energy 
converted into radiation in 1017 see is the mass-equivalent 
of ~100 MOQ. The energy content of 1048 ergs could be 
confined if the source consisted of a central mass of, 
say, 10’ MO surrounded by a gas filling the radio-emitting 
region with a density of ~104 atoms em-*, Such sources 
would contribute only 5 x 10-*2 g cm~? to the mean density 
of matter in space. 

The individual sources thus appear to have a reasonable 
structure which results in their possessing a radio lumin- 
osity at 1,420 Mc/s which is rather less than that of a nor- 
mal spiral galaxy. What is more striking is that they are 
required to be about 3,000 times as numerous as normal 
galaxies. Is this a reasonable requirement? In this con- 
nexion we note that the radio sources must be very 
compact if they are to be self-absorbed out to 20,000 
Me/s (radius ~ 4 x 10: cem). Moreover, because at low 
frequencies they have to be very weak radio sources, 
they are unlikely to be surrounded by an extensive en- 
velope (in contrast to NGC 1275). We might thus expect 
the associated optical object to be also rather compact. 
Such compact optical sources are indeed known??-*?, 
Arp®’, for example, has discovered a galaxy which is 
only 70 parsecs across. As he emphasizes, we do not know 
the lower limit of the amount of matter that can form an 
isolated galaxy. Moreover, the number of galaxies per 
unit volume increases rapidly as fainter galaxies are 
considered. The problem involved here is exactly the same 
as for the radio sources; surveys of galaxies down to a 
limiting apparent magnitude are quite inadequate for 
determining the contents of a unit volume of space. 
Furthermore, with the parameters we have adopted here, 
our sources would look like stars rather than galaxies. I 
therefore do not regard it as an impossible requirement 
that the faint compact sources must be 3,000 times as 
numerous as galaxies, although I recognize, of course, 
that my proposal is entirely speculative, and must be 
tested by direct observation. 

I shall finally consider the question of the optical appear- 
ance of the sources. It does not seem possible to estimate 
their absolute magnitude with any reliability, although 
a lower limit would be provided by the likely**»*° operation 
of the inverse Compton scattering of the radio photons by 
relativistic electrons in the source. Arguing by analogy 
with quasi-stellar radio sources and quasi-stellar galaxies?” 
(some of which have recently been found*!** to be weak 
radio sources) we might expect our sources too to have 
the characteristic ultra-violet excess and to be numbered 
among the blue stellar objects. This would be consistent 
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with the negative result of Shapiro and Weinreb” as they 
observed blue stellar objects with large red-shifts. At the 
corresponding large distances our sources would be much 
too faint to have been detected by them. 


This discussion may be summarized as follows. If the 
CN excitation is collisional in origin it is possible to account 
for the background microwave’ radiation field as the 
integrated effect of a population of radio sources. These 
sources are required to have the following properties: 
(i) They musi show self-absorption out to their peak at 
~ 20,000 Mc/s. (ii) Their intrinsic radio luminosity at 
high frequencies must be somewhat less than that of a 
normal galaxy. (iii) They must be at least ~ 3,000 times 
as numerous as normal galaxies. (iv) Optically they may 
be blue stellar objects. Their integrated radiation would 
then have the following properties: (i) Its spectrum would 
be “thermal” from 1,400 Mc/s (~2 em) to 14,000 Mc/s 
(2 em). (ii) Its spectrum would peak at ~ 20,000 Mc/s 
(1-5 em). (iii) Its energy density would be ~3x 10 eV 
cm, so that its scattering and absorptive power would be 
negligible. 

Finally, I would like to point out that if my explanation 
is correct the existence of the microwave background 
would be consistent with the steady-state model of the 
universe. 

I thank G. B. Field and J. L. Hitchcock, P. Thaddeus 
and J. E. Clauser, and T. Howell and J. R. Shakeshaft 
for informing me of their results in advance of publication. 
This work was begun at the Laboratorio di Astrofisica 
in Frascati, and I thank Prof. L. Gratton for his hospitality. 
I would also like to thank M. J. Rees, W. C. Saslaw, and 
J. R. Shakeshaft for their helpful advice. 
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LETTERS TO THE EDITOR 


PHYSICS 


A Dense Packing of Hard Spheres with 
Five-fold Symmetry 


Mr. B. G. Baaiey’s mteresting letter’? on this topic, by 
making contrasts with quintuple twins, seems continually 
to argue that his structure should be regarded as one 
pentasymmetric crystal. I suggest that this notion is 
invalid on two distinct grounds. 

By definition, a crystal is an aggregate of particles such 
that each identical or ‘equivalent’ particle has an identical 
spatial environment, which includes not only co-ordina- 
tion number—here always 10—but also co-ordination 
angles and distances. Also, by definition, the symmetry 
elements of a single, continuous crystal lattice can be 
found at ‘any’ place within such a structure. In the 
assemblage proposed by Bagley: (a) all the identical 
particles (his ‘hard spheres’) do not have identical spatial 
environments, and (b) the symmetry elements of one 
‘place’ in the assemblage differ from those at other 
‘places’. His assemblage has, in fact, three distinct types 
of ‘place’: (1) a ‘general’ place; (2) a planar place; (3) an 
axial place—the last two being normal to the plane of the 
diagram (Fig. 1). Place (1) has orthorhombic symmetry ; 
place (2) has monoclinic (m, ‘Domatic’); place (3) penta- 
gonal symmetry. 





A B 


Fig.1. A, “A layer of hard spheres based on a packing sequence of concentric pentagons.” B, The three symmetry places. C, Orthorhombic unit 


from place (1), D, Monoclinic {m} unit from place (2). 


Because only place (1) is ‘general’, in being three-dimen- 
sional, this seems to show quite unequivocally that the 
assemblage is, and must be regarded as, a perfect quintuple 
orthorhombic twin, the five distinct portions joining each 
other at place (2) and place (3). Even Bagley does not 
seem fully convinced, as he makes a point of remarking 
(end of second paragraph) that the assemblage “has a 
unique axis, the single 5-fold rotation axis” (my italics). 

Any notion that the structure is one crystal because a 
particular tetrahedron (Bagley’s 5-15 per cent distorted 
one) can be found throughout the structure is quite invalid 
as (a) this is also true of any twinned crystal, and (b) the 
conjunctions of identical tetrahedron are different in the 
three regions of the assemblage. Finally, as in this struc- 
ture the co-planar ‘concentric’ pentagons do not touch 
each other, no known packing mechanism would account 
for the continual planar growth of these concentric penta- 
gons—a fact strongly supporting the purely five-fold 
axis propagation direction of extremely ‘narrow’ quintuple- 


twin ‘whiskers’, from some initial (and fortuitous ?) 
five-sphered planar ring. 


J. A. R. CLARKE 


Geology Division, 
Northern Polytechnic, 
London, N.7. 


1 Bagley, B. G , Nature, 208, 674 (1965). 


PROF. J. D. BERNAL * writes: 

“I agree with Mr. Clarke’s criticism of Mr. Bagley’s 
communication. The arrangement he illustrates is 
definitely a twin in terms of classical crystallography for 
the reasons which he gives. However, this seems to me 
more a matter of amending precise definitions of the laws 
of crystallography than of insisting on them. If precise 
equality of interatomic distances is not required, arrange- 
ments forbidden by these laws can occur. They do, in 
fact, occur, not only in the cases mentioned by Mr. 
Bagley but also in structures of many polyhedral viruses, 
as discussed by Dr. A. Klug and Dr. D. L. D. Caspar?. 
Furthermore, the arrangement Mr. Bagley shows is quite 
a special one of pentagonal symmetry in a plane. Far more 
general is the arrangement in an icosahedral shell which 
has been described by Dr. A. L. Mackay (see Fig. 7, ref. 2). 
This possesses not a single five-fold axis but six of them. 


C D E 
, Pentagonal unit from place (3) 


In other words, ıt has symmetry 532 but is nevertheless 
strictly a polysynthetic twin with orthorhombic elements. 
The origin of twins is not, in my opinion, at all difficult to 
explain. Ideally, a crystal lattice consists of an infinite 
number of particles all similarly situated. When the 
number is finite, it is impossible to satisfy the condition 
for each particle. It can never be similarly surrounded by 
others. Surface effects are bound to influence the arrange- 
ment of the particles when they are only of the order of a 
few hundreds of them. I have discussed the existence of 
such nucle: which I have referred to as pseudonuclei® 
which can never grow extensively and all crystallographers 
will have noticed that precipitated nuclei are often twinned 
from the start.” 


wee of Crystallography, Birkbeck Coliege, Malet Street, London, 
1 marie ; and Caspar, D. L. D., Cold Spr. Harb Symp. Quant. Biol., 27, 1 


2 Mackay, A L , Acta Cryst.,15, 916 (1962). 
3 Bernal, J. D., Proc Roy. Soc., A, 280, 299 (1964) 
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Space-group Representation in Condensed 


_ » Models of Inorganic Close-packed Structures 
iy EARLIER I described some condensed models of inorganic 
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close-packed structures'. These were based on standard 
transparent sheets of film, representing layers of the 
main types of close packing, in which the occupied holes 
could be marked out. An approximate three-dimensional 
representation was obtained by placing these sheets at 
equal distances in an appropriate supporting rack. It 
became apparent that the conventional symbols for the 
elements of symmetry of space groups could also be marked 
out on these sheets, completing the information contained 
in the models. The top layers of two of these models, 
olivine and spinel, are represented in Fig. la and b. When 
the layers are placed in the appropriate supporting rack, 
screw axes, inversion axes, glide planes, etc., can be easily 
visualized and related to the actual structure. 


Ag O . 
A A A A 








Fig. 1. Top layers of two examples of space-group representation in 
condensed models of close-packed structures. a, Olivine, Mg,SiO,, space 


Pham; oxygen (large open circles) in hexagonal closest 
; magnesium (large filled circles) in octahedral holes; 
silicon (small filled circles) in tetrahedral holes. b, Spinel, Al;MgO,, 
8 group Fd3m; oxygen (large open circles) in cubic closest packing 
(1001) face); aluminium (large filled circles) in octahedral holes- thag- 
nesium (small shaded circles) in tetrahedral holes. In the case of spinel, 
to facilitate the reading of the picture, only a partial representation of the 
space group is given (for example, triad axes, diad axes, ete,, are not rep- 
resented). The centres of symmetry that are marked out are at 7/8; 
those at 5/8 are omitted because they belong to the layer immediately 
underneath. The inversion tetrads that are at 3/4 are also omitted 
they also belong to the layer immediately underneath 


grou 


A complete representation of the orthorhombic space 
group of olivine is easily achieved, but in the complex 
example of the cubic space group of spinel a partial 
representation is more satisfactory. Such a partial repre- 
sentation enables the location in this structure of the 
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complete representation which appears in the work of 
Buerger*. 


J. LIMA-DE-FARIA 


Laboratorio de T.F Q.M.P., 

Junta de Investigacées do Ultramar, 
Alameda D. Afonso Henriques 41—4° Esq., 
Lisbon-l. 


t! Lima-de-PFaria, J.. Z. Ar st.,122, 346 (1965). 
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Ice Nucleation by Proteins and Surface Films 


DURING an investigation of the icing characteristics of 
solid surfaces, Scheefer! observed that certain protein 
films induced supereooled water drops to freeze at tem- 
peratures near zero. The possible importance of proteins 
as a source of natural ice nuclei cannot be over-emphasized 
because proteins are able to concentrate irreversibly at 
water surfaces and thereafter find their way into the 
atmosphere in partieles large enough to act as ice nuelei. 
The ocean surface, in particular, would be an immense 
source of air-borne >rotein?. Furthermore, protein films 
are of great fundamental interest because they possess the 
unique property that their state of compression, and 
therefore their geometric similarity to an ice lattice, can 
be varied continuously, thus providing a means of testing 
the relationship between ‘fit’ and nucleation temperature. 
It is therefore surprising that while several authors*-* have 
accepted proteins as ice nucleators, no confirmation or 
extension of Schaefer's work has been reported. 

Schaefer observed ce formation on films of egg albumen 
and pepsin when these films were prepared in the form 
of ‘dipped out’ layers on a chromium plated gless slide. 
In the present work this experiment has been repeated, 
the proteins (twice recrystallized, Mann Laboratories) 
being spread from so ution on to iso-electric substrates as 
described by Langmair, Schaefer and Wrinch*. Films of 
the types PRA, PR3 and PRAB (terminology of Lang- 
muir et al.) were prepared, and tested as ice nuclei by 
placing the film-coated slides in a cold stage and passing 
moist air over them until condensation appeared on the 
slide. On no oceasior was any ice detected on the protein 
film unless the temoerature was below — 10° C, this 
behaviour not being different from that of slides without 
the protein coating. 

A possible reason for the failure of these protein films 
to nucleate ice was the lack of order resulting from the 
complex arrangement of amino-acids in the peptide 
chains. Therefore, s number of poly-amino-acids were 
tested as nucleators in the form of “dipped out” layers. 
the expectation being that the uniformity of the peptide 
chains might confer cn the film enough two-dimensional 
erystallinity to promote nucleation. However, no ice 
nucleation was detected on either PRA or PRB films of 
the following polymers—poly-l-leucine (molecular weight 
of 12,000), poly-dl-leucine (mol. wt., 8,000), poly-l-alanine 
(mol. wt., 3,000), poby-dl-alanine (mol. wt., 2,500), and 
poly-l-tyrosine (mol. wt., 130,000) (supplied by Yeda 
Research and Development, Israel). 

As cholesterol was known to be a good ice nucleator 
with an onset temperature of —5° C (ref. 7), it was of 
interest to investigate its nucleating properties when 
deposited on chrome-plated slides using the teehnique of 
Langmuir, Schaefer and Sobotka’, Again no ice nucleation 
was obtained, even on ‘built-up’ layers of cholesterol up 
to 100 monolayers in thickness, This was perhaps to be 
expected because, although the packing of the interlayer 
spacing of the layer is almost identical with that of the 
cholesterol crystal*, the molecules of the outermost mono- 
layer are all oriented with their hydrocarbon tails facing 
outward, whereas the équivalent plane of a cholesterol 
crystal has half the molecules oriented with the hydroxy! 
group outward’. Eve. a ‘built-up’ layer which had been 
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scratched, split or etched showed no nucleation ability, 
but after the layer had been recrystallized by melting, 
the normal onset temperature of — 5° C was obtained. 

To study the nucleation behaviour of some monolayers 
at various surface pressures, a different technique was 
used which enabled these monolayers to be examined in 
situ. Small gold cups, 1 mm in diameter, were rendered 
hydrophobic by treatment in hot chromic acid followed 
by ignition to red heat. After lowering the cups into a 
surface trough, the monolayer was spread on the water 
surface and compressed to the appropriate pressure. Cups 
were then withdrawn through the surface layer so that 
they were brimming with water covered by the monolayer 
at the pressure chosen, The freezing point of the water in 
each cup was determined on a cold stage. The following 
films were tested : 

(a) Poly-l-leucine, poly-dl-leucine, poly-l-alanine, poly- 
dl-alanine and poly-l-tyrosine. 

(6) Mixed films of cholesterol and lanostane in propor- 
tions ranging from 1: 2 to 2:1. (The non-polar lanostane 
reduces the surface density of hydroxyl groups in the 
monolayer. ) 

(c) Atactic copolymers of vinyl benzene with meth- 
acrylic acid, the composition ranging from 5 to 20 per 
cent methacrylic acid (mol. wt., 30,000). 

(d) Polyvinyl acetate, hydrolysed to various extents 
(80-98 per cent), thus introducing hydroxy] groups into 
the polyester chain. 

None of the foregoing monolayers induced freezing at 
& temperature higher than the freezing point of the film- 
free water (— 20° C). Thus in the whole survey no surface 
film showed any ability to nucleate ice even though the 
surface density of hydrogen-bonding groups was varied 
over a wide range. Indeed, if polymer films were good 
ice nucleators they would constitute an anomaly owing 
to the fact that all the recognized ice nucleators, with the 
possible exception of the colloidal silicas!", are crystalline. 

At first sight, the present finding that pepsin and egg 
albumen do not nucleate ice would seem to contradict the 
finding of Schaefer’. However, Schaefer actually observed 
that these materials formed films which would 
develop a thin frost coating which would instantly seed 
condensed water drops as they cooled below 0° ©. This 
observation bas been confirmed. but the ‘frost coating’, 
which is a sheet of non-oriented fine-grained ice crystals, 
is not the result of numerous nucleation events ‘on the 
film’, but arises from spontaneous nucleation elsewhere 
on the slide, after which the ice front creeps slowly 
(0:5 mm/sec) through the fog condensed on the protein 
film, leaving in its wake myriads of tiny crystals. The 
advance of the ice front is detected only by careful 
observation under the microscope. Thus Schaefer’s 
statement is true but should not be interpreted as ‘ice 
nucleation’ in the present-day sense. 

The conclusion is, therefore, that pepsin, egg albumen, 
and a whole wide range of long-chain surface films do 
not promote ice nucleation, but this statement does not 
preclude the possibility that a condensed surface film 
with the correct two-dimensional geometry may yet be 
found to nucleate ice. 


L. F. Evans 


C.5.1.R.0. Division of Physical Chemistry, 
Melbourne. 
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Holographic Microscopy 


THE use of holography: on a restricted class of objects in 
the visible spectrum was recognized by Gabor? and 
Parrent et al.*, but a problem occurred in the contrast 
of the reconstructed image owing to the presence of 
zero-order light, as no angular interference of the object 


PHOTOGRAPHIC 
PLATE 


MIC ROSCOPE 


OBJECT 
CONDENSER 


LASER 


Schematic diagram showing the holographic microscope 


Fig. 1. 








a 
Fig. 2. a, Reconstruction from a hologram containing the three- 
dimensional record of a microscopic specimen. 4, Reconstruction 


from the same hologram as in a, but now 40” away in depth. The arrow 
indicates a fibre of about 1g 
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and reference beams was used. Leith and Upatnieks* 
as well as Lohman’ have described a technique which 
makes possible holography on more general and non- 
microscopic objects. This same technique was used to 
perform holography without the use of a lens on small 
objects by Leith and Upatnieks’. In experiments which 
we have carried out on more general objects, the optimum 
lower level of detectability was about 12% when holo- 
graphy was performed without a lens. However, the 
experimental difficulties of obtaining a resolution of about 
5u are very serious. We have used a microscope (ob- 
jective lens) to record holographiecally microscopic images 
of a general character. Although the attractive feature 
of ‘lens-less’ imagery was not used, the ability to record 
a substantial depth, as well as phase information in the 
object, has been preserved. 

Fig. 1 shows a schematic diagram of the experimental 
arrangement. Fig. 2 shows a reconstruction of a stained 
specimen of neurones. The difference between Fig. 2a 
and 2b is that they are derived from the same hologram, 
but in planes at different depths. In the specimen this 
difference in depth corresponds to a de-focusing of 40p. 
The arrow in Fig. 2b points to two fibres that have ə 
diameter of about ly. In both reconstructions a set of 
concentric ring sections appear which result from multiple 
reflexions in the optics producing the reference beam. 

The hologram was produced on Eastman Kodak 
“649-F’ spectroscopic plate. The exposure time was 
20 sec with a 4 mW output from a helium-neon laser. 


Raovurt F. vanLicren 
HAROLD OSTERBERG 


American. Optical Company, 
Research Division, 

Southbridge, 

Massachusetts. 
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Half-lives of Barium-137m, Silver-109m and 
Rhodium-106 measured with Calculable 
Overall Accuracy 


A FEW years ago, Wasserman, Twardock and Comar?! 
investigated the metabolic dissociation of caesium-137- 
barium-137m in animals. <A value for the half-life of 
barium-137m could be estimated from their data; it 
appeared to be about 2-52 min, compared with the 2-60 
min previously measured by Mitchell and Peacock?. 

By separating daughter from parent by cation-exchange 
elution and using the ratio-method of measurement’, an 
accurate value for the half-life of barium-137m has now 
been determined with a known degree of contaminational 
uncertainty. In this respect, any long-lived caesrum-137 
in the sample introduces virtually no bias into the 
measured half-life, despite the fact that it increases the 
background counting rate. Using a crystal of sodium 
iodide, several mutually consistent series, each comprising 
fifteen to thirty single measurements, gave the average 
value i, = 2-557 + 0-005 min, where the stated standard 
deviation covers the over-all contaminational uncertainty 
involved. The standard deviation excluding contamina- 
tional uncertainty is lower by a factor of three, as shown 
in Table 1. 

The presence of a contaminant with a half-life, ¢{ (dif- 
fering from t4), must induce a bias on the measured value. 
When. the ratio-method 1s used and the measurements are 
duplicated with samples 2" times stronger at the moment 
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of production, but 2 x 4 min older at the start of the 
counting period, the bias, b, on the mean, T}, of fresh and 
aged samples is givon by: 


= Qn-n* d ] i 

ie (1) 

where A denotes the apparent increase in half-life due to 

ageing the sample for n x t, min, and n* = (n x #4)/é. 

Denoting the stardard deviation by o, we have ory = 
4c, Whence, according to equation (1): 


nm~n* > = 1 (2) 








oy = S074 for 


For barium-137m. A was found to be nil. I have made 
the arbitrary assumption that a null value of A indicates 


that T, is unbiasel by any contaminant(s) for which 
> I. 


n — n* As can be seen from equation (2), this 








criterion of radio-pvrity only increases the over-all uncer- 
tainty of 4 (through o») by a limited factor of three. Con- 


cerning the possible contaminants for which In —n*< 1l, 


a thorough search shrough all known nuclides* disclosed 
only a few that were of sufficiently long-lived parentage 
to survive the year-long ageing of the caesium-137 used. 
Samples of barium-137m were carefully examined for 
these possible contaminants, using a y-spectrometer, and 
in each case the ccntaminants were found to be absent, 
that is, so small an upper limit to their amounts could be 
set that the contribution to the uncertainty of t} was 
negligible. 

A chain of genstically related contaminants might, 
conceivably, make A = 0, and yet induce a bias on Ty. 
However, all signifcant chains would include «-emitters, 
and careful scannings of nuclear emulsions, into part of 
which samples of >arium-137m were absorbed, revealed 
no g-tracks above background. After checking the 
method with uranzum-treated emulsions, an upper limit 
to chain-contaminetion was established and was found to 
be negligibly small. 

In the case of s‘lver-109m, which was separated from 
cadmium-109 by a modification of Sunderman’s method 
of isotopic exchange’, the possibility of chain-contamina- 
tion was disregardad since the parent was not a fission- 
product like caesiam-137. Otherwise, the investigation 
of radio-purity was quite analogous to that already 
described. 

In the case of rhodium-106, ruthenium-106 material 
purified by Glendsnin’s distillation procedure? was re- 
distilled, and it was found feasible to trap ruthenium 
tetroxide in cold 70 per cent perchloric acid, which meant 
that a sequence of rhodium-106 samples could be prepared 
by successively re-cycling parental material through the 
still (taking up tke distillational residue in a counting 
container resembling a slightly V-shaped pipette with 
capillary stems). Some ruthenium-103 was probably 
present in the parental material, but rhodium-103m could 
not be detected br the stilbene crystal used. No trend 
was seen in thirty non-stop measurements of half-life 
based on thirty redistillations of a single portion of paren- 
tal material and, consequently, contaminational uncer- 
tainty was assume to be negligible in comparison with 
the uncertainty involved in extrapolating the observed 
values of ż} to the point of zero dead-time loss of counts. 


Table 1 
Standard Standard devia- 
Present deviation tion including Previous 
Nuelide value excluding over-all value (ref. 
ty contaminational contaminational 7) A 
(sec) uncertainty (sec) uncertainty (sec) (sec) 
Barium-137m 158-4 0-1 03 -156 
Silver-109m 39 80 0 06 0:19 40 
Rhodium-106 30-36 0-15 0:15 30 
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Flux Relationships for Diffusion in 
Microcapillaries 


Ir is well known that flux ratios in small capillaries, that 
is in capillaries where the Knudsen number (Nx, defined 
as the ratio of capillary diameter to the mean free path of 
the diffusing molecule) is much less than one, vary as 
the square root of the inverse molecular weight ratio for 
binary systems. It has been shown! that for counter- 
diffusion in an ‘open’ system, corresponding to the 
physical situation in most transport experiments of the 
Wicke-Kallenbach type’, flux ratio may vary from de- 
pendence on the square root to the first power of the 
inverse molecular weight ratio for the bulk diffusion 
mechanism alone. For capillaries of a fixed length, the 
progression, from square root to first power dependence is 
associated with increasing Knudsen numbers, the latter 
mechanism corresponding to Nx; S>1. It is clear, then, 
that at Ny <1 the predominant mechanism of transport 
is that of Knudsen, diffusion, and flux ratios are equal to 
the square root of inverse molecular weight ratios, and at 
Nx >1 the predominant mechanism of transport is that 
of bulk diffusion. Flux ratios for sufficiently large Nx 
will then be equal to the first power of the inverse mole- 
cular weight ratios (provided capillary length—diameter 
ratios do not approach the order of unity). 

In the transition region, 0-01<N;<100, where both 
types of transport are of importance, it is not known 
whether a range of capillaries of larger diameter might 
be included in which under some circumstances the flux 
ratio for Knudsen transport (always the square root 
proportionality) would differ from that for the bulk 
mechanism (tending toward the first power proportionality 
for sufficiently large diameters). The overall flux ratio 
would depend on the relative contribution of each mechan- 
ism to the overall transport process. 

We resolve this problem by determining, under specified 
conditions, the fraction of total momentum transfer 
within the capillary due to molecule-wall interactions. 
This fraction, represents the probability, p, that a molecule 
in, transit will interact with the wall. In pure Knudsen 
diffusion all momentum transport is due to molecule wall 
collisions, and this probability is unity. Conversely, for 
the purely bulk transport mechanism this probability is 
essentially zero, and in the transition region 0<¢<1. 
A simple momentum balance for binary diffusion under 
isothermal, isobaric conditions in the capillary yields: 


ao Ld 
C 
DaB ve 


(1) 





1 
N =| > 
A pD, T 


in which N4 is the flux of component A in moles/time- 
area, Da the Knudsen diffusion coefficient for A within 
the capillary, Das the bulk diffusivity of the A-B pair, 
y the mole fraction of A, C4 the concentration of A m 
moles/volume and « defined as (1 +N B/N a4). The bracketed 
term in this equation is proportional to total momentum 
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transfer. On integration over total capillary length for 
unity Ay, it may be shown that ù as obtained from the 
ratio of the Knudsen, contribution, to the total is: 


t=Goa)" ar 1al 


Tf it is desired to define the transition region in terms of 
set limits on , as above, then equation (2) provides the 
means for computing corresponding capillary dimensions 
under specified conditions of temperature and pressure. 
For a given value of y, the capillary diameter correspond- 
ing is directly proportional to temperature and inversely 
proportional to pressure. Capillary dimensions corre- 
sponding to the upper bound of transition zone diffusion 
(at Y= 0-1, for example) are of the same order of magnitude 
as those reported as characteristic of many porous struc- 
tures, particularly those used in catalysis (with the excep- 
tion of very high pressure conditions). These diameters 
range generally from 1000 A to 10,000 A, and transition 
region diffusion is thus probably the predominating 
transport mechanism in such structures. 

Flux ratios for counter-diffusion in the transition region 
can be determined as a linear combination of flux ratio 
for pure Knudsen diffusion, Ry, and that for the bulk 
process, Ry, under the conditions of operation. The 
probability determined from equation (2) is utilized in this 
computation: 

Rr = YRzy + (1—) Rg = 1/(«— 1) (3) 
in which Rr 1s the observed flux relationship for the 
combined process. R» is, of course, always equal to the 
square root of inverse molecular weight ratio, and the 
proportionality of Ry» to the inverse molecular weight 
ratio is determined by methods outlined previously’. 
This is a trial-and-error solution, since ẹ} depends on the 
flux ratio, as specified by equation (2). 

Figs. 1 and 2 show the results of such computations for 
the helium—argon (I) and hydrogen—argon (II) systems, 
which are typical of those used in the study of diffusion 
through porous structures. The computations are based 
on an argon mean free path of 1100 A at 300° K and one 
atmosphere, and, in Fig. 2, a capillary diameter of 2000 A, 
and L/D=50, which is an appropriate average value for 
catalyst support structures as discussed below. Fig. 1 
demonstrates the form of ẹ in terms of the Knudsen 
number as a function of the overall flux ratio, Ry (equa- 
tion (2) ). In Fig. 2 it is seen that as diameter is varied the 
deviation of « (or Rr) from the square root of inverse 
molecular weight ratio becomes apparent only for low 
values of (L/D). Our investigations of porous structures*’, 
however, indicate that characteristic values of (L/D) are 
normally of the order of 50-100, and one would expect to 
observe, in general, no deviations. For (L/D) of these 
magnitudes, indeed, further computation indicates that 
flux ratio deviations would never become apparent, other 
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Fig. 1. Fraction of momentum transport by molecule-wall interactions: 
helium—argon system (equation 2) 
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$9 Table 1 
Azi- Eleva- Magni- 
Long. Lat. Date Time muth tion tude Observer 
aR 877W. 396 N Nov.17 01:20 248 20 E. Metealfe 
we one mioa Pian 
7. i : : =e 01:2 2 : 
40 po eee att Aa Mays OL : 37 291 0 E. Metcalfe 
87.7 W. 398 N. Noy D 23:30 287 40 E. Metcalfe 
F 1957 23°58 287 0 E. Metcalfe 
| 30 118.5 W. 34.0 N. Dee. 9 03°32 233 19 B. Kayser 
1964 03.3540 260 3°5 3 J. P. Bagby 
118.5 W. 340 N. Dee. 29 02.20:39 250 12:5 a J. P. Bagby 
20 1964 02°22.24 280 5 2 J.P. Bagby 
Ei 118 5 W. 34.0 N. Jan.12 02:16:48 278-5 55 3 J. P. Bagby 
198E 02:16:58 280 5 3 J.P. Bagby 
118.5 W, 34 0N. Oct.25 02°08 231 23 2 R.M. Hart- 
10 1965 mann 
02:11 281 45 3 J.P Bagby 
118 5 W. 340 N. Dec. 134 02°567.09 303:5 30 35 J.P. Bagby 
g 198£ 03:00-10 296 13 35 J.P. Bagby 
E ma i 0 1 4 Table 2 
LOB Nè Nov. 17.0, 1956- Dec. 29 0, 1964- Oct. 25 0, 1965- 
Fig 2. 0 1g i i i ti Dec. 29.0, 1964 Oct. 25 0, 1965 Dec. 14.0, 1985 
ig 2. Overall flux ratio for capillary of typical dimensions; helium- a ; — z 
argon (I) and hydrogen~argon (IT) at 1 atm., 300° K a 14,600-0 109 ¢ eae A 12,900-9-24 ¢-1 03 ¢ 
e 1:00 — (6,600/a3 1 00 —(8,600/a) 1 00 ~(6,600/a) 
“ue t 137-4° 137-4° 137°4° 
than, at extreme conditions of pressure or temperature—i0L R.A. Node 86° -+ 0'820 t+ 52° +0 858 t+ 349° 4.4 071; t + 
which case selective surface migration would probably be 6 38 x 10-5 & 3 56 x 10-* * 940x10 t 
A š % 27-0 130 t— 347 —0 139 ~ 300 ~ 0:172 £— 
an important transport mechanism and flux ratios would 1-52 x 10-* 550 x 10-5 p 152 x 10-3 2 
i Í i Period 294-—303x1C°2 285 —3 03 x 10-7 £ 244 — 0-270 £ — 
be determined by other considerations. ap P ror ey o cee 
J. B. Burr Epoch Nov. 17 0, 1928 Dec. 29 0, 1964 Oct. 25.0, 1965 
R. N. FOSTER In the equations’ the semimajor axis (a) is in km; the eccentricity (e) 
. . , would be 0 00 for a circular orbit and 1 00 for a parabolic orbit; the inclina- 
Department of Engineering and Applied Science, tion (4) exceeds 90° due tc the retrograde sense of the orbit; the longitude of 
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ASTRONOMY 


Evidence of an Ephemeral Earth Satellite 


THE possibility that the Earth could acquire natural 
satellites from the debris of large meteoritic impacts on 
the Moon has been discussed by O’Keefe'. A possible 
capture mechanism for bodies into temporary Harth orbit 
has been investigated by Baker?. On February 9, 1913, a 
widely observed, long duration procession of meteors and 
fireballs gave rise to the suggestion by Chant, Mebane, 
and others? that they actually were such ephemeral Earth 
satellites which were finally consumed at perigee. More 
recently, a long, extremely narrow field of both craters 
and meteorites in Argentina was investigated by Kohman 
et al. and they suggested that these were the end-result 
of a captured Earth satellite finally spiralling into the 
denser atmosphere. 

During the mid-fifties I analysed evidence of two 
swarms of such objects in retrograde orbits’. However, it 
has never been conclusively proved that such an ephemeral 
satellite, with a perigee in the upper atmosphere, has 
been observed while in orbit and before its final revolu- 
tions. I now suggest that the Earth has had such a satellite 
and that ıt was observed at least eight times during 
the period 1956-65. Fortunately, these eight known 
observations were recorded with sufficient accuracy to 
permit the determination of an orbit. These observations 
are listed in Table 1. 

The first three observations were accidentally made by 
Metcalfe and forwarded to me® as possible evidence of an 
inner planet. The brilliance of the objects to the naked 
eye caused most persons contacted to doubt that they 
were astronomical despite the fact that this was confirmed 
with optical aids. However, when Kayser and I made 
the fourth observation (also with optical aid) I computed 
an approximate orbit, assuming all four observations to 
be of an Earth satellite. Continued surveillance over the 
next 60 days during every possible evening twilight period 
resulted in the fifth and sixth observations being made. 


perigee (x) 1s the algebra: sum of the right ascension (R A.) of the node and 
the argument of perigee: the anomalistic period 18 In mean solar mynutes; 
and the symbol! 1s the number of mean solar days elapsed since the epoch. 


The fifth observation was made with optical aid, but the 
sixth was by nakec eye only. These further observations 
made it possible to improve the determination of the 
orbits, and oscularing orbits were distributed to about 
twenty individuals and astronomical agencies. 

During most of 1965, no one else reported to me that 
they had seen the object. Then Hartmann and I made 
the seventh observetion, and this further extended the orbit 
description. It also led to another period of evening twi- 
light surveillance, which resulted in an eighth observation 
being made and farther orbital refinement. These new 
results on orbits were recently distributed to thirty 
individuals and astronomical agencies, but so far no one 
else has reported an observation to me. It ıs probable 
that the object decayed in the Earth’s atmosphere during 
January 1966. The orbital elements are given in Table 2. 
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Culver City, California. 
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GEOPHYSICS 


Temperature and Fractional Melting in the 
Upper Mantle 


Tx velocities of @mpressional (Vp) and distortional (Vg) 
seismic waves, through the Earth’s upper mantle, were 
computed with much detail by Gutenberg}, who found the 
existence of a low-velocity layer at depths greater than 
about 70 km. 

At least in the lewer mantle, where the thermal gradient 
is expected to be nearly constant, Bullen? found that the 
bulk modulus (x) and the rigidity (u) have a reasonably 
linear variation, with depth, or with pressure which may 
be considered prcportional to depth. Therefore. it was 


UPPER MANTLE 
MATERIAL 


x, u (Mbar) 


u = 0 63(1+2 80P)? 
— 





05 0-15 

Pressure (Mbar) 

Fig 1. Variation of the bulk modulus (x) and of the rigidity (u) im the 
Earth’s upper mantle 


found convenient to derive these elastic moduli from 
Gutenberg’s velocities, by the usual equations: 


Vp = Vie + 4u/3)/Ẹ] 
Vs = V(ule) 


e being the density, for which Bullen’s values were 


Il 


adopted; equivalence of depth and pressure was also 
taken from the same author*. The results are shown in 
Fig. 1. 


We see that at depths greater than 70 km the bulk 
modulus (plotted against pressure P) gives a good fit to 
a straight line; but no similar fit can be obtained for the 
rigidity. These facts were interpreted as being due to the 
presence of a molten interstitial fraction, in accordance 
with a suggestion of Wager‘. I have considered various 
aspects of this elsewhere. 

Assuming that the material is completely solid at depths 
of 70 km and of 400 km (which is in reasonable agreement 
with the relative frequency of earthquakes at the various 
depths"), the values of the rigidity of the mantle material, 
without partial melting, will probably obey the linear 
equation p = 0-63 (1 + 280P), with u and P in mega- 
bars. 

Knowledge of the law connecting the rigidity of a 
mixture with the rigidities and the proportions of the 
components would permit the determination of the amount 
of interstitial hquid at every depth. Using Eshelby’s’ 
equation for small spherical inclusions, the maximum 
liquid fraction (with u = 0) is estimated at 4-5 per cent 
at a 200 km depth, where P = 0-065 Mbars. If, alterna- 
tively, the rigidity could be averaged proportionally to 
the volume of each component, the estimated liquid 
fraction reaches about 9 per cent. It is most desirable 
that some laboratory should determine the exact form of 
this law, as it has considerable implications for various 
upper-mantle models. 

Concerning the thermal effects, the variation of x and 
u with the temperature T is described by the equations: 


du/da = (dx/8P)p eg + (@x/8T)pdaT /dz 
du/dz = (@n/0P)peg + (0u/@T')pdT /dz 


where 2 is depth, g is gravity and, as usual, the subscripts 
T or P denote that the derivatives were carried out at 
constant temperature or at constant pressure. 

As the upper-mantle material is at present assumed to 
be dunite (or some closely related. peridotite), the partial 
derivatives can be determined in laboratory experiments 
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on that rock, under the pressure and temperature con- 
ditions prevailing in the upper mantle. Unfortunately, 
not much work of this kind has been done; the most 
complete measurements on dunite appear still to be those 
of Hughes and Cross*, who determined Vp and Vg under 
pressures up to 5 kbars and temperatures up to 300° C 
(subsequent data by Hughes and Maurette® confirmed the 
previous results). With their values for pressures greater 
than 1:5 kbars and temperatures of 100° C or above, 
the moduli x and u were computed and plotted on Fig. 2 
(the values at pressures lower than 1-5 kbars would have 
been still more erratic, probably because they are affected 
by residual porosity). A least-squares adjustment gave 


(dx/OP)p = 16:5 + 2-8, (ðx/ðT)p = — (33-44 4:9) x 10-5 
Mbars/deg, (@n/8P)p = 55 + 0-9, and (@n/@T)p = 
— (12-7 + 1-6) x 10-5 Mbars/deg 


The values of p and g are given by Bullen?®, and dx/dz 
and dyu/dz can be derived from the curves of Fig. 1 (it 
should be noted that dz = dP/ pg). 

Using all these values (for z > 70 km, dy/dz was 
obtained from the aforementioned linear equation), the 
thermal gradient shown in Fig. 3 was computed. By a 
graphical integration, the temperature can also be derived 
and this is shown on the same figure. 

The temperature obtained by this means appears to be 
rather high; in fact, it would imply complete melting of 
the mantle material below a depth of about 90 km. This 
is contradicted by the transmission. of distortional waves, 
which confirms a non-zero rigidity through the whole 
mantle. It would seem, then, that the thermal gradient 
is generally high by some 7 or 8 deg/km (whereas the 
standard error, for most values, is only 3-5 deg/km). 

It is concluded that the extrapolation of the partial 
derivatives of x and u, from a few kilobars and 100°-300° © 
up to 20 kbars or more, and to temperatures close to 
1,000° C, is probably not valid, and laboratory work 
under higher pressures and temperatures is certainly 
desirable. 

Of course, there are at least two other possibilities: one 
is that Gutenberg’s velocities are affected by some sys- 
tematic error, and the other is thet dunite and its elastic 
properties are not representative of the solid material in 
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Fig 2 Variation of x and uw of dunite with pressure and temperature 
(circles, squares, and triangles refer, respectively, to temperatures of 100, 
200, and 300° C) 
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Fig. 3. Thermal gradient and temperature in the upper mantle (cireles 
are values derived from dx/dz; triangles are values derived from dy/dz) 
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the upper mantle. At present, however, both these 
possibilities seem to be unlikely. 

This report was prepared during a visit to the Depart- 
ment of Geology and Mineralogy of the University of 
Oxford. 

F. MACHADO 
Department of Geology and Mineralogy, 
University of Oxford, and 
Laboratory Est. Petrologicos e Paleontologicos, 
Lisbon. 
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Southern Storm Centres and Ocean Wave 
Spectra 


CoLLECTION of tide and wave data at Macquarie Island 
(54-30 5., 158-50 E.) was resumed in March 1964, 50 years 
after Leslie Blake operated his tidal gauge on the Island, 
when a simple pressure recorder was installed near the 
permanent Australian National Antarctic Research 
Expedition station. It was destroyed 6 weeks later by a 
severe storm after recording the Tsunami of the Alaskan 
earthquake of March 28, 1964!. An improved type of 
pressure recorder with wider frequency response was 
installed early in 1965 and began to yield satisfactory 
records a few days before the relief ship returned to Austra- 
ha. The present communication refers to the analysis of 
these preliminary data and their interpretation. 

Power spectra? computed from 20 min of sea surface 
records yielding approximately 800 ordinates are shown 
in Fig. 1 for 0000, 1200, 2400 h u.4.s.r. (Eastern Australian 
standard time) on March 13, 1965. After removal of the 
tidal trend, the autocorrelations involved lags up to 80 
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ordinates. Fig. 2 shcws the verification of the location of 
the peaks in the power spectra using the high pass filter 


Yi = —(t)Xe1 + (G)Xe — (HXi 
applied to the original data X,. 


Power 





Frequency (c/m) 





Fig. 1. Power spectra from Macquarie Island, March 18, 1965. 7 
0000 h E.4.8.T.; ———, 1200 h E.A.S.T.; ——-—, 2400 h E.A.S.T. 
01 


0-08 


0:06 


0:04 
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1 2 3 4 5 8 
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Fig. 2. Power spectra from Macquarie Island, March 13, 1965, after 


high-pass filtering. 
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The peak marked A in Figs. 1 and 2 has moved during 
the 24 h covered by the records from a frequency fı= 
3:75 to f,=4-5, indicating that the corresponding waves 
may have originated from a storm a distance 


= (9/41) /(Af/dt) œ 2,500(tz—t1)/(f2 = f1) (1) 
from Macquarie Island, where it has been assumed that the 
motion of the storm centre is negligible, the depth of the 
ocean is constant, and the times #, are given in days. 
Hence the distance of the storm centre from Macquarie 
Island is 3,400 miles. 

Since the group velocity Cy equals half the phase 
velocity 


= (gT)/42 <= 2,500/f (2) 
where T sec is the period corresponding to the frequency 
of f c/m, and Cy, is given in statute mules per day, the 
swell of frequency /,=3-75 travelled approximately 
670 miles/day, that is, it took 5 days to reach Macquarie 
Island and must have been generated on March 7. 

{sobaric charts of the Commonwealth Weather Bureau 
in Melbourne showed a depression of 975 mbar near 
Kerguelen Island at 1800 5.a.s.r. on March 6, with recorded 
winds of 30 knots, which subsequently subdivided into 
two depressions of 962 and 968 mbar on March 7 (see 
Fig. 3). It is suggested here that this was the source of the 
swell recorded at Macquarie Island on March 13. 
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Mı and $, Tidal Components at Hyderabad 


As reported earlier’ the ‘Askama GS.11’ gravimeter has 
been in continuous operation at Hyderabad as part of the 
extended programme of earth tide investigations. In 
its present location the mstrument rests on a separate 
pier with a shallow concrete foundation. The ‘Askania’ 
tide recording equipment is now being used instead of the 
photographic registration described earlier?. The results 
of harmonic analysis of tidal data by Pertzev’s method 
for 29 days of observation? (after elimination of drift by 
the running mean method‘) are presented. Considering 
the latitude of this station (17° 26’ N.) it is expected that 
only the semidiurnal components would yield reliable 
results. So far only the two important semidiurnal 
components, namely, M, and S, have been evaluated 
and the corresponding gravimetric factor G has been 
calculated. In the case of the S, wave it should be noted 
that the results are only a first approximation. Using the 
values of G obtained, the tidal elastic constants have been 
calculated and are tabulated in Table 1, where h and 
k are love numbers, l is the Shida number, D is the 
diminishing factor, L is Lambert’s constant and p is the 
rigidity of the earth in 10%? dynes/em?. 

The mean gravimetric factor is 1:17 for M, and 1-19 for 
S,. The value of G equal to 1-17 for M, is in very good 
agreement with the results reported by Harrison et al.® 


GG 
TG 


t 


Fig 3. March 7, 1965 


In the near future, similar wave recorders are to be 
installed at Cape Sorrell (Tasmania), Cape du Couedie, 
Kangaroo Island (South Australia), and a number of other 
locations along the Australian south coast and on Kergue- 
len Island. Eventually, 1t is hoped to separate local and 
global effects by auto- and cross-correlations of these 
records and thus to achieve a firmer basis for this method 
of focusing of storm centres. 
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for continental stations occupied during the International 
Geophysical Year. For the term (S, K,) they have re- 
ported a value for G of 1-20. The first approximation of 
G equal to 1-19 for S, would thus appear to be consistent 
with expectations. The fluctuations in the value of G 


Table 1. Tips ELASTIC CONSTANTS 


1965 Component G h k l D L u 
Jan. Ma 115 O54 026 007 072 # 1-19 
Ss 1:18 0 65 031 009 0 67 1:23 
Feb, M, 117 0 61 0-29 008 0 68 121 
RA 1-20 0-71 0 34 0-09 0 63 1-25 
March M, i i7 0-61 o 29 0-08 0°68 121 
S: 120 071 O34 009 083 125 
April Ma 1-18 065 031 009 067 128 
Sa 1:22 O79 038 O10 059 120 
May M, 118 O65 031 009 067 123 
S, 1-21 075 0-36 010 0-61 1°23 
June Ma 1-17 0-61 0-29 0 08 0:68 121 
S3 118 085 031 009 O87 123 
July Ma 116 O57 O27 007 070 120 
Se 118 O85 031 009 087 123 
Mean M, 117 O61 029 008 068 121 113 
S; 119 068 033 009 065 124 
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for different months in Table 1 are presumably similar 
to those suggested by Kramer’ and indicate that the value 
of G obtained by Pertzev’s method fluctuates periodically 
depending on the zero hour to which the amplitude 
corresponds. The rigidity value at this station, as calcu- 
lated from the gravimetric factor G of 1-17 is 1:13 x 10}? 
dynesjem?, 
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GEOCHEMISTRY 


Identifying the Geographical Source of 
Artefact Obsidian 
DuRING an avocational search for means of identifying 
the geographical source of artefact obsidian, what appears 
to be a functional tool has been found. It was postulated 
that, because the concentration ratio 


£ strontium 
2% rubidium 


in rocks is determmed by the origin and age of the rock, 
it would also be diagnostic of material from a given 
locality. This communication reports the results of pre- 
liminary experiments designed to test the feasibility of 
the hypothesis. 
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Fig. 1. Localities of the obsidian samples 
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Table 1. (Sr/Rb)a FOR SEVERAL OBSIDIAN SOURCES IN CALIFORNIA 
Site (Sr/Rb)a Range* No. of 
, samples 
A. Glass Mountain Area 
(a) Little Glass Mountain } 
local site 1 0°72 1 
3 — 0 8689-0-76 2 
4 0-73 0-65-—0°79 2 
5 9 75 1 
7 0-69 1 
Average —_ 0-72 0 65-079 7 
{b} fae t Fiat 0-50 0-49-0 53 2 
{ce) Grouse Hill 0 84 L 
(d) Tickner Road 0-89 1 
B. Mono Lake Area 
Local site 7627 0 06, 0 05,-0°06, 1 
86il 0 02, 0 03,-0 62, 1 
Average 0 05 0-03-0 07 2 
©. Clear Lake Areg 
Mount Konoctit 
Local site 1, surface 0 37 1 
1 5 ft. below surface 0:36 1 
8 ft. below surface 0 41 1 
26 ft. ,, ss 0 36 1 
32 ft. ,, i 0-38 1 
Local site 2 0 39 
33 33 0 89 
rr 29 0:37 
Mount Konocti average 0 38 0:36-0 41 8 
Cole Creek (pebbles) 0 38 0°31-0 52 2 
Borax Lake 0:12 0 08-0 17 2 


* Ranges include either replicate analyses on the same sample or analyses 
on more than one sample from the same site, or both. 


t Little Glass Mountair comprises at least two flows 
taken at least + mile apart around the outer perimeter of one flow. Sample 7 
is from what would seem to be a second flow. The total distance from site 1 
to site 7 is about i mule. 


The samples from Mount Konocti were taken from several road cuts in 
a distance of about 2°5 miles, The series representing several depths were 
taken from the side wall cf a borrow pit. 


Samples 1-5 were 


Obsidian samples were collected from three regions in 
California, each including several local outcrops, as illus- 
trated in Fig. 1. X-ray spectroscopy was used to estimate 
the strontium/rubid:um ratio on samples prepared simply 
by sawing or grinding appropriately shaped pieces from 
hand specimens. The sawn or ground surface was 
‘X-rayed’ without further treatment. A Norelco X-ray 
spectrograph, equipped with a tungsten target fluorescence 
tube, was used under the following condi- 
tions: X-ray tube excitation, 45 kV, 45 
m.amp; crystal, lithium fluoride; detector, 
scintillation, operated at 0-95 kV; pulse 
height analyser, 9-V base, 16-V window; 
air path, 0-005 in. beam collimator, 0-040 
in. datector collimator; scanning rate, 1° 
per min. 

Flcorescent X-ray intensity was con- 
tinuously recorded as 2 0 was scanned from 
24-50” to 27°50° to include the strontium 
Kea and rubidium Kea emission lines. The 
ratio of the heights of the recorded X-ray 
intensity peaks was used as a measure of 
the strontium/rubidium concentration ratio 
in thes sample. No attempt was made to 
calibrate in terms of actual amounts of 
strontium and rubidium present, and the 
ratios are labelled (Sr/Rb)a as a reminder 
of this fact. Our results are summarized 
in Table 1. 

In the Clear Lake region, Cole Creek 
drains Mount Konocti. The obsidian from 


Craters 


oe Cole Creek, which occurs as rounded 
ab pebbles in contrast to the sharp angular 
sd pieces found on Mount Konocti, apparently 

*a6) originated on Mount Konocti. This con- 


clusion is supported by the close agreement 
in (Sr/Rb)g. It is clearly possible to decide 
whetker a sample of material known to be 
from the Clear Lake region came from 
Borax Lake or Mount Konocti. Similarly, 
it is easily possible to distinguish within the 
Medicine Lake area among samples origi- 
nating from Grasshopper Flat, Little Glass 
Mounsain or Tickner Road, but probably 
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not bstween Tickner Road and Grouse Hill. It would 
also seem possible to distinguish one crater from another 
in the Mono Crater complex, although confirmation is 
needed in view of the small number of samples considered. 

The three regions investigated were among the most 
important sources of obsidian for the Indians of Northern, 
California. Before the geographical source of artefact 
obsidian can be identified with confidence, however, it will 
be necessary to survey more completely all quarries of 
known, or suspected significance. 

When, a more complete compilation, of strontium/rubid- 
ium ratios is attempted, it will probably be found that 
greater precision in determining strontium/rubidium is 
needed. To permit interchange among investigators, the 
analyses should be calibrated so that the actual concen- 
tration ratio is reported. Refinement is possible in 
geological sampling, in X-ray sample preparation, and in 
statistical treatment of data. 

Careful geological sampling is necessary to prove that 
variations in the strontium/rubidium ratios within a 
locality or outcrop are smaller than, differences among 
localities. Our preliminary results (Table 1) indicate that 
this is so. 

Improved sample preparation will reduce the range of 
values observed in replicate analyses on the same sample’. 
Jt is conceivable that an X-ray spectrographic technique 
could be developed to provide non-destructive analyses 
of artefacts. If this is attempted, however, attention 
should be paid to possible alteration in, the strontium/ 
rubidium ratio by weathering of exposed surfaces. Pow- 
dered samples prepared by grinding several small chips 
taken from inconspicuous places on a single artefact 
should prove entirely adequate. 

With careful refinement of technique, it should prove 
possible to locate the geographical origin of obsidian 
artefacts with confidence and precision. 

We thank the School of Earth Sciences at Stanford for 
the opportunity to use school facilities on an extra- 
curricular project. We also thank Dr. H. J. Moore for 
his help in collecting the samples from the Mono Lake 
region. 
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METALLURGY 


Ageing and the Bauschinger Effect in Mild 
Steel 


As part of a larger programme of study of anisotropy and 
the Bauschinger effect ın cold-worked metals, I conducted 
a series of tests on deformed and age-hardened mild steel. 
Only a limited series of tests were carried out and so the 
generality of the results has not been confirmed. How- 
ever, it was considered worthwhile to report on these with 
the view of establishing whether such a phenomenon 
had been observed previously. 

The experiments were carried out on annealed semi- 
killed 0-2 per cent carbon steel having the following 
composition (per cent): carbon, 0:21; manganese, 0:53; 
silicon, 0-23; sulphur, 0-032; phosphorus, 0-032; 
chromium, 0-20. Specimens in the form of strips 0-2 in. 
thick, 3/4 in. wide, with a 1 in. gauge length were deformed 
under tension to a strain of about 0-35 per cent, corre- 
sponding to a yield strength of about 50,000 Ib./in.*. 
After this advance deformation, the test pieces were 
subjected to ageing for 1 h at temperatures of 100° C, 
200° C, and 300° C, respectively. Some test pieces were 
then: tested again under tension while others were tested in 
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compression. The results of these tests are shown in 
Fig. 1, which also shows the results of a compression test 


on a ‘specimen which had not been aged. The time 
between, deformation and subsequent testing was made 
as short as possible in order to avoid additional age- 
hardening. 

Lf the flow stress required to maintain plastic deforma- 
tion is the sum of a “frictional” stress os required to over- 
come local stress fields and a back stress op due to piled-up 
dislocation arrays, then: 

Oo = of + Ob 
On reversal of deformation, then we may write: 
Or == Of — Ss 
as the back stress will assist the deformation. In addition 
to these, ageing of body-centred cubic metals leads to 
locking of dislocations by solute atoms contributing a 
locking stresso,. Thus after ageing at temperature T: 
or = Of + Gor + Orr 
and: 
Orr = OF — Cbr + Our 
where it is assumed that the locking stress and the back 
stress both depend on the ageing temperature. 

Since oy will depend on the mean density of dislocations, 
it will be assumed that it is independent of ageing tempera- 
ture. On the other hand, it will be further assumed that, 
in the limited time allowed, no dislocation locking will 
occur at room temperature and, therefore, 6r = 0. Asa . 
consequence, the various components of the stress can 
be evaluated from the equations: 


Oo + or _. So 7 Gr 
of = eae 3 Ob, = gr 8 
Or + Orr Oy — Ort 
on = (EO) — oy ge 


where o, is the stress at the end of pre-strain and or the 
reversal flow stress in the absence of age-hardening. The 
variations of opr and c:r have been determined from the 
results already presented and demonstrated in Fig. 2. 
These results would seem to demonstrate an interaction 
between, the presence of piled-up arrays and the diffusion 
of solute atoms. Thus, the higher interaction potential 
field surrounding the piled-up arrays will lead to a pre- 
ferred diffusion to the head of the array. One effect of 
this is to relax the strain energy field leading to a reduction 
in o», and the other is to reduce the rate of build-up of the 
locking stress. However, as the ageing temperature is 
raised, the piled-up arrays relax further and a greater 
proportion, of solute atoms becomes effective in locking 
dislocation sources. Thus, op decreases and o: increases. 
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Further tests indicate that the recovery temperature 
for this material was about 500° C. A reasonable extra- 
polation of the co, curve gives a value of zero at this 
temperature, that is, the Bauschinger effect would then 
be completely eliminated. 

It may be observed that the value of oy so calculated is 
close to the value of the initial yield stress. On further 
investigation of other tests, however, it is seen that this 
agreement is a coincidence because of the pre-strain 
chosen. However, if the same procedure of calculating a 
frictional stress cy and a back stress op is applied to these 
results, the variation of of is shown by the dotted line in 
Fig. 1. As it may be observed, this curve may be extra- 
polated back to the zero strain axis where it meets the 
flow stress curve extrapolated below the flat yield plateau. 

The form of the analysis then suggests that the flow 
stress is the sum of three components (o = of + op + ©) 
where the locking stress has been eliminated. It is then 
of a higher magnitude than normally considered (for 
example, it is normally taken as (or — c)). Iam planning 
to carry out further experiments to verify the validity 
of this approach. l 

N. L. Svensson 
Division of Engineering, 
Brown University, 
Providence, Rhode Island. 


High-temperature Embrittlement of Stainless 
Steel irradiated in Fast Fluxes 


Ir has been widely demonstrated that irradiation in 
thermal fluxes results in the loss of high-temperature 
tensile ductility in stainless steels'-*, and strong evidence 
has been advanced to support the contention that helium 
produced from the boron-10 (na) reaction with thermal 
neutrons is responsible for this loss in ductility*:'®. 
Development of bubbles in irradiated stainless steels has 
been observed by thin foil electron microscopy (Fig. 1), 
and consideration of mechanical property, metallographic 
and electron microscope data led to the formulation of a 
theory of high-temperature embrittlement™-*. This was 
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based on the weakening of grain boundaries by the 
migration to these areas, under stress, of helium to form 
bubbles larger than a critical size, failure occurring as the 
bubbles grew and linked together. 

In predominant.y fast fluxes, such as those found in 
the Dounreay fast reactor, capture cross-sections are, in 
general, much lower than in thermal fluxes, so that the 
production rate of helium from boron-10 is very much 
slower (the fast reactor rate is about 1 per cent of the 
thermal reactor rate). However, at high neutron energies 
(greater than abcut 3 MeV) (na) reactions oceur in 
nearly all materials't, so that helium production in 
a fast flux environment is not reduced by as much as 
might be expected. Furthermore, whereas the production 
of helium in a thermal flux is critically dependent on the 
boron content and virtually ceases when all the boron-10 
has been burnt up, that is, after a thermal dose of about 
10°! neutrons/cm*, helium production in the fast flux is 
not so dependent on the boron content and increases 
approximately linearly with time—this is because every 
atom is a potential helium source (Fig. 2). 


Table 1 
CGC Si Mn Cr M ¥e Mo S P B Q As @ 
0-036 0-44 1-67 16°84 13-25 Bal. 2-25 0:01 0-018 0-0002 0-022 0-012 0-017 


Irradiation in the Dounreay fast reactor, at reactor 
coolant temperatures (250°-350° C) of tensile test pieces 
of a modified A.I.S.I. type 316 stainless steel (Table 1), 





Fig. 1. Grain boundary subble formation in irradiated type 316 stainless 


steel. (xe. 80,000) 
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Fig. 3. Ductility of solution treated and 17 per cent prestrained 316 

stainless steel at test temperatures of 600° C, 650° C and 700° C after 

irradiation in the fast reactor at 250°-350° C. , Solution treated; 
4, 17 per cent prestrained 
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Pig. 4. Ductility/helium plot for solution-treated and 17 per cent pre 

strained 316 stainless steel, Tested at 600° C, 650° C and 700° C after 

irradiation in the fast reactor at 250°-350° C. , Solution treated: 
i, 17 per cent prestrained 


has been carried out to neutron doses within the range 
107-5 x 10% nyi. At test temperatures > 600° C (the 
temperature range in which high-temperature loss in 
ductility was observed in stainless steels irradiated in 
thermal! fluxes), little degradation in ductility occurred 
with doses less than 10% net. Further increase in dose 
above 10* nyt resulted in losses in ductility which, over 
the dose range examined, were linear with log total 
dose (Fig. 3). Strength properties were in general little 
affected by increasing dose; there was, however, an 
increase in yield stress at 600° C, due to irradiation 
hardening. 

It has also been shown that ductility decreases linearly 
with the log calculated total helium content (Fig. 4); 
helium contents determined in irradiated specimens by 
means of mass-spectrographic techniques correlated well 
with values calculated from reactor physics data’. 

Helium produced in thermal reactors during low-tem- 
perature irradiation does not seem to exert its full damage 
potential. In specimens of the same material, tested at 
temperatures above 600° C, the helium content required 
to produce the same effect on elongation in fast irradiations 
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as that observed in thermal flux irradiations was less. 
One possible explanation of this is the segregation of 
boron in boron-rich segregates, or oxide or carbide 
inclusions’, leading to localized hold-up of helium in 
thermal irradiations, in contrast to predominantly fast 
flux irradiations where the helium is formed homogen- 
eously throughout the matrix. 


A. S. FRASER 
I. R. Brrss 
C. CAWTHORNE 


Dounreay Experimental Reactor Establishment, 

Dounreay, Caithness. 
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Electron Microscopic Observation of Coatings 
on Titanium Dioxide Pigments 


Ir is common practice in the final stages of the manu- 
facture of titanium dioxide pigments to apply coatings to 
the erystal surfaces, in order to reduce their photochemical! 
activity and improve their dispersibility in various media. 
These coatings often take the form of 1-3 per cent of 
oxides or hydrated oxides precipitated in en aqueous 
dispersion of the pigment. It is important to know 
whether the products are truly coated pigments, merely 
mixtures of the pigment and coating material, or some- 
thing between the two extremes. For a uniform coating. 





Fig. 1 
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the thickness to be expected is about 50 A, or one-fiftieth 
of the crystal diameter. 

The coatings may be observed directly in the electron 
microscope by sprinkling the pigment on to a carbon 
membrane, and taking the usual precautions to minimize 
build-up of contamination layers. Fig. 1 shows a very 
uneven deposit on rutile, contrasting with the consider- 
able degree of uniformity on pigment (Fig. 2) which is in 
agreement with the improved technological performance 
of the second pigment. Replacement of the coating by a 
earbon—platinum technique! to give enhanced contrast 
does not appear to be necessary, and could lead to 
erroneous estimations of the coating thickness. 


H. SMITH 


British Titan Products Co., Ltd., 
Billingham, 
County Durham. 


! Wilska, S., Farbe und Lack, 71, 39 (1965). 


CHEMISTRY 


Pulse Radiolysis Investigations of Unimolecular 
Elimination Reactions in Free Radicals 
produced by OH Addition to Hydroxy- 

benzenes 


Durtnc the course of the experimental research 
programmes in pulse radiolysis carried out independently 
at the Mount Vernon Hospital and the Paterson Labora- 
tories, a new series of unimolecular free radical decom- 
position reactions has been observed. Some of the separato 
findings have been combined and are summarized in this 
introductory communication. 

In investigations of the kinetics of the formation of 
quinonoid free radicals from quinones and hydroquinones' 
a reaction has been characterized which involves the 
unimolecular elimination of a water molecule from the OH 
adduct of hydroquinone (trihydroxyeyclohexadieny! radi- 
eal). The product of this reaction is the benzsemiquinone 
radical, A similar water elimination reaction has been 


found for the dihydroxycyclohexadieny] radical obtained 
by OH addition te phenols’. 

These reactions are analogous to the well-known 
dehydration reacsions of aromatic dihydrols to form 
phenols in that the facility of these reactions is related 
to the increase ina resonance energy gained when the 
molecules change to the completely aromatic form. 
Similar reactions have been observed for the OH adducts 
of p-cresol, tyrosine, 8-naphthol and resorcinol. The 
general phenomenon is illustrated by specific reference to 
investigations wich p-benzhydroquinone and phenol. 
The pulse radiolysis techniques used in this work have been 
fully described in earlier eommunications?:. 

p-Benzhydroquinone. Previous investigations have 
shown that OH radicals react rapidly with p-benz- 
hydroquinone (QH,)' (k=1-2x10'® M- sec). Pulse 
radiolysis studies, at various concentrations of neutral 
solutions of QH, saturated in nitrous oxide, however, 
showed the formation of two transient absorbing species, 
One of these species was formed during a 0-2-usec pulse of 
1-8-MeV electrons. whereas the second developed more 
slowly (Fig. 1). Under the conditions where all hydrated 
electrons react with nitrous oxide, the yield of oxidizing 
radicals was increased about two-fold and, because similar 
results were obtained when nitrous oxide was replaced 
by hydrogen peroxide which also converts egq to OH 
radicals, it was tertatively concluded that the first tran- 
sient was formed by addition of OH radicals to the 
aromatic ring. 

The transition te the species with an absorption maxi- 
mum at 4250 A was kinetically first-order under all 
conditions and, sinse the reaction order was unaffected by 
the absolute value of dose/pulse, doses of between 1 and 
2 krads were gererally used. The experimental rate 
constant of 4-6 x 0‘ sec- at 20° C was independent of 
solute concentration but showed a small temperature 
coefficient. An act;vation energy of 4-2 kcal M-' was ob- 
tained. The reaction became very rapid at values of pH 
on either side of aeutrality indicating strong acid-base 
catalysis. 

The second transient species disappeared by simple 
second-order kinetics, but the absolute rate was slower in 
neutral solution compared with that at pH 2. Salt effect 
studies demonstrated that the species decaying in neutral 
solution carried a anit charge consistent with its assign- 
ment to the anion of the benzsemiquinone radical. 


0-06 


Optical density 


0-03 





3000 4000 5000 
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Fig. 1. Transient abserption spectra after pulse radiolysis of 5 mM 
hydroquinone saturated with nitrous oxide. Curve a, Absorption 
immediately after the pulse; curve b, absorption after 100 sèc delay. 
Inset, Oscillogram showing: a, transition from the OH adduct to the 
semiquinone ion (A=41@0 A); b, decay of the semiquinone ion, Ordin- 
ate, percentage absorption, 2-6 per cent per large division; abscissa, 
(a) build-up, 20 usec per a oroa; (b) decay, 1 msec per large 
ivision 
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The absorption spectrum was similar to that previously 
attributed to semiquinone anions® 7», 

Investigations of the effect of pH on the absorption at 
4300 A have shown that the pK of the equilibrium (1) 
is 4-0, 


o~ 
qè C) + HT (1) 
0: 





The foregoing evidence supports the view that the oxi- 
dation of hydroquinone by OH redieals proceeds according 

a LS j ka | a 
to equation (2). 


OH OH O 
A vi a 
T OH íC OH O) (2) 
‘a "S > 47} -H,0 ot, ue 
A Jf S 
if I yY 
OH OH OH 


Phenol. Previous investigations* have shown that OH 
radicals react very rapidly with phenol to form dihy- 
droxycyclohexadieny] radicals, Amax 3200 A. Pulse radio- 


lysis of aqueous solutions of phenol (10-* M) saturated 
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Fig, 2. Transient absorptions after pulse radiolysis of 10 M phenol 


in water, saturated with nitrous oxide (dose ~ 140 rads) 





Fig. 3.. Oscilloscope traces of decay of initial transient absorption at 

3300 A (top) and formation of secondary transient absorption at 

4000 A (bottom). Dose ~13 rads. Vertically upward displacements, 

increasing transmission. Horizontal displacements, time (1 large 
division = 200 psec) 
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with nitrous oxide showed that in eddition to the adduct 
radical formed immediately with max at ~3300 A a 
secondary transient species with maxima at 4000 A and 
2950 A built up during the first few hundred usec after 
the pulse (Fig. 2). The spectrum of the secondary species 
was consistent with it being due to the phenoxy! radical 
DO: (ref. 9). In this case, a low pulse dose (13 rads) was 
necessary in order to reduce second order redical-radical 
reactions to an insignificant level, ®0 being relatively 
unstable compared with the benzsemiquinone anion. The 
rate of build-up of ®0- at 4000 A was found to follow 
first-order kinetics (k~ 5x 10° see-! at 20° C). and was 
about equal to the rate of decay of the 3300 A absorption, 
when these low doses were used (Fig. 3). The reaction 
was temperature-dependent and acid-base catalysed, as 
was the formation of Q- from trihydroxycyclohexadieny] 
radicals. These results suggest that elimination of water 
accounts for the decay of most if not all of the OH edduct 
radicals formed (3). 


(3) 





These investigations are being extended to aqueous 
solutions of aromatic amines, and preliminary pulse vadio- 
lysis experiments on solutions of aniline and N,N dimethyl 
aniline show the eventual analogous formation of highly 
resonance stabilized anilino radicals’. 


G. E. ADAMS 
B. D. MICHAEL 


British Empire Cancer Campaign for Research, 
Research Unit in Radiobiology, 
Mount Vernon Hospital, 
Northwood, Middlesex. 
E. J. LAND 


Paterson Laboratories. 
Christie Hospital and Holt Radium Institute, 
Manchester. 20. 
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lonization Detector for Gas-phase Titration 


(FAS-PHASE titrations cre rarely used because of the lack 
of suitable and sensitive titration end-point detectors. 
We have found that ionization detectors! are eminently 
suitable to follow the course of a gas-gas reaction in a 
continuous flow system. The response of such detectors 
is, in general, unspecific. A number of detectors were 
investigated; the following discussion deals with ioniza- 
tion cross-section detectors. 

These detectors respond to all gases and their output 
current is directly proportional to gas concentrations from 
0 to 100 per cent and to the ionization cross-section of the 
gas molecules. Changes in the flow rate and the polarizing 
voltage have negligible effect on the output when the 
detector is operated at the plateau of its current-voltage 
characteristic. 
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Fig. 1 shows a schematic diagram of the titration 
system. A carrier gas flowing with constant velocity is 
continuously mixed, in a reaction chamber (A), with a 
sample gas, also flowing with constant velocity, and with 
a titrant gas. The gas mixture then entere the cross- 
section detector (B). The detector is polarized by the 
voltage supply (D) connected in"series withthe current 


SAMPLE GAS 
CARRIER —> A 8 —» EFFLUENT 
| E 
TITRANT PD 


Fig 1. Schematic arrangement of gas-gas titration system with ioniza- 
tion cross-section detector 4A, Mixing and reaction chamber; B, 1on- 


ization detector: C, current meter; D, voltage supply 
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Process of calculating detector current: (a) molar fractions of the components of gas 
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meter (C). The flow rate of the titrant is varied from zero 
to a value significantly larger than that corresponding to 
the end-point; the current values are plotted against the 
flow rate of the titrant introduced into the carrier flow. 
Assuming perfect mixing of all gases introduced in the 
system, 100 per cent yield of reaction, and collection and 


production of 10ns in the detector without losses, the 
detector current is: 


PV 
i=#=K RT Qiri (1) 
where P is the prəssure in the detector, V its active 
volume, # the gas constant, T the absolute temperature 
and K a constant determined by the dimensions of the 
detector and the radiation intensity. Q, and a: represent 
the ionization cros3-section for the type of ionization 
present in the detector and the molar fraction of the con- 
stituents of the gas mixture entering the detector. 
The process for the calculation of the detector current 
is Shown in Fig. 2 for a reaction: 


A+B—>C (2) 


where A is the unkrown sample, B is the titrant and C is 
-~ the product of the reaction. Fig. 2a shows 
how the molar concentration of each of the 
components of the reaction changes during 
the titration. The concentrations of the 
carrier and of the product decrease after the 
end-coint because of an increase of the 
total flow rate. 

In Fig. 2b the independent current con- 
tributions of each of the components are 
plotted according to equation (1), and 
assuming the following values of relative 
ionizétion cross-sections: 


Qa er, 2, Op = l}, Qc oan 5 and Q carner = 0-2 


These values are closely related to possible 
experimental conditions. The ionization 
cross-section detector current J is the sum 
of all the component currents at each value 
of titrant flow rate. The titration end- 
point appears as a change in the slope of 
the plot of current against titrant flow 
rate. 

The slope of the titration curve is directly 
related to the cross-section, concentration 
and ratio of the components of the titration 
and to the rate of the reaction. The greater 
the d-fference between the cross-sections of 
the reacting species and the product, the 
sharper the break will be at the end-point. 
A cacrier with much lower cross-section 
than bhe other components of the reaction 
will Cecrease the background current. 

The method provides a new technique for 
the analysis of gases. Appropriate selection 
of the titrant can provide specific determ- 
ination of a reacting gas in a mixture. 
Furtkermore, the direct relation between 
the detector current and the concentrations 
and cross-sections of gases present during a 
reaction can be used in kinetic studies of 
gas-prase reactions. 

Several gas-phase titrations have been 
measured. An example, the result of the 
gas-gas titration, measured with an ioniza- 
tion cross-section detector, of oxygen with 
nitric oxide represented by the reaction: 


20 


16 


12 


Component currents Qizi 


O, + 2NO —> 2NO, (3) 


is shown in Fig. 3. Additional research is 
.bemg conducted. 
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Fig. 3. Titration curve of 3 mi./min oxygen with nitric oxide ın 100 
ml./min helium carrier (7, 150° C) 
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K. 5. Lion 
Department of Biology, 
Massachusetts Institute of Technology, 
Cambridge, Massachusetts. 
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Isotope Fractionation of Methyl Esters by 
Gas-Liquid Chromatography 


THE radiohomogeneity of tritium- and carbon-14-labelled 
methyl linoleate in vivo and the stability of the labelled 
methyl esters during gas-liquid chromatography has 
recently been investigated!. It was shown that the 
tritium : carbon-14 ratio of the entire peak was unchanged 
by gas-liquid chromatography. However, when. portions 
of the effluent peak were collected the tritium : carbon-14 
ratio varied. In view of the separation potentialities of 
gas chromatography, it seemed worthwhile to investigate 
whether or not any difference in the mobilities of the two 
isotopic molecules during chromatography caused these 
variations. Accordingly, several columns containing 
commonly used polar and non-polar phases were used 
and a number of methyl esters labelled with both tritium 
and carbon-14 were chromatographed. The tritium : 
carbon-14 ratios obtained for successive fractions were 
examined for evidence of any difference in the mobilities 
of the two compounds. 

Linoleie acid labelled with tritium at the 9, 10, 12 and 
13 positions was prepared as reported-earlier?. Linoleic- 
1-40 acid was purchased from California Corporation of 
Biochemical Research and it was purified on a silica~ 
silver nitrate column’. Stearic and oleic acid doubly 
labelled with both isotopes were prepared as described?. 
Methyl esters of all fatty acids were formed by reaction 
with diazomethane. Gas-liquid chromatography was 
performed by means of an Aerograph model A-90-C 
(Wilkens Instrument and Research, Inc.) equipped with a 
thermal conductivity detector. Copper columns 3:5 in. x 


6 ft. were packed with either 20 per cent diethylene glycol - 


succinate polyester (DEGS), 14 per cent ethylene glycol 
succinate or 1 per cent SH-30 on ‘Gas Chrom P’ operated 
at temperatures ranging between 160° and 190° C. The 
column, effluents were collected on cartridges packed with 
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p-terphenyl impregnated with 5 per cent DC-550 silicon 
oil’, An automatic fraction collector (Packard “Tri-Carb’ 
model 830) was used and fractions were collected every 
20 sec throughout the fatty ester peak. At the completion 
of the analysis each cartridge wes removed from the 
fraction, collector and was placed in a scintillation vial‘. 
The background radioactivity of the column, was checked 
before analysis, and whenever it was found to be higher 
than the normal the column. was replaced. 

Scintillation counting was carried out in a Packard 
‘Tri-Carb’ model 314 HX. Channel settings were: lower 
upper channel 
76-400, gain 1,000: coincidence monitor A’ setting 7:6, 
gain 1,000: voltage setting 1,150. Computation of the 
number of disintegrations (d.p.m.) tritium, d.p.m. carbon- 
14 and the isotope ratio tritium: carbon-14 from the 
counts in each channel was made according to the method 
of Kabara et al.5. In addition, three forms of computation 
were applied, that is, probit analysis based on cumula- 
tive percentage, fraction by fraction, of each isotope 
eluted, In 9 (p = ratio of tritium : carbon-14) and MODI-9 
based on the isotope ratio of successive fractions by using 
an established programme in the IBM/620 computer‘. 

The tritium: carbon-14 ratios among the fractions 
throughout the fatty ester peak in a number of chromato- 
graphic runs are presented in Table 1. A progressive 
decrease in the tritium : carbon-14 values indicated that 
fractionation occurred during the chromatographic process 
and that the tritium-labelled methyl ester moved ahead 
of the carbon-14-labelled methyl ester. The presence of 
one or two double bonds in the fatty acid chain did not 
seem to be critical as the effects were similar for methyl 
stearate, oleate and linoleate. These effects were more 
apparent in non-polar than in polar columns, becoming 
almost negligible when an aged polar column was used. 
Frequently, the tritium: carbon-14 ratio increased in 
the tail of the peak. 


Table 1. TRITIUM * CARBON-14 RATIO OF FRACTIONS COLLECTED EVERY 
20 SEO AFTER THE INJECTION OF METHYL ESTERS OF Farry ACIDS DOUBLY 
LABELLED ON DEGS AND SE-30 COLUMNS IN THE GAS CHROMATOGRAPH 


Methyl ester 


Stearate Oleate Linoleate 

Column After After After 
New 3 wk. New 3 Wk. New 3 WK. 
SE-30 2 30 2°40 2 78 2°96 1-82 2°35 
1°98 2°34 2°72 3-20 1°91 2°37 
1 83 1:91 2 62 2°81 1°77 2-05 
1°72 1°82 2 34 2°50 165 2°10 
1°69 1-73 2°50 2-47 169 1-95 
152 1:62 197 2-36 1-53 1:92 
1°48 1°51 1-73 2°31 1°50 1-46 
1:53 1-80 3°06 1°34 1°48 1:26 

165 1°85 — 1-69 144 — 

— — — 3-45 158 — 

=a — — a 1°65 = 

Methyl ester 
Stearate Oleate Linoleate 

Column After After After 
New 3 wk New 3 wk.* New 3 Wk 
DEGS 1:87 2-70 2°66 — 2°78 2°42 
1:62 2°66 2 47 — 2-68 2°76 
1:66 2-64 2°50 — 2°83 2°56 
1°73 2-71 2°22 — 2 86 2°66 
1°63 2°56 2-29 — 2°77 2-79 
1°46 2°69 2°25 — 2-74 26) 
1°42 2°67 2°01 — 2-76 2°55 
— 2°62 2°07 — 2°61 2°61 
— 2°67 2 34 — 2-58 2:63 
— 2:59 2-28 — 2-54 2 60 
— 2°63 2°40 — 2°67 3 02 

— 2 68 — — os — 

— 2-72 — — — = 


* Not determined. 


The results of the runs recorded here were carefully 
examined for artefacts. Radiochemical artefacts were 
excluded when the methyl esters were subjected to several 
criteria for radiochemical purity*. Instrumental arte- 
facts were examined and were found to be absent. For 
this purpose, radioactivity of either type was added to 
each fraction and it was fully recovered. On the other 
hand, the same mixture at several count rates gave tho 
same tritium : carbon-14 ratio excluding any dependence 
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of the isotope ratio on count rate. The possibility of 
chromatographic artefacts was given special consideration. 
Chromatographic fractions from all regions of the peak 
were rechromatographed on a “Hy-Fi’ Aerograph model 
600 B equipped with a flame detector. In all cases, 
no other peak than that anticipated appeared. Memory 
effects due to a binding of the labelled methyl ester on the 
column and subsequent elution in the following chromato- 
graphic run were ruled out when cold methyl arachidate 
(Applied Science Corporation State College, Pennsylvania) 
was included in the injected sample and its entire peak was 
collected and measured for radioactivity. Only traces of 
tritium and carbon-14 were present in the methyl 
arachidate eluate. 

It seemed reasonable that fractionation of the two 
differently labelled methyl esters occurred during the 
chromatographic process. Calculation of the displace- 
ment of ether isotope from the other was made by the 
three methods indicated and the results using data from 
chromatographic runs of doubly labelled methyl linoleate 
are recorded in Table 2. It is evident that the tritium- 
rich molecule displaced the carbon-14-labelled molecule 
(M, M.) in all cases where displacement was observed. 


Table 2. COMPARISON OF RESULTS FROM PROBIT ANALYSIS BASED ON 
CUMULATIVE PERCENTAGE, FRAOTION BY FRACTION OF BAOH ISOTOPE RLUTED 


Lu-g and MODI-p were based on the isotope ratio of successive fractions 
obtained from an established programme in an IBM/620 computer (ref. 6) 


SE-30 SE-36 DEGS DEGS 

New column Aged column New column Aged column 
My, 12129+0073 18-38840065 11849+0107 91283+0119 
Mı 12-927 + 0-078 12°929340-053 11789+0102 P158 +114 
oy 3380+0-086 23860+0085 45413+0110 2-900+0-116 
Og i 8-490 +0093 22564+0067 4470+0105 29982+0113 
Probit 1:536 +0821 3°108+0°631 09234+1253 0-386+1 814 
ae 215540484 2-7134+0:604 0:730+0-288 0239-+0 331 
MODI-¢ 2-14140:338 280240496 08697+0189 0°240+0°334 
Fractionation Present Present Present Absent 


M, Retention volume and a, dispersion of tritmm-labelled fatty acid 
methyl ester 

M,, Retention volume and o, dispersion of carbon-14 labelled fatty acid 
methyl ester. 


These results were in, accord with those obtained ın 
previous investigations and demonstrated that gas- 
liquid chromatography, utilizing commonly used 
columns, has sufficient resolving power to segregate 
isotopic molecules that differ less than 2 per cent in mass. 
Although the existence of isotopic fractionations in 
many chromatographic processes*:*-12 may be possible, 
the mechanism by which these effects occur is unknown 
in most cases. 

I thank Dr. P. D. Klein, Division, of Biological and 
Medical Research, Argonne National Laboratory, Argonne, 
for the computation, of the data and for helpful discussions. 
I also thank Carolyn Duguid for technical assistance. 

This work was supported by a grant from the Special 
Industry Board of the National Dairy Council and Meat 
Board, and the Illinois Heart Association. 
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Osmotic Emergency Purifier of Sea Water 


WHEN a hypertonie solution is separated from a hypotonic 
one by a semiperm2able membrane, solvent will flow from 
the hypotonic to the hypertonic system until equilibrium 
is established. Sea water is essentially a 0-6 N solution 
of polar solutes it water. A membrane which would, 
under certain conditions, reject sodium and larger ions 
and allow migration of water free of solutes can be 
obtained?. Cellulose acetate, for example, fulfils the 
condition of rejection of sodium chloride®. A semi- 
permeable membrene system for concentrating beverages 
was conceived some 30 years ago®, but practical develop- 
ment has awaited she advent of appropriate membranes. 

When a concentrated solution of hexoses and organic 
acids such as a frcit juice concentrate is placed on one 
side of a cellulose scetate membrane and immersed in sea 
water, water will enter the system and continue flowing 
across the membrsne until equilibrium is reached. The 
pressure drop across the membrane appears to be largely 
a function of membrane thickness (Table 1). 

Dialysis bags for a preliminary test were fashioned by 
heat-sealing cellulcse acetate, cellulose acetate butyrate, 
and cellulose triacetate. A small sample of invert sugar 
was placed in each bag and the bags were immersed in 
seg water collected at the south-western tip of the San 
Francisco Golden Gate Bridge. The sea water sample 
was 0-6 N as the sodium ion. This normality corresponds 
to 10-8 per cent invert sugar. Tables 1 and 2, however, 
show a flattening out of the dilution curve at values closer 
to 20 per cent suger than to the theoretically correct one. 
A possible explanation of this reaching of a “point of 
diminishing return”’ is that energy losses from the passage 
of water across ths membrane gain in prominence with 
decrease of the driving force, that is, decrease in the 
osmotic pressure difference between the solutions on the 
cis and trans sides. 

Absence of the sodium and, chloride ions from the 
dilute sugar in the dialysis bag shows that the membrane 
excludes soluble salts. It is clear that the membrane 
would also excluds the relatively long-lived radioactive 
debris such as calcium, strontium, iodine, etc. This means 
that water contam nated by radioactivity can be a source 
of a potable beverage. 

The rejection of strongly polar solutes indicates that 
the membrane would even more readily reject organic 
substances unless they attack the membrane. It is likely 
to remove organic toxins from both sea water and fresh 
water. Such a device might prove useful where water 18 
contaminated by either man or Nature. 

The rejection of organic matter by a cellulose acetate 
membrane was tested by placing a dialysis bag with 
concentrated sugar into fresh water to which phenol- 
phthalein was added. The water uptake followed the 
pattern. of acetate in Table 2. No phenolphthalein passed 
through the membzane. This means that compounds with 


Table 1. COMPARISON OF aaa a MEMBRANES 88 AND 120 MILS 
0K 


88 ‘CA 143? 120 ‘CA 148’ 

Time (h) ° Brix of grape concentrate 
0 54-5 54.5 
16 43 6 47°5 
18 42-3 46°7 
20 40:9 45-5 
104 16°5 21-0 
120 15 4 19 3 

0-015 N 00075 N 


Sodium concentration 
at 105 h 


Table 2. DILUTION oF SUGAR BY WATER PASSING THROUGH DIFFERENT 
MEMBRANES 
Membrane type 
Contact time (h) Acetate Acetate butyrate Triacetate 
1 764° Brix 76-5° Brix 76-4° Brix 
2 70-9 75 — 
20 45-4 653 64-0 
44 33-8 65 — 
48 26-4 55 54 


The starting material is invert sugar with citric acid af 78° Brix and pH 3-8. 


298 


fairly high molecular weights and of such a nature as not 
to dissolve cellulose acetate will tend to be rejected. 

Table 2 shows clearly that the fastest rate of water 
transfer occurred across the cellulose acetate membrane, 
and further work was done with that type of membrane 
only. 5 ml. of commercial grape juice concentrate at 
46°8° Brix was placed in each of three dialysis bags, the 
immersed area of which was 115-2, 230-76 and 576 cm?, 
respectively. Water uptake was found to be an area 
function. <A thirst-quenching dilution was obtained in 
30 h. 

Other experiments dealt with more concentrated juice, 
necessary for preservation without a can. The results are 
given in Table 1. 

Itb 1s possible to obtain by dialysis of sea water or con- 
taminated water a sustaining beverage which is potable 
and, unlike fish juices, is culturally acceptable. Cellulose 
acetate (88 mils thick) appears to be an acceptable dialysis 
membrane. 

The method might also be useful for hydration of, for 
example, ““Incaparina’’, edible jellies, and similar foods in 
areas with unsafe water. 


K. POPPER 

W. M. CAMIRAND 
W. L. STANLEY 
F. S. Nury 
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Agricultural Research Service, 

U.S. Department of Agriculture, 
Albany, California. 
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Identification of Methyl Octanoate 
Derivatives from Autoxidized Methyl 
Linoleate by Mass Spectrometry, Nuclear 
Magnetic Resonance and Infra-red 

“’ Spectroscopy 


FROM our investigations on the volatiles from the mild 
autoxidation of methyl linoleate, we have already reported 
the isolation and identification of methyl octanoate!. 
Frankel et al.? postulated a mechanism for the decompo- 
sition of unsaturated hydroperoxy esters that predicts 
the formation not only of methyl octanoate but also of 
8-formyl methyl octanoate, and 8-hydroxy methyl 
octanoate from 9-hydroperoxy methyl linoleate. Ellis? 
also postulated the formation of semi-aldehydes from 
oxidation of unsaturated fatty acids. This communi- 
cation reports further results on an extract of the autoxi- 
dized oil which show the presence of 8-formyl methyl 
octanoate and the formate of 8-hydroxy methyl octanoate 
(8-formoxy methyl octanoate). 1s 
Frankel et al.? identified 8-formyl methyl octanoate 
from oxidized methyl oleate, methyl lnoleate, methyl 
linolenate, and linseed oil methyl esters, establishing 
their identity by measuring their retention times on 
several gas-lhquid chromatographic columns. Nonaka‘ 
identified some semialdehydes from oxidized fish oul, 
oleic acid and linolenic acids, but not from linoleic acid. 
20 g of methyl linoleate (97 per cent as analysed by 
gas-liquid chromatography) on purified glass wool was 
oxidized by passing purified oxygen, through it at the 
rate of 10 ml./min at room temperature in laboratory 
light. The ester had a peroxide number after oxidation of 
approximately 1,000. The methyl lnoleate from five 
oxidations was combined and extracted with 500 ml. of 
isooctane by stirring for 2 h at room temperature. The 
isooctane solution was then concentrated to a volume of 
about 25 ml. with a rotary evaporator under water 
aspirator vacuum. Appropriate volumes, 25-40 ul., of 
the concentrated isooctane solution were chromatographed 
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on a 4-ft. x 1/4-in. stammless-steel column packed with 
20 per cent ‘Apiezon M’ on ‘Chromosorb P’ at 172° C. 
Two components which had not been present in our 
investigations of the volatile fraction! were separately 
collected for mass spectrometry, infra-red spectroscopy, 
and nuclear magnetic resonance analysis. The component 
with the shorter retention time was designated as A and 
the other as B. 
Compound A, 8-formyl methyl octanoate: 


O O 


| Il 
(H—C—(CH.,),—-C—OCH;) 


gave a mass spectrum with all the important character- 
istics of a methyl ester’, except that the molecular 
ion was not sufficient for certain identification. In ad- 
dition, other peaks at mass 171, 178, 158, and 136 indicated 
an additional functional group. Nuclear magnetic 
resonance data indicated the presence of an aldehyde, 
a finding which proved consistent with the observed 
mass spectrum. Prominent bands in the infra-red spectrum 
at 2,720 cm~, 2,820 cm~ and 1,735 em-! indicated the 
presence of ester and aldehyde groups in compound A. 
Assuming a molecular ion of mass 186, then the loss of the 
CH, group gives mass 171; loss of water and C,H, (aldehyde 
characteristics?) gives mass 168 and mass 158. Presumably 
136 arises from a loss of 18 (water) followed by a loss of 
32 (formaldehyde). 8-Formyl methyl octanoate was thus 
indicated. An authentic sample of this compound gave 
an identical mass spectrum to that of the unknown 
compound. The infra-red spectrum of the authentic 
compound was also identical to that of compound A. | 
Compound B, 8-formoxy methyl octanoate: 


O O 


|l i] 
(H—C—-0—(CH,)—C—0OCH;) 


also gave a mass spectrum with the characteristics 
of a methyl ester, but with no indication of the parent 
ion. Promiment ion currents were observed as masses 
171, 124, and 96 which were assumed to result from 
the presence of an additional functional group. Nuclear 
magnetic resonance data revealed a formate group, but 
traces of impurities made the estimation of chain- 
length unreliable. The infra-red spectrum of compound B 
showed prominent bands at 1,735 cm~ and 1,180 em 
indicating the presence of ester and formate groups. The 
mass peak at 171 indicated one ether-type oxygen, but 
whether the fragment lost was CH,0— or HCO.— could 
not be decided without comparison, with authentic samples. 

A sample of 8-formoxy methyl octanoate was not 
readily available, but samples of 9-formoxy methyl 
nonanoate, 10-formoxy methyl decanoate, and 10- 
formoxy ethyl decanoate were synthesized and analysed 
in the mass spectrometer. The mass spectrum of the 
nonanoate showed a mass peak at 185 due to the loss of 
CH,0, and both the decanoate spectra showed a mass 
peak at 199 due to the loss of CH,0 and C,H,O. respec- 
tively. These corresponded to the mass peak at 171 in 
the unknown compound and established the compound 
as an octanoate. The other characteristic peaks (masses 
124 and 96) were similarly shifted by 14 and 28 mass 
units in the nonanoate and decanoate, thus confirming 
the unknown compound as 8-formoxy methyl octanoate. 

8-Formyl methyl octanoate was synthesized by cleavage 
of threo-9,10-dihydroxystearic acid by periodate’ and 
treatment of the half-aldehyde acid with diazomethane. 
9-Formoxy methyl nonanoate was prepared by the 
following series of reactions: 8-formy! methyl octanoate 
was reduced with sodium borohydride in methanol at 
room temperature, then formylized in a mixture of formic 
acid and acetic anhydride®. 10-Formoxy methyl decanoate 
and 10-formoxy ethyl decanoate were synthesized from 
a sample of authentic 10-hydroxydecanoic acid. The 
methyl ester was prepared by treating the hydroxy acid 
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with diazomethane. The ethyl ester was synthesized by 
refluxing the hydroxy acid with excess absolute ethanol 
and a catalytic amount of concentrated sulphuric acid 
for 2h. Both the methyl and ethyl esters of 10-hydroxy- 
decanoic acid were converted into formates by Reber’s 
technique’, 

All intermediate compounds used in the synthesis, as 
well as the final products, were purified by means of 
preparative gas-liquid chromatography with the 4 ft. x 
1/4 in. 20 per cent ‘Apiezon M’ column at 172° C. 

The three related compounds we have identified, 
methyl octanoate. 8-formyl methyl octanoate, and 8- 
formoxy methyl octanoate, appear to form by decom- 
position of the 9-hydroperoxy ester of linoleic acid. This 
experimental evidence supports the hydroperoxide theory 
of oxidation of unsaturated fatty acid esters and lipids 
that contain unsaturated fatty acids. The isomeric 
13-hydroperoxide of methyl linoleate should produce 
two unsaturated semialdehydes and an unsaturated 
methyl ester, but our investigation did not detect these 
compounds. These unsaturated semialdehydes and the 
unsaturated ester should be unstable under the con- 
ditions used and they probably decomposed during 
isolation The formate may form by reaction of the 
@-hydroxy ester with formie acid; however, no free 
8-hydroxy methyl octanoate was found. Therefore, it 
seerns more probable that the formate was formed by a 
concerted mechanism, that is, from 8-hydroxy methyl 
octanoate and a hydroperoxide’. T 

This research was supported in part by the Office of 


Civil Defense, U.S. Department of Defense. 
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Yields are presented in Table 1; for each the ketone 
(1 mole) was heatec with a representative borane, tris- 
butylaminoborane (1+1 mole) under reflux in benzene. 


Table 1 
Ketone Time Yield (per cent)” 
Acetophenone t 20h. 78 
Cyclohexanone 8 min 61 
Diethyl ketone Sh T 75 
Methyl isopropyl keton? 24h 76 


* The yield given is of isclated, characterized product 
+ Pentane solvent. 


Excellent yields of amide were produced by heating 
the reagent (1-5 mo:e) with a monocarboxylic acid (1-0 
mole) in benzene, as shown in Table 2. 


Table 2 
Acid Time (h) Yreld (per cent)* 
Hexanoic 3-5 98 
Pivalic 21°5 90 
Phenylacetic ` 4-0 90 
Benzoic 50 94 


*The yield given 18 of isolated, characterized product. 


Using dicarboxylic acids (Table 3), 5 mole equivalents 
of the reagent to 1 mole of the acid were used, the solvent 
being tetrahydrofuran. In this case the salts separated 
out initially and could be examined. It is noteworthy 
that no succinic anhydride was produced, and that the 
reaction time for complete reaction (diamide produced) 
was shortened. This latter factor may arrive from the 
somewhat larger excess of reagent used. 


Table 3 
Acid Time (min) Yield (per cent)* 
Succinie 30 83 
Adipic 45 74 


*The yield given ts of isolated, characterized product. 


That mechanism cf amide formation involved initial 
salt formation was ascertained by examination of the 
infra-red spectrum immediately after mixing. The car- 
bonyl stretching frequency at 1,710 em~ was absent; 1b 
had been replaced by a broad band at ~1,540 cm”, 
which was associated with the carboxylate anion. How- 
ever, addition of mineral acid regenerated the carboxylic 
acid; little amide had been formed at this stage. 

The mechanism megy be formulated as in Fig. 1. 


( 
O | NHR’ 
RCOOH + B(NHR’), —+RC—O | one 
| NHR’ 


i { + 
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carbonyl group, leaving it highly susceptible to nucleo- 
philic attack. With suitable substituents X and Y 
(obviously X=Y=<=NHR cannot be generally useful), 
many uses for such mixed anhydrides present themselves. 
Reports on the systematic variation of X and Y, together 
with applications of the compounds produced, will be 
presented shortly. 

N-Butylphenylacetamide. Phenylacetic acid (0-51 g) in 
dry benzene (6 ml.) was added to trisbutylaminoborane 
(1-4 g) and the solution heated under reflux for 4h. The 
reaction mixture was diluted with ether (5 ml.) and 
extracted with 3 N hydrochloric acid (2 x 5 ml.), water 
(5 ml.), saturated aqueous potassium carbonate (2 x 5 
mil.) and water (2 x 5ml.). The acid extract was brought 
to pH 9, saturated with sodium chloride and re-extracted 
with ether. The organic phases were combined, dried 
with magnesium sulphate, filtered and the solvent re- 
moved to yield 0-65 g (90 per cent) of a pure product 
with a melting point of 54°~55° C and which was identical 
in all ways with an authentic sample. 

N-Butylisopropylidene imine. Diethyl ketone (0-518 g), 
trisbutylaminoborane (1-5 g) and benzene (10 ml.) were 
heated under reflux for 8h. The benzene was removed 
at water-pump vacuum, and the remaining solution 
brought over at 0-1 mm into’a cooled (— 75° C) receiver. 
Fractionation gave 0-554 g (77:5 per cent) of a product 
with a boiling point of 86°/42 mm; its molecular weight 
was 14]:1515 (and that required for C,H,,N is 141-1517). 

One of us (T. L.) thanks the Science Research Council 
for a research grant. 


T. LEVITT 
ANDREW PELTER 


Department of Chemistry, 
University of Manchester. 
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Effect of Hydrogen-containing Impurities on 
lonization Times in Shock-heated Argon 


THE mechanism by which impurities influence the time 
for shock-treated argon to reach equilibrium ionization 
has been considered on numerous occasions!-*. No 
results have as yet been published, however, describing 
the effect of specific impurities. To remedy this situation, 
I am now making measurements of the total ionization 
times (see Fig. 1) in primary shocks through argon to 
which controlled amounts of various gaseous impurities 
have been added. The degree of ionization is mosd 
by following the time dependence of the 
CONGtINT nt aee wa N0 Å. Pr 
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Previously it has been assumed that the sole effect of an 
impurity J is to increase the rather slow ionization rate 
in the atom~atom region by a catalytic mechanism: 


I + Ar— I* + Ar 
I* + ArI +e + Ar 
I+ + ArI + Art 
While hydrogen can participate in such a scheme, it 
seems unlikely that the overall rate of ionization would be 
increased to an extent large enough to explain the observed 
results. 
In the electron-atom region, the rate of ionization is 
limited by the rate at which energy can be transferred 


from the translationally hot argon atoms and ions to the 


electrons, which lose a considerable amount of energy in 
the ionization process: 
Ar + e~—> Ar* + s- 
Ar* + e~—> Art + 2e- 
The dominant term in the rate of energy transfer at 
temperatures about 10,000° K is that between the elec- 
trons and argon ions, and can be written: 


Nat Nee (8rme\} Pat O(kT'e)? 
+ = gra, Seeker Ee 
Qar Mart kT’. - 1) a 8rN £ a] 


where Me Ne and Te are the ee mass, number 

density and temperature respectively, and MmAr+ and 

Tay+ can be taken equal to the corresponding atomic 

values. Because the hydrogen ion H7 is about forty times 

lighter than the argon ion, this term will be increased in 

the presence of hydrogen to: : 
Nytmar 


=æ f l pe ia + 
Qu ( ENa Gar 


At 10,000° K, the mechanism changes! from atom-atom 
to electron—atom at a degree of ionization, «, of about 
5 x 10-4. The presence of one part in 10° of H+ will not 
only nearly double the rate of ionization at this point, 
but will extend the range over which the electron—atom 
mechanism is dominant to a lower value of «. It should 
also be pointed out that, while the commonest hydrogen- 
containing impurities in a shock tube are molecular 
hydrogen and water, molecules with many atoms of 
hydrogen, for example pump oil, may well play an impor- 
tant part, especially since their presence may not be 
detected. 

At concentrations above 5 parts in 104, this effect can 
lead, in addition to a considerable reduction in the ioniza.. 
tion time, to an increase in the ionization rate ovepsdsddo 
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on DNA synthesis in 21 h regenerating rat liver: (a) A 
small dose of radiation (94 rads) produces a significant 
depression in DNA synthesis; (b) for a specific total dose, 
the slower the dose rates of irradiation, the greater is the 
depression in DNA. synthesis within certain limits; and 
(c) the time period of irradiation is a major factor in 
producing this change, while the effect of total dose 1s 
secondary within the range of the experiments. 

Experimental design and analytical procedures have been 
described in detail in an earlier publication’. Lewis 
strain male rats, weighing about 200 g, were used. The 
irradiation was given locally to the liver by using a 200 
kVp. X-ray machine of half value layer, filtered with 1 
mm copper and positioned by a 3-em cone. The experi- 
ments were so designed that all periods of radiation, with 
variations in dose rate, ended at 21 h after partial hepa- 
tectomy. Total doses of 94, 375 and 1,500 rads, at the dose 
rates of 300, 200, 100, 50, 25, 12-5, 6-2, 3-1 and 1-6 rads/min, 
have been used. Fifty ue. of tritiated 5-methyl thymidine 
(3 c./mM) were given at the end of the period of irradiation. 
The animals were killed 1 h after administration of labelled 
thymidine. A modified Schneider method? was used for 
the extraction of DNA, and the DNA. content was determ- 
ined by the diphenylamine method’. Radioactivity was 
assayed by liquid scintillation counting. 
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the asynchronous zells of the intestines of the rat™.. 
A total radiation dose of 1,500 rads was given to four 
groups of animals at rates of 300, 50, 25 and 12-5 rads/min. 
There was a consstent lowering of the rate of DNA 
synthesis with increasing slower rates of radiation delivery. 
However, these date are not in agreement with the results 
obtained in regenerating liver under different sets of 
experimental conditions®, in which ıt was found that a dose 
of 300 rads at 40 rads/min gave a greater depression of 
incorporation of 6-“4C) orotic acid into DNA than at 
19 and 10 rads/min. The 6 h time period between irradia- 
tion and labelled-precursor administration and the 12 h 
period between irrad:ation and killing make the two experi- 
ments difficult or impossible to compare. Changes in the 
cell population of bcth irradiated and control animals, as 
well as such factors as recovery, would obviate any direct 
comparison between two sets of data. 

Total radiation dose, within the range investigated 
here (Table 1), seems of secondary importance to dose rate 
in the depression of DNA synthesis. Total doses of 94 
rads at 25 rads/min, 375 rads at 50 rads/min, and 1,500 
rads at 300 rads/mir. resulted in the comparable depres- 

\sion of DNA synthssis to approximately one-third of 
ontrol values. 

An alternative vier is that the time period of irradiation 
¢eems to be most important in the inhibition of DNA 
synthesis (Fig. 2). The primary depression of DNA 

thesis occurred in the first 5 min. After that, little 
difference is noted between total doses of 94 rads and 275 
rds; however, the depression at the total dose of 1,500 
rads continues downward. 
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in the depression of DNA synthesis ın ın vwo studies of 
local radiation over a dose range of 94-1,500 rads and 
a dose rate range of 1-6-300rads/min. The most pronounced 
effects of radiation occur during the first few minutes 
(3°75). Depression of DNA synthesis occurs at total dose 
(94 rads) equivalent to the D,, dose for cell survival for 
mammalian cells. The process of DNA synthesis is not 
radio-resistant when the three parameters, (a) total dose, 
(6) dose rate and (c) duration of radiation, are taken into 
consideration. 

This work was supported in part by the U.S. Atomic 
Energy Commission, the American Cancer Society and the 
U.S. Public Health Service. 
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Toxic Effects of Irradiated Foods 


THE report by Holsten et al.t on the direct and indiffrect 
eifects of radiation on plant cells has produced nflany 
comments in both popular and specialist scientific jo als. 
These comments, however, were not brought abo by 
the results reported, as similar data were publ@ished 
earlier (see work referred to in ref. 1). Instead, they arose 
owing to the statement “The work has other and obvious 
implications for the radiation, sterilization of food $”. 
Cook and Berry?, and also Goldblith?, recently jected 
the suggestions that the findings by Holsten et aff have 
such implications for the radiation preservation <% 


Cook and Berry first imply that ever 
produced toxic suhatarnas um 
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food can cause a slight, age-dependent lymphopenia in 
rats and also possibly an effect on the thymus?'®, thus 
indicating that reactive, radiation-uduced compounds 
can perhaps by-pass the detoxification process in animals. 

It has repeatedly been statcd that no other method for 
food preservation by additives (the ‘additives’ are formed 
in situ in the case of irradiation) has and is bemg scruti- 
nized as thoroughly as that by radiation. However, there 
are good reasons for this, as (a) for irradiation the ‘addi- 
tives’ are largely unknown and are likely to remain so 
for a long time; (b) the additives are not the same in any 
two different foods owing to the different radiation chemical 
reactions; (c) the amount of additives given in a feeding 
test cannot be increased beyond a certain value, limited by 
the ingested amount of food and the non-linear dose 
dependence of most radiation chemical yields at higher 
doses. 

Most chemical food additives can be tested at con- 
centrations 100 or 1,000 times greater than those techni- 
cally necessary and thus an acceptable safety factor can 
be attained. There are two possible ways of avoiding 
the dilemma regarding the safety factor for irradiated 
food 

(1) Each food could be prepared exactly as 16 would be 
for human consumption and then tested on a large number 
of animals for a long time. If, for example, none of a 
test group is found to be affected in any harmful way by 
the treatment, this only tells that within a 90 per cent 
confidence limit 2-3 cases could have been caused by the 
treatment’. In a hypothetical test with 100,000 animals 
the true frequency will be 2-3 x 10-5 with the chosen 
confidence limit®. So far, not more than 1,000 animals 
have been investigated thoroughly after feeding with any 
single, tested and cleared, irradiated food’®. This means 
that the true frequency of possibly deleterious effects 
could be as high as 2-3 x 10-% at a 90 per cent confidence 
limit. . 

(2) More easily scored systems, such as cytotoxic 
investigations of plant cells and cell cultures im vitro. 
could be resorted to as a primary step towards the evalua- 
tion of the eventual wholesomeness of an irradiated 
materialit, Foods passing these primary tests can then be 
investigated on ‘large’ numbers of animals— large as the 
available resources for each food might increase with the 
decrease in the number of foods likely to be thought 
worthwhile to test on animals. For example, Bence 
and teratogenic effects requiresthe @avelopment, o 
ela hors 


No. soss JULY 16. 1966 
BIOLOGY 
Influence of Electrostatic Fields on Seed 
| Germination 


RECENT investigations have stimulated wider interest in 
‘the possible biological significance of naturally occurring 
electric fields and related phenomena. Murr? has shown 
that high intensity electric fields appear to inhibit develop- 
“ment in grass seedlings; he points out, however, that 
2 earlier workers, notably Jorgensen and Priestley‘, and 
= Shibusawa and Shibata*, observed increases in plant 
< growth under electric field conditions, although the frequent 
occurrence of contradictory results in much of the early 
work on this subject has been emphasized by Lund’. 
"The physiological effects of air ionization have been studied 
-by a number of workers’. Krueger et al. report that 
_ exposure to positively or negatively ionized air produced 
_ “more rapid germination in Avena sativa seeds with sub- 
= gequent increases in growth and dry weight; slight 
> dnereases in growth were also noted with seedlings placed 
in positive or negative electric fields of 955 V over 30 em; 
in these experiments, however, the seed containers were 
“grounded to prevent the accumulation of surface charge. 
< - The present communication directs attention to an appar- 
_ ent dependence on polarity of the response of germinating 
~~. seeds to induced electrostatic charges. 
< Four batches of 100 seeds of lettuce (Lactuca sativa), 
ariety ‘Cluseed Borough Wonder’, were sown on filter 
paper laid on each of four 6 cm square sections of alumi- 
im foil attached by a thin film of ‘Vaseline’ to the upper 
surface of a sheet of glass 45 em x 7-5em. Foil sections 
zere similarly attached to the under-surface of a second 
sheet of glass resting on spacers so arranged as to separate 
he two sets of ‘field plates’ by a vertical distance of 
0-5 cm. Two pairs of plates were connected to 90 V 
atteries arranged in series to give a potential difference 
of 180 V, one pair positive over negative and the other 
pair negative over positive; the remaining pairs were left 
-uncharged as controls; the relative positions of charged 
and uncharged plates were changed after each replication. 
‘After sowing, each batch of seeds was moistened with 
1-5 c.c. of water, the apparatus being then enclosed in a 
polythene container and placed in a constant-temperature 
room for 24 h. Most of the experiments were conducted 
either in total darkness or with 12/12 photoperiod, but 
no attempt has been made to discriminate between the two 
conditions in the results given in Table 1. A comparison 
is given in Table 2 between twenty paired replications 
carried out in light and dark rooms simultaneously. 
o The criterion of germination in these experiments was 
-. taken as the emergence of the radicle when viewed under 
ca x lö lens. The margin of error inherent in purely visual 
-. determinations of this type must obviously be so great as to 
= prech ‘the possibility of obtaining any precise estimate 
0 the magnitude of the electrostatic response. Sufficient 
results have, however, been obtained to provide some 
‘indication of the general pattern of response, although 
it muat be emphasized that considerable variation occurs 
in the germination level within any one treatment. 
The results of 150 replications (Table 1) are in agree- 
ment with the work of Murr!, in that a positive field 






























DIFFERENCE IN PERCENTAGE GERMINATION AVERAGED OVER 150 
REPLICATIONS 
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— 49468 +0-9863 _ — § 8831 - 
Variance-ratio = 3-95 ( per cent significance point = 3-00). 
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‘Table 2. COMPARISON OF GERMINATION BETWEEN TWENTY REPLICATIONS 


EACH IN LIGHT AND DARK 


Difference Difference 
from control between polarities 
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appears to inhibit plant development, but from the present 

work it is further epparent that the nature of the plant 
response is dictated by the sign of the electrostatic field, 
and not merely by the presence of the field per se. The 
possible influence of light in reducing the magnitude of this 
polarity effect may be significant (Table 2). A comparison 
with the work of Krueger et al.? is not possible in the 
absence ef ion-density and current measurements, but 
Edwards® found that a positive field slowed down the 
rate of developmen: of Nepytia pupae; he also suggested 
that contact-induced electrostatic charges might influence 
insect behaviour!® 7, 

The present experiments were initiated in an attempt 
to provide a possible basis for correlation between geo- 
electric phenomena and the manifestation of psychiatric 
disturbance symptoms, assuming such a relationship 
to be mediated through variations in neuro-hormone 
activity resulting from electrostatically induced changes 
in tissue respiration levels. Preliminary gas-analysis 
studies appear to indicate a possible polarity-dependent 
electrostatic influence on the rate of production of carbon 
dioxide in germinating seeds. Further work along these 
lines is In progress. 

I thank D. G. Heathcote for carrying out the statistical 
analysis; I also thank Prof. G. F. Asprey, Dr. J. R. 
Etherington and Dr. A. G. Lyon for their advice and 
encouragement. 

G. H. Srpaway 

Department of Botany, A i 
University College, 
Cardiff. 
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Some Respcnses of Droso shif e 
Magnetic and Electrostatic Fields 


A VARIETY of reactions of organisms to natural levele of 
electromagnetice fields has been reported in recent years. 
This communication reports an investigation of the 
responses of Drosophila melanogaster to magnetic and 
electrostatic fields of low intensity. Previously, Barnwell 
and Brown)? eited unpublished work showing that 
Drosophila responded to weak magnetic fields. Edwards? 
reported that electrostatic fields depressed the activity of 
Drosophila. 

An orientationa—statistical epproach was used in this 
investigation because it was thought that the response to 
these fields would be weak. Oregon S wild type flies 
were allowed to emerge from a ‘Plexiglas’ and ‘Masonite’ 
corral, through a marrow corridor, into an expanded field. 
The amount of turning from a straight line was determined 
by noting the 10° sector crossed by the insect 3 em from 
the corridor exit. The flies were returned to the corral 
by shaking after they had all emerged. About fifty flies 
were allowed to orient for each sample. The orientation 
chamber was inclined 30° and centred under an illumina- 
tion of 2 lux in a black compartment. The flies were raised 
under an 8 a.m.-8 p.m. light-dark eyele. Experimental 
runs were condueted between April 4 and August 25, 
1962. from 9.30 te 11.30 a.m. and 2.30 to 4.30 p.m. ¢.s.T. 

The amount of turning was noted in the measured 2-G 
horizontal field of an 18 em alnico magnet centred under 
the experimental chamber in a rotatable standard. The 
flies emerged heaced toward true ‘Earth’ magnetic north 
under the following configurations of the experimental 














ompass orth” to the ee oe. | 
r citi a horizontal 3 Vem electrostatic 








, When r not - in use the plates were 
pied off, interconnected and grounded. 
Additional runs were made with the orientation device 
| grounded Faraday cage of brass shim stock and 1-mm 
y screening. 
‘The experimental series were arranged in randomized 
order. preceded and followed by a control. A total of 
24,825 fly orientations were recorded during 618 replicate 
Tuna. 
- Analysis indicated a statistically significant response to 
he magnetic configurations (Table 1). No significant 
erences were found between the morning and after- 
samples. Daily variations in the response of mud 
o magnetic fields have been reported‘. 
distribution, of the control sample means about 
uring semi-monthly periods indicated that the flies 
‘most strongly to the left during the new moon 
st quarter (Table 2). All the magnetic configura- 
showed a reverse pattern of response with the major 
mee being an increased left deviation from the 
control during the full moon—third quarter period. This 
suggests that the effect of a superimposed magnetic field 
is: to prolong the normal left turning response through 
the full moon-third quarter period. Lunar rhythms in 
similar responses have been found in snails*.*, Paramecium 
and planarians’. 
ae imamary of the results from a group of twenty 
srun in an electrostatic field with the flies headed 
no s they emerged from the corridor is presented in 
Table 3.. An increased left turning was noted. Brown! 
reported that planarian worms headed north in an 
electrostatic field also tend to turn counterclockwise. 
fable 1, ORIENTATIONAL RESPONSES OF D. melanogaster TO VARIOUS 


Hee FIELD CONFIGURATIONS AS INDICATED BY ANALYSIS OF PAIRED 
SAMPLES OF FIFTY FLY ORIENTATIONS 
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3°88 < 9-001 2:04 62 
5-00 < 9-001 1°92 62 
16°77 < 0-001 1-60 62 
Saz < 09-001 1-96 62 


ight; a , left. 
mean. difference between the control and experimental means is 
j3 > in the case of the controls, 


F ` CHI SQUARE ANALYSIS OF THE DISTRIBUTION OF THE EXPERIMENTAL 
Marne “ABOUT SHE CONTROL va WHEN CLASSIFIED BY SEMI-MONTHLY 
ERIODS 


Semi-monthly period 
New moon—first quarter* Fall moon-—third quarter 


Right Left Zero z Rigbt Left Zero yt 
29 1 13-86t il 15 men 0-62 
18 = 0-12 8 20 kai 7-78Ł 
15 1 O11 8 20 wom eat 
18 — 12 5 23 oe 11-58 
20 2 2:00 5 23 oe 11-58} 





* * Tneluded the days of the lunar phase + 8 days. 
ki “Yaa of the control means about zero. 
ot 


Table 3. RESPONSES TO A 3 V/OM HORIZONTAL ELECTROSTATIC FIELD AS 
yet INDICATED BY POOLED Data FOR THE ENTIRE SERIES 











| ‘Doniiguration Meant SE. t P N 
EE ~ 4G" 9.94% 1.966 
! -200° 220° 1839 «<010 ‘976 
-280 2-18° 2759 <0-01 979 
ght and Faraday cage — 245° 223° 2356 <001 1,002 
y cage in natural fields --3-27° 215° 3-337 <0-01 1,000 


Right; —, left. 


CHI SQUARE ANALYSIS GF THE DISTRIBUTION BY SEMI-MONTHLY 
$ OF CONTROL REPLICATE MEANS COMPARED WITH THOSE RUN IN 
- o A FABADAY Caer WITH NATURAL FIELDS 


Semi-monthly period 
New moon-—first quarter Full moon—third quarter 
Right Left x‘ Right Left x? P 


o Gontro 9 22 465 <005 3 21 13-44 <0-01 
- Faraday cage 9 23 & 10 <005 13 19 17 — 


JULY. 16. 1966 VoL, 214 










(Table 2). This is interpreted as a result of tho ean mea 
being obtained in August while the control means of the — 
magnetic series were obtained in April-June. This implies — 
that there is some sort of variation with periods longer- 
than a month. This interpretation is supported by a least 
squares regression, line using all the magnetic series control 
samples. This line indicated that the average value of 
the control mean tended to move to the left by 0-01° per 
day. When this is extrapolated to the end of August, an 
expected mean control value of — 2-3° (+, right; —. left) 
is given. The actual value of the August controls was 
—3-2°. The shift would be enough to obscure the semi- 
monthly effect. The Faraday-cage experiments showed 
a reverse pattern of orientation (Table 4) during the full 
moon—third quarter period. 

The effectiveness of the Faraday cage was checked by 
using the cage in an imposed electrostatic field. The 
response in the Faraday cage with an imposed field did | 
not differ significantly from the response to the cage 
without the field. 

A limited amount of data collected concerning orienta- = 
tion in a Faraday cage in a 2-G magnetic field did not = 
reveal significant differences between the samples within _. 
the cage as compared to the magnetic series outside the 
cage. 

During a series of ten replicates, the apparatus was 
turned so that the flies emerged from the corral in each 
of the four cardinal directions. No significant differences 
were found. 

This investigation was aided by grants from the 
National Science Foundation and the Nationa! Institutes 
of Health. 
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Propylene Phenoxetol as a “Preservative” 
for Living Holothurians 


A WELL-KNOWN disadvantage of the use of the holothurian 
Stichopus moebii for the preparation of isolated organs . = 
for physiological experimentation is the process of local i iis 
degeneration! initiated in the body wall by the trauma 
of dissection. If the dissection is at all prolonged, the 
connective tissue begins to ‘deliquesce’ and the body > 
wall flows out in an ooze, much as it dees when subjected 
to heat. It seems useful as well as of some interest to... - 
know that an agent used for narcotizing invertebrates 
and fish can also retard the local degeneration reaction. _ 
Because the anti-oxidant? propylene phenoxetol is so 
effective in relaxing living molluses* it was chosen for’. 
relaxing Stichopus moebii while making preparations of = 
the isolated cloaca. If the severed hind end of a “sea -= 
pudding” is allowed to remain an hour or more in a con- | 
tainer of sea-water to which propylene phenoxetol has =< 
been added to form a globule from which it gradually > 
diffuses, the specimen will become unreactive and ex- | 
panded, although the body wall retains normal tone. 
It is then possible to proceed leisurely with dissection ae 
without encountering the local degeneration response. 
Viscera and longitudinal retractors. appear normal aftar 
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7 ihenoxetol; for example, 
ts for as | as 48 h in isolated cloacas 
dent laboratory project. After dissection, 
| 1 ad end left moist with propylene phenoxetol 
m ined. as firm to the touch as a normal intact animal 
esea bottom. After 5 days, oozing had only occurred 
nedis tely under the integument of such a specimen 
hereas one moistened with clear sea-water degenerated 
n minutes, 
Propylene phenoxetol is useful as a preservative only 
> | for fixed specimens*: 5 and it is thus surprising that it can 
eae also be used to retard deterioration of a living animal. 
Rosert B. Hirt 
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Successful Transplantation of a Frog 
Bladder-fluke from One Host Species to 
Another 


: }OODCHILD! described experiments in which adult 
ladder-flukes, Gorgodera amplicava and Gorgoderina 
attenuata, were successfully transplanted from one species 
Rana to another. Healthy transplanted flukes were 
able of attaching themselves to the bladder of their 
w host, and they survived for periods of up to 3 weeks, 
‘hich was as long as the experiment lasted. Furthermore, 
roodchild? successfully transplanted individuals of the 
same two species into the bladders of painted turtles, 
Chrysemys picta, and newts, Triturus viridescens; these 
parasites survived in their new habitats for periods of 
“ap to a week. In contrast to these results, Goodchild 
o CS found that the same adult trematodes were incapable of 
survival when transplanted into the rectum or into the 
abdominal coelom of Rana pipiens. The flukes in the rectum 
“were unable to grip the mucosa and were soon eliminated 
> ..awith the faeces. Those in the abdominal coelom were 
“ae ‘encapsulated by host cells and died within 24-72 h. 
coo -. ‘Phe experiments described here were carr ied out using 
Hae Gorgoderina yitelliloba from the common frog, R. tem- 
oo poraria. 
In the first series of experiments the donor host, which 
co had been fed with infective metacercariae more than a 
month previously, was pithed and the bladder opened 
under 65 per cent amphibian Ringer's solution. Careful 
easing of the bladder caused the flukes to release their 
grip and they were then drawn into a smooth-ended 
‘Pasteur pipette, the tip of which bad been curved slightly. 
as found possible to transfer the parasites into a 
| naesthetized recipient host by sliding the tip of 
ones 1e pipette along the mid-ventral line of the cloaca until 
AMEE it entered the bladder. 
When E. temporaria, Bufo bufo and B. viridis were 
eee used. as recipient hosts, the adult parasites survived and 
= developed normally for periods of up to 8 months, which 
_. probably approximates to the normal life-span of the 
adult fluke’. 
e time of transplantation, certain of the flukes 
alland contained few eggs in the uterus. When such 
luals were recovered from the recipient host several 
later they had increased considerably in size and 
uteri had become packed with embryonated eggs. 
Within the definitive host, the juvenile form of G. 
liloba spends some time in the kidney before entering 
bladder*.. A second series of experiments was there- 
performed in which juvenile flukes teased from the 
recently infected common frog were used. 
es were transferred to the bladder of the 
osts, as described for bladder to bladder 
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transplantations, and their subsequent development was 
observed. The young flukes were found to leave the- 
bladder and migrate up the ureters to enter the kidneys. 
They eventually left the kidneys and returned to the 
bladder at intervals of time corresponding to the normal 
movements in the donor hosts. Within the bladder of 
their recipient hosts the parasites completed their normal 
growth and commenced egg production. 

A further series of experiments has been EN out 
using the European tree frog, Hyla arborea, as the recipient 
host. In this frog the kidney behaves as a physiological 
barrier to the normal course of experimental infection’. 
Individuals which had been transplanted bladder to 
bladder succeeded im establishing themselves and remained 
healthy for at leass a week. On the other hand, kidney 
to bladder transplanted parasites migrated to the kidneys 
where they were destroyed. 

Several attempts have been made to transplant: adult, 
specimens of G. vitelliloba into the rectum of various 
amphibians. Altheugh most of the parasites were elimin- 
ated from the hosts on defaecation, a few managed to- 
establish themselves in the recta of R. temporaria, R 
pipiens and Bufo v:ridis. They were found to be graspme 
the rectal mucosa firmly and appeared quite normal a@ 
the time when the hosts were killed, 4 days afte 
plantation. The main problem confronting the pi ‘aie 
seems to have been the initial grasping of the m cosa. a 
Once the parasite has established its grip on the rectal _ 
mucosa it seems capable of maintaining its position here. 
successfully. a 

The final experiment consisted of transplanting j juvenile 
flukes from the kidneys of one specimen of R. temporaria 
into the abdominal coelom of another. This was | 
plished by injecting the juvenile flukes through a mall r 
incision in the latero-ventral body wall of the recipient 
frog. When the recipient hosts were examined after 24- 
84 h no live flukes were recovered. Recognizable remains 
of dead flukes were found encapsulated in host tissue and 
firmly adherent to various organs and mesenteries of the 
body cavity. J. B. Mrrewern 
Department of Biclogical Sciences, Cee 
Bradford Institute of Technology, 
Bradford, Yorkshire. 
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Susceptibility of Pigs to Infection with 
Schistosoma haematobium from Egypt 


Pies have been incriminated as natural hosts for Schisto- 
soma japonicum, B. incognitum and S. bovis!-3. Various 
attempts to infect pigs with S. mansoni attained limited 
success'~?, Hill and Onabamiro* reported natural infec- 
tions of two pigs with S. haematobium in Nigeria... The 
present experimeat was carried out to investigate the 
susceptibility of pigs to infection with S. haematobium 
from Egypt. 

Two pigs about 8 weeks old obtained from a loos 
breeder in St. Albans were selected for the experiment. 
Each pig was exposed by tail immersion to about 1,000 
cercariae shed by experimentally infected Bulinus (B. ) 
truncatus for about 20 min. One week later, each of the 
two pigs was re-exposed to about 500 cercariae, this time 
by applying the cercarial suspension to the shallow groins 
of the abdomen and the mucous membranes of the buecal 
cavity. The pigs were re-exposed for the second time 
1 week later by the subcutaneous injection of about 500 
cercariae per pig. By that time each pig had been exposed 
to a total number of about 2,000 cercariae. When the 
pigs were exposed to infection, control albino mice were 
also exposed to zereariae shed by the same group of 
infected snails. 





After the first cerearial exposure, the pigs were 


_ observed to twitch their tails vigorously. After the second 
_ ©xposure there was more evidence of cercarial penetration 
in the form of minute red papules on the skin of the 
groms. Urine and faecal samples were negative when 
examined twice weekly from the tenth to about the 
twenty-seventh week after exposure. One of the pigs 
was killed 28 weeks after exposure and a thorough search 
for eggs or adults of the parasite in various internal 
organs was undertaken. However, no macroscopic lesions 
which could be attributed to Schistosoma infection were 
observed in any of the visceral organs. The liver, lungs 
and spleen were normal in size and appearance. Exam- 
ination of small pieces of these organs between two slides 
under the microscope was negative for worms, eggs and 
bilharzial pigment. The small and large intestines were 
searched carefully for eggs but none was found. The 
‘mesenteric veins and the hepatic portal vein were dis- 
sected carefully, but no worms were observed. The 
urinary bladder was also negative. The control mice 
exposed to infection were killed and dissected 13 weeks 
after exposure. All showed evidence of successful infec- 
tion. Eggs of the parasite were demonstrated in press 
preparations of the liver and small intestine. Coupled 
worms were also collected from the liver and the superior 
mesenteric veins. 
_ The results of the present experiment show that 5. 
haematobium from Egypt failed to develop in pigs. On 
the other hand, albino mice became infected when exposed 
to the same batches of cereariae used for infecting the 
pigs. S. haematobium has a marked host specificity when 
compared with other human schistosomes and only a few 
mammals can easily be infected with this species’, For 
7 this reason, it was of great importance to verify experi- 
mentally the report of Hill and Onabamiro. 






questions which have to be answered before accepting 
that report as final. They reported that one of the pigs 
had haematuria and passed eggs of S. haematobium type 
in the urme. This pig continued to have haematuria for 
47 days and was then slaughtered. No gross lesions 
attributable to bilharziasis had been observed in any of the 
internal organs and no worms were found in the blood 
vessels. In my opinion, it seems rather improbable that 


-the haematuria was caused by S. haematobium with no 
deposition of eggs in any of the internal organs, par- 
ticularly the urinary bladder. The second pig with 
E haematuria was treated with ‘Nilodin’ and when it was 
killed they observed pin-point haemorrhagic foci in the 
mucosa of the urinary bladder. However, all the organs 
were free from adult worms and eggs and the histopatho- 
logical examination of the urinary bladder was also 
negative. It is well known that after treatment the 
Schistosoma worms are usually swept from the mesenteric 
veins into the liver, where they may die or revive and 
return to their normal habitat in the mesenteric or vesical 
veins. If they die in the liver, they usually stimulate a 
strong tissue reaction there. However, Hill and Onaba- 
miro maintained that all the organs were negative for 
worms or any pathological reaction. This seems rather 
improbable for any genuine schistosome infection. More- 
over, Hill and Onabamiro attempted unsuccessfully to 
infeet two young pigs experimentally with S. haematobium 
from Nigeria. The presence of S. haematobium eggs in 
the urine of pigs having haematuria but no adult worms 
or eggs in any of the internal organs cannot be 
explained, although contamination of the urine of the 
pigs cannot be excluded. 

Tt should be noted here that if the authenticity of 
Hill and Onabamiro’s report can be convincingly verified, 
then the failure of the Egyptian strain of S. haematobium 
to establish itself in the pigs might be due to differences 
in the strain of the parasite. There is considerable 
evidence from work on S. mansoni to demonstrate the 
importance of the strain of the parasite in the determina- 








JULY 16. 1966 von zji 
tion of the degree of association between it and the 
definitive host}, ae 
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BIOCHEMISTRY 


Characteristics of «s-Amylase Formation by 
Bacillus subtilis 


ALTHOUGH there are a large number of reports dealing 
with the formation of a-amylase by Bacillus subtilis, the 
nature of the mechanism which controls its synthesis has 
not been subjected to a detailed examination. 

Fukumoto, Yamamoto and Tsuru! showed that 
a-amylase is produced in the culture medium in the 
presonce of a wide variety of carbon sources. the total 
amount of enzyme formed after prolonged incubation 
showing considerable variation with the different carbon 
compounds. These workers also studied the progress of 
a-amylase formation in relation to cell growth and found 
that enzyme production lagged slightly behind cell growth, 
maximum accumulation occurring when cell autolysis was 
just beginning?. This was supported by the work of 
Coleman and Elliott’, who found the enzyme to be pro- 
duced maximally in the post-logarithmic phase of growth. 
However, Nomura, Maruo and Akabori! reported experi- 
ments which showed a distinct separation of several hours’ 
duration between the end of the logarithmic phase of 
growth of B. subtilis, during which no a-amylase pro- 
duction was observed, and the phase in which the enzyme 
was secreted in significant amounts. They concluded that 
“amylase formation occurs only in old cells in which 
normal cellular multiplication no longer occurs. 

A more critical investigation has now been made of 
the relationship between increase in, cell mass and 
a-amylase formation in the presence of different carbon 
sources. This work was carried out in order to answer 
two questions. First of all, is a«-amylase formed in 
appreciable amounts during the logarithmic phase of 
growth? Secondly, is «-amylase synthesized by an 
inducible system ? 

The organism was grown aerobically at 30° C in a 
medium containing a mixture of L-amimo-acids, vitamins 
and salts with either starch, maltose, glucose or glycerol, 
at a concentration of 1 per cent, as the carbon source (see 
legend to Fig. 1). In each case increase in cell mass and 
a-amylase secreted into the medium were determined 
over a 14h period. It was found that, irrespective of the 
carbon source used, the cells grew logarithmically until a 
cell density of 0-3 mg dry weight/ml. was achieved and 
after this time growth occurred at a reduced rate until the 
end of the experimental period. The differential rate of 
g-amylase formation, that is, the relationship between 
enzyme formation and increase in cell mass, in the presence 
of each of the carbon sources is shown, in Fig. 1. It can 
be seen that a low linear differential rate of enzyme 
synthesis occurs with all the carbon sources tested until 
the end of the logarithmic phase. During this period the 
rate is higher in the presence of starch and maltose 
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Table 1. MAXIMUM AND MINIMUM. DIFFERENTIAL RATES OF o-AMYLASE 
FORMATION NOTHE PRESENCE OF VARIOUS CARBON SOURCES 
| Differential rate of enzym? neuen 
(Amylase units formed/mg dry wt 





ON increase in cell mass) 
- source Minimum Maximum 
(during log phase)  (post-log phase) 
Starch 43 375 
v. Maltose 43 374 
— Ghieose 17 345 
Glyeeral 20 354 





a ‘doubting time 2-2 h) than with either glucose or glycerol 
- (doubling time 1-6 h and 1-7 h, respectively). However, 
- after the end of the logarithmic phase the rate increases 
= t6 very nearly the same high level in all cases (Table 1). 
In the absence of the carbon source cell growth and 
- g-amylase formation occurred, but the results are not 
directly comparable as amino-acids were utilized as a 
> source | of energy and logarithmic phase growth ended 
When a cell density of 0-18 mg dry wt./ml. was reached. 
However, the general characteristics, of a low rate of 
me secretion during the logarithmic phase and a 
much higher rate after logarithmic growth had ceased, 
'e observed. 
So far as the question of inducibility of the enzyme is 
cerned it is not possible to give a clear-cut answer. 
The higher rate of enzyme synthesis during the logarith- 
mie phase in the presence of the substrate, starch and 
maltose, an end-product of the enzyme action, than with 
- glucose or glycerol might be regarded as evidence of 
inducibility. However, the greatly increased rate of 
- production achieved in the post-logarithmic phase, when 
_ most of the a-amylase is secreted, is virtually the same 
= irrespective of the carbon source used and this clearly 
o< gannot be described as inducible. 
<. In summary, the results show that there is a low but 
definite synthesis of «-amylase from the moment the cells 
start to grow until the end of the logarithmic phase. The 
 .. maximum secretion of enzyme occurs after the end of the 
_ logarithmic phase when the cell mass is increasing at a 
reduced rate. The results further demonstrate that the 
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Amylase (units/ml.) 
Z 





E | 2 0-4 O-6 OR 1-0 
Cell density (mg dry weight/ml.) 
oo UPg. 1. Bffect of different carbon sources on the differentia} rate of 
- a-amylase formation, A series of T-tubes each containing 40 ml. of a 
Joo) defined medium was inoculated from a suspension of washed B. subtilis 
ooo ¢Takamine) spores in distilled water and incubated as described by 
Coleman and Elliott (ref. 1). Tubes were taken in duplicate at 2-h inter- 
vals over a period of 14 h, commencing early in the logarithmic phase. 
On: each occasion the cell mass and the a-amylase ccntent of the super- 
tant-fraction of the culture were determined as described by Coleman 
and Elliott (ref. 1). The composition of the defined medium was as 
follows: ammonium monohydrogen phosphate, 34 mM; potassium chlor- 
ide, §mM: magnesium sulphate, 1 mM: calcium chloride, 0-125 mM; 
gine sulphate, 0:0125 mM; sodium citrate, 2-125 mM; ferrie chloride, 
.. 05 mM; ‘trace metal ion’ solution, as described by Coleman and 
 Bbliott (ref. 5), 0-25 mi. /l.; vitamin solution, 50 ml./l., and a mixture of 
equal amounts (by weight) of nineteen naturally-occurring L-amine- 
acids (eyst(e)ine omitted) to give a total amino-acid concentration of 0-5 
percent, The medium was adjusted to pH 7-2 with 10 per cent (v/v) 
phosphoric acid and supplemented with either starch (@), maltose (O), 
“glucose (W) or glycerol ((7)), each at a concentration of 1 percent. The 
ution. consisted of riboflavin, 0-1 mg, and 1:0 mg each of 
holine chloride, folie acid, nicotinamide, calcium panto- 
xal-5-phosphate and thiamine (aneurin) in 1 L of water 
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major part of the «-amylase formation is not an inducible 
process—there being no proof that the remainder is _ 


inducible. : 
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Rate-determining Step in the Action of 
L-Amino-acid Oxidase 


ALTHOUGH detailed information concerning the substrate 
specificity! ?, co-faetor requirement and physico-chemical 
properties? of L-amino-acid oxidase is available, our 
knowledge of the mechanisms of the reactions catalysed 
by this enzyme leaves much to be desired. Radda? has 
recently proposed a mechanism for the oxidation. of 
phenylglycines by L-amino-acid oxidase which involves 
the elimination of the a- hydrogen as a hydride ion (or 
radical) followed by hydrolysis of the imine and dissocia- 
tion of the enzyme-product complex. 

Electron-withdrawing substituents in the phenyl ring 
of phenylglycine increased, within limits, the rate of the 
overall reaction and it was concluded that the initial loss 
of the «-hydrogen, as a hydride ion, was not rate-determ- 
ining’. Furthermere, a Hammett plot gave a value for 
p of 1-8 which is similar to that observed for base-catalysed 
ester hydrolyses. Radda suggested that hydrolysis -of 
the »-amino-acid is the rate-determining step. However, 
the Hammett plot showed a break to a line of negative 
slope with strongy electron-withdrawing substituents 
and it was suggested that this might represent a change 
in the rate-determ:ning step of the reaction with the loss 
of the a-hydrogen becoming energetically significant. 

Several lines of evidence led us to question the proposed 
mechanism. Previous work with flavoproteins {sarcosine 
oxidase’, glucose oxidase’, and possibly monoamine 
oxidase*) has demonstrated that removal of the «-hydrogen 
(probably as a proton) constitutes the rate-determining 
step. Furthermore, hydrolysis of «-imino-acids is better 
compared to the hydrolysis of Schiff’s bases than to base- 
catalysed ester hydrolysis. In this connexion, Cordes 
and Jencks’ have shown that the mechanism of hydrolysis 
of Schiff’s bases from substituted benza'dehydes and 
aliphatic amines is pH-dependent. At neutral pH 
(6-5-7-5) the princ:pal reaction is an attack by hydroxyl 
ions on the protonated Schiff’s base. In this region (pH. 
optimum of L-amino-acid oxidase, 7-2-7-5) (ref. 2) the 
effects of substituents are minimal as they exert opposing 
influences on the attack by hydroxy! ions and the protona- 
tion of the Schiff’s base— p is approximately zero. Hence, 
the p value of 1-8 for the oxidation of phenylglycines 
appears inconsistent with a mechanism in which the 
hydrolysis of the c-imino-acid is rate-determining. The 
positive value of ¢ simply indicates that negative e charge 
is being developed in the transition state and is consistent 
with the removal of the -hydrogen as a proton in the 
rate-controlling step. 

The present investigation is based on the use of kinetic 
isotope effects, a technique which has been a powerful 
tool in the elucidation of reaction mechanisms**. 
a-Deuteriotyrosine and «-deuteriophenylglycine were 
prepared by standard synthetie procedures!*-!? under 


DjlePhenylglycine | . 1-41 
‘Deuteriophenylglycine 


-Tyrosine 1-41 


~a-Deuteriotyrosine 
verage of three separate experiments which agreed within 5 per cent. 
oo. --iask contained 30 zmoles substrate in 3 ml, of tris buffer (0:2 M, pH 7-2). 
- With phenylglycine, 1 mg of L-amino-acid oxidase (s, type IV) was used, and 
w yrosine, 0-5 mg of a crude venom preparation obtained from Calbiochem. 
_ conditions which give 95 per cent deuterium labelling in 
_ the desired positions. The purity of the products was 
determined by paper and thin-layer chromatography. 
The rates of oxidation were followed manometrically 
and comparison of the rates of oxidation of tyrosine with 
its o-deuterated analogue showed an isotope effect, 
kyjktp = 1:41. Under conditions identical to those 
=o described by Radda, a similar isotope effect was found for 
` the oxidation of phenylglycine (Table 1). 
1ese isotope effects clearly indicate that the removal 
«-hydrogen is rate-determining in the oxidation of 
sine. and phenylglycine. 

3 of great interest to note that the isotope effect 
served (ky/kp = 1:41) is substantially below the 
retical maximum value (ky/kp = 7) and is, in fact, 
ximately equal to the value calculated from simple 
erations of the mass difference between hydrogen 
deuterium (k/ko = +/2 = 1-42) (ref. 13). Wiberg 

inted out that the magnitude of the isotope effect 
nds on the extent to which zero point energy is 
erved in the transition state. The low values observed 

investigation ind‘cate that stretching of the carbon- 
ogen (or carbon—deuterium) bond hes proceeded only 
-small extent in the transition state. Aebi! has 
ed at similar conclusions for the peroxidatic formate 
ation by catalase. 

ese findings do not provide any explanation for the 
k in the Hammett plot observed by Radda’, since it 
d be anticipated that increased electron-withdrawal 
d facilitate the removal of an «-hydrogen as a proton. 
reviously suggested*, this anomaly could represent a 
ge in the rate-determining step or steric factors hin- 
ig Michaelis-complex formation. We are at present 
| nding these investigations to substituted phenyl- 
glycines in order to differentiate between these possibili- 

































ote added in proof. Since acceptance of this communica- 
Coffey et al. (J. Biol. Chem., 240, 4058; 1965) have 
ested, in the case of D-amino-acid oxidase, that the 
ion. proceeds through a mechanism involving proton 
action; and Neims et al. (Biochemistry, 5, 203; 1 966) 
‘demonstrated a biphasic Hammett plot in the case 
of D-amimo-acid oxidase and have suggested the use of 
deuterium isotope effects to clarify this anomaly. 
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spermatozoa were incubated for 4 h at 37° C have con- ` aS 
sistently yielded low lactic acid values in relation to the 


fructose utilized. This failure to aecount for all the 
metabolized fructose as lactic acid led us to investigate 
the possibility that other metabolic acids were being 
formed and, if se, to determine if the level of carbon 
dioxide in the gaseous phase, previously reported to 
influence spermatozoan metabolism’, affected the forma- 
tion of these acids. 

In order to eliminate the substrates present in the 
seminal plasma, exogenous substrate-free epididymal-like 
spermatozoa (ELC) were used. The detailed method for 
the collection and preparation of ELC has been reported‘. 
They are collected directly into 100 ml. of an inhibitory 
diluent, washed once, and finally resuspended in saline. 
A total of 18 x 10° cells from pooled ejaculates were used 
for six gas treatments as follows: 100 per cent nitrogen 
or nitrogen containing 5, 25, 50, 75 or 100 per cent carbon 
dioxide. The 3 x 10° cells in each treatment were placed 
in four separate flasks each containing 750 x 10° cells 
for the 4-h incubation at 37° Cin a citrate~bicarbonate 
medium’ containing 0-5 per cent fructose. After incuba- 
tion the contents of the four flasks in each gas phase were 
combined, deproteinized with barium hydroxide and zine 
sulphate, and filtered. The filtrate was reduced to near 
dryness by evaporation under vacuum at 55° C and 
absorbed on a small quantity of silicic acid. The acids 
present were then separated by column chromatography’°. 
Chloroform containing increasing amounts of t-butyl- 
alcohol was used to elute the acids present, which were 
then titrated against 0-005 normal potassium hydroxide. 
They were identified by the use of known acids both by 
paper and column chromatography techniques. The 
organic acids present in the spermatozoa and incubation 
diluent before and after incubation are reported 
as the micro-equivalents of each acid per 10° 
cells. 

The carbon dioxide evolution was determined mano- 


metrically’, and the fructose disappearance was measured 
colorimetrically*. The carbon dioxide evolved from the — 


bicarbonate of the diluent in response to the acids pro- 
duced is shown in line 1, Table 1, with the fructose 
utilized by the cells during the 4-h incubation period 
showing directly below the carbon dioxide data. As was 
expected, the highest utilization of fruetose and evolution 
of carbon dioxide occurred under the 5 per cent carbon 
dioxide-95 per cent nitrogen’. 

The acids, accompanied by the standard error (S.E.) for 
the two replicates, are listed in the order of their elution 
from the silicic acid column. The presence of these acids 
in the incubation medium indicates that all these meta- 
bolic acids were produced at least in detectable levels 
under all anaerobic gaseous régimes. Low levels of each 
acid present in the initial portions taken before incubation 
were apparently in the sperm cells. 

All the acids listed in Table 1, with the exception of 
fumaric and oxalic, have previously been reported to be 
present in semen immediately after collection!*-!*. The 
absence of seminal plasma in the incubation diluent, 
however, eliminates it as a source of any of these acids. 
After anaerobic metabolism in the presence of fructose, 
only acetic’ and lactic? have previously been detected. 
The production by spermatozoa of other acids during the 
4-h incubation period shows that metabolic pathways, in 
addition to the Embden—Meyerhof one, function in sperm- 
atozoa under anaerobic conditions and probably serve as 
as source of energy for both motility and biosynthetic 


purposes. 
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Table 1. UTILIZATION OF Fructose, EVOLUTION OF CARBON DIOXIDE, AND ORGANIC ACIDS PRODUCED BY BOVINE SPERMATOZOA (ELC) FROM FRUCTOSE 
DURING 4-H ANAEROBIC INCUBATION AT 37° C IN WARBURG RESPIROMETER (PER 10° CELLS) (nm = 2) 


oe 








| 5% carbon 25% carbon 50% carbon 75% carbon 100% 
Incubation gas (Initial) 100% dioxide dioxide dioxide dioxide carbon 
ae nitrogen 95% nitrogen 75% nitrogen 500%% nitrogen 26% nitrogen dioxide 
Carbon dioxide evolved (uM) 50 +118 6-3 +031 46 +045 32 +019 28 +021 21 +031 
Fructose utilized (uM) 22 +054 41 £173 28 +1:88 25 +158 11 +041 t tr 
Acids produced (vequiv.) 
ae? Acetic 0-16 + 0-06 0-47 + 0-05 0-56 + 0-09 0-68 + 0-34 0-51 + 0-20 0-53 + 0-24 0-50 £0-19 
| Formic 0:15 + 0-08 1-00 + 0°42 1-49 + 0-88 0°50 + 0-34 1°79 + 1-60 0-37 + 0-08 0-80 + 0-65 
Fumaric 0-07 + 0-01 0:20 + 0-06 0-19 +010 1:33 + 0°90 0-514 0-13 2°57 + 1-57 1-74 + 1:58 
Lactic. 0-46 + 0-20 10-79 + 0-15 10°46 + 0-65 9-49 + 4-39 6-43 + 2-21 4:85 + 0-27 3-37 + 0-58 
Succinic 1-12 + 0-86 1-76 + 1-40 0-04 + 0-22 2-07 + 0-98 3-08 £ 0:27 1-74 + 1-06 1-00 + 0-85 
Malonic 0-00 + 0-00 0-13 40-18 0-17 + 0-05 0-68 + 0-24 0-18 £004 2-17 £0-07 0-71 +058 
Glycollic 0-08 + 0-02 A31 t243 1-70 +010 1-62 + 0-02 0:99 + 0-12 1-43 + 0-36 1-444 0°61 
Oxalie 0-08 + 0-04 0-38 + 0-24 1-42 + 0-05 0-60 + 0-25 0-83 + 0-64 0-33 40-01 0-90 + 0-33 
Malic 0°58 + 0-15 0-33 + 0-05 0-25 +0-12 0:77 Ł 0-08 0-87 + 0-25 0-24 + 0-03 1-004 0-70 


oo. Of the acids shown in Table 1, only lactic acid accumu- 
dation is highly correlated with the overall metabouic rate 
= as measured by the evolution of carbon dioxide or utiliza- 
tion of fructose for each level of carbon dioxide in the 
gaseous phase. Fumaric acid accumulation shows the 
opposite trend, however, and increases as the level of 
carbon dioxide in the gas phase is increased. As evidenced 
by the S.E., considerable variation between replicates was 
present in the levels of some of the acids produced. 
<= The accumulation of fumaric, succinic, malonic and 
malic during anaerobic metabolism is evidence for the 
-< ` aetivity of the tricarboxylic acid (TCA) cycle even in the 
- absence of oxygen. The increase in the concentration of 
„fumarie, malonic and malic acids during incubation of the 
spermatozoa under the higher levels of carbon dioxide 
suggests that this may be the result of the uptake of 
carbon dioxide which occurs under anaerobic conditions’. 
The accumulation of these acids by spermatozoa during 
anaerobic metabolic studies would definitely explain the 
frequently reported failure to account for all the fructose 
utilized as resulting in lactic acid. The production of 
these acids as by-products of anaerobic spermatozoan 
metabolism would also explain some of the differences 
cited by Rothschild?! between the values of anaerobic heat 
production and the disappearance of fructose in bovine 
sperm samples. 
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Electron Spin Resonance Examination of 
Charge Transfer Complexes of Polycyclic 
= Carcinogens and Nucleic Acid Bases 


extensive discussions in the literature on the ability 
polycyclic hydrocarbons to form charge-transfer 
nplexes with various molecules!, for example, iodine, 
and the attempts which have been made to correlate this 
property with the carcinogenicity of the hydrocarbon’, 
‘prompted. us to examine the electron spin resonance 











spectra of the charge-transfer complexes known to be 
formed? by polyeyclic hydrocarbons and the DNA and 
RNA bases. 

Szent-Gyérgi et 2.2 reported that certain carcinogenic 
hydrocarbon-iodine complexes involved complete transfer 
of an electron, detectable by electron spin resonance, and 
we wished to ascertain whether or not this could be ob- 
served for the corresponding purine and pyrimidine com- 
plexes. For the purposes of comparison, the electron spin 
resonance spectra of the iodine complexes were also 
recorded. l 

The iodine complexes were prepared in chloroform 
solution in a quartz tube of 8 mm outside diameter from 
3-5 mg of the carcinogen and a 1-2 mole equivalent excess 
of iodine. The selutions were evaporated to dryness 
before examination by electron spin resonance. The DNA- 
and RNA-base hydrocarbon mixtures were obtained 
similarly by evapcration of a suspension of both com- 
pounds in benzene-95 per cent ethanol. In each case 
blanks containing each component alone were subjected 
to the evaporation procedure and the electron spin 
resonance spectra examined. In no case was a signal 
detected for the sterting compounds alone. 

The results obtained are summarized in Table 1. 





Table 1 
Todine ; 
Electron spin Adenine, 
Compound Colour of resonance guanine, 
complex signal* cytosine, 
(spins/mole} uracil. 
3,4-benzpyrene Black 18x10"! AH mixtures 
(25 x 10°) eolourless 5 
20-methyicholanthrene Red-black 14x10 No electron spin 
(80x10) resonance signal 
1,2-benzanthracene Light-brown == detectable for 
1,2 : 5,6-dibenzanthracenz Brown _ any charge- 
2-aminofluerene Black 34 x 1} transfer comi- 
(1-8 x 10°) plex 
2-acetylaminofiuorene Red-brown = 
4,7-dimethyl-1,2-benzacrijine Dark-brown — 
Oestrone Brown — 
178-oestradiol Brown _ 
Stilboestrol Dark-brown ~ 


* Numbers in parentheses give values reported in ref. 2. 


The carcinogenic oestrogens, oestrone, oestradiol, and 
stilboestrol were aso examined in the hope that some 
correlation with the carcinogenic polycyclic hydrocarbons 
might become apperent, since steroids also form charge- 
transfer complexes with purines and pyrimidines‘. 

The negative results obtained suggest that the complete 
transfer of an electron by carcinogens to give free radicals 
does not occur in carcinogen-DNA or carcinogen-RNA 
interactions, and the data provide additional circumstantial 
evidence in support of the conclusion drawn by Epstein 
et al. that charge-transfer tests are unreliable as criteria 
for evaluating the carcinogenicity of polycyclic compounds. 

The electron spir. resonance spectra were recorded on 
a ‘Varian V-9500° X-band spectrometer. As shown in 
Table 1, the quantitative data obtained for the iodine 
complexes with a positive electron spin resonance signal 
are in good agreement with the values quoted by Szent- 
Györgi et al.?. 
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MICROBIOLOGY 


eparation of Pure Blue-Green Algae 


urse of measuring the resistance of blue-green 
-radiation from a cobalt-60 source, initially 
ed blue-green algae were found to be free from 
after irradiation. Since difficulties are encoun- 
the purification of Cyanophyta? (less than 30 
of the organisms in the Indiana University 
1 are bacteria-free*), y-radiation may afford an 
able method for purifying algae from bacteria 
of advantage in physiological and biochemical 
ations of these organisms. Practical conditions 
purification of a group of typical Cyanophyceae 
herefore, determined. 

ntous algae were grown in 10 ml. of supernatant 
edium in 20-ml. loosely capped vials so that the 
bottom of the vial were covered with a thin 
tous mat. Unicellular algae were inoculated into 
media to form lightly coloured suspensions. 
jon was provided by a ‘Gammacell 220’ (Atomic 
-of Canada, Ltd.) furnishing 6-48 x 104 rads/h 
irradiation site. At the end of the irradiation 
id (Table 1), a sample of algae from each vial was 
ed out on trypticase soy agar to test for bacterial 
growth while another sample was sub-cultured into fresh 
_to observe algal growth. The results given in 


+. Growth occurred. — Growth did not occur. 


gal damage. ‘The only o 
appeared to be an increase in the size of pseudovacuoles - 
which returned to normal with ensuing growth. a 

The purified algae were sub-cultured three times at . 
l-week intervals and observed regularly for 6 weeks, 
during which time they remained pure and in healthy 
condition. Cultural behaviour and mieroscopic structure 
remained characteristic; in the case of some filamentous 
forms, a slight stimulation of growth was apparent. 
Tests for anaerobes were negative. 
observed. E 

The work was carried out in the Water Resources .— 
Laboratories of the Department of Civil Engineering, . 
University of Delaware. 
ran the anaerobe tests. 
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University of Delaware, 

Newark, Delaware. 
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Copulation of Ultra-violet-irradiated and 
Unirradiated Saccharomyces Cells of Different i 
Ploidy 


THE inactivation of Saccharomyces strains of different _ 
ploidy induced by radiation has been investigated i in detail 
by various authorst. For X-rays, ‘recessive’- and- 
‘dominant’-acting damages have been separated”... 
‘Dominant’ lethal damage renders a zygote formed by 
fusion of an irradiated and an unirradiated cell unable _ 
to develop into a visible colony. 
took this type of damage into consideration when building 
a mathematical model to interpret the inactivation of 
Saccharomyces. Part of their theory was that ultra- 
violet light of wave-length 254 nm also causes this type. 
of dominant damage. This communication presents: 
results which show that this damage can indeed be ob- : 
served after ultra-violet irradiation. a 


Table 1 
Radiation 
Algal(4) ‘2h intermit- 
or tent (30 min 2h 3h 33h 4h 4-75 h 8h 43h 
bacterial on, 10 off} 130,000 194,006 227,000 259,000 288,000 518,000 2,786,000 
(H) growth 130,000 rads rads rads rads rads rads rade rads 
A + + + + + 
B + me m ~ ~= E 
a + + + — + ~ 
B + -— + as E 
A + + + 5 
B S sek a a 
A + + + am 
B + + ee = 
A + 6 + a 
B ~a po a 7 
A + + -i 
B + + — 
A -+ + ~ 
B oS a ae 
A = -+ - 
B + _ 
A + + of + 
B + + aae ame ~- 
A + + + + $ 
B -p a ee Be a 
A + $ 
E + a 
B fia a 
A ++ + “ 
B p p BS 
A + a 
$ = E E mho me ~} uaa) ram 
a thermatia “BU A + ++ + + 
Ce. be B + + + 
malis R? A + + 
mt B vie see 
a variabilis A + 


2 we Growth in some cultures, but at least one bacteria-free isolate could be obtained. 
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266 6) and a tetraploid: strain (407) of Saccharo- 
for the i ‘radi ation experiments. These 
more or less isogenic and homozygous, of 
pe constitution ax and axaa respectively, 
16 prototrophic'. The unirradiated copulation 
was. a haploid strain (211-1bN) of mating type 
ich was serine auxotrophic. Ultra-violet irradiation 
duced using a low-pressure mercury lamp (HNS 
Ar 1) with, a dose rate of 3-1 x 10° erg/em?/min with 
cent variation. The diploid and the tetraploid 
pee one ere incubated before irradiation for 40 h on a 
~ solid “yeast extract medium (YP: 2 per cent agar, 0:5 
per cent. peptone, 1 per cent yeast extract (Difco), and 
2 per cent glucose). The haploid strain was taken from 
a 20hold shaker culture (liquid YP medium). Both were 
- Gneubated at 30° C. 
Before irradiation the strains were washed three times, 
and the suspended cells were centrifuged at low speed. 
; procedure gave about 98 per cent single cells in the 
arnatant and these were brought to a concentration 
ibout. 10° cells/ml. After irradiation the cells were 
ed with the unirradiated haploid celis in a ratio of 
-and incubated on a solid YP medium for about 3 
t 30° C. From the resulting mixture of zygotes and 
lis, zygotes were extracted with a ‘Fonbrune’ micromani- 
pulator. Zygote formation decreased with increasing 
dose of ultra-violet irradiation. In the contro! experiments 
without ultra-violet irradiation, the frequency of zygote 
formation was about 40 per cent. To avoid selection in 
the process of isolation, all the zygotes in one visual field 
of the microscope were taken. 
~ After incubation at 30° C for 48 h the zygotes were 
inspected microscopically on the solid YP medium. 
_. Two types were observed: (1) zygotes that formed one 
or (very seldom) up to 200 descendants which were not 
<. able to grow up in liquid YP medium (lethal zygotes); 
(2) visible colonies with about 107 cells; these small 
=. colonies were transferred to fresh solid YP medium and 
AU eheeked for their mating type constitution by crossing 
> with test strains by a technique described elsewhere’. 
Three different types were found. (a) Cultures giving 
“no zygotes, either with the a- or with the a-test strain. 
- {b) Cultures forming zygotes with the «-test strain. 
(ce) Cultures forming zygotes with the a-test strain (these 
were very seldom noticed). Colonies of the first class 
= were always serine prototrophic. This type included all 
© eultures grown from real zygotes, while it is possible that 
>o types (b) and (c) resulted from incomplete formation of 
zygotes or, although this is very improbable, from the 
“isolation of a haploid or diploid cell. Results of the copu- 
lation experiments are shown in Table 1. 





































































COMPARISON OF SURVIVAL FREQUENCY OF ULTRA-VIOLET-INRAD- 
TED DIPLOID AND TETRAPLOID Saccharomyces STRAINS AND THE COLONY- 

G ABILITY OF ZYGOTES, FORMED BY IRRADIATED DIPLOID AND 
ee S RERARLOM) AND UNIRRADIATED HAPLOID CELLS 


Results of the examination 













A of the cultures grown up Ere- 
lirai : Bar No. of from the isolated zygotes quency 
te iolet vival isolated Bogus zygotes of lethal 
ain ‘dose: fre- zygotes Trrad- Real Lethal zygotes 
eens quency iated Haplont zygotes zygotes 
strain vital r i l+e 
1-00 40 1 1 38 ü 0-00 
023 47 Q 5 25 17 0-41 
0-13 53 1 9 li 32 0-74 
1-00 40 0 2 36 2 0-05 
P5 50 2 1 27 20 042 
0-14 90 0 12 30 48 0-62 
0-07 50 Q 6 1i 33 0-75 
“04 20 0 4 5 li 0-69 


equency of lethal zygotes increases with the dose 
i violet radiation (last column in Table 1). The 
of isolated zygotes, which later pave rise to 


sses may be involved after ultra-violet Aa 
save’ most of the unirradiated part of the 


vations, using the phase-contrast microscope 
echnique®, made clear that the membrane 
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between both copvlating cells is ‘dissolved in almost. all 
the zygotes inspected after ultra-violet irradiation, | 
although it was impossible to be sure about the fusion of 
the nuclei. It seems possible that ‘dominant’ ultra- 
violet damage will act only in real zygotes with fused 
nuclei, and that w'thout fusion the unirradiated partner 
has a chance of survival. This means that ‘dominant’ 
lethality does not operate like a poison, but consists of 
damage within the nucleus or the mitotic apparatus 
as has been supposed for X-ray-induced ‘dominant’ 
damage in Saccharomyces. This suggestion is supported 
by the observation that most of the lethal zygotes begin 
to form one, and only one, daughter cell after ultins: violet 
irradiation. 

When the resulis of ultra-violet irradiation arè com- 
pared with those observed for X-rays™?, it seems that both 
types of irradiatior act similarly im producing ‘dominant’ 
lethality. A comparison of the inactivation rate (l-s} with 
the frequency of lathal zygotes Ui+v (see third and last 
column in Table F) shows that in diploid and tet raploid- 
strains the whole ultra-violet inactivation is larger than 
the ‘dominant’ damage. Although the main par e 
inactivation can be explained in this way, the assumpti 
of Stein and Laskowski*, that 100 per cent of th : 
violet inactivation of a tetraploid strain is caused b 
‘dominant lethality’, needs to be modified. 
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Antibiotic Production in the 
Dacrymycetaceae 


Ur to the piso! time only four Poan of Dacrymy- ay: 





Using Posies extracts, WwW ilkens md 


bactoria® r. n i 
Harris found no activity against Bacterium (E scherichia) 
coli or Staphyloccccus aureus by FPemsjonia luteoalba Er., 











Calocera cornea (Batch.) Fr., Calocera viscosa (Per 
or Dacrymyces deliquescens (Bull.) Duby. The. present 
investigation was undertaken after a zone of inhibition 
produced by a culture of Dacrymyces palmatus (Se 
Bres. was pointed out to me by Dr. R. H. Petersen 
Cultures were grown on a complete medium of r 
extract, yeast extract and dextrose and a defined x 
of glucose, asparagine, minerals and vitamins. On 
species, Dacryop-nax spathularia Martin, was tested. for 
antibiotic activity against various bacteria and fungi. 
Assay of antibiotic activity was made by the following 
techniques: (1) A filtrate of a culture of D. spathularia 
was placed in heles bored in agar medium seeded with 
selected test organisms. The zone of inhibition was 
measured after 24 h. (2) Photometric moasurements 
were made at 400 mu of turbidity increases of liquid 
cultures after 24- h exposure to medium in whi P. 












was fomoved by enban Alberton: Thes second 
proved to be the more consistent ofthe two. 'I 
of fresh nutrients did not change the results, y whi 
shown in Table 1. i oe 
The antibiotic was active against all ten species. of 
bacteria and four species of fungi tested by the photo- 
metric method. In several tests, however, Saccharomyces 
cereviseae end Candida albicans, efter initial inhibition, 
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Table 1. ACTIVITY OF D. spathularia AGAINST BACTERIA AND FUNGI 


Plate Photometric 
Test organism method method 
Staphylococcus aureus 
Bacillus circulans 
Bacillus mycoides 
Bacillus subtilis 
caries lutea 

a tetragena 

Staphylococcus epidermidis 
Micrococcus spp. 
Serratia marcescens 
Proteus mirabilis 
Escherichia coli 
Avrobacter aerogenes 
Ps $ aeruginosa 
Proteus vulgaris 
Pseudomonas fluorescens 
Saccharomyces cereviseae 
Candida albicana 
Cryptococcus neoformans 
Schizophyllum commune 


Co+t+o0+4+ 


ISt i Li till beet e+e 


HHEHt Hh Heese 


+, Activity; —, no activity; 0, not tested. 


Table 2. ACTIVITY OF VARIOUS SPECIES OF DACRYMYCETACEAE AGAINST 


Bacillus subtilia 
Species tested 


Calocera cornea (Batch.) Fr. 

Calocera viscosa Fr. 

Dacrymyces deliquescens (Merat) Duby var. deliquescens 

Dacrymyces deliquescens (Merat) Duby var. ellisii (Coker) Kennedy 
myces palmatus (Schiw.) Bres. 

Dacrymyces punctiformis Neuh. 

Dacryopinax elegans (Berk. and Curt.) Martin 

Dacryopinax spathularia (Schw.) Martin 

Ditiola radicata Fr. 

Femsjonia luteoalba Fr. 


Activity was tested by placing plugs of test cultures on seeded agar plates. 


Result 


Hh+tetetes+ | | 


showed growth after several hours exposure, presumably 
by the selection of resistant mutants, or the formation of 
adaptive enzyme. 

To test the cause of the lack of response of Gram- 
negative bacteria to the plate method, Æ. coli and Bacillus 
subtilis were grown in media with varying concentrations 
of antibiotic and the activity tested by photometric assay 
of growth. No significant differences were found in the 
response of the two species. In a further experiment, 
these two species and S. cereviseae were exposed to the 
antibiotic for 24 h. The cells were centrifuged, washed 
with fresh media and plated. All three species grew. 
Because no resistant forms had ever been found provi- 
ously among the bacteria, it would seem that the antibiotic 
is inhibitory and not lethal, at least at 24-h exposure. 

A number of other species of Dacrymycetaceae were 
tested for activity by removing plugs from agar cultures 





Fig. 1. Activity of a plug from a culture of Dacrymyces palmatus against 
Bacillus subtilis 
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and placing them on plates seeded with B. subtilis. The 
results shown in Table 2 and Fig. 1 indicate that antibiotic 
production is widespread in the Dacrymycetaceae. The 
lack of activity in the original screening'? was probably 
owing to a dilution effect caused by the large quantity 
of “jelly” present, or lack of production of the antibiotic 
in fruit bodies. The absence of activity in the genus 
Calocera (Table 2) may be of taxonomic importance. 

The antibiotic, which can be produced on a simple 
chemically defined medium, is heat resistant (120° C for 
l h) and is stable to storage at room temperature (exem- 
ined up to 6 months). The isolation of pure material 
has not been successful because of the difficulties imposed 
by the presence of a water-soluble polysaccharide which is 
produced by D. spathularia, and other members of the 
family that have been examined. Studies are at present 
under way to determine the mode of action of the anti- 
biotic. 

I thank Drs. P. G. Miles and R, H. Petersen for their 
help during the course of this work and Dr. W. H. Spencer 
for supplying many of the cultures of bacteria and fungi. 


Marvin N. ScHWALB 
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State University of New York at Buffalo, 
Buffalo, New York. 
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In vivo Transfer of Infectious Drug 
Resistance 


INFEcTIous drug resistance that can be transferred in 
vitro from a donor bacterium to a sensitive recipient 
bacterium can also be transferred in vivo. Transfer has 
been shown to occur in mice which have had their normal 
intestinal flora reduced by the preliminary feeding of 
antibiotics. In such mice the donor and recipient strains 
become well established and multiply in the intestine??. 

A much simpler method of investigating the transfer of 
infectious drug resistance in vivo has now been developed. 
The success of this new method depends on the adminis- 
tration of donor and recipient strains of bacteria to newly 
hatched chickens which have no alimentary bacterial 
flora. The choice of donor and recipient strains for the 
following experiments was based on the results of previous 
in vitro transfers. Two strains of Escherichia coli, C9 
and C15, were used as donor strains and both were 
resistant to tetracycline and streptomycin. They were 
wild-type strains which had been isolated from normal 
fowls. Two recipient strains of Æ. coli were used which 
were ampicillin resistant mutants* of two pathogenic 
serotypes 02 and 078; they were both fully sensitive to 
tetracycline and streptomycin. The original strains were 
isolated from cases of fowl coli septicaemia. A strain of 
Salmonella typhimurium (N.C.T.C. 5710) was also used as 
a recipient and this also was fully sensitive to tetra- 
eyeline and streptomycin. 

Chickens were collected from the incubator as soon as 
possible after hatching and often when they were still 
partly in their shells. They were infected by mouth with 
ten drops of an overnight broth culture of the donor 
bacterium and 6 h later received by mouth ten drops of 
an overnight broth culture of the recipient bacterium. 
Food and water were then made available and no special 
precautions were taken to provide sterile conditions. 
Tap water was used for drinking and the food was a 
proprietary chick mixture without antibiotics. The 
chickens were kept on wire mesh floors to prevent contact 
with faeces. They were observed for 10 days after being 
fed the bacterial strains, and faecal samples were cultured 
each day after the second day and examined for the 
presence of converted recipients. 

Three experiments were carried out, and Table 1 shows 
the strains used in each experiment. It also shows that 


No. 5045 JULY 16. 1966 
Table 1 
SPU Ne. of chicks 
. Donor Recipient No. of in whieh 
Experiment strain strain chicks transfer 
ps . used occurred 
(1) E.coli C15 E. colt (078) 8 8/8 
(2) #, coli C15 E. colt (02) 16 16/16 
(3) E. cali C9 S. typhimurium 30 12/12* 


* This figure represents a random sample at one particular time. 


transfer of drug resistance occurred in all the chickens 
tested. 

In these experiments there was only an occasional 
death among the groups of chickens after being fed both 
donor and recipient strains. In preliminary experiments, 

< however, it was found that when the recipient strain 
Æ. coli 078 was fed without the donor strain many more 
deaths, about 25 per cent, occurred. These deaths were 
shown by bacteriological examination to result from coli 
septicaemia and were probably due to lack of bacterial 
competition in the alimentary tract. 

In the first two experiments where both the donor and 
recipient were strains of Æ. coli, selection of the converted 

© recipients was achieved by making use of their non- 
transferable ampicillin resistance. Daily samples of 
faeces from individual chickens were suspended in 
-> nutrient broth containing 20 yg ampicillin/ml. and incu- 
bated with gentle agitation at 37° C for 2 h. The samples 

were then plated on MacConkey agar containing 20 ug 
ampicillin/ml. and the lactose fermenting colonies which 
developed were identified by slide agglutination with 
specific antisera. Transfer of drug resistance could be 
detected as early as 24 h after feeding the two strains 

and the converted recipients could be isolated throughout 

the 10-day observation period. At first the converted 

recipients isolated from the faecal specimens formed a 

large proportion of the total faecal coliform count, but 
-.as the experiments progressed the proportion declined 

considerably. 
In the third experiment, in which the recipient was 

S. typhimurium and the donor E. coli C9, the faecal 

specimens from individual birds were plated in an un- 

diluted form and also after being diluted 10-? in phosphate 
buffered saline. The selective medium used was brilliant 
green agar containing 25 ug oxytetracycline/mi. In 
addition, undiluted faecal samples, after being enriched 
with selenite broth, were plated on this medium. The 
converted recipients recovered were identified by slide 
agglutination with specific antiserum. Converted recipients 
were isolated as early as 24 h after feeding the two strains 
and their excretion continued for the 10 days of the 
-experiment. During the first few days, the converted 
-recipients were so numerous in the faeces that they could 
be isolated. by direct plating on brilliant green agar 
-c eontaining oxytetracycline. Towards the end of the 
10-day period their isolation could only be made from those 
amples enriched with selenite broth. However, by adding 
> occ exytetracycline to the drinking water at this stage the 
- converted recipients could be isolated by direct plating 
of the faecal samples. 
| In both the transfer from coli to coli and from eoli to 
salmonella, oxytetracycline resistance was transferred 
$0 the same level as that of the donor strain. In contrast, 
streptomycin resistance was transferred either at the same 
~ level or at a much lower level than the donor. 
The results of these experiments show that transfer 
rug resistance occurs as readily in the intestine of the 
icken as it does when the two bacterial strains are 
mixed in a broth culture. Preliminary experiments have 
also shown that infectious drug resistance can be trans- 
rred in the chicken from resistant donor E. coli derived 
om pigs and calves to a sensitive recipient strain of 
E. cola (026) derived from man. It is, therefore, possible 
btain drug transfer in vivo, using chickens, even when 
sh donor and recipient strains used are derived from 
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VIROLOGY 


Absence of Serological Evidence of Myxoma 
Virus Infection in Humans exposed during 
an Outbreak of Myxomatosis 


MYXOMATOSIS is a viral disezse of rabbits regarded by 
some investigators as a neoplastic disease’?, Epizooties 
have been, observed n domestic rabbits (Oryctolagus spp.) 
in several areas of the Americas since 1898 when the 
disease was first reported by Sanarelli in Uruguay*. In 
California, myxomatosis outbreaks have been reported. in 
domestic rabbit colanies along the coast from San Diego 
County to San Maceo County*}. The disease in the 
Oryctolagus spp. is acute and highly fatal. The native wild 
rabbits (Sylvilagus spp.) are more resistant, and some 
develop benign fibromatous tumours!. In California, the 
brush rabbit (Sylvilcgus bachmani) has been shown, to. be 
a reservoir host of tae virus’. The virus has been shown 
to be transmitted naturally by a mosquito veetor®. 

The host range of the virus disease appears to be very 
narrow. In his eary work, Sanarelli? found thet most 
animals were refractory to the disease. In attempting to 
infect several dogs. he reported that one developed 
myxomatous neoplastic changes in the cutis. Two human 
subjects injected with infected rabbit serum developed a 
transient conjunctivitis. The animal work later was 
repeated by Bull aad Dickinson’. They tested sixteen 
varieties of native Australian animals; none of the animals 
developed the disease. While there is considerable 
evidence of a narrow host range, the absence of observable 
signs of disease dces not preclude the oecurrence of 
inapparent infections nor of chronie effects after pro- 
longed incubation, 

With the inercasec interest in the possible viral aetiology 
of human cancer, evidence of transmission to man of 
viruses such as my>oma is of value. An opportunity to 
investigate for possible natural transmission of myxoma 
virus to man was presented in the summer of 1963 when 
myxomatosis occurred in a colony of domestic rabbits at a 
boys’ camp in Sansa Barbara County, California. An” 
investigation was undertaken, and this report deseribes_ 
the outbreak and tae results of a survey for serological 
evidence of myxoma infection in the boys and camp 
supervisor. 

The outbreak began in June 1963 and resulted in daily 
losses of rabbits during the summer. Almost all the 600 
rabbits in the colony died by the end of September when 
the epizootic ended. A similar epizootic had occurred in 
the same colony the preceding year. 

The diseased rabbits demonstrated typical oedemstous 
swellings of the head and vent. Histological examination 
of the lesions revealed myxomatous changes. Mosquitoes 
were observed feeding on the rabbits. Because of their 
role in the transmission of myxomatosis, adult mosquitoes 
from the rabbitry and larvae from nearby water sources 
were collected for identification. The adults proved to be 
Anopheles freeborni and Culex tarsalis, end the larvae 
Anopheles franciscanus, Culex tarsalis, C. peus, C. bohards 
and C. apicalis. Ne viral isolations were attempted, but 
Marshall’ demonstrated myxoma virus in pooled speci- 
mens of A. freebornt collected at the site of a myxomatosis 
outbreak in San Maseo County, California, in 1959. 




























ara outbreak was confirmed > 
Portions of the inflamed eyelids and spleen were 





: ved from an infected rabbit soon after death. Equal 
- amounts of these tissues were pooled, ground, and saline 
was added to make a 10 per cent suspension. A rabbit, 
shown by serum neutralization (SN) testing to be devoid 
of myxoma antibody, was inoculated intradermally with 
0-5 ml. of the suspension. A second rabbit, which had 
been immunized with myxoma vaccine 10 months pre- 
viously, was inoculated in the same manner’, The 
susceptible rabbit died 9 days after inoculation with typical 
symptoms of myxomatosis. The temperature of the 
immune rabbit became elevated on the fourth day, but 
the animal remained clinically normal. 
~. Blood specimens were taken from twelve boys, ranging 
im age from 12 to 15 years, and from one adult staff 
: member. None of the persons tested reported any 
-unusual or acute illnesses during this period. Mosquito 
tes were occasionally reported among the boys during 
pizootic. In addition they all worked daily in or 
und the rabbit colony. All the boys lived within 300 
ds of the colony during the 4 months of the outbreak, 
į the exception of two boys who left the camp after 3 
onths’ exposure. The first sera were taken on August 8, 
3, approximately 2 months after the outbreak began, 
second specimens were collected 7 weeks later. Six 
trol specimens were taken from adults living in 
əley, California; two of these were obtained from 
sons known to have antibodies against vaccinia virus. 
addition, the serum of one of us (J.K.S.), who had 
ed with the myxoma virus in the laboratory for 
han 14 years, was also tested. 
© presence of myxoma antibody was determined by 
is of the SN test conducted in roller tube cultures of 
bbit kidney cell line as described by Saito and 
ercher’. The antigen used was the MSA strain of 
oma. virus which has a cytopathogenic effect on rabbit 
sy cells. Myxoma reference serum was obtained 
om- a vaccinated rabbit that was subsequently chal- 
red with virulent virus. All sera used in the test were 
ttivated at 56° C for 30 min. 
n the test procedure the virus was diluted in cell 
ture medium containing 3 per cent lamb serum in 
-fold steps, beginning with the 1: 5 dilution. The sera 
diluted 1 : 2-5 and mixed with an equal volume of 
ppropriate dilution of virus to give a final dilution of 
5 of serum in the presence of decimal dilutions of virus. 
serum-virus mixture was held at room temperature for 
in and then added in a volume of 0-2 ml. per tube to 
-cultures from which the medium had just been with- 
‘awn, Five tubes were used for each serum—virus 
ture. Ninety min at room temperature were allowed 
dsorption to take place, and then 1-0 ml. of medium 
aining 3 per cent lamb serum was added to each tube 
Il culture. Controls were included, and the cultures 
“were incubated in stationary racks in an incubator set at 
336°C. The final reading was made on the seventh day. 
The neutralizing capacity of the serum was expressed as 
the neutralizing index derived from the method of Reed 
“and Muench’. 
- None of the human sera had demonstrable antibodics 
against myxoma virus as tested by the SN technique, and 
. there was no cross-neutralization observed in the two sera 
h vaccinia antibodies. Inactivation of humen sere at 
-C for 30 min was necessary to eliminate non-specific 
eutralizing activity. Inactivation at this temperature 
| no effect on the antibody titre of the immune reference 
um. 
+.cannot be concluded from this survey that inapparent 
: nan, infection with myxoma virus never occurs. How- 
ever, these persons had ample opportunity to become 
infected in an area where rabbits were dying daily with 
myxomatosis and where mosquitoes were present to 
perpetuate the epidemic. The lack of serological evidence 
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ferent feeding preferences or a more dense vector populs- 
tion, would result in human infections can only await. 
opportunities for further investigation. 

This work was supported in part by a research grant. 
from the National Cancer Institute, U.S. Public Health 
Service. We thank Dr. Dee Taylor for the histopatho- 
logical diagnosis and Mr. Gail Grodhaus for the mosquito 
identifications. 
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Comparative Cytopathology of Rinderpest 
and Bovine Parainfluenza 3 Viruses in 
Cell Cultures 


BECAUSE cytopathology may be useful in the detailed = 
classification of viruses, we explored the comparative = 
cytopathic changes induced by bovine parainfluenza 3 
and rinderpest viruses in MS and dog kidney cell cultures. _ 

Attenuated rinderpest virus was obtained from W 
Plowright!. The virus had been serially passed a hundred. 
times in bovine kidney cells and titred to 1045 TCID,,/ml. 
before it was grown in MS and dog kidney cells. Pars- 
influenza 3 virus was isolated? from sick cattle and was 
serially grown fifien times in calf kidney tissue cultures 
and titred to 10° p.r.u./ml. na 

MS and dog kidney cells were grown in a medium con- 
sisting of 0-5 per cent lactalbumin hydrolysate in Hanks’s 
balanced salt solution on 7 x 22 mm glass coverslips. 
The amount of inoculum per culture tube was 0-2 ml. of = 
an undiluted seed virus. At intervals, infected coverslips. 
together with uninfected controls were removed and. . 
stained with haematoxylin and eosin, using the modified == 
technique of Reissig et al.. 

Rinderpest virus failed to elicit any visible cytopathie 
effects but produced eosinophilic cytoplasmic inclusions: 
and giant cells in MS cells (Fig. 1), About 90 per cent of 
the cells showed these inclusions 7 days after the inocula- 
tion of the culture. The inclusions were generally sur- 
rounded by a halo and some had a granuler structure. 

A few cells showed intranuclear eosinophilic inclusions on 
the ninth day. Giant cells often contained the first 
inclusion. Acidophihe eytoplasmic inclusions and few 
giant cells were produced by rinderpest virus in dog 
kidney cells. Giant cells often contained the first, and at 
times the only, inclusions that appeared ina culture. — — 

Bovine parainfluenze 3 virus showed distinct cytoples- i2 
mie inclusions and giant cells on the third day after 
inoculation in MS cells. About 838 per cent of the cells 
showed cytoplasmic as well as intranuclear inclusions. 
On. the eighth day almost all the cells showed intracyto. 
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4 Fi 1. MS cells 7 days after inoculation with rinderpest virus. Giant 
cells and eosinophilic inclusion bodies are present. Zenker's haema- 
a toxylin and eosin ( x e. 500) 
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Fig. 2. MS cells 8 days after inoculation with bovine parainfluenza 3 


virus. Giant cells and eosinophilic intranuclear and intracytoplasmic 
inclusions are present. Zenker’s haematoxylin and cosin (xe. 500) 





plasmic and intranuclear inclusions (Fig. 2). Few cyto- 
plasmic inclusions and giant cells were seen in dog kidney 
cultures. No visible cytopathic effects were observed in 
the infected cultures. 

_ These observations suggest that bovine parainfluenza 3 
virus, a member of the myxovirus family*, and rinderpest 
virus produce distinct and similar cytopathology in MS 
dog kidney cells. Such findings support the decision 
taken in Montreal in August 1962 by the Viral Subcom- 
mittee of the International Nomenclature Committee” to 
a i t, measles, dog distemper and 
ratory syncytial virus are all members of the myxo- 
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_ virus group. 
= This work was jointly supported by the Ministry of 
_ Agriculture, U.A.R., and the United Nations Special 
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Serological Properties of Coxsackie A7 Virus 


Dvurinc epidemiological work on enteroviruses, four 
strains of Coxsackie A7 virus were isolated from faecal 
specimens of healthy children cultured in cynomolgus 
monkey kidney tissae. Experiments carried out with 
these isolates and other representative strains of Cox- 
sackie A7 virus revealed that differences in antigenicity 
exist among strains of Coxsackie A7 virus and empha- 
sized the importance of the selection of working sera to 
identify isolates. 

Virus strains: The prototype strain of Coxsackie A7 
virus, strain Parker, was obtained from two laboratories. 
One was sent in 1961 from Dr. H. Gelfand, Communicable 
Disease Center, Atlanta, as a suckling mouse torso sus- 
pension designated as ‘Parker M34’; this virus is here 
referred to as ‘Parser (CDC). The other prototype 
strain was received m 1961 from Dr. M. K. Voroshilova, 
Institute of Poliomyelitis and Viral Encephalitides, 
Moscow, as a 10 per eent suspension of muscles of suckling 
mice. This virus aad originally been sent by Dr. 8. 
Gard, Stockholm, te Dr. Voroshilova in 1957, and had 
since undergone four passages through suckling mice. 
This strain is referred to as ‘Parker (Moscow)’. 

AB IV strain was first isolated by Dr. Voroshilova in 
1952!, and was them adapted to rhesus monkey kidney 
tissue cultures and identified as Coxsackie A7 virus in 
1957 by Dr. K. Habel, National Institutes of Health, 
Bethesda?. We rece ved the strain from Dr. Voroshilova 
in 1961, as AB IV-K_H. No. 2435 culture fluid. The strain 
119 (368) was isolated by Dr. Voroshilova in 1961 from a 
case of paralytic po iomyelitis in Moscow and sent to us 
in 1964 as culture duid. The strain N YS-58182 was a 
tissue-culture adapted virus derived from a suckling 
mouse isolate from a poliomyelitis case in 1958 and sent to 
us as 702-3 pool in 1964 from Dr. H. A. Wenner, Uni- 
versity of Kansas. The strain Kyoto-435 was isolated in 
1963 by Dr. Ashihara? by the inoculation of faecal extract 
of a clinical poliomyelitis case into a suckling mouse and 
was received in 1964 as the second passage. | 

Antisera: Monkeys and rabbits were immunized 
against representative strains. Undiluted tissue culture 
lysate after one freeze-thawing and a light centrifugation 
or a 10 per cent homogenate of infeeted suckling mouse 
torsos after a light centrifugation served as antigen for 
immunization. In most cases the antigen was subjected 
to a fluorocarbon treatment and wes stored at — 25° O. 
Rabbits and monksys were, as a rule, immunized by 
subcutaneous and imtravenous routes. Serum was inacti- 
vated at 56° C for £0 min before use. Anti-AB IV horse 
serum H-419 was supplied by Dr. Voroshilova in 1964. 

Neutralization test: For tissue culture neutralization 
tests primary cynomolgus monkey kidney tube cultures 
were used. On the day before the test, the growth medium 
was replaced with serum-free maintenance medium 
(Earl’s balanced salt solution containing 0-5 per cent 
lactalbumin hydrolysate and 0-11 per cent sodium bicer- 
bonate, 100 v. of penicillin and 100 ug of streptomycin 
per ml.) and this was replaced with serum-free mainten- 
ance medium before inoculation. An equal amount of 
virus containing about 100 7'.C.J.D.,./0-1 ml. and serial 
four-fold dilutions ef serum was mixed and kept standing 
at 36° C for 3 h fo lowed by standing at 5° C overnight. 
0-2 ml. of the mixture was inoculated into each tube, 
containing 1 ml. of maintenance medium. Observation 
was carried out for 7 days and 50 per cent neutralizing 
end-point was caleulated. Four tubes were used per 
dilution of the test serum. For suckling mouse neutrali- 
zation tests, new-20rn mice from several litters were 
randomized and re-distributed to minimize variance in 
susceptibility. An equal amount of virus containing about 
200 L.D.,,/0-03 ml. and serial four-fold dilutions of serum 
were mixed and incubated at 36° C for 2h. 0-03 ml. of the 
mixture was inoculated subcutaneously into each mouse, 
using one litter, im some cases only half the litter, per 
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dilution. of the test serum. Daily observations were made 
for 14 days and 50 per cent neutralizing end-points were 
aiso calculated. 

Experimental results: 

= {1) Isolation and identification of four strains of tissue 
culture isolates. Table 1 shows the data on the isolation 
of these strains. Three of them were isolated in our 
laboratory and the fourth strain, Natori-32, was isolated 
by Dr. H. Ujiie, Miyagi Institute of Public Health, and 
sent to us for identification. Attempts to identify these 
isolates by our routine procedures, using antisera against 
poliovirus 1, 2, 3, Coxsackie A9, B1-6, Echovirus 1-7, 
9, 11-27 and Reovirus 1, failed to indicate to which class 
these agents belonged. Further investigations revealed 
that all these isolates are neutralized by the antiserum 
against AB IV strain of Coxsackie A7 virus. Three of 
these strains are also pathogenic to new-born mice by 
-subcutancous inoculation, manifesting generalized myositis 
and degeneration of the striated muscle. 


Table 1. ISOLATION OF COXSACKIE A7 VIRUS IN MONKEY KIDNEY TISSUE 


| CULTURES 
Strain Collection of specimen First Suckling 
name appearance mouse 
Year Area Source of CPE = pathogenicity 
EBL 7 1961 Nagaoka Faeces (healthy ist passage + (3)* 
| child) (9th day) | 
Z-0-52-7 1961 Nagaoka Faeces (healthy Ist passage — (4) 
child (lith day} 
83-G-35-4 1963 Takatsu Faeces (healthy 2ndt passage + (2) 
. child) (4th day) 
Natori-32 1963 Miyagi Faeces (healthy ist passage +(5) 
child) (9th day) 


.* Numbers in parentheses indicate the tissue culture passage level of each 
strain, at which suckling mouse pathogenicity was examined. 

, + The first passage showed no cytopathogenic effect (CPE) up to the sixth 

day after inoculation. 


(2) Cross-neutralization tests. The cross-neutralization 
test was carried out using antisera against various strains 
of Coxsackie A7 virus and some representative results are 
summarized in Table 2, These indicate that all the tissue 
culture adapted strains were equally neutralized by anti- 
AB IV, -63-G-35-4 or -Natori-32 immune sera. These 
sera also neutralized the Parker (Moscow) strain according 
to suckling mouse neutralization tests, but scarcely so in 
the case of Parker (CDC) and Kyoto-435 strains. Anti- 
serum against Parker (Moscow) strain also neutralized 
tissue culture adapted strains in the same manner as the 
homologous strain, but less strongly so against Parker 
(CDC) and Kyoto-435 strains. On the contrary, immune 
sera against the prototype Parker (CDC) of Kyoto-435 
strain neutralized tissue culture adapted strains to a 
lesser extent than the homologous strains. As a rule, 
immune sera against the strain Parker (CDC) neutralized 
Kyoto-435 strain as well as the homologous strain, and 
vice versa. Two immune sera, that is, M—5807-2 (monkey 
immune serum against Parker (CDC) strain) and SR-9-2 
(rabbit immune serum against Kyoto-435 strain), were 
rather exceptional, heterologous neutralization titres 
between these two strains being quite low compared with 
the homologous titres. 

‘The reason why the two lines of the prototype Parker 
strain of Coxsackie A7 virus show a shift in antigenicity 
has yet to be explained. It is interesting, however, that 
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all the tissue culture adapted strains of Coxsackie AT 
virus examined so far seem to be closely related to the 
prototype Parker (Moscow) strain, whereas one suckling 
mouse isolate, Kyoto-435, is closely related to the other 
line of the prototype strain, Parker (CDC). The findings 


demonstrate that monkeys or rabbits will respond in 


some cases, though not so frequently, to an agent more 
or less specfieally, producing rather  strein-specifie 
antibody, as was observed with the sera M-5807-2 and 
Sh-9-2. Extensive investigations using numerous strains 
of Coxsackie A7 virus, both tissue culture and suckling 
mouse adapted strains, are now under way. Complement- 
fixation and haemagglutination inhibition tests will also 
be included in further investigations. The date reported 
here would thus seem to indieate the importance of the 
selection of an adequate number of working sera for the 
identification of Coxsackie A7 isolates. 
KENJI Sopa 
Yasuo Morirsvueu 
Kyoko ODAWARA 
AKIO HAGIWARA 
Hipeo Kopama* 
Isamu TAGAYA 
Department of Enteroviruses and 
*Department of Pathology, 
National Institute of Health, 
Tokyo, Japan. 
* Voroshilova, M., K., and Chumakov, M. P., Prog. Med. Virol.,2, 106 (1959). 
* Habel, K., and Loomis, L. N., Proc. Sec. Exp. Biol. and Med., 95,597 (1957). 


* Ashihara, Y., Kawamura, G., Takeuchi, K., Sawada, S., and Kawai, M., 
Shonika Shinryo, 26, 63 (1963) (in Japanese). 


Herpes Simplex Virus Particles in the 
Nerves of Rabbit Corneas after Epithelial 
Inoculation 


Tus article demonstrates, for the first time, infection 
of deep ocular structures by herpes simplex virus as. 
revealed by the presence of herpes particles in the cells 
of the stromal nerves. 

Inoculation of the corneal epithelium of rabbits with 
herpes simplex virus produces an experimental disease 
that closely resembles naturally occurring human herpes 
simplex corneal infection (dendritic keratitis) in several 
ways: in both man and rabbit the epithelial lesions have 
a branching form, there is anaesthesia of the cornea, and 
the superficial ulcers respond to treatment with anti- 
herpetic drugs’. A certain number of human herpes 
simplex corneal infections are followed by inflammation 
of the deep layers (disciform keratitis)?; in such deep 
lesions, herpes virus is demonstrated much less frequently 
than in dendritic keratitis'*. Under proper conditions, 
similar deep keratitis can be produced in the rabbit by 
certain strains of herpes simplex virus, despite the fact 
that herpes virus and antigens appear to be limited to the 
corneal epithelium or endothelium?*5, 

We have investigated rabbit eye tissues by light and 
electron microscopy after infecting the corneal epithelium 
with a strain of herpes simplex virus which regularly 
produces lesions in the stroma’. At intervals after in- 


Table 2, CROSS-NEUTRALIZATION OF COXSACKIE AT VIRUS 
Testing virus i 
Antisera Serum Tissue culture adapted Suckling mouse adapted 

against strain code . . Parker Parker N . 
AB IV 119 (368) NYS~-58182  63-G~-35-4 Natori-32 (CDC) (Moscow) Kyoto-433 

ABIV SR-4-3 5:3 5-3 >40 3-6* 4-0 < 1-0 45 1-0 

ARIV M--5824-2 4-6 “7 50 4-8* iO < 1-0 <42 < 1-0 

ARIV H-419 3:3 3-3 > 3-0 2-5* 2-7 <10 2-4 <10 

§9-42-85~—4 SR-14-2 8-5 7:5 8-7 6°5 8-0 <10 70 1-6 

Natori-32 SR~24~1 4-0 50 0-5 6-0 oo <1-0 5-5 1-0 

Parker (CDC) SR~-12-2 2:0 15 2-5 5 1-5 T3 3°5 7-5 

Parker (CDC) M~-5867-2 2-3 3°5 4-0) 2-7 4-8 a7 4-7 1-5 

Parker (Moscow) CR-4 3-7 5-0 5-7 4-5 25 15 P4 <10 

Kyoto-435 SR-8-2 <15 2-5 25 2-0 2-5 4 2-3 8-5 

Kyoto-435 SR-9-2 <1-5 <1-0 <1-0 <1-0 < 1-0 <15 < 1-9 265 

Antibody titres are expressed as reciprocals of log, serum dilution, showing 50 per cent neutralization end-point against 34-300 TCI Digg OF L.D.sg 


of the challenge virus. 
—* 3,000 T.C.LPD.s was used as challenge virus, 
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fection, specimens were taken from the central cornea 
and corneoscleral junction (limbus). Small blocks of 
tissue were fixed in 3 per cent glutaraldehyde buffered 
with 0-067 M cacodylate, and then washed in a 0-1 M 
cacodylate solution containing 0:25 M sucrose. The tissues 
were post-fixed with 1 per cent osmium tetroxide in 
phosphate buffer, dehydrated in graded alcohols, and 
embedded in ‘Epon’ resin, Thin sections of this material 
were contrast-stained with uranyl acetate and lead 
acetate, and examined in an RCA 3# electron microscope; 
after the thin sectioning, thick sections (1-2 u) for light 
microscopy were cut from each block and stained with 
toluidine blue. 

Particles with the characteristic morphology of herpes 
simplex virus™’ were found in the corneal epithelial cells 
and in the nerves at the limbus. A herpes-infected corneal 
nerve in the limbal plexus, as described by Whitear’, 
is shown in Fig. 1. Within the nucleus of one Schwann 
cell in this nerve there are characteristic herpes particles 
bounded by a single membrane (“naked virus particles”) 
about 75-100 my in diameter and containing a dense 
central nucleoid (Fig. 2). Other virus particles are present 
at the cell membrane (Fig. 2); these are similar in structure 
to the nuclear virus particles, but possess a second limiting 
membrane or envelope. The cell was identified as a 
Schwann cell by the nerve axon in the cytoplasm and by 
the typical amorphous basement membrane just outside 
the cell membrane. The extracellular virus particles are 
lying between the plasmalemma and this basement 
membrane (Fig. 2). 

Since herpes simplex virus acquires its outer envelope 
from the cell membrane by a process of budding*, the 





Fig. 1. Light photomicrograph of a section from the limba region of a 
rabbit eve infected with herpes simplex virus 48 h previously. Much of the 
superficial epithelium is missing; the infected peripheral nerve (arrow) 
lies in the anterior layers of the stroma. Toluidine blue stain. (x 480) 


Fig. 2. An electron photomicrograph of the same Schwann cell in subse- 
quent serial section. In the nucleus (bottom) there are three dense cen- 
tred virus particles bounded by a single-membrane. At the cell surface 
there are two virus particles with two limiting membranes (upper right). 
The position of these virus particles between the cell membrane and the 
basement membrane would suggest that they had acquired an outer 
envelope from the cell membrane, but had not vet passed through the 
ment membrane, (x 43,000) 
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position of these extracellular virus particles makes it 
probable that they have budded out from the cell mem- 
brane and have not penetrated the thick basement mem- 
brane surrounding the cell. The presence of single- 
membrane particles m the nucleus, and of double-membrane 
particles between the plasmalemma and basement 
membrane, indicates that this Schwann cell has been the 
site of formation ef both naked and enveloped virus 
particles. 

Infection of the mbal nerves has been detected 48 h 
and 72 h after inoculation; further investigations are now 
in progress to determine the duration and extent of this 
deep ocular infection. Typical particles have been found 
regularly in the comeal epithelial cells, but none of the 
other stromal cells keratocytes) of the cornea or limbus 
show similar eviderce of infection despite the marked 
inflammatory response of these tissues. 

The presence of virus particles in these Schwann cells 
is the first direct morphological evidence that herpes 
simplex virus pro.iferates in the deep stroma of the cornea 
and sclera. It has been known for many years that herpes 
virus infection of the cornea, or other peripheral sites in 
the rabbit, often preduces encephalitis and that the virus 
can reach the central nervous system through the peri- 
pheral nerves’®. A recent re-evaluation of the patho- 
genesis of herpes encephalitis in mice by means of an 
immunofluorescent sechnique has shown that the virus 
reaches the central nervous system in blood-borne macro- 
phages (in young animals) or by an ascending infection 
of the peripheral nerves". Although the strain of herpes 
simplex used in these experiments rarely caused encepha- 
litis in rabbits, the agent did infect the Schwann cells of 
nerves beneath the corneal epithelium. If such a local 
dissemination of virus occurs in dendritic keratitis in man, 
this involvement of stromal nerves would offer an ex- 
planation for the corneal anaesthesia and involvement of 
deeper structures of she anterior segment of the eye found 
so regularly in humen cases of herpes simplex keratitis. 

This work was part of a project on viral keratocon- 
junctivitis carried out in the Francis I. Proctor Foundation 
and the Department of Microbiology, University of 
California Medical Center, San Francisco. We thank 
Dr. E. Jawetz and Miss V. R. Coleman for their help in 
this investigation, which was supported in part by the 
U.S. Public Health Service. 
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ENTOMOLOGY 


Micro-determination of Insect Blood Volume 


MetuHops of estimsting insect blood volume depend 
either on haemocyte counts before and after an injection 
of a measured volume of saline or on the dilution of 
amaranth dye by the haemolymph'!. The latter method 


thod, er. kely 


the housefly, because the volume of liquid used 
tion (0-1-0-2 ul.) is too small to be administered 

accuracy. 
= The following method, which is being used in our 
investigations of altering the ionic ratios in insect blood, 
has proved satisfactory in determining small blood 
volumes, and is based on the exchange of a cation which 
exists in abundance in the blood with ion-exchange 
resin. Sodium in both housefly and blowfly exists largely 

in the haemolymph. 

_ Cation exchange resin ‘1R-120’ sieved to a uniform 
-mesh of 36 is thoroughly activated to the (H+) form and 
: tested for complete absence of sodium by ashing a sample 
and testing with a flame photometer. This resin is strongly 
-. acidic and has an exchange capacity of about 16 ug Na*/10 

Beads at 20° C. 
feighed houseflies are held by suction on their dorsal 
entral side. An incision is made with a sharp hypoder- 
needle in the last abdominal segment, or inter-muscu- 
rly m the thorax, or even in the head capsule. Ten 
ads for flies weighing up to 20 mg are inoculated with 
chmakers’ forceps. After 10 min when the entire 
molymph has circulated the resin and the exchange 
ed equilibrium, the beads are carefully removed 
ith a little experience should be secured clean. They 
washed with de-ionized water, ashed, and their sodium 
ntent determined with a flame photometer. This 
presents the total blood sodium in equilibrium with the 











































A random sample of 1 or 2 ul. of blood drawn into a 
icro-pipette is mixed on a watch glass with the same 
aber of beads for a few minutes. The resin is washed 
t de-ionized water and the amount of Na* exchanged/ 
-is determined. The volume of blood = 


total blood (Na)}+ exchanged 
(Na)* exchanged/ul. 


© ion exchange equilibrium constant (Na)* solution/(Na)* 
sin, for up to 5 ul. of housefly blood using ten beads, is 0-3 
‘room temperature and it remains constant within the 
nge 15°-25° C. It is therefore necessary that both 
periments are carried out within that range. 

Four- to six-day-old houseflies fed on milk and kept 
25° C and in 50 per cent relative humidity showed a 
ood volume of 0-17+0-02 ul./mg wet body-weight. 
‘similar result was obtained for the blowfly (Phormia 
‘Taenovae), where again ten beads/20 mg body-weight 
were used. The blood volume of both species varied 
. @ecording to age and diet. 

The advantages offered by this method include: (1) 
-takes into account any blood which exudes from 
ancturing the insect, because the resin will exchange 
_. fons with it through the process of inoculation; (2) it 
ee ean be applied to insects much smaller than the housefly 
= using beads of suitable mesh; (3) it yields results very 
= Papidly. | l 
ooo E thank Dr. C. T. Lewis for valuable discussions and 
-the Tropical Pesticide Research Committee of the Depart- 
ment of Technical Co-operation for financial support. 
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Gm(g)—A “New” Ga 
THE four antigenetically d tide 
chain sub-types!~ of yG-globulin* are probably determined 
by genes at different genetic loci‘-?. Two of these, the = 
‘We’ and ‘Vi’ loci, are closely linked and related to the = 
Gm system*~?. Gm and Gm‘ are alleles belonging to the = 
‘We’ locus. Myeloma proteins or isolated yG-antibodies 
of the We sub-group are Gm(1) or Gm(4) (refs. 4 and 8} 
Gm? belongs to the ‘Vi’ locus where various partly identical 
genes are present®. Isolated yG-antibodies of the Vi 
sub-group are either Gm(5) or lack any known Gm 
factor’-*. It has been suggested that Gm(—5) antibodies 
of the Vi sub-group are determined by a hypothetical 
unidentified gene Gm-, which is the true allele of Gre | 
(refs. 4 and 6). T 

This communication reports a new yG-globulin factor, 
called Gm(g), determined by a gene, Gnw, behaving as > 
an allele of Gm at the ‘Vi’ locus. Gm(g) can be identified > 
by a haemagglutination-inhibition test! using anti-Gm(g) -= 
3978 and red cells coated with incomplete Gm(g) anti-D. 

Incomplete anti-D 4752 from a Gm(1,-2.4,5,g), Inv(-],, Tae 
—2) donor was characterized as a yG-antibody by prepara- 
tive ultracentrifugation and various tests with specific ©. 
rabbit antibodies to yG-, yA- and yM-globulin respec- > 
tively. Red cells (O,R,R,) coated by anti-D 4752 in > 
excess were strongly agglutinated by antiglobulin sera 
but not by several anti-Gm({(1),(2),(4), (5),(6),(8),(9),(10), 
(11),(12)) or anti-Inv ((1),(2)) reference reagents. Red- 
cells coated with pepsin-digested (Fab) anti-D 4752 were 
tested with anti-y-globulin factors detected by Fab 
yG-globulin. For convenience, such anti-y-globulin. — 
factors are called ‘pepsin-agglutinators’ and they show _ 
specificity for heavy chain sub-group determinants), 
Similarly, reference anti-D antibodies were also tested 
with at least two anti-Gm factors and four ‘pepsin- = 
agglutinators’ of each specificity (Table 1). All the | 
Gm(1) and Gm(4) anti-D antibodies belonged to the We- 
sub-group and Gm(5) anti-D to the Vi sub-group. Anti-D = 
4752 was a Gm({—5) antibody of Vi sub-group. 











Table 1. HEAVY CHAIN SUB-GROUP AND Gm SPECIFICITY OF VARIOUS  —. 
ANTI-D ANTIBODIES a 

Specificity of anti-D antibody 

Anti-D Gm-type of donor Heavy chain 

sub-group Gm-type 

3091 2,4, -5,8g We 1,2, B eg 

3311 1,~2,4,5,¢ We 1,~-2,-4,-3,-¢ 
3083 ~1,-2,4,5,-£ We 1 ~24,-5,-€ 
3358 ~1,-2,4,5,-¢ We ~1,~2,4,-5,-¢ 
3109 ~],-2,4,5,-2 Vi —1,-2,~4,5,-g 
3500 ~1,-2,4,5,-¢ Vi 1,~2,-4,5,-8 
4752 1,~2,4,5,8 Vi ~1,~2,-4,-5,¢ 


By using red cells coated with whole anti-D 4752 a = 
corresponding haemagglutinating substance in serum. 
3978 was found {titre 128}. Activity was also detected —— 
by anti-CD Ripley. No reaction was obtained with red = 
cells coated by each of thirty-six other strong incomplete 
anti-D antibodies specifie for at least one of the factors, 
Gm(1),(2),(4),(5),(6).(7),(8),(9),(10),(11),(12) or Inv (1),(2). 
Another serum (3765) showed a weak reaction with anti-D 
4752 and a strong reaction with reference Gm(1) anti-D. 
Activity detected by anti-D 4752 was only absorbed by 
red cells coated by anti-D 4752 but not by using Gm(1) 
anti-D. On the other hand, the anti-Gmi{1) activity of 
serum 3765 was only removed by Gm/(1) anti-D and not 
by using anti-D 4752. Sera 3978 and 3765, both Gm(-1,-2,—~ 
4,5,—g) were from patients with rheumatoid arthritis. = 
There was no prozone in the agglutination of red cells ~~. 
coated by anti-D 4752 or anti-CD Ripley. A 

The haemagglutinating substances of sera 3978 and = 
3765 were inhibited by native pooled yG-globulin and by 
yG-globulin of serum 4752, as characteristic for anti-Gm 








* The nomenclature used in this paper is that. drafted in Bull. Wid, HUR, 
Org.. 88, 721 (1965). 


No, 5046 JULY 16, 1966 


factors. No inhibition was obtained with Fab yG-globulin, 
which indicated that the reactive site was part of the Fe 
fragment. Results of density gradient ultracentrifugation 
and tests with specific rabbit antisera™, and of mercapto- 
ethanol-treatment"', indicated that the anti-Gm(g) factors 
were yM-globulins. 

Fifteen Gm(1,-4,-5) Caucasian sera which were Gm(2) 
positive or negative and fifteen Gm(—1,—2,4,5) sera, were 
tested in dilutions 1/4, 1/6 and 1/8 for inhibition of 2,4 and 
8 agglutinating units!’ of anti-Gm(g) 3978. All the Gm(1) 
sera inhibited the agglutination while the Gm(-1) sera 
did not. Similar results were obtained when isolated 
yG-globulin!® (2 mg/ml.) of the same sera was used. Gm 
typing’® of sera from a hundred unrelated Caucasian 
blood donors (Table 2) showed the following frequencies : 
Gm(1), 52 per cent; Gm(2), 25 per cent; Gm/(4), 91 per 
cent; Gm(5), 91 per cent; Gm(g), 49 per cent. All the 
Gm(2) sera were also Gm(1). Except for two sera which 
gave intermediate reaction in Gm(g) typing, all but one 
serum showed concordance between Gm(1) and Gm(g) 
types. Four agammaglobulinaemia sera were Gm(~g). 
Each of five isolated Gm(1) myeloma proteins kindly 
provided by Dr. M. Harboe were all Gm(1,-g). In a two- 
dimensional haemagglutination-mhibition, test!* the Gm(g) 
inhibiting capacity was weaker than that of Gm(1) in a 
given serum positive for both factors. 

Of thirteen American and twenty West Indian Negro 
sera, kindly provided by Dr. K. Kano and Dr. E. R. 
Gold, respectively, twenty-five were Gm(I1,—4,5,-g), 
five Gm(1,4,5,-g), one Gm(1,-4,5,g), one Gm(1,-4,-5,g) 
and one Gm(-1,4,5,-g). One West African Negro serum 
was Gm(1,-4,5,-g). 

Results of the serological tests indicated that Gm(g) 
anti-D 4752 and anti-Gm(g) 3978 determined @ yG- 
globulin factor distinct from previously known 
factors®:*-1%.14. The Gm(g) anti-D 4752 did not contain 
other Gm factors. According to the ‘one gene-one 
polypeptide chain’ concept (see ref. 6), Gm(g) is determ- 
ined by a separate gene. 

a findings indicated that Gmg 1s the true allele of 
a. 

(1) Anti-D 4752 was a Gm(-5) yG-antibody of the Vi 
sub-group. 

(ui) Anti-Gm(g) was found in Caucasian Gm(—1,—2,4.5, 
~g) sera, in one case coexisting with anti-Gm(]1). 

(iii) All sera tested were either Gm(5,-g), Gm(—5,g) or 
Gm(5,g). In Caucasians, Gm(g) and Gm(1) were usually 
inherited together, just as Gm(4) and Gm(5). Only one 
Caucasian serum was Gm(1,4,5,-g). Although the genes 
at the “We’ and ‘Vi’ loci are closely linked, ‘crossing-over’ 
oceurs®, which would explain this phenotype. The 
intermediate reactions are probably due to the very small 
amounts (0-25-1-1 mg/ml.) of Vi yG-globulin in normal 
gera', In Negroes Gm(1) and Gm(5) are inherited together, 
and Gm(4) is very rare in a Negro population without 
Caucasian genes'*. Accordingly, phenotype Gm(1,—4,5,—g) 
was most frequent ın American and West Indian Negroes 
and was also found ın the single West African Negro. The 
other phenotypes were explained by Caucasian ancestry 
in American and West Indian Negro populations. 

(iv) Gm(g) antibodies were uncommon. Two-dimen- 
sional haemagglutination inhibition experiments further 
indicated that only a small proportion of the yG-molecules 
in a Gm(g) serum carries the Gm(g) specificity. Gmg 
thus takes part in the synthesis of a relatively small 
amount of yG-molecules, just as Gm. 

Since Gmg is probably equivalent to the unidentified 
gene Gm- at the ‘Vi’ locust! (Fig. 1), the common gene 
complexes in Caucasians are Gm'Gme, Gm tGmg ond 


Table 2. Gm-TYPES OF 100 NON-RELATED CAUCASIAN SERA 
Gm(g) Gm(—g) Intermediate 
Gm(1 »74,—5) 9 0 0 
Gm{-1,4,5) 0 48 0 
Gm({1,4,5) 40 1 2 
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1 4 
g 5 


"We" locus 


"Vi" focus 


Fig. 1. Gm genes ot the “We’ and ‘Vi’ loci in Caucasian Gm(1,4,5,8) 
individuale. Probable localization of Gm? 


Gm‘Gm>. Further investigations of Gm(g) are at present 
being carried out. 

I thank Drs. H. Fudenberg, E. R. Gold, K. Halvorsen, 
M. Harboe, K. Kano, E. van Loghem, L. Mårtensson, C. 
Ropartz, A. G. Steinberg and M. Waller for generous 
provision of reagents which made this work possible. 
This study was aidec in part by a grant from L. Meltzers 
Hoyskolefond, Bergen, Norway. 

Note added in procf. Twenty-two African Negro sera 
kindly provided by Drs. T. E. Cleghorn and F. Lothe 
were all Gm(1,-4,5-g). Gm(g) has been given the 
designation Gm(21) by the WHO International Reference 
Centre for Genetic Factors of Human Immunoglobulins. 
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PATHOLOGY 


Polyarteritis Nodosa-like Disease in 
l Outbred Mice 


Helyer and Howie: described a disease of NZB/BL x 
NZY/BL and NZB/BL x NZW/BL F, hybrid mice 
closely resembling human systemic lupus erythematosus 
(SLE) in renal histology. A breeding nucleus of these 
mice was provided by Drs. F. and M. Bielschowsky and 
Dr. Howie, to allcw confirmation of their histological 
findings. Similar lesions were found in NZB/BL mice, 
although the age oi onset is later than in the B x W 
hybrids. Outbred albino Palmerston North (PN) mice, 
initially intended az controls, showed renal and arterial 
lesions more closely resembling human polyarteritis 
nodosa than SLE. A comparison of the two types of 
lesion is summarized in Table 1. Spontaneous arteritic 
lesions have been described in rats by Skold? and in mink 
by Leader*. Derirger* has described arteritis of the 
ovarian and small bowel arteries in BL/De mice, but 
generalized spontaneous arteritis in mice does not appear 
to have been described previously. 

The PN mice were bred in a small colony at the 
Palmerston North Hospital for 10 years, then used to 
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Table 1. COMPARISON OF RENAL CHANGES IN MICE OF PN AND NZB/BL 
TRAINS 


Tubular 
Arterial Perivascular dilatation 


Glomerular 
fibrinoid cells and/or casts change 
All renal PN 17 21 16 18 
lesions NZB/BL 1 16 11 22 
Cnimal PN 11 15 14 18 
lesions NZB/BL 1 4 7 20 
excluded 


Twenty-two PN and twenty-two NZB/BL mice of comparable age and 
sex were used. All show either glomerular change or arterial fibrinoid. 


establish a specific pathogen-free colony by Glaxo Labora- 
tories, Ltd. We are indebted to this firm for providing 
mice retired from intensive breeding at approximately 
6 months of age. Of 169 mice under investigation, 90 
mice have been examined post-mortem, and 28 of these 
show lesions. Three of the latter were found dead and three 
were killed prematurely. The remainder were killed when 
they became ill. The group is not homogeneous in that 
there were only 45 males and some were selected for 
albuminuria from a larger group at 6 months of age. 
Seventeen animals showed renal changes of moderate 
or marked degree, and five showed minimal changes. 
The renal tubules were dilated and in most cases contain 
casts. The glomerular affection was less severe than in the 
NZB/BL mice, wire loop lesions being clearly shown in 
only three PN mice but in the majority of NZB/BL mice. 
Marked perivascular cuffing with lymphocytes and plasma 
cells occurred in both groups of mice. Arterial fibrinoid 
necrosis, often localized to a segment of the artery, was 
seen in most of the affected PN kidneys. Eleven of these, 
and three additional mice, showed arteritis of other vessels 
often of a more acute type with polymorphonuclear and 
eosinophil infiltration. Coronary arteritis with myocardial 
scarring occurred in three mice. The splenic arterioles 
were involved in five cases, and the carotid, femoral, 
salivary, lymph node, and small bowel arteries were 
affected in two cases each. Fibrinoid change with loss of 
elastic tissue and localized aneurysm formation was seen 
in the ascending aorta in three animals and another died 
of a ruptured aneurysm of the abdominal aorta. This 
lesion was seen in only one NZB/BL mouse, which was 
not one of the comparison sample. Arteritis of medium- 
sized vessels was rarely encountered in NZB/BL and 
B x W hybrids. The fibrinoid in arterial lesions and 
glomeruli resembled that of human periarteritis and 
Aleutian disease of mink? in that it stained red with 
picro-Mallory, pink with periodic acid-Schiff and green 
with fluorescent antiglobulin. Pyronine staining was 
weak except in the glomerular loop lesions. Staining with 
the Feulgen reagent was negative. The arterial lesion 
stained faintly with alcian blue. Thioflavine T did not 
stain, except in two animals with amyloidosis as well as 
arteritis. Five of forty-eight animals without arteritic 
lesions showed amyloidosis. No lesions were seen in mice 
killed at 6-12 months after neonatal injection with a 
cell-free saline extract of kidney from NZB/BL mice 
affected by SLE-like disease. One PN mouse developed 
lesions at 9 months, but the majority developed lesions 
later, nine of forty-one at 9-12 months, and six of 
twenty-nine at 12-15 months. Adequate sections of the 
thymus were available in forty mice. Germinal centres“ 
were clearly discernible in four out of ten with arteritic 
lesions, and in one of thirty without. None of the eleven 
mice with lymphoma showed arteritis. This does not 
appear to be a result of earlier death from this lesion. 
The numbers are too small to comment on these findings 
or on the relationship to inter-current disease. Homo- 
geneous antinuclear staining previously described in 
outbred mice by Norins and Holmes® and in an inbred 
strain by Friou and Teague’ did not show a clear correla- 
tion with arteritis. Positive staining occurred in six of 
sixteen affected mice and in four of forty-four others. 
Two other mice with renal lesions showed transient 
nucleolar fluorescent staining. LE cells were not found 
in any of forty-four PN mice. One animal with leukaemia 
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had the only positive Coombs test of sixty-one terminal 
sera examined. 

The degree of the differences between the lesions of the 
PN mice and the NZB/BL mice makes it probable that 
they are separate but closely related conditions, one 
resembling polyarteritis nodosa and the other human 
systemic lupus erythematosus. This provides a further 
spontaneous animal model for the investigation of this 
group of diseases. 

This work was supported by grants from the U.S. 
National Institutes of Health, the Arthritis and Rheuma- 
tism Council, Great Britain, and the Palmerston North 
Medical Research Foundation. 
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PHYSIOLOGY 


Serum Cholesterol Levels in Alioxan 
Diabetic Rats after Loading with Various 
Alimentary Fats 


IT has been shown! that large amounts of lard taken 
orally for several days raised the serum cholesterol levels 
of alloxan diabetic rats above 300 mg per cent, whereas 
those of normal rats after the same loading remained at 
about 100 mg per cent. 

It is well known that dietary fats, especially those of 
vegetable origin, affect the serum cholesterol content. 
Russell ef al.2 demonstrated that 28 days of a diet con- 
taining 30 per cent lard produced a marked elevation of 
the serum cholesterol in alloxan diabetic rats. A 30 per 
cent corn oil diet, however, had no effect. 

The purpose of the investigation reported here was to 
investigate the effect of a brief excessive load of vegetable 
fat on the serum cholesterol content of alloxan diabetic 
rats. We used coconut oil, which is rich in saturated fatty 
acids, and sunflower oil, known for its relatively high 
content of unsaturated fatty acids. 

The experiment was carried out with male Wistar rats 
8-12 weeks after a subcutaneous injection of alloxan. 
Only the rats with blood ketone body levels above 10 
mg per cent 3 days after injection, and excreting more than 
5 g glucose within 24 h 6 weeks later, were used as dia- 
betics. The techniques and methods were as described 
previously!. The fat loading of the alloxan diabetic and 
the control normal rats was carried out as follows: on 
the first day the rats received five doses of coconut oil 
or sunflower oil (0-5 ml./100 g body-weight) through 
stomach tubes. On the second day they received the 
same oils in five doses each of 1 ml./100 g body-weight. 
15 h after the last feeding they were bled and the serum 
cholesterol content was determined using the micro- 


Table 1. SERUM CHOLESTEROL LEVELS IN NORMAL AND DIABETIC RAFTS 


(mg/100 mi.) 
Normal Diabetic P value* 
No fat loading 69 + 3-7 87 + B34 — 
(12) (18) 
Coconut oil ears 4°4 285 + 20:0 <0 01 
Sunflower orl 95 + 7-0 334 + 37-0 <OO1 
(7) (7) 


* Results of Student’s “E” test. 
+ Numbers in parentheses represent the number of animals ın each group. 
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method of Rappaport and Enchhorn’, 
During the course of the investigation it 
was found that the normal rats did not 
tolerate loading with coconut oil; one third 
of them died. The average values and their 
standard deviations of the serum chol- 
esterol levels for all groups of rats are 
given in Table 1. 

Table 1 shows that only coconut oil 
elevated the serum cholesterol levels of 
normal rats. In the alloxan diabetic rats, 
however, both vegetable oils caused the 
same striking rise of serum cholesterol 
as had the lard in the previous investiga- 
tion. These findings seem to be in accor- 
dance with the theory based on the work 
of Brady and Gurin‘ that the diabetic liver 
cannot convert acetate to long-chain fatty 
acids, but can synthesize cholesterol at the 
usual rate. On the other hand, impairment 
of cholesterin synthesis has recently been 
reported in alloxan diabetic animals®'‘. 

The fact that we could produce a three- 
fold increase of the serum cholesterol 
content of alloxan diabetic rats within 
60 h with various alimentary fats shows that 
in the diabetic animals it is possible to 
metabolize the two-carbon fragments broken down from 
the alimentary fats through an elevated synthesis of 
cholesterol. 
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Electro-optical Interaction in the Retina 


We have advocated! the use of combined electrical 
and optical stimulation of the human eye as a research 
tool, and have discussed? some experimental results 
‘obtained by Brindley* with this method. This article 
amplifies some of our previous? experimental results. 

In a series of experiments, we measured the angles 
p+ between modulated lights D“=L,(1+M sin wt) 


PHASE 
DEGREES 


Fig. 1. 
eve; optical test field 40°, pinkish Hight from 1B59 glow modulator tube. 
pupil, Frequencies are plotted on a parabolic scale 
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Fig 2. Attenuation of foremost human viiual mechanisms. 
Ordinate shows current amplitude divided i by corresponding modulation depth of light 





Phase shift of foremost human visual mechanisms Subject F.V., left (leading) 
No artificial 
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m 0.0002 cd/m? 


Same conditions as Fig. 1 


on a logamthmic scale. Frequency scale 1s parabolic 


and currents 7(¢)=<, sin (a@t—o@— r) applied to the eye 
simultaneously, which yield minimal total flicker per- 
ception. These angles were measured as a function of the 
frequency w/2x over a wider range of brightnesses Le than 
before?. 

We checked once more? that the value » obtained in this 
way does represent the phase angle by which L must lead 
i for maximal total flicker perception and thus probably 
is the phase shift applied to the light-signal by the fore- 
most part, or parts’, of the human visual system. It 
turns out that ọ is independent of t and M at fixed Lp. 
oa eas photcpic and scotopic results are presented 
in Fig. I 

It should be noted that, although in all runs the light 
stimulus was presensed on a 40° test field, actual photopic 
measurements bear on a few degrees in the centre of the 
field. Scotopic phase shifts bear on the periphery of the 
test field, where the electrical phosphene is much more 
conspicuous at these levels of adaptation. 

These data, whick were obtained using only one subject 
and with pinkish lizht from a 1859 tube, should illus- 
trate, nevertheless, the general behaviour. An artificial 
pupil was not used_ 

In the same series of experiments, the 
current amplitudes were set for optimal 
cancelling of light-induced and current- 
induced flicker by means of a procedure 
whick we described earlier*. Session-to- 
session variability of these settings pre- 
ventel a definition of the curves shown 
in Fig. 2 better than about 0:3 log unit. 

A sonsiderable low pass behaviour of 
the amphitude-versus-frequency curves oc- 
curs at all levels of brightness, as would 
be expected from the phase measurements 
(but we prefer to postpone a detailed 
discussion of this property for the time 
being) 

Itis certain, however, that the amplitudes 
obtained are not nearly proportional to the 
prevailing brightness Ly. On the other hand, 
strict proportionality between 7, and M at 
fixed La exists; the proportionalhty con- 
stant. ta/ M, depends only slightly on the 
brighuness ; it fluctuates from one half-hour 
session to the next. In the experimental 
series described here, at least 10 min of adap- 
tatior elapsed before any measurements 
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were made. This was necessary because of the slow adap- 
tational changes exhibited by the threshold for the 
electrical phosphene®§, 

The 1859 light source was used in a feedback circuit 
described earlier. As no mydriasis or artificial pupil was 
used, our data at low frequencies and medium brightnesses 
may be slightly influenced by pupillary movements. 

A current source of at least 120,000Q internal impedance 
injected current up to 0:5 m.amp root mean square by way 
of a 10 cm? ring-electrode placed over the upper and 
lower left eyelids of the subject. A large electrode on the 
right arm was connected to earth. The right eye was 
tightly closed. Zero phase angle in the foregoing means 
that maximum light flux and positiveness of the eye- 
electrode occur at the same time. 

The family of photopic curves probably represents 
some average activity of the three kinds of cone receptors 
recently? demonstrated. Whether or not this curve can 
be split up by using differently coloured or monochro- 
matic light, to show the relative phase shifts demonstrated 
by de Lange! and Walraven? in flickerphotometry, will 
have to be examined later. 

FE. VERINGA 
J. ROELOFS 
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Interference of Injected Tetra-n-Propyl- 
ammonium Bromide with Outward Sodium 
lon Current in Squid Giant Axons 


It was demonstrated recently! that tetraethylammonium 
(TEA*) chloride affects the potassium permeability of 
a squid giant axon in a very interesting way. After TEA+ 
3s injected into the axon to an axoplasmic concentration 
of about 40 mM, membrane resistance to outward Kt 
current is unusually high, while resistance to inward 
current remains about normal; that is, after injection the 
K+ permeable membrane has the property of “anomalous 
rectification”. This was interpreted to mean that TEA* 
ions enter the membrane from the axoplasm and stop up 
the K+ channels unless the channels are swept clear of 
TEA+t by mrushing K* ions. While testing other quater- 
nary ammonium salts for this property, it was found that 
tetra-n-propylammonium (Tn-PA*) bromide affected 
in this way not only the K+ current but also the Nat 
current. 

The experiments reported here were performed on 
giant axons of the Chilean squid Dosidicus gigas, and the 
techniques and artificial sea-water used were simular 
to those previously described?. 

In Fig. 1 are plotted current-voltage curves of the 
membrane, taken during the period of high Nat permea- 
bility by the method indicated in the inset: the membrane 
was depolarized to 10 mV to increase the Na* permeability, 
and a second voltage step was apphed at the peak of the 
Nat current transient so obtained. Current was measured 
immediately after the second step. Tn-PAt at an axo- 
plasmic concentration of 8 mM causes marked rectification 
of the current, while TEA* at the same concentration 
does not affect it (Fig. 1). Control curves similar to that 
shown (preceding which nothing was injected) were 
recorded after injection of both potassium chloride and 
potassium bromide in sufficient quantity to raise the 
axoplasmic K+ concentration by 10 mM ormore. Fig. 2a 
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shows the currents produced by longer depolarizing steps, 
at an axoplasmic Tn-PA* concentration of 10 mM. The 
first peak in the curves is the Nat current, while later 
current ıs K+. In the depolarization to 90 mV, which is 
beyond the Nat equilibmum potential, changes can be 
seen in both the Nat and the K+ current. When the trace 
first reappears, the current (Nat) is decreasing in magnitude 
rather than increasing as it does in the control curve 
(Fig. 2b). This implies that the rectification of Nat 
current after a voltage step is not established instan- 
taneously, and that we observe here its time course. The 
K+ current displays a hump resembling that produced by 
2-4 mM TEA+ (Fig. 2b): the K+ current increases, decreases, 
then increases slowly. 

These results raise two questions: what properties of 
these quaternary ammonium ions cause them to compete 
with Nat and K+ for the current channels, and why do 
they stop up the channels instead of simply passing 
through ? The most obvious answer to the first question 
is that these two ions, in solution, may be similar in size 
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to hydrated Na” or K+ as the case may be. In crystals, 


at least, the sizes of the ions can be compared easily. 


In KAI(SO,),.12H,0 the K+ ion is surrounded by six 
water molecules at a distance from K+ to oxygen of 2:94A 
(ref. 2) (all distances will be centre-to-centre distances). 
The distance to the centre of the entire water molecule is 
perhaps 3A. Adding to this 1:45 A, which is half the dıs- 
tance between water molecules in pure water, the maximum 
radius of the K+ ion with one hydration shell is about 
4-45 A. This is similar to the maximum radius of TEA+ 
in crystalline tetraethylammonium iodide*, which is 4-6 A 
if the radius of the terminal ——CH, group is taken as the 
van der Waals radius of 2A (ref. 4). TEA+ (and also 
Tn-PA*) probably does not have a hydration shell in 
solution’, so nothing more need be added to the 4-6 A. 
The fact that the larger Tn-PA* ion (5:9 A by the same 
calculation, with arms fully extended’) interferes with the 
Na* current suggests that in solution Na+ may be more 
hydrated than K+. In NaAl(SO,),.12H,O the Na+ ion is 
surrounded by six water molecules at a distance of about 
2-5 A (ref. 2). In solution, the first hydration shell may be 
more complete, since it is sterically possible to fit in more 
than six water molecules. A second layer added to a 
closely packed first layer (that is, with water molecules 
2-9 A apart) would be at a distance of about 4-2 A from the 
Na+, making the maximum radius about 5-65 A. These 
radii must not be taken too seriously, but they do suggest 
that in solution the hydrated K+ ion is similar in size to 
TEA+, and the hydrated Nat similar to Tn-PAt. Tn-PAt 
perhaps competes with K+ when its hydrocarbon arms 
are not fully extended. The reason why TEA+ and Tn- 
PA* stop up the channels is less apparent. These ions are 
less radially symmetrical than Nat and K+, and this 
may allow them to approach more closely and thus bind 
more tightly to a (hypothetical) negatively charged group 
in the membrane. The fact that both TEA+ and Tn-PA+ 
are effective only when inside the axon indicates a differ- 
ence between the inside and the outside of the membrane. 

Fortified with this evidence that the K+ ion in solution 
has one hydration shell while the Nat ion has two (a view 
that is widespread but not conclusive), ib is easy to proceed 
to a simple theory of the cation selectivity of the mem- 
brane. In Fig. 3 the large circle represents a site selective 
for Na*. The site has a negative charge, but its precise 
character is unimportant so long as it is a good fit for a 
hydrated Nat ion and its circumference is rigidly fixed. 
Entry of a hydrated K+ ion (medium size circle) would 
only partially fill the site, leaving an appreciable space. 
Water molecules, the smallest available molecules, could 
not fit, and the space would remain empty, even though 
its total volume was equal to that of a number of water 
molecules. Creation of such a space would require a 
great deal of energy, for to make a hole the size of a single 
water molecule in an aqueous solution requires as much 
energy as the transport of a water molecule from the 
aqueous to the vapour phase. Still more energy would be 
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required to lower the dielectric constant of the space’. 
The large energy berrier resulting from these two factors 
would prevent the entry of the K+ ion. The hydrated 
Na+, on the other nand, would be too large to enter a 
Kt selective site, waich would be similar to the Nat site 
but smaller. This selectivity hypothesis does not depend 
on the exact value of the radii used here, which are not 
likely to be absolutely correct. 

I thank my wife for dissecting the axons used, all 
members of the Eiophysiecs Laboratory for help and 
discussion, and the Estacién de Biologia Marina for 
facilities. 
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FSYCHOLOGY 


A Two-hour Reading Course 


Ir seems likely that the improvements brought about by 
reading efficiency courses are largely due to such factors 
as increased concentration rather than the training of eye 
movements or ‘pereeptual skills’)?. It has been sug- 
gested®-‘ that increasing one’s concentration while reading, 
or ‘reading more actively’ (a term frequently used by 
instructors), results in an increasing use of the redundancy 
of the passage being read, making the immediate stimulus 
more easy to recogn:ze and process further. 

To test the practizal implications of such a hypothesis 
a single session reading course was designed to mclude 
the following features: 

(1) An initial 450-word passage followed by a compre- 
hension test consisting of ten simple open-ended questions. 

(2) Short lectures on bad reading habits: (a) inadequate 
concentration; (b) vocalization or sub-vocalization; (c) 
unnecessary regressions. 

(3) Reading a short selection of statistical approxi- 
mations to English (first, third and sixth orders) to illus- 
trate the existence cf constraint in the language without 
reference to meaning. 

(4) An illustration of the effects of context on word 
recognition. This was accomplished by flashing several 
words on a screen, initially in isolation then with a context 
sentence which predicted it to a small degree, finally 
with a context sentence which predicted the word to a 
high degree. The ex>osure time and contrast were chosen 
so that about a third of the students saw the word on the 
first exposure, a further third on the second exposure and 
nearly all when the word was briefly exposed with a strong 
context. 

(5) Illustrations of the notion of backwards redundancy 
on the level of both. words and ideas, indicating to what 
extent regressions may be unnecessary. 

(6) Five 3-min sessions of silent reading of a ‘Pelican’ 
or similar non-fictior. volume, during which students were 
expected to keep in nind what they had just been told. 

(7) A final passage for reading with a comprehension 
test. 

The whole procedure lasted just less than 2 h, and there 
were interspersed fraquent statements of the type “You 
can all improve your reading efficiency’’ and similar 
exhortations and en2ouragements. 
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Tabie i 
Sub-group 1 Sub-group 2 
(n= 36) (mn = 26) 
Laitial test— Fimal test— Initial test— Final test— 
A B B A 
Mean efficiency 211 243 161 242, 
Mean efficiency 211 252 158 252 
Mean improvement 33 per cent 80 per cent 
Median improvement 19 per cent 45 per cent 
Wilcoxon T 140 11 
(P <0 002) (P <0 0001) 


Note: The word ‘efficiency’ is defined as the product of speed of reading in 
words per minute and the fractional comprehension. 


The students were personnel on a U.S. Air Force base; 
three lectures have been given, with a total of sixty-two 
students. Two passages, A and B, were used, some of the 
students reading A initially and B finally and the rest 
vice versa. The time for reading was taken by the students 
to the nearest 5 sec and the reading efficiency was calcu- 
lated as the product of the speed of reading in words per 
min and the fractional comprehension score. The results 
are shown in Table 1. 

It is clear that the group as a whole improved its reading 
efficiency in the 2 h. The best estimate of the average 
improvement is about 30 per cent, one student improving 
by 500 per cent and fifteen students performing less well 
on the final test than on the initial test. The mean group 
improvement found on commercial courses, which take 
from 15 to 27 h, is about 50 per cent. 

Three points must be made about the present course. 
First, the course was held in the evening following a full 
day’s work for the students, and the course itself was 
reportedly exhausting. Accordingly, the final scores might 
be artificially low. Secondly, as opposed to this, the only 
real test of a course of this kind is the long-term effect. 
It is likely that many of the students in the absence of 
further encouragement will not maintain their improved 
performance. Thirdly, the course makes no direct attempt 
to extend the students’ capacity, merely to show them 
what kinds of relevant knowledge they already have. 
For some of the people, for example, an extensive vocabu- 
lary training would be necessary. This was pointed out 
to the classes, as were a few fairly obvious ‘‘reading tech- 
niques” such as the advantages of reading the summary of 
a book before tackling the main body, and the different 
strategies which one might use when reading material for 
specific purposes; but for some people more detail of this 
kind would be necessary. It was clear, however, that 
many of the students had never realized that language was 
redundant, nor that they need not read every word of a 
text. In some cases a short course of this kind could be 
as effective as a longer one. 

JOEN MORTON 
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When Recognition is No Better than Recall 


Recent findings have thrown doubt on the validity of 
the generalization that it is easier to recognize than to 
recall. Davis et al.', using a list of fifteen two-digit numbers 
as stimuli, found that if all ninety possible numbers are 
presented in a recognition test, performance is no better 
than recall when both are tested immediately after the 
presentation. 

I have made-s similar comparison of recognition and 
recall using-a list of English counties as stimuli. (This 
research was carried out before the recent boundary 
changes.) Counties preserve the advantage numbers have 
of being a clearly defined, limited, and enumerable category, 
but whereas all subjects can generate all ninety two-digit 
numbers at will, they are not able to list all the counties. 
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Table 1. MEAN RECALL AND RECOGNITION SCORES FOR COUNTIES 


Stimuli Recall Recognition 
Commonly named 5-45 6°27 
Rarely named 3°86 527 
Average 4-65 5 27 


The experiment was carried out in two stages. In the 
first, response availability was examined. Eighty-six 
young newly-enlisted mon, tested in groups of 10-20, were 
asked to write down the names of all the English counties. 
‘Ten minutes were allowed, by which time all had stopped 
writing. A mean, number of 19-99 out of a possible 40 
were listed (S.D., 5-45). The frequency with which any 
particular name was listed ranged from 93 per cent of 
subjects (Hampshire) to 9 per cent (Huntingdonshire). 

In the second stage, two lists of counties were selected 
as stimuli for memory experiments in which free-recall 
and recognition measures were compared. One list con- 
sisted of the six most frequently named counties. The 
other consisted of the six least frequently named ones. 
To lengthen the lists of stimuli sufficiently to exceed the 
memory span, and thus induce some errors, six additional 
counties from the middle of the response-availability range 
were added, three at the beginning and three at the end. 
The same six buffer items were used with both lists and 
they were not counted when assessing performance. 

The stimuli were printed on large cards and were 
presented one at a time with a 5-sec exposure and a l-sec 
interval between items. Memory was tested immediately 
after presentation. Alternate members of each group were 
required to recognize the stimuli from a list of all forty 
counties typed in random order, while the remainder had 
a blank sheet of paper on which they had to write out 
the twelve they had seen in any order. Three minutes 
were allowed for this test. Three groups of fresh subjects 
were tested with each list, the order of presentation of 
the critical stimuli being varied each time. Altogether, 
twenty-two subjects were tested under each condition. 

The mean performance on the critical stimuli is shown 
in Table 1. It can be seen that although recognition is 
markedly better than recall for the rarely named counties 
and is better overall, with the commonly named counties 
recall is slightly superior. 

Similar tests have been carried out with a 40-min delay 
between presentation and test, during which time the 
subjects were kept busy with other, unrelated, experi- 
mental tasks. With the commonly named counties the 
mean, performance on, recognition was 5-07 (fifteen sub- 
jects), while that on recall was 4-31 (sixteen subjects). 
The superiority of recognition under this condition was 
statistically significant (P < 0-02). With two-digit 
numbers, however, introduction of the delay did not lead 
to significant advantage for recognition. The relevant 
scores were: recognition, 8-07 (forty subjects); recall, 
7-85 (forty subjects) P > 0-25. 

The picture is thus rather complex, but it would appear 
that on immediate test recognition is no better than 
recall for readily available responses. A fuller account of 
these experiments and their implications will appear 
elsewhere. 


H. ©. A. DALE 
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Vertical Sinusoidal Vibration as a 
Psychological Stress 


Mosr modern vehicles move, by design or accident, to 
some extent in all six theoretical axes (movement along 
and rotation around the three orthogonal axes, fore-aft, 
side-side, and up-down). Whole-body vibration is likely 
to be applied to human occupants most frequently and 
with greatest power in the vertical (seat to head) direction, 
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however!. Investigations of major physiological and Table 1 
psychological effects of vertical vibration have, in addition, Hypothetically increasing stress level 
usually used sine-wave forcing functions as a necessary ae ron roe cana 0-5g at 0 5g at 
research convenience®. Static 6-7 cje 4°8 c/s 

Reviews of vertical smusoidal vibration effects!-* Hypothetically + Digits 5-30 i A W 
related to psychomotor performance generally report Zeteasing pisis a0 13 1-4 15 
two areas of impairment; fine motor control and vision. difficulty Digits 1-5 1-2 1-4 16 


Both effects derive from body resonance phenomena, 
which are primarily dependent on frequency. For example, 
vertical oscillation at about 5 c/s produces a marked 
resonance of shoulder-girdle and abdominal contents, 
which in turn means that manual dexterity is degraded, 
and unpredictable relative motions obtain between the 
eye and the visual target. These are examples of the 
specific effects of vibration stress. 

Non-specific stressor action, resulting in experimentally 
demonstrable impairment of mental function, has only 
rarely been reported for vibration. Theoretically®* man has 
a finite capacity for handling information, and if some of this 
is devoted to persistent anxiety about his organic integrity 
it should be possible to show that a limited capacity re- 
mains for carrying out tasks. Two experiments are reported 
which set out to test this hypothesis’. 

The psychological task chosen combmes mental arith- 
metic and immediate memory. Subjects have a list of 
digits read out to them, and are required to give the sum 
of the last two digits presented. As an example, the series 
5..7..3..11..8 has solutions 12..10..14..19. 
The task thus involves storing one item from an operation 
while performing that operation. Interpolated items of 
this type are known to accelerate the normal decay of 
immediate memory®. 

In the first experiment, five adult male subjects were 
exposed to vertical sinusoidal vibration at 4:8 and 6-7 
c/s, at an acceleration-amplitude of 0-5 g applied to the seat, 


for two 15-min exposures at each frequency. Two sets, 


of digit lists were prepared, using the numbers 1—5 (four 
problems) and 4-20 (sixteen problems) in random order. 
Possible learning or adaptation effects were reduced by 
arranging the vibration, conditions and digit lists in a 
different random combination for each subject. The 
presentation of and response to the tasks were tape- 
recorded, and two measures of performance derived. The 
first, the time taken to complete a list, included the total 
time the subject used in computation; the time which the 
experimenter spent in reading out digits was subtracted. 
The second measure was the total number of addition 
errors made. A final index of performance, indicating the 
time spent achieving each correct addition, was derived 
from these two measures. An, analysis of variance of these 
results demonstrated that performance on the sixteen- 
problem lists was adversely affected by vibration at either 
frequency, compared with performance when stationary. 
There was no difference between the conditions at 4'8 
and 6-7 c/s, even though the former is by general agree- 
ment the more uncomfortable ın terms of body trans- 
missibility. The four-problem list is considered to have 
been too easy to be sensitive to stress effects. 

In the second experiment, eight adult males who were 
then military jet pilots were experimented on. They were 
exposed to the same vibration conditions, but for two 
10-min exposures only at each frequency. Two new sets 
of digit lists were constructed, using the numbers 1—10 
(nine problems) and 5-30 (twenty-five problems). Eight 
subjects allowed possible order effects to be balanced 
out over the total experimental design, a procedure which 
has some advantages over randomization. Identical 
measures of performance were used to derive the metric 
time utilized per correct response. Analysis of variance 
showed that vibration had impaired performance of the 
nine-problem list, but not of the twenty-five-problem 
list, which was judged to have been too difficult relative 
to the learning opportunity available. Again, the con- 
ditions at 4-8 and 6-7 c/s did not give rise to significantly 
different impairments. 


Table 1 presents means for these data. Although these 
cannot be tested statistically (because of different subject 
populations and experimental treatments) this table does 
lend support to the theory, partially confirmed elsewhere®'’, 
that stress level and task difficulty operate synergistically 
to diminish human information processing ability at 
higher levels. 

H. F. HUDDLESTON 
Royal Au Force Institute of Aviation Medicine, 
Farnborough, Hampshire. 
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Bract Pigmentation in Bananas 


Srmmonvs! investigated the pigmentation of the bracts 
of wild banana species and edible cultivars. Of the two wild 
species from which the Eumusa series of edible bananas 
are derived? Musa acuminata was found to contain a 
mixture of delphinidm, petunidin, malvidin, cyanidin, 
and peonidin, that is, both cyanidin, delphinidin and their 
methylated derivatives, whereas Musa balbisiana contained 
only a mixture of delphinidin and cyanidin. | Methylated 
anthocyanidins were absent. The bracts of edible bananas 
were found to have “broadly, the pigments expected on 
taxonomic and genetic grounds but show an (unexplained) 
tendency towards a generally lower level of methylation 
of the anthocyanidins’’?. That is to say, some cultivars 
clearly derived from M. acuminata nevertheless only 
contained non-methylated anthocyanidins. At the time 
of the 1954 investigation the various geographical sub- 
species of Musca acuminata were not yet clearly defined 
and little material from Melanesia was available. We 
now have available in Honduras a much larger Musa 
collection’ of which 526 accessions of Musa acuminata, 
Musa balbisiana, and their cultivars having bracts 
pigmented with anthocyanin have been examined. 

The methods of extraction, hydrolysis, and paper 
chromatographic separation were as described by Sim- 
monds?. l 

The results with the wild species are summarized m 
Table 1. i 

Clones in which the anthocyanıdins are not methylated 
are found not only in M. balbisiana, but also in the banksii 
(New Guinea) and errans (Philippine) geographical sub- 
specios of M. acuminata. The lack of methylation 15 not, 
therefore, confined to AT. balbisiana as Simmonds believed. 


Table 1. ANTHOOYANIDINS IN Musa acuminata AND Musa baldisiana 


Wo, contain- No. also 
Woof nga etd 
-species accessions cy n- me 

sal i tested delphinidin anthocyanidins 

M. acuminata burmanica 8 0 A 

M. acuminata siamea 6 0 

M. acuminata truncata 6 0 : 

M. acuminata zebrina 8 0 

M. acuminata microcarpa 7 0 7 

M. acuminata aceensis 19 0 19 

M. acuminata errans 4 1 3 

M acuminata banksii 15 9, 6 

M, balbisiana 14 14 $ 
Totals 80 24 56 - 
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Table 2. ANTHOOYANIDINS IN THE BRacts OF M. acuminata EDIBLE 
CULTIVARS (858 ACOESSIONS) 


Presumed . 

derivation Diploid Triploid Total 

of cultivars* Ut Mt U M U M 
samea 0 1 0 11 0 12 
zebrina 0 16 6 29 6 45 
microcarpa 31 37 0 5 31 42 
malaccens1s 1 15 51 58 52 68 
errans 1 8 1l- 0 12 8 
banksii 22 22 6 27 28 49 
Totals 55 99 74 125 129 224 


* D. L. Richardson (unpublished work) 
t U, Number of accessions with only cyanidin and delphinidin. M, 
Number of accessions also containing methylated anthocyanidins. 


This makes it less surprising to find cultivars derived 
from M. acuminata cultivars lacking in methylated 
anthocyanidins which, as Table 2 shows, are relatively 
common. 

Half of the diploid cultivars derived from banksii 
have bracts which contain only non-methylated antho- 
cyanidins. This is not unexpected, as a similar distri- 
bution is found in the wild sub-species. It is, however, 
unexpected to find so many cultivars of microcarpa 
derivation which do not contain methylated anthocyani- 
dins. These include such common edible bananas as 
‘Eda-an’ and ‘Pisang jari buaya’. 

Triploid acuminata cultivars lacking methylated antho- 
cyanidins are also common. These are not confined only 
to the Cavendish group as believed by Simmonds’, but also 
include ‘Pisang susu’ in the malaccensis group and the 
Philippine Lacatans among others. 

In agreement with Simmonds? it was found that among 
these accessions derived from both M. acuminata (AA) 
and M. balbisiana (BB) the AB diploids (three tested) 
contained methylated anthocyanidins, the AAB triploids 
were mixed (thirty-one U, sixteen M), and the ABB 
triploids (thirty-seven tested) contained only unmethy- 
lated pigments. 

Of the naturally occurring tetraploids‘, Atan (AAAB, 
two accessions) and Kalamagol (AABB, two accessions) 
contain methylated anthocyanidins, whereas Klue Teparod 
(ABBB, two accessions) contains only unmethylated 
pigments. A high proportion of genic contribution from 
Musa balbisiana obviously results in bracts lacking in 
methylated pigments as with Musa balbisiana itself. 

Of greater importance to a banana breeding programme 
is hybridization within the acuminatas and bract pig- 
mentation may be a convenient genetic marker. Accord- 
ingly, the inheritance of pigment type within Musa 
acuminata is being investigated. 


W. G. C. FORSYTH 
K. 8. HAMILTON 
Vining C. Dunlap Laboratories, 
Tela Railroad Company 
(Subsidiary of United Fruit Co.), 
La Lima, Honduras. 


* Simmonds, N. W., Ann. Bot ,18, 471 (1954). 

* Simmonds, N. W., Bananas (Longmans, London, 1959). 

* Simmonds N. W., The Evolution of the Banana (Longmans, London, 1962). 

t Richardson, D. L., Hamilton, K. S., and Hutchison, D. J., Trop. Agric. 
42, 125 (1965) 
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Mode of Action of L-Threo-@-phenylserine as a 
Chemotherapeutant of Cucumber Scab 


VERTAIN ‘ amino-acids, such as L-threo-$-phenylserine, 
have beon shown to reverse the action of indoleacetic 
acid on root growth of cucumbers, bud development of 
beans and epinasty of tomatoes. It was thought that a 
relation might exist between the activity of such com- 
pounds as auxin antagonists and their chemotherapeutic 
eles against certain fungal diseases including cucumber 
scab}, 

Competitive inhibition of auxin action by these com- 
pounds seems less probable than an indirect effect. I 
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have shown that after application of 0-02-0-:005 M 1- 
threo-8-phenylserine to the roots of cucumber seedlings, 
crude extracts of the hypocotyls and cotyledons possess 
higher IAA oxidase activity than extracts of untreated 
plants. This might explain the antiauxin activity of 
u-threo-f-phenylserine. 

If there is a relation between the increase in IAA 
oxidase activity and the decrease in the JAA content of 
the plants on the one hand and the increase in resistance 
against Cladosporium cucumerinum on the other hand, 
other substances influencing IAA oxidase activity may be 
expected to influence the susceptibility as well. Thus 
B 995 (N-dimethylamino succinamic acid) and CCC 
((2-chloroethyl)trimethylammonium chloride), which pro- 
duce an increase in [AA oxidase and peroxidase activity 
in cucumbers’, should increase the resistance. Guibberellic 
acid should have an opposite effect*:*. 

The influence of these substances on the susceptibility 
of cucumbers for C. cucumerinum was investigated by 
applying the compounds to the roots of 7-day-old cu- 
cumber seedlings var. ‘Lange Gele Tros’, or by spraying 
twice on the green parts. The seedlings were moculated 
with a suspension of spores of C. cucumerinum after 
treatment. The severity of the disease was assessed 
according to the rate of infection of the hypocotyls after 
incubation for 3—6 days at 20° C in a moist atmosphere. 
The disease indices given in Tables 1 and 2 have been 
calculated using a scale from 0 (healthy) to 4 (severely 
diseased). 

Table 1 shows that both B 995 and CCC (obtained by 
courtesy of G. Ligtermoet and Zn.) have a protective 
effect. Higher concentrations caused injury, particularly 
to the roots. The protective effect of B 995 and CCC and, 
to a lesser extent, that of L-threo-§-phenylserine (S.A.F. 
Hoffmann La Roche and Co.) was reversed by simul- 
taneously administering gibberellic acid (potassium salt, 
Nutritional Biochemicals Corporation). The effect of 
gibberellic acid alone was investigated by applying it to 
the roots in various concentrations and determining the 
disease index 3, 4 and 5 days after inoculation. Untreated 
plants showed the maximum index, 4, at the fifth day 
after inoculation, but plants treated with gibberellic 
acid 450, 90 and 18 p.p.m. reached this stage already 
after 3, respectively 4 days. Even treatment with 3:6 
p.p.m. seemed to result in a somewhat faster development 
of disease symptoms. The increase in susceptibility 
caused by gibberellic acid could also be demonstrated by 
inoculation with a spore suspension of a concentration 
that would not cause maximum infection in untreated: 
plants, but would do so in plants treated with gibberellic 
acid. Moreover, under our experimental conditions only 
seedlings inoculated 7—9 days after sowing show the 
typical symptoms of a heavily diseased hypocotyl, whereas 
in older plants the first leaf is attacked instead. After 
treatment with gibberellic acid, however, the hypocotyl 
appeared to remain susceptible for a longer time. The 
fact that disease symptoms appear particularly in the 
younger growing parts of the plant may be important 
in itself in this connexion, since these usually contain 
more JAA. 

Table 2 shows that spraying with LAA also increased: 
the susceptibility of the seedlings. This result points to 
a direct relation between the IAA content of the plants 


Table 1. PROTECTION OF CUCUMBER SEEDLINGS AGAINST C. cucumerinum 
BY TREATMENT WITH VARIOUS SUBBTANOBS AND REVERSAL OF THE EFFLOT 
AN BY GIBBERELLIC ACID ` o 


-s r 


Concentration . ` Disease index— gibberellic acid 


(p.p.m ) 0 50 p p.m 
L-threo-f-pheny serine 905 0-9 " Le? 
` 152-5 2-4 3B 
B 995 £50 0-8 3:9 
a9 125 2°9 ` 4-0 
CCC 250 18 -3-8 . 
9 125 2°7 40 
Water 3°7 40 


Disease index determined 5 days after inoculation. 






















































ATO DIFFERENT Times AFTER `: 





D BY OMPARING DISEASE INDICES 
a INOCULATION 


 tonientration of Days after inoculation 


ndoleneetic acid CM) 4 6 
0-001 2-9 sa 40 
06-0002 2°7 3:3 4-0 
0:00004 2-3 a4 37 
0000008 2+} 34 3°6 
Water 1-9 2-8 3:4 


and their susceptibility to C. cucumerinum. Thus it may 
_be considered to support the hypothesis that the chemo- 
_ therapeutic action of phenylserine is mediated through 
its influence on IAA oxidase activity. The activity of the 
enzyme in vitro was not influenced by adding phenyl- 
serine. This means that the increase in activity in treated 
plants must. þe effected in an indirect way. Elema* 

ind that gibberellic acid in peas inhibits formation of 
Toumaric acid, a co-factor for enzymatic IAA oxidation: 


; gibberellic acid restored [AA oxidase activity. 
tempting to explain the effect of phenylserine by 
ig increased production of p-coumarie acid or 
ompounds acting as co-factors for IAA oxidase 
sted plants. 
preliminary experiments have so far been carried 
Hee pe action of other chemothera- 





= ‘also be involved. 
a l O. M. VAN ANDEL 
Research Unit for Internal 


e goningen, ; 


Andel, O. M., Phytopathol. Z., 45, 66 (1962). 

o Andel, O. M., Tijdechr. Plantenziekten, 64, 307 (1058). 
‘alevy, A. H., Plant Physiol., 38, 731 (1963). 

Bema, J. thesis, Univ. Utrecht (1960). 


SOIL SCIENCE 


Seleniferous Soils in Parts of England and 
: Wales 


GEOCHEMICAL reconnaissance by stream sediment sam- 
ling of 3,000 square miles in the Midlands, North Wales 
nd. South-west England disclosed extensive areas 
iaracterized by abnormally high molybdenum contents 
-5-60 p.p.m. compared with normal background of 
p. p.m. The technique used was similar to that 
plied in Eire!, and in view of the association of selenium 
olybdenum in that country, a selection of the British 
„also analysed for selenium. The results 
lenium to be present in stream sediments in 
46 anomalous molybdenum areas, with maximum 
ng from 3-8 to 9-0 p.p.m. selenium compared 
ormal background of <0-2 p.p.m. (Table 1). 
J, ig up the stream sediment indications, prelimin- 
ry B01 samples have been collected from selected anom- 
iment areas. Sample sites were chosen on low- 
‘drained organic soils, which Irish experience''4 
to be favourable for the accumulation of 





RANGE AND MEAN CONTENT OF SELENIUM AND MOLYBDENUM 
IN STREAM SEDIMENT 


i No. of Se Mo 
: Area samples (p.p.m.) (p.p.m.) 

shire and Derbyshire 22 0-2-9-0 5—40 
16 < 0-2-4-0 1-25 

1:3 13 
23 0:2-3-8 5-10 

1-9 § 

< 0-2 <2 


Amesh fraction; selenium was determined colori- 
molybdenum spectrographically (ref. 3). 





sccumerintien CAUSED BY SPRAYING wirrn I DOLRAUBTIC "ACID. AS DEMON- z 









































Table 2 Pinan AND MEAN CONTENT 


IN POORLY DRAINED: SOILS IN ANOMALOUS r AREAS 5 





Area TEE E depth tin. yo A p. n 3 ; 
North Staffordshire 8 12 15-70 
and Derbyshire 4-0 
Caernarvon 4 0-8 a S 
Devon 4 12 ve 
1° 
Normal background <0-2 <5 


Data refer to minus 80-mesh fraction. 


SELENIUM AND MOLYBDENUM CONTENT OF SELECTED Boc 3 a 





Table 3. 
FROM THE ANOMALOUS ARBAS r is tag 
Se Moe 
Area Rock-type (p.p.m.) pm ; 
North Staffordshire Lower Carboniferous eee 
and Derbyshire Marne shales 2-24 
Sandstone 2 
Limestone 0-2-1-0 
Caernarvon Ordovician 
Darz grey slates 0-7 
mc pyritic slates—upper 45-65 
Tuf 13 
Black pyritic slates—lower 
bed 0-2-1-8 
Devon Culm sleasures 
Grev-black marine shales <0-2~-3-5 


Pyr'tic shales 2-5-6-0 


selenium and molybdenum. The analyses show that th 
stream sediment values are related to soils that. contai 
moder ately anomalous concentrations of these O 
elements rising to 7-0 p.p.m. selenium and 45 PP 
molybdenum (Table 2). 
The principal bedreck source of the selenium and 1 mo 
denum seems to be certain marine shale facies of the La 
Carboniferous in both Staffordshire and Devon, and of 
Ordovician in North Wales (Table 2). : 
Herbage studies have not yet been completed, as mt Hh 
of the work was carred out in the late autumn. Analysis 
of several samples o? mixed grasses from the anomalous 
regions indicates both selenium and molybdenum conte ts 
to be well above those considered normal, and more 
detailed investigations will be undertaken during ` has 
present growing season. mee 
Hypocuprosis is recognized in cattle grazing pasture: i 
part of the molybčenum anomalous region in No 
Staffordshire, but has not been reported from the Devon 
and Caernarvon areas. Two suspected cases of chr 
selenosis have been reported from Derbyshire, but ni 
from the specific area described in this communicatie 
No animal selenium. studies have been made in Devo 
or North Wales. Wevertheless, the geochemical: 
indicate the possibility of animal disorders, probs 
at the sub-clinical level, associated with both seleni 
and molybdenum in all three areas examined. eee 
More detailed studies are being undertaken, but tk 
preliminary results reported here are of immediate inter 
in that they provide the first evidence of the existe 
seleniferous soils in Britain and lend support to the 
that geochemical drainage surveys have potential 
in detecting and delineating suspect areas where 1 
clement imbalances may constitute an agricultt 
problem. e 
This work was susported by a special research gr 
from the Natural Environment Research Council and a 
research contract awarded through the Geological Survey 
and Museum. 
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VETERINARY SCIENCE 


Transition of Developmental Stages of 
Theileria parva in vitro at High Temperature 


Theileria parva is responsible for East Coast fever of 
cattle—a disease which is usually fatal and which is 
characterized by an acute thermal reaction, a lymphoid 
hyperplasia followed by exhaustion of the lymphoid 
tissues and leucopenia. 

T. parva has been cultivated in its ‘macroschizontal’! 
stage over several months in tissue cultures of bovine 
lymphocytes associated with baby hamster kidney cells*:?. 
The mode of multiplication has been investigated in these 
cultures and it has been shown that the parasite does not 
destroy its host cell, but propagates within the multiply- 
ing lymphoid cells. In established cultures the nuclear 
particles of Theileria divide at about the same rate as 
the host cells—the mean number of parasite particles and 
the percentage of infected cells remain constant. During 
division of the host cell, the theilerial body closely associ- 
ates with the mitotic apparatus and is pulled apart and 
distributed to both daughter cells in late mitosis. 

A similar mechanism of multiplication has been 
assumed for the intralymphoid stage of the disease in the 
animal. The lymphoid hyperplasia largely arises from 
mitotic division of lymphoid cells, many of which are 
infected with T'. parva. Proof that this is the only way 
by which the number of the cells infected with T'heileria 
increases in the bovine animal is still lacking. There is, 
however, no evidence for a new infection of lymphoid cells 
by disintegrated single theilerial particles. It is possible 
that in cattle an ideal host—parasite relationship is not 
established, but that the parasite finally destroys the host 
cell, 

In the animal, in the later stages of the disease, another 
form of the parasite appears in some of the lymphoid 
cells, which consists of a large number (100 or more) of 
single particles—the so-called ‘gamont’ or ‘micro- 
schizont’?. These particles have been assumed to infect 
erythrocytes. The tick host, Rhipicephalus appendicula- 
tus, mainly feeds on blood and the intra-erythrocytic 
forms are presumed to give rise to the life-cycle in the tick. 

The first form (often called the agamont or macro- 
schizont) was cultivated for several months in vitro at 
37° C without showing any of the microschizontal forms. 
When incubated at 40° C, however, occasional micro- 
schizonts appeared in most cultures. 

Two strains of T. parva were cultivated according to 
Hulliger’s method? for 122 and 233 days, respectively; 
these were then transferred to a waterbath adjusted to 
41°-42° ©. Maximum temperatures were read once a 
day with a clinical thermometer; these were found to 
range from 41-3° to 42-4° C in the first and from 40-2° to 
42-2° C in the second experiment. The cells were initially 
incubated for 1-2 h in 100 per cent bovine serum, then 
transferred to normal medium which consisted of 80 per 
cent Eagle’s medium*, 10 per cent tryptose broth and 
10 per cent serum. Normal calf serum and serum from 
animals in the late stages of East Coast fever were used. 
Supernatant fluid was taken off and smears made at 
intervals of 2-3 days. New medium was added on these 
oceasions. 

Cell growth. There was very little cell multiplication. 
A few mitoses could occasionally be seen, but multiplica- 
tion was so limited that no expansion was necessary. 

Appearance of microschizonts. The first microschizonts 
appeared on the sixth day in the first experiment and on 
the ninth day in the second. In both experiments, 
irrespective of the type of serum used, large numbers 
(28-36 per cent) of the parasitized cells contained micro- 
schizonts and their precursors. The cell numbers in the 
cultures decreased in the next few days and the numbers 
of macroschizonts diminished. A few microschizonts 
and macroschizonts could be seen over 2-4 days more, 
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but the cells then gradually degenerated if left at the high 
temperature. 

Morphological changes. The following sequence of 
events was reconstructed from the chronological appear- 
ance of the stages in these two experiments and also on 
rare occasions in other cultures at 40° C: (a) Macro- 
schizonts with very large particle numbers (thirty or 
more) appeared in some of the parasitized cells (Fig. 1) 
while the average particle number in untreated cultures 
is fifteen. (b) After one or two days, the large macro- 
schizonts had increased in number and, in many, the 
chromatin particles had become bulky (2—3y in diameter) 
and densely staining. The host cells were often disrupted 
in smears. (c) Bodies morphologically similar to micro- 
schizont particles and about lu in diameter appeared; 
these were associated with the large chromatin particles 
of the macroschizonts. These were seen at the edge of 
the large particles, often in clusters. (d) Large agglomera- 
tions of these microschizont-like particles were evident, 
filling the cytoplasm of the host cells. In many, it was 
not possible to discern the host cell membrane. Portions 
of some of the bulky chromatin particles remained within 
most of the microschizont masses (Fig. 2). 

It proved possible to produce the microschizontal stage 
of T. parva in cultures of macroschizonts. The process 
seemed to be associated with slower or arrested mitosis 
of the host cells while the theilerial particles continued to 
multiply without inhibition. This resulted in large 
parasites containing many nuclear particles which then 











Fig. 1. Macroschizont of T. parva with a large number of particles. 
(Giemsa staining. x e. 1,200) 
Fig. 2. Microschizont with a few large chromatin particles left. 


(Giemsa staining. 


x c. 1,500) 
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The single microschizontal forms were 
Some of the large 


increased in size. 
produced from these large particles. 
nuclear bodies often remained. 
-A similar process occurs in cattle, but, more often than 
“not, nuclear division of the microschizont precursor is 
| more complete than in cultures—less of the residual 
chromatin being seen. 

Macroschizonts multiply by a complex process: 
< Bingle nuclear particles divide by binary fission within one 
+» Cytoplasmic body. The resultant multinucleated body 
.... divides into two during the mitosis of its host cell, one 

part going to each daughter cell. The production of 
<o wMeroschizonts would seem to be by a process of multiple 
== o division, or by rapid successive binary divisions of nuclei 
=o and cytoplasm leading to parasites each consisting of one 
- nuclear particle in a separate cytoplasmic envelope. The 
oe host cells then disrupt and the parasites are freed. 
oo. The part played by the high temperature is not clear. 
| oo Tt definitely slows down multiplication of the host cell, 
but not of the parasite. As yet, microschizont formation 
as not been achieved in cultures by means other than 
‘igh-temperature incubation. Partially deficient medium, 
rying oxygen tension and low temperature, while they 
w down the rate of cellular multiplication, have failed 
-bring about microschizont production. The high 
nperature seems to be essential for the development of 
stage. The disease caused by 7’. parva is characterized 
yh temperatures up to 424° C during the period of 
izont development. A reciprocal adaptation of 
disease in the host and development of the parasite 
1ight therefore be considered. Temperature changes 
ave also been suggested as a factor in the development 
f other protozoa’. 
= The infectivity of these tissue culture microschizonts 
for the tick vector is at present under investigation. 
We thank Miss K. Cowl, D. Mugo and K. Mugo for 
their technical assistance. 
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GENERAL 


Hypothesis-testing in Classification 


RECENT. paper by Williams and Lance! considers the 
of probability in classification, and regards the 
ept as inapplicable where the population classified is 
ite. In limiting themselves to probabilities associated 
with sampling, however, they seem to ignore an important 
oe part which probabilistic considerations can and should 

p Pley i in classification. 

-Taxonomy is always concerned with decisions between 
‘splitting’ and lumping’. Should two groups of 
individuals be placed in different classes or the same 
< elass ?.. This is not the problem of discrimination, where 
classes have already been distinguished and defined ; the 
s whether the classes should be separated in 
astance. 

‘principles of hypothesis-testing call for a 
leading to a well-defined distribution of 
tatistics. In classification problems, the 
96 of null hypothesis is generally that the 
died form a single class. If it is shown 
pothesis must be rejected, progressively more 
ypotheses (of two, three or more distinct 
ake its place until the simplest hypothesis 
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which can be accested at the selected significance level 
is found. 

If the attributes on which the classification is to be 
based are metric, then their values in the individuals 
observed may be regarded as forming a sample from a 
continuous multiveriate distribution which will usually 
be unimodal if the aull hypothesis of a single class is true. 
It may often be considered appropriate to include in the 
null hypothesis an assumption that (possibly after trans- 
formation in some cases) the joint distribution of attribute 
values is multivariate normal. The parameters of this 
distribution can then be estimated from the observations 
and the hypothesis tested. Rejection will most often 
indicate multimodality. The distinct modes must then 
be identified and beundaries between them delineated in 
the zones of minimam frequency, in order to enable each 
individual to be allotted to one of the classes (modes) 
thus distinguished. 

If the attributes are qualitative, a significance test of 
this sort cannot be based on a single attribute only. A 
suitable null hypothesis is then independence of the 
various attributes, which may readily be tested by 
contingency tables or otherwise. If the different abtri- 
butes occurring in each individual are independent of one | 
another, the whole set of individuals may be regarded as _ 
a single class in which the different attribute values are — 
If, on the other hand, certain. 


sy 
mins, 


combinations. of attribute values occur in preference to > 


others, the individuals with these combinations may be te 
regarded as constituting distinct classes. | 

If both quantitative and qualitative attributes occur, 
the foregoing tests may be applied separately to each of | 
the two types of attribute; if the null hypothesis of a 
single class is still tenable, the evidence in respect of the. 
two types can in principle be combined by comparing the 
multivariate distribation of values for the quantitative 
attributes in each eell of the contingency table repre- 
senting the qualitative attributes. 

The approach outlined in the preceding three para- 
graphs is perhaps a counsel of perfection. But approx- 
imate tests may readily be envisaged—involving, perhaps, 
step-by-step procedures and order statistics—and should 
be developed for routine application. : 

It may be noted that these tests of the nul L TE 
are as applicable wken the sets of individuals and attri- 
butes studied are completely known as when either or 
both are samples from an infinite set. The problem is 
comparable with that of testing contingency tables. The 
figures in a table may be complete, and not a sample of a. 
larger population, yet nevertheless the question of- 
independence still hes meaning and a significance test is - 
appropriate. Likewise it has meaning to ask whether | 
attributes in a set o? individuals occur independently of- 
one another, irrespective of whether the set is or is not 
a sample. 

Wilhams and Dale? argue that significance tests in 
classification are pointless because they will normally be 
disregarded. If the set under consideration is large, the 
classifier will want te divide it, whatever the results of a 
significance test. Whether this is a correct description of 
the behaviour of classifiers in most fields is questionable. 
In any event, the fact that a significance test may be 
ignored is scarcely a reason for not having one. 

Significance tests cf the type proposed here can serve 
as statistical guidance for the classifier confronted with 
the usual dilemma ef ‘splitting’ versus ‘lumping’. For 
most purposes, he wil be content to accept the simplest 
hypothesis in accord with the facts, and the simplest 
hypothesis is usually one involving fewest classes. He 
splits only where splitting seems unavoidable. Such 
decisions are not served by most techniques for numerical 
taxonomy. They snow ‘how’ observations may be 
classified, not ‘whethsr’ they should be classified. It is 
for this latter purpose that the similarity and deviant 
indices already proposed*-* have been designed, and for 
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which a complete technique of cluster analysis is in 
preparation. 
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Rapid Method for determining Numerical 
Indexes for Time-course Curves 


In reporting experiments with biological processes such 
as abscission, germination, and dormancy, where results 
are observed and recorded periodically, most investigators 
have found it convenient to present the data as time- 
course curves. While time-course curves such as those 
shown for abscission in Fig. 1 are useful in indicating the 
initiation and the total amount of abscission, as well as 
the slope of the response curves (rate), they cannot 
readily be compared numerically. For comparison of 
the results of large numbers of treatments in individual 
experiments, or of groups of experiments, and for statis- 
tical analyses, numerical designations are necessary. 
The time required for 50 or 100 per cent abscission and the 
percentage abscission at an arbitrary time after treatment 
are designations commonly used. Neither of these methods 
allows a satisfactory comparison of data frequently 
encountered in research. For example, comparison of the 
data represented by curves 1, 2, and 3 in Fig. 1 on the 
basis of the time to 50 or 100 per cent abscission is im- 

ible as not all the curves reach either of these levels 
by the end of the experiment. This problem is intensified 
when treatments retard or inhibit abscission. Furthermore, 
the relationship of the curves changes with time, and thus 
comparison of the percentage abscission at an arbitrary 
time represents only a small part of the information in the 
curve. 

The ‘abscission index’ described here incorporates all 
the attributes of a time-course curve into a single number. 
The data are first plotted as time-course curves on graph 
paper, ruled 12 by 20 units to the inch (K. and E. No. 
358-21). Each side of the graph is 5 in. and the area is 
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Fig. 1. Time-course curves representing abscission data 


NATURE © 


JuLY 16, 1966 


VoL. 211 





Fig. 2. Apparatus used for the precision measurement of time-course 


curves 


25 in.? (in Fig. 1, the area of the rectangle connecting 
points A, B, C, and D). To obtain the index, the area under 
each curve (for example the shaded area under line 1) 
is measured with an optical planimeter (Filotecnica 
Salmoiraghi model 236A). The tracer arm has been 
modified and adjusted to a position allowing the vernier 
scale reading to be exactly 100 when the area enclosed 
by lines connecting ABCD is traced. Consequently, when 
any curve is traced, the vernier reading is the area under 
that curve expressed as per cent of the total area of ABCD, 
As the instrument is calibrated so that 25 in.* reads 100, 
the areas determined can readily be converted to any 
other desired units. Adjustment of the length of the 
planimeter tracer arm enables indexes to be obtained from 
various sizes and shapes of graphs; such indexes can be 
directly compared. 

Fig. 2 is a photograph of the planimeter set up on a 
drawing board that has been modified to make the index 
determinations rapid and accurate. A section 8x 11-25 
in. has been removed from the centre of the board and 
replaced by clear ‘Plexiglas’ positioned over a light box. 
Grooves in the ‘Plexiglas’ allow the graph to be held in 
position by a vacuum produced by a small blower mounted 
under the board. The graph paper is positioned so that 
the axes are in conjunction with lines engraved on the top 
surface of the ‘Plexiglas’ inlay. An accurately machined 
plastic template resting against three stops serves as a 
guide for the lens on the end of the tracer arm. When 
the circumferential surface of the lens is held firmly 
against the inner edge of the template, the hardstone 
centre of the lens exactly follows the boundaries of the 
graph. Use of this template contributes greatly to both 
the speed and accuracy of the determinations. 

The abscission index described is the area under & time- 
course Curve expressed as a percentage of the area of a 
rectangle of which one dimension represents 100 per cent 
abscission and the other dimension represents the time- 
duration of the experiment. This index is similar in 
concept to that recently described by Finlay', but the 
method described here has the advantages of versatility 
and speed, as well as simplicity of operation. This method 
and the resulting indexes are adaptable to many types of 
biological investigations and should prove to be a valuable 
research tool, 


J. L. LYON 
Department of Agronomy, 
R. J. COFFELT 


Department of Agricultural Engineering, 
University of California, 

Davis. 

! Finlay, K, W., J. Inst. Brew., 66, 51 (1960). 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk are open to the public) 


Monday, July 18—Friday, July 22 


ROYAL MIOROSCOPIOAL Society (at Imperial College, London, S.W.7), at 
10 a.m. daily—Conference on “The Role of the Microscope in Scientific 
Investigation”. 


Thursday, July 2! 


UNIVERSITY OF LONDON (at the Westminster Medical School, Horseferry 
Road, London, 8.W.1), at 6.15 p.m.—Prof. J. H, Wilkinson (Pennsylvania): 
“Tso-Enzymes—Ther Biological and Clinical Significance’’.* 


Friday, July 22 


UNIVERSITY OF LONDON (at the Royal Veterinary College, Royal College 
Street, London, N.W.1), at 5 p.m.—Dr. Howard A. Schneider (Chicago): 
“Some Nutritional Parameters in the Ecology of Infectious Disease’”’.* 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or before the 
dates mentioned. 

ASSISTANT (honours graduate) IN THE DEPARTMENT OF GEOGRAPHY—The 
Re hie ee College (University of London), Regent’s Park, London, 

* * y . 

ASSISTANT LECTURER IN ZOOLOGY IN THE BIOLOGY DEPARTMENT— The 
Secretary, Queen Elizabeth College (University of London), Campden Hill 
Road, London, W.8 (July 20). ` 

LEOTURER or ASSISTANT LEOTURER IN THE PHYSIOLOGY DEPARTMENT— 
The Secretary, Queen Elizabeth College (University of London), Campden 
Hull Road, London, W.8 (July 20). 

TUTORIAL RESHARCH FELLOW or STUDENT IN GEOGRAPHY—The Secretary, 
gong nasil (University of London), Regent’s Park, London, N.W.1 

y C] 

ASSISTANT LECTURER IN SOOLAL ANTHROPOLOGY—The Secretary, Birkbeck 
College (University of London), Malet Street, London, W.C.1 (July 25). 

HOSPITAL PHYSICIST (Senior Grade) IN THE DEPARTMENT OF PATHOLOGY, 
Queen Ehzabeth Hospital for Children, Hackney Road, London, E.2—Gro 
Secretary, Hackney and Queen Elizabeth Group H.M.C., Hackney Hospital, 
London, E.9 (July 27). 

LECTURER/ASSISTANT LECTURER (with a special interest in social/jurban 
geography) IN THE DEPARTMENT OF GEOGRAPHY--The Secretary, The 
University, Aberdeen (July 30). 

LECTURER IN BIOOHEMUSTRY~--The Secretary, Royal Free Hospital School 
of Medicine (University of London), 8 Hunter Street, London, W.C.1 (July 


ECTURER/ASSISTANT LEOTURER (with a good honours degree or equivalent 
and special qualifications in any of the following fields: (D biogeography; 
(if) meteorology; (ni) surveying and photogrammetry; oe eens) 
IN THE DEPARTMENT OF GEOGRAPHY, University of Malaya—The Association 
of Commonwealth Universities (Branch Office), Marlborough House, Pall 
Mall, London, §8.W.1 (Kuala Lumpur and London, July 31). 

LEOTURER or ASSISTANT LEOTURER (with a keen research interest in control 
engineering) IN THE DEPARTMENT OF ELECTRICAL ENGINEERING, to join a 
team, directed by Prof. J. M, rt Selo oe working on the application of 
modern control theory to practical problems in a variety of fields includin 
electrical machine control, process control, bio-medical engineering, an 
ie ete The Deputy Secretary, The University, Southampton 

y 31). 

LECTURERS or ASSISTANT LECTURERS (2) IN EXPERIMENTAL PSYCHOLOGY 
-~-The Assistant Registrar (Establishment), The University of Sussex, 
Stanmer House, Stanmer, Brighton, Sussex (I uly $1), 

SENIOR LECTURERS/LEOTURERS IN THE DEPARTMENT OF BOTANY; and 
SENIOR LEOTURERS/LECTURERS, SENIOR TEACHING FELLOWS/TEAOCHING 
FELLOWS IN THE DEPARTMENT OF PHySics, Monash University, Melbourne, 
Austraha—-The Association of Commonwealth Universities (Branch Office), 
Marlborough House, Pall Mall, London, 8.W.1, or The Registrar of the 
University (July 31). ; 

POSTDOCTORAL FELLOW (biochemist with some experience in plant bio- 
chenustry and enzymology) IN THE CHEMIOAL LABORATORY, to study the 
biosynthesis of alkaloids in higher planta—The Assistant Registrar ne 
lishment), The University of Sussex, Stanmer House, Stanmer, Brighton, 
Sussex (August 1). 

SENIOR LECTURER (Psychology) (with an honours degree in psychology 
and preferably specialized in psychometrics and measurement in education) 
IN THE BOHOOL OF EDUCATION, University of Melbourne, Australla—The 
Association of Commonwealth Universities (Branch Office), Marlborough 
House, Pall Mall, London, S.W.1 (Australa and London, August 1). 

SENIOR LECTURER or LECTURER (with a postgraduate degree or requisite 
research experience in any of the following: (e) animal nutrition with interest 
in either mono-gastric or ruminant animals; (b) meat technology; (e) dairy 
technology; (d) animal genetics and breeding with an interest In poultry) 
IN THE DEPARTMENT OF AGRIOULTURE, University of Ibadan, Nigeria—The 
Inter-University Council, 38 Bedford Place, London, W.C.1 (August 6). 

LECTURER or ASSISTANT LECTURER IN JINORGANIO OR PHYSICAL 
CHEMISTRY (preferably inorganic) IN THE DEPARTMENT OF CHEMISTRY, 
University of the West Indies, Jamaica—The Inter-University Council, 33 
Bedford Place, London, W.C.1 (August 8). 

PROJECT SCIENTIST (with a higher degree in electrical engineering or 
physics and extensive experience m electronic instrumentation or data 
processing systems) IN THE DEPARTMENT OF CONTROL ENGINEERING, School 
of Electrical Engineering, University of New South Wales, Australia, to work 
initially on a project aimed at achieving the optimal control of a steam 
generating plant by means of a digital control computer-——The Association of 
Commonwealth Universities (Branch Office), Marlborough House, Pall Mall, 
London, 8.W.1 (Australia and London, August 8). 

ARTS or SOIENOH GRADUATE (interested in engineering, and prepared to be 
trained by the Science Librarian) with a view to taking charge of the Engin- 
eering Sciences Library in twelve months’ time—The Librarian, University 
College, Gower Street, London, W.C.1 (August 10). 

CHAIR OF ELECTRICAL ENGINEERING at the University of Hong Kong— 
The Association of Commonwealth Universities (Branch Office), Marlborough 
House, Pall Mall, London, S.W.1 (Hong Kong and London, August 12). 
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CHAIR OF MECHANICAL ENGINEERING at the University of Hong Kong-— 
The Association of Commorwealth Universities (Branch Office), Marlborough 
House, Pall Mall, London, 8.W.1 (Hong Kong and London, August 12). 

BEADER or SENIOR LEOTURER IN SOCIOLOGY in the Faculty of Arts and 
Social Sciences, Ahmadu Bello University, Northern Nigeria—The Inter- 
University Council, 33 Bedford Place, London, W.C 1 (August 14). 

ASSISTANT LEOTURERS (2) IN THE DEPARTMENT OF GEOGRAPHY——The 
ei College (University of London), Strand, London, W.C.2 

ugust 15). 

LECTURER (specially qualified m animal ecology or behaviour), ON THE 
STAFF OF THE DEPARTMENT OF NATURAL HISTORY, but attached to Culterty 
ype Station, Newburgh—The Secretary, The University, Aberdeen (August 


SENIOR LECTURER (preferably with an interest m the application of socio- 
logical theory to the study of industrial societies) IN SocroLoay-—The 
Secretary and Registrar, Bnstol College of Science and Technology, Ashley 
Down, Bristol, 7, quoting Ref. 66/74 (August 15). 

SECOND CHAIR OF ELECTRICAL ENGINEERING at the University of Canter- 
bury, Christchurch, New -Zealand—The Association of Commonwealth 
Universities (Branch Office), Marlborough House, Pall Mall, London, 8.W.1 
(New Zealand and London, August 19). ; 

READER or SENIOR LECTURER IN ANATOMY at the University of Tasmania, 
Australia—The Association of Commonwealth Universities (Branch Office), 
eee a House, Pall Mall, London, 8.W.1 (Australia and London, 

ugus * 

ASSISTANT LIBRARIAN (qualified librarian, with a good honours degree, 
rider in some branch of the purapa sciences}—The Registrar, Bradford 

nstitute of Technology, Bradford 7 (August 27). 

JUNIOR LECTURER, LECTURER or SENIOR LECTURER IN DAIRY OR SHEEP 
HUSBANDRY at Massey Unrversity of Manawatu, Palmerston North, New 
Zealand—The Association af Commonwealth Universities (Branch Office), 
Marlborough House, Pall Mall, London, S W.1; or the Registrar of the 
University (New Zealand and London, August ete 

LEoTURER (physicist with theoretical or experimental research interests) 
IN THE DEPARTMENT OF NATURAL PHILOSOPHY—The Registrar, University 
of Strathclyde, George Street, Glasgow, C.1, quoting Ref. 44/66 (August 31). 

SENIOR LECTURER/LROTCRER IN PHARMACY at Rhodes University 
Grahamstown, South Africa—The Association of Commonwealth Universities 
(Branch Office), Marlborough House, Pall Mall, London, S.W.1 (South Africa 
and London, August 31). s 

SENIOR LECTURER (with erience in the fields of industrial and applied 
sociology) IN SOCIOLOGY at Rhodes University, Grahamstown, South Africa 
-The Association of Commonwealth Universities (Branch Office), Marl- 
ee nha Pall Mall, London, S.W.1 (South Africa and London, 

ugus ; 

CHAIR OF ARCHAEOLOGY OF THE ROMAN PROVINCES AT THE INSTITUTE OF 
AROHAEOLOGY—The Academic Registrar, University of London, Senate 
House, London, W.C.1 (September 2). i 

AGRICUI TURAL STATISTIOIAN, SCIENTIFIC OFFICER GRADE, in London, for 
duties which will be concerned with the collation of technical data from 
scientific experiments—The Lstabhshment Officer, Potato Marketing Board, 
50 Hans Crescent, Knightsbridge, London, 8.W.1. 

ASSISTANT BIOCHEMIST (Basic Grade) (with a first- or second-class honouts 
degree in chemistry or biochemistry) IN THE DEPARTMENT OF PATHOLOGY-— 
me rae Administrator; Crumpsall Hospital, Manchester, 8, quoting 


COMPUTER MANAGER (with experience of operating modern time-sharing 

computers) to have overall responsibility for the day-to-day operation of the 

computer and ancillary equipment—The assistant Registrar (Establish- 

ene). The University of Sussex, Stanmer House, Stanmer, Brighton, 
ussex. 

ENGLISH ELECTRIC RESEARCH FELLOW IN THE SCHOOL OF ENGINEERING 
SorzNoE for work in either of the following fields: automatic control, metal 
fatigue—The Registrar, The University of Warwick, Coventry, Warwickshire. 

INSECT PATHOLOGIST (microbiologist, ee with experience in bacteri- 
ology, mycology, virology or protozoology) to study insect diseases with 
their possible utilization in pest control—The Division of Entomology, 
University of California, Berkeley, California 74720, U.S.A. — 

MycoLoaist (with good taxonomic knowledge and physiological interests) 
for work on the production af ergot alkaloids and other biologically active 
substances of fungal ongim by fermentation methods—The Secretary, 
Biochemistry Department, Imperial College, London, 8.W.7. 

ORGANIC CHEMIST or BIOCHEMIST (with an interest in analytical techniques) 
to teach chemistry within the Department of Biological Sciences--The 
Registrar (RS), Portsmouth College of Technology, Hampshire Terrace, 
Portsmouth. 

PHYSIOS TECHNICIAN (with at least O.N.C. or City and Guilds Intermediate 
Certificate, but higher qualifications preferred) IN THE ISOTOPE LABORATORY 
—The Establishment Officer, Charing Cross Hospital, London, W.C.2. 

PHYSIOLOGIST/BIOPHYSICIsT to study physiological response to controlled 
changes in environmental conditions—D. C. Page, Head of Personnel 
Services, the Electricity Council, Research Centre, Capenhurst, Chester, 
quoting Ref. N/28. . : 

RESEARCH ASSISTANT (preferably with experience of crystallography or 
electron microscopy/diffraction) IN THE DEPARTMENT OF PHYSICS to work on 
studies of epitaxial growth using low energy electron diffraction in a well- 
equi re eet laboratory—The Registrar, University of York, 

es on, York. 

RESEARCH ASSISTANTS (2) (honours graduates in pharmacy, physical 
chenustry, physics or mathematics) IN PRYSIOAL PHARMAOCY—The Registrar 
(RS), Portsmouth College of Technology, Hampshire Terrace, Portsmouth. 

BESEAROH FELLOW IN THE DEPARTMENT OF APPLIED MATHEMATICS to 
work on atomic and molecular processes—Prof, D R. Bates, F R.S, Depart- 
ment ar Applied Mathematics, The Queen’s University, Belfast, Northern 

reland. 

RESEARCH FELLOW (preferably with research experience in plasma physics, 
optics, or spectroscopy) for a Science Research Council supported investiga- 
tion into the coherence and fonizmg properties of laser light—Prof. D. J. 
Bradley, Department of Physics, Queen’s University of Belfast, Belfast 7, 
Northern Ireland. l 

SCIENTIFICO OFFICER (with an honours degree or equivalent and preferably 
some research experience) to undertake research on physiological problems 
arising from the adaptation of Jarge animals to different conditions of environ- 
ment and nutrition—The Secretary, Institute of Animal Physiology, A.B.C., 
Babraham, Cambridge. ; 

TECHNICAL OFFIORR (with a recognized degree or national diploma in 
agriculture) IN THE CEREALS SECTION OF THE TRIALS BRANCH—The ecretary, 
National Institute of Agricultural Botany, Huntingdon Road, Cambridge. 

TRAINEE OFFICERS (2) (preferably between 20 to 25 years of age, with a 
degree in agriculture, agricultural botany or botany or the National Diploma 
m Agriculture with suitable experience}—The Secretary, National Institute 
of Agricultural Botany, Huntingdon Road, Cambridge. 
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VIROLOGIST, BASIC GRADE (preferably graduate in microblology or bac- 
teriology) to assist in the development of research into paediatric virological 
problems—The Group Secretary, Booth Hall Hospital, Manchester, 9, 
quoting Ref, 4901. 


REPORTS and other PUBLICATIONS 


(not included in the monihly Books Supplement) 


Great Britain and Ireland 


George T. Gurr, Ltd. Gurr’s Service Bulletin No. 103: AppHeation of 
ora aaa Embedding Waxes. Pp. 8. (London: George T. Gurr, wry 
The Association of the British Pharmaceutical Industry. Press Directory 
— Pharmaceutical Industry + Veterinary Press Directory. Pp. 29. (London: 
The Association of the British Pharmaceutical Industry, 1966 ) (65 

Bulletin of the British Museum (Natural History). Entomology. Supple- 
ment 6: Diptera from Nepal—Cryptochaetidac, Diastatidae and Droso- 
PT gO Okada. Pp.129. (London: British Museum (Natural History), 

3. 

British Broadcasting Corporation BBC Engineering Monograph No. 61: 
Sporadic E Ylonization and Television Interference. By Prof. W. J. G. 
Beynon. Pp.15. (London: British Broadcasting Corporation, 19866 } 5s. [65 

The Zoological Record, Vol. 100, Section 18 (1968): Insecta. Prepared by 
the Commonwealth Institute of Entomology. Pp. 428. (London: The 
Zoological Society of London, and the Commonwealth Institute of Ento- 
mology, 1966 ) 130s.; 18.50 dollars. [65 

Ambassade de France, Service de Presse et d’Information. The Iron and 
Steel Industry in France. Pp. 24 _ French Scientific and Technical Research 
(1966-1970): The Main Lines of the Fifth Plan Pp. 34. (London: Ambas- 
sade de France, Service de Presse et d'Information, 1966 )} [65 

Untversity of Oxford. Lord Nuffield’s Benefaction for the Advancement 
of Medicine—Report for 1964-5. Pp. 39. (Supplement No 5 to the Uni- 
eony Gazette, Vol. 96, April 1966.) (Oxford: The University, 1006 2 

8 6d. 

British Medical Bulletin, Vol. 22, No 2 (May, 1966). The Separation of 
re aa Materials. Pp. 103-194. (London: The British Council, ea 

8 


Planning, Vol. 32, No. 495 Gay, 1986): Wider Business Objectives. 
American Thinking and Experience. By Prof. Michael Fogarty. Pp 41-76. 
(London: Political and Economic Planning, 1966.) 7s. 6d. [105 

Medical Research Council. Monitoring Report No 12: Assay of Stron- 
tium-90 in Human Bone tn the United Kingdom—Results for 1965, Part 1, 
with some further results for 1963 and 1984. Pp. ui+19. (London: H.M. 
Stationery Office, 1966) 2s. 3d. net. [105 

The British Film Guide—Medicine and Allied Subjects. Edited by 
Bernard Chibnall. Compiled by the Medical Committee of the Scientific 
Film Association Pp. xit+334. (London: Film Centre (International), 
Ltd , 1966) 3878. 6d. [115 

University of London. Report by the Principal on the Work of the Uni- 
ieee during the year 1965-66. Pp. 68. (London: University of songon, 


’ 1 
Annual Report of the National Oceanographic Council, 1 April, 1964— 
31 March 1965. Pp. 72+7 plates. (London: Cambridge University Press, 
1966.) 68, net. ion 
British Petroleum Company Limited. Statistical Review of the World Oil 
Industry 1965: Reserves, Production, Consumption, Trade, Refining, 
Tankers, Energy. Pp. 24. (London: British Petroleum Company ae 
The Heating and Ventilating Research Association. 10th Arnual Report 
1965. Pp. 36 (Bracknell, Berkshire: The Heating and Ventilating 
Research Association, 1966.) (125 
The Schools Council. Working Paper No 3: English-—a Programme for 


Research and Development in English Teaching. Pp. v+28. (London. 
H.M Stationery Office, 1965) 3s. net. [135 
Ambassade de France, Service de Presse et d'Information. French 


Forelgn Policy: Statement made by the Minister of Foreign Affairs in the 
National Assembly, 14th April 1966. Pp. 12. (London: Ambassade de 
France, Service de Presse et d'Information, 1966 ) [136 
The Society for Analytical Chemistry. Report of the Analytical Methods 
ena 1965. Pp. 27. (London: The Society for Analytical aan vee 
Institution of Gas Engineers. Communication 706: Gas Industry 
Research, U.S.A. By R. J. Rutherford. Pp. 8. Communication 707. The 
Long-Distance Gas Transmission Industry of Western Germany (with par- 
ticular reference to Ruhrgas A.G., Essen). By Christoph Brecht. Pp 82. 
Communication 708: The Design, Commissioning and Operation of the 
United Kingdom Gas Industry’s Methane Pipeline. By A. D. L. Copp, 
EÈ. GQ. Hildrew and L. 8. Cooper. Pp, 18. Communication 709: Impressions 
of the Japanese Gas Industry By Dr A. E. Haffner. Pp. 25. Communi- 
cation 710: Possible Applications of the Isomax Hydrocracking Process in 
the Gas Industry. By G. Crowther, Dr. E. A Kobl, K. E. Meeker and 
G. D. Gould. Pp. 11 Communication 711° Gas Supplied for the North 
Thames Area. By E J Edwards and W.J Walters. Pp 20. Communi- 
cation 712: The Development of the Gas-Fired Central Heating Market— 
Past, Present and Future. By E G. Brooks, ED. 9. Communication 713: 
Salient Features of Recently Developed Gas-Making Processes. By Dr. 
A. B. Haffner. Pp. 12. Communication 714: A Review of Constraction 
Techniques for Underwater Pipelines. By H. Hobbs. Pp. 17. Communica- 
tion 715: High-Speed Service. Pp 17. (Papere and Reports, 103rd Annual 
coon Meeting, London.) (London: The Institution of Gas Hagia 
Inrbrary Association Pamphlet No. 27. Library Services in Hospitals: a 
Survey of their Present Provisions and Possible Future Development in the 
South East Metropolitan Region. By Brenda M. Sanders. Pp 45. (London: 
The Library Association, 1966.) 148. (L A members 10s 64.) [245 
British Hydromechanics Research Association. Annual Repore 1965. 
Fie) 9. (Cranfield, Bedford: British Hydromechanics Research eating i 
Meteorological Office. Met. O. 766a: Daily Aerological Cross-seoctions at 
Latitude 30° N during the International Geophysical Year Period, March 
1965. Pp. 69. (London: H M. Stationery Office, 1966.) 558. net 245 
Medical Research Council. The Assessment of the Possible Radiation 
Risks to the Population from Environmental Contamination. (A report to 
the Medical Research Council by their Committee on Protection against 
fonizing qediayens.) Pp. jt+16. (London: H.M. Stationery Office, 196¢ 2 
3. 9d. net. 
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Agricultural Research Council. <A Bibliography of Farm Buildings 
Research, Part 2. Buildings for Potato Storage-—-Ist Supplement, 1958- 
1964. Pp. 36 (London: Agricultural Research Council, 1966. Obtainable 
from H M. Stationery Office.) 58 net. [255 

Ministry of Housing and Local Government and Scottish Office. The 
Surface Water Year-Book of Great Britain, 1963-64~ Hydrometrisc Statistics 
for British Rivers, together with Related Ramfails and River Water Tem- 
peratures, for the year ended 30th September, 1964. Pp. x+182+2 maps 
(London: H M. Stationery Office, 1966.) 45s. net. _ (255 

National Lending Library for Science and Technology. Select List of 
Social Science SerialaintheN.LL Pp. 25. (Boston Spa. National Lending 
Library for Science and Technology, 1966 } 255 

Sir John Cass College, Prospectus, Session 1966-67. Pp. 48. (London: 
Sir John Cass College, 1966 ) i [265 

Smith Kline and French Foundation-—-Third Annual Report 1965. Pp. 8. 
(Welwyn Garden City: Smith Kline and French Foundation, 1966 276 

Man, New Series, Vol. 1, No. 1 (March, 1966). Edited by A. C. Mayer. 
Pp. vi+ 1-138 +8 plates. Published quarterly. Annual subscription: 1008., 
15 dollars Separate parts: 80s.; 4.35 dollars (London: Royal Anthro- 
pological Institute, 1966 ) 275 

Physics Education, Vol. 1, No. 1 (May, 1966). Edited by Dr. A. C. Stick- 
land. Pp xii+1-68. Subscription for 1966 (four issues) 208. post free. 
{London’ The Institute of Physics and The Physical Society, 1966} [275 

British Flame Research Committee 1965 Annual Report. Pp. ii+19. 
(London British Flame Research Committee, 1966,) [275 

University of Oxford. Second Annual Report of the Delegates of the 
Science Area for the year ending 31 July, 1965. Pp. 138 Sane No. 6 
oS C eray Gazette, Vol. 96, April, 1966) (Oxford: e ie 

; 8. 


Other Countries 


Proceedings of the United States National Museum, Smithsonian Institu- 
tion. Vol. 118, No. 8522. Marine Amphipoda of the Family Ampithoidae 
from Southern California. By J Laurens Barnard Pp. 1~46. Vol. 118, 
No. 3528. Species of Oedemeridae of the Big Bend Regon of Texas. By 
Ross H. Arnett, Jr Pp 47-56. Vol. 118, No. 3526: Descriptions and 
Records of West Indian Cerambycidae (Coleoptera). By John A. Chemsak. 
Pp. 209-220. Vol 118, No. 3527: Neotropical Microlepidoptera, VII—New 
Genus Pseudomeritasiis and Its Species (Lepidoptera: Tortricidae). By 
Nicholas S. Obraztsov. Pp 221-282. Vol. 118, No. 3528: More New 
Galerucine Beetles with Excised Middle Tibiae In the Male By Doris H. 
Blake. Pp. 233-266. Vol. 118, No 3580. Notes on Certain Nearctic 
Trichoptera in the Museum of Comparative Zoology. By Olver 8 Flirt, 
Jr. Pp. 873-890. Vol. 118, No 3631: Neotropical Microlepidoptera, VITI— 
a Review of the Genus Falculina with Descriptions of New Species epidon: 
tera. Stenomidas) By W. Donald Duckworth. 891-404. Vol. 118, 
No 3532: A Revision of the Genus Fuinaricola ( ophaga) with Deserip- 
tlons of New Species. By M. A. Carriker, Jr Pp. 405-420. (Washington, 
D.C.: Government Printing Office, 1965 and 1966 . 25 

Australian Academy of Science. Report of the Council for the year ended 
31 March 1966. Pp. 12. (Canberra City: Australian Academy of Porania. 


Sciences, 1968.) , 

Museum of Comparative Zoology, Harvard University. Annual Report, 
1964-65 Pp. 41. (Cambridge, Mass.: Museum of Comparative Zoology, 
Harvard University, 1966.) [85 

Australia Commonwealth Scientific and Industrial Research Organiza- 
tion Division of Fisheries and Oceanography. Technical Paper No 20. 
Application Details and Sea-Trial Results of an Antifouling and Anti- 
corrosion System By B. Wisely. Pp 8. (Melbourne: Commonwealth 
Scientific and Industrial Research Organization, 1906 ) [35 

Canada: Department of Mines and Technical Surveys Geological Survey- 
of Canada. Bulletin 126: Structural Evolution and Piutoniam in Valhalla 
Gneiss Complex, British Columbia. BY J. E. Reesor Pp xv+i28 (19 
Plates) 325 dollars. Paper 64-38: Groundwater Hydrology and Water 
Supply of Prince Edward Island. By L. V. Brandon, Pp. v+37 (3 plates). 
75 cents Paper 65-8. Kognak River (West Half), District of Keewatin. 
By K E. Eade. Pp.iv+12. 75 cents. Paper 65-25: Caribou River Map 
Area. By W. y Davison. Pp.ii+6. 75 cents (Ottawa: Queen's KAA 
1965 and 1988 

New Zealand. National Roads Board. Road Research Unit Bulletin, 
No. 3: Bituminous Stabilization of Soil—First Reported Field Trials in 
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UNPUBLISHED LITERATURE 


Next to downright villainy, misguided zeal is one of 
the most dangerous forces in society. At this stage, it 
is only proper that those who have designed the seheme 
known in the United States as PIE (for Physics 
Information Exchange) should be given the benefit 
of the doubt. There is nothing to show that they are 
villains, but their zeal is alarmingly apparent. What 
they propose is an experimental scheme for the rapid 
circulation of documents in high energy physics. 
The promise of rapidity, however unreal, cannot fail 
to be attractive. The risks are great, and deserve 
to be weighed thoroughly by the scientific community 
as a whole. Physics Today, the official journal of the 
American Institute of Physics, has done a public service 
by ventilating the issue and inviting comment. With 
luck, there is now a chance that the conduct of the 
experiment will be moderated by the weight of interested 
opinion. There is even sense in hoping that the experi- 
ment will never be mounted in the form originally 
proposed. 

Physics Information Exchange is really a scheme for 
rationalizing the present practice of circulating what 
are called ‘preprints’. In many fields of research it 
has become habitual for intending authors to circulate 
copies of their manuscripts to colleagues likely to be 
particularly interested. In one sense, the practice is in 
line with the way in which scholars have traditionally 
sought out the constructive criticism of their colleagues. 
It is a measure of the competitiveness of modern science 
that preprint circulation lists are often very large, 
and that some scientists seem to use the same lists of 
names for preprints and for Christmas cards. One 
immediate consequence of PIE would be to lighten 
the burden of circulating preprints. Those with some- 
thing to show would send a single copy to an office 
at the U.S. Atomic Energy Commission in Washington, 
whence copies would be manufactured and sent to 
each of a number of chosen preprint libraries, which 
would in turn serve as secondary distribution centres. 
The supporters of PIE appear to have convinced 
themselves—though not their critics—that three 
hundred preprint libraries would cover the whole 
world, and that a modest bundle of documents each 
week would suck dry the literary talents of those who 
write on high-energy physics. Nobody would have to 
pay. 

As with all closed communities, the most obvious 
question is how the membership of PIE would be 
decided. In principle, according to the sponsors of the 
scheme, everybody with a legitimate interest in theoreti- 
cal high-energy physics should have a right to member- 
ship. But what kind of interest is legitimate? And 
who decides? With the best will in the world, these 
are not questions to be dismissed with the beguiling 
formula that “researchers in theoretical high energy 
physics throughout the world could qualify for member- 
ship”. Dr. Michael Moravesik of the Lawrence Radia- 


tion Laboratory, Berkeley, who has at least had the 
courage to let his name go forward as the chairman 
of the PIE planning group, cannot really expect this 
form of words tc be sufficient. Hither he and his 
collaborators must face up to the invidious task of 
defining what they mean by qualification, and thus 
perpetuate in their own system some of the clubbiness 
of which they complain in the present preprint networks, 
or they must throw their doors open to all who ask 
for membership aad run the risk that administration 
will get the better of them. 

Worse still, ther2 is a danger that under the arrange- 
ments so far described, the confidence of the preprint 
authors will be betrayed. One illustration of this 
difficulty is that tnder the present informal arrange- 
ments for circulating preprints, plagiarists can be 
quickly struck off the lists. Under the much more 
impersonal arrangements for PIE, when authors will 
have no means of knowing where their preprints 
finish up, plagiarism will be hard to recognize, impos- 
sible to prove, and difficult to control. Will it, for 
example, be necessary for an act of plagiarism to be 
followed by the excommunication of the whole of a 
preprint library, or will central PIE insist that the 
library should excommunicate the offender? And 
who will act as arbitrator? It is hard to imagine that 
scientific authors, not renowned for their tolerance of 
imitators, will wilingly trust their manuscripts to 
PIE unless it is a much more tightly-knit group than 
at present planned or, on the other hand, much more 
carefully controlled. 

This is the essential contradiction in the proposals 
for PIE. The intention is to combine the speed and 
informality of personal communications with the wide 
dissemination of formal publication. It is disingenuous 
of Dr. Moravesik to pretend that his plans for PIE 
are distinct from an act of publication simply because 
the documents to be circulated will be fragile, bulky, 
unscrutinized, un-elited and without indexes. It 
would be as sensible to exclude from the set of formal 
publications the great volume of the pulp literature 
to be found on some bookstalls simply because the 
grammar in it is defective, the printing inadequate 
and the words indelizate. The truth is that the essence 
of the act of publication is that of making literature 
publicly available. In the liberal interpretation of 
PIE, preprints would be made available to all and 
sundry, and that would constitute publication. One 
of the reasons why the planners of PIE have retained 
so much of their orizinal optimism is that they have 
chosen to dodge the implications of this conclusion. 
For practical purposes, they are proposing to produce 
a new kind of scientific journal—one whose pages will 
be open to all who claim space in them, and which will 
lack th efit-of crivicism by referees and constructive 
intérchange between Authors and editors. To meet the 
tedious need that scizntists should be able to retriéve 
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what colleagues publish, or to refer to it, the organizers 
of PIE are hoping that established journals will 
undertake the chore of republishing material which 
has already done the rounds of the preprint libraries. 

This, of course, is why the proposals for PIE are so 
offensive. The organizers are planning a scientific 
journal the outstanding quality of which will be the 
subordination of discrimination to speed. There is 
nothing much wrong with the present preprint system, 
and a little thought could enable participating scientists 
to gain more benefit from it. Equally, there is nothing 
wrong with proposals for new scientific journals, and 
of course there is everything to be said for using the 
techniques of modern communication to reduce the 
time-lag before publication to a few weeks or so. But 
there is no evidence at all to support the proposition 
implicit in the plans for PIE that what theoretical 
high energy physics needs most urgently is a bad 
scientific journal—one in which the safeguards on 
which contributors and readers have come to rely 
are gaily thrown overboard. It is, of course, entirely 
understandable that the editors of The Physical Review 
and of Physical Review Letters should feel most directly 
threatened by the proposals for PIE, but there is 
more than mere self-interest in the declaration of 
Dr. Simon Pasternack, the editor of The Physical 
Review, that the proposal for PIE is “a serious threat 
to physics communication and to the physics research 
community’. The irony is that these two American 
journals have won their present place in modern 
physics by the sheer excellence of the discrimination to 
whose virtue and necessity the organizers of PIE are 
apparently indifferent. Thus the complaints that the 
proposals are probably unworkable, and that they 
are riddled with contradictions, although true, are not 
the most serious to be made against those who have 
invented PIE. It is much more serious that they are 
apparently insensitive to those qualities which distin- 
guish good literature from bad. That is the most 
telling of many reasons for hoping that PIE will be 
stillborn. 


NEW MATHEMATICS 


THE educational system in Britain seems to be 
responding with accustomed confusion to the arrival 
of what is sometimes called the new mathematics. -In 
secondary schools of various kinds, a number of experi- 
ments have been under way for several years. Though 
the Schoo] Mathematics Project under Professor Bryan 
Thwaites is the best known of them, it is by no means 
alone in the field. Other experiments have sought to 
turn the ingredients of the new mathematics to more 
practical account. Elsewhere, things have gone the 
other way, and experimental courses in mathematics 
are to be found which owe something to the axiomatic 
experiments in the United States, and which promise 
to cater most adequately for those schoolboys. and 
schoolgirls who know in their bones that they are born 
mathematicians. In itself, this diversity has been a 
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good thing. Many innovations have been tried, and’ 
teachers of different inclinations have been able to 
engage their enthusiasm where it seemed that there 
would be the greatest benefit. But diversity is now 
becoming an impediment to reform. For one thing, 
those teachers of mathematics wishing to renovate 
their syllabuses are at a loss to know which innovations 
to adopt. Worse still, those to whom change is abhorrent 
are more able to practise old ways without interference. 
And then the institutions which depend on the second- 
ary schools for an education of some kind in mathe- 
matics—employers of all kinds, but particularly the 
universities—are puzzled to know what is going to 
happen. With all the confusion, there is a danger that the 
hard work of the last decade or so may nullify itself. 

This prospect is particularly frustrating because a 
coherent development of mathematics in the schools 
is necessary if there is ever to be an improvement 
of the relationship between British schools and British 
universities on mathematics. At present, the means 
by which the universities recruit undergraduates in 
mathematics exerts an unreasonable—and a hostile— 
influence on mathematics teaching in the schools. 
Entry to most university departments of mathematics 
still requires that a pupil should spend roughly two-. 
thirds of his time between sixteen and eighteen 
studying mathematics. Not merely is his education 
unbalanced, but he (or she) has to gamble on a career 
in mathematics at an age when very few pupils can be 
certain of their talents (and also correct in their 
estimation of them). It would be surprising if this 
strange practice were not a part of the reason 
why several university departments of mathematics 
have found recruitment difficult in recent years. 
The same system probably provides a great many 
young people who finish up as scientists with an 
education that is less rounded than it should be. The 
obvious solution is to design a system in which the 
departments of mathematics are restrained from 
asking intending entrants to specialize heavily in 
mathematics in the last two years at school. The ideal 
would be a system in which intending mathematicians 
and scientists alike were taught the same mathematics, 
which should be largely determined by the need—in 
the broadest sense—to provide a mathematical founda- 
tion for science teaching. The mathematicians should 
be enabled to select their bright young men and 
women not by seeing which of them can cover the 
most ground, but by more qualitative and more 
meaningful tests. 

Though the heads of some departments of mathe- 
matics in the universities are sensitive to the need of 
a more liberal regimen in the schools, it is unlikely 
that the universities will abandon their entrenched 
position of their own accord. There is a kind of 
Gresham’s Law which ensures that bad practice is 
more stable than the good. But the schools are un- 
likely to be able to force through a change until they 
know what they would like to see. Who, then, is to 
take this cause in hand? Of the British institutions 
likely to be influential, only the Schools Council is 
suitably independent yet free to advocate an opinion. 
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' By all accounts, the council is hoping for great things 


from a conference in the autumn at which it hopes to 
win approval for a plan to make a synthesis of experi- 
ments in the schools. With luck, the universities may 
be persuaded to give the project something like a 
blessing. So far the strongest opposition seems to 
have come from pundits in the Department of Educa- 
tion and Science who argue that the diversity of current 
practice in the schools is a proof that the schools do 
not particularly wish to change their ways. In reality, 
of course, in teaching as elsewhere, diversity may be 
a sign of rapid evolution. 


SUBMARINE RAILWAY 


Iv is not surprising that the Prime Ministers of France 
and Britain should have been grateful for a few crumbs 
of agreement to fill out the communiqué after their 
recent meeting in London. By all accounts, British 
membership of the European Economic Community 
was not a fruitful topic of conversation. It is therefore 
paradoxical that the two Prime Ministers should have 
considered this a suitable time for a decision in principle 
that the tunnel beneath the English Channel should in 
due course be built. It would have been easy to under- 
stand if their predecessors had come to such an agree- 
ment at any time in the last century. But now the 
case for a tunnel between France and Britain is wearing 
thin. Alternative ways of crossing what is, after all, 
a narrow strip of water have become more attractive, 
particularly in the last decade. At the same time, 
doubts have grown about the capacity of the proposed 
rail tunnel to cater adequately for the traffic between 
Britain and the mainland of Europe. It looks very 
much as if the two governments may be making the 
right decision at the wrong time. 

The case for the tunnel is based on surveys of the 
traffic between Britain and the mainland of Europe 
which were carried out in the late fifties. Even when 
first published, it appeared that the demand for 
facilities to cross the English Channel had been under- 
estimated. Experience has borne out that awkward 
suspicion, and one obvious result has been the rapid 
growth of cross-Channel ferry services in the sixties. 
Compared with the proposed tunnel, these surface and 
air routes have the advantage that they do not require 
that great volumes of traffic should be funnelled 
through two railheads. They are also increasingly 
cheap and quick. Meanwhile the chances are that the 
construction of a bridge across the Channel would not 
be relatively simpler (and cheaper) than seemed likely 
five years ago. In the circumstances it is to be hoped 
that the two governments will have another close look 
at the wisdom of the course to which they have com- 
mitted themselves before the digging of a tunnel 
actually begins. If then they decide to go ahead, it 
is essential that the financing of the tunnel should not 
somehow confer an unfair commercial advantage on 
what promises to be an old-fashioned way of travelling 
from Britain to France. 
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NEWS AND VIEWS 


Charter for Botanists 


A PLAN to spend $1,500 millions during the next decade 
on the development of the plant sciences has been 
drawn up by a committee of the U.S. National Academy 
of Sciences (The Plant Sciences, Now and in the Coming 
Decade, Government Printing Office, Washington, 
$5.00). The staring point for the argument is frankly 
practical, and is based on the fact that applied botany 
is also the oldest >f all industries and still the only way 
of converting sohr energy into food. As part of its” 
vision of the future, the committee makes much of the 
potential agriculsural applications of plant growth 
regulators, propagation from fragments of plants and 
even single cells, the relationship between trace ele- 
ments and fertilit7, ferrodoxin. as a spur to the study of 
nitrogen fixation, and phytotrons as means of optimiz- 
ing methods of caltivation. 

Chambers for controlling the environment of plant 
growth would eat up half the capital expenditure the 
committee recommends. It would like to see 850 small 
chambers instalei each year for the next decade at 
universities and other research establishments, and 
would also have the U.S. Government spend 39 
millions on a new phytotron unit as well as half that 
sum on extensions to existing installations. Roughly 
$70 millions wouid be spent on electron microscopes 
in the same period, while botanical gardens would receive 
a total of $35.3 millions in the coming decade. The 
budget as a whole works out as follows, with amounts 
in millions of dollars: 





Research Capital 
Environment ani nutrition 180 208-0 
Biochemistry and biophysics 354 7:9 
Growth and dev-lopment 94 06 
Plant structure 67 69 8 
Genetics 77 — 
Taxonomy 49 83583 
Plant pathology 60 12°5 
Economic botany — 57:5 
Manpower 135 8-5 
Computers — 10-1 

1,016 410 2 


The assumptions made by the committee about the 
cost of supporting individual researchers will be of 
particular interest cutside the United States. At present 
the cost of a years research in taxonomy is a mere 
$10,000, though the committee expects that this will 
rise to $16,000 by 1974. In biochemistry, by contrast, 
present costs amount to $35,000 a year, chiefly because 
of the costs of materials and laboratory assistance. By 
1974, the committee supposes, it will cost $45,000 to 
keep a qualified plant biochemist working for a year. 
In other words, the committee paints a cheerful picture 
of the future of the plant sciences and their applica- 
tions. It remains to be seen how many of its proposals 
will eventually be backed by hard cash, for this pros- 
pectus is only one of several now in circulation in 
Washington. 


Universities in Clover 


BriIvisH universities are better off than they will 
admit, to judge from the statement of Mr. Anthony 
Crosland, Secretary of State for Education and Science, 
at the University of Birmingham last week. Comment- 
ing on the very rapid increase in the number of both 
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undergraduates and postgraduate students, nearly 
double that of nine years ago, Mr. Crosland said that 
“most of the credit for this quite remarkable achieve- 
ment lies with the universities themselves”. But the 
government was well aware of the high priority 
necessary for higher education and research and had 
backed this decision with increasing financial support. 
Mr. Crosland rejected the notion that the universities 
have been meanly treated by successive governments. 
Within the past five years the University Grants 
Committee has increased university expenditure from 
£80 million a year, about eight per cent of all educa- 
tional spending, to £207 million, or 124 per cent. In 
spite of the great expansion of students, the ratio of 
students to staff had remained constant at about seven- 
and-a-half. At the same time, resources devoted to 
university building over the last ten years had increased 
tenfold. In response to the Flowers Report, the Govern- 
ment had also allocated about £20 million to universities 
over the next six years for new computers and related 
costs. “This is a very substantial additional expendi- 
ture which perhaps has been too little noticed in the 
universities,’ Mr. Crosland added. 

Both undergraduate and graduate studies are far 
ahead of the Robbins Report projections. The under- 
graduate enrolment for 1966-67 should be 189,000, or 
2,000 more than originally estimated, while nearly a 
quarter of last year’s graduates—13,500—stayed on 
for postgraduate work, thus more than doubling the 
estimated growth rate. This development, said Mr. 
Crosland, “has resulted from the cumulative decisions 
of all the universities in the country, and only inci- 
dentally from national policy in matters such as 
postgraduate awards.” He concluded that the Govern- 
ment’s role is to keep national issues in the forefront 
of academic discussion, and to create a climate of opin- 
ion in which close involvement with the social and 
economic needs of the nation is a respectable aspiration 
for a university. 


Uranium in Europe 


THE Euratom organization persists in taking what the 
stock exchanges would call a bullish view of the uranium 
market. In 1963, when uranium was something of a 
drug on the market and when the British Government 
was having to explain to the Canadians why the United 
Kingdom Atomic Energy Authority wished to stretch 
out its contracts to buy uranium from Canadian mines, 
Euratom published a report which drew attention to 
the likelihood of scarcity (EUR. 414e—The Problem of 
Uranium Resources and the Long-Term Supply Posi- 
tion). Briefly, the estimates compiled in 1963 suggested 
that Europe as a whole would need something like 
100,000 metric tons of uranium metal in the decade 
1970-80, and that only some 15,000 tons of this would 
be supplied from within Europe at a reasonably 
competitive price of around $8 for a pound of U,Q,. 
One immediate result, within the six countries of 
Euratom, was to stimulate uranium prospecting in 
Europe. Some of the results of this work are now 
described in the document Les Ressources en Uranium 
dans la Communauté Européenne published at Brussels. 
The most remarkable change in the past three years 
has been a cheerful upward revision of the estimates 
of the potential uranium resources of Europe. It is 
true that the Benelux countries (Belgium, Luxem- 
bourg and the Netherlands) are written off as contribu- 
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tors, but it appears that France, West Germany and 
Italy are better off than has hitherto been thought. 
More detailed examination of uranium ore deposits 
known for some years has led to increases of estimates 
of their potential. Hunting for new kinds of uranium 
deposits has also turned out to be successful. The result 
is that the Working Party responsible for the survey 
considers that the proved reserves of uranium ore, 
known to be equivalent to 31,000 tonnes in 1964, 
could be increased by up to 40,000 tonnes by means of 
a sufficiently energetic programme of exploration. 
Some of this addition to present reserves would come 
from the discovery of new deposits, and some from 
the extension of deposits at present being worked. 
France is thought to contain half the uranium as yet 
undiscovered, while Italy and West Germany share 
the rest. The Working Party has a number of sugges- 
tions to make about the future exploration for uranium 
in Europe, not the least constructive of which is the 
suggestion that there should be better liaison between 
the geologists. 
future of uranium supplies, there remains an unhappy 
discordance between potential supply and likely 
demand. Even if prospecting turns out to be as success- 
ful “as it seems reasonable to hope, the reserves will, 
however, remain insufficient for the needs of the 
community as a whole in the decades ahead .. .” 


Drilling Deep 

It should soon be known whether the National 
Science Foundation will have to buy its way out of the 
contracts signed for the equipment needed for drilling 
the Mohole, or whether the project will be allowed 
to limp along on a somewhat straitened budget. 
Earlier this year the appropriate committee of the 
United States House of Representatives declined to 
vote money for next year’s operations, and thus put in 
jeopardy the construction of the Mohole drilling barge, 
estimated to cost $27 millions and due to start experi- 
mental drilling in the Pacific during 1967. Now it is 
up to the Independent Offices Appropriations Sub- 
committee of the United States Senate to decide whether 
there shall be some loosening of the public purse- 
strings. At this stage it is unlikely that the sponsors 
of the project will get the whole of the $127 millions 
now thought necessary to complete the Mohole, though 
it would be entirely sensible if the Senate decided to 
complete the barge on which work has begun, and 
to provide funds for a modest programme of experi- 
mental drilling in 1967 and 1968. After all, nobody 
questions the value of deep boreholes, but merely 
the wisdom and feasibility of going in one leap to the 
Mohorovicic discontinuity on a fixed budget, even 
if that budget is eight times the cost originally 
estimated. 

Some of the artlessness of the Mohole project can be 
found in the record of the symposium on Drilling for 
Scientific Purposes held in Ottawa last year under the 
auspices of the International Upper Mantle Committee 
(Queen’s Printer, Ottawa, 75 cents). At the symposium 
Professor H. H. Hess of Princeton described a meeting 
in Washington in March, 1957, at which eight people 
were gathered “to analyse projects submitted from 
earth scientists of the country. We had something 
like sixty projects to review in two days . . . we were 
rather tired, and Walter Munk mentioned that none 
of these proposals was really fundamental to an under- 
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standing of the Earth, although many of them were 
very good. If someone wanted to study the clay 
minerals of such and such a formation to find out about 
its diagenesis, well, this was a good thing to do. How- 
ever, it would not solve a major problem about the 
Earth. If someone wanted to study the stability 
of anthophyllite, well yes, I would like to know about 
its stability too. But still, it is a relatively small point. 
We had gone through sixty of these proposals, most 
of which we rated as being very good projects. They 
should be supported.” But then emerged the proposal 
that “we should have projects in earth science— 
geology, geochemistry, geophysics—which would arouse 
the imagination of the public and which would attract 
more young men into our science”. That was the 
beginning of the Mohole. 

The overall effect of the report of the symposium 
is, however, more a vindication than a condemnation 
. of deep drilling. There is an impressive account of 
how a Canadian team has studied a basic intrusion 
in the Canadian Shield with three modest holes. The 
JOIDES programme, in which the three principal 
oceanographic institutions in the United States partici- 
pate, has learned a great deal about ocean sediments 
since the Pliocene by drilling into the continental shelf 
off Florida. The Russians are looking hard, from the 
Baltic Shield to where Asia runs out into the Pacific, 
for profitable sites at which to drill holes of up to 7 
or even 10 km. (One hole described at the symposium 
had then passed 3,800 metres, a third of it in granite.) 
The Swiss would drill into the Alps, the Japanese into 
the roots of their island arc and the Icelanders into the 
succession of lava flows which supports them and the 
Faroe Islands. Then there is great interest in the oceanic 
basalts above the Mohorovicic discontinuity whose 
magnetization may be responsible for magnetic ano- 
malies recently measured. Obviously there wi 
plenty of work to keep a deep drilling barge 
even if Mil gdeas eet a long way 
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specification of the site should help to thin out, the 
field. It is laid down that the spot selected should be 
roughly 20 square kilometres in area, at least 3-5 
kilometres acros3 at its narrowest point, and flat to 
within 20 metres over the whole area. The ground must 
be stable to within 0-15 mm in 100 metres, and there 
must be a power supply capable of providing 100 MW 
by the time the accelerator is in operation, and with 
the possibility cf 300 MW if storage rings are ever 
added. Something like 2 cubic metres of cooling water 
a second may be necessary, while access to the site by 
air and on the surface must be easy. Finally, the 
specification states, there must be towns nearby capable 
of absorbing the 15,000 people needed to run the 
accelerator. There is even a passage which refers to 
the way in which it will be easier to recruit staffin areas 
which are attraczive to live in. It will be fascinating 
to see how the Council votes if it should ever be neces- 
sary to choose, cn grounds of amenity, between a site 
in southern Eurcpe—between Nice and Marseilles, for 
example—and one in the north. 


Fossil Mammals 
VERTEBRATE pa_acontologists would do well to take 


_ note of four recent works on fossil mammals: Savage, 


Russell and Louis have made a painstaking reassess- 
ment of the European Eocene equids with special 
emphasis on sore French material (Univ. Calif. Publ. 
Geol. Sci., 56: European Eocene Equidae (Perisso- 
dactyla) , 1966). The equid faunas at any one time in 
the Eocene are szen to comprise several species, which 
differ mainly in size, and this may aes 
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"(i Con. Zool., Harvard Univ., 133, No. 6: The 
-Fossil Elephant Shrews: 1966). He supplies a diagnosis 
and achieves a neat rehousing of some African Tertiary 
mammals which had previously been misplaced among 
‘ marsupials, mixtodectid insectivores and hyracoids. 
- The order has only one family, the Macroscelididae; it 
is entirely African, and ranges from Lower Oligocene to 
- Recent. The extinct sub-families were essentially 
herbivorous while the living members are more 
-markedly omnivorous. 
. Reed and Turnbull have described the insectivore 
+ genera Arcioryctes and Cryptoryctes from the Oligocene 
«and Miocene of North America (Fieldiana: Geol., 15, 
-v No. 2; 1966). They provide a detailed account of the 
” functional anatomy of the bones of the forelimb and 
shoulder girdle of the fossil forms, and compare them 
| c., with living talpid moles. The trends in the two 
| groups are broadly parallel but differ in detail; the 
| * arctryctines are more specialized while the talpids have 
| the lead in overall efficiency of the limb. 
| 
| 


Domestic into General Science 


QUEEN Elizabeth College of the University of London 
is taking another important step in the transition 
from its original role as King’s College of Household 
and Social Science to a general science college. After 
20 years as principal, Miss M. J. Sargeaunt is retiring in 
September and Dr. Kenneth G. Denbigh, professor of 
chemical engineering at Imperial College, London, 
since 1961, will be the new principal. Although he has 

ee mal plans, Prof. Denbigh hopes the college 
pecientific centre. Because space 
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Lister Institute—1966 


Tar London Lister Institute of Preventive Medicine 
has had another good year, as judged from the annual 
report for 1966. Although it gets no money from the 
University Grants Committee, the Institute is one of 
the recognized schools of the University of London 
for postgraduate research, and during 1965-66 there 
were sixteen postgraduate research workers at the 
Institute registered for higher degrees. Also embodied 
within the Lister are three units of the Medical Research 
Council—the Trachoma Research Unit, the Blood 
Group Research Unit and the Blood Group Reference 
Laboratory. 

The research being undertaken involves the genetics, 
physiology and morphology of bacteria, trypanoso- 
miasis, various aspects of virus diseases and bacterial 
infections, immunology, human blood group substances, 
biochemistry of lipids, macro-molecular components 
of blood, and human plasma proteins. In recent 
years, increasing emphasis has been placed on various 
aspects of virology and immunology. In virology, 
there have been considerable developments in studies 
of trachoma agents, and of special importance has been 
the success in passaging trachoma and inclusion 
conjunctivitis agents in the lungs of mice. The possi- 
bilities are being investigated of producing a potent 
vaccine free from those substances in nervous tissue 
which are responsible for the demyelinating accidents 
which sometimes occur during the treatment of rabies. 
New fields of research in immunology include investiga- 
tions to test the possibility that generalized eczema 
may result from the incorporation of bacterial or fungal 
antigens into cells of the skin. There is also an investi- 
tion of the possibility that nodular vasculitis may be 
caused by complexes of antigen and antibody. 
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Parliament in i Britain 


OPENING a debate in Committee on the Civil Estimates 
in the House of Commons on July 5, Sir Edward Boyle 
and other speakers strongly challenged the adequacy 
of the Government’s allowance of £25 million for the 
university building programmes for 1965-69. In his 
defence the Secretary of State for Education and 
Science, Mr. A. Crosland, was content to emphasize the 
increase of numbers of students to 189,000 by October 
1966, with a further 47,000 full-time students in tech- 
nical colleges. In the course of his speech he announced 
that Professor B. H. Flowers had agreed to become 
chairman of the Computer Board; the Secretary of 
State also agreed that 44 university institutions might 
really be too many as compared with the same number 
of students in fewer but larger institutions. He, and 
other speakers, emphasized the importance of a balanced 
distribution of reserves between the universities and 
other educational institutions. The White Paper, 
A Plan for Polytechnics and Other Colleges, issued in 
May received favourable comment in the debate, but 
on both sides of the House it was urged that rigidity in 
higher education should be avoided. The geographical 
distribution of the proposed polytechnics was, however, 
criticized, particularly the absence of such institutions 
from eastern England. 

There was some evidence of fresh thinking about 
public control of universities, and in replying on the 
debate, the Minister of State, Department of Educa- 
tion and Science, Mr. G. Roberts, said that there was 
no intention of creating a rigid pattern, irrespective of 
traditions and individual circumstances. The changes 
proposed in the White Paper were essentially flexible 
and evolutionary, and the Minister would not designate 
a college or group of colleges for status as a polytechnic 
until there had been full consultation with the Regional 
Advisory Councils and with the local education authori- 
ties concerned. 


RepPiyina for the Government in an adjournment 
debate in the House of Commons on colour television 
on July 6, the Postmaster General, Mr. E. Short, said 
that the decision to introduce colour television on the 
625-line definition standard was determined by four 
main considerations which had led the Television 
Advisory Committees last December to reaffirm the 
earlier decision of 1962. First, given the decision to 
change the line standard from 405 to 625 lines, it would 
be a retrograde step to start colour on 405 lines. 
Secondly, dual standard colour sets would be more 
expensive to instal! and maintain, and might be so 
complex as to jeopardize the success of a colour service. 
Thirdly, sets designed to receive colour on both line 
standards would cost 7-10 per cent more than sets 
designed for 625-line colour only. Fourthly, it was 
questionable whether a 405-line colour transmission 
would permit an acceptable quality of colour reception 
for those with colour receivers, or of black-and-white 
reception for those without. The latter for years to 
come would constitute the great majority of viewers. 
By the end of 1967 it was estimated that 65 per cent, 
and by the end of 1968 about 75 per cent, of the popu- 
lation would be able to receive BBC 2. Mr. Short 
emphasized that, whether transmitted on u.h.f. or 
v.h.f., the 625-line standard provided a better picture 
than the 405-line standard. Uniformity, he said, 
was desirable. 
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University News: a Birmingham, z 


Dr. J. M. BisHor has been appointed to the newly estab- 
lished second chair of medicine. 


Bristol 


Dr. J. M. MARSTRAND has been appointed to a chair of, 
pure mathematics; Dr. M. H. Rogers has been appointed ` 
to a chair in the Computer Unit. 


London- 
Pror. J. N. Marris, director of the Social Medicine. : 


Research Unit of the Medical Research Council and prọ~ ` | 


fessor of social medicine at the London Hospital Medical 
College, has been appointed to the chair of public health., : 
tenable at the London School of Hygiene and Tropical nee, 

Medicine. cae 


Loughborough -` 


Dr. G. W. KIRBYS, at present lecturer in chemistry in the , 
Imperial College of Science and Technology, has been, - 
appointed to a cheir in organic chemistry abt Loughborough , 
University of Technology. 


Readi ng 


THE following professors have been appointed: Dr. J. C. 
Bowman (animal production); G. Williams (zoology). 


Appointments 


THE chairman o? the Schools Council from October 1, 
1966, will be Mr. Alan Bullock, Master of St. Catherine’s ~ 
College, Oxford. He will succeed Sir John Maud, who 
has been chairman of the Schools Council since its forma- 
tion two years ago, and who is now to be chairman of the 
Royal Commission on Local Government. 

It has also been announced that Mr. Geoffrey Caston, 
an assistant secratary at the Department of Education 
and Science, is to succeed Mr. Derek Morrell as one of the 
three joint secretaries of the Schools Council. 


THe American Institute of Physics has appointed Dr. 
Ralph A. Sawyer as acting director in succession to Dr. 
Van Zandt Williams, who died suddenly on May 13, 1966. 
Dr. Sawyer actec as director of the Institute for a short 
period from October 1, 1964, to April 1, 1965, before Dr. 
Williams took up his appointment. He is a spectroscopist 
and has been clesely associated with the University of 
Michigan. 


Mr. I. G. K. WILIAMS, at present head of the Adminis- 
trative Division m the Health and Safety Branch of the 
United Kingdom Atomic Energy Authority, has been 
appointed deputy director general of the European 
Nuclear Energy Agency. 


Announcements 


THe following have been elected full members of the 
Soviet Academy of Sciences: A. N. TrxHonov (mathe- 
matics); N. G. Basov, L. F. VERESHCHAGIN, 8. V. 
VonsovsktY, V. L. Gryspure and A. M. PrRokHOROV 
(general and apphed physics); M. A. MARKOV and A. B. 
Miapau (nuclear physics); V. I. PorxKkov (physical and 
technical problems of energetics); V. V. MENNER, M. A. 
Sapovsxy and A. V. SIDORENKO (sciences of the earth); 
V. P. Barman, >. D. Grusain, V. P. Misa, V. V. 
Novozuainov, N. A. Prrvvuery and M. K. YANGEL 
(mechanics and zontrol processes); I. V. PETRYANOV- 
Soxonov, G. A. EAaAzuva Yey and N. M. EMANUEL (general 
and technical chemistry); I. P. ALIMARIN, §. T. KISEKIN 
and A. M. SAMARIN (physico-chemistry and technology of 
inorganic materiels); N. D. IERUSALIMSKY, J. W. PHIVE 
and G. M. Frank (biochemistry, biophysics and the 
chemistry of phrsiologically active compounds); P. K. 
ANOEKHIN, B. M. Erers, V. V. PARIN and B. V. Perrovsky 
(physiology); B. L. Asraurov and N. P. DUBININ (general 
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biology); A. A. Gusrr (history); B. M. Keprov 
{philosophy and law); A. M. Rumyantsev and T. 8. 

COHATUROV (economics); V. M. ZHIRMUNSKY and 
M. B. KERAPCHENKO (literature and language); G. K. 
BorresKkov, N. N. Vorozutsov, A. B. ZHuKov, Yu. A. 
Kuznetsov, L. A. Menenryvev, A. V. NIKOLAYEV and 
V. V. STRUMINSKY (Siberian branch). The following have 
been elected corresponding members: N. P. BusLenxo, 
V. Ya. Kozzov, S. P. Novrxov, Yu. V. PROKHOROV and 
A. A. SAmMAaRskKY (mathematics); L. D. BAKHRAKEH, A. F. 
Bocomorov, V.S. Borovix-Romanov, L. A. VAINSHTEIN, 
L. P. Gorxov, E. M. Lirsurrs, R. V. Knoxntov and I. 8. 
ĐHKLOVSKY (general and applied physics); V. P. 
DsELEPOV, L. B. Oxun, E. L. FEINBERG, L. P. FEOKTISTOV 
and A. E. Caupaxov (nuclear physics); N.S. LIDORENKO 
(physical and technical problems of energetics); Yu. D. 
BuuanzHe, P. N. Krororgkin, V. V. RZHEVSKY, A. B. 
Ronov, E. F. Savarensxy, E. M. SERGEYEV, A. I. 
TucarNov and V. E. Kwa (sciences of the earth); 
G. S. Byosueens, 8. V. VALLANDER, S. §. Lavrov, N. N. 
Moisexev, I. F. Oprazrsov, G. S. PosreELov, V. §. 
PucacnHov, V. B. RAUSHENBAKEH and G. P. SVISHCHEV 
(mechanics and control processes); N. S. YENIKOLOPOV, 
Ya. M. KOLOTYRKIN, A. A. Perrov and A. S. SADYKOV 
(general and technical chemistry); R. S. AMBARTSUMYAN, 
V. V. Kararov, B. N. LASKORIN and E. M. SAVITSKY 
(physico-chemistry and technology of inorganic materials) ; 
M. V. VoOLKENSHTEIN, M. N. Korosov, M. A. PROKOFIEV, 
A. 8. SPIRIN and A. A. Sanyx (biochemistry, biophysics 
and chemistry of physiologically active compounds); 
O. G. GAZENKO, P. G. Kostryvuk and A. M. UGoLev 
(physiology); A. P. ANpRIYASHEV, M. S. GmYarov. 
A. L. TAKETADZEYAN and S. S. Savarrs (general biology); 
Yu. V. Bromuszt, Ya. 8. GrosurLr, Yo. A. PoLYAaAxov and 
V. L. Yanın (history); G. A. ÅAKSENYONOK, D. A. 
Kermov and T. I. OrzeRĮmaN (philosophy and law); V. A. 
VINOGRADOV, A. G. Mrrserkovsry, T. V. RYABUSHEIN, 
V. G. Sotopovnrxov and T. T. TimorExEv (economics); 
M. N. Bocotyusov and D. F. Marxov (literature and 
language); A. A. BorovxKkovy, G. S. Gorsurov, M. I. 
KarGaroLrov, N. N. Puzyrev, M. G. Srimszxo, V. P. 
SOoLONENKO, L. V. Tauson and N. N. Yanenxo (Siberian 
branch). 


Tue U.S. National Academy of Sciences and the Czecho- 
slovak Academy of Sciences have agreed on a programme 
of scientific exchanges lasting for the next 3 years. Visits 
of from one month to one year by individual scientists 
are included under the agreement, and it is expected that 
a total of 40 man-months of visiting a year in each direction 
will take place. 
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Tue U.S. Naval Research Laboratory has agreed with the 
University of Maryland and with Cornell University to 
conduct joint programmes of research on plasma physics. 
The objective of the two bilateral agreements is that the 
laboratories concerned should plan their work in consulta- 
tion with each other and that there should be frequent 
interchanges of students and scientists between the 
institutions. The Naval Research Laboratory’s programme 
is being directed by Dr. Alan C. Kolb, now superintendent 
of the Plasma Physics Division in which he has worked 
for the past decade. 


THE Council of the Royal Society of Edinburgh has 
announced that Dr. S. Evans, a member of the Scott 
Polar Research Institute, has been awarded the Dr. W. 5S. 
Bruce Memorial Prize for 1966, in recognition of his many 
applications of physics to scientific exploration in the 
Antarctic and particularly for his development of radio 
echo sounding of ice. The Council has also announced 
that the David Anderson-Berry Prize for 1966 has been 
awarded as follows: Dr. G. F. Whitmore, for his investi- 
gations into the effects of radiation on the underlying 
cellular and chemical events which occur at various 
stages during the growth and division of mammalian 
cells; proxime to Dr. L. A. Stocken and Dr. M. Ord, for 
their work on the effects of X-irradiation on the synthesis 
of deoxyribonucleic acid. 


Mr. D. Watts has been awarded the Miles Prize by the 
National Institute of Industrial Psychology, in recognition 
of his work on new training techniques at the Navy 
Department of the Ministry of Defence. He is the first 
recipient of this new Prize. Dr. D. McKie Kerslake has 
been awarded the Vernon Prize by the Institute. 


THE one hundred and third meeting of the British 
Pharmaceutical Conference will be held in Manchester 
during September 5-9. Further information can be 
obtamed from the Pharmaceutical Society of Great 
Britain, 17 Bloomsbury Square, London, W.C.1. 


THe third international Congress of Human Genetics 
will be held in the University of Chicago during September 
5-10. Further information can be obtained from Dr. B. 8. 
Strauss, University of Chicago, 1307 East 60th Street, 
Chicago, Illinois. 


AN international symposium on ‘Selenium in Bio- 
medicine” will be held at Oregon State University during 
September 6-8. Further information can be obtained 
from the chairman of the symposium, Dr. O. H. Muth, 
Nutrition Research Institute, Oregon State University, 
Corvallis, Oregon. 


THE NIGHT SKY IN AUGUST 


All times are in Universal Time 


Moon CONJUNCTIONS WITH THE Moon 
New Moon 16d 12h Venus ld 20h, 4° S, 
Full Moon 1d 09h Mars 14d 10h, 4° S. 
31d 00h Jupiter 24d 08h, 4° S., 
Saturn 5d 13h, 2° N, 
PLANETS 
Times of rising (R) and setting (S) during the month 
Name R/S Beginning Middle End Mag. Dg (10° miles) Zodiacal position 
Mercury R Unfavourable 3h 05m Unfavourable +04 81 Cancer 
Venus R 2b 06m 2h 35m 3h 15m — 3-3 144 Cancer 
TS R 2h 05m ih 56m ih 560m +19 223 Gemini 
Jupiter R 2h 40m ih 55m th 15m o Jeg 563 Gemmi 
Saturn R 2ih 40m 20h 40m 19h 40m +10 813 Pisces 
Dg is the distance of planet from the Earth on the 15th of the month 
OCCULTATIONS OF STARS BRIGHTER THAN MAGNITUDE +6 AT GREENWICH 
Star RiD Time Mag. 
58 Tau R 1id Oih £6-0m +53 
(D, disappearance; R, reappearance) 
METEORS ; 
Name Active period Date of maximum Radiant Remarks - 
Perseids Juy 27-Aug. 17 12d 46° R.A. +58? Dec. Favourable 


OTHER PHENOMENA 


4d 02h, Venus 1° S. of Mars. 
7d 17h, Venus 0:1° S. of Jupiter. 
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TECUITLATL; A GLIMPSE OF AZTEC FOOD TECHNOLOGY 


By Dr. W. V. FARRAR 


University of Manchester Institute of Science and Technology 


THE unicellular yellow-green alga Chlorella (Chlorophyta), 
and species related to it, has often been discussed in recent 
years as a possible source of cheap food. Its production, 
which needs only sunlight, water and inorganic salts, 
would be economical of labour and land; experimental 
work has been going on in many countries’. A great 
impediment to this project is the unpalatability of 
Chlorella, however prepared and disguised, to human 
beings’, and no solution to this problem seems to be in 
sight. This article presents evidence that the pre-Conquest 
inhabitants of Tenochtitlan (the present Mexico City) ate 
considerable amounts of a blue-green alga (Cyanophyta) 
of unknown species, which both the natives and the 
Spaniards found palatable. While it was being written, a 
Belgian Saharan expedition reported’ that Africans in the 
vicinity of Lake Chad were also in the habit of eating a 
blue-green alga, Spirulina platensis. 

Tenochtitlan was built on an island in a lake of brackish 
undrinkable water (Lake Tezcoco), connected to the main- 
land by three causeways. The small part of the lake 
enclosed by the causeways contained fresh, but still 
undrinkable, water; it was always at a slightly higher 
level than the rest of the lake. Drinking-water came from 
several miles away, by means of an aqueduct. The size 
of the city astonished Cortés and his companions on their 
entry in 1521. Their estimates of its population have 
often been derided as exaggerations; but the report made 
by Cortés of 60,000 families agrees reasonably well with 
Humboldt’s much later estimate that the old city must 
have been about three times as big as the one he visited, 
the population of which was about 137,000 (ref. 4). At a 
conservative estimate (say 250,000) it was much larger 
than the largest towns in Europe. 

How was such a large urban population fed, in a 
country of primitive farming, where all land transport 
was on the human back? There were fish in the lake, 
but there were no large, edible domestic animals. The 
staple foodstuff was maize, but the varieties then culti- 
vated were not high-yielding. From the descriptions by the 
conquistadores of the wares offered for sale in the great 
market of Tenochtitlan, it would seem that the people, 
though by no means starving, were pressing hard on their 
resources. Nothing edible was neglected, not even snakes, 
‘lice’, or the usually despised dog. It was no doubt the 
pressure of necessity which led to human sacrifice on a 
vast scale, followed by cannibalism; and to the invention 
of “chinampas” or “floating gardens”, though the latter 
either fell out of use, or never existed? except as an 
ingenious system of irrigation. 

With this background of knowledge, it was interesting 
to find in Prescott’s Conquest of Mexico two brief refer- 
ences’ to a “slime” gathered from the lake and eaten by 
the people of Tenochtitl4n*. Prescott’s first authority 
was the eighteenth-century historian Clavigero®: 


“Not contented with feeding on living things, they 
ate also a certain muddy substance that floats on the 
water of the lake, which they dried in the sun and pre- 
served, to make use of it as cheese, which it resembled 
* Ref 7 has misleading footnotes (pp. 284 and 536) which equate the 


‘slime’ with ahuahulle, the egg-masses of some water-insect, which are eaten 
as a sort of caviare. The two materials are quite different. 


in flavour and zaste. They gave to this substance the 
name of Tecuit_atl, or excrement of stones.” 


Clavigero can only be considered as a secondary source; 
but the other reference is to Bernal Diaz, who was among 
the first Spaniarcs to enter Tenochtitlán. His memoirs, 
written in his olc age in simple and vigorous language, 
are a classic of Spanish literature. In his wide-eyed 
account of the great market’, he finds room for half a 
sentence about the ‘“‘slime’’: 


‘“*, . . then there were fishmongers, and others who 
used to sell little loaves which they make out of a sort 
of slime which shey gather from the great lake, which 
they thicken ard make loaves of it, having a flavour 
like cheese.” (‘... pues pescaderos y otros que vendian 
unos panecillos cue hacen de una como lama que cogen de 
aquella gran laguna, que se cuaja y hacen panes de ello 
que tienen un saror a manera de queso.) 


A search among the other sixteenth-century chroniclers 
of the conquest of Mexico revealed a few more references. 
Cortés in his letters to the Spanish Court does not mention 
the “‘slime’’, unless his reference to the collection of “salt” 
from the lakeside’ refers to tecuitlatl But Cortés, 
returned from conquest, and in retirement in Spain, pro- 
vided the material for a book written by his secretary, 
Gómara, who was himself never in Mexico. Gómara 
wrote!: 


“{they eat] a sort of earth, for with nets of very 
fine mesh they collect, at a certain time of year, a soft 
substance which breeds on the water of the lakes of 
Mexico, and they thicken it, though it is neither plant 
nor earth, but g sort of mud. It is plentiful, and they 
collect a lot of it; they empty it out on floors, as if 
they were making salt, and there it thickens and dries. 
They make it into cakes like bricks, which they sell, 
not only in the market fof Tenochtitlán] but carry it 
to others outsids the city, and far off. They eat this 
as we eat cheese, and it has rather a salty taste, which 
is delicious with chilmollit. They say that so many 
birds come to she lake for this food, that often in 
winter some paris are covered with them.” (“‘...y aun 
tierra; porque can redes de malla muy menuda abarren 
en cierto tiempo del ano una cosa molida que se cria sobre 
la agua de las leqgunas de Méjico, y se cuaja, que mi es 
yerba ni tierra, sino como cieno. Hay dello mucho y cogen 
mucho; y en eras, como quien hace sal, lo vacian, y alli 
se cuaja y seca. Hdcenlo tortas como ladrillos, y no solo 
las venden en el mercado, mas llévanlas tambien å otros 
fuera de la ciudcd y léjos. Comen esto como nosotros el 
queso, y ast tiene un saborcillo de sal, que con chilmollr 
es sabroso. Y dicen que á este cebo vienen tantas aves d 
la laguna, que muchas veces por invierno la cubren por 
algunas partes.” : 


The Franciscan riar Toribio (known as Motolinia, ‘‘the 
poor man”) lived among the Mexicans for many years, 
speaking their language and sharing their food and way 
of life. His Memeriales (written about 1541) appear to 
be notes for, or a first draft of, his better-known Historia 


+ A pungent sauce. 
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General, in which the following passage does not appear, 
though the relation between the two works is not very 
clear. His account'* of the preparation of tecuitlatl is 
more detailed than that of Gémara: 


“There breeds upon the water of the lake of Mexico 
a sort of very fine slime, and at a certain time of year 
when it is thickest, the Indians gather it with a very 
fine-meshed net until their acales (as they call their 
boats) are laden with it; on shore they make on the 
earth or on sand a very smooth plot, two or three 
brazas} wide and a little less in length, and they throw 
it down to dry, enough to make a cake two dedost 
thick. In a few days it dries to the thickness of a 
worn ducat; and they cut this cake like broad bricks. 
The Indians eat a lot of it, and it keeps so well that 
they go with this merchandise to all the markets 
of the land, while those among us who share the tastes 
of the Indians find it very pleasant; it has a salty 
flavour.” (‘“‘Crianse sobre el agua de la laguna de México 
unos como limos muy molidos, y å cierto tempo del ano 
que están mds cuajados, cdgenlos los indios con unos 
redejoncillos de malla muy menuda, hasta que hinchen 
los acales 6 barcos dellos, y á la ribera hacen sobre la 
tierra ó sobre arena unas eras muy lanas con su borde de 
dos 6 tres brazas en largo y noco menos de ancho, y échanlos 
alli å secar; echan hasta que se hace una torta de gordor 
de dos dedos y en pocos dias se secar hasta quedar en 
gordor de un ducado escaso; y cortada aquella torta como 
ladrillos anchos, cémenlo mucho los indios y tiene se 
buenos anda esta mercaduria por todos los mercaderes de 
la tierra, como entre nosotros los que son de la salsa de 
los indios es bien sabroso, tiene un saborcillo de sal.’’) 


Another Franciscan friar, Bernardino de Sahagún, knew 
the natives so well that his Universal History (dealing 
mainly with religions and social customs) was first written. 
in Náhuatl about 1550; he made a Spanish version thirty 
years later, although it was not published until 1830. 
His account!® of tecuitlatl is brief but of particular 
interest: 


“There is an urrosas§ which breeds upon the water, 
which is called Tecuitlatl; it is of a clear blue colour; 
after it is well thickened and coarse it is gathered, and 
spread on ashes on the ground, and afterwards they 
make cakes of it, and eat them cooked.” (“Hay unas 
Urrosas§ que se crian sobre el agua que se llaman Tecuit- 
late; son de color de azul claro; despues hacen unas 
tortas de ello, y tostadas las comen.’’) 


The most valuable authority would be the naturalist 
Francisco Hernandez, who was sent by the Council of the 
Indies to report on the flora, fauna, and minerals of New 
Spain and their possible economic exploitation. This 
report was compiled about 1550-60, but the manuscripts 
were scattered and lost, and there was no reasonably 
complete publication until 1790. This? does not mention 
tecuitlatl, but there is a summary of his unpublished 
notes!® in which it is given as a chapter-heading under 
“minerals”. (The notes presumably exist in manuscript 
in the Spanish archives.) The Spaniards were evidently 
confused about the proper classification of tecuitlatl; 
they could not (lacking the microscope) identify it as 
a plant, although it ‘bred’; but the ‘breeding’ of 
minerals was still a common belief in the sixteenth 
century. 

At some time unknown, but probably not long after 
1550, the practice of making tecuitlatl must have ceased. 
The native population was decimated by repeated out- 
breaks of smallpox, and in the first confused years of 
Spanish occupation many traditions were lost. Cervantes 
de Salazar™, writing about 1560, refers to it, but the 
passage is lifted entire from Gómara. Acosta!’, who was 
in Mexico during the years 1586-87, does not mention it. 

t braza equals 1 7 m; dedo equals 1-8 cm. 


§ ‘Urrosas’ (or ‘urronas’) is a puzzle. Itis not Spanish, and is either a word 
from some Mexican Janguage or a mistranscription. 
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The curious character, Thomas Gage, an English Domin- 
ican friar who turned Puritan preacher, wrote?! as though 
it were still used during his sojourn in Mexico (1625-26), 
but a close examination of the passage shows it again to 
be plagiarized from Gémara, this time (with some modern- 
ization of spelling) from the English translation by 
Nicholas!®. Humboldt’, who missed nothing, has no 
word of it; but by his time (1803) the draining of the 
lake had gone so far that it occupied only a fraction of 
its area at the Conquest. 

The key phrase among these quotations is that of 
Sahagún, who refers to the ‘clear blue’ colour of tecuitlatl. 
This identifies it almost certainly as a member of the 
Cyanophyta, or blue-green algae. These primitive plants 
owe their colour to the presence of phycocyanin, a 
blue tetrapyrrole-protein pigment, which is sometimes 
accompanied by the related reddish phycoerythrin. On 
some sheets of water in the United States and Canada they 
grow in abundance at some seasons, and are known as 
“water bloom’. They thrive in both fresh and brackish 
water, and some species are able to make use of atmo- 
spheric nitrogen®*, though this may not have been 
necessary in Lake Tezcoco, which presumably received 
most of the sewage from the city. The chroniclers do not 
make it clear whether tecuitlatl grew on the fresh or salt- 
water portions of the lake; but the latter was by far the 
larger, and the accounts stress the salty taste and good 
keeping qualities of the product. Humboldt?! gave a 
figure for the density of the water which corresponds to 
about 2°5-3-0 per cent of dissolved salts, which were 
mainly sodium chloride and carbonate; sulphate was 
absent. 

No published work has been traced on the use of any 
species of Cyanophyta as food. Indeed, cases of cattle 
poisoning have been ascribed on good evidence to “water 
bloom”, and toxic substances have been isolated from the 
genera, Microcystis and Anabaena*®*. Tecuitlatl, however, 
seems to have been eaten without ill effect, and even 
enjoyed. There is probably now little hope of identifying 
the alga on the spot; the great drainage schemes of 1607— 
1789 and even more of 1885--1900, followed by huge urban 
expansion, have radically altered the terrain of the 
Valley of Mexico. “Indeed, the disuse of tecuitlatl may 
have been the consequence of a slight change of environ- 
ment, causing the replacement of a palatable dominant 
species by an unpalatable or even toxic one. 

1 Burley, J. 3. (ed.), Algal Culture from Laboratory to Palot Plant (Carnegie 
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THE EXISTENCE OF THE CROSSROADS POLICEMAN 
} By JOHN SHOTTER 


Department of Psychology, University of Nottingham 


In the physical world, according to the Second Law of 
Thermodynamics, there is a general tendency towards a 
decrease of order. Maxwell once lamented the lack of 
demons. He said that the fight against increasing entropy 
could be won if there were demons who could sit by a 
door in the side of a vessel containing a gas at some 
temperature above absolute zero, and who would open 
the door and let through particles satisfying some definition 
of “fast”. The same demons would otherwise do nothing. 
(This is a slight reformulation of the principle; a single 
attribute dimension of linear velocity has been used 
to name the particle, and a certain value on it, namely, 
“faster than n ft./sec’’, has been taken as the criterion 
for the decision of the demon. The demon has the relatively 
simple task* of recognizing these names.) 

It would seem that in the biological world the equiv- 
alents of Maxwell demons exist as there is a possibility 
that there is increasing organization in the same sense as 
that which the Second Law of Thermodynamics infers. 
If we were able to construct a machine that would make 
use of the patterns of inputs and outputs from a process 
and extract them from the “rules of ordering” that the 
process exhibited in-its performances, then it would be 
possible for the machine to construct in part of itself a 
sub-machine that would mimic, in every way knownf to 
the machine, the process under observation. 

This article briefly sketches the nature of a mechanical 
procedure whereby the presence of an elementary class* 
of Maxwell demons can be detected and machines con- 
structed automatically to mimic their behaviour. No 
weighting or averaging processes are used as were applied, 
for example, by Selfridge’. The idea here is that if demons, 
in making decisions about events, make use only of 
distinctive features of events, then these must ultimately 
be accessible to an external observer. If a demon’s 
decision rule is thought of as a relational structure embody- 
ing these distinctive features linked to each other by the 
appropriate ordering relation, then it is possible to discover 
the nature of this structure simply from the performance 
of the demon. This is done by noting that each individual 
ordering produced by the demon gives rise to a set of 
ordered distinctive features; every observation is used to 
reveal fragments of different possible relational structures. 
As the decision rule is determinate, it is found that. as 
experience accumulates, only one set of fragments when 
collected together produces a coherent structure. The 
process makes use of both a passive initial process, which is 
sensitive to and extracts the set of distinctive features 
(which may be thought of as something like Hubel and 
Wiesel’ units) and the ordering relations between them, 
and then later an active process which makes use of this 
information to form the relational structure which repre- 


* Tf the demon’s task were to let through particles named with grammatical, 
but not necessarily sensible sentences, and not let through any named with 
non-grammatical sentences—for example, to let through a particle named 
“Colourless green ideas sleep furiously” and not to let through “Furiously 
sleep ideas green colourless’—then the automatic procedure discussed here 
would be inadequate. A more competent demon would be required; we 
must posit a range of classes of demons with varying competences. (‘The 
example given Ís derived from Chomskyt, whose publication also provided 
most of the inspiration for the work reported here.) 


+ By “every way Known” I mean that the mimic will exhibit behaviour 
which will correspond to a rule system (an input/output transformation 
matrix) derived from the experience that it has gained, so far, of the process 
controlled by the Maxwell demon: for every example of behaviour, exempli- 
fying a pariar Tule, emitted by the process controlled by the Maxwell 
demon, fhe mimic will be able to provide an example illustrating the same 
rule. If the Maxwell demon has never had occasion to exemplify one of its 
rules, then clearly the mimic has been denied the appropriate information, 
but soon after receipt of such an example the mimic will be able to supply an 
Sune performance which will also exemplify that. This is an important 
point, 


sents the decision rule used by the demon; an analogy with 
present-day approaches to the central nervous system is 
intended. The procedure is more of the nature of a discovery 
process than a learring process for the reason that there is 
no component in the procedure equivalent to reinforcement, 
(Elsewhere, I have sketched out® the procedure more fully 
and have outlined a mechanical scheme that extracts a 
recursive rule system using only example productions of 
that system. Moreover, in a forthcoming paper, I shall 
extend the scheme so that a machine learns a systematic 
way of providing descriptions of objects sensed by it in 
its environment. The description provided comes from 
within a closed system of descriptions in the sense of that. 
proposed by Grimedale et al.*.) 

The nature of the problem and its solution can be stated. 
in very simple terms, using an everyday example. A 
number of important assumptions will be involved; these 
will be indicated by Al, A2, A3. -The problem is: 


P: “By observing only the patterns of time 
intervals between cars entering and leaving a 
crossroads, wh2re the cars involved have distinc- 
tive features, can we decide whether or not the 
state of affairs is the same as if a policeman were 
at the crossroads directing the traffic in an 
orderly fashion ?” 


To make the problem quite explicit, it must be con- 
siderably idealized. There are two main one-way roads. 
No left or right turns are allowed; neither are crashes, 
overtakings and spontaneous creations, and furthermore 
the crossing point must be clear of cars before observation 
is started (that is, the initial state of affairs is known). 
In other words, we assume (A1) that the specific ordering 
of the cars that prevailed when they were observed, on 
the two roads, Just before they entered the cross-over 
point is preserved when they are observed leaving it. 
Only the pattern of inter-car time intervals is disturbed ; 
this is because cars on the two roads will occasionally 
coincide and, because they can only cross one at a time, 
they must be ordered, and in the process one car will 
suffer a relative delay. The crucial assumption (A2) is: 
If the policeman imposes certain distinctions Dp on the 
cars so that he can direct them, then the number of these 
is finite and, morecver, the observers of the process must 
be able to make a Anite number of distinctions Do which 
include at least Dp, that is, Do> Dp. The “shape” of ` 
the name by whick these distinctions are known to both 
parties involved is not important so long as they are 
distinct for the parties concerned; arbitrary names can 
be assigned. The policeman may be following the rule 
(PR): “Whenever there is a coincidence of cars at the 
crossroads, always allow the make ‘X’ through before 
the make ‘Y’ and 'Y’ before ‘Z’. And when two cars of 
the same make coincide, allow that on road one (r1), the 
road on my right, =hrough first. Otherwise, do nothing.” 
The observers may, however, know the makes that the 
policeman calls “X”, “Y” and “Z” by the names “A”, “B” 
and “C”, and the roads that he calls “ri” and “r2” they 
may call “R1” and “R2”; it does not matter. Clearly the 
policeman’s rule must be comprehensive; if there are n 
makes of car (n fmite), it must include an ordering of 
all the n makes; hə must not be confronted with a make 
that he does not recognize. In our example we shall 
assume that there exist just four makes of cars in all the 
world, called by the observers (A, B, C, D). 
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To show how the process observers could be mechanized 
the nature of their task must be shown quite clearly. 
me arrangement of process observation 1s shown in 

ig. l. 

It will be seen that there are four clerks (iC 
iC., 0C,, 0C,), who quite passively react to events on the 
television screens. They have each been provided with a 
coding sheet and a print-out clock. When a car passes, 
the clerks record both its time of passing and its make. 
A fragment from a typical record written by clerk 7C;, 
j=1,2, might be: 


"ey lotio EA), lotiri B), (obr: BaD), liBn A) .. (1) 


where otis denotes the magnitude of the tenth time interval, 
the recording of which was occasioned by the passing of 
a car and it was a car of make “A”. (The time at which 
the observation period was begun is arbitrary, but all the 
clocks were started at the same time and synchronized.) 
The clerk oC; uses a similar recording procedure but 
slightly different marks, so that the fragment of his record 
that relates to the same cars (we know they are the same 
due to Al) will appear as: 


aos (trio RA), (of’11)4%3,B), (ot 12,423,D), (ot 13,40;,A), eee (2) 


I think it is clear from the duties of the clerks as stated 
that their task could be mechanized quite easily. The 
four makes of car could each carry a plate engraved with 
a two-place binary code, A-00, B-01, C-10, D-11, and 
photocells could then activate the print-out clock and 
assign one of the binary coded names. Thus records such 
as (1) and (2) could be produced mechanically. 

At the end of the observation period, which is of an 
arbitrary length (but see f), the clerks bring their records 
to the co-ordinator (CO). He co-ordinates the two input 
records and the two output records by ordering the 
individual observations in order of time of observation. 
As the clock supplies a time assignment of finite length, 
if there have been any crossroad coincidences then the 
CO is bound to find cars within the input records with 
identical time assignments. (The problem is slightly 
glossed over here, but it is clearly possible to state the 
proper conditions for this specific problem.) A typical 
record that the CO forms, by amalgamating the records 
of iC, and ¿Ca might be: 


IJP: [Hots BLA), (a) BSB) 


(ots), £22,.B) 


6 

(ota! ),#2,C), ee R2 A) ? 
where “//” is a beginning and an end marker, and 
k in ote? is the time ordering before the amalgamation of 
the records, while (j) is the time ordering after. The 
ordering depends only on a magnitude judgment and can 
easily be mechanized (it is one-dimensional). Clearly in 
the O/P record there will be no coincidences; those that 
appear in the I/P record will be ordered. The output 
record formed by the CO from the records of oC, and 00, 
which corresponds to the foregoing can now be presented: 
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/(RljR2,A/B), (R1/R2,B/C), (R2/R1,A/B), 

(R1/R2,B/C), (R1/R2,A/A)// 

where “/’? means “‘precedes”’ and is transitive. 
` Bearing in mind 42 and introducing a further assump- 
tion (A3)—namely, that policemen are determinate 
beings, that is to say that once they have decided to 
follow a certain course of action they do not change, we 
can allow the CO to search for identical relations exhibited 
in (5). The CO does not have to take all the distinctions 
Do that he knows and form preliminary “‘hypotheses’’; in 
the first term of expression (5) there are already two 
suggestions. The CO now takes these and systematically 


(5) 


Q 


oe 
vanee 


@ @ 0 @ 


Central area where 
an unobservable 
ordering process 
functions. 


Road R2 


ic, ol, iC, oC, 
CO 
Fig. 1 
(5) 
» (ots), 21,0), (d:t, R2,4), RTO | l 


(3) 


(ot, R2, A) i 

searches among the others (that is not difficult to arrange) 
for others identical to them. Only an ‘“‘identical or 
different’? judgment is involved here; the process of 
taking an item, comparing it with a set of other items 
and making such a judgment is an everyday task for a 
computer if the item can be represented in a binary code— 
here it can. Thus, this process can be mechanized. As a 
result of his search and comparison procedure, the CO 
finds that the only set of relations that does not (on the 


O/P: -[](oty'™,R1 A), (t, RLA) (ot ™, Ra ,B), (ote, Rl 0), (ote), R2,A), 


D i aia ee ee 
(ots, B1,B), (ots, B2,0), (ofa, R2 o lats 9, R2, A), (ots, R1,B), 


4. 





Given that the records as shown in (8) and (4) are 
marked as complete (the beginning and end are markéd 
with “‘//”), can we now decide whether the ordering is 
systematic or not ? 

We shall now consider the coincidences marked “1” to 
“5” in (4). If there is any ordering, according to A2, it 
must arise from distinctive features. We can now con- 
sider a record reduced: ust to the relations: 


(4) 


(ota! ra ikl »B), (ote ' 12) 22,7), (ot; m ROLEN 19, E1 A b (otg í 15) R2,A) {i 


information available to him, see f). transgress A3 is: 


IKAIB), (B/C), (A/B), (B/C), (4/A)/] (8) 
These may be BOAT ee ‘by: 
‘T A/B/C (7) 
3 AJA 


- In expression (6) the last term (A/A) suggests the 
possibility of a further distinction. If it were found that 
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associated with every relation, such as A/A, there was 
some other specific relation, for example (fragment): 


...(RUR2,A/A), ..., (R1/R2,C/C), . . „ (R1/R2,B/B),... 
(8) 


then, with the information which we have so far (see f), 
we could summarize the policeman’s hierarchical decision 


rule as: 
A/B/C 
ns (9) 


This means that he is behaving as if he were following a 
rule like the PR one already mentioned. If the relations 
between the distinctions mentioned on the top line of 
(9), that is, “A/B/C”, are insufficient to make a decision, 
then he ignores them and turns to the relation between 
the distinctions mentioned on the next line of (9), that 
is, R1/R2. 

The sketch of the discovery procedure is now in essence 
complete. The CO as a result of his search among the two 
sets of relations used here, the (R1,R2) set and the 
(A,B,C,D) set, may conclude that so far as it is known 
(see +) the (A,B,C) set is systematic and that the state 
of affairs at the crossroads is the same as if there were a 
policeman there directing the traffic according to the 
hierarchical decision rule (9). However, the way im 
which the CO and the clerks do this and the way in‘which 
it may be mechanized has been sketched and thus they 
may all be replaced by a general-purpose computer 
provided with photocell inputs and a suitable programme. 
In this way the computer is able to structure part of itself, 
by following the procedure already outlined, so that as a 
result of observing the pattern of inter-car time intervals 
at the inputs to the crossroads, it could activate some- 
thing which would order the cars leaving the crossroads 
in an identical fashion to that which has just been demon- 
strated with a policeman. (There is an inherent and 
very important time lag.) Thus the computer has 
mimicked the behaviour of a living thing; actually the 
behaviour of the policeman with respect to the cars was 
so systematic that he could have been replaced by a 
machine in the first place, but that is a peculiarly human 
otal judgment and not one that a computer could 
make. 

We must now briefly discuss what would happen if the 
policeman were not there. If, and only if, the pattern of 
relations (10) had been obtamed: 


[/(81/R2,A/B), (R2/R1,B/A),(R1/R2,B/C),(R1/R2,C/B)// 
(10) 


then no systematic set of relations can be found and we 
must assume that it is just as if a policeman were not 
there and that individual motorists were deciding for 
themselves using their own individual ‘precedence 
criteria’. 

We note in this example that the policeman did not 
ever encounter the make of car that the observers knew 
as ‘“D’’; thus although the policeman’s rule system con- 
tained a rule appropriate to “D” and was, in the terms 
of the names assigned by the observers: 


ae 
R1/R2 


the observers have only sufficient information to con- 
struct (9). The discussion in relation to the specrfic 
problem is now complete. 

I would now like to discuss the generality of the pro- 
cedure and to state a problem. Perhaps it will be best to 
begin by discussing the nature of decision rules. A2 is 
equivalent to an assumption that if the policeman is 
using some distinction related to the cars, then it must 
be possible to code that distinction (in, say, binary code). 
If that is the case, then 1b is not too difficult to see how 
the procedure could be extended to cope with a finite 
number of attribute dimensions each containing a finito 


(11) 
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number of distinczions. What now happens if the police- 
man uses a table of random binary digits such that when 
there is a coincidence and his table shows an “‘0’’, he lets 
the car on his right go first, and when it shows “1” he 
lets the car on his left through? In this event, the CO 
decides that the state of affairs is the same as if there 
were no policeman there at all. If the policeman is 
consulting a tabla of numbers generated by a specific 
infinite non-recurring decimal, then the CO can only 
discover this by parsuing the specific hypothesis that this 
is so and cannot work in the manner described, that is, 
without a hypothesis. The assumptions Al and A3 must 
now be discussed. Assumption A3 is essential in this 
sense; the procedure here takes time to extract the 
policeman’s rule system, but would eventually achieve 
the characterization (11) of the policeman’s system. The 
policeman might now reverse all his rules for a while 
and then change back to the system (11}; in this event 
the procedure woald extract: 


ii RSI — MoR 
A!B/C/D 
=1/R2 


means “... followed by...’’) 


D/C/B/A 


(where RS1 is | R2/R1 


| RS2 is i; and ““—>” 


so long as the rate of change of the rule systems by the 
policeman was sufficiently slow for the procedure to work, 
otherwise the CO would decide that the policeman was 
behaving in a racdom manner. 

I would now like to state a problem— it is in two parts: 
“Can the individaal decision rules of the policeman be 
extracted in the situation depicted ın Fig. 2, under the 
following conditions: (i) when assumption A1 still holds ? 
(i) when the restuiction on left or right turns is relaxed ? 


M times n 


CX “ty crossing points 
OO 


m lanes 


n lanes 4; 


Fig. 2 


A solution of tkis problem will have: (a) if (i) is solved, . 
a relevance for automatic discovery procedures for phrase 
structure grammers; (b) if (1i) is solved, a relevance for 
transformational granimars. Only transformational 
graromars are adequate for natural language’. The possi- 
bility that the solntion to (i) will provide a specification 


‘for automatic machines capable of describing patterns 


will be considered elsewhere. 

I thank Dr. Alan Gauld, who pointed out the similarity 
between the policeman problem and the Maxwell demon 
situation, and Dr. John Newson for a discussion which 
forced me to thinx even more about these problems. 
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THE GEORGIAN PLANET 


The Planet Uranus 
A History of Observation, Theory and Discovery. By 
A. F. O’D. Alexander. Pp. 316. (London: Faber and 
Faber, 1965.) 70s. 


Uranus, the ‘Georgian Planet” as William Herschel 
liked to call it after his discovery on March 13, 1781, is 
the third largest planet in the solar system, and with its 
five satellites, Uranus has provided amateur observers, 
astronomers and mathematicians with some fascinating 
problems over the past 180 years. 

The planet is remote from the Earth, at twice the dis- 
tance of Saturn. It is therefore too far away to excite 
the attention of even the most advanced planners of space 
travel. However, it is almost visible to the naked eye, 
and it can certainly be easily examined, when suitably 
placed in the sky, by anyone using binoculars and a small 
telescope. Dr. Alexander wrote an extremely well- 
documented account of the planet Saturn in 1962, and he 
has now followed this up by an equally scholarly book on 
Uranus. He has compiled from primary sources an 
encyclopaedic history, arranged chronologically, of the 
initial discovery, and subsequent observations up to 1963, 
of Uranus and its satellites. The wealth of detail provided 
and the historical references cannot be found elsewhere 
withm one volume. There are quotations (translated), 
diagrams, data and photographs from many of the original 
sources and from reports of past astronomers, both 
American and European. Those who are interested in 
names will be delighted with the discussions on how the 
“Georgian” planet changed its name to Uranus and how 
the names chosen for the satellites have a relationship 
with Shakespeare. Those who like the thrill of detection 
can read how the satellites were lost and how in looking 
for them three others were found, and also how difficulties 
encountered in the calculation of the orbit of Uranus led 
to the mathematical discovery of the planet Neptune. 
For the spectroscopist and physicist, the spectral investi- 
gation will be of considerable interest, since they finally 
proved that, as was first recorded in Nature (134, 418; 
1934), methane is a major constituent of the atmosphere 
of Uranus. It was on February 16, 1948, that the fifth 
satellite, Miranda, was photographed by P. P. Kuiper 
for the first time. The satellite is 123,000 km from Uranus 
and of about the seventeenth magnitude. It had not 
previously been observed visually. The exceptional thing 
about Uranus and its system is that Uranus rotates and 
its satellites revolve in the retrograde sense, when referred 
to the ecliptic. Dr. Alexander tells us that during 1966 
the Sun passed through the plane of the satellite orbits 
during February, and the Earth in March with another 
passage to come in July. 

The Planet Uranus is a standard work and reference 
source for use by both specialists and others. The masterly 
description, though fully detailed, is pleasant to read. It 
is almost too thrilling to leave before completion. Doubt- 
less during the next decade there will be many new 
exciting discoveries to add, as astronomy (both from the 
Earth and from space) is now in a stage of rapid advance, 
and it is to be hoped that Dr. Alexander will not only 
continue his seriés of volumes on the planets, but will 
also follow up his. present book with a sequel, including 
perhaps any radioastronomical observations of interest 
which have been omitted from The Planet Uranus. 

S. WEINTROUB 


GRAVITATIONAL COLLAPSE 


Gravitation Theory and Gravitational Collapse 

By B. Kent Harrison, Kip S. Thorne, Masami Wakano 
and John Archibald Wheeler. Pp. xvii+177. (Chicago 
and London: University of Chicago Press, 1965.) 6.50 
dollars; 48s. 


GRAVITATIONAL collapse occurs when a collection of 
matter is of such a size that the inward gravitational 
attraction is greater than the elastic forces generated 
by compression. It is obvious that collections of matter 
of about planetary mass are stable, but it was found by 
Landau in 1932 that when an amount of cold matter 
of a critical mass of the order of the mass of the Sun is 
assembled together the system becomes unstable. During 
the late ’thirties a begining was made in studying such 
collapse, notably by Oppenheimer and Volkoff. Although 
such collapse could be studied in Newtonian gravitation 
it is evident that eventually the matter will reach such 
a state of compression that general relativity becomes 
essential. As a result of the theoretical analysis of this 
problem which has been pursued for the past few years, 
two questions present themselves urgently for considera- 
tion: (1) Does the theory introduce any restrictions 
which would prevent collapse from proceeding to com- 
pletion ? (2) When matter collapses can the baryons in 
it escape destruction ? 

Wheeler’s opinion is that at least in the case of cold 
matter, for which he has carried out the analysis in detail, 
there is no escape from eventual collapse and no escape 
from the disappearance of baryons. By the same token 
there is no escape from the serious contradiction between 
general relativity and any quantum field theory which 
holds to the conservation of baryon number. In the 
present book the authors expound their theory starting 
from the basic principles. The starting point could be 
described by saying that a first-rate genius ignorant of 
general relativity would be able to read the book without 
trouble from the beginning. Lesser mortals may well 
find training in general relativity and quantum mechanics 
an advantage. C. W. KILMISTER 


GROUP THEORY IN CLASSICAL 
AND QUANTUM PHYSICS 


Theory of Groups in Classical and Quantum Physics 

By Théo Kahan, in collaboration with P. Cavaillès, T. D. 
Newton, G. Lochak, R. Gouarné, G. Rideau and R. Nataf. 
English translation edited by A. R. Edmonds. Vol. 1: 
Mathematical Structures and the Foundations of Quantum 
Theory. Translated by H. Ingram. Pp. xxiii +566. (Edin- 
burgh and London: Oliver and Boyd, Ltd., 1965.) 210s. 


SINCE the beginning of the nineteenth century, the 
influence of the physical sciences on the development of 
mathematics has gradually diminished until, at the present 
time, the theoretical physicist depends to a large extent 
on the pure mathematician for the mathematical tech- 
niques that he may require in his attempts at creating 
order out of the data provided by the experimental 
physicist. Regrettably, many theoretical physicists still 
remain unacquainted with the methods of modern 
abstract mathematics even though they are well aware 
that without the pre-existence of abstract algebra and in 
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particular group theory, the remarkable recent develop- 
ments in the study of the fundamental symmetries of 
elementary particles would have been seriously retarded. 

The volume under review is the first of a treatise written 
by Théo Kahan and several eminent collaborators which is 
devoted mainly to the group structure. It was originally 
written in French and published in 1960 by Dunod, of 
Paris, under the: title Théorie des Growpes en Physique 
Classique et Quantique. The translation into English by 
H. Ingram is good. The main objectives of the treatise 
are, first, to provide an account of axiomatized mathe- 
matics and the theory of abstract groups directed speci- 
fically towards the theoretical physicist, and secondly, to 
investigate with considerable thoroughness the different 
applications of group theory to the various branches of 
physics. 

The book is divided into seven parts. The first of these 
is entitled ‘“Theory of Groups and Axiomatized Mathe- 
matics for the Use of Physicists” and was written by P. 
Cavaillés and T. Kahan following the axiomatic method 
of the team of French mathematicians calling themselves 
Nicolas Bourbaki. The first part concludes with an 
appendix by G. Lochak on integration over the topo- 
logical groups. The next part of the book is concerned 
with the “Inhomogeneous Lorentz Group” and was written 
by T. D. Newton. This is followed by a part on the 
“Theory of Abstract Groups”, written by R. Gouarnd. 
Inevitably, a certain degree of overlap with the contents 
of the first part of the book occurs here. Some repetition 
is, of course, quite helpful to the reader although it would 
have been advantageous if the authors had used the same 
notation. Parts IV and V, written by G. Rideau, deal 
with the “Theory of Representations” and the “Per- 
mutation Group”, respectively. Then comes a part written 
by T. Kahan concerned with the “Theory of Groups and 
Axiomatics of Quantum Mechanics”. It is quite short and 
develops the elements of quantum theory from five 
axioms, the Dirac approach being followed fairly closely 
and the connexion with group theory discussed. Lastly, 
there is a part on the “Group of Rotations”, written by 
R. Nataf. 

The general aim which motivated the preparation of 
this treatise is certainly a good one and, on the whole, 
the first volume has turned out very well, although it 
could have been written in a more unified manner by a 
single author. However, the translation of the first 
volume is very welcome particularly when taken together 
with the second volume, so far unpublished, which deals 
with the applications of group theory to the various 
branches of physics. B. L. MorserwitscH 


SURFACE IMPACT 


Atomic and lonic Impact Phenomena on Metal Surfaces 
By Manfred Kaminsky. (Struktur und Eigenschaften 
der Materie, Band 25.) Pp. xii+ 402. (Berlin and New 
York: Springer-Verlag, 1965.) 58 D.M. 


A MONOGRAPH on a large subject imposes rigid limits 
on an author. Dr. Kaminsky decided to restrict Atomic 
and Ionic Impact Phenomena on Metal Surfaces strictly 
to metal surfaces and even within this framework he 
had to be selective. He states plainly in the preface 
that his selection of topics reflects principally his own 
interests in the various activities in the field and is not 
intended to reflect their relative importance. 

In five introductory chapters Dr: Kaminsky gives brief 
descriptions of the structure of metal surfaces, forces 
which can act on an atom or molecule impinging on the 
surface and the energetics of surface reactions. Each of 
these topics could easily become a subject.of a separate 
monograph, and readers familiar with these fields will 
feel that perhaps less than justice has been done to their 
subjects. I was certainly disappointed to find no reference 
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to the work of Farnsworth, Landner and Morrison and 
others on the atomie structures of metal surfaces, but this 
was compensated by very full treatment given to some of 
the other topics. 

The chapter on sputtering by ion bombardment is 
long and detailed ard much information and data are also 
to be found in the chapters dealing with accommodation 
coefficients, surface ionization, ion scattering, ion neutral- 
ization and the kinetic emission of electrons by bombard- 
ment with charged and uncharged particles. There aro 
briefer chapters which deal with the elastic collisions, 
formation and emission of negative ions and the de- 
excitation of metastable atoms and ions on metal surfaces. 

There is a considerable degree of uniformity in presenta- 
tion throughout the book. Each chapter starts with a 
clear physical picture of the phenomenon which is to be 
discussed and this is followed by the theoretical treatment, 
experimental methods and results. Whenever possible 
experimental data published by a large number of workers 
are collected into ta>les most convenient for easy reference 
and comparison. Chapters are divided under numerous 
sub-headings whick are very useful when the reader is 
hunting for a specicic information or reference; in conse- 
quence, however, tre list of contents is difficult to read 
and looks monotonous. Printing main chapter titles in 
heavier type would help to relieve the monotony and 
make it easier for the reader to find his bearings. 

The rate of growth of surface science is considerable and 
appears to be increasing. There are new graduates 
entering the field end older research workers established 
in other fields of science are developing interest in surfaces. 
Dr. Kaminsky’s bcok satisfies, therefore, a real need in 
providing a very readable account of an important topic. 
The book should be of value to senior students and 
research workers. There are more than 800 references to 
papers, books and review articles published before 1963, 
including many classics published at the beginning of 
this century or earfer. J. ADAM 
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INTERPRETING ORGANIC SPECTRA 


Interpretation of Organic Spectra 

Edited by D. W. Mathieson., Pp. ix+179. (London: 
Academic Press, Inc. (London), Ltd.; New York: Aca- 
demic Press, Inc., 1965. Published in association with 
the Royal Institute of Chemistry.) 42s. 


Numerous text-bcoks have been written on the inter- 
pretation of infra-red, nuclear magnetic resonance and 
mass spectra, in which group frequencies, chemical shifts 
and fragmentation patterns have been discussed and 
tabulated. Whith these to hand, the main hurdle to 
be faced by the novice spectroscopist is the interpretation 
of actual spectra. 

In Interpretation. of Organic Spectra, based on seminar 
sessions at one of the Summer Schools in Organic Chem- 
istry held under ths aegis of the Royal Institute of Chem- 
istry, about ten spectra of each type are analysed in 
detail. For pedagogic reasons the amount of ancillary 
information regard:-ng each sample is kept to a minimum, 
in order that both the strength and the limitations 
of each technique may be apparent. Additional infra-red 
and nuclear magnetic resonance spectra of unknown 
compounds are included as problems. 

In each section the samples have been well chosen to 
show the capabilitis of the particular technique, and the 
substances are obv-ously representative of those examined 
in a typical analytical laboratory. As such, a number of 
them contain impurities, which are usually indicated in 
the worked examp.es and may themselves provide useful 
experience. However, at least two of the unknown 
infra-red spectra include extraneous bands, which can 
only cause confusion. The novice is also liable to be 
confused by the three different formats used for the infra- 
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red spectra and by the absence of a + scale from several 
of the nuclear magnetic resonance spectra which are 
nevertheless interpreted in terms of + values. 

The treatment of the three sections varies in the amount 
of background information given. The nuclear magnetic 
section, contributed by J. A. Elvidge, includes sufficient 
data on chemical shifts, spin-coupling constants, etc., 
for it to be used without reference to other works. In the 
interpretation ıb is assumed that the empirical formula 
of each sample is known, a circumstance not always 
achieved in actual practice. The infra-red section, by 
J. K. Brown, K. J. Morgan, C. J. Timmons and D. Whiffen, 
is based on assignments published in speciahst works, 
such as that of Bellamy, and some such reference book is 
required for the interpretation of the unknown spectra. 
In the section on mass spectrometry, by A. Quayle and 
R. I. Reed, the examples are chosen to illustrate the 
fragmentation behaviour of most classes of compound, 
and appropriate literature references are given. Each 
spectrum ıs interpreted either on the basis of the “z- 
number” or of the relative abundance of the parent and 
(P+1)*+ ions. Complete identification is frequently only 
possible by reference to published spectra. 

For anyone concerned with only one branch of spectro- 
scopy the price may seem a little high, but the book has an 
added value in providing a unique comparison of the scope 
of these techniques and of the different approaches re- 
quired for interpretation of the three types of spectra. 

R. J. MESLEY 


PRACTICAL INFRA-RED 
SPECTROSCOPY 


Laboratory Methods in Infrared Spectroscopy 
Edited by R. G. J. Miller. Pp. 164. (London: Heyden 
and Son, Ltd., 1965.) 45s.; 6.50 dollars. 


ONLY a few years ago mfra-red spectroscopy was the 
almost exclusive province of the specialists, who 
knew every optical and mechanical principle involved 
in the construction of their spectrometers and who by 
trial and error had developed effective means of extracting 
spectral information from even the most intractable 
samples. To-day, with the easy availability of relatively 
inexpensive spectrometers, 1t 18 inevitable that many 
of them are in the hands of operators with little spectro- 
scopie experience. The aim of this book is to pass on to 
such people some of the accumulated “know-how” of 
the experienced spectroscopists and the specialists in 
particular fields. 

There are chapters on the operation of a spectrometer, 
the recording of a spectrum and on infra-red optical 
materials, but the bulk of the book is concerned with 
sample preparation. In addition to a general chapter on 
the handling of solid, liquid and gaseous samples, there 
are sections on high- and low-temperature spectroscopy, 
chromatography as a means of sample preparation, and 
special types of sample such as aqueous solutions and 
dispersions, natural and synthetic fibres, and insoluble 
polymers and rubbers. A final chapter on the orientation 
of crystals differs from the remainder in introducing a 
number of theoretical calculations, but for the most part 
this is essentially a practical manual. 

The contributors, who are too numerous to mention 
individually, are acknowledged experts in their respective 
fields, and between the covers of this slim volume may be 
found a wealth of practical suggestions and recommenda- 
tions based on years of experience. The book is intended 
primarily for those with little spectroscopic experience, 
with the object of improving the quality of the spectra 
they produce, but there can be few spectroscopists who 
will not find in it some useful hints or stimulus for further 
work. R. J. MESLEY 
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TISSUES AND ORGANS 


Organogenesis 

Edited by Robert L. DeHaan and Heinrich Ursprung. 
Pp. xi+ 804. (New York and London: Holt, Rinehart 
and Winston, 1965.) n.p. 


For those who might expect Organogenesis to be a 
compilation of- embryo morphology there are some 
surprises. We are introduced to work which should be 
better known and to younger and older workers whom 
we might not otherwise encounter. In the first section, 
Heinrich Ursprung reviews biochemical genetics, but does 
not mention the essential chemical contributions of 
Gobind Khorana. The author’s principal purpose is to 
imply that specific non-histone molecules stimulate normal 
development by attachment to and detachment from 
particular loci, at the right times and within the right cells. 
This has not been shown. E. H. Mercer describes the histo- 
genesis of the skin of the tadpole and J. P. Trinkaus 
discusses morphogenetic movements. 

Bengt Kallen contends that early proliferations and 
migrations within the brain determine its morphogenesis. 
Ray Watterson discusses, principally. the migration of 
pre-mitotic and post-mitotic nuclei, to and from the 
ependyma. R. W. Sperry concludes that the growing tip 
of a neurone must possess a unique specificity which 
determines its growth, connexions and functions. This 
paper should be read by every young biologist. Rita 
Levi-Montaleini and Pietro Angeletti describe recent work 
with the nerve growth factor discovered in consequence of 
Elmer Bueker’s discovery, in 1948, of the neurogenic 
effect of mouse sarcoma 180. Vincent Wigglesworth 
reminds us that arthropod nervous systems display dif- 
ferentiations as interesting as those of vertebrates. Alfred 
Coulombre assesses the development of the vertebrate eye 
with the aid of 274 references. This is a formidable 
conclusion to a sterling section. 

Rudolpho Amprino reviews the dispute about the 
inductive role of the apical, ectodermal ridge of the chicken 
limb bud. The dispute is placed in context by J. Milairo, 
who discusses the genetics of abnormal limb development 
in mammals. Benjamin Moffett concludes that normal 
joints undergo morphogenetic change throughout the life 
of the individual. Elizabeth Hay confirms the occurrence 
of dedifferentiations following the amputation of the 
urodele limb. Hay argues that dedifferentiation strips 
muscle and cartilage cells of their differences and both 
kinds of dedifferentiated cells form cartilage and muscle 
during regeneration. Irwin Konigsberg describes the 
fusion of mononuclear cells to form skeletal muscle. 
There is a reference to the difficulty of preparing pure 
skeletal myosin from embryos, but it is not pointed out 
that myosin preparations from adults are variable and 
inhomogeneous also. (Kay, C. M., in Muscle, edit. by 
Paul, W. M., et al., 109. Pergamon, 1965.) 

Eugene Bell reports that feather follicles accumulate 
polysomes which do not begin to incorporate amino-acids 
into protein until late on the thirteenth day of incubation 
of the chicken egg. At this time the RNA strands of the 
polysomes become susceptible to degradation by exogenous 
ribonuclease and to unknown, endogenous agents. The 
endogenous degradation is slow. Bell does not report 
experiments which distinguish between low levels of 
endogenous ribonuclease and resistance to the endogenous 
ribonucleases which are ubiquitous in living tissues 
according to Wilfred Razzell. 

The formation of the amniote heart is linked to the 
formation of the liver. Contact with presumptive heart 
mesoderm endues some of the endoderm. with the capacity 
to form:liver, and the presumptive heart cells then migrate 
caudad over the surface of the endoderm which, itself, 
shifts anteriad and mediad as both tissues swing into the 
midline during the formation of the foregut; the cardiac 
mesoderm in front, the hepatic endoderm behind, and 
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additional mesoderm between them. This additional 
mesoderm induces the hepatic endoderm to form the 
liver. The formation of the foregut is essential to the full 
fusion of the cardiac primordia (Szepsenwohi, J., Arch. 
d Anat. d@’ Hist. et d Embryol., 17, 307; 1933). Excepting 
the omission of references to Szepsenwohl, to the apparent 
inability of the medial endoderm to facilitate fusion except 
by forming the foregut, and to C. Dareste who first 
produced double heart embryos and inferred that the 
heart arises from a pair of bilateral primordia, the readable 
review by Robert Dehsaan of cardiac morphogenesis is 
comprehensive. Y. Croisille and N. M. LeDouarm discuss 
the morphogenetic and biochemical differentiations of the 
liver. The discussion of lactate dehydrogenase might have 
made fuller use of the quantitative data of Joel Solomon. 
On p. 450, the authors strip the subject of growth regulation 
of its semantic gloss and reveal its chemical inadequacies. 

Sergei Sorokin, Thomas Shepard and Robert Auerbach 
discuss the lung, the thyroid, and the thymus, respec- 
tively. Sorokin’s paper is a model of authoritative elegance 
and Shepard’s is a clear exposition. The functions of the 
thymus have been elucidated because of Auerbach’s re- 
statement of the origin of the thymus. There must be 
very few instances of embryological work which prompted 
new insight into adult physiology. 

Adesanya Grillo and Theodore Torrey discuss the 
pancreas and the kidney, respectively. Grillo’s discussion 
includes the effects of insulin on the embryo. Torrey 
argues for the concept of a ‘holonephros’ for which some 
of the evidence has been provided by the electron micro- 
scopy of T. S. Leeson. 

The final section is devoted to the reproductive system. 
L. G. Gallien reviews the genetic control of sex differentia- 
tion. On p. 595, in referring to fertile ovaries of XO mice, 
the wording should read “an insufficient quantity of 
masculinizng genes”. Alfred Jost suggests that the 
mammalian testis secretes an inhibitor of the ovary and 
the Miillerian duct which is not identical with the steroid 
androgens. Dorothy Price and Evelina Ortiz suggest that 
the inhibitor is a steroid androgen. Giovanni Chieffi places 
this difference of opinion in perspective by comparing 
mammals with other vertebrates. He infers that the 
gonads secrete sex-determining substances which are not 
identical with the classical oestrogens and androgens. 
Lemen Wells briefly reports some of the evidence for 
endocrine function in the foetus. Terrell Hamilton and 
Ching-sung Teng report increased ribonuclease and 
decreased RNA in regressing Mullerian ducts. Helene 
Charniaux-Cotton summarizes the hormonal control of 
sex among the invertebrates. l 

The text is unusually free of bromides: “‘it is tempting 
to” (conclude or postulate) occurs twice. The authors and 
editors deserve congratulations for a coherent, sometimes 
eloquent, summation and projection of animal develop- 
ment. Their task took effort and co-operation which 
show. We find here a re-assertion of the importance of 
tissue structure in determining development and a 
recurrent implication that the essential mechanisms are 
located in the periphery of each cell. The assertion and the 
implication are timely reminders that metazoan cells 
depend on each other and their environment in ways 
that microbes do not know. R. FE. RUTH 


INVESTIGATING ACCIDENTS 


Accident Research 

Methods and Approaches. By Wiliam Haddon, jun., 

Edward A. Suchman and David Klein. Pp. xvi+ 752. 
(Now York and London: Harper and Row, Publishers, 
1964.) 15 dolars. 


THERE is evidence in this book of the extent to which 
accidents cut across established medical disciplines and 
how many approaches are required before a composite 
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picture begins to emerge. There is clear evidence of the 
difficulty of interpreting retrospective investigations 
where the level of reliability of the information on which 
these are based is variable; also of planning realistic 
prospective studies. This leads to “the use of generaliza- 
tions based upon data known by informed research workers 
to be faulty”. Suca generalizations are then contradicted, 
leading to confusicn and lack of confidence in the result 
of such enquiries. Many examples of conclusions based 
on inadequate information and issued with official 
authority are cited, particularly in relation to road traffic 
accidents. It is argued that “in many situations it is not 
practicable to conduct research that is completely ade- 
quate in every respect; but some would hold that so long 
as the research is done honestly and with complete aware- 
ness of the deficiencies of both material and methods 
employed such effcrts may produce worth while contribu- 
tions”. This is a considerable pitfall in accident research. 
For example, because investigators are convinced that 
one or two factors play an important part in accidents of 
all or any kind, thev investigate only these factors and even 
ignore the need for controls. An example given here is the 
statement that 20 per cent of those involved in accidents 
exceeded the speed limit, therefore 80 per cent of those 
involved were not exceeding the speed limit, therefore if 
50 per cent of drivers exceed the speed limit they are safer 
than the ones whc do not! The same kind of argument 
can be applied to accidents in the home, in industry, age 
groups, etc. As alzeady mentioned, this is pointed out in 
the book, but should perhaps appear a bit more often and 
in bolder type. 

The risk taken in crossing a road is reported from 
“studies representing highly original experimental work 
on the kind of decisions that are made by individuals in 
everyday life’. The authors afterwards became aware 
that similar work had already been done and reported 
that the agreed conclusion was that “pedestrians are 
concerned with a time gap and not a distance gap in the 
traffic’. 

The risk of driving under the influence of drink, or 
drugs, is another 2ase in which confusion has been pro- 
duced by conflicting statistics, and support can be found 
in this volume foz almost any point of view. Figures 
bearing on-the influence of this factor in accidents vary 
from 0-5 to 50 per cent. However it is investigated, there 
is no doubt that an-increasing quantity of alcohol influences 
first judgment then performance, and the two together m 
direct proportion to the quantity. 

There is no doubs that some people are ‘‘accident-prone’’, 
and investigations are reported into various aspects of this 
problem. It is not surprising in view of factors already 
mentioned that no very firm conclusions are reached in, 
for example, an investigation “‘designed to test the hypo- 
theses that accident prone children have greater aggressive 
drive as a result cf nurturance frustration in an authori- 
tarian home environment and greater aggression anxiety 
as a result of punishment for expression of aggression 
when compared with accident free children”. 

There is much valuable information painstakingly col- 
lected and appraised, making a start at trying to apply 
scientific parameters to preventive medicine in the accident 
field. There are many difficulties and pitfalls, but the effort 
and the volume are very worth while. J. C. SCOTT 


MYXOMATOSIS 


Myxomatosis ! 

By Frank Fenner and F. N. Ratcliffe. Pp. xiv +379+15 
plates. (London: Cambridge University Press, 1965.) 
100s. net; 19.50 dollars. 


In 1859 a Thomas Austin imported twenty-four rabbits 
into Victoria, Australia. Rabbits had previously been 
imported into the country from the time of the first 
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settlement, but they had been mainly domestic. The 
1859 consignment included some wild rabbits, and on 
liberation they multiplied rapidly. By 1886 the rabbits 
had reached all States in Australia and were proving a 
pest, mainly by competitive grazing on pastures with 
sheep and damage to young shoots and trees, This rate 
of spread was, however, paralleled and surpassed by that 
of the myxomatosis virus introduced in 1951. Originating 
in South America, where it was first noted as a disease 
affecting European rabbits kept in the laboratory, myxo- 
matosis was the main cause of the reduction of the 
Australian rabbit population in certain areas to 20 per 
cent of the original numbers by 1955 and made it possible 
to control the menace. Similar introductions of the 
disease into France, England and Chile also caused a 
reduction in rabbit numbers. The choice of the correct 
strain, whether of rabbits or virus, led to successful 
spread of the virus, and it is appropriate that two 
scientists from Australia, where the rabbit problem was 
urgent and important and its investigation and control 
given scientific and financial support, should collect pub- 
lished and unpublished results and produce an authorita- 
tive work on myxomatosis. 

Myxomatosis, which is caused by the myxoma virus, is 
characterized in the European rabbit, Oryctolagus cuni- 
culus, by the mucinous tumours it produces on the skin 
of infective animals, leading eventually to death. In the 
American rabbit, Sylvilagus brasiliensis, the virus has 
formed a symbiotic relationship with its host, in which it 
only causes tumours at the sites of infection. In the 
book Prof. Fenner and Mr. Ratcliffe cover all aspects of 
the interaction of virus with the hosts it may affect. The 
chapters on the behaviour and ecology of rabbits contain 
many new findings based mainly on investigations carried 
out on animals kept in enclosures and show that the 
European rabbit is essentially gregarious with a striving 
for each individual to be part of a social group. Possibly 
because the main emphasis was on applied investigations, 
little has been reported on the fundamental aspects of 
myxovirus, despite the attractive dust cover, but the 
behaviour of the virus in tissue culture, its pathogenesis in 
animal hosts and the development of immunity are 
extensively covered. Studies in the laboratory and in the 
field on the transmission of myxovirus show the import- 
ance of winged insects, especially mosquitoes, and much 
basic information is given on the mechanical spread of 
virus from infected rabbit skin tumours to clean rabbits 
by way of the mouth-parts of the insect. 

Of special interest are the investigations of the virulence 
of the virus after the initial outbreaks. The virus virulence 
was reduced from 99 per cent for laboratory rabbits to 
about 90 per cent. At the same time, there is evidence of 
genetic resistance developing in European rabbits. 

The final chapters deal with the history and evolution 
of myxomatosis in North and South America, Australia 
and Hurope. It is regrettable that in South America the 
relationship between myxoma virus and its natural host, 
S. brasiliensis, has not been extensively studied, despite 
the pioneer work of the late Dr. H. Aragão in Brazil, since 
it is possible that eventually a similar symbiotic relation- 
ship may exist in Europe and Australia between genetic- 
ally resistant European rabbits and an attenuated 
myxoma virus. The spread of the virus in Australia and 
in France was equally rapid due to transmission by mos- 
quitoes. In England it was slower, since transmission was 
by the rabbit flea. In California, where a different strain 
of virus is found, European rabbits have been equally at 
risk. In the Argentine an interesting epidemiological 
position exists, with European rabbits affected with 
myxamatosis in the south and American rabbits affected 
in the north. 

The book throughout is interesting and pleasant to 
read, and contains many informative figures, tables, 
photographs and maps. Besides providing much informa- 
tion to workers in many disciplines on epidemiological 
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methods and the hazards of biological control, it also 
emphasizes how much both of fundamental and applied 
importance can be discovered as a result of concentration 
on a practical problem. R. F. SELLERS 


WAYS OF WATERFOWL 


Handbook of Waterfowl Behaviour = 
By Paul A. Johnsgard. Pp. xiv+378+20 plates. 
(London: Constable and Co., Ltd., 1966.) 75s. 


Tue coming of the theory of evolution by natural selection 
resulted sooner or later in a rebirth, or at least a re- 
orientation, of almost every branch of biology. But 
although Darwin himself wrote a pioneer book on be- 
haviour, namely, The Hapression of the Emotions in Man 
and Animals, the evolutionary way of looking at animal 
behaviour was slow to develop. Although Darwin’s book 
had & great effect, it was a delayed effect—and it was not, 
in fact, until the coming of the modern ethologists that 
the species-characteristic fixed-action patterns of animals 
began to be sufficiently well described to use as taxonomic 
characters. This development represented a new tool that 
could be used to develop the comparative study of 
behavioural characters so as to throw new light on the 
evolution and relationships of species and also of higher 
categories. Among the pioneers in this field perhaps as 
many as four-fifths chose to work with birds. This was 
understandable. The Aves are characterized by the 
possession of highly elaborate stereotyped species-specific 
display activities ideal for comparative investigation. 
Among the groups most intensively studied were the 
Anatidae, the ducks, geese and swans, and the names of 
Heinroth and Lorenz will always be associated with the 
ethology of this group. Lorenz, in his classic comparative 
study of the movements of Anatidae (1941), was perhaps 
the first to show the great promise of this method. But 
no one man can get far with the inventory, the itemiza- 
tion, of the behaviour patterns found in a big group such 
as this without having access to a very extensive col- 
lection of material maintained under the best possible 
conditions. Even Lorenz in 1941, great wildfowl fancier 
though he is, lacked the facilities to carry the investi- 
gation beyond a certain point. Modern students of wild- 
fowl behaviour have a unique advantage over all their 
predecessors. Mr. Peter Scott, by establishing the Wild- 
fowl Trust at Slimbridge in Gloucestershire, and endowing 
it with the finest collection of waterfowl in the world, has 
provided research facilities which are unsurpassed. Many 
ethologists have worked at Slimbridge, but none has done 
more thorough and intensive work there than Mr. Paul 
A. Johnsgard of the University of Nebraska. This book 
gives the conclusions resulting from many years of 
investigation both at Slimbridge and in the field in many 
parts of the world. It is a fine piece of work containing 
detailed descriptions and more than a hundred pages of 
illustration. Ib will be indispensable to students of 
ethology, especially those concerned with bird behaviour. 
W. H. THORPE 


High Speed Pulse Technology 

By Frank B. A. Früngel. Vol. 1: Capacitor Discharges— 
Magnetohydrodynamics; X-rays—Ultrasonics. Pp. xiii + 
620. (New York: Academic Press, Inc.; London: 
Academic Press, Inc. (London), Ltd., 1965.) 192s. 


High Speed Pulse Technology is a translation, brought 
up to date, of the second edition of Dr. Frank Frungel’s 
book in German. The translation is the work of 
three of his German collaborators; and though the 
English often falls short of the standards of Fowler, it is 
adequate. l i 
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Capacitor discharges have an enormously wide field of 
application in physics and in technology. They can be 
used first of all to produce very high-voltage pulses, as 
in the Marx generator, and shaped discharges of all sorts, 
from purposes ranging from the operation of magnetrons 
and klystrons to electric fishing. They can be also used 
for producing megamp current pulses for the operation 
of theta-pinch devices and the like. The energy can be 
converted into light-flashes for spectroscopy and for high- 
speed photography or into X-ray flashes for high-speed 
radiography. It can be converted into heat as in spot 
welding or into strong magnetic fields, which can find 
such varied applications as plasma generation, magneto- 
optical shuttering, and even metal forming by intense 
electrodynamic forces. In many of these applications 
the maximum of power is reached in & few nanoseconds 
and the current rise can be of the order of 10 amp/sec. 
The sudden discharge of energy in gases and in liquids 
produces shock waves which can be used in echo-sounding 
and even for the explosive shaping of metals. 

All these applications: are thoroughly covered in the 
600 pages of the book. Any physicist or engineer who is 
interested in impulsive processes in which the energy is 
stored capacitatively in the first place can find full descrip- 
tions of the state of the art in any of the branches, amply 
illustrated, and with a complete list of references. It is a 
standard work of reference which will be a valuable time 
and labour saver for anybody working in these fields. 

D. GABOR 


The Riemann Hypothesis and Hilbert’s Tenth Problem 
By S. Chowla. (Mathematics and Its Applications, Vol. 4.) 
Pp. xv+119. (London and Glasgow : Blackie and Son, 
Ltd., 1965.) 40s. 


Pror. CHowna discusses a number of more or less 
related matters in number theory linked with various 
forms of the Riemann hypothesis or with Hilbert’s 
problem of discovering a finite algorithm for determining 
all integer solutions of the equation f (z, y) = 0, where f 
is a polynomial with integer coefficients. The book treats 
character sums, Gaussian sums, the law of quadratic 
reciprocity, Burgess’s estimate of the least quadratic 
non-residue of a prime, the results of Jacobsthal, Eisen- 
stein et al., on the expression of a prime as the sum of two 
squares, the Mordell-Weil work on the generation of 
rational points on a cubic, and a discussion of various 
diophantine equations. There is also a useful list of 
conjectures and unsolved problems. 

The book thus contains a variety of interesting and 
important material, some of very recent date, and it is 
unfortunate that the author appears to have put it together 
in some haste and has not exercised any considerable 
gifts of exposition. Certain easy matters are expounded 
rather fully while difficult steps are often left to the skill 
of the reader. Since the material is on the whole by no 
means simple, the claim that “‘not much knowledge of 
mathematics” is assumed seems to me to be without 
substantial foundation. In addition, the proof reading 
is quite exceptionally defective: wrong or inconsistent 
symbols and fount are frequent, while punctuation is 
erratic and full stops almost (but not quite) always 
omitted in arguments conducted in mathematical nota- 
tion. A sample check showed no page to be free of several 
such defects, though I had some consolation from the 
sentence with three full stops and an exclamation mark 
in the middle, and from the attribution of Hilbert’s 
problem to the International Congress of 1800. The 
style varies greatly, sometimes flowery and sometimes in 
the form of headline notes. There is a good deal of unin- 
tentional repetition and a couple of pages are, for no very 
clear reason, left in their original French. 

All this is a pity, for the book contains substantial and 
rewarding work which may well repay a reader of patience, 
perspicacity and fortitude. S. R. Tous 
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ATHEROSCLEROSIS - 


ATHENS— 1966 


t 


An international symposium on ‘“‘Recent Advances in» 
Atherosclerosis Rəsearch” was held in Athens during 
May 30-June 2, urder the presidency of Prof. B. Malamos, 
with Dr. A. N. Howard as general secretary. The main 
purpose of the symposium was to encourage multi- 
disciplinary discussion of epidemiology, lipid metabolism 
and thrombosis in relation to arterial degenerations. 

C. Aravanis (Athens) reported his group’s epidemio- 
logical investigaticns in Crete and Corfu, where ischaemic. 
heart disease is responsible for only 1-5 per cent of the 
death-rate. He found a low incidence of hypertension 
and obesity among these islanders; their serum cholesterol 
1s low by Europesn and American standards, while they 
tend to eat little animal fat and be engaged in much hard 
physical work. J. Stamler (Chicago) re-ermphasized the- 
role of hypercholesterolaemia, hypertension and cigarette 
smoking in the aetiology of atherosclerosis. However, J. J.. 
Groen (Jerusalem) pointed out that hypertension and 
cerebrovascular disease are just as common among Jewish 
immigrants from Afro-Asian countries as they are in those 
from Europe and the United States, yet only the latter 
group is peculiarly prone to coronary heart disease. ‘Thus, 
hypertension clearly plays a significant contributory part 
in atherogenesis, kut some other factor appears to be the 
major determinan: of the disease. Most speakers tacitly, 
or more vocally, implied that this other aetiological factor 
is the effect of the diet on the serum lipids. H. C. McGill 
(New Orleans) summarized his geographical investigations 
and showed that atherosclerosis is more severe in Negroes 
domiciled in a North American community than in those 
living in less affluent countries. These collective findings 
—as well as the relationship between obesity and serum 
lipid levels (B. Rifkind, Glasgow)—-suggest that the 
prevalence of hyperlipaemia and obesity in Western 
societies is the mast important hurdle to be overcome in 
the effective prophylaxis of atherosclerosis. However, 
although epidemiclogical studies often prompt ideas for 
further investigat.on, they seldom themselves provide: 
that degree of proof which can be used as a sheet-anchor 
in scientific argument. 

The atherogenic effect of saturated dietary lipids was 
emphasized by D. Kritchevsky (Philadelphia), who showed . 
that triglycerides 2ontaining palmitic and myristic acids 
cause more athercma in the cholesterol-fed rabbit than : 
does “polyunsaturated”? corn-oil. R. Paoletti (Milan) 
mentioned that polyunsaturated fatty acids act as pre- 
cursors for prostaglandins. These latter substances 
inhibit catecholamine-induced lipolysis in adipose tissue 
and thus reduce tke serum lipid level. The theme of poly- 
unsaturated fatty acids was pursued by L. W. Kinsell and 
his colleagues from Oakland, California; they showed 
that dietary trilinolein increases human biliary excretion 
of cholesterol anc. bile acids. T. Miettinen (Helsinki) 
confirmed previous conclusions that excess dietary chol- 
esterol suppresses sterol synthesis in the rat liver but, 
like many other investigators; he obtained inconclusive 
results about the occurrence of such “feed-back” control 
in man. | 

E. H. Ahrens (New York) made the important point 
that cholesterol is chemically degraded in the human 
intestine; this process could well heip to protect man 
against the effects of excess dietary cholesterol. S. Gerd 
(Budapest) tentatively suggested that cholesterol absorp- ' 


352 


tion may be influenced by gastro-intestinal secretion of 
mucopolysaccharides; he reported that the amount of 
gastric mucin is inversely proportional to the cholesterol 
level of the bleod. Clearly, degradation and absorption 
of sterol in the human intestine are worth-while problems 
for more detailed investigation. 

The lipoprotein. vehicles for plasma lipid transport were 
discussed by many speakers. D. 8. Frederickson (Beth- 
esda) outlined techniques for isolating lipoprotems by 
electrophoresis or ultracentrifugation, and considered the 
diagnostic value and limitations of these methods in 
disease states. A. Scanu and his colleagues from Chicago 
described the molecular structure of the apolipoprotem 
moiety of these vehicles; lipids play no part in mam- 
taining the secondary structure of the protein, but they 
do link the protein sub-units together. Thus, it can be 
inferred that peroxidation or other chemical changes in 
the lipid morety would so alter the dispersion forces 
within the macromolecule that the lipoprotein would 
become physically unstable. Such instability of 6-lpo- 
protein could directly result in lipid deposition within the 
arterial wall, as was first postulated by I. H. Page in 
1954. Results presented by K. W. Walton (Birmingham) 
indicate that the metabolic turnover of low-density lipo- 
protein in the plasma may also be an important factor in 
atherogenesis: Because the metabolic turnover of low- 
density lipoprotein is twice as fast in premenopausal 
women as in men, it is possible that relative metabolic 
inertia is responsible for the accumulation of such lipo- 
protein in the male’s plasma. 

The interesting curiosity of “autoimmune hyper- 
lipaemia” was reported by J. L. Beaumont (Paris); 
circulating anti-B-lipoprotein antibody was identified in 
two patients who clinically presented with severe athero- 
sclerosis and excessively high serum cholesterol and 
triglyceride levels. 

The entry of lipid into the arterial wall was discussed 
by S. Christensen (Aarhus, Denmark); he measured the 
transfer rates of radioactive cholesterol, phospholipid and 
protem across the intimal surface of the cockerel’s aorta. 
The entry rates of phospholipid and protein into the 
aortic wall were closely correlated with each other in both 
normal and hyperhpaemic birds. This biochemical evi- 
dence suggests that lipid enters the arterial wall in 
lipoprotein form. Using fluoroscein- or ferritin-labelled 
specific antibodies, M. D. Haust (Ontario) and K. W. 
Walton (Birmingham) confirmed microscopically that 
low-density lipoprotein, albumin and fibrin are present in 
human atherosclerotic lesions. Haust noted—as had 
B. Watts and R. W. Wissler—that lipoprotein 1s more 
abundant in early than in old sclerotic plaques. She 
considered that such protein partly enters the arterial 
wall by “‘insudation’’; this process is essentially the same 
as Virchow’s “plasma imbibition” and Lendrum’s ‘“‘plas- 
matic vasculosis”. G. H. Rothblat, D. Kritchevsky et al. 
(Philadelphia) presented evidence that the uptake of 
cholesterol by the cell is a non-enzymatic physical process; 
they hinted that it may depend on the binding of chol- 
esterol by phospholipid in the cell wall. 

Lipid metabolism in the arterial wall is clearly an 
important element of atherosclerosis; it could play an 
important part in either initiating or resolving the lesion. 
D. E. Bowyer, A. N. Howard and their colleagues at 
Cambridge reported that normal rat, rabbit and baboon 
arteries synthesize triglycerides and phospholipids—but 
not cholesterol esters—from carbon-14-labelled fatty 
acids. Likewise, H. B. Lofland (Winston-Salem, North 
Carolina) showed that normal arteries from the ‘White 
Carneau’ pigeon synthesize triglycerides and phospho- 
lipids, but atherosclerotic arteries from these birds divert 
pid synthesis towards cholesterol esters. Because recent 
studies show that polyunsaturated cholesterol esters are 
rapidly mobilized from tissues and promote less tissue 
reaction than free cholesterol, Lofland’s demonstration of 
cholesterol esterification in atherosclerotic arteries de- 
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lineates a possibly important defence mechanism of the 
diseased tissue against cholesterol] deposition. 

J. Patelski (Poznan, Poland)——in co-operation with the 
Cambridge group—characterized phospholipase A, lipase 
and cholesterol esterase in animal arteries; the first two 
enzymatic activities are increased in rats fed‘an athero- 
genic diet, but cholesterol ester hydrolysis is suppressed 
by this dietary regime. In double-labelling experiments 
on human and canine arteries, Y. and O. Stem (Jerusalem) 
demonstrated that these tissues synthesize lecithin by 
acylation of lysolecithin. However, J. D. Bilimoria 
(London) reported that the isolated rat aorta incorporates 
considerably more phosphorus-32 into cephalm phospho- 
lipids than it does into either lecithin or sphingomyelin. 
Following Zilversmit’s pioneer investigations, it is now 
widely accepted that the arterial wall synthesizes phospho- 
lipid. ` However, previous biochemical and histochemical 
analyses have shown that sphingomyelin and, to a lesser 
extent, lecithin are the characteristic phospholipids of 
normal and atherosclerotic arteries. The importance of 
Builimonia’s finding is that phospholipids which are syn- 
thesized most rapidly (that is, cephalins) may have an 
even faster metabolic turnover, so that they do not 
accumulate in the arterial wall. 

The metabolic implications of ischaemia of the ageing 
arterial wall were discussed by several speakers. Histo- 
chemical and cytochemical studies, reported by C. W. M. 
Adams (London), showed that oxidative and esterolytic 
activities decline in the middle of the muscular coat of 
the ageing human aorta. This effect was attributed to 
ischaemia of the medial muscle-fibres at the watershed 
between the blood-supply from the adventitial vasa 
vasorum and outward diffusion from the lumen. Lipase 
activity declines throughout the whole thickness of the 
vessel, while lactic dehydrogenase activity increases in the 
ischaemic mid-zone. T. Zemplényi (Prague) attributed 
the increased activity of the latter enzyme to its anaerobic 
“M” isoenzyme. Zemplényi also described decreased 
activity of Krebs cycle enzymes in the ageing abdominal 
aorta in man and in various animals; he attributed this 
metabolic impairment to age-dependent changes in the 
aortic smooth-muscle fibres. A. Lazzarini Robertson 
(Cleveland, Ohio) postulated that the tunica intima also 
suffers from incipient hypoxia. From tissue-culture 
studies of human ‘“‘intimacytes” he found that lipid 
deposition in these cells increases their oxygen require- 
ments and thus initiates a vicious circle of hypoxia. These 
various observations indicate that the local catabolism 
and outward transport of lipids are impaired by ischaemia 
of the ageing artery. 

Discussion of the pathology of atherosclerosis was 
mainly centred on the disease in primates. T. Clarkson 
(Winston-Salem, North Carolina), A. N. Howard (Cam- 
bridge) and R. W. Wissler (Chicago) described the athero- 
sclerotic process in squirrel monkeys, spider monkeys, 
baboons and rhesus monkeys; the mam emphasis of these 
reports was on the similarity of atherosclerosis in man to 
that in other primates. 

G. A. Gresham (Cambridge) stressed the genetic factors 
that operate in atherosclerosis. For example, the “White 
Carneau’ breed of pigeon develops severe spontaneous 
atherosclerosis (Clarkson and Lofland), while mice with 
genetic diabetes mellitus suffer from generalized: lipid 
deposition (A. E. Renold, Geneva). 

In the pharmacological field, R. G.' Gould (Palo Alto, 
California) described the hypotriglyceridaemic effect of 
p-chiorophenoxyisobutyrate (‘Atromid S’); he tenta- 
tively suggested that inhibition of hepatic cholesterol 
synthesis may depress lipoprotein secretion and, as a 
result of this, the plasma-triglyceride level falls. J. M. 
Thorp and M. F. Oliver (Macclesfield and Edinburgh) 
considered that ‘Atromid ©’ reduces the binding of 
thyroxine by plasma: albumin, so that the hormone 
accumulates im-:the-liver' and acts locally against lipid 
synthesis. In this connexion, R. Pick (Chicago) reported 
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that hypothyroidism reduces the protective effect of 
oestrogens on the coronary arteries of cholesterol-fed 
chicks. 

The final session of the syrmposium was concerned with 
the mechanism of thrombosis. Ultrastructural features 
of platelet aggregation were clearly illustrated by J. E. 
French (Oxford). G. V. R. Born (London) expressed the 
view that adenosine diphosphate (ADP) released from 
the vessel-wall may initiate platelet aggregation; a 
chain-reaction 1s set up by the production of ADP from 
the adenosinetriphosphate within such aggregated plate- 
lets. Born reported that adenosine and its 2-chloro 
derivative are strong in vitro inhibitors of ADP-induced 
platelet aggregation. Moreover, these inhibitors suppress 
thrombogenesis in the experimental animal. Both Born 
and J. F. Mustard (Toronto) mentioned the possible 
thrombogenic effect of collagen exposure in the injured 
vessel. In this connexion, P. Constantinides (Vancouver) 
presented histological evidence that fissures in athero- 
sclerotic plaques frequently underlie arterial thrombi. 

Mustard considered that the platelet aggregates formed 
during the initial stage of thrombosis are later stabilized 
by the deposition of fibrin fibrils. C. Hawkey (London) 
produced experimental evidence to support this concept ; 
she showed that experimental thrombi progressively 
disintegrate if the plasma fibrinolysin system is activated 
with streptokmase. This observation indicates that fibrin 
“cements” the platelet aggregates in the thrombus and 
explains the efficacy of anticoagulant therapy in some 
forms of human thrombosis. C. W. M. ADAMS 


MUSEUMS ASSOCIATION 1966 


THE seventy-second annual conference of the Museums 
Association was held in Sheffield during July 4-9 under 
the presidency of Sir Frank Francis, director of the 
British Museum, London. In his presidential address, 
Sir Frank deplored the distinction now bemg made 
between “living” and dead” art, and said it was ludicrous 
that while the Government White Paper recognized that 
museums might play the part of local art centres, they 
were not included in the grant proposals. He emphasized 
the value of the relatively recently formed Area Museum 
Councils and made a plea for scholarly research by museum 
staffs. Museums throughout Britain were becoming more 
and more attractive to the communities they served and 
were endeavouring to kill the traditional image that they 
had unfortunately acquired. 

The relationship of the national and provincial museums 
formed the general theme of the conference, and this was 
discussed in the fields of archaeology, art and natural 
history. Speakers included Mr. R. L. S. Bruce-Mitford 
(British Museum), Dr. G. B. Corbet (British Museum 
(Natural History)) and Mr. M. Levey (National Gallery) 
for the national institutions, and Mr. D. T.-D. Clarke 
(Colchester and Essex Museum), Mr. I. M. Evans (Leicester 
Museum and Art Gallery) and Mr. H. Serutton (Walker 
Art Gallery, Liverpool) for the provincial institutions. At 
many times during the papers and in subsequent dis- 
cussions the present friendly co-operation between 
national and provincial staffs was emphasized, but it was 
strongly felt that this help should be co-ordinated. The 
exchange of staffs was advocated, though it was empha- 
sized that this would entail standardizing the status and 
salaries of national and provincial personnel. It was also 
considered that the problem varied in the different 
disciplines dealt with by museums and art galleries and 
was & simpler matter in archaeology and natural history 
than in art. In the former subjects the acquisition and 
display of local and regional objects wero desirable in all 
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but the larger institutions, but in art the solution of the 
problem was more complicated. 

The concentration of natural history and geological 
type specimens in national mstitutions was considered to 
be a matter for further discussion, for although the larger 
provincial museums could deal with various groups m an 
adequate manner it was certainly not desirable for the 
smaller institutions to hold. type material. 

At the annual general-meeting, Mr. G. L. Conran, 
director of the City Art Galleries, Manchester, was elected 
president for 1967. The next conference will be held ın 
Glasgow during June 26-30, 1967. F. 8. WALLIS 


OBITUARIES 


Prof. K. J. Franklin 


Pror. K. J. FRANKLIN, emeritus professor of physiology 
in the University of London, died on May 8 at the age of 
68. “K. J.”, as he was known to a wide circle of friends 
and colleagues, held the chair of physiology at St. Bar- 
tholomew’s Hospital Medical College from 1947 until 
1958. He came from Oxford with a reputation as an 
authority on the renal circulation and with a wide back- 
ground of circulatory physiology. 

Franklin was born in London in November 1897. He 
was educated at the Bluecoat School, and in 1915 won a 
scholarship in classics to Hertford College, Oxford. In- 
stead of going to Oxford, however, he joined the Royal 
Artillery and served with a field battery in France until 
the Armistice. He went up to Oxford in 1919, and decided 
to study medicine rather than classics. He went to St. 
Bartholomew’s Hospital as a clinical student in 1922, 
qualified in 1924 and returned to Oxford as a fellow of 
Oriel College. From 1924 until 1938 he was demonstrator 
of pharmacology at Oxford and combined that duty with 
that of tutor m physiology and librarian at Oriel College. 
When the Nuffield Institute for Medical Research was 
established in 1935, Frankln became assistant director 
and continued in this post until he was appointed pro~ 
fessor of physiology at Bart’s in 1947. 

His ability to do several tasks at once had been proved 
at an early age when he had combined clinical studies 
with the post of part-time demonstrator in physiology 
under Prof. (now Sir Charles) Lovatt Evans at Barbs 
and, in his final year, that of part-time lecturer in physio- 
logy at Brasenose College, Oxford. As a good classical 
scholar, Franklin. turned to a study of medical history. 
He also combined the techniques of cinematography 
and radiography in a study of the renal circulation. 
Between 1947 and 1958, Franklin was occupied with his 
work on the renal circulation, his classical interests in 
making new translations of some of the works of William 
Harvey, and in supervising the construction of the new 
buildings which house the Departments of Physiology 
and Pharmacology. He was elected a Fellow of the Royal 
Society in 1955. 

His last series af ENE E was aimed at determining 
whether the phenomenon of cortical necrosis of the kidney, 
which is a serious complication in concealed accidental 
haemorrhage, could be explained on the basis of a utero- 
renal reflex. Ill-health unfortunately forced him to retire 
before any firm conclusions could be drawn. 

’ Those of us who worked with him will always remember 

him as a tall and impressive figure with a shy manner and 
very softly spoken. Further acquaintance soon revealed 
that he had a fine sense of humour and a most kindly 
personality. 

Prof. Franklin is survived by me wife and one daughter. 

F.-J. AUMONIER 
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GALACTIC COSMIC-RAY SOURCE AND LOSS PROBLEM 


By PAUL BAKER, sun.*, Pror. R. L. CHASSON and V. J. KISSELBACH 


University of Denver, Denver, Colorado 


SUBSTANTIAL direct evidence of a sidereal anisotropy is 
indicated for the charged galactic cosmic radiation: 


(> 20 un primary rigidity) 


The results have been obtained with a technique of 
celestial scanning, using a battery of paired narrow-angle 
muon telescopes, two of which are vertical, and the others 
with axes tilted at about 38° with respect to zenith and 
in the north, south, east and west geographic planes. 
(The technique is referred to as “‘crossed-telescopes’’.) 
The apparatus is located in Denver at 1,600 m altitude 


and with a Quenby-Wenk threshold of about M ; 


Details of the instrumentation have been given else- 
where}, and in this article we shall discuss the first year 
of data obtained with the S and # pairs of tilted telescopes. 
These results are additionally interesting as they are 
directly concerned with the recently-concluded observa- 
tional programme of the International Years of the Quiet 
Sun and, furthermore, afford some verification of basic 
assumptions underlying certain techniques of the new 
cosmic-ray astronomy. (More detailed remarks regarding 
these direct scanning techniques can be found in a recent 
review by Reber’.) 

The telescopes operate in directional pairs, and the 
total counting rate from each direction is about 4:5 x 104 
per hour. The directional response is such that the tele- 
scope opening angle at half-maximum of intensity is 
about 17° (about 1 h in right ascension). The integrated 
counts from each directional channel are recorded every 
solar minute, and the results are eventually computed in 
6-min sidereal time intervals by a cumulative time- 
shifting formula. The sidereal 6-min intervals lag the 
solar intervals by about 1 sec in solar time; thus in 15 
days our time conversion is in error only by about 1 min, 
and we process data each 15 days as a unit. 

The findings to be discussed here are derived from data 
taken from two isolated periods of time: (1) 60 days 
bracketing the summer solstice of 1965; and (2) 84 days 
bracketing the winter solstice of 1965. The two solstice 
periods were considered and intervening data ignored in 
order to avoid spurious interference-type variations 
having basic solar periodicity that may be introduced 
into the sidereal scaling as a result of the unique one-day 
difference between the sidereal and the solar year*®. Final 
reduction of observations consisted of summing the 6-min 
data into half-hour spans, computing south-minus-east 
half-hourly differences, and then superposing the results 
to give half-hourly means of sidereal diurnal variation. 
The taking of such differences accomplishes two important 
purposes: (a) we eliminate the major portion of the com- 
plex of meteorological corrections ordinarily required to 
reduce muon intensity to a standard basis as the tele- 
scopes view through essentially the same air mass; and 
(6) the telescope tracking in right ascension (east leading 
south) gives a check on variations observed. 

The latter point is brought out more clearly in Fig. 1, 
which is a plot of the asymptotic directions of arrival‘ for 

* On a research appointment from the U.S. Air Force Aeademy. 


primary particles giving rise to muons detectable by the 
tilted telescopes. Since the cut-off at Denver is about 


of we estimate the lower limit of primary rigidity to 
be 20%” for production of a muon just capable of 


reaching our apparatus. The P-+5 differential rigidity 
spectrum for such charged primaries yields the value of 


T for the mean primary ngidity to be considered in 


our observations, corresponding to a range typical of 
galactic cosmic rays. It should be noted from Fig. | that 
the east telescope leads the south by about 3 h in right 
ascension, with south sensing almost exclusively along 
the celestial equator and east sensing to a celestial latitude 
of 25° north and almost entirely m its meridian plane. 
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Fig. 1. Asymptotic directions of approach of primaries (ref. 4) for tilted 
telescopes. Numbers on curves indicate magnetic rigidities in = 


— 60 — 40 


One then examines the sidereal south-minus-east 


results for characteristic oscillatory signatures in the trend 


of daily variation; since east leads south, the signature 
will first tend to be negative and then reverse to positive 
if the scanning pair encounters a region of excess intensity, 
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where the zero baseline is that of the daily average 
difference. Conversely, the sign performance will be 
positive to negative if a region of reduced intensity is 
encountered. 

Fig. 2 contains the results of the two isolated solstice 
periods and, finally, their superposition, giving a sidereal 
diurnal plot where solar effects are largely cancelled due 
to the 180° phase shift within sidereal time. Error bars 
are based on the standard error of the total counting 
statistics going into the differences (about 3 x 10° 
total counts per 30 min for the accumulated 144 
days). Solar-time plots (not shown) for the equivalent 


period, taking south and east telescopes independently,- 


gave typical strong maxima at about 1500 h local solar 
time with an amplitude of about 0-5 per cent. This solar 
diurnal variation is consistent with the results of many 
other investigators; its directional and time dependence 
is also of considerable interest, and will be discussed in 
future publications. 


South-minus-east differences (counts per sidereal half-hour) 


i aul | I 


0 12 14 #16 18 20 22 0 2 4 6 8 
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Fig 2, Sidereal half-hourly differences of directional intensity (south- 

minus-east) averaged over: (a) 60 days bracketing summer solstice 

1965 (May 18-July 20); (b) 84 days bracketing winter solstica 1965 

(November 20-February 23); (c) combination of above results. (Referred 
, t0 zero counts per half-hour average difference) 


The sidereal anisotropy indicated in Fig. 2c is of the 
order of 0-06 per cent, quite in agreement with the mag- 
nitudes found previously® using techniques of harmonic 
analysis. Without attempting to invoke specific causes 
for each detail of this curve, we wish to direct attention 
to the striking peak at about 0 h right ascension (R.A.), 
apparently corresponding to a diminution of intensity as 
it is followed so well -by a related dip in the signature 
starting at 3th. Because the south telescope lies in the 
local meridian plane, its axial orientation is regarded as 
the fiducial one in reckoning the direction in space for 
assignment of R.A. of structure found in the results; 
thus we assign the location of this feature to lie between 
3 and 5h R.A. There is also an apparent non-random 
sequence of points indicating a lowering of the galactic 
intensity centred at 11 h, and a simular, but less strong, 
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indication at 9 h. R.A. We did not observe anisotropy 
at all approaching the magnitude reported by Standil 
and Bukata*. 

A runs analysis” of the values shown in Fig. 2e yielded 
eight runs (consecutive oscillations of sign about the 
mean south-miniw-east difference). Now, to force a 
conclusion that oar sign change sequence is random (a 
48-point sample) one should expect between fourteen 
and twenty-eight such runs to exceed the 5 per cent 
‘confidence limits. Our markedly low number of runs leads 
us to say, then, zhat the 144-day sample departs very 
significantly from randomness and, further, to assert that 
the fluctuating sequences are possibly related to some 
astrophysical processes or galactic structure features. The 
apparent minima at 4, 9 and 11 h are,-associated with 
viewing directione roughly perpendicular to the winter 
plane of our galaxy. The long, consistent sequence of 
points between 13 h and 20 h is considered to be “‘standard 
background” and spans the summer plane of the Milky 
Way. Argument «hat the feature between 13 h and 20h 
jis not a source irregularity is as follows: the south-east 
difference is rougaly constant; thus either the eastern 
intensity keeps inereasing linearly as the south follows it 
by 3 h, causing a constant south-east difference, or south 
and east are looking at equal intensity values for the 
whole period. We assume the latter, as it is very difficult 
to believe the exstence of such a vast and constantly 
increasing intensity structure, even though it does span 
the summer plane of the galaxy, and, finally, a similar 
feature does not appear in the traversal of the winter 
plane. ` ; 

The following mechanisms may be responsible for a 
decreased intensity from a localized direction: (1) a large 
expanding cosmicray trap operating in a neighbouring 
part of the galaxy, which could have some extremely 
interesting time-dspendent properties; or (2) extensive 
magnetic modulatng mechanisms. (The known fields in 
the near spiral arm at about 6 h R.A. and in the Crab 
Nebula at 5-5 h ar noted.) Or we can consider the possi- 
bility of (3) reduced density of cosmic-ray sources in 
certain directions as compared with the general back- 
ground, or: (4) excessive absorption along the paths from 
certain source dirsctions. (In the last-mentioned case, 
unreasonably high interstellar densities might be required 
if nominal trajecteries, say < 1,000 parsec, were assumed 
for the. primary articles the progeny of which are 
detected by our instruments.) i 

Further calculations are planned involving the recent 
equinoctial period and similar selected data to be col- 
lected by the continuing operation_of- the ‘telescopes. 
Other directional ieren k wil ales be taken to isolate 
strips of the celestial sphere with limited extent in 
declination, as provided by the dissimilar asymptotic 
cones viewed by she various telescopes. We will then 
continue our mapping as we look, for example, at the 
latitude of Cygnus and Cassiopeia and also hope to be 
able to delineate tie position of the Crab Nebula if it is a 
source of anisotropy within our range of rigidities. 
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centres of the University of Denver and the U.S. Air 
Force Academy for their help, Prof. H. Bondi and Dr. A. G. 
Wilson for useful ciscussions, and Prof. K. G. McCracken 
for making: the asymptotic direction-computer programme 
available. We alsc thank Prof. Mario Iona for his advice. 
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ROTATION OF NEUTRON STARS 
By SACHIKO TSURUTA 


Smithsonian Astrophysical Observatory, Cambridge, Massachusetts 
AND 
A. G. W. CAMERON 


Institute for Space Studies, Goddard Space Flight Center, National Aeronautics and Space Administration, New York, and 
Belfer Graduate School of Science, Yeshiva University; New York 


Tuts discussion is prompted by some calculations of Zee 
and Wheeler concerning. energy loss by gravitational 
radiation from the quadrupole oscillations of a neutron 
star. Zee and Wheeler! estimate a half-life for radiation 
of the quadrupole vibrational energy of the order of 
seconds. Meltzer and Thorne! have further suggested 
that if the neutron star ıs rotating, the rotational flattening 
will provide a coupling between the purely radial oscilla- 
tions of the star and the quadrupole oscillations, in which 
the radial vibrational energy will be dramed away through 
the quadrupole mode with a half-life of about a day even 
with very moderate rotational flattening. As energy 
storage in radial vibrations has been suggested as a 
reservolr giving rise to X-rays from the circumstellar 
regions of neutron stars by synchrotron and brems- 
strahlung mechanisms?, it is of interest to examine the 
degree to which rotational flattening may be expected to 
persist after formation of a neutron star in a supernova 
implosion. 

Recent hydrodynamical calculations on the supernova 
collapse problem by W. D. Arnett (ref. 3 and personal 
communication) show that the collapse of a star of 
several solar masses will leave a remnant in the range 
0:5-2 solar masses, the uncertainty partially representing 
differences in starting conditions and partially representing 
the approximations which have so far been made in 
handling the equation of state during the collapse. We 
have recently-shown that the maximum stable mass of a 
neutron star probably lies in the range 1-2 solar masses**5. 
It may readily be shown that if a star ~ 10 solar masses 
is rotating on the verge of rotational instability at the 
equator while-on the main sequence (as is usually observed 
to be the case), and if it continues to rotate ngidly (owing 
to magnetic and turbulent viscosity) after evolving to the 
red giant phase, then the central one solar mass will 
rotate at much less than the verge of rotational instability 
after being suddenly compressed to neutron star dimen- 
sions with local conservation of angular momentum. This 
consideration is strengthened if one includes the effects of 
angular momentum loss accompanying mass loss in the 
red giant phase, but it is weakened to the extent that 
turbulence and magnetic fields may not be able to main- 
tain rigid rotation of the core with the envelope in the 
red giant phase. For complete generality we discuss the 
case of a fast-rotating neutron star remnant. 

Hoyle, Narlikar and Wheeler’ have suggested that the 
remnant of a supernova explosion will be a rapidly- 
rotating flattened disk. If the disk is very thin, the’ 
implication is that the hydrodynamic time scale of the 
collapse will be lengthened and the gravitational potential 
energy release will be less localized. For this reason energy 
transfer by neutrino diffusion will be very inefficient and 
Arnett’s calculations would then suggest that a strong 
shock wave is not formed to eject the outer envelope. 
Thus the disk will be very massive, and if there is outward 
transport of angular momentum and inward transport of 
mass as a result of turbulence, the central part of the disk 


is likely to collapse through its Schwarzschild radius, thus 
precluding the possibility of long-term storage of energy. 
It must also be enquired whether a very flat disk 
may not be unstable to deformation into a Jacobi ellipsoid 
with three unequal axes, thus forming a mass quadrupole. 
‘A related question has been investigated by Roberts’, 
who found that a rapidly spmning polytrope will deform 
into a Jacobi ellipsoid if the polytropic index is less than 
about unity. We have assigned rough effective polytropic 
indices to our models of neutron stars® by comparing the 
ratio of central to mean densities for our models with 
those for polytropes. The results are shown in Fig. 1. 


Ratio central to mean energy density 
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Fig 1. Plot of the ratio of the central to the mean proper cnorgy density 
for the Tsuruta-Cameron neutron star model sequences characterized by 
the Levinger-£1mmons potentials Vg and F.. Also given are the ratios of 


central to mean densities for various polytropic indices n, The shaded 
region below n= 1 will be unstable to deformation into Jacobi ellipsoids 


The two model sequences shown in Fig. 1 represent two 
different expressions for the nuclear interaction potential 
which enters the equation of state used in the construction 
of the models. The correct model sequence may well lie 
between these two. It may be seen that the effective 
polytropic index of the models in the vicinity of one solar 
mass is indeed near or below unity. Thus there is a good 
chance that neutron stars can deform mto Jacobi ellip- 
soids if they are spinning rapidly enough. The resulting 
mass quadrupole can emit gravitational radiation, and 
this will slow the spin rate until the ellipsoid relaxes to a 
spheroid. Chin has shown that the characteristic time for 
this is of the order of a seconds. 

We now consider the slowing of the spin of a neutron 
star due to loss of angular momentum when an external 
magnetic field exerts a torque on mass which is flowing 
away in the form of a stellar wind. The stellar wind is 
likely to arise from the heating of a corona around the 
neutron star by shock waves and hydrodynamic waves 
generated by the radial vibrations?»®; its expansion will be 
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‘paiiatad: by rad iation pressure. owing to the high surface 
temperature at the photosphere. The outflowing plasma 
will tend to pull the magnetic field radially away from the 
star, and the rotation will tend to wrap the field lines 
Into a spiral. The following calculation of angular 
_. momentum loss is similar in principle to one previously 
= carried out by Schatzman?® in connexion with the Sun. 
> We may expect that close to the neutron star the 
_.-. magnetic field causes the corona to co-rotate with the star, 
but at large distances the corona rotates slower and the 
- field is wrapped into a tight spiral. The condition of 
<=> eo-rotation may be expected to break down at roughly 
. that. distance r such that the radius of curvature of the 
field lines is also r., The Coriolis pressure gradient’ on the 
` gas 2evw will be approximately equal to the magnetic 

: Pn 










2 pvo = B'jérr (1) 














where. pọ is the gas density, v is the expansion velocity, 
the angular velocity of the neutron star and B is the 
agnetic field. We take the mass flow f through any 
herical surface concentric with the star to be constant: 


f = 4npr*v = constant 


designate physical quantities at the neutron star 
œ by subscripts zero, then: 
es 


ae?) 
For the radial magnetic field: 
ð F PA 
Thus from equation (1) we obtain: 


da 


sates r? = KMT dt 


solution to this equation is: 


t — oP = bt 





NATURE 


RCONTINENTAL CONODONT CORRELATION OF THE PALAEOZOK - 
ENTS OF THE BONAPARTE GULF BASIN, NORTH-WESTERN AUSTRAL IA 


where ¢ is the time required forthe angular velocity. to be 
reduced from an initial value a; to a smaller vame Or and — 


_2 fit f Ber P 
tsau o 


Thus the time required to remove the imitial ang cular 


momentum is: 





3KM wi? /* 
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Let u» estimate some reasonable values of th 
tities in connexion with equation (2). We take 
values for a neutron star M = 2 x 1089 g, ry = 
and K = 0-2. The Kepler orbital velocity at the urface 
is (GM frè) P = 115 x 104, so we take oi = 104 radians; 
sec. The initial rotational energy is: | 


4 KAMr,?o? = 2 x 10°? ergs 


This must be dissipated during the slowing of the spin; ;: 
let us suppose this energy goes into mass loss in order to 
get a crude ama of f. The resulting mass ejecti 
roughly Ary*a?/2@ œ~ 10° grams. Thus fæ 10? 

equation (2) FROR de 















tw 3 x 10°/B,? 

Now Woltjer! has estimated that a neutrat 
likely to be formed with a magnetic field B, ‘of tl 
of 1014-1016 gauss. If this is correct, then fror 
(3) we find that the spin of a neutron star is like 
eliminated on a t:me scale of seconds. ; 

Thus we conclude that there is no assurance t i 
tional flattening of a neutron star will be respo 
eliminating radia. vibrational energy by pro 
coupling to the quadrupole oscillation mode. Furth 
it appears that rotational energy. storage ina nent: 
is most unlikely te provide a reservoir which can 
energetic radiation processes for very long after 1 
is formed. More careful detailed considerations 0 
these processes ars needed. 
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MINARY investigation of the geology of the Bona- 
t f Basin was published by the Australian Bureau 
M eral Resources in 1955 (ref. 1). In 1963, the Bureau 
a detailed study of the geology of the basin; the 
servations were recorded by Veevers et al.? (see 
for the localities mentioned herein). Previous 
hed accounts of the geology include McWhae et al. 
nd Thomas‘, who summarized the knowledge of Carbon- 
iferous stratigraphy up to 1958. Geological investigations 
before 1952 have been concisely reviewed by Noakes et al.. 

sonodonts were first discov ered in, the Bonaparte Gulf 
) ika *, who recorded the presence of a Lower 













Ordovician (Tremadocian) fauna in a glauconitic | si 
stone which he named the Pander Greensand. A: pr 
liminary investigetion of our material supporta. Or 
conclusion. Glenister? noted the occurrence of Carbo 
iferous conodonts in the upper parts of both the Bu 
Range Limestone (herein referred to as the Burt ] BO 
Formation) and the Septimus Limestone. The conodont ` 
locality (c) of Gleaister (ref. 7, p. 214), which he tenta- 
tively referred to the Spirit Hill Limestone, is on brachio- 
pod evidence*:* the same age as the Septimus Lime ¢ 
Conodont zonations of European and North American — 
Devonian and Carboniferous standard sections have: been. | 
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Fig. 1. Geological sketch-map of southern portion of Bonaparte Gull 

Basin. e, Proterozoic; Cla, Lower Cambrian Volcanics; O, Cambrian; 

©-O, Cambrian and Ordovician undifferentiated; Duc, Cockatoo 

Sandstone; Cl, Lower Carboniferous undifferentiated—includes Burt 

Range Formation, Enga Sandstone and Septimus Limestone; Clb, 

Burt Range Formation; Clp, Point Spring Sandstone; PK, Lower 
Permian Keep Inlet Beds 


published by Bischoff’, Bischoff and Ziegler’*, Collinson, 
Scott and Rexroad™, and Ziegler'*. British Carboniferous 
conodont faunas have been studied by Austin, Druce and 
Rhodes'*. Information contained in these works has 
enabled us to correlate the Upper Palaeozoic succession 


of the Bonaparte Gulf Basin with the classical sections of 


the northern hemisphere (Fig. 2). Such information will 
provide a stratigraphical framework for the detailed 
investigations being conducted by the Bureau. 

Detailed palaeontological investigations of samples col- 
leeted by a survey party led by J. J. Veevers in 1963 have 
disclosed abundant conodont faunas in limestone forma- 
tions previously known to contain conodonts. In addition, 
conodonts were discovered in the unnamed Viséan cal- 
earenite of Veevers et al.*, in intercalated calcareous beds 
at the base of the Enga Sandstone and in a belt of lime- 
stone in the Ninbing region which Traves? referred to the 
Burt Range Limestone (Fig. 3). 

Conodonts have only been recovered from the cal- 
eareous middle part of the Cockatoo Sandstone in the 
north-west part of the basin, at Westwood Creek. This 
fauna contains the species Ancyrognathus sp., Polygnathus 
ef. brevilamina Branson and Mehl", and Polygnathus 
normalis Miller and Youngquist'*, which indicate a 
Frasnian (tol) age. However, the upper boundary of the 
Cockatoo Sandstone may possibly be as young as the 
toll stage of the Famennian, because about 2,000 ft. of 
sandstone, which has so far yielded no conodonts, overlies 
the fossiliferous limestones, and is in turn succeeded by 
the limestones of the Knob Peak area, of upper toll£- 
lower tolll« age (see following, and Fig. 1). Furthermore, 
the possibility that the non-fossiliferous basal beds may 
be of uppermost Middle Devonian age cannot be excluded. 

Upper Devonian conodonts have also been discovered 
in limestones!’ exposed as a long narrow belt from Knob 
Peak southwards through Ninbing, to the east band of 
the Ord River at Buttons Crossing (5-5 miles north of 
Ivanhoe Homestead). The presence of the conodont 
species Palmatolepis glabra elongata Holmes” and P. 
glabra pectinata Ziegler indicates that these beds belong 
to the upper tolI8—lower tolII« ammonoid zones of the 
German standard section. Traves' and Veevers et al.* 
have referred these limestones to the Burt Range Forma- 
tion. 

The conodont faunas of the Burt Range Formation, 
however, include the species Polygnathus inornata E. R. 
Branson’, Pseudopolygnathus sp. of the prima group and 
Siphonodella cooperi Hass*®, which are comparable with 
those from the Cul—Cull« ammonoid zones of the German 
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standard section, and the Hannibal—Chouteau interval of 
the Upper Mississippi Valley. The presence of Siphon- 
odella duplicata (Branson and Mehl)® within the basal 
strata clearly shows that the Burt Range Formation is 
restricted to the Lower Carboniferous. 

Therefore, our evidence shows that the limestones at 
Ninbing are older than the Burt Range Formation, and 
are separated from it by a considerable hiatus. These 
limestones constitute a hitherto unnamed formation, 
which will be described and named in a forthcoming 
publication of the Bureau. 

The conodont faunas discovered in the basal beds of 
the Enga Sandstone include species found in the upper 
part of the Burt Range Formation, such as Polygnathus 
inornata E. R. Branson, and species of the genus 
Spathognathodus. These indicate a Culla age for the basal 
portion of the Enga Sandstone, which confirms the 
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Fig. 2. Intercontinental correlation of the formations of the Bonaparte 
Gulf Basin. Vertical hatching denotes apparent absence of time-rock 
units; thicknesses of formations are not to scale 
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Fig. 3. Conodonts from the Bonaparte Gulf Basin. Oral views x e. 35. 

(1) Palmatolepis glabra pectinata Ziegler, 1960, from unnamed Famen- 

nian limestone. (2) Siphonodella cooperi Hass, 1959, from Burt Range 

Formation. (3) Polygnathus nodomarginata Branson, 1934, from 

Septimus Limestone. (4) Gnathodus texanus Roundy, 1926, from 
unnamed Viséan calcarenite 
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Tournaisian age previously assigned by Thomas‘, and the 
Kinderhookian age suggested by Opik'. 

The late Tournaisian to early Viséan age of the Septimus 
Limestone, based on the brachiopod studies of Thomas*.# 
and Roberts (personal communication), is supported by 
our investigation of the conodonts. The fauna, includes 
the species Polygnathus nodomarginata B. R. Branson?® 
and new and re-described species from the Z coral— 
brachiopod zone of the type Avonian at Bristol}. 

The unnamed Viséan calcarenite of Veevers et al.2 has 
yielded an abundant conodont fauna, including the 
species Geniculatus claviger Hass*?, Gnathodus girtyi Hass??, 
G. texanus Roundy, Mestognathus beckmanni Bischoff’, 
M. bipluti Higgins*, and Spathognathodus scitulus 
(Hinde)**. This fauna indicates a CulII age, although the 
presence of Gnathodus cf. G. cunetformis Meh] and Thomas?! 
in, the basal portion suggests that the formation may be 
as old as the Cull$ zone. The apparent absence of species 
characteristic of the Cullly zone suggests that it is 
doubtful whether the top of the formation is any younger 
than the early part of the CuIII zone. In terms of the 
Upper Mississippi Valley standard succession", the 
formation can be correlated with part of the Valmeyeran 
stage; it is no older than the lower portion of the Bur- 
lington Formation, and no younger than the Ste. Gene- 
vieve Formation. Thus, the conodont evidence suggests 
a slightly younger age than the early Viséan age assigned 
to it by Thomas?’. 

No conodonts have yet been found in calcareous samples 
of the Point Spring Sandstone; Thomas*:?? and Roberts 
indicate, on brachiopod evidence, a late Viséan to early 
Namurian, age for this formation. 

The systematics and biostratigraphy of the conodont 
faunas from the Upper Palaeozoic sequence of the Bona- 
parte Gulf Basin are being investigated by one of us 
(E. C. D.) and similar studies on the Lower Palaeozoic 
succession are in progress (P. J. J.). 
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TRANSPORT PROCESSES AND THERMODYNAMIC EQUILIBRIUM 


By Pror. A. G. McLELLAN 


Department of Physics, University of Canterbury, Christchurch, New Zealand 


In a recent series of articlest*, Prof. Melehy has presented 
a thermodynamic theory applicable to transport pheno- 
mena for liquids, gases and electrons in matter. Impor- 
tant quantities in his theory are the particle diffusion 
force and the corresponding diffusion potential. In cases 
where the system of particles is subject to long-range 
forces such, as gravitational or electrostatic, he contends 
that the conventional condition of equilibrium expressed 
&8: ; 


fe + fa = 0 (1) 
leads logically to results which contradict experimental 
observations like the Peltier effect. In (1) fe is the force 
on the particle as a result of long-range forces, fa 18 the 
particle diffusion force. Since (1) expresses that the net 
force on the particle is zero, it is argued? that the net work 
in. transferring the particle between two points, whatever 
the gravitational or electrostatic potential difference may 
be, is zero, that is, the transfer would be at constant 
energy. It is further argued that direct consequences 
would be: (a) a denial of the existence of such effects 
as the Peltier effect; (6) the necessity in thermal equili- 
brium for the conduction bands to line up throughout a 
crystal containing a non-degenerate p-n junction. 

The theory is used to prove? that the Fermi level of 
the crystal in case (b) cannot have the same value through- 
out the erystal. 


In the most recent paper? a treatment generalizing 
this theory on a thermodynamic basis is given; here it is 
claimed that the usual proof of the constancy of the 
chemical potential throughout a system in thermodynamic 
equilibrium is invalid. 

In the present article, it is shown that these results 
of Melehy’s theory are themselves invalid. It will be 
convenient to. cons der first his criticism of the conven- 
tional treatment of the chemical potential, then to con- 
sider the properties of the particle diffusion force and to 
show that the worE done in transferring a particle from 
point A to point B in a system is not solely due to that 
done against the forces fe and fa and hence zero. It will 
be shown. that the contribution to the work done in chang- 
ing the volume oczupied by the particle from that at 
A to that at B must also be taken into account. This 
contribution is not necessarily zero, and taking it into 
account, for instance, leads to the result for a perfect gas 
that the work done in transferring a particle from A to B 
is equal to the posential energy difference per particle 
between A and B. Thus Melehy’s argument that (1) 
cannot be true, since it denies the existence of well-known 
experimental resulta, breaks down. Equation (1) must 
be true since it is en expression of the constancy of the 
chemical potential throughout the system, and the 
empirical assumpticn made by Melehy that the left-hand 
side of (1) is not iteelf zero but has a zero vector curl is 
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wrong. In any case, the extra work term, introduced as 
here, makes it not only wrong but unnecessary to depart 
from the usual treatment of equilibrium. 


Chemical Potential and Thermodynamic Equilibrium 


Ref. 3 considers the increment dF of the Helmholtz 
free energy: 


dF = — SdT — PAV + EurdNy (2) 
k 


The argument goes on, as follows: “The last terrn in (2) 
is a summation of more than one product, since it is 
needed here supposedly to test whether or not the particles 
would have the same chemical potential at different 
points. 

“The conventional argument supposedly proving that 
for electrons in solids du = 0 in thermal equilibrium 
proceeds as follows. First it is assumed that df is zero. 
This particular assumption will be shown in the next 
section, to be unjustifiable. For the time bemg, however, 
let us accept the conventional assumption that dF = 0 
in thermal equilibrium. Ib is then reasoned convention- 
ally that if dN particles were transferred from point A to 
point B at constant volume, then: 


dF = (ua po)dN = 0 (3) 


[(2) and (3) are equations (24) and (25) respectively of 
ref. 3]. From equation (25) [(3) here] it would follow 
that Ua == Mb. 

“The weakness in the preceding argument is that if 
dN particles were transferred from point A of high particle 
concentration, na to point B of low particle concentration 
nb, this could not possibly be done at constant volume. 
To explain this point let us calculate specifically the 
volumes occupied by dN particles at point A and at point 
B. At the former point, the volume dV, = (dN)/ma, 
and at point B, the volume dV, = (dN)/n». Thus 
AV, = (nafn d Va. 

“If points A and B are on either side of, for example, 
an interface between a metal and a p-type semi-conductor, 
respectively, the ratio of (na/rw} could be 101° or higher. 
Thus the assumption that dN particles could be trans- 
ported at constant volume in any system is obviously 
invalid.” 

In fact, the conventional argument as outlined is not 
rigorous—~it ımplies that dV is the change in the volume 
occupied by the dN particles. Further, equation (2) as 
quoted applies to a macroscopic system of volume V and 
entropy S, and should be used only when it has been 
proved that the ux are constant throughout the system. 
It is, in fact, possible to transport in the system dN 
particles from A to B without altering the volume of the 
system. ‘The conventional treatment takes account of the 
work required to change the volume of the region outside 
the neighbourhoods of the points A and B, so that the 
total volume remains constant. Since the foregoing 
account of the conventional theory is not clearly rigorous, 
it would appear desirable to give a rigorous account which 
does not beg the question of the constancy of p throughout 


the system. The proof to be given is in the spirit of that- 


of Gibbs‘ but is not identical with it. It has the advantage 
of not assuming the presence of the last term in: 


dU = TAS — PdV + paN (4) 


an assumption which is not obvious, for example, in the 
case of systems under non-hydrostatic stresses, where the 
work done in injecting dN particles into the system 1s not 
obviously independent of where the injection is carried 
out. For simplicity, a system of one chemical component 
1s considered—the generalization to a multi-component 
system is obvious. Following Gibbs‘, the conditions of 
equilibrium of a system may be obtained on the supposi- 
tion that the system is enclosed in a perfectly rigid and 
perfectly nor-conducting impermeable envelope. Under 
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these conditions the equilibrium condition is taken to be 
that U = 0, for a virtual reversible infinitesimal dis- 
placement in which 8S = èy = 0. 

Let the system be imagined to be divided into many 
fixed small regions 7 = 1,2,.... For example, two of 
these regions could be infinitesimal regions containing the 
points A and B of the argument quoted here. Let 
tr, Pi Vi, Ur, St, vr, Ui & and ọ:; be respectively the 
temperature, pressure, volume, energy, entropy, molar 
volume, molar energy, molar entropy, and the molar 
potential energy of the material in region 7. The regions 
are assumed sufficiently small so that the foregoing 
quantities may be taken to be uniform through each 
region. Consider a virtual reversible displacement of the 
whole system, involving an injection of 8M; moles of 


material into region 7. Then: 
where: R 
SUs, = Si — 9.57. (6) 
we have the restrictions: 
SV = MSV, + VAM) = 0 (7) 
t 
SS = B(S: + gM) = 0 (8) 
% 
(9) 


òM = ESM: = 0 
% 


It should be noted that u; is the molar energy at region 7, 
that is, it is an intrinsic quantity independent of qj. 
On substituting (6) into (5), and introducing undetermined 
multipliers P, T, u for (7), (8), (9) respectively, one obtaius 
the set of three equations: 


i, = T 
pi= P 
u = u, — Ts; + Pv, + ọi 


(10) 


Thus it is seen how the chemical potential u may be 
introduced as a constant throughout the system, which 
may have several phases. The validity of this proof can- 
not be in doubt, as it is based on a most general condition 
of thermodynamic equilibrium. Recently*, I have general- 
ized this treatment to a multi-phase system in chemical 
equilibrium under non-hydrostatic stresses, for which the 
expression, for the work in (6) is, of course, different. 

Equation (10) thus shows that the intrinsic potential 
u — Ts + Pv plus the molar potential energy 9 is a 
constant throughout the system. Thus if an increment 
dN of material is added to the system at any region 2, 
(10) yields: 


where dU, = (uit+o,)AN, dSa = dN, dV, = v.dN 
are the increments to U, S and V, for the whole system, 
arising from the injection of mass dN. If, further, a 
deformation, of the whole system occurs, with no change 
of total mass, the changes in U, S and V are given by: 
dU, = TdS»y — PdVy (12) 

Combining (11) and (12) one obtains for a general virtual 
displacement of the whole system: 

dU = TdS — PdV + pdN (13) 
where (13) has been shown to be independent of where 
in, the system dN has been injected. The method of this 
proof shows that Melehy’s objection is not valid and that 
the correct treatment takes into account the deformation 
of the surrounding medium, necessary for the total volume 
to remain constant under the transfer of dN particles 
from one point to another in the system. 
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Particle Diffusion Force and Potential SW = Sr.(~VP + PVv + Vom (17) 

It 1s true that from the condition: = Sr.[V (Pv) + Vo]m (18) 
w + @ = u = constant (14) Thus for a perfect gas with a uniform temperature: 

SW = (8r.Vo)m (19) 


where u! is the intrinsic potential (see ref. 4, p. 146, for 
the introduction of this term), and » the molar potential 
energy, one may obtain a force equation by differentiat- 
ing, thus: 


Ve + Ve = 0 (15) 
and if one defines, after Melehy?: 
fg = — V wt, the diffusion force, and f = — Vo, the 
long-range force (15) can be written: 
fet+fa = 0 (16) 


Since fe represents the long-range forces, fg must be the 
force per mole exerted on a particle by the surrounding 
medium. It should be mentioned that the term “particle”? 
as used by Melehy can, be interpreted as a small part of the 
thermodynamic system constant in mass, for example, 
one electron. That is, the volume occupied by the particle 
may vary and would be mv where m is the mass in moles 
of the particle and v is the molar volume in the region 
occupied by the particle. 

It is claimed? that it is a consequence of (16) that a 
transfer of a particle from pomt A to point B in the system 
would be at constant energy. The fallacy of this assertion 
lies simply in the fact that in the transfer the volume 
occupied by the particle changes and work is required to 
deform the surroundings of the particle sufficiently to 
accommodate it. 

Consider a particle of small mass m (in moles) which 
occupies @ volume mv at pomt A, v being the molar 
volume at that point. In a small displacement òr of the 
particle, the work which must be done on it is easily seen 
to consist of three terms, first, that required to translate 
the particle against the pressure forces of its surroundings 
(or.V P)mv; secondly, the work against these forces 
required to change the volume of the particle (8r.Vv)mP; 
thirdly, the work to be done against the long-range forces 
(8r.Vo)m. That is, the total work: 


Equation (19) is in agreement with the classical explana- 
tion of the Peltier effect, and may, in fact, be used to 
relate the electrostatic potential difference to the energy 
which must be provided for the transport of electrons in 
metals. 

For a system with a uniform temperature (for example, 
see ref. 3): 


Vw =V P (20) 


and it is thus seen that (17) contains not only the work 
required against fz and fa, but the additional third term 
involving the change of volume occupied by the partiele. 
(18) shows that the work to be done in a displacement of a 
“constant mass particle’ involves the gradient of Pw 
and not of ut. 

(15) becomes: 


—~Vo =P (21) 


and expresses the fact that for thermodynamic equili- 
brium the net force on the particle must be zero, whereas 
in a virtual displacement the work done does not solely arise 
from these two forces. 

This argument shows that the work done against the 
surroundings of the particle, in transferring it from one 
point to another in the medium, cannot be described as a 
diffusion potential the gradient of which yields the 
particle diffusion force, fa of refs. 1 and 2, which is equal 
and opposite to the long-range force fe in equilibrium. 
Also, since it hes been shown here that the chemical 
potential is a constant of the whole system, the basis of 
Melehy’s theory is invalid, and consequently, for example, 
the application to the discussion of the properties of a 
p-n junction. 


iMelehy, M A, Nature. 202, 864 (1964). 

3 Melehy, M. A., Nature. 205, 456 (1966). 

3 Melehy, M. A., Nature 209, 670 (1968). 
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MASS SPECTROMETRIC DETERMINATION OF THE AMINO-ACID SEQUENCE 
OF PEPTIDES* 


By Pror M. M. SHEMYAKIN, YU. A. OVCHINNIKOV, A. A. KIRYOSHKIN, E. I. VINOGRADOVA, 
A. |. MIROSHNIKOV, YU. B. ALAKHOV, V. M. LIPKIN, YU. B. SHVETSOV, 
N. S. WULFSON, B. V. ROSINOV, V. N. BOCHKAREV and 
V. M. BURIKOV 


Institute for Chemistry of Natural Products, U.S.S.R. Academy of Sciences, Moscow 


One of the most difficult and cumbersome tasks in the 
elucidation of the primary structure of proteins is the 
determination of the amino-acid sequence of peptides 
-——Ą veritable barrier to the rapid solution of many 
chemical and biochemical problems. The use of mass 
spectrometry for this purpose with its great saving in 
time and in the requirement of material used (micro- 
amounts} could greatly facilitate this task. 
* For preliminary communications, see refs 1-3. 


Because of their low volatility and tendency to undergo 
irregular fragmentation, the free peptides are not very 
suitable for direct mass spectrometric analysis’. More 
convenient are the methyl (tert-butyl) esters of the acyl- 
peptides which car. readily be prepared from the peptides 
by a method deserrbed ın one of our preliminary com- 
munications? (see also refs. 5-8). 

The umt sequenze in the peptides follows quite readily 
from an analysis of the amino-acid type of fragmentation}, 


? 
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which involves rupture of the amide bonds of the acyl- 
peptide ester, beginning with the C-terminus: 


R R 
| 


| 
R—co-|_NH—CH—CO-|_NH—CH—CO - -- 


—— 


Although fragmentation of the peptide chain may start 
at any of the various amide bonds, this does not distort 
the over-all picture of the spectrum. The stepwise elim- 
ination of the amino-acid residues in the resulting frag- 
ments may proceed in one or in two stages, according to 
the following scheme: 


R R 
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to undergo this kind of fragmentation. Mass spectrometry 
can therefore be considered as a novel technique for the 


| R | R | 


| | 
-=-= {wa bn-co--um brco -oz 
] 


Pm 


determination of amino-acid sequences—a technique based 
on fundamentally different principles from those pre- 
viously used. It should be added that each amino-acid 
makes its own contribution to the mass spectrum, which 
usually facilitates an analysis of the latter. Furthermore, 
the fragmentation picture is influenced by the position 


R 


| | 
R—CO—(NH--CH—CO), _NH—CH—CO—NH—CH—C=0¢ 


| | © 
R—CO—(NH—CH—CO)}—NH—CH-—CO0—NH =CH 


R R 


R R R 


R—CO0—(NĦH—CH—CO Jn _NH—CH——C0 ® 


Frequently such transformations can be confirmed by the 
corresponding metastable ions. 

The data presented in Table 1 clearly illustrate the 
universality of the amino-acid type of fragmentation— 
peptides with the most varied amino-acid residues tending 


and chemical environment of the amino-acid in the 
peptide chain. 

Specific types of fragmentation, dependent on the 
nature of the amino-acids, will be illustrated below for 
a number of examples. 


Peptides containing the amino-acid 


Table 1* 
Sequence of elimination of ren asa residues 


Amino-acid in the previous column (mje of the part 
Gly Dec-Gly-Leu-Val-OMe (1) M+(455 aca a Soe) AR rer Bt 
Dee-Gly-Gly-Leu-Gly-OMe (2) M*(470)—>-OMe(439 Gly(983) > Leu260)-> Giv(212)-» ly 
Ala Ac-Ala-Ala-Ala-Ala-Ala-Ala-OMe (3) M+(500}—>-OMe(469}-+A1la(398}-Ala(827)-->Ala(25 6Y Ala(1857->Ala(114) 
Dec-Ala-Ala-Ala-Asp(OMe)-OMe (4) merce OMe(497)}—> Asp(OMe)(868)->-Ala(297)}->Ala(226}—>Ala(155 
Dec-Gly-Try-Ala-Ala-OMe M+(571}->OMe(640}->-Ala(469)->Ala(888)->Try(212)->Gly(155 
Dec-Try-Leu-Val-Pro-Ala-Pro-Val-OMe (6) BS eines Val(818} > Prot7215—>Als(850) > Pro(568)->Val(454)—>Leu(341)-> 
Vail Dec-Val-Val-Gly-Try-OMe (7) M627). OMS 696)—Try(410)}->Gly(858)-> Val(254 yay 
Dec-Pro-Ala-Ala-Val-OMe {8} arroza Os 608) 9 Val(894}->Ala(828 naranata o(i5 
Ste-Ala-Leu-Gly-Leu-Val-Pro-Ala-Pro-Val-OMe (9) E ss e77' peeve E 
eu 
Leu Dec-Leu-Ala-Ala-Ala-OMe (10) M1633} > 0mte(481) Ala (410)}->Ala(338 oe ETA 
Dec-His-Leu-Ala-Leu-OMe (11) M+(620)>- OMe(589 Ton dT Oyo AIR AOE ce Len (OOS) oat 8(155) 
: Pe dine -Leu-Val-Val-OMe (12) M*(640)—OMe(609)->Val(510)>Va in(300}tie(288) -GluN G6) 
Tie Des-Glu(NH,)-lle-Ala-Ala~-OMe (18) M+(569}—>O0Me(538)->-Ala(467)-—~>-Ala(396 }->Tle(288)—>Giu(NH,)(155) 
Dec-Cit-lle-Ala-Ala-OMe (14) M*(698)—>-OMe(567)->Ala(496)-—>-Ala(425)->Lle.Clt(155) 
Pro Dec-Gly-Gly-Pro-OMe (15 aaa a a a GIy (IGI) 
Ps Mig IT L E T A a {9) See abov 
Dee-His-Ala-Pro-Val-OBut (16) M*(682)->OBu'(659)->Val(460)-»Pro(863)->Ala(202)->Ha(155) 
Dec-Pro-Ala-Ala-Val-OMe (8) 
Ser Dec-Ser-Phe-Phe-Ser-OMe 17) MN 654 > OMe(628)-»Ser(536)-»Phe( 389 Phe(242)}->8er(165) 
pee Te eae car ote ie (18) 849)>-0 OTS GAA Sand 4 ‘Phe(437 dy eos 
Thr Dec-Lys{Dec)-Thr-Pro-Ala-OMe (19) M 737)—>OMe(706)-+Ala(635}>Pro(538}-> Thr(437)}-> Lya(Dec}(155) 
Cys Dec-Cys(CH,CO,Me)-Phe-Phe-Ser-OMe (20) M Na en Oct = BRET ore ORO) eye OMAND) 
ASD Dee-Ala-Ala-Ala-Asp{OMe)-OMe (4) See a 
Dec A mer “Gly-O3e (21) Mi (143) OMe(412)->Gly(355)>As Seta TE ot 
ear Ree -Ala-Leu-OBn'(22} M+(640)->-0 Bu'(567}-> Leu(454)->Ala(388 al{284)->Asp(OMe)(155) 
Dec-Asp(OMe)-Leu-Val-Val-OMe (28) 1055 OMe(595)-> Val(496)}->Val(307 Len iss) KOMENTIS) 
Asp(NH;) Dec-åsp(NH,)-De-Ala-Ala-OMe (24) M+(555)--OMe(524 a HERG Rn lle 155 
Dec-Gly-As sp Alala Ehe- oan (25) 646)->0 Me(615}-> Phe(468}->Ala(307 Ain20)-94 APE ston3)~>Gly(158) 
Dec-Asp(N Ci ee Rig OMe (26) y Le E E BO be Ala(416 ai y> Asp(N Ea (155) 
Glu Dec-Gly-Glu(OMe)-Tyr-OMe (27) M+(649}>OMe(51 Agent 5} Giu(OMe)(212}->Giy(155) 
Dee-Ala-Pro-Glu(OMe)-OMe (28) M+t(497}->OMe(468)-> Giu(O MeX(323)}->Pro(226)—>Ala(165) 
Dec-Glu(OMe)-Len-Val-Val-OMe (12) See ve 
GluGVH,) Deo Giu Ki IIS Ala Ain OMe (13) See abov 
eo Gia) ae a ow er Ome (29) M+t(720)— $ OMe(689)—>Met(558)—> Gly (601)—>Ala(430)->Phe(288)—>Glu(NH,)(158) 
Met, Dec-Gly-Met-Als-Ala-OMe (30 M+(516}->OMe(485)->-Ala(414)->Ala(843)->Met(212}->Gly (155) 
Dec-Asp(NH,)-Phe-Ala-Gly-Met-OMe (26) S ao 
o Dee On AA PR OMe O O Mao) OOM 1a(428)->Orn(Dec)(155) 
rn ec-Orn(Dec -Ala-Phe-OMe (31 + oa OMe(712)->Phe(565)->Aia(494)}-> Ala (423 rn(Dec)(1 
Cit Dec-Cit-le-Ala-Ala-OMe (14) See above . a iii ad 
Lys Dec-Lys( Dec)-Phe-Phe-Ser-OMe (18) TE avers 
Ph eee Werke Val OMe Gey oe ME: 88) > OM (557)->Val(458)->Gly(401)->Val(302)->Phe(155) 
e ec-Phe-Val-Gly-Val- + e al(45 401 a& e 
Dec-Cys(CH,CO,Me)-Phe-Phe-Ser-OMe (20) See above á 
Dec-Gly-Asp(NH,)-A AA A ENO OMe (25) See ee 
Tyr Dec-Gly-Glu(OMe)-Tyr-OMe (27 See abov 
Dee-Val-Tyr-Val-Ala-OMe (83) M(618)-> OBe(587) > Aln(518)->-Val(417)-»Tyr(254)->Val(166) 
Dec-Tyr-Ala-V. al-Ala-OMe (34) *+(590)—>-Ala0 Me(488)-> Val(889)->Ala(318)->Tyr(155) 
His Dec-Ala-His-Leu-OMe (35) id OMEGI 6}->Leu(363)->H1s8(226)->Ala(1 65) 
Dec VaLLeu Ala His OMe (36) M600) SOM 1(155) 
ec-Val-Leu-Ala-His-OMe k *(606)>0 e(575)-> Hs(438)—-Ala(367)->Leu(254)-> Val(155 
Dec-His-Ala-Pro-Val-O But (16) See above as 
Dec-His-Ala-His-Leu-OMe (87) a PONOT A a eae 55) 
Try Dec-Try-Val-Gly-Val-OMe (38) M+(627)}>-0Me(596)-> Val(497)—>Gly (440) Val(341)->Try(155) 
Dec-Try-Leu-Ala-His-OMe (39) M+(693)—>-OMe(662)>H1s(525)->-Ala(454}->Leu($41}->Try(156) 


Dec-Gly-Try-Ala-Ala-OMe (5) 
Dee-Val-Val-Gly-Try-OMe (7) 
Dec-Try-Leu-Val-Pro-Ala-Pro-Val-OMe (6) 


See above 
See above 
See above 


A * The mass spectra were taken on commercial MX-1303 and RMU-6D (Hitachi) instruments at 150°-350° C with the sample introduced directly into 
e ion source. 
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Aliphatic monoamino monocarboxylic acids (glycine, 
alanine, valine, leucine, isoleucine and proline) essentially 
do not complicate the general picture of the spectrum. It 
is true, however, that branched chain amino-acids may 
sometimes partly lose their cham; especially is that so 
in the case of leucine and isoleucine (see, for example, 
Fig. 1). The elimination may involve part of the chain 
(for example, methyl in valine or isoleucine) or the chain 
as a whole, depending on the neighbouring amino-acids. 
This usually gives low-peak intensities as compared with 
the peaks of the amino-acid type of fragmentation. The 
mass spectra of peptides containing proline residues often 
exhibit quite strong peaks, due to the ions resulting from 
elimination of the carbonyl groups and ring contraction: 


go 
CH, 
HC CH, nr. R 
No —oo— Ea m 


As might be expected, the fragmentation of peptides 
containing amino-acid residues with functional sub- 
stituents in the B-position is accompanied by elimination 
(usually only partly) of the function from the molecular 
ion or the resultant fragments: 




















NATURE 











363 


Examples of such peptides are those containing serine, 
threonine and/or 2ysteine residues (see, for example, 
Fig. 2 and compare with ref. 5). A further type of side- 
chain elimination is also possible for threonine derivatives 
(compare ref. 6): 


CH,—CH—OH. 

| 

| 
—NH-—CH—co— 


Elimination of the 6-substituent is always observed in 
the fragmentation of peptides containing the residues of 
asparagine or the -ester of aspartic acid. This process 
is characterized by its stepwise developments—first the 
elements of ammon-a/alcohol and tken CO are eliminated. 
Such mechanisms ere often supported by the presence of 
the corresponding metastable ions. 

The same two-stage elimination picture is shown by 
the y-esters of glutamic acid and by glutamine (see, for 
example, Fig. 3), although here the relative intensity of 
the corresponding peaks is somewhat lower than for the 
aspartic acid derivatives. For the y-substituted amino- 
acids (derivatives of glutamic acid and methionine), 
elimination of the entire side-chain also partially occurs, 
as can be seen in the example of the peptide (30) (Fig. 4). 

Peptides contain_ng citrulline may suffer loss of the 
CONH.: group from the $-substituent; weaker peaks can 
also be seen in the spectrum, and these are due to the tons 
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Before mass spectrometry is carried out of peptides 
containing diamino monocarboxylic acids (lysine and 
ornithine), the w-amino group must be protected by 
acylation simultaneously with the «-amino group of the 
N-terminal amino-acid. For peptides with N-terminal 
lysine and ornithine, one of the strongest peaks is due to 
ions of the type (see, for example, the m/e 238 peak in 
Fig. 5 and the m/e 224 peak in Fig. 6): 

CH 


It would seem feasible that arginine residues in peptides 
containing this amino-acid are converted into citrulline 
or ornithine residues, after which such peptides readily 
undergo the amino-acid type of fragmentation (as already 
outlined). 

Peptides containing aromatic and heterocyclic amino- 
acids (phenylalanine, tyrosine, tryptophan, histidine) are 
characterized by: (a) partial elimination of the side-chain. 
as ArCH; during the amino-acid type of fragmentation; 


Pa (b) initial rupture of the N—C, bond of the aromatic/ 
heterocyclic amino-acid residue followed by the amino-acid 
H.C ` (CH,)n type of fragmentation; (c) elimination of the side-chain 
in the form of ArCH,® (for example, tropylium in the case 
R—CO_N—CH i of phenylalanine) (see Fig. 7). All three processes are 
o most clearly manifested in tryptophan-containing pep- 
n=l or 2 tides: 
CH,Ar R R 
bu d i 
| —co_NE— — C)—(NH-— H—CO),—NH—CH-.CO—OR | = 
va R % 
Te 
va % 
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Because of its strong basicity, the imidazole imino 
group suffers intermolecular methylation. Thus in pep- 
tides containing one histidine residue the peaks corre- 
sponding to the amino-acid type of fragmentation are 
accompanied by peaks shifted by 14 m.u. (see Fig. 8). 
Correspondingly, the mass spectra of peptides contaming 
two histidine residues (for example, compound, 37) exhibit 
two types of satellite peaks with 14 and 28 excess m.u. 

The data presented here show that mass spectrometry 
can be used to determine the amino-acid sequence in 
peptides containing all the usual amino-acids. Analysis 
of the spectra is greatly facilitated if the amino-acid 
composition of the peptide is known, beforehand. The 
method is lumited only by the volatility of the acylpeptide 
ester, which depends on, both the nature of the amino-acids 
and protective groupings. In the present work a very 
wide range of peptides, up to a nonapeptide (9), was 
investigated, but the latter is not the limiting case. The 
acylpeptide ester can be made more volatile by changing 
the protecting groups and thus broadening the possi- 
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bilities of the method. Work is being carried out at 
present to determine the limits of the method, but even 
now the mass spectrometric analysis of peptides should 
make it possible to accelerate sharply and to simplify 
determinations of the primary structure of proteins. 
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ESTABLISHMENT OF A LINE OF MOSQUITO (Aedes aegypti L.) CELLS 
GROWN IN VITRO 


By T. D. C. GRACE 
C.S.1.R.O, Division of Entomology, Canberra 


THE causal agents of many diseases, both viral and non- 
viral, that affect man and animals are transmitted by 
mosquitoes. Some of these agents, after ingestion, 
multiply in the tissues of the mosquito. Examples of 
these are western equine encephalomyelitis, yellow fever, 
and malaria. An interesting feature of the viruses in this 
group 1s that they do not appear to cause a disease in the 
tissues of the mosquito vector. The successful culture 
of mosquito cells in vitre would permit more intensive 
investigations of these viruses than could be achieved 
by using infectivity assays or techniques on whole insects. 

In vitro culture of mosquito cells has been attempted 
many times!~*, In the majority of experiments no growth 
has been obtained although the tissues have survived for 
many weeks as evidenced by muscular contractions. 
However, Kitamura’ has recently obtamed growth and 
survival of cells from ovarian tissues of Culex pipiens 
molestus Forsk. for up to 4 weeks. This article reports 
the establishment, in vitro, of a line of cells from Aedes 
aegypti L. larval tissues. 

The mosquito tissues used in the experiments reported 
here were obtained from axenically grown larvae about 
to pupate®. The larvae were placed in insect culture 
medium’? and the heads, tails and alimentary canals were 
removed. After discarding the peritrophic membranes, 
the alimentary canals and bodies were washed twice mn 
fresh medium. The tissues were torn apart before culti- 
vation. 

Each culture consisted of the bodies and alimentary 
canals from three larvae in 1-0 ml. of medium in a3 x 4-1n. 
round-bottomed tube slanted about 20° from the hori- 
zontal. The medium was the same as is used for the growth 
of the cell lines of Antheraea eucalypti Scott. established 
by Grace®. The cultures were incubated at 30° C. 

In June 1963, four cultures were set up. Although 
the alimentary canals contracted vigorously when dissected 
the contractions stopped when they were first-placed in 
the culture fluid, but resumed after about 15 h. 

Two days after the cultures were made, cells had migrated 
from several messes of tissue. The number of cells con- 


tinued to increase over the next 14 days and mitotic 
divisions were numerous. Most of the cells floated in the 
medium, but many remained in clumps attached to the 
surface of the culture tube. 

Four weeks after the cultures were set up, the first 
subculture was made. Free-floating cells were transferred 
to a Porter flask containing 0-5 ml. of the medium in which 
the cells had been growing and 0-5 mi. of fresh medium. 
Since this time subcultures have been made at intervals 
of about 7 days. In the early subcultures, 3x 10° cells 
in 3-0 ml. of medium were placed in 2-oz. half-flat medicine 
bottles. The later subcultures have consisted of 2 x 105 
cells/ml. in 4-oz. and 8-oz. bottles (Fig. 1). 

The cells have also been, grown, in suspension. Inocula 
for these cultures consisted of 2—4 x 105 cells/ml. of medium. 
In suspension the cells have a generation time of about 
51 h at 30° C. 

The cells have been deep-frozen at — 80° C in medium 
containing 10 per cent glycerol and have been successfully 
regenerated after 8 months. 

Initially there were a number of morphologically 
distinct types of cells in the cultures. However, after 
the cultures had been growmg for about 3 months, many 
of the types had disappeared. At the present time the 
most common type is spindle-shaped, 40-50u long and 
8-10u wide. These cells grow in clumps and usually 
remain attached to the culture vessel (Fig. 2). The second, 
slightly less common type of cell is round in outline, 
about 20u in diameter and has @ granular cytoplasm 
(Fig. 3). Some of these cells grow in clumps loosely 
attached to the surface of the culture vessel, but the 
majority float in the medium. Two other types of cells 
are present, but in very small numbers. One type con- 
sists of very large round cells, 55-60u in diameter. The 
other type characteristically puts out long extensions 
which are very firmly attached to the glass. 

It is not possible to determine from which tissues these 
cells have grown. In last-stage larvae about to pupate 
the imaginal disks that will develop into the adult gut, 
wings, gonads and other appendages have started to 
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grow and it is possible that the cells could have come 
from some of these tissues. From 1953 until the cultures 
just described were set up in June 1963, many cultures 
of mosquito tissues had been set up. In none of these 
did growth take place except to a limited extent in two 
cultures initiated in October 1962. In these cultures a 
few cells migrated from the tissues 7 months after they 
were set up. Over the next 4 weeks the number of migrat- 
ing cells increased and several cells in each culture were 
seen to divide. Ten months after setting up the cultures 
there were still a few healthy cells but no mitotic divisions 
were seen and the cultures were discarded about 3 months 
later. 





Fig. 1. Cells from the mosquito Aedes aegypti. From a culture 23 months 
old. (xe. 45) 


Fig. 2. Spindle-shaped cells of the mosquito Aedes aegypti growing in 
vitro. Phase contrast. (xe. 90) 


Fig. 3. Round cells of the mosquito Aedes aegypti growing in vitro, 
Phase contrast, (xe. 140) 


In the past 18 months more than a hundred cultures of 
mosquito tissues have been made and in only two of these 
has growth comparable to that described for the cell 
line oecurred. However, the growth continued for only 
2-5 and 4 months respectively and then the cultures died. 
In these cultures the A. eucalypti haemolymph was re- 
placed by 3 per cent Antheraea pernyi Guer. haemolymph. 

Six months after the line had been established an 
investigation of the chromosome complement of the cells 
was made. In Aedes aegypti the diploid number of chromo- 
somes is six, but many cells in the larvae are polyploid. 
Cells from the cultured line were stained and mounted 
as squash preparations in lactic-oreein'’®. The results 
were surprising in that no cells having the diploid number 
of chromosomes were observed. Most of the cells had 
chromosome complements of 96 (32n), while the next 
most frequent number was 48 (16n). A few cells contained 
many more than 96 chromosomes. 
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Originally the medium in which the cells were grown 
contained 5 per ceat heat-treated haemolymph from A. 
eucalypti. As a constant and large supply of this haemo- 
lymph could not be assured, attempts were made to 
adapt the cells to grow in media containing either bovine 
plasma albumin (BFA), calf serum or the haemolymph from 
a related species of Saturniid, Antheraea pernyi, which can 
be obtained in large numbers. Media containing various 
concentrations of these supplements were tested; the 
most suitable were those containing either 3 per cent 
A. pernyi haemolymph or | per cent BPA or 1 per cent 
calf serum. 

By December 19€4, about 13 months after the adaptation 
experiments were begun, the growth of the cells in 3 per 
cent A. pernyi hsemolymph and those in | per cent 
BPA were more satisfactory than the growth in medium 
containing 1 per cent calf serum. In none of the media, 
however, have the cells grown so well as those grown 
in media containing 5 per cent A. eucalypti haemo- 
lymph. 

As the cells in the mosquito cultures are morpho- 
logically not unlike the cells from the ovarian cultures 
of A. eucalypti growing in vitro, it was necessary to con- 
firm that the cells were of mosquito origin. To determine 
this, a serological method using the gel diffusion precipi- 
tation method (Ouchterlony technique) was used. Anti- 
serum to the A. eucalypti cells was used. The antigens 
consisted of sonicated suspensions of (1) cells from the 
mosquito cultures, (2) mosquito larvae, (3) cells from the 
A. eucalypti cell ines and (4) ovarian tissues from A. 
eucalypti diapausirg pupee. 

The only precipitin lines which formed were between 
the A. eucalypti antiserum and the suspensions from the 
A. eucalypti cell lines and ovarian tissue. 

Further evidence to support the view that the cells 
are of mosquito origin is furnished by the chromosome 
complements of the cells. In the line of cells deseribed 
in this article the zreat majority of cells contained either 
96 or 48 chromosomes and only a few contained more than 
96 chromosomes. In the A. eucalypti cell lines the most 
frequent chromosome numbers were 100, 200 and 400, while 
cells of higher ploidy, although less numerous, were fre- 
quently seen'!, The second piece of supporting evidence 
is that a virus, cansing a cytoplasmic polyhedrosis in the 
A. eucalypti cell lines, would not grow in the cells described 
in this paper. 

It is most unlikely that a group of cells from the A. 
eucalypti lines would change their serological charactor- 
istics, their chromosome number and their ability to 
maintain virus growth when other cells from the lines 
have retained these properties. 

Cultures of the mosquito line have been sent to Dr. 
Ear! C. Suitor at the United States Naval Medical Research 
Unit at Taipai in Taiwan. Suitor has successfully main- 
tained the line and has adapted them to grow in medium 
containing 2 per cent and 0-5 per cent cynthia (Samia 
walkeri Dru.) haemolymph together with foetal bovine 
serum or bovine plasma albumin. Samples of these 
cells have been sent to me by Dr. Suitor and are being 
maintained in this laboratory. 

I thank Mrs. N. Blunden for help in caring for and 
maintaining the eultures. This work was supported in 
part by a research grant from the U.S. Public Health 
Service. 
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INDUCED MUTATION AFFECTING THE CONTROL OF MEIOTIC CHROMOSOME 
PAIRING IN Triticum aestivum 


By Dr. RALPH RILEY, VICTOR CHAPMAN and ANGELA M. BELFIELD 


Plant Breeding Institute, Cambridge 


HOMOEOLOGOUS chromosomes of wheat (Triticum aestivum 
In = x= 42), which are genetically corresponding mem- 
bers of the three different genomes of which the chromo- 
some complement is composed, are prevented from pairing 
at meiosis by a genetic activity of chromosome 5B (ref. 1). 
Although pairing is normally confined to fully homologous 
partners, homocologues will pair in the absence of chromo- 
some 5B. This effect is produced by the deficiency of no 
other member of the complement. 

Chromosome 5B is heterobrachial and the activity by 
which homoeologous pairing is prevented is confined to 
the long arm, which is about three times the length of the 
short*. It seems reasonable to suppose that the effect 
derives from the activity of a single locus, but this cannot 
be proved as allelic variation is unknown. 

An investigation (of which the experiment described in 
this article forms part) was initiated with the aim of 
inducing such allelic variation by mutation. The avail- 
ability of mutants would both allow the completion of 
the analysis of the formal genetics of the system and 
more readily permit the study of its functional basis. In 
addition, the use of genetically induced homoeologous 
recombination in wheat improvement would be greatly 
eased by the availability of allelic variation in the 5B 
system. 

The most difficult problem posed by any attempt to 
induce mutations of genes affecting meiotic characters is 
that of recognition. This is especially true of work with 
the 5B system of T. aestivum as the occurrence of multi- 
valents, resulting from the synapsis of homoeologous as 
well as homologous chromosomes, could easily be over- 
looked because they could well be relatively infrequent. 
Consequently, in the present work potential mutants were 
scored at meiosis in hybrids between 7’. aestivum and rye 
(Secale cereale 2n=14). 

This method was used because of the ready distinction 
between the meiotic behaviour of T. aestivum x S. 
cereale hybrids with and without chromosome 5B. When 
chromosome 5B is present in such hybrids 
there is very little chromosome pairing at | 
meiosis, whereas in its absence bivalents and 
trivalents are frequent. This was initially 
shown by Riley, Chapman and Kimber’, and 
was again demonstrated in some of the 
products of the present work (Tables 1 and 
2). The experiment was thus designed to 
enable the recognition of mutants that 
changed the normal expression of meiotic 
pairing towards that occurring in the 
absence of chromosome 5B, 

Ethyl methanesulphonate (EMS), which 
has been shown to be efficiently mutagenic in 
T. aestivum*, was used to treat seeds of plants 
of T. aestivum variety ‘Chinese Spring’, in 
which chromosome 5B was represented by a J 
pair of telocentrics for the long arm, the 
short arm being entirely deficient. Chromo- 
some 5B was thus marked by structural con- 
dition that enabled its presence to be estab- 
lished from preparations showing either aq 
meiotic or mitotic divisions. Seeds of this 
genotype were soaked in 0-5 or 1-0 per cent 
aqueous solutions of EMS for either 16 or 
24h. However, because differences in EMS 
concentration or in the time of exposure 


Fig. 1. 
S. cereale. 


resulted in no detectable modification in effect, variations 
in treatment can be ignored. 

Immediately after treatment with EMS the seeds were 
thoroughly washed with water and then germinated. 
When the resulting plants came into ear, one spike of 
each plant was bagged to ensure self-pollination and 
other spikes were emasculated and pollinated with S. 
cereale. 

Table 1. CHROMOSOME PAIRING AT FIRST METAPHASE OF MEIOSIS IN A 
SAMPLE OF 28-CHROMOSOME HYBRIDS FROM THE CROSS OF EMS-TREATED 


T. aestivum, DITELOCENTRIC 5B, BY S, cereale 
(20 cells per plant) 


Mean pe cell 
Hybrid Univ. Biv. Chiasmata 
5/10 27-80 0-10 0-10 
14/12 27-80 0-10 0-10 
28/10 27-70 0:15 015 
44/1 27-80 0-10 0-10 
82/12 27-10 0-45 0-45 


Table 2. CHROMOSOME PAIRING AT FiRST METAPHASE OF MEIOSIS IN 

27-CHROMOSOME HYBRIDS, DEFICIENT FOR CHROMOSOME 5B, FROM THE 

Cross OF EMS-TREATED 7’. aestivum, DITELOCENTRIC 5B, BY S. cereale 
(20 cells per plant) 


Mean per cell 
Hybrid Univ. Biv. Triv. Quad, Chiasmata 
9/1 15-50 3-70 1-30 0-05 7-35 
72/17 19 2-50 0-90 — 4:60 
83/11 17:30 3-85 0-60 0-05 560 


A total of 206 hybrid plants were grown from seeds 
resulting from crosses between the treated plants of T. 
aestivum ditelocentric 5B and 5. cereale. All these hybrids 
were scored at first metaphase of meiosis in order to 
determine the pattern of chromosome pairing. In 199 
plants the majority of chromosomes were unpaired, 
although occasionally there was one bivalent and more 
rarely two (Fig. la). The mean pairing of a typical sample 
of five such plants is shown in Table 1. Infrequent 
pairing like this is characteristic of T. aestivum x S. 
cereale hybrids and no modification of the normal genetic 
regulation of meiosis was displayed in these plants. 

In seven other hybrids bivalents were frequent, ranging 
from one to eight per cell. There were also trivalents, 





Photomicrographs of first metaphase of meiosis in 28-chromosome hybrids from 
crosses between EMS-treated 


plants of 7’. aestivum, ditelocentric for chromosome 5B, and 


oe erates (a) Hybrid 5/10 with little chromosome pairing and therefore non-mutant, 
: valents; 
mutant, two trivalents, five bivalents and twelve univalents, the telocentric chromosome 


(b) hybrid 81/15 with considerable chromosome g and therefore 


5B is in a bivalent (arrowed) 
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Table 3. CHROMOSOME PAIRING AT FIRST METAPHASE OF MEIOSIS IN 
28-CHROMOSOME HYBRIDS WITH HIGH PAIRING FROM THB CROSS OF EMS- 
TREATED T. aestivum, DITELOCENTRIC 5B, BY S. cereale 
(20 cells per plant) 


Mean per cell 


Hybrid Chrom. 5B Chias- 
Univ. Biv. Triv. Quad, Qwn. mata 
9/2 Centric fragment 1940 340 060 — — 4:95 
§/12 Long arm telo. 21°10 2°40 0 70 — — 3°80 
8/12* W is 14:88 521 6 89 0-06 — 8 68 
81/15 5 es 13 60 475 1:35 0165 0-05 9-90 


* 19 cells scored, 


ranging from zero to six per cell, and occasionally a 
quadrivalent was present. The mean pairing in these 
hybrids is shown in Tables 2 and 3. The pattern of pairing 
was characteristic of that in T. aestivum x S. cereale 
hybrids deficient for chromosome 5B and it can be con- 
cluded that a change had occurred in the T. aestivum 
component of the genotype by which homoeologous 
pairing is normally prevented. 

Of the seven plants with abnormally high pairing, 
three (9/1, 72/17 and 83/11) had only twenty-seven 
chromosomes, and were deficient for the telocentric by 
which the presence of chromosome 5B was normally 
marked. These plants were therefore totally deficient for 
chromosome 5B and displayed the meiotic behaviour 
characteristic of hybrids of this genotype (Table 2). 

One other plant (9/2) had twenty-eight chromosomes, 
twenty-seven of which were apparently normal while one 
was a small centric fragment which was possibly an iso- 
chromosome. This fragment had apparently been formed 
by the deletion of a large terminal segment from the long 
arm. of chromosome 5B because the telocentric for 5B was 
absent. Because the meiotic behaviour of this hybrid 
was very similar to that of those deficient for the entire 
chromosome, the region concerned with the prevention of 
homoeologous pairing must have been lost (Table 3). 
Consequently, this region is not immediately adjacent to 


- the centromere. 


Finally, three hybrids with high pairing at meiosis 
(5/12, 8/12 and 81/15) had normal chromosome comple- 
ments, with twenty-eight chromosomes one of which was 
the 5B telocentric, apparently unchanged in structure. 
The meiotic behaviour of these plants was similar to that 
of those entirely deficient for chromosome 58 (Table 3) 
(Fig. 1b). The breakdown of the normally restricted 
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pairing in these plante must be ascribed to gene mutation 
in the 5B system. Th:s is not to imply that mutation had 
necessarily occurred ab a locus on chromosome 5B, as the 
mutational origin of a suppressor of 5B activity elsewhere 
in the genotype coulc have given the same result. 

All three hybrids Cisplaying mutant phenotypes were 
derived from different EMS-treated parental plants of 
T., aestivum, so that ell the mutants were of independent 
origin. In order to atzempt to recover the mutants, seeds 
derived from self-poll nation of the three parental plants 
of T. aestivum were 2rown. Hight plants, all of which 
had regular bivalent formation at meiosis, in the progeny 
of each parent were pollinated with S. cereale. In the 
resulting twenty-four families of T. aestivum x S. cereale 
hybrids, there were usually more than five plants and all 
these were checked et meiosis. A total of 159 hybrids 
were examined, but all had low levels of pairing com- 
parable with that to Le expected in normal T. aestwum x 
S. cereale hybrids. From this it was concluded that the 
mutants that had criginated sectorially in the EMS- 
treated T. aestivum parents had not been transmitted to 
the progenies obtained by self-pollination. Because the 
T. aestivum x S. cerecle hybrids with mutant phenotypes 
were sterile, the mutants responsible were therefore lost. 

Nevertheless, important principles are displayed by 
this attempt to produze allelic variation in the 5B system. 
First, the origin by mutation of changes in the genetic 
control of chromosome behaviour is shown to be feasible. 
Secondly, by the use of EMS mutation can be induced 
with high frequency in the 5B system of T. aestivum. 
About 1-5 per cent of she gametes of the treated generation 
were mutant in the present work. In the absence of 
evidence as to whether the mutations had occurred on 
chromosome 5B or at suppressor loci elsewhere, nothing 
can be inferred about the nature of the regulation normally 
exercised by this chromosome. However, it is apparent 
that with appropriaxe modification of the experimental 
approach, further attempts to isolate and maintain 
mutants, giving homoeologous pairing in T. aestivum, 
are justified. 
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4 Sharma Rao, H. K., and Scars, E. R., Mutation Res., 1, 387 (1964). 


FREE LIGHT CHAIN AS AN 


INTERMEDIATE IN THE ASSEMBLY OF yG-MOLECULES 
By Dr. BRIGITTE A. ASKGNAS and Dr. ALAN R. V/ILLIAMSON 


National Institute for Medical Research, London, N.W¥.7 


Tse diversity and specificity of antibody molecules 
make their formation a unique problem in macromole- 
cular biosynthesis. Apart from the immunological aspects 
of the problem, immunoglobulins are a fascinating model 
for the study of the synthesis and assembly of a multi- 
chain protein with interchain disulphide bonds. (For a 
review of the structure see Cohen and Porter, ref. 1.) 

Our present investigations, at a sub-cellular level, on 
the synthesis of immunoglobulins, utilize as a model 
system a murine plasma cell tumour (5563)? which pro- 
duces and secretes substantial quantities of 7S ~G-myeloma 
protein®. We have examined, in sucrose density gradients, 
the polyribosomes obtained ‘from tumour cells pulse 
labelled with tritiated leucine, and by the use of specific 
antisera against parts of the yG-myeloma protein have 
demonstrated that different classes of polyribosomes are 
involved in the synthesis of light and heavy chains‘. 
Synthesis of each type of chain occurs on polyribosomes 
of sufficient size to accommodate mRNA molecules coding 
for complete individual light or heavy chains‘. 


The chains are therefore synthesized separately and 
then have to be assembled to form the complete molecule. 
This article deals with the initial steps in assembly. 
The results of our investigations show that completed 
light chains are relzased from ribosomes autonomously 
and that there is a pool of free light chains which we propose 
controls the release of heavy chains, and thus the balanced 
formation of multi-chain 7S y-globulin. 

Preparation and -se of specific antisera. Three antisere, 
obtained from rabbiss hyperimmunized by several] courses 
of injections, were used in this study. (1) Anti-Fe- 
fragment: Rabbits were immunized with papain fragment 
Fc prepared after treatment of 5563 myeloma protein with 
papain’. The antiserum was absorbed with papain frag- 
ment Fab and so rendered specific for the heavy chain. 
After absorption the antiserum reacted with Fe-fragment 
and also with freshly prepared heavy chain and whole mye- 
loma protein. It contained 3-5 mg antibody/ml. serum. 
(2) Anti-Fab-fragment: Rabbits were immunized with 
papain fragment Fab, the antiserum was absorbed with 


370 


Fe fragments and three successive times with small 
amounts of light cham of the myeloma protein The light 
chain was prepared according to the method of Fleisch- 
man, Pain and Porter®. The antiserum did not bind 
iodine-131 labelled light chain, but still precipitated Fab- 
fragment and myeloma protein and contained 1:5 mg 
of antibody/ml. (3) Anti-light chains: Light chams 
were used for hyperimmunizing rabbits, and the resulting 
antiserum was absorbed with Fc-fragment; it still reacted 
with the whole myeloma protein and contained 2 mg/ml. 
of antibody to light chain. 

For analysis of labelled proteins with these antisera, 
antigen/antibody equivalence points were established for 
each antiserum. Carrer light cham, papain fragments 
Fab or Fe were added to appropriate tubes and afterwards 
a slight excess of the selected antiserum (50-100 ul.) was 
also added. The mixture was incubated for 30 min at 
37° C, stored overnight at +4° C. Type IIT pneumococcal 
polysaccharide antibody/antigen precipitate was then 
added as carrier and the precipitates were washed twice 
with cold saline and then with trichloroacetic acid (TCA) 
before counting on Oxoid membranes. Control aliquots of 
the samples were mixed with purified rabbit y-globulin 
followed by goat anti-rabbit y-globulin serum and then 
treated in the same way. The amount of radioactivity 
in, this control precipitate was usually less than twice the 
background in the scintillation counter and was subtracted 
from radioactivity found in the specific precipitates 
formed by the antisera against myeloma protein, or its 
fragments. 

Pulse-labelling of proteins formed by plasma cell tumour 
3563. Ascitic tumour cells (5563) were incubated in vitro 
with *H.-leucine for short time intervals and then, disrupted 
by treatment with deoxycholate. The soluble proteins 
were separated from the particulate cell components by 
layering the mixture on to a density gradient made up of 
8 ml. of 30 per cent, 1 ml. of 10 per cent and 1 ml. of 4 
par cent (w/v) sucrose, and centrifuging at 104,000g for 
60 min. The top layer (2—3 ml.) was removed and, after 
brief dialysis in the cold against 0:14 M sodium chloride 
buffered with phosphate to pH 7-4 and then against dry 
‘Sephadex G-100’ to concentrate the sample, the soluble 
proteins were analysed on 5-20 per cent sucrose gradients 
(Fig. 14). Condrtions were chosen which separated the 
myeloma protein, (S;,=—6-6) and the smaller molecular 
weight light chains (S..5=2-0). There was a clean separa- 
tion, of iodine-131 labelled myeloma protein and iodine-131 
labelled alkylated light chain when the mixture was 
centrifuged overnight at 35,000 r.p.m. in a Spinco ‘SW 39’ 
rotor (Fig. 1B). 

Immunological identification of labelled proteins. The 
proteins labelled after a 5-min exposure to °H-leucine 
comprise & wide range of sizes (Fig. 14). In order to 
detect labelling of myeloma protein and its precursors, 
equal portions of each gradient fraction were coprecipi- 
tated with rabbit antisera specific for various parts of the 
globulin molecule as already described. Two peaks of 
radioactivity specifically precipitable with antiserum were 
found (Fig. 14}; one was precipitated only by anti- 
light chain, sera and had a sedimentation similar to free 
light chains; the other was precipitated by both antibody 
to light chain and to Fe-fragment. It corresponded in 
sedimentation rate to whole myeloma protein. Thus, 
after a 5-min pulse of 5H-leucine, not only was radioactivity 
incorporated into whole myeloma protein, as might be 
expected, but also a substantial proportion, of the radio- 
activity was in slower sedimenting material containing 
light chain but not the Fe portion of the myeloma protein. 
This material could be either free light chain or Fab- 
fragment. The antiserum to light chain has a low antiabody/ 
antigen ratio with myeloma protein. Since we add carrier 
light chain, to each fraction and only a slight excess of 
antiserum, not all the myeloma protein is precipitated 
by the anti-light chain serum (Fig. 14). The anti-Fe- 
fragment has a high antibody/antigen ratio with mye- 
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loma protein, and there was sufficient antibody to bind all 
the myeloma protein, present in the fraction. 

Further characterization of both peaks of radioactivity 
was effected by means of an antiserum prepared against 
papain fragment Fab, extensively absorbed with lght 
chains. This serum, which does not react with iodine-131 
labelled light cham, but still precipitates Fab fragment, 
precipitated exclusively the radioactivity in a single peak 
coinciding with the myeloma protein peak (Fig. 2). 
We failed to find any radioactivity which could be pre- 
cipitated in, the 3:5 S region of the gradient; under these 
conditions of ultracentrifugation, 3-5 S material would be 
clearly separated from 6-6 S; the arrow on Fig. 1B shows 
the position of 1odine-131 labelled Fab-fragments on the 
gradient. The slower sedimenting peak of radioactivity, 
which could be precipitated with antibody to light chain, 
was precipitated neither by anti-Fe serum nor by anti- 
Fab serum absorbed with light chains, and for this reason 
the material in it clearly has the properties of labelled- 
free light chains. 

Time dependence of labelling pattern. It was of interest 
next to study the soluble proteins from cells labelled for 
various periods of time. The labelled proteins from cells 
exposed to *H-leucine for 2, 5 and 10 min were analysed 
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Fig. 1. A, Sedimentation and immunological analysis of pulse-labelled 
soluble proteins from 6563 ascitic tumour cells. Total radioactivity in 
protein, ; radioactivity in antibody/antigen ot ir precipitated 
with anti-I'c-fragment, ——; radioactivity in antibody/antigen complex 
precipitated with anti-light chain, - --. Washed cells (3-4 x 10°) were 
incubated for 5 min at 37° Cin Hanks’s medium, containing 10 mg/ml 

bovine serum albumin, with 30 ue °H-leucine (specifie activity 10 c¢/ 
mmole) in a final volume of 4-6 mi. Cells were disrupted with deoxycho- 
late (0 5 percent), the soluble protein fraction isolated, and aliquots (0-5 
mi.) applied to 48 ml. linear gradients 5-20 per cent sucrose w/v in 
phosphate buffer saline. After centrifugation at 35,000 r.p.m. for 16 hin 
Spinco ‘SW 39’ rotor, fractions (thirty drops) were collected; equivalent 
fractions were pooled from two gradients. Equal portions of each frac- 
tion were precipitated with 5 per cent TCA and filtered on Oxold mem- 
branes for counting in a Packard “Tri-Carb’ scintillation counter. Other 
portions were treated in the presence of carrier antigen with antisera 
specific forlight chains or Fe papain fragment or, as control, with goat 
anti-rabbit y-globulin serum, B, Sedimentation pattern of todine-131- 
myeloma protein and iodine-131-Hght chams in a sucrose gradient. 
Centrifugation conditions were as already described. Fractions half the 
size of the fractions in Fig. 14 were counted for 1odine-131 radioactivity 

directly in an Echo seintillation counter 
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` Table 1 50 
Radioactivity of pee pasa 
antibody/antigen precipitates (c, p.m.) ; i : 
Time of labelling: 4°5 min 10 min s ; i 
Myeloma pro tonas 1,807 8,305 H i 
Light chain t 958 1,360 es Serer F 


* Myeloma protein precipitated with anti-Fe serum until no further counts 


are precipitated. 
+ Precipitation with anti-light chain following the treatment with antibody 
to anti-Fe-fragment which had precipitated the myeloma protein. 


on sucrose gradients as already described. In each case 
only two peaks of specifically precipitable radioactivity 
were found, corresponding to myeloma protein and light 
chains (Fig. 3). The soluble proteins examined for each 
time point are derived from separate experiments and the 
absolute radioactivity of the peaks is not comparable 
from one experiment to the next. However, between 
2 min and 10 min the extent of labellmg of myeloma 
protein has been found to increase linearly (Table 1) 
and consequently the amount of radioactivity in the light 
chains compared with that in myeloma protein at each 
time point can be given an approximate quantitative 
interpretation. After exposure to *H-leucine for 2 min 
a considerable proportion of the radioactivity of the soluble 
protein fraction which can specifically be precipitated 
consists of free light chains, although radioactivity 1s 
already found in the whole myeloma protein peak (Fig. 34). 
It must be emphasized that at this time most of the 1m- 
corporated radioactivity is ın the nascent peptide chains 
bound to ribosomes‘, which have already reached almost 
maximum specific activity. After exposure to labelled 
amino-acid for 5 min, radioactivity in free light chains 1s 
still of the same order as that found in myeloma protein, 
which implies that between 2 min and 5 min incorporation 
into both light chains and myeloma protein 1s proceeding 
at comparable rates. However, after 10 min exposure 
most of the radioactivity which can specifically be pre- 
cıpıtated is found in 7S myeloma protein while only a 
small proportion is found in free hght chains (Fig. 3C). 
We interpret this as meanmg that the total radioactivity 
in free light chains tends towards a constant value, while 
mecorporation into myeloma protein is still mereasing 
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Fig.2 Characterization of pulse-labelled myeloma protein determinants 
by sedimentation and immunological properties. Radioactivity in anti- 
body/antigen, preelp iatea on treatment of gradient fractions with anti- 
serum to papain fragment Fe, ——; anti-hght chain serum, --- , 
antibody to Fab absorbed with light chain, —->-—~--+-—- . Procedures 
were as described under Fig. 1, except that 3°3 x 10° cells were incubated 

with 20 ue, *H-leucine in a final volume of 2°6 ml. 
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Fig. 3, 
ascitic cells incubated with *“H-leucine at 37° for A, 2 min; B, 5 min, 
C,i0 min. Radioactivity antibody/antigen precipitated on reaction with 
antiserum to papain fragment Fc, ———; radioactivity in anti-light chain 
antibody/antigen precipitate, - - - -. Hach time point represents a 
separate experiment, wing incubation mixtures similar to those de- 
scribed in Fig 2. The volumes loaded on to the sucrose gradients were 
equal but represented varying proportions of the total soluble protein 


linearly. This is clearly shown (Table 1) by measuring the 
total radioactivity of myeloma protein antibody/antigen. 
precipitates, which increased greatly between 4:5 min and 
10 min, whereas the radioactivity of the light chain showed 
a much smaller increase. 


It is apparent that the cell contams a small pool of free 
light chains in addition to completed myeloma protein. 
However, we would emphasize that 5563-tumour cells 
have been found to secrete only 7S myeloma protein? 
and do not produce an excess of light chains. Secretion 
of light chains in the serum or urine of mice bearing this 
tumour has not been detected. From the extent of 
labelling of the light-chain pool relative to that of myeloma 
protein at various times it would seem that free light chains 
are transient intermediates in the assembly of 7S y- 
globulin. The data presented here do not permit an accurate 
measurement of the size of the pool of light chains, but 
it is small compared with the total content of intracellular 
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y-globulin, which corresponds very approximately to 30 
min production’~*. 

The failure to detect free heavy chains by the methods 
employed here does not rule out their presence, in small 
amounts, as heavy chains tend to aggregate and sediment 
in @ similar position to 7S myeloma protein. However, 
the fact that antisera against both papain fragments Fab 
and Fe precipitated radioactivity only in the region of the 
myeloma protein in an identical manner, and failure to 
detect smaller molecular weight Fab and Fc fragments on 
the sucrose gradient, are highly indicative of the absence 
of naturally occurring Fe and Fab fragments. This 
suggests that these fragments are not intermediates in the 
biosynthesis of y-globulin, but that the molecule is 
assembled directly from light and heavy chains. Light 
chains seem. to be released autonomously from their site of 
synthesis and to exist for a short time as free chains 
before being incorporated into y-globulin. Heavy chains, 
on the other hand, are either not capable of autonomous 
release or else are released much less efficiently than light 
chains, and we propose that heavy chain release is nor- 
mally effected by association with light chains. On this 
hypothesis the pool of free light chains would control the 
rate of release and thus the rate of synthesis of heavy 
chains. Such a model provides for the balanced production 
of light and heavy chains under normal conditions. 
Moreover, the secretion of light chains (Bence Jones 
proteins), which occurs in some plasmacytomata, could be 
readily explained either by a defect in heavy chain syn- 
thesis or by an increased rate of light chain synthesis. 
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Our proposal of an initial assembly step, in which light 
chains release heavy chains, has a parallel in the mechanism 
of haemoglobin assembly, in which it has been postulated 
that free -chains release completed «-chains from 
ribosomes’®, While such an assembly mechanism for 
haemoglobin is supported by good evidence 1, no pool 
of labelled B-chains was found!*. Although the model 
would predict the existence of a pool of free B chains, 
they would be in equilibrium with haemoglobin thus: 
XPa 208 z2 2a + 28, as shown by Guidotti et al.. 
The pool would therefore not be detected by pulse- 
labelling. 

We thank Mr. Brian Wright and Mrs. Joyce Henderson 
for their excellent assistance and Dr. M, Potter, National 
Institutes of Health, for originally supplying the 5563 
plasma. cell tumour line. 
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INCREASE IN PLASMA GROWTH HORMONE LEVEL IN THE MONKEY 
FOLLOWING THE ADMINISTRATION OF SHEEP HYPOTHALAMIC EXTRACTS 


By Dr, JOSEPH F. GARCIA and Pror. IRVING I. GESCHWIND 


Donner Laboratory, Lawrence Radiation Laboratory, University of California, Berkeley, California, 
and Department of Animal Husbandry, University of California, Davis, California 


THE control of anterior pituitary secretion is now generally 
accepted as being mediated by hypothalamic neuro- 
humoral factors which are secreted into the primary 
plexus of the portal circulation to the anterior pituitary 
and which, on arrival at the anterior pituitary, promote 
the release of most anterior pituitary hormones. Although 
much, work has been done on the hypothalamic releasing 
factors for most of the anterior pituitary hormones, it has 
been only very recently that such investigations have 
been directed to the search for a growth hormone (GH) 
releasing factor. Both in vitro and in vivo studies have 
been carried out. In the in vitro investigations the release 
of GH into a medium in which pituitary fragments are 
incubated and to which hypothalamic extracts have 
been added has been, quantitated!. The im vivo studies 
have been carried out by assaying for residual GH in the 
pituitaries of animals injected with hypothalamic ex-- 
tracts?. In both cases, the GH has been assayed by the 
tibia tost®. With the availability of sensitive radio- 
immunoassay techniques for GH (refs. 4 and 5), it seemed 
worth while to explore the possibility of demonstrating 
the release of GH. into the circulation after the adminis- 
tration of hypothalamic extracts. 

The radioimmunoassay for human growth hormone has 
been, shown to be useful in the measurement of the plasma 
concentration, of other primate growth hormones’. The 
method used in the present experiments for the radio- 
immunoassay of GH has been modified from that of 
Hunter and Greenwood’. Human growth hormone (HGH) 
(kindly supplied by Prof. C. H. Li, University of 
California, Berkeley) was used to immunize rabbits, 
and also labelled with iodine-125 using the chloramine-T 
method of Hunter and Greenwood’. The antibody-bound 


HGH-~iodine-125 was precipitated using a goat anti-rabbit 
gemma globulin serum (obtained from Antibodies, Inc., 
Davis, California). The percentage of the labelled HGH 
which was bound to antibody was plotted against the 
logarithms of the concentrations of standard HGH (a gift 
from Prof. A. E. Wilhelmi, Emory University, Atlanta, 
Georgia. Lot No. HS503A had a specific activity of 
1:7 x.0./mg, standardized in terms of the bovine GH 
international standard). The concentrations of monkey 
plasma GH were read directly off such a curve and are 
therefore expressed in terms of the standard HGH 
preparation used. 

The plasma GH. level has been shown to respond to 
many factors; msulin-induced hypoglycaemia, prolonged 
fasting, muscular exercise and the administration of 
certain, amino-acids will all result in high plasma GH 
levels?~*, On the other hand, administration of glucose 
will depress the elevated plasma GH. level of the hypo- 
glycaemic or fasting individual’. In the normal human 
the response to insulin hypoglycaemia is quite consistent. 

Male rhesus monkeys (Macaca mulatta) weighing 
between 10 and 20 lb. were used throughout the course 
of this work. The animals were anaesthetized with 
‘Nembutal’ and a polyethylene cannula was placed in a 
branch of the saphenous vein in the lower leg. At approx- 
imately 1 h after the administration of the anaesthetic, 
the collection of heparinized blood samples was begun 
and was continued over a period of approximately 6 h. 
Additional ‘Nembutal’ was administered as needed to 
maintain the anaesthetic state. After a 1-2-h period, 
during which control blood samples were taken, the test 
material was injected intravenously using the cephalic 
vein in the forearm. 
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Fig. 1, Plasma growth hormone concentration in rhesus monkey after 
insulin hypoglycaemia 


Initially, the investigations were carried out using 
insulin hypoglycaemia as the stimulus for GH release. 
Fig. 1 shows the results of one such study in which one 
unit of ghucagon-free insulin (Lilly) was injected. The 
plasma GH level begins to rise at approximately 40 min, 
reaching a high level by 1 h. This response is not essen- 
tially different from that seen in the unanaesthetized 
normal human. The importance of this response, however, 
is that it shows that the mechanisms responsible for the 
reflex release of GH are intact in the nembutalized monkey 
end that such a preparation, can be used to study the 
release of GH. Many of the monkeys show a high GH 
level at the beginning of such a study. This is perhaps 
due to stress or to muscular exercise expended by the 
monkey attempting to evade capture and restraint before 
the injection of the ‘Nembutal’. 

Extracts of sheep hypothalami were prepared by 
extracting acetone powder representing 200 gland (stalk- 
median eminence plus adjacent areas) equivalents of sheep 
hypothalami by homogenization with 10 ml. of 0-1 N hydro- 
chloric acid. The homogenate was then diluted with an 
additional 40 ml. of acid and stirred for 30 min. The 
material was centrifuged for 40 min at 8,000g, and the 
residue was re-extracted with 30 ml. of 0-1 N hydrochlorie 
acid for 30 min and then centrifuged as before. Up to this 
point all operations were carried out at 4° C. The super- 
natants were combined, heated to 90° C in a boiling water 
bath (approximately 5 min), chilled to 15° C, neutralized 
to pH 6-4 with 1 N sodium hydroxide and centrifuged for 
20 min at 35,000g at 4° C. The supernatant wes diluted 
to 100 ml. with distilled water, distributed into ten vials 
end frozen. The final concentration was two gland equi- 
valents per ml. Extracts of sheep cerebral tissue were 
also prepared in the same manner and were diluted to a 
final concentration representing a weight of tissue equi- 
valent to that of the hypothalamic extract. 

The response to the intravenous injection of sheep 
hypothalamic extracts was investigated in eight experi- 
ments. In seven, of the eight experiments a releese of GH. 
was observed following the injection. Four such studies, 
in which, 4-5-5-0 ml. (nine or ten sheep hypothalemi) of 
the extract was administered, are presented in Fig. 2. 
There was @ great variation in the magnitude of the 
response. ‘The reasons for this great variation are not 
entirely clear and at this point one can only speculate on 
their possible causes. It would seem possible that the 
state of the anterior pituitary before the administration 
of the extract may be a factor. The recent release of e 
large quantity of GH may make impossible a further 
large release in response to the administration of these 
extracts. Other factors influencing this variation may be 
related to possible variations in the anterior pituitary 
portal blood flow or to the depth of the anaesthetic state. 
Investigations directed to minimizing the variations in 
the magnitude of these responses will be necessary before 
the monkey can be used as an assay animal for determ- 
ining GH releasing factor levels. 
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The responses of the plasma GH level to the injection 
of hypothalamic extracts are all similar, however, in thew 
time relationships. The GH level begins to rise between 
20 and 30 min and -eaches peak values between, 45 and 
60 min after the in,ection. At this time GH secretion 
may stop rather atruptly, for the GH levels decrease 
thereafter at a rate zonsistent with the half-life found in, 
man for HGH (ref. 10). These temporal relationships 
are consistent with the type of response seen following 
the injection, of insulin. i 

Since hypoglycaemia appears to be a potent releaser of 
GH, plasma glucose determinations were mede in most 
of these investigaticms. In no case was a fall in plasma 
glucose observed; in fact, usually a slight rise in plasma 
glucose was observed following the injection of the hypo- 
thalamic extract. However, in order to rule out positively 
the possibility of a GH release mediated by changes in 
plasma glucose levei, in two of the hypothalamic extract 
studies the animals were infused, as well, with glucoco. 
Glucose infusion, at a rate of 75 mg/min, was started 1 h 
before the injection and continued for 3 h. This brought 
the plasma glucose svel to approximately 300 mg/100 ml. 
at the time of the injection of the hypothalamic extract, 
and it remained between this value and 340 mg/100 ml. 
throughout the remaining glucose infusion period. In 
both the glucose infusion experiments the hypothalamic 
extract caused a re_ease of GH. similar to those depicted 
in Fig. 2 (peak values of 12 and 36 mug per ml.). 

As a control to the investigations using hypothalamic 
extracts, extracts cf cerebral tissue were injected. The 
results of four such experiments are shown in Fig. 3. In 
two of the experiments there was no change in the plasma 
GH level after the administration of the extracts. In the 
other two investigabions there was a release of GH after 
the injection. This ~elease, however, occurred much later 
than that following the injection of hypothalamic extracts, 
for a period of approximately 2 h elapsed before rises in 
plasma GH levels were observed. 

Although these late responses are disturbing, it must 
be emphasized that in all four of the cerebral extract 
experiments no risə in plasma GH occurred during the 
period of time in which responses to hypothalamic extract 
or to insulin hypoglycaemia are evident. It is felt that 
these responses, although real, are not specific to a 
releasing factor but are reflex responses to other stimuli. 
In this regard, it ic perhaps worth while to mention that 
an increase in plasma GH levels has been observed fol- 
lowing the injection of certain amino-acids®. The depth 
of the anaesthetic state and stress must also be con- 
sidered as possible contributing factors in these late GH 
responses. 

Although several recent investigations in rats have 
failed to implicate vasopressin as a mediator of GH 
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secretion'!2, the effect of vasopressin injection was 
studied in the present experiments. In our hypothalamic 
extract the concentration of vasopressin was 0-506 u./ml. 
(We thank Prof. R. Guillemin, Baylor University, Hous- 
ton, Texas, for this assay.) Therefore, in the volume of 
hypothalamic extract injected, 2-28 or 2:53 U. of vaso- 
pressin were present. Two animals were therefore each 
injected with 5 u. of ‘Pitressin’, which resulted in a small, 
immediate increase in the plasma GH level. The first 
samples, taken about 15 min after the injection, were 
twice the basal level, and from this maximum the levels 
then decreased exponentially. Since the response to an 
amount of vasopressin twice that present in the hypo- 
thalamic extract was so minimal, the responses observed 
with the hypothalamic extract could not be due solely to 
its vasopressin content. The GH response to vasopressin 
injection is perhaps a non-specific response resulting from 
the well-known vasomotor effects of this hormone. In 
still another study the injection of 5 u. of ‘Pitocin’ did 
not result in a release of GH. 

In conclusion, we feel that this preliminary work sup- 
ports the concept that the secretion of anterior pituitary 
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GH is mediated by a hypothalamic neurohumoral 
factor. 

We thank Mrs. Patricia Smith and Mr. Robert Dewey 
for expert technical assistance, and Dr. J. A. Linfoot for 
his advice. , 
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from the U.S. Public Health Service. 

Since the article was prepared for publication, a report 
on similar experiments by E. Knobil has appeared}. 
This investigator has found responses to the adminis- 
tration of porcine hypothalamic extract similar to those 
reported here. The results differ, however, in that the 
responses to the extract were more rapid than those 
we have observed, and the responses to the injection of 
vasopressin were more marked than ours, the greatest 
responses in any of the experiments having been obtained 
with vasopressin. The experiments differ in that in 
Knobil’s experiments the monkeys were unanaesthetized 
but restrained, the extract injected was equivalent to 
only two porcine hypothalami, and the antiserum utilized 
for the’ immunoassays was developed using a highly 
purified simian growth hormone as antigen. Whether these 
differences in procedure explain the differences in response 
to extract or vasopressin remains to be determined. 
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~ RESPONSE OF PINEAL SYMPATHETIC NERVE PROCESSES AND ENDINGS 
TO ANGIOTENSIN 


By Dr. NICHOLAS M. PANAGIOTIS 
Department of Anatomy, University of Utah College of Medicine, Salt Lake City, Utah 
AND 
Dr. GERALD F. HUNGERFORD 


University of Southern California School of Medicine, Los Angeles, California 


In the past, investigators have felt that the hypertensive 
properties of angiotensin II were due entirely to the 
peripheral actions of the compound!-*. Recent experi- 
mental evidence has suggested that in addition to the 
peripheral action on the muscle, a second mechanism 
exists which acts centrally. The experiments of Bickerton 
and Buckley‘, Buckley et al.5, Laverty’, Zimmerman’, and 
Benelli et al.* have stimulated interest in a nerve-mediated 
influence of angiotensin. The purpose of this investigation, 
was to study the morphological effects of angiotensin on 
sympathetic nerve processes and endings of the rat, with 
particular attention given to the synaptic vesicles and 
their contents. 

Male rats of the Holtzman strain averaging 150 g at the 
onset of tho experiment were selected for the present 
investigation. They were placed on purified diets with 
complete salts®. Tap water was given for drinking pur- 
poses. 


The animals were placed in groups and treated as 
follows: twelve intact rats weighing 170 g at autopsy 
received 5 per cent glucose subcutaneously without 
angiotensin for 12 days and were considered as a contro] 
group. Sıx intact rats weighing 190 g at autopsy wero 
given 6-0 gamma/day angiotensin IT (kindly donated by 
Ciba, Ltd.) in 5 per cent glucose administered subcutance- 
ously for 12 days. At autopsy, the anima!s were decapit- 
ated and the pineal glands quickly removed and fixed 
in 2 per cent osmium tetroxide. The tissues were dehy- 
drated and embedded in the epoxy resin, ‘Araldite’, 
according to the methods described by Luft!®, Thin 
sections of random samples of nerve processes and endings 
were then examined and studied with the RCA ‘Emu-3G’ 
microscope. Fig 1 was prepared by selecting parallel 
electron micrographs and comparing the number of clear 
vesicles with those containing osmiophilic material in both 
the control and angiotensin-treated rats. 
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Fig. 1. Histogram comparing the number of granulated vesicles in the 
control and angiotensin-treated animals 





Fig. 2. Electron micrograph (x e. 18,000) of rat pireal gland showing a 
normal sympathetic nerve ending. Note the clear vesicles and vesicles 
containing small black (osmiophilic) granulated vesicles (arrow) 


Angiotensin was administered subcutaneously in these 
experiments as this route of administration has been 
shown to be effective in reducing kidney pulse’. 

The results obtained were as follows. 

Control. The nerve processes and nerve endings of the 
intact controls contained numerous vesicles exhibiting a 
heterogeneous morphology, some containing osmiophilic 
granules and some without. These synaptic vesiclos 


have a definite limiting membrane and a mean diameter of 


425 A. Most of the vesicles have a clear centre, but some 
exhibit a dense osmium deposit about 210 A in diameter 
(Fig. 2). 

Angiotensin. Similar vesicles were observed in the 
angiotensin-treated animals; however, those containing 
osmiophilie granules were observed to be markedly 
increased when compared with sympathetic nerve endings 
of the control animals (Figs. 1-4). 

Electron microscope studies thus established the 
presence of granular and agranular vesicles in many 
autonomic nerve endings and neurites. The granuler 
vesicles of neurites have an average diameter of 320 A. 
while those of the nerve endings are 580 A. 
These granulated vesicles contain an elec- 
tron-dense core 200-300 Å wide. The 
agranular vesicles have an average diameter 
of 520 A (refs. 12-14). Recent evidence has 
strongly suggested that granulated vesicles 
contain norepinephrine™:*, These sugges- 
tions are based on the following circum- 
stantial evidence: the morphological simi- 
larity of a limiting membrane and dense core 
observed in granulated vesicles and chromaf- 
fin cell granules; the known concentration 
of norepinephrine in sympathetic nerves'*; 
and the evidence from centrifugation studies 
of splenic nerve homogenates, showing that 
at least 20 per cent of norepinephrine is 
associated with “‘particles’’ somewhat similar 
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to catecholamine containing granules from adrenal homo- 
genates'’. Further evidence has been presented by Wolfe 
et al., who showed that circulating tritiated-norepin- 
ephrine ("H-NE) was taken up into non-myelinated 
axons, that autonomic axons incorporating tritiated 
norepinephrine were adrenergic, and that the constant 
association of autoradiographic grains with granulated 
vesicles directly demonstrated the constant association 
of tritiated norepinephrine with granulated vesicles. 

The pineal body was examined because of the richness 
of its sympathetic innervation", its known concentration 
of norepinephrine™, the availability of electron micro- 
scopic descriptions of pineal autonomic nerves'® and the 
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Fig.3. Electron micrograph ( x ¢. 50,000) of rat pineal gland showing 

sympathetic nerve ending following treatment with angiotensin. Note 

the marked increase in vesicles containing granules (arrows) when 
compared with Fig. 1 





Fig. 4. Electron micrograph (x e. 31,000) of rat pineal gland showing sympathetic nerve 


‘ Note the marked increase in granulated 
vesbles (arrows) 





i agent poi ae 

| ropertion. Tts direct action on blood vessels has 
monstrated in vive and in vitro and in a variety of 
prep rations!-*, However, recent evidence has indicated 
angiotensin may act centrally, stimulating the 
sympathetic nervous system. The results presented here 

3. 1-4) would seem to support the hypothesis that 
sansin affects peripheral sympathetic transmission 
by omoting a greater output of noradrenaline®. Recent 
work by Bickerton and Buckley* and Buckley et al. has 
‘demonstrated that angiotensin administered to the isolated 
perfused head of a dog caused neurogenic vasoconstriction 
in the trunk and limbs of the animal. Robertson and 
Ruben?’ reported that drugs which interfere with choliner- 
gic transmission (ganglion blocking and anti-acetylcholine 
drugs as well as botulinum) are able to alter significantly 
sical stimulation by angiotensin. Furthermore, 
erman” has observed that the vasopressor response 
tensin administered extra-arterially to the per- 
adquarters of the dog was reduced significantly 
sympathectomy. Similar results were obtained 
ganglionic blockade with hexamethonium and 
spinal transmission. 
nes’! investigated the positive inotropic and 
\otropic actions of angiotensin on the isolated heart 
cluded that they are at least partially due to a 
se of catecholamines. Similar conclusions were 
reac ed by Berry et al.?* in parranion studies of the dog. 
lberg and Lewis??? have also reported an adrenaline- 
sing effect of angiotensin on cat adrenal glands. 
-results presented here would seem to provide 
nee supporting the Ha poean that angiotensin, in 
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By Dr. K. MURRAY and R. E. OFFORD 
Medical Research Council Laboratory of Molecular Biology, Hills Road, Cambridge 


approach to the characterization of nucleic acids 
es the examination of maps of enzymatic digests 
ese substances. Such maps are produced by the 
ation of two of a large number of separating systems 

















ght angles on paper. The oligonucleotide spots can 
then be located by, among other methods, ultra-violet 
absorption? (minimum quantity detectable 1-2 ug 


jem?, that is, 0-1-0-2 pg phosphorus/em’*) or the 
‘bdate test for phosphate? (sensitivity about 1 ug 
phate/cem?). If it is only possible to prepare minute 
ities of starting material, or if the particular system 
se is subject to overloading (see below), it is customary 
to label the nucleotides with either carbon-14 or phos- 
phorus-32 during biosynthesis and to detect the spots by 
autoradiography. In this way extremely small quantities 
of nucleic acid can be examined. There are occasionally 
circumstances where it is wished to work with such small 
quantities but where biosynthetic labelling is difficult 











ge impossible. This is particularly true of materials from 


: a the higher animals, including man. 






oligonucleotide and other phosphorus-containing spots 

by neutron activation of the completed chromatogram 
and subsequent eutoradiography. It is most unlikely that 
oven those oligonucleotides which have not interacted 
neutron willremain in the original chemical form. 
srocedure resembles that described by Benson? in 
xion with work on phospholipids, although in the 
ent case a considerably stronger irradiation seems to 
ecessary to achieve the same sensitivity. 
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is article describes a procedure. for the location of 
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l act centrally, 
Ss stem. The 
ne igs were signi- 





ficantly increased i in, v all animals treated with angiotensin. 


Therefore, it is possible that the pressor activities of 
angiotensin might be explained by the increase in adrener- 
gic material in the endings of the sympathetic nerves. 
Further work is required in order to confirm that such a 
mechenisin of action for angiotensin is possible. 
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NUCLEIC ACIDS 


The particular application discussed here is the mapping- 
of digests of DNA from higher animals by the method of. 
Sanger, Brownlee and Barrell*. This method, although - 
giving a considerably greater degree of resolution than 
most two-dimensional systems, has not previously been- 
used on non-radioactive material because the system 

overloads if more than 200 yg of digest are used. Because 
neutron activation gives a sensitivity of the order of. 
10-2 ug of phosphorus/em’, it is adequate for the location: 
of spots in digests of materials which are only available 
in quantities of this order. : 

The principle is that phosphorus-31 can be eonvered eerie 
by thermal neutrons to phosphorus-32. Thus, in the.” 
neutron flux of a typical graphite reactor, the saturated == 
specific activity at 102? neutrons/em?/sec is about 100me.jg = 
of phosphorus*®, One-quarter of this activity can be 
obtained after irradiation at this flux for 7 days. There — 
is no major component of paper with a similar response 
to irradiation and, provided that a few days are allowed | 
for the decay of short-lived activities, phosphorus-32 
remains as the predominant substance detectable by. 
autoradiography. This is particularly so if a thin sheet- 
of material is interposed between the chromatogram 
and the film (for example, another sheet of unexposed. 
X-ray film) in order to filter out soft radiations. 
from contaminating activities. It is desirable to keep. 
the papers as clean as possible before irradiation. 
Moisture from the fingers in particular contains suffi- 
cient sodium to interfere by virtue of its conversion t 
sodium- 24. 
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Preliminary experiments were carried out in the 
irradiation facility in Bepo (Atomic Energy Research 
Establishment, Harwell) at a thermal neutron flux of 
7 x 10" neutrons/cm*/sec. The operating temperature 
(about 150° C) and the high fast neutron and gamma 
fluxes in this facility made the paper extremely brittle 
and it was impossible to unwrap rolls of paper after 
irradiation. However, a surface concentration of adenosine 
triphosphate (ATP) equivalent to 4 x 10 ug of phos- 
phorus/em* could be detected. The experiments also 
served to test a variety of washing procedures and a 
number of different types of paper. Washing was found 
to make very little difference to the background, which 
was, incidentally, considerably worse with DEAE paper 
than with the normal cellulose grades. Damage to the 
paper did not vary greatly among the common commercial 
grades of chromatography paper, with the exception of 
DEAE-paper which was affected more than the un- 
modified forms. Cellulose acetate (‘Oxoid’) melted. 

Subsequent irradiations were carried out in Herald 
(Atomie Weapons Research Establishment, Aldermaston), 
a water-moderated reactor with a graphite thermal neutron 
column. A flux of 2-5 x 10! neutrons/em?/sec was used 
in irradiations lasting about 2 weeks. The much lower 
temperature of the samples and/or relative lack of fast 
neutrons and gamma radiation resulted in the paper 
remaining in fairly good condition after this time. 

In an experiment designed to test the method, a mixture 
of unlabelled calf thymus DNA (200 ug) (Sigma Chemical 
Company) and *P-labelled DNA from Escherichia coli® 
(5 ug; 3 x 10° c.p.m.) was denatured by heat treatment 
and was then digested with Neurospora crassa endo- 
nuclease’. (Nucleotide maps of digests made with this 
enzyme were closely similar to those made with pancreatic 
DNase! (Worthington Biochemical Corporation).) The 
method of Sanger et al.* has provided highly reproducible 
nucleotide maps when applied to endonuclease digests 
of several independent preparations of DNA from Æ. 
coli#. An autoradiograph was made of the DEAE-paper. 
After storage for about 12 months, when decay of phos- 
phorus-32 was virtually complete, the DEAE-paper 
was cut into strips which were interleaved with aluminium 
foil, rolled up, and inserted in an aluminium can for 
neutron irradiation. Following irradiation in Herald as 
already described, the strips were carefully unrolled, 
attached to a sheet of Whatman 3MM paper with ‘Sello- 
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tape’, and autoradiographed through an additional sheet 
of X-ray film used as a screen. The two autoradiographs 
are compared in Fig. 1. The initial autoradiograph 
(Fig. 1A) shows only the nucleotides derived from Æ. coli 
DNA. After neutron activation, all the nucleotides were 
radioactive, but as there was almost fifty times more 
calf thymus DNA present the contribution from the nucleo- 
tides from Æ. coli DNA was negligible. Thus, the second 
autoradiograph (Fig. 1B) represents only the nucleotides 
derived from calf shymus DNA. The nucleotides occupied 
an area of 222 cm* (the darkened area of Fig. 1), indicating 
an average surface concentration of nucleotide on the 
DEAE-paper of bout 1 yg/em*, which is equivalent to 
a surface concertration of phosphorus of about 0-1 
ug/em*. However, appreciable losses of material occurred 
in the course of preparation of the digest owing to ad- 
sorption on glass and polythene surfaces; thus the actual 
average surface concentration of phosphorus is probably 
nearer 0-05 ug/cm*. It thus seems quite reasonable to 
claim that some of the weaker spots on the autoradio- 
graph shown in Fig. 1B represent a surface concentration 
of phosphorus of she order of 10-* ug/em?®. 

Although most of the spots on the two autoradiographs 
are in identical positions, as would be expected for the 
products of an eazyme with a rather broad specificity, 
several distinct cifferences are readily apparent. These 
differences are given in Table 1; four of the nucleotides 
are present in the digest of Æ. coli DNA, but are essentially 
absent from the digest of calf thymus DNA, while a 
fifth nucleotide 3s considerably more abundant in the 
digest of calf thymus DNA than in that of E. coli DNA. 
The composition of these nucleotides was determined 
(after elution from DEAE-paper in a separate experiment) 
by digestion wth snake venom phosphodiesterase*. 
The observed difierences in nucleotides between the two 
DNA digests are consistent with the relative abundance 
of the dinucleotides found in a pancreatic DNase digest 
of calf thymus DNA by Sinsheimer’, and with the nearest 
neighbour nuclectide frequencies determined by Josse, 
Kaiser and Kornberg’®. On the basis of the relative 


frequencies of the dinucleotide sequences CpG and GpC, 
which are given in Table 2, it might be expected that the 
sequence pCpG could be found in the nucleotides that 
were present in the digest of E. coli DNA but absent from 
the digest of calf thymus DNA (that is, nucleotides 5, 7, 
12 and 15 in Fig. 1). 
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Fig. 1. Autoradiographs of the ionophoretogram of a DNase digest of a mixture of salf thymus DNA and E. coli DNA, 


A, Original autoradiograph of the nucleotides formed from phosphorus-32-labellel Æ. coli DNA. 
made after a long period of storage for radioactive decay followed by neutron irradiation. The recta 
patches at the top and bottom of this autoradiograph are due to the activation of some component 

‘Sellotape’ that had remained on the DEA E-paper after the first autoradiograph. 


B, Autoradiograph 
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The base composition of numbered 


nucleotides is given in Table 1 








3 found in bacterial cells?-5, 









MIXED DIGEST 


| Nucleotide No, Composition E. coli DNA Calf imni DNA 
5 CG + = 
6 Cyt i=j + 
7 C16 “fe == 
12 ACG +. a 
15 ACG -+ = 





Ta ble 2. NEAREST NEIGHBOUR FREQUENCIES OF THE CG DINUTCLEOTIDES 
ES ett DNA AND CALF Tuoymus DNA. THESE ARE VALUES PUBLISHED 
fe RES BY JOSSE etal, (ref. 10) 


Dinucleotide 


E.coli DNA Calf thymus DNA 
Cpa 0-067 0-016 
Gpc 0-083 0-044 


No other dinucleotide frequencies approach these two in the magnitude 
of the difference between the two species. 


Thus, neutron activation of nuclease digests after two- 
dimensional ionophoretic separation may be used to 
obtain nucleotide maps on small quantities (100-200 ug) 
of nucleic acids from sources that cannot conveniently 
be labelled biosynthetically. This should facilitate a 
mo ? dotailed examination than has hitherto been pon 








adag he A a ais ee tumour inter ials), 
as sufficient nucleic acid could usually be obtained from 
oe 100 mg of tissue. Inclusion of an internal reference 
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: Seary in routine Senile: There seems little 
ubt that the method will be useful to amplify differences 
_ between nucleic acids which only differ slightly in base 
comp oaan or hk a oa nue poude Sh a a 
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d: wiele acide is Reine thveatigated, and the 
method is also being: applied in investigations of the 
specificity of association of different histone fractions with 
DNA in native deoxyribonucleoproteins. Neutron acti- 
vation after ionophoresis or paper chromatography may 
also find limited application in protein chemistry for 
detection of amino-acids or peptides that contain sulphur. 
Although, unlike most methods of detection, it is equally 
applicable to compounds in which the sulphur is fully 
oxidized, it is in all cases a less sensitive method than for 
phosphorus. An additional application is the detection 
of serine or threonine phosphate; the method has in fact 
proved useful for confirmation of the presence of serine 
phosphate in partial acid hydrolysates of histones. 

We thank Dr. A. Kornberg, who directed our attention 
to the possibility of using neutron activation for the 
examination of nuclease digests of unlabelled nucleic 
acids, and Dr. I. R. Lehman for a generous gift of Neuro- 
spora crassa endonuclease. We also thank Mr. M. Whiting 
for arranging the irradiations in Bepo, and Dr. D. H. Brown 
and his colleagues for including our materials in their 
schedule of work. 


* Markham, R., and Smith, J. D., Biochem. J., 45, 294 (1949). 
* Hanes, C, 8., and Isherwood, F. A., Nature, 164, 1107 (1949). 


* Benson, A. A., Methods in Enzymology, edit. by Colowick. S. P., 
Kaplan, N. Ò., 6, 881 (Academic Press, London, 1963). 


4 Sanger, F., Brownlee, G. G. and Barrell, B. G., J. Mol. Biol. 18, 373 (1963), 


° The Radiochemical Manual, Part I (The Radiochemical Centre, Amersham, 
Bucks., 1962). 


* Prepared by aslightly modified version of the method described by Lehman, 
I. R., J. Biol. Chem., 235, 1479 (1960). 


* Linn, S. „and Lehman, T. R., J. Biol. Chem., 240, 1287 and 1294 (1965). 

* Murray, K., and Sanger, F. (unpublished observations). 

* Sinsheimer, R. L., J. Biol. Chem., 218, 579 (1955). 

Fosse, J., Kaiser, A. D.,and Kornberg, A., J. Biol. Chem., 288, 864 (1961). 
Bernardi, G., and Griffe, M., Biochemistry, 3, 1419 (1964), 

*® Murray, K., and Milstein, C. {unpublished observations), 


and 


_N-FORMYL-METHIONYL-sRIBONUCLEIC ACID AND CHAIN INITIATION IN 
PROTEIN BIOSYNTHESIS 


POLYPEPTIDE SYNTHESIS DIRECTED BY A BACTERIOPHAGE RIBONUCLEIC 
ACID IN A CELL-FREE SYSTEM 


By Dr. B. F. C. CLARK and Dr. K. A. MARCKER 
Medical Research Council Laboratory of Molecular Biology, Hills Road, Cambridge 














‘Tue blocking of the amino group of methionine in N- 
formyl-methionyl-sRNA‘ suggested that this aminoacyl- 
RNA might act as an initiator of polypeptide chains. 
erimental evidence in support of this idea has been 
Using synthetic polyribo- 
eotides as messengers in cell-free bacterial systems the 
ecificity for placing methionine in the N-terminal 
itions of the growing polypeptide chains is carried by 
shionyl-s RNA. which is distinguished by its ability 
ecome formylated*. We have now confirmed this 
? g, using bacteriophage RNA as a messenger in the 
-call-ttoo system. We have also shown that the formyl 
group plays no part in locating the methionine residue at 
the N-terminus; its role apparently consists in increasing 
the rate of polypeptide chain synthesis. 
Before de scribing our results we wish to recapitulate 
some of the previous findings relating to this system. The 
formylation of Met-sRNA occurs after methionine has 
become attached to its specific sRNA! and is catalysed 
by an enzyme distinct from Met-sRNA synthetase’. 
sRNA from Escherichia coli contains two methionine- 
accepting species only one of which, Met-sRNA,, could 
be formylated’. The reactions leading to the formation 
-of he formylated species, F-Met-sRNA,, are summarized 
in Fig. 1. 
The role of F-Met-sRNA as an initiator of protein 
synthesis, at least in bacteria, was first confirmed when 


















N-formyl-methionine was found to be incorporated into 
nascent proteins made in a cell-free system directed by 
bacteriophage RNA*®. Using a cell-free system directed 
by poly UG and poly UAG and fractionated Met-sRNA 
we found that Met-sRNA,, the species which could not 
be formylated, responded only to poly UAG, whereas 
Met-sRNAy responded to both polymers. The interesting 
point was that the actual formylation of Met-sRNA, 
made no difference to the results: when the cell-free 
system was assembled so as to avoid formylation®, the 
methionine attached to Met-sRNA, became incorporated 
almost exclusively into N-terminal positions of the newly 
synthesized chains, whereas methionine attached to 
Met-sRNA,, became incorporated into internal positions’, 
We now report similar findings using bacteriophage RNA 
to direct polypeptide chain synthesis in a cell-free system 
containing negligible transformylase activity. 

Fig. 2 shows an autoradiogram obtained from a chymo- 
tryptic digest of the polypeptide made in the cell-free 
system when mu2 bacteriophage RNA was used as a 
messenger. Peptides A and B were formed only when 
Met-sRNA, was used as a source of methionine. On 
pronase digestion both liberated methionine. No change 
in mobilities was seen on mild acidic hydrolysis. The use 
of F-Met-sRNA, yielded two peptides, F, and F,. When 
F, was treated with pronase, free formyl-methionine was 
liberated together with a dipeptide which was identified 
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Met-sRNAm (~ 30 per cent) 
a + 
Met-sRNA synthetase Met-sRNA»r (~ 70 per cent) 


Forme |-THF 
ener WMS RN AF 
Met-sRNA sransformylase 





Fig. 1. Formyl-THF represents 10-formy] tetrahydrofolate, Met-sRNA™ is Met-sRNA, of reo. 3, and Met-sRNAris Met-sRNA, of ref. 8 


as F-Met-Ala. After the same treatment, F, gave free 
~ formyl-methionine and a dipeptide which was tentatively 
identified as F-Met-Ser. In both cases free formyl- 
methionine was also observed, probably coming from 
- further splitting of the respective dipeptides, because 
both liberated formyl-methionine on further incubation 
with pronase. The appearance of two different formyl- 
- methionine-containing peptides in the chymotryptie digest 
of the polypeptide produced under the direction of the 
- phage RNA suggests that at least two different proteins 
< were synthesized under such conditions. 
“When unformylated Met-sRNA, was used as a source 
of methionine, two peptides were liberated (M, in rather 
low and variable yield compared with M,) by chymo- 
ryptic digestion. On pronase treatment both liberated 
ree methionine. When peptide F, was subjected to a 
ry mild acidic hydrolysis to remove the formyl group 
0-2 M hydrochloric acid : dioxan as 1:1 v/v for 24 h at 
temperature) it gave a compound having a mobility 
ical with that of M,. Peptide F, subjected to the 
reatment gave a peptide having a mobility iden- 
l with that of M,. Peptides F, and M, after limited 
die hydrolysis (6 N hydrochloric acid for 30 min at 
00° ©) gave rise to peptides which were identical on 
ionophoresis at pH 6-5... Peptides F; and M, after the 
same treatment yielded mainly free methionine presumably 
sause the next amino-acid in both cases was serine. 
us we concluded that peptide F, corresponded to 
eptide M,, and peptide F, probably to peptide M,—the 
nly difference between the respective peptides being the 
resence of the formyl group on the N-terminal methionine 
F, and F,. End-group determinations using a modi- 
cation of the procedure developed by Edman? on the 
roduct formed when Met-sRNA, was used as a source 
f radioactive label revealed no N-terminal methionine. 
eptides A and B must therefore be internal peptides. 
md-group determinations on the product formed when 
‘Met-sRNAy was used revealed that methionine was in 
‘an N-terminal position. 
< When F-Met-sRNA or the means of formylation are 
added to a cell-free system deficient in transformylase 
tivity the rate and efficiency of the poly UG or poly 
\G-directed incorporation of methionine imerease*™. 
s effect has now been examined in more detail by 
g the bacteriophage RNA as messenger. The results 
re shown in Fig. 3, where the incorporation of methionine 
s compared with the incorporation of leucine and valine. 
In the presence of F-Met-sRNA or 10-formyl-tetrahydro- 
slic acid, a stimulation (about four-fold) of protein bio- 
yynthesis occurs in the first few minutes of the incubation 





























































Because the rate of formation of the first peptide bond is 
-probably the rate-limiting step in the synthesis of proteins, 
- this may be the step affected by the presence of the 
 formylated Met-sRNA,. 
It is an attractive idea that F-Met-sRNA, because of 
-its similarity with a peptidyl-sRNA (ref. 8) may directly 
enter the peptidyl-sRNA site on the ribosome, thereby 
E ting protein biosynthesis. This theory emphasizes 
rmylation of Met-sRNA, and allocates a critical 
ction of the formyl-donor system in chain initiation. 
cording to Noll’, such a situation would permit the 
of protein biosynthesis at the level of chain initia- 
ulating the transformylase reaction. Contrary 
proposal, our work. shows that the Met-sRNA 
an be formylated has a specific structure, fitting 
nto the peptidyl-sRNA site on the ribosome, 
‘the state of formylation. Bretscher and 
ybservations’® point to the same conclusions. 


























as indicated by the incorporation of the three amino-acids. 


Thus chain initiasion would occur whether or not the 
a-amino group of methionine is blocked. Formylation of 
the Met-sRNA possibly inereases the rate of protein 
synthesis. a 
F-Met-sRNA has also been demonstrated in yeast, 
suggesting that the mechanism of chain initiation is the 
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Fig. 2. Chymotryrtic digestion of the polypeptide formed. 
incubation of an E. cali cell-free system with fractionated *S-Mi 
and mu2 phage RNA. The RNA was prepared from intact phage 
particles (a gift from: Dr. G. L. Brown) by the method of Boedtker anc 
Stumpp (ref. 7). The reaction mixture (0-5 ml.) contained 0-05 Motris= 
hydrochloric acid pH 7-4, 0-05 M ammonium acetate, 0-01 M magnesium: 
acetate, 0-001 M adenosine triphosphate, 0-0002 M guanosine triphos: 
phate, 0-004 M phosphoenolpyruvate, 5 ug pyruvate kinase, 0-01 M ` 
2-mercaptocthancl, #005 M “C-methionine and 0-0002 M of nineteen 
other ?*C-amino-acida, 88-2 Age, units of MRE 600 ribosomes, 0-72: mg of. 
supernatant proteins free of formyl-donor from a DEAE-column, — 
8 Ags units unfractienated E. colis RNA, 200 ug of the phage RNA and. 
either 3 Asg UNES oC *8-Met-sRNAm (300 uumoles **S-Met) or 1-9 Asse 
units of ™S-Met-sRY Ar (305 pemoles of *S-Met) or 10 Aas units of 
¥-*S-Met-sRNAp (310 uumoles of *S-Met) w 

After the reaction mixture had been incubated at 39° C for 20 min, 
EDTA at pH 7-0 was added to give a concentration of 0-05 M to attain the 
conditions for a further incubation of 10 min in the presence of 100 4g | 
pancreatic RNase (fve times crystallized, Calbiochem). The proteins 
were then precipitated with 10 per cent trichloroacetic acid (TCA) and. 
the precipitate was washed five times with 5 per cent TCA containing 

3 per cent casaminc acids, twice with ethanol: ether (1:1 viy) and. 
finally dried with etner. Digestions with a-chymotrypsin (three-times 
crystallized, Worthiggton Biochemical Corporation) were carried out in. 

1 per cent ammoniun bicarbonate (enzyme/protein = 1/25) at 37° C for 
15 h. After the digestions the solutions of solubilized material were 
concentrated to permit their application to Whatman 3MM paper for 
electrophoresis at ga 6-5 for 2h at 3 kV. The numbers refer to the 
applications of procucts from °°S-Met-sRNAm at 1, °S-Met-sRNAp 
at 2, and F-“8-Met-cRNAp at 3. Ai, Bi, M, and M, refer to **S-methio~ 
nine-containing pepaides, F, and F; refer to 348 -formyl-methionine- 

containing peptides 
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: Pou PEPTIDYL-sRNA and amino-acyl-sRNA are bound to 
ribosomes in the presence of a messenger RNA (mRNA). 
We shall show here that the methionyl-RNA from 






_ Escherichia coli which can be formylated binds to the 
: polypeptidyl-sRNA site on the ribosome, while the other 


k a 


Jeptide chain synthesis occurs on ribosomes!. The 
ed reactions are unresolved. It is clear, however, 








e amino-acid residue to the growing polypeptide 
‘are the incoming amino-acyl-sRNA (ref. 2) and the 
g polypeptidyl-sRNA (ref. 3). At least two enzymes 
e- the overall process!, which also requires GTP* 

mRNA (ref. 6) and various inorganic ions. The 
here is that at any moment there must be two 


ations: GTP, Guanosine 5’ triphosphate; poly U, poly-uridylic 
aly Ay polyadenviie acid, 


Minutes 


.3. Incorporation of “°8-methionine, “C-lencine and “C-valine from unfractionated SRNA into polypeptide in a ceil-free system containing no 
sformylase activity. The buffer and energy-providing components of the system (0-25 ml.) were the same as those described in Fig. 2. In 
tthe incubation mixture contained 0-0002 M of nineteen other *C-amino-acids, 22-5 Ass units of MRE 600 ribosomes, 0-36 mg of super- 
rotein prepared as for Fig. 2, 5 Ags units of the charged sRNA and 100 ug of the phage RNA. All added sRNA preparations were 
in the presence of nineteen other “*C-amino-acids. At the indicated time intervals during incubation at 30° C, 25 zl. samples were 
d and added to tubes containing 100 xl. each of 0-5 per cent solutions of bovine serum albumin, 
itated in 5 per cent TCA and the suspended precipitate heated at 90 per cent for 15 min before being collected on a cellulose acetate filter 
ce for counting in a Nuclear Chicago thin-window gas-flow counter. 
‘or the addition of “S-Met-sRNA: (1) with 260 nemoles of “S-Met-sRNA containing F™ §-Met-sRNA; (2) with 245 “#umoles of non-formylated 
Met-sRNA but with the additicn of 0-1 «mole of 10-formyl-THF; (3) with 245 zumoles of non-formylated %5S-Met-sRNA; (4) as for (3) but 
ah without the addition of the phage RNA : 
1). For the addition of “C-Leu-sRNA: (1) with 131 «moles of *C-Leu-sRNA containing cold F-Met-sRNA; (2) with 141 Hermoles of 4C-Leu 
NA containing cold non-formylated Met-sRNA but with the addition of 0-1 umole 16-formyl-THF; (3) with 141 uumoles of “C-Leu-sRNA 
a” e ig colg non-formylated Met-sRNA; (4) as for (3) but without the addition of the phage RNA 
For the addition of “C-Val-sRNA: (1) with 238 xzumoles of 4C-Val-sRNA containing cold F-Met-sRNA: (2) with 232 uumoles of 
¥al-sRNA containing cold non-formylated Met-sRNA but with the addition of 0-1 mole 10-formyl-THF; (3) with 232 pzanoles of 
FRNA containing cold non-formylated Met-sRNA; (4) as for (3) but without the addition of the phage RNA. In this experiment 18-5 Aas 
are units of a different batch of MRE 600 ribosomes were used 


D On the other hand, we have so far 
demonstrate F-Met-sRNA or other blocked 
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The polypeptide product was 


The curves represent conditions in: 
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ribosomal sites, one capable of binding the existing poly- 
peptidyl-sRNA and the other binding the correct incoming. 
amino-acyl-sRNA, as directed by the mRNA. It is not T 
unlikely that these two sites may have different properties E 
(Fig. 1). ue meray sre 
In the presence of a trinucleotide mRNA ribosomes) 
bind a specific amino-acyl-sRNA (ref. 7); this interaction, 
which has been used to decipher many of the sixty-four 
triplets", occurs between the amino-acyl-sRNA and thè — 
trinucleotide, probably in the amino-acyl-sRNA binding | 
site (the “amino-acid site”) on ribosomes. One of its : 
characteristics is the high level of magnesium ion required =: 
to obtain a stable complex (about 0-02-0-038 M Mgh =: 
Another feature is a lack of complete specificity in the 
recognition between the anticodon of the sRNA and the 
last nucleotide (at the 3’-OH end) of the trinucleotide 
which is reflected in the form of degeneracy of the geneti 
code. x 
Two species of methionyl-sRNA exist in H. coli, one 
which can be formylated both in vive and in vitro’, Tiy 
methionyl-sRNA which cannot be formylated (met 
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a 30 S ribos 


wobble in 
of amino acid site 
'ig.1, A schematic diagram of a ribosome during protein synthesis 
NA,,) has optimal binding conditions similar to most 
her amino-acyl-sRNAs; it binds well to ribosomes in the 
asence of the trinucleotide AUG in 0-02-0-03 M Mg**. 
nethionyl-sRNA which can be formylated (met- 
y) whether formylated or not, binds optimally to 
mes in the} esence of AUG at about 0-01 M Mg** 
0). This sR {A species is also bound well by GUG, 
nd less weil by CUG (ref. 10), which indicates a 
specificity in the first nucleotide residue of the 
leotide (at the 5’-OH end). Furthermore, this 
RNA,, whether formylated or not, acts as an 
iator of polypeptide chain synthesis in vitro’. 
“We made use of the antibiotic puromycin which 
esembles the amino-acid of an amino-acyl-sRNA (ref. 11). 
-uromycin inhibits protein synthesis by substituting for 
‘amino-acyl-sRNA and displacing the polypeptide from 
he peptidyl-sRNA as polypeptidyl-puromycin’’. It prob- 
bly enters the ribosomal structure by way of the amino- 
wid site and reacts with the polypeptidyl-sRNA bound in 
he polypeptidyl-sRNA binding site (the “peptide site’’). 
© We find that formyl-met-sRNAy and met-sRNA, are 
“both sensitive to puromycin when bound to ribosomes 
“with the triplet AUG. Met-sRNAy is comparatively 
insensitive to puromycin under identical conditions. This 
_is taken to imply that met-sRNA,, whether formylated or 
_not, binds to the peptide site on a ribosome, while met- 
RNA,, binds to the amino-acid site. The product of the 
ribosomal reaction between formyl-met-sRNA,; and puro- 
mycin is formyl-methionyl-puromycin. The product of the 
ribosomal reaction between met-sRNA, and puromycin 
‘methionyl-puromycin. In a further experiment both 
33 of methionyl-sRNA have been acetylated 
mically. Acetyl-met-sRNAy, is sensitive to puromycin 
ding acetyl-methionyl-puromycin, while acetyl-met- 
iy is comparatively insensitive to puromycin. 
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Our results indicate that fo. 
initiator of polypeptide chain synthesis by vi 
affinity for the ritosomal site which is specific foi 
peptidyl-sRNA. "This specificity lies in the «RI 

Ribosomes were isolated from Escherichia coli st 
(ref. 13) and wasked twice in 1-0 M potassium 
containing 0:03 M magnesium acetate in 0-02 
hydrochlorie acid, pH 7-5. sRNA from E. colt st 
fractionated by countercurrent distribution to. sep 
the two methiony+sRNA species, was generally pr 
by Dr. B. F. C. Clark?*. The met-sRNA, is uncon 
ated with met-sRNA,, (less than 1 per cent). Th 
sRNA,, contains about 8 per cent met-sRN Ap, de 
by its ability to accept formyl groups. Both 
methionyl-sRNA were charged with **8-1-methis 
high specific activity (1,800 me./mmole) (ref. 10) 
an E. coli supernacant fraction free of formyl d 
some experiments the met-sRNA, was formylated 
presence of 10-formyl tetrahydrofolate. Th 
fractions are the same as those used by Cl 
Marcker!’. Acetylation of both met-sRNAs was 
out with acetic anhydride!*. It was found after h 
lysis at pH 10 and subsequent electrophoresis at- 
that all the radieactivity released from the sR: 
electrophoresed with synthetic acetyl-methionine 
specific activities of all sRNA preparations wer 
similar, being aboat 4-7 x 10° d.p.m./mg sRNA, 
was prepared from ApU using polynucleotide 
phorylase, GDP, and T1 takadiastase diesterase 
3’-phosphate was removed with alkaline phos 
Puromycin dihydrochloride was purchased from 
tional Biochemicals and was neutralized before u 

Table 1 shows the binding characteristies of th 
some preparation used in Figs. 2-6. Formyl-me 
and met-sRNA, are both bound well in 0-01-M 
nesium ions, and met-sRNA,, in 0-02 M magnes 
In each case some 70 per cent of the added labellec 
is bound in the presence of AUG; this high- 
binding is due to: the excess of ribosomes used. 

Figs. 2 and 3 show the rate of appearance 
soluble label (that is, material free from sRNAJ3 
ribosomes are incubated with **S-formyl-met-sRN 
met-sRNA,, respectively in the presence of pu E 
The initial rate of reaction in each case is stimulated some 
five-fold by the addition of AUG and is strongly dependent _ 








on the presence cf both ribosomes and puromycin. ‘The 
presence of the formyl group on the met-sRNA, increases: 
the initial rate o” reaction some five-fold. te eae 

In order to compare met-sRNA, and met-sRN, 
their sensitivity to puromycin, met-sRNA, ha 
incubated in 0-02 M Mg*+ to show that higher I 
magnesium do not prevent the reaction observed 
Figs. 4 and 5 show the rates of appearance of acid 
label when met-sRNA, and met-sRNA,, are ineub 
the presence of puromycin, AUG and ribosomes 
label in met-sRNA, becomes acid-soluble at- 
similar to that shown in Fig. 3. In contrast, met- 
has a slow rate of reaction stimulated by AUG. 
difference in the two rates of reaction is about tel 
At least part of the observed reaction of met 
arises from the small contamination (about 8 per- 
met-sRNA, in this sRNA. 

























Table 1 


C.p.m. bounce 


sRNA species Mgt to ribosomes Totale: pan. 








molarity ~ AUG +AUG added. 
(1) met-s RNA% 0-01 1,840 3,770 11,000. 
(2) met-s RNAm 0-02 > 200 8,270 
(3) met-sRNAP 6-01 1.600 R GRO 
(4) formyl-met-sRNAp 0-01 3 370 11,2000. 


Bach reaction mixture (6-025 ml.) contained 0-2 mg ribosomes 
tris-hydrochlorie acid sH 7-1, 0-05 M ammonium chloride and 
acetate as indicated. “The trinucleotide AUG was added, whe 
at a concentration of € Aas units/ml. After incubation at 30°C. 
samples were diluted end filtered on a ‘Millipore’ filter (ref. 7) and 
in the same buffer as chat in which they were incubated. The filt 
dried and counted in a scintillation counter with an efficiency i 0. 
percent. The data shown are the averages of duplicate samples, 0° 





=- - methionyl-puromyein at pH’s 1:9, 35 and 5-0. 








-puromycin 






-ribosomes 


o* 
0 3 5 & 13 19 
Min 


F-met-sRNAp, AUG, puromycin, ribosomes in 0-01 M Mg++ 


23%. The appearance of acid-soluble label with ™S-formyl-met- 
Ù §*S-formyl-met-sRNAp was incubated in 0-1 M ftris-hydro- 
acid (pH 7-1) containing 0-010 M MgAcs, 0-05 M ammonium 
O8 mM puromycin, 4 Age units/ml. of the trinucleotide AUG 
g/ml, ribosomes, Equal portions of the reaction mixture (0-02 ml.) 





















To determine what the products of reaction were, the 


ol-soluble components of incubation mixtures con- 
g either *S-formyl-met-sRNA, or #5S-met-sRNA, 


subjected to electrophoresis at pH 3-5. An autoradio- 
pi of the paper sheet is shown in Fig. 6. The prin- 
al product of the reaction between formyl-met-sRNA, 
d puromycin (sample 1, FMP) has a mobility similar to 
marker formyl-methionyl-adenosine (FMA) (as would 
pected of formyl-methionyl-puromycin). This 
i material was eluted and shown to co-electro- 
e- with chemically synthesized formyl-methiony]l- 
yein, at pH’s 1-9, 3-5 and 5-0. It is quantitatively 
ed to ‘Norite’ suggesting that the formyl-methionine 
ached to an aromatic base; it is not sensitive to 
alkali (as formyl-methionyl-adenosine is), but is 
ed by dilute acidic hydrolysis (0-2 M hydrochloric 
methanol at 37° C for 90 min) yielding a compound 
moves like synthetic methionyl-puromycin at pH’s 
xd 3-5. We conclude that this product is formyl- 
ionyl-puromycin. In the absence of puromycin, 
met-sRNA, gives rise to a faint, unidentified band 
1 a mobility lower than methionine (sample 3). 

8S met-sRNA, when bound to ribosomes in the 

















presence of puromycin gives rise to an increase (some 


three-fold over the control, sample 6) of material in 
the methionine band (sample 4, M). Its identity with 
methionine (or its sulphoxide) has been checked by 
co-electrophoresis with authentic markers at pH’s 1-9 
and 3-5. The faint band observed in sample 4 (MP) with a 
mobility between methionyl-adenosine (MA) and formyl- 
me 





_ tnethionyl-adenosine has been identified as methionyl- 
puromycin by its eco-electrophoresis with synthetic 


| It is 
_ adsorbed to ‘Norite’ and is indistinguishable from de- 

formylated “S-formyl-methionyl-puromycin. Both the 
- 8S-methionyl-puromycin formed from met-sRNA, and 
that. obtained by deformylation of formyl-methionyl- 
‘puromycin appear to be unstable at low pH’s (about 
pH 2-0), especially on elution from paper. Both give rise 
to two other unidentified bands on electrophoresis at 


to be due to con 
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- methionyl-0-methyl- 


; probably methionyl-0-methy 
e appearance of free methionine was found 


aa 





to contamination of the ribosomes used in 
Fig. 6 by an amino-peptidase!’. Another ribosome 
preparation which was virtually free of amino-peptidase 
activity yields predominantly methionyl-puromycin as 
the product of reaction between met-sRNA, and puro- 
mycin (Fig. 7). We therefore conclude that methionyl- 
sRNA,, whether formylated or not, is sensitive to 
puromycin when bound to ribosomes, yielding the acyl- 
puromycin derivative. 

In Figs. 8 and 9 chemically acetylated met-sRNA, and 
met-sRNA, have been tested for their sensitivity to 
puromycin. Both sRNAs were tested in 0-01 M Mgt; 
the ribosome preparation used here was prepared as for 
earlier experiments but was not as active with formyl- 
met-sRNA,. The rate of reaction of the acetyl-met- 
sRNA, is some twelve-fold greater than that of acetyl- 
met-sRNA,. The product of the reaetion of acetyl-met- 
sRNA, and puromycin has electrophoretic properties 
similar to formyl-methionyl-puromycin and is therefore 
assumed to be acetyl-methionyl-puromycin. 

When puromycin is present in an ineubation mixture 
in which poly A directs the synthesis of polylysine, the 
principal products observed are the oligolysyl-puro- 
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as | Min Ri 
met-sRNAp, AUG, puromycin, ribosomes, in 0-01 M Mgt 
Fig. 3. The appearance of acid-soluble label with “S-met-sRNAg. The 
conditions used were the same as in Fig. 2 except that 10+ M 1-methio- 
mine was present during the incubation. The total acid-precipitable 
material at 0 min was 5,700 e.p.. 
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met-sRNAp, AUG, puromycin, ribosomes, in 0-02 M Mgt? 
Fig. 4. The appearance of acid-soluble label with “S-met-sRNArF. The 
conditions used were the same asin Fig, 3 except thas the incubation was 
carried out in 0-02 M MgAe, and In 0-1 M potassium cacodylate pH 6-8- 
(instead of tris-hydrochloric acid, pH 7-1). The total acid-precipitable 
material at 0 min was 9,100 o.p.m. 
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NO. 5047 


Per cent 


, Complete 
-ribosomes 
-AUG 
x 2 5 x 12 18 
Min 


met-sRNAy, AUG, puromycin, ribosomes in 0-02 M Mg++ 


Fig. 5. The appearance of acid-soluble label with Mh ow fests 
t- 


The conditions used were the same asin Fig. 4. The total acid-precip 
able material at 0 min was 8,900 ¢.p.m. 
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10 
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15 


Fig. 6. Electrophoresis of reaction products at pH 3:5. Incubations 
(0-05 mi.) were carried out at 30° C for 20 min in 0-10 M potassium 
cacodylate pH 6-8 (instead of tris-hydrochloric acid pH 7-1), but other- 
wise as described under Fig. 3. After incubation 0:12 ml. ethanol was 
added to each sample, the precipitate removed, the ethanolic phase dried 
down and subjected to high-voltage electrophoresis on Whatman 3 MM 
paper at pH 3-5 (50 min at 50 V/em). The paper was dried and left to 
autoradiograph with commercial X-ray paper for 4 days 


Samples: (1) Complete reaction mixture cary Par oy dempsey 
(2) As in sample (1) but with the omission of AUG. (3) Asin sample (1) 
but with the omission of puromycin. (4) Complete reaction mixture 
using met-sRNAp. (5) Asin sample (4) but with the omission of AUG. 
(6) As in sample (4) but with the omission of ee omen wy 7) This 
contains a pancreatic ribonuclease digest of partially formylated “S-met- 
SRNA as markers, Spots are labelled as follows: m: taionyl-adenosine 
(MA) pba sgy, pe (FMA), methionine (M), formyl- 
methionyl- mycin ( , methionyl-puromycin (MP), a contaminat- 
ing spot picked up after clectrophoresis (C), ra Os aaa (FM) 
and formy]-methionine sulp de (FMO) 


A scale in centimetres is shown on the left. The radioactivity in the 
methionine bands in samples 4 and 6 is about 3: 1 
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mycins'*, It is also known that polyphenylalanyl-sRNA 
and polylysyl-sXNA are sensitive to puromycin when 
bound with poly U and poly A, respectively". Probably 
only a polypept dyl-sRNA which is bound in the peptide 
site can react with puromycin, The puromycin, on the 
other hand, is bound in the same environment as the 
amino-acyl-adenosine group of amino-acyl-sRNA in the 
amino-acid site before reaction. Ribosomes may contain 
enzyme systems capable of transferring a peptidyl-sRNA 
from the amino-acid site to the peptide site, but in the 
experimental system described here such transfer may be 
inefficient, because only a trinucleotide is used as mRNA. 
In the earlier experiments carried out with polypeptidyl- 
sRNAs and pclynucleotide messenger, motion of the 
polypeptidyl-sRNAs between the amino-acid and peptide 
sites may possibly have occurred. 

Our experiments indicate that sRNA,p recognizes the 
peptide site in preference to the amino-acid site irrespec- 
tive of the presence or absence of the formyl group, and 
that therefore tae sRNA, possesses some special feature. 


15 


10 





Fig. 7. Electrophoresis of reaction mixtures using met-sRNAp. The 

experiment was ar in Fig. 6. Samples; (1) Methionyl-adenosine from 

methionyl-sRNA. (2) Complete reaction mixture but with the omission 
of pummyecin, (3) Complete reaction mixture 


This preference for the peptide site confers on it its special 
function as an initiator of polypeptide chain synthesis 
because, whether formylated or not, this sRNA, acts as 
an initiator of polypeptide synthesis in vitro’. The 
specificity for binding to the peptide site and hence its 
ability to act as a chain initiator must reside in the 
sRNAy. The presence of a blocked amino group does not 
appear to be sufficient to place an sRNA into the peptide 
site because aeetyl-met-sRNA,y is insensitive to puro- 
mycin under conditions where acetyl-met-sRN Ag, is sensi- 
tive. The presence of a formyl group on met-sRNA, 
simply serves to increase the rate of reaction with puro- 
mycin and thus the rate of formation of the first peptide 
bond. This has also been shown with the mu2 phage RNA 
in the in vitro system’. 


Complete 


-puromycin 


12 
a Min 
sRNAy, AUG, puromycin, ribosomes in 0-01 M Mg++ 


è appearance of acid-soluble label with acetyl-met-sRN Apr. 
ons used are the same asin Pig. 6. The total acid-precipitable 
=o material at O min was 11,600 e-p.m. 


Complete 
~- AUG, puromycin 
18 . 
aa Min 
RNAm, AUG, puromycin, ribosomes in 0-01 M Mg** 


ppearance of acid-soluble label with acetyl-met-sRNAM. 
s used were the same asin Fig. 8. The total acid-precipit- 


~ able material at 0 min was 9,000 ¢.p.m. 


may exist some subtle change in sRNA con- 
s which allows other sRNAs to be transferred 
amino-acid to the peptide site during protein 
s.. Whether the reversible conformation changes 


The specifi nition by the mRNA should ` 
not be greater in the peptide site than in the amino-acid 
site. The binding properties of met-sRNA, suggest that 
the first base in the codon is either not recognized at all 
in the peptide site, or that A may be equivalent to G. 
The codon-sRNA relationships explored so far have, in 
the main, dealt with recognition in the amino-acid site. 
We would expect that a similar, although less specific, 
codon-sRNA recognition exists in the peptide site. 

The ability to place an sRNA into either of two ribo- 
somal sites, together with an assay for which site the 
sRNA is in, should be a useful tool for gaining a better 
understanding of ribosomal reactions. The experimental | 
approach described here also provides a direct assay for . 
polypeptide chain initiators. . 

We thank Dr. B. F. C. Clark for the generous gifts of — 
fractionated sRNA species. | 
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NUCLEIC ACID OF INFLUENZA VIRUS 
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lation of infective ribonucleic acid (RNA) from 
‘mosaic virus (TMV) in 1956, by extracting the 
ith either phenol! or sodium dodecyl sulphate’, 
d that hereditary functions were not the exclusive 
-of deoxyribonucleic acid (DNA). The importance 
as genetic material was firmly established during 

5-year period, when infectious material was 

‘om a large number of structurally simple animal 
ut viruses*. In these investigations, extraction of 
is RNA was based mainly on the phenol method 
T and Schramm! and the activity of the RNA 


was invariably destroyed by treatment with ribonuclease ~ 
(RNase). oy 
Detailed physico-chemical investigations of TMV-RNA y 
showed that the molecular weight of the infectious RNA eh 
was about 2 x 10°, and that each infectious molecule __ 
represented the complete nucleic acid complement of the © 
virus particle’~§, a 
Recently, improved extraction methods have been. 
devised in which a combination of phenol and detergents. 
together with RNase inhibitors is used. The nucleie 
acid of several larger RNA viruses has been isolated by 
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7 je of high molecular weight, 
ted from the sedimentation coefficient (S 
-18. Tests for infectivity were not carried out, but 
calculated size of the extracted material is consistent 
vith the idea that each virus particle contains only one 
molecule of RNA. Listed in Table 1 are some S values 
obtained from a number of RNA viruses, together with 
-estimates of their molecular weights. 


























































Table 1 
Sedimentation . 
Virus coefficient Mol. wt. of Reference 
of RNA RNA 
ae (8) 
Polio 37 2 x 10° 7 
eos Foot and mouth 
disease 37 3 x 108 8 
Mouse encephalitis 275 2 x 10° 9 
yewcastle disease 57 T5 x 10° 10 
Rous sarcoma 64 a5 x 10° 11 
Rauscher 73, 74 18 x 10° 12,138 


_ Influenza virus has an RNA content of about 0-75 per 
-eent—-1 per cent45, The estimated molecular weight of 
is RNA is 2 x 10° (ref. 16). Many attempts have been 
ade to isolate the RNA from influenza virus in an in- 
tious form, either from whole virus or from virus- 
fected cells. The results reported are confusing and 
ntradictory, as can be seen from Table 2. As there is 
general agreement between these reports, it is still 
ertain whether the various extraction methods used 
eed in isolating the RNA from influenza virus in its 
turally occurring state. Furthermore, virtually no 
yhysico-chemical data are available concerning the nature 
of the nucleic acid. There is some genetic evidence that 
the RNA may exist in the intact virus particle as several 
separate pieces**. On the other hand, if the RNA is a 
ingle large molecule, as is the case for other RNA viruses, 
e confusion apparent in Table 2 might reflect the inade- 
cies of the extraction procedures used. The purpose 
the experiments described in this article was to in- 
estigate this problem further, in an attempt to determine 
e size and nature of the RNA of influenza viruses. 
The influenza A, strain A/Singapore/1/57 was used 
roughout. It was prepared as follows: 
Eleven-day-old embryonated eggs were inoculated with 
mil. of infected allantoic fluid diluted 10-*, incubated 
37° C for 36 h and then collected. For unlabelled virus, 
ds of allantoic fluid were obtained from two separate 
ches. of 5,000 eggs. To obtain virus labelled with 
phosphorus-32, batches of twelve eggs were inoculated 
ith 0-4 me. of phosphorus-32 (as phosphate buffer) per 
egg, 24 h before virus infection. 
~ Both labelled and unlabelled virus was purified in 
esame way. Freshly washed fowl red cells were added 
to the allantoic fluid to a final concentration of 0-5 per cent 
ind kept at 4° C for 1 h with occasional shaking. The red 
=o eels were deposited by centrifugation and washed once in 
- aee-cold phosphate buffered saline. Virus was eluted by 
stirring the red cells in 0-9 per cent sodium chloride at 
87° C for 2h. The eluate was then treated with 5 ug/ml. 
<o DNase and 5 ug/ml. RNase for 20 min at 37° C and im- 

















Virus Extraction procedure 
owl plague l Phenol 
EL, WSE, NEURO-WS. LEE, NDV Cold phenol 
finenza T Ether, cold phenol 
nen: Ether, cold phenol 





renza Aa Sing. 
A, EDTA, ether, cold phenol 


Chloroform, cold phenol 


temperatures 
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Sodium deoxycholate, phenol at various 
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glutinin, content and an equal amount was used fo 
activity measurements. The level of radioacti 
counted in a Pacsard ‘Tricarb’ liquid scintillati 
series 4,000. The scintillation fluid used was p 
according to Brey”. ae 
The results of a typical experiment -ui 
virus are shown .n Fig. 1. Most of the virus: 
confined to fract:ons 12, 13 and 14 of the gradi 
of the phosphorus-32, on the other hand, was. 
top of the gradient. However, considerable radio 
was associated with the virus. From any such 
only the two or shree fractions (such as Nos. 1 
14 in Fig. 1) in which the haemagglutinin peak 
were kept and processed further. These frac 
pooled and dialysed overnight at 4° C agains 
cent sodium chleride. The dialysed virus was: 
posited by centrifugation at 20,000 r.p.m. for 1 
Spinco model L altracentrifuge; the pellet was resu: 
ded in a small velume of 0-1 M sodium chloride-0:0¢ 
ethylenediamine tetraacetate (EDTA) and the 
suspension was treated for 1 min with an M.S 
sonic disintegrator. This treatment breaks- 
aggregates of virus caused by centrifugation 
effect on the bio-ogical properties of influenza 
Extraction of RNA was cerried out in th 
way. Sodium dodecyl sulphate (SDS) wes add 
purified virus preparation to give a final concen 
l per cent. The virus was then deproteinized 
addition of an equal volume of water-saturated, 
redistilled pheno, pH 7:5. Extraction with phe 
carried out in two ways: (1) all extractions peri 
4° C; (2) the firs; phenol extraction performed 
then all subsequent extractions at 4° C. Identice 
were obtained im both cases. de 
The aqueous and phenol phases were sepa 
centrifugation ard the aqueous phase re-extra 
phenol until all races of an interface had dis 
RNA was precipizated from aqueous phase by àdi 
2-5 volumes of ebsolute alcohol and 0-1 volum 
per cent sodium acetate, the mixture then bein, ae 
at — 20° C for at least 2 h. The precipitate was washed 
twice with abso ute alcohol, once with ether and re- 





Saal 


E. 
suspended in 0-5-1 ml. of 0-01 M acetate buffer pH. 5:3, 
containing 0-1 M sodium chloride and 0-001 M EDTA. 
The last traces o? ether were blown off with cor d 
nitrogen. > 
A batch of umlabelled influenza virus, cons 
100 mg of purified virus, was subjected to th 
procedure outlined here. A total of 630 ug o: 
acid was recovered; the ultra-violet absorption $ 
of this material is shown in Fig. 2. ee 
A diphenylamine test for deoxyribose was 1 
To investigate the physical nature of this RNA, al 
30 ug was layered on to a 5-20 per cent linear suc 
density gradient and centrifuged at 37,000 r.p.m.. for 
3 h in a Spinco rosor SW 39. A second sample of the same 
RNA was treated with RNase (0-5 ug/ml.) for 30 min 













Table 2 


Result of 
infectivity Properties of extracted material 
test 

— Ve Heterogeneous in size 8-148 

—ve 

+ ve Orcinol + ve: amino-acid ~ ve 

— yë Typecal nucleic acid spectrum. 
Susceptible to RNase 

+ Ve Typeal nucleic acid spectrum. 
Susceptible to RNase 

+ ve Susceptible to RNase and immune gamma 


globulin i 
Largest sedimentation coefficient = 11. 
Single stranded RNA 


not tested 














tube: TI 


305 e remainder was diffusely scattered throughout 
the low-density region of the gradient. The RNA was 


: completely degraded by pretreatment with RNase. Those 
-> samples which contained the untreated RNA peak (frac- 


2-16) were pooled, the RNA reprecipitated with 
and- sodium acetate and redissolved in 1 ml. 
buffer for analysis in the analytical ultracentrifuge. 
During centrifugation the RNA began to break down, 
making an accurate estimation of the S coefficient difficult. 
However, an average value was calculated to be 168. 
In this experiment, it took a fortnight to purify and 
to concentrate virus from about 100 |. of infected allantoic 
fluid. It seemed likely that the low S value obtained arose 
< from breakdown of larger molecules during this lengthy 
oo process. However, by using much smaller quantities of 
od yorus-32 labelled virus, the time involved in puri- 
Land extraction could be reduced to 24h. 
al separate batches of phosphorus-32 labelled 
re prepared and the RNA extracted. Fig. 4 shows 
al sedimentation pattern for phosphorus-32- 
‘RNA. Two distinct components were present. 
tment with RNase converted all the RNA to 
edimenting material. It can be seen that about 
7 per cent of the radioactivity bands in the faster sedi- 
menting peak~fractions 17-21 of the gradient. This is 
considered to be intact virus RNA; the remainder of the 
radioactivity is distributed at the top of the gradient and 
is presumably RNA which has been degraded during the 
extraction process. This figure of 57 per cent compares 
well with the data of Duesberg and Robinson, who found 
that a maximum of only 21 per cent of NDV-RNA bands 
in the faster sedimenting peak. Identical results have been 
obtained using several different batches of phosphorus-32- 
labelled virus. By comparing the sedimentation rate of 
virus RNA with that of chick embryo fibroblast RNA 
spun under identical conditions, it can be seen that the 
faster sedimenting component of the influenza virus RNA 
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oo ® ides exactly with the 18S ribosomal RNA component. 










hown in Fig. 5. The fact that the majority of 
nza RNA forms a band in the leading peak, and that 
tk is homogeneous in nature, suggests that the bulk 
rus RNA has been extracted in an undegraded 





est the possibility that the extraction method 


itself was breaking down what was really a high molecular 
pe t 
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. Distribution of haemagglutinin (@——-—— @) and phosphorus-32 

4 = Q) after velocity sedimentation of purified phosphorus-32 

- fü q influenza virus in a 15-60 per cent linear sucrose gradient. 

Centrifugation at 20,000 paan for s h at room temperature in a Spinco 
SW 25 rotor 
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Fig. 2. Ultra-violet absorption spectrum of a 10> dilution of RNA 


extracted from purified influenza virus 
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Fig. 3. Sedimentation pattern of influenza RNA (@-—-— @) and RNase 
treated RNA (O -~~ ©). 0-5 agimi. RNase at room temperature for 
30 min. 5-20 per cent linear sucrose gradient in 0-01 M acetate buffer, 
pH 53, containing 0-1 M sodium chloride, 0-001 M EDTA. Centrifu- 
gation at 37,000 r.p.m. for 3 h, at 4° C, Spinco SW 39 rotor 


weight RNA into regular pieces having an approximate 
S value of 18, the nucleic acid of TMV was extracted and 
examined in the same way. Purified TMV (17 mg) was 
extracted, and 342 ug of RNA were obtained. Analysis 
in the analytical ultracentrifuge of a 50 ug/ml. solution 
in acetate buffer pH 5-3, 0-10 M sodium chloride, and 
0-001 M EDTA gave a sharp boundary, and an S value of 
31 was calculated from the densitometer tracing. This 
value corresponds exactly with that obtained by Spirin?* 
and indicates that an undegraded molecule of molecular 
weight 2 x 10° has been obtained. The successful isolation 
of TMV-RNA by the combined phencl-SDS extraction 
method suggests that the homogeneous 18S material 
extracted from influenza virus is actually the RNA as 
it occurs in the intact particle. 

It is generally agreed?! that 18S ribosomal RNA has a 
moleeular weight of about 500,000. As the extracted 
nucleic acid of influenza virus is about the same size, it 
seems that four such molecules would be required to 
provide a full molecular weight complement of 2 x 108. 

From a consideration of the genetics of influenza virus, 
and the existence of incomplete virus, Hirst?* has developed 
a case for the existence of separate pieces of RNA in the 
intact influenza virus particle. Similarly, experiments on 
the multiplicity reactivation of this viras» indicate that 
there could be six separate functional pieces. The experi- 
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|. Sedimentation pattern of phosphorus-32-labelled influenza RNA 
O) and BNase treated RNA (O~ = — ©), in a 5-20 per cent 
iner sucrose gradient. Conditions as described for Fig, 3 


roported here support the idea that the nucleic 
ifluenza virus occurs in separate pieces, and because 
us RNA appears to be of similar size to ribosomal 
here is the possibility that it is a variety of ribo- 
RNA. In support of this idea is the fact that the 
is of both virus RNA** and ribosomal RNA?! 
in the nucleus of the eell. Furthermore, inhibition 
the synthesis of both types of RNA by actinomycin 

jah 33 suggests that they are both made on a DNA tem- 
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f the erada infuze 
RNA, there is still a chance that it represents broken= 
down. molecules. Burgi et al.™ have recently described 
preferred breakage points in the DNA molecule of T5 
bacteriophage, when subjected to shear, The F 
such shearing isto produce two or three pieces of dif 
size, which can be readily distinguished as separate ey 
in a sucrose demsity gradient. Unless influenza. RNA has 
three preferred breakage. points, evenly distributed: : 
the length of a single molecule, any random- 
of virus RNA should be detectable in a sucrose 
Thus, the results reported here suggest that R 
in the intact influenza particle in pieces: wit 
weight of about 500,000. : 
The assistance of Major L. Kent and Mr 
of the Microbiological. Research Establishme 
in the large-scals production of influenza v 
fully acknowledged. We are also indebted to M 
of the Agricultaral Research Council Virus 
Unit, Huntingdon Road, Cambridge, for a gift of pt 
TMV. One of us {P. D.) was supported by a grant fr ) 
Medical Research Council. A 
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‘droxylation and therefore interferes with the 
cortisol and corticosterone*®, protected the 
mds from DMBA. Dao and Tanaka, in ad- 
onfirming this finding, showed that 3-methyl- 
ne, which also inhibits corticosterone synthesis’, 
rotective action, and furthermore, that a 
her polycyclic hydrocarbons including 
small dose—were also effective®. Recently 
Leong’ reported that substances such as 
‘hich enhance detoxification mechanisms 
iydrecarbons non-specifically, can protect 
id from DMBA. Protection may have been 
peeding up the removal of DMBA from the 
-he other hand, it has been known for some 
IBA, like other carcinogenic polycyclic 
ean be metabolized by the rat and it is 
IMBA exerts its action only after conversion 
derivative”, 

ivestigated the effect of impairment of liver 
carbon tetrachloride and by partial hepa- 
DMBA-induced adrenal necrosis. 
Sprague-Dawley rats were obtained com- 
at 40 + 1 days of age from Oxford Laboratory 
lonies, Oxford. In the first experiment, groups 
seé Table 1) were treated intraperitoneally with 
whloride (0-3 ml. of a 50 per cent v/v solution 
or olive oil alone when 49 + 1 days old. In 
periment, partial hepatectomy was performed 
naesthesia. The median and left lateral 
er were excised after the method of Higgins 
m -from our previous experience about 
of the liver is removed. Control groups in- 
hepatectomy a unilateral nephrectomy 
~ DMBA in. j 
mil. emulsion) was in jected 4 inta 
t treatment ven carpon Tai 
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and i in almost ‘all cases the two. adrena’ Bile 
from the same rat showed the same histology. In the > 
rats treated with carbon tetrachloride, liver damage was 

also assessed independently without knowledge of the 
previous treatment. Eighty-five to ninety per cent of = 
the rats treated with carbon tetrachloride developed 
centrilobular liver necrosis (Fig. 1). 

Carbon tetrachloride. The results for the first experiment 
are summarized in Table 1. The majority of adrenal glands 
in rats given DMBA 24 h after carbon tetrachloride © 
showed little or no damage. For ease of comparison we _ 
have grouped together the glands showing massive 
necrosis {+ + and +++); the glands in the other — 
grades (— and +) show little or no damage (Table 2). 
Pretreatment of rats with carbon tetrachloride gives a- 
high degree of adrenal protection against DMBA; m- 
four of the seven rats in which earbon tetrachloride did 
not do so, only minimal liver damage had been produced. 
Adrenal necrosis was not seen in rats given only carbon. 
tetrachloride. There was no histological difference be- 
tween the livers of rats treated with both carbon tebra- 
chloride and DMBA and those of the animals given only 
carbon tetrachloride. s 








Table 1. EFFECT oF CARBON TETRACHLORIDE ON ADRENAL NECROSIS 
INDUCED BY DMBA er 
Pretreatment-— Ne, tats 
intra. Challenge No. surviv- Adrenai grading a, 
Group peritoneal (intravenous) of ing m + e e e E E 
injection of rats expt. w 
i Carbon tetra- 3 mg 55 41 i? 17 mre 7 
chloride DMBA 
2 Olive off 3 mg 20 19 3 3 i] 13 
DMBA 
3 Carbon tetra- Control 16 # 7 I ne en 
ehloride emulsion 
& Olive ofl Control 10 10 16 we ~ als 
emulsion 















ADRENAL GLANDS SHOWING MASSIVE NECROSIS 


Carbon tetrachloride _ 
e +DMBA. Vehicle + DMBA 
essive adrenal secrosis Tisi 14/19 


veer the two groups is highly significant (P < 0-001). 


 Pable 2. 





ARYIAL HEPATECTOMY ON DAT BA-INDCCED ADRENAL 
N ECRGSIS 
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that in this group—as also after sham hepatectomy— 
DMBA caused massive adrenal necrosis in all the rats. 
Eight out of ten rats given only DMBA (group 4) developed 
adrenal necrosis: this is in accord with our previous 
experience that 3 mg DMBA causes massive adrenal 
necrosis in 70~80 per cent of the rats. 

It is quite clear that when liver function is impaired 
either by the treatment with carbon tetrachloride or by 
partial hepatectomy the adrenal glands are protected 
- from the action of DMBA. It seems likely that DMBA 
is metabolized m the liver to a derivative that is adreno- 
corticolytic. Boyland, Sims and Huggins!® have shown 
not only that DMBA can be metabolized by rats but also 
that the derivative 7-hydroxymethyl-12-methylbenz(a)- 
anthracene (American terminology), given in smaller 
doses than DMBA, produces severe adrenal necrosis. 
Metyrapone, which inhibits the adrenal enzyme 116- 
hydroxylase, protects the adrenals*, and it is possible 
that it may also act on liver hydroxylases, thereby 
preventing the metabolism of DMBA. 

The interval between administration of carbon tetra- 
chloride and the challenge with DMBA is important: 
with the dose used by us, treatment with carbon tetra- 
chloride 24 h before DMBA gives the highest degree of 
protection. Tanaka and Dao! recently reported that 
carbon tetrachloride has no effect on DMBA-mduced 
adrenal necrosis. In our earlier experiments, with doses 
of carbon tetrachloride similar to those used by these 
workers and a similar vehicle (mineral oil), we found little 
or no liver damage and no evidence of adrenal protection. 

The ‘stress’ of treatment with carbon tetrachloride 
or of partial hepatectomy 1s likely to cause increased 
production and secretion of corticosterone and, further- 
more, if DMBA is metabolized less efficiently because of 
impaired liver function, the adrenal glands will be exposed 
to circulating DMBA for longer than controls. Despite 
these two factors—-which might be expected to cause a 


NATURE 


389 


greater incidence of adrenal necrosis—the adrenal glands 
are protected from the action of DMBA. This is all the 
more remarkabls because operative stress, as in the sham 
hepatectomy amd nephrectomy groups, apparently in- 
increases the susceptibility of the adrenal glands to 
DMBA. 

Thus, in summary, pretreatment of female Sprague- 
Dawley rats with 0-3 ml. of a 50 per cent v/v solution of 
carbon tetrachloride in olive oil intraperitoneally 24 h 
before challengs with DMBA protected the adrenal 
glands from the necrotizing effect of DMBA. This dose 
of carbon tetrachloride caused centrilobular necrosis of 
the liver in 85-90 per cent of the rats. Protection was 
also achieved by-partial hepatectomy 24 h before challenge 
with DMBA. IG is concluded that DMBA itself is not 
adrenocorticolytic and that it is metabolized in the liver 
to a substance that causes massive adrenal necrosis. 

This work wassupported by a grant to one of us (A. R. C.) 
from the Scottish Hospital Endowments Research Trust. 
DMBA. in 15 per cent lipid emulsion was prepared by 
Dr. Paul Schurr (The Upjohn Co., Kalamazoo, Michigan) 
and was the gen2rous gift of Prof. C. Huggins. We thank 
Mrs. M. Inglis and Mr. G. Milne for their assistance in 
this work. 
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DEFICITS IN PRIMITIVE PERCEPTUAL AND THINKING SKILLS 
IN SCHIZOPHRENIA 


By Dr. VERNON HAMILTON 
Department of Psychology, University of Reading 


TRADITIONALLY, though not perhaps with complete 
justification, the diagnosis of the complex of conditions 
known as schizophrenia has been the responsibility of the 
medical speciality of psychiatry. While logical doubts 
remain whether this condition of psychological abnor- 
malities is classifiable as an illness in the sense that 
anaemia or tuberculosis is an illness, the major treatment 
of choice has been for at least 30 years a variety of 
medically prescribed biochemical or electrical agents. 
This direction of responsibility, interest and treatment has 
derived basic support not only from the history of medicine 
but from a variety of genetical assumptions founded on a 
variety of evidence concerning the familial incidence of 
the condition, thus leading to specific as well as general 
assumptions concerning the physiological or neurological 
origin of schizophrenia. 

By contrast, in a recent article Huxley, Mayr and 
Osmond! have made a case for considering the solution of 
the problem of schizophrenic behaviour as a wide inter- 
disciplinary concern to which inter alia biochemistry and 
psychology may be expected to make valid contributions. 
Baldessarini and Snyder* have appropriately taken issue 
with Huxley eż al. on the degree of incautious certainty 
with which the latter have put forward their views 
(a) concerning the genetical determination of schizophrenia 


and (b) concerning the mechanisms of genetical trans- 
mission. It is nct my purpose to enter what is primarily a 
geneticist’s province. From the psychological point of 
view it 1s less important to know that biochemical or 
morphological m=chanisms may be genetically determined 
by one form of transmission or another, or even that these 
mechanisms mey determine early abnormal develop- 
mental trends in children, than that behavioural pre- 
dispositions to develop one or the other form of what is 


' termed Schizoph-eniia may originate early in hfe, and that 
-the start of sckizophrenic processes may be found in 


inadequacies amd idiosyncrasies of perception and 
thought which have their roots in this early stage of 
individual development. This hypothesis, so far still 
not proved, ceased to be original a long time ago: one 
only has to cite the somewhat unpopular psycho-analytic 
theory concerning inadequate ego processes, reality testing 
and ill-defined and permeable ego boundaries, which in 
terms of this particular theory usually develop in early 
childhood. While this and other aspects of psycho- 
analytic theory have been castigated for lack of precision, 
for their fancifulress and untestability, testable alternative 
propositions concerning the possible early developmental 
roots of schizophrenic forms of behaviour have been slow 
in coming forward. There seem to have been six main 
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reasons for this omission. In the first place, psychiatry 
appears to have been rather jealous of its traditional 
position with respect to a human condition which shes 
been classified as an illness, and has frequently, been 
reluctant to invite the co-operation of non-medical 
personnel in the study of all the so- -called mental] illnesses. 
Secondly, and largely because of: this, psychological 
hypotheses, both relevant and testable, concerning the 
«genesis of schizophrenic perception and thought are only 
rarely formulated and even less frequently submitted to 
tests of falsification. Thirdly, a fully developed condition 
of schizophrenic behaviour in many cases rules out 
those types of experimental psychological investigations 
‘which require alert, rational and sometimes prolonged 
participation by the patient. Fourthly, the condition 
of schizophrenia, despite many attempts at meaningful 
sub-classification, and despite considerable evidence con- 
cerning the heterogeneous nature of its individual charac- 
teristics, frequently continues to be conceptualized as an 
internally consistent, homogeneous state. Fifthly, because 
the diagnosis of the condition of schizophrenia is made in 
most cases on overt behavioural, that is to say pheno- 
typical grounds, its diagnosis is subject to the notorious 
errors of the unreliability and invalidity of subjective 
inspection, and furthermore the eclectic psychiatric 
definition itself of the condition contains more than the 
suspicion of a tautological error. Finally, the clinician 
as well as the experimental psychologist is faced in the 
patient with the end result of a long developmental history 
and not usually with the early stages of the abnormal 
processes. Under these conditions the testing of explana- 
tory hypotheses is patently not appropriate because it 
would depend excessively on retrospective inference, 
while the required experimentally controlled longitudinal 
studies of a sufficiently large sample of children beginning 
at an early age have not yet been undertaken. Yet this 
degree of persistence will eventually be required in order 
to say whether a state of disordered perception and 
thinking in a fully developed schizophrenic condition 
represents the outcome of an early state of maldevelop- 
ment which has been continuous and of increasing 
implication for maladaptation of the individual, or whether 
the abnormal end state represents the outcome of an 
inhibition of culturally normal and acceptable processes 
and functions possibly as the result of a single traumatic 
experience or a series of such experiences, or whether a 
conjunction 2 of both possibilities must be considered. Any 
investigation, therefore, showing deficits of rather basic 
skills “of perception and thought in schizophrenia is 
subject to this important limitation. 

It is commonly agreed that there are three major 
deficits in people diagnosed and classified as representing 
schizophrenic states: disorders of cognition, impoverish- 
ment of affect and diminution of motivation and motility. 
At present psychological theory based on experimentation 
is best qualified to offer models of explanation in the field 
of cognition. These models may be at different genotypical 
levels: they may be in terms of a restricted environmental _ 


field being available to a schizophrenic from which to ; 


draw appropriate cues for perception e and thought, or they 
may concentrate on unusual or excessive use of cues giving 
rise to cognitive over-inclusion (see, for example, ref. 3). 
Alternatively, a more general model may be based on a 
reinforcement-type of learning theory, in which, for 
reasons as yet inadequately understood—but possibly 


through anxiety reduction—culturally inappropriate~he-_ 


haviour will be rewarded with progressive frequency (see, 
for example, ref. 4). 

From 1959 until 1963 I was engaged in studying the 
effects of a variety of rehabilitation techniques and 
re-activating and re-motivating devices which might lead 
to an increase in the discharge rate and in the re-integra- 
tion into the general social and occupational environment 


of schizophrenics who had been hospitalized for many 


years®-’, In the process of observing the patients con- 
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cerned while engaged in actual or quasi-industrial assembly 


tasks, and while observing them and listening to them 
during the associated periods of group discussions, it was 
possible to obtain many examples of the operation of 
delusional, irrational and inconsequential thinking. In 


the present case this observational evidence suggested, . 


because of its lack of everyday logic, because of the 
primitiveness of its cause and effect thinking (quite apart 
from the content of any delusional verbalizations), that it 
might be possible to find in schizophrenics evidence of an 
impairment at levels of thinking operations which are 
usually fully established in children of about 11 years of 
age possessing normal intelliigence*. The kind of processes 
which were thought to be impaired were a sample of those 
cognitive skills which Piaget and his Geneva school of 
developmental psychology consider to occupy a fairly 
lowly and early, though essential, position in the hier- 
archical development of adult rational thought and 
perception. The aim of brevity of exposition forbids an 
account here of Piaget's conceptualizations concerning the 
development of propositional, logical thinking operations 
by way of earlier and developmentally more primitive 
stages of so-termned “‘sensori-motor, pre-operational, 
intuitive and concrete thinking’. Apart from the many 
books and monographs by Piaget and his associates, 
eminently readable summaries of’ the relevant theories 
are available®-", While Piaget's own work and particularly 
his earlier studies have been criticized because of an 
absence of experimental controls, a number of English 
workers have more recently produced experimental 
evidence that the hierarchical conception of the develop- 
ment of more and more complex, abstract and analytical 
thinking operations appears to be generally valid!!-!5. 
This means inter alia that children who on educational 
grounds are considered retarded and who also have a low 
intelligence -quotient do not perform at the level of more 
normal children with tasks requiring abstraction, general- 
ization or hypothetico-deductive forms of reasoning, and 
furthermore that children capable of logical/deductive 
operations are capable of them by virtue of the fact that 
developmentally earlier and more basic operations have 
been successfully assimilated. If it is held that delusional 
and other thinking abnormalities in schizophrenia suggest 
a breakdown of higher level logic in relation to certain 
events or situations impinging on an individual, it becomes 
relevant. to enquire if lower level cognitive skills have 
remained unimpaired. Such an enquiry would involve 
the application of certain tasks under standard conditions 
which, according to Piaget’s theories, are said to reflect 
the availability of such lower level skills. 

In the experiment reported here, three cognitive skills 
usually fully or near fully developed in children of 11 
years of age were selected to test the hypothesis that 
pre-operational, pre-logical thinking and perception are 
impaired in patients diagnosed as schizophrenic. The 
skills chosen were those of conservation of quantity and 
volume, the .skill of seriation, and knowledge of para- 
meters entering into perspective which requires both the 
skills of conservation and of seriation. In a task aimed 
at the availability of the conservation skill, subjects are 
required to make a comparison statement about quan- 
tities or volumes objectively equal in size or amount 
despite the presence of misleading spatial arrangements 
or distributions. Two tasks were given to test the avail- 
ability of this ability. In the first, the investigator 
counted out two heaps of.twelve dried beans from a jar 
and in the presence of the subject laid out the beans in 
two rows, l in. apart in one row and roughly 3 in. apart 
in the other row. To obtain a maximum score, subjects 
had to state without qualification that there were the 
same number of beans in each row. For the second con- 
servation task, subjects were presented with two glass 
beakers filled to the same level with dried beans, pointing 
out that both beakers contained the same amount of 


* This possibility was also suggested by, for example, Freeman et al.)°. 
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7 beans. The amount of beans in the first and then the 


second of these contamers was then poured into two or 
more taller or shorter, narrower or wider glass beakers in 
a standard procedure. To obtain the maximum score 
subjects had to state without qualification that the 
amounts being compared were equal despite their varied 
distribution,. difference of levels in glasses, number of 


‘glasses and apparent differences in volume. 


The skill of seriation consists at its lower levels of the 
ability to order a set of material according to some 
principle of cssification, which in the present investi- 


gation was order of size of randomly presented objects. 


Here, subjects were required to place ten differently 
coloured sticks 1 cm square varying in length from 1 to 
10 cm, ın order of size on a board with a straight hori- 
zontal bar to provide a level base for the series, after 
first indicating verbally and by pointing the order in 
which the sticks ought to be placed. For a fully adequate 
performance obtaining maximum score, anticipation and 
construction of the series had to be correct in detail 
without overt trials. 

Knowledge of perspective requires availability of the 
knowledge that removal in distance does not affect the 
actual size of the object removed, only its apparent size. 
It also requires the ability to be aware of and profit 
from ordering of stimuli according to real or apparent 
size. For the assessment of present awareness of para- 
meters operating In perspective, subjects were presented 
with a perspective drawing of a “Stately Home... with 
a long drive leading from the gate to the house ...’’, as 
well as three sets of eight cardboard cut-outs shaped and 
painted to represent trees, which had to be placed 
*“*, .. at marked points along the drive as they would 
appear to us as we look from the gate along the drive to 
the house ...’’. The trees were proportional in size to 
the perspective angle of the lines representing the drive 
in the drawing. Subjects received no further instructions 
and were thus free to use the same size trees for all 
positions or any combination of sizes in distance reducing 
or non-reducing series, placed in the true vertical position 
or perpendicular to the line demarcating the pathway. 
To obtain maximum score for this task, subjects had to 
place the cut-outs in the true vertical, size reducing series 
in correct sequence. 

The system of scoring adopted here was simple and 
objective: 3 for a fully correct response, 1 for an incorrect 
response or a number of errors exceeding an operationally 
defined maximum, 2 for an intermediate response. It is 
indeed a rough-and-ready scoring system, though it is 
of a type frequently applied to the scoring of intelligence 
test items. For subsequent analysis responses were 
appropriately classified according to the degree to which 
the underlying cognitive principle was differentially pre- 
sent, where fully correct responses indicated presence of the 
full principle, and incorrect responses no principle present. 

The investigation was carried out on an experimental 
group of twenty-five clinically diagnosed non-paranoid 
schizophrenic men aged 32-48 years (X = 40-8), detained 
in hospital 1-20 years (X = 11-9), with progressive 
matrices intelligence quotients 74-133 (X = 95:3) who 
participated in the conservation and seriation experi- 
ments only. A second group of ten schizophrenic men 
who participated only in the perspective experiment 
possessed the following basic characteristics: age 26—49 
(£ = 41-8), intelligence quotients 81-115 (£ = 95:6), 
hospitalization 1-24 years (X = 9:1). The patients were 
receiving various maintenance doses of a variety of tran- 
quillizers and almost all were employed either in re- 
habilitation workshops or on hospital service duties. The 
control group. consisted of twenty secondary modern 
school boys aged 11-5-12-8 years (X = 12-2) with Moray 
House verbal reasoning quotients of 82-112 (X = 95-2), 
selected on the basis of their availability in relation to 
the school time-table. 
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The results of the investigation are shown in Fig. 1. 
They indicate thet the skills pertaining particularly to 
conservation and knowledge of perspective parameters 
are impaired in ths schizophrenic subjects compared with 
the much younger children, although the groups were 
well equated in terms of performance on (albeit different) 
intelligence tests. The statistical probability of the 
differences was assessed by x? tests comparing for both 
groups the availability and non-availability of the full 
principle of the skill. For conservation x? = 4:06, 
P < 0-05; for seziation y? = 0:13, not significant; for 
perspective ¥2 = .1:27, P < 0-001. The main reason for 
the non-significan> difference for seriation appeared to be 
the greater haste cf the sample of children which led them 
into errors, which were scored as such, but which were in 
almost all cases quickly corrected on second inspection 
by the subjects themselves. A similar, though slightly 
smoothed patterm of differences was obtained, when 
comparing the control group performance with that of a 
sub-sample of thə schizophrenic group, none of whom 
had an intelligence quotient lower than any intelligence 
quotient in the control group. Furthermore, when con- 
sidering a schizophrenic sub-sample consisting only of 
subjects with an intelligence quotient of 100 or more, the 
sample of children still performed better. Additional 
evidence concernng the relationship between the skulls 
assessed here and the status of schizophrenia was present 
when comparing the performance of schizophrenic sub- 
groups with high and low ratings on a rating scale aimed 
at obtaining an irdex of degree of impairment or “illness”’ 
using consistent and relatively objective rating criteria’. 
This comparison showed that patients with the greater 
amount of clinical impairment produced less frequently 
a fully or partially adequate reply to the test questions 
in the conservation and seriation tasks. None of the 
differences, however, was statistically significant. This 
analysis could be carried out only in respect of patients 
belonging to the larger group on whom, furthermore, 
knowledge of perspective was not assessed. 

It is clear that these findings provide no evidence con- 
cerning their possible role in the development of schizo- 
phrenic percepticn and thinking, or whether deficiencies 
in these cognimive skills antedate or post-date the 
incidence of the diagnosed condition. Without further 
careful investigations it is also not possible to exclude the 
possibility that the obtained deficits are the result of 
faulty verbalization, idiosyncratic interpretation of the 
task instructions or temporary psychotic pre-occupation. 
Close observation of the subjects, however, suggests that 
these explanations are less plausible than the conclusion 
that the patient sample had real difficulties with the tasks, 
and that their performance indicates deficiencies in 
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primitive reasoning and perceptual skulls the intactness of 
which is usually considered an essential pre-requisite for 
higher level adult cognitive capacities. Given the presence 
of such deficits and their exacerbation with more severe 
psychological abnormality, their relationship to all kinds 
of aspects of schizophrenic behaviour will have to be more 
extensively investigated. . 

Contrary to the impression conveyed by Huxley et al.', 
it is not at all easy to make a psychological differential 
diagnosis between neurosis, psychosis and normality, 
partly for reasons given earlier and partly because the 
development of experiment-derived psychological tests 
and techniques of sufficient sensitivity, reliability, validity 
and relevance has been seriously retarded. One of the 
main reasons for this has been the lack of research funds 
in sufficient amounts and of sufficient duration to attract 
the experienced investigator most likely to make a break- 
through contribution. In parenthesis it might be added 
that the references cited in this connexion by Huxley et al. 
do not appear to exist or are irrelevant to this point. 

Two further matters raised in the article by Huxley 
et al. seem to deserve some comment. First, the some- 
what uncritical acceptance of some evidence suggesting 
that future schizophrenics may be differentiated from 
their sibs at a relatively early age, differences which could 
not be associated with environmental influences or early 
trauma. It is perhaps worth noting that the article cited 
to support this contention has a clinical/subjective bias, 
is retrospective and not in any way based on scientifically 
acceptable evidence. The only acceptable evidence would 
be of the kind that could emerge from fairly continuous 
longitudinal studies with closely controlled techniques of 
a sufficiently large sample of children which would 
eventually contain a large enough sample of schizo- 
phrenics about whose developmental antecedents mean- 
ingful conclusions could be drawn. 

A final point may be made concerning the thinking 
characteristics of the parents of schizophrenic patients 
which is indirectly referred to by Huxley et al. Experi- 
ments by McConaghy'* and by Lidz! have tended to 
show that on a so-called object sorting test, the scores of 
the parents of schizophrenics were closer to the scores 
frequently obtained from schizophrenics than the scores 
of parents’ who had no schizophrenic offsprings. It is 
implicit in the article by Huxley et al. that they accept 
this as evidence of the genetic transmission of schizo- 
phrenia (as does McConaghy himself) because it supports 
their hypothesis of “schizoproneness’ or undeveloped 
schizophrenic predispositions which have become openly 
expressed only as the result of the low penetrance of a 
dominant gene in their offsprings. While this kind of 
evidence is necessary for a genetic theory of schizophrenia, 
it is by no means sufficient. None of the experiments has 
succeeded in controlling the environmental component 
which through intellectual, social or occupational learning 
might yield forms of conceptual thinking which are 
sufficiently infrequent to be comparable with the per- 
formances of schizophrenics on this kind of test. More- 
over, anxiety is known to affect the efficiency of concep- 
tual thinking, so that when comparing samples of parents 
with or without schizophrenic offsprings, the anxious 
involvement of the former is likely to affect their per- 
formance perhaps in the direction obtained. Quite apart 
from these possibilities, however, the presence of rare, 
unusual or intellectually less efficient forms of thinkmg in 
the parents of schizophrenics may be of very great 
importance for the development of later-appearing forms 
of thinking in their children which society classifies as 
being schizophrenic. As the result of imitation or other 
forms of social learning, inappropriate and irrational 
forms of thinking may be established in successive 
generations with a similar degree of predictability as 
would apply to the transmission of, say, racial or class 
prejudice. These forms of thinking would in turn affect 
the degree of veridicality with which such an individual 
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will perceive his environment, with the result that per- 
ception that is class-, group- or family-specific will 
develop. Under these conditions, the development of 
progressively more logical modes of thinking may also be 
inbibited, and thus intellectual parentogenic influences 
might conceivably result in the kinds of deficits in 
primitive cognitive skills which have been described here. 
This, however, is most likely to happen only under con- 
ditions in which a child feels parent-bound by excessive 
demands for parent-dependence and obedience, and where, 
through non-compliance, the child may feel over-exposed 
to real or implied threats of punishment. The anticipatory 
sensitivity of schizophrenics to punishment has been 
experimentally demonstrated by Rodnick and Garmezy‘, 
who also describe the results of experiments on the 
possible effects on the development of schizophrenia of 
an over-protective mother whose punitive control of her 
child is only partially hidden by her overt expressions of 
love and affection. In other words, systems of communi- 
cation between parents and children could develop from 
which the child would have the greatest difficulty in 
extracting a veridical and unequivocal message to which 
a response is required. This situation is likely to be 
fraught with considerable anxiety for the child because 
the presence of meta-messages, or ““meta-meta-messages’’, 
as they have been called", is likely to hinder the develop- 
ment of certainty with respect to stimulus or response or 
both. In this ‘“‘double-bind”’ situation, as it has been 
termed by its authors, patterns of cognitive as well as 
emotional responses considered as normal and appropriate 
by society are thus less likely to develop, either because 
a set of stimuli to this child does not mean what it means 
to the vast majority of his peers, or because interaction 
with other individuals becomes so stressful because of the 
absence of certainty and predictability that he will 
attempt to remove himself from the influence of such an 
environment. This isolation is likely to increase the 
degree of subjectivity in the individual’s thinking and 
perception; it will reduce opportunities for feed-back and 
self-correction so that primitive processes develop less 
readily into more complex and rational ones, and a basis 
for adult processes which by their irrationality are con- 
sidered abnormal will have been laid. A child’s statement 
that he is afraid that the Moon might enter his bedroom 
at night and hurt him reflects the present developmental 
state of his reasoning ability. An adult’s statement that 
lunar forces are injurious to him and are determining his 
behaviour towards others, and who habitually proceeds to 
act on this statement, may be indicative of schizophrenia 
and an impairment of average logic. It has been the 
purpose of the investigation reported here to show that 
a variety of behavioural deficits classified as schizophrenia 
by virtue of their irrationality and illogicality may be 
found in conjunction with impaired pre-logical cognitive 
skills which are normally established adequately in pre- 
adolescent children. 

I thank Miss B. Bambridge for carrying out parts of 
the experimental work. 
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LETTERS TO 


ASTRONOMY 


Solar Eclipse of May 20, 1966, observed by the 
Solrad 8 Satellite in X-ray and Ultra-violet 
Bands 


THE solar eclipse of May 20, 1966, was observed by the 
U.S. Naval Research Laboratory’s 1965 93 A satellite 
and telemetered at Arcetri. This observation, so far as 
we know, is the first one performed by an orbiting device. 

The photocells mounted aboard the satellite operated 
in the bands 0-5-3, 1-8, 8-16, 1080-1350 and 1225— 
1350 A (further information on the satellite and its measur- 
ing system is given elsewhere’). 

Fig. 1 shows: (a) the projection of the orbit of the 
satellite from 10h 06m 30s v.r. to 10b 15m 00s V.T. on 
May 20; (b) the projection of the umbral and penumbral 
cone of the Moon at 10h 10m 00s u.r. It can be seen that 
during these few minutes the orbit of the satellite crossed 
only the penumbral zone and therefore the photocells 
carried by the satellite observed a partial eclipse. This 
fact 1s confirmed by the telemetered signals which are 
graphically shown in Fig. 2 (the abscissae are the times of 
observation and the ordinates the solar flux in arbitrary 
units of three photocells). The behaviour of the signal 


g" 350° 


MAY 20, 1988 
SOLAR ECLIPSE 


19 14 40 UT 


© 10 O6\30 U TF 





Fig. 1. Map of Eastern Europe showing the satellite orbit during the 

maximum phase of the solar eclipse of May 20, 1966. The circles 

labelled with percentages give an approximate picture of the various 
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ultra-violet bands. The variations of signal (arbitrary units) for the 

bands 1-8, 8-16 and 1225-1350 A are plotted against the tıme between 

10 07 and 10.15 V.T. The symbol © mdicates the reading error for each 

plot. At the top of the figure the Moon-Sun reciprocal positions, as 

viewed from the satellite, are shown for the time 10.09 V.T. (occultation 

of the central source) and 10.18 w T. (appearance of the eastern limb 
source), respectively 


occultation for the ultra-violet band is very different from 
that for the X-ray band. 

The difference is mainly concerned with the time of the 
minimum, the value of the minimum and the shape of the 
decreasing phase of the signal. Such behaviour can be 
interpreted by assuming the presence of active regions on 
the solar disk: these would contribute in a different way 
to the emission of the X-radiation and ultra-violet radia- 
tion. On May 20 there were three main sources on the 
disk. One remained uncovered during the whole eclipse. 
At the beginning of the observation the east limb source 
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was already occulted. It can be seen from the maps at the 
top of Fig. 2 that the occultation of the central active 
region occurred at about 10h 09m v.t.; at the same time 
the X-ray flux dropped abruptly. The occultation of the 
central source was complete within about 13 sec for the 
8-16 A band and within 9 sec for the 1-8 A band: these 
values correspond to angular dimensions of 50” and 35”, 
respectively. The spatial resolution along the direction 
of the lunar motion was 15” of are, which is lower than the 
best resolution so far obtained for pictures of the Sun in 
the X-ray and ultra-violet regions?. 

At about 10h 13m V.T. the source on the east limb was 
uncovered and the X-ray flux increased again. The ultra- 
violet radiation does not show any sharp variation, which 
indicates that the emission of ultra-violet light by the Sun 
is far less dependent on the localized sources. 

A more detailed investigation is being carried out and 
will be reported later. 

M. LANDINI 

D. Russo 

G. L. TAGLIAFERRI 
Arcetri Observatory, 
Via S. Leonardo 75, 
Firenze, Italy. 


i Kreplin, R, W., Final Data and Cahbrations for the Explorer 30 (NRL 
OLRAD 8) (U.S. Naval Research Laboratory, 1966). 


* Tousey, R., Purcell, J. D., and Snider, C. B., “Some Recent XUV Spectro- 
heliograms”, paper presented at the Conference on “UV and X-ray 
Spectroscopy”, Culham, England (1968), 


Umbra Intensity of a Large Sunspot 


OBSERVATIONS of the relative umbra intensity as func- 
tion of the position of sunspots on the solar disk can 
provide information concerning the temperature dis- 
tribution within the sunspots. Unfortunately, earlier 
workers in this field usually combined observations of 
different spots at several positions on the solar disk. As 
the umbra intensity can change considerably from one 
spot to another it is possible that serious errors may 
have been introduced. Therefore observations of the same 
spot on several days during its passage across the solar 
disk are likely to give data which are more reliable. 

The large sunspot (umbra area about 150 x 10-* solar 
hemisphere) which was visible durmg March 15-27, 1966, 
was observed in several positions on the solar disk at the 
Solar Observatory, Harestua. Intensity profiles of the spot 
were obtained by a pmhole photometer in three wave- 
length regions. The instrument used consists of a metal 
screen with three pinhole apertures. Just behind each hole 
is placed the following combination of filters (Schott u. 
Genossen) and detectors (Siemens): 


Filter BGE18/2 RGS8/2 Sihcon-window 
Detector Silicon Silicon Germanium 
Half-width 200 A 300 A 1400 A 
Effective wave-length 63800 A 8800 A 13,600 A 


The detected signals are amplified in three transistor 
amplifiers connected to Sanborn high-speed recorders. 
The image of the Sun (27-25 cm in diameter) is focused 
on to the screen and the scan performed by stopping the 
coelo-stat driving mechanism, thus causing the image to 
drift across the screen at a speed of 15 sec of arc per sec. 
Each time the spot passes the pinholes a picture is taken 
by a camera placed in front of the screen (slightly off-axis) 
and simultaneously a marker pen on the recorder indicates 
the time. This makes it easy to compare individual 
scans and to make isophote maps of the spot. After 
each registration, the instrument is calibrated by a step 
filter in front of the pinhole apertures. Possible drifts in 
the amplifiers are checked by blocking the holes at regular 
intervals. The theoretical angular resolution is set by 
the dimensions of the pinholes and is 1, 1.75 and 2.4 
sec of arc at wave-lengths Ae, 5300 A, ep 8800 A and 
eff 13,000 A, respectively. 


Juny 23, 1966 


VOL, 211 
aie © Mett = 130004 
0-4 


0-3 


=] 
Hee 


2? 
w 


z 
, Ñ 


t 


I umbra/ Í phot sphere 


03 


0-2 


O1 





0° 30° = 60° 90° 


Fig. 1 Centre-to-limb variation of the mtensity ratio Iu«/Iph for three 


wave-length regions. O, Eastern hemisphere; @, western hemisphere. 


The abscissa denotes heliocentric distance 


- Intensity profiles of the spot were obtained on 10 days 
during the passage of the spot across the solar disk. On 
two days the observations were seriously hampered by 
haze and these registrations are not included. The centre- 
to-limb variation of the ratio o,=Ju(A)/Zp,(A), where 
I, is the umbra intensity and J,, the intensity of the 
photosphere, is shown in Fig. 1. The variation with 
position angle is pronounced on all wave-lengths, but is 
greatest in the blue region where @53994 = 0-10 at 0= 29° 
and =0-30 at 6=80° (6 denotes the heliocentric angle). 
A comparison of the observations in the eastern and 
the western hemispheres reveals that the umbra intensity 
is constant with time; however, the spot showed certain 
changes in topology during the period. The scatter of 
individual scans through the central parts of the umbra 
is small. The lowest values are plotted in Fig. 1. 

The scatter in previous observations of the ratio @,(8) 
is so great that it is difficult to be certain of the true 
mean centre-to-limb variation. It is often assumed that 
the entire variation is due to the increasing influence of 
scattered light toward the solar limb, and this may be 
the case for smaller spots. i 

Because the present spot is so large, the seattered light 
has minor influence. As seen from the tracings in Fig. 2, 
the umbra intensity profiles are remarkably flat even for 
spot positions close to the solar limb, thus indicating that 
possible corrections for scattered light must be insigni- 
ficant. This is evident (especially in the near- and infra- 
red regions) from the intensity profiles at 0= 75°, where 
the scan direction is perpendicular to the solar limb so the 
gradients in the spot profiles can easily be compared with 
the limb gradients. Corrections for scattered light can also 
be neglected for the observations at 0 = 29°. 

One of the controversial questions about present sun- 
spot models is concerned with the transparency of the 
umbra. Michard! used the observed centre-to-lumb 
variation of 9,(8) in order to determine a temperature 
distribution. From the equivalent widths of certain iron 
and titanium lines he found the electron pressure and 
obtained a transparent umbra model (t=1-0 at 2,000 
km depth). Mattig?, using the same temperature distri- 
bution, but assuming hydrostatic equilibrium in deriving 
the electron pressure, obtained a less transparent model 
with nearly the same transparency as the photosphere. 
Makita and Morimoto? also determmed a temperature 
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Fig. 2. Recorder-tracings showing the intensity profiles at two positions on the solar disk, 
The mtensity scale is hnear and the zeros indicate the dark level 


distribution from the observed ,(9)-curves at three 
wave-lengths. Several precautions were taken (in their 
observations) to avoid scattered light. They obtained 
a temperature distribution considerably below Michard’s 
for spots of nearly identical size (mean umbra area mn 
Michard’s and Makita and Morimoto’s measurements 
is 80x 10-§ and 70 x 10-® solar hemisphere, respectively). 
The difference increases with increasing optical depth and 
amounts'to over 700° K at +t=2:0. As was pointed out 
by Makita and Morimoto, the reduced temperature would 
solve the discrepancy m Michard’s and Mattig’s models 
if the lower temperature was used in the derivation of 
the electron pressure assuming hydrostatic equilibrium. 

Previous observational data concerning the 8-dependence 
of I,,/I,, consist of measurements of a number of spots at 
various heliocentric angles, while the present observations 
are for the same—rather stable—spot during its passage 
across the solar disk. Thus the latter should yield a more 
reliable temperature distribution than the earlier ones, 
mainly because the uncertainty due to the intrinsic scatter 
of umbra intensities is eliminated. 

I have compared my observations at Aẹef=5300 A 
with Michard’s and Makita and Morimoto’s at ì 5452 A 
and 4 5451 A, respectively. The present observations fit 
well the measurements of Makita and Morimoto (toward 
the disk centre these give about half the values of Michard’s 
intensity). Because the present spot is much larger than 
the mean spot in Michard’s observations, the deviation 
could arise from a size-dependence of umbra temperatures. 
However, as the agreement with Makita and Morimoto’s 
observations is very good, it is more likely that the devia- 
tions are caused by the different influence of scattered 
light, and of the mtrinsic scatter of individual umbra 
intensities in the earlier measurements. 


HARALD RODBERG 
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Infra-red Stars 


Muca interest has been aroused by the discovery of stars 
which radiate most of their energy at wave-lengths of 
several microns}. 

It has been suggested that these are newly formed 
stars in the process of gravitational contraction to the 
main sequence, but the time scale of the contraction is so 
short that the objects should be much less numerous 
than they are, unless contraction is slowed down as a 
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resut of the proto-star experiencing difficulty 
in getting rid of its angular momentum’. ` 

Malti-colour photometry has shown that 
all tne infra-red stars appear to be heavily 
redd=ned by interstellar dust clouds, and 
that the spectral types of the stars them- 
selves fall into two widely separated groups, 
intriasically hot early-type stars, such as 
Cygrus II No. 12, and cool late M stars*-*. 

Measurements of the obscuration by inter- 
stellar dust of young hot stars in stellar 
associations have shown that in some asso- 
ciations the obscuration is highest for the 
most luminous stars™!. Recent observations 
of the Cygnus IT association? have provided 
a striking example of a strong correlation 
between luminosity and obscuration for 
some 400 OB stars, leading to the conclusion 
that the individual stars are stall surrounded 
by parts of the clouds of dust and gas 
out of which they formed, and that these 
clouds have diameters of not more than a few tenths 
of a parsec each, vith masses about equal to the masses 
of the stars embecded in them. One of the brightest and 
most heavily dust-reddened of these stars is Cygnus II 
No. 12. 

No substantial HII radiation is observed from the 
Cygnus II associasion; it is not known whether this 1s 
because of high okscuration, very high cloud densities, a 
lack of hydrogen with the dust in the clouds, or extreme 
youth. It is significant that the association Is at a minimum 
in the thermal radip emission from the region”, indicating 
that the absence of visible Hg radiation is not the result 
of high obscuratiom by interstellar dust. 

The hot OB stars will heat up the clouds in which they 
are embedded, fron ~100° K to several thousand °K. 
Two questions arise: Will the dust be evaporated, and 
how far will the clouds expand ? 

The chemical composition of the dust is still uncertain ; 
present observaticns are best accounted for by the 
theory of graphite grains, which have an evaporation 
temperature ~2,4)0°K. The kinetic temperatures m 
HII regions vary widely? and may well be as low as this 
in parts under extrsme conditions. On the other hand, the 
presence of large q.antities of interstellar dust embedded 
in large, bright, wel-developed HII regions, such as in the 
clusters NGC 6611 and IC 5146, indicates that it is not 
easily evaporated and the evaporation temperature may 
be considerably higher than 2,400° K. In addition, there 
is the possibility tat dust is formed in the denser regions 
behind shock fronts as the HIT regions expand. 

. The extent of tae expansion may be limited by the 
elasticity of the sarrounding interstellar medium. Evi- 
dence of non-gravitational forces acting on the interstellar 
gas's.14 suggests the existence of substantial pressures, 
possibly produced 5y strong magnetic fields, in regions of 
very low gas density outside the clouds. Thus the heated 
clouds surrounding OB stars may be contained by the 
surrounding medium. i 

The lifetimes of these OB stars are very short, probably 
much shorter than current predictions now that the theory 
of evolution by mess loss has received support from the 
discovery of strong emission lines in ultra-violet spectra 
of early-type stars obtained from rocket flights". After 
not more than a milion, and perhaps only a few hundred 
thousand, years tte O stars will evolve into M super- 
giants. This evolution occurs relatively quickly. The 
sharp reduction in the temperatures of the stars in the 
expanded clouds will result in de-ionization and cooling 
of the gas. The gas pressure will fall and the clouds will 
be re-compressed sround the stars by the surrounding 
medium in a time probably comparable with that in which 
the original expansion occurred. Thus the M star will 
become surrounded_by an obscuring cloud and will suffer 
considerable intersfellar reddening. 
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It is therefore proposed that the infra-red M stars 
have evolved from O stars surrounded by the remnants 
of the interstellar clouds out of which they formed. If 
this is so, two predictions can be made: the spatial and 
velocity distributions of the infra-red M stars should be 
similar to that of the O stars, and they should be highly 
luminous supergiants. 

If these objects occur in expanding associations, their 
distances from the centres of the associations should be 
rather larger than those of the O stars on account of their 
slightly greater ages; on the other hand, if they are con- 
tracting stars they will be younger than the O stars and 
should be nearer the centres; this may be used as a cri- 
terion for deciding between the alternative theories of 
contracting stars and evolved stars. 
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PLANETARY SCIENCE 


Implications of the Revised Mars Radius 


Kliore, Cain and Levyt, in an analysis of the trajectory 
of the Mariner IV vehicle across Mars in July 1965, have 
presented revised values for the radius of Mars. For the 
radii measured from the centre of mass, they give 3,384 + 
3 km at the entrance occultation (50-5° S. lat.) and 
3,379 + 4 km at the exit (60° N. lat.). These figures 
formally yield 3,392 km for the mean radius R, but give a 
rather greater value for the ellipticity of figure s than the 
usual value (near 1/192) inferred from dynamical observa- 
tions. If the usual value of s is used the yielded value of 
R is nearer 3,388 km. If one accepts the authors’ estimates 
of the observational uncertainties, it would therefore 
appear safe to assume that the observations yield 3,390 + 
6 km. 

This result is a substantial increase from earlier esti- 
mates over the past 10-15 years, and has interesting 
implications on the internal structure of Mars. In 1949, 
I formally arrived’, on certain assumptions, at an estimate 
of 3,391 km for R. Later, the observational evidence 
appeared to favour a value of order 3,330 km (see, for 
example, ref. 3), and this was used as a principal argument 
by many authors for rejecting one or more of the assump- 
tions made in 1949. The return to 3,390 km, in removing 
this objection, means that the assumptions can now be 
rejected only on other grounds. 

The assumptions are, essentially, that (a) Mars has the 
same overall composition as the Earth model B (ref. 4); 
(b) the changes at the Earth’s mantle-core boundary are 
associated with change of phase rather than with change 
of chemical composition, in line with the postulate of 
Ramsey® and myself’. 
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As regards (a), the crucial property of model B in this 
context is the comparatively high density reached fairly 
high up in the mantle, as compared with most Earth 
models. Some difficulties have arisen in sustaining this 
high density, but the question is by no means closed. 
Recent work by Lyttleton’ takes, in effect, a slight 
variant of (a) (see ref. 8). 

I am under no misapprehension as to the difficulties 
associated with (b), which involves a phase change at a 
pressure of 1-3 million atmospheres, accompanied by a 
density jump in a ratio of the order of 1-7. But again the 
matter is not closed, and several writers, including 
Lyttleton’, continue to follow the phase-change postulate. 
Altshuler and Kormer”® point out that an argument from 
shock waves (see ref. 11) that has been used to refute the 
postulate is not conclusive. 

_An essential point in the revised Mars radius is that it 
does shift the probabilities somewhat on the matters 
mentioned, and carries with it the need for a measure of 
re-assessment of previous theories and models. 

The revision, if sustained, is also valuable in enabling 
theories on the internal constitution of Mars to be somewhat 
narrowed. For example, it removes the necessity for 
considering Mars models of the type constructed by me 
in 1957, and it rules out the type of structure examined 
by Kovach and Anderson?*. These authors had shown the 
feasibility of an overall common composition for Mars and 
the Earth without the need for resorting to the phase- 
change postulate, but subject to the proviso that R does 
not much exceed 3,310 km. The new Mars radius would 
also entail some revision of calculations by Urey**. | 

It may be added that the Mariner IV observations 
also yield a slightly reduced value for the mass M of 
Mars. The revisions of R and M thus both act in the direc- 
tion of reducing the estimated mean density of Mars and 
are of interest in relation to curves for planetary models 
connecting masses and mean densities (see, for example, 
ref. 14). 

I thank Dr. E. A. Gaugler of the National Aeronautics 
and Space Administration, Washington, and Mr. D. L. 
Cain of the Jet Propulsion Laboratory, Pasadena, for 
kindly amplifying the Mariner IV results to me in personal 
communications. 


K. E. BULLEN ` 


Department of Applied Mathematics, 
University of Sydney, 
Sydney, New South Wales. 


1 Kliore, A., Cain, D. and Levy, G 
Space Sci. Symp., GOSPAR (1966). 

* Bullen, K. E., Mon. Not. Roy. Astro. Soc., 109, 688 (1949). 

3 Bullen, K. E., Mon. Not. Roy. Astro. Soc. (Geophys. Suppl.), 7, 272 (1957). 

t Bullen, K. E., Introduction to the Theory of Seismology, third ed., 238 
(Cambridge Univ. Press, 1963). 

* Ramsey, W. H., Mon. Not. Roy. Astro. Soe., 108, 406 (1948). 

* Bullen, K. E, Mon. Not. Roy. Astro. Sec., 109, 457 (1949). 

? Lyttleton, R. å., Mon. Not. Roy. Astro. Soc., 129, 21 (1965). 

* Bullen, K. E., Mon. Not. Roy. Astro. Soc. (in the press). 

8 Lyttleton, R. A., Proc. Roy. Soc., A, 287, 471 (1965). 

19 Ay’tshuler, L. V , and Kormer, S. B., Bull. Acad. Sci. U.S S.R., Geophys. 
Ser., 1, 18 (1961). 

11 Birch, F., in Solids under Pressure, 144 (New York: McGraw-Hill, 1963). 

12 Kovach, R. L., and Anderson, D. L., J. Geophys. Res., 70, 2783 (1965). 


13 Urey, H. C., The Planets, theii Origun and Develooment te ie Univ. Press, 
1952); see also ne Phys. and Chem. of the Earth, 2, 55 (London: 
Pergamon Press, 1 : 


44 Bullen, K. E., and Low, A. H., Mon. Not. Roy. Astro. Soc., 112, 637 (1952). 


. 5., paper read at Seventh Intern. 


Atmospheric Pressure Wave from an 
Explosion 


PRESSURE waves were obtained from one of two explosions 
set off at White Sands Missile Range (338° 27’ N., 106° 34’ 
W.; elevation 4,900 ft. above mean sea-level), New 
Mexico. The first explosion occurred at 1100 p.m. M.S.T., 
October 28, 1965, and the second at 1100 a.m. M.s.7., 
November 2, 1965. These explosions were identical shots 
of 10 tons of TNT. Pressure waves from the first explosion 
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were recorded at the Socorro Campus of the New Mexico 
Institute of Mining and Technology (34° 4’ N., 106° 54’ W.; 
elevation 4,617 ft. above mean sea-level) and at the 
Institute’s Irving Langmuir Mountain Laboratory (33° 59’ 
N., 107° 11’ W.; elevation 10,630 ft. above mean sea- 
level). No pressure waves were recorded from the second 
event. 

At Socorro, the pressure disturbance was recorded with 
two hot-wire pressure transducers and also with three 
seismographs. The seismographs were not compensated 
for pressure changes and thus were not of much interest 
to this report. At the Mountain Laboratory, the pressure 
wave was recorded with a third hot-wire pressure trans- 
ducer. The hot-wire pressure transducer consisted of two 
grids in a metal tube connected to a reference volume. The 
two grids were connected to a bridge circuit which detected 
differential variations in their resistances. The grids were 
cooled differentially by the air passing through the trans- 
ducer into or out of the reference volume. The resistance 
of the two grids varied as their temperature, and the 
differential output of the bridge was recorded. 

Meteorological soundings obtained from White Sands 
for the approximate times of the two explosions showed 
significant differences. The sounding for October 28 
showed a ground-level temperature inversion with a 
height of 300 ft. At this time the ground temperature was 
10° C and the temperature at the top of the inversion was 
21° C. The sounding for November 2 gave no indication of 
such an inversion. No surface wind was reported on 
October 28. A north-east surface wind of 4-1 knots was 
reported on November 2. 

Fig. 1 shows the pressure wave as recorded at Socorro 
and at the Langmuir Laboratory. The wind speed at both 
locations was very small. Both records continue for 
about 40 sec with small fluctuations. The Mountain 
Laboratory record shows a marked change in character 
after the third overpressure peak when compared with 
the Socorro record. The maximum overpressure at 
Socorro 1s 82 pbars and at the Langmuir Laboratory 
11 pbars. The distance from the explosion site to Socorro 
and Mountain Laboratory is 47-5 and 50-5 miles, respec- 
tively. The difference in observed amplitudes at the two 
stations can be explained by considering the propagation 
inside and outside the temperature inversion layer. Within 
the layer the energy decays as the inverse of the distance. 
Outside the layer the energy falls off as the inverse square 
of the distance. Coupled with these considerations, if 
Snell’s law is taken, into consideration the calculated ratio 
of amplitudes turns out to be about twice the observed 
value. This is understandable, as the effects of wind and 
the leakage of energy at the boundary layer are neglected. 
It is anticipated that, if these two factors are properly 
considered, the calculated value should equal the observed 
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one. The unfavourable wind at the explosion ste and 
the absence of a temperature inversion were probably 
responsible for the failure to record the wave on 
November 2. 

Fig. 2 shows tae observed dispersion for the two 
records of Fig. 1, by the method of Ewing and Press!. 
The slopes of the linear portions are 14:4 ft./sec? and 13-0 
ft./sec? for Socorro and Mountain respectively. The 
variation in group velocity for these pressure waves is 
from 1,134 ft./sec to 1,106 ft./sec. The signal velocity or 
group velocity of the first overpressure peak can be 
interpreted becaus® of an average temperature over the 
travel path. For Secorro the signal velocity is 1,142 ft./sec 
which corresponds to a temperature of 27°C. For Moun- 
tain the signal velecity is 1,130 ft./sec which corresponds 
to 20° C. 
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Fig. 3 shows the results of a power spectral analysis of 
the records shown in Fig. 1. Forty seconds of each record 
were digitized and the spectral density was computed on 
an [BM-1620 computer. The computational procedure 
has been described by Blackman and Tukey?. The Nyguist 
frequency is taken to be 10-4 c/s for the Socorro record 
and 12-5 ejs for the Mountain record. For Socorro, the 
maximum energy is found at 1-35 c/s with smaller maxima 
at 3°74 and 5-20 ejs. For the Mountain Laboratory, the 
maximum energy is at 1-13 c/s with a smaller maximum 
at 4-25 cjs. 
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Noctilucent Clouds observed in Antarctica 


Foere! recently directed attention to the paucity of 
observations of noctilucent clouds ın the southern hemi- 
sphere; in fact he was able to cite only three observations 
of doubtful reliability and concluded that “the question 
of whether noctilucent clouds de occur in the southern 
hemisphere is still an open one’. However, he himself 
has snee answered this question with observations and 
photographs of a display over Punta Arenas®. 
We kept a watch at the Australian National Antarctic 
Research Expedition’s station, Mawson (67°6° S., 62-9° 
E.), on every evening and morning in the periods October 
19—November 6, 1964, and February 4~February 23, 1965, 
while the solar depression angle was greater than 6°. 
Noctilucent clouds were observed on three oceasions. 
On October 30, 1984, from 1900 u.r. to 1930 v.r. the 
display consisted of two moderately bright bands to the 
south-west. On February 8, 1965, the display lasted 
from the commencement of observations at 1830 V.T. 
until 2030 v.r. It consisted initially of bands of moderate 
brightness developing into bright bands and waves, 
then waning over a period of an hour as bands and veil. 
The display extended from azimuth 152° to 193° east of 
north between elevations 7:-4° and 25-2°; colour photo- 
graphs were obtained. On February 12, 1965, between, 
2030 v.t. and 2115 V.T., veil and moderately bright bands 
were observed and photographed to the south-east. 
Towards the end of the display of February 8, extremely 
thin, bright filaments, not visible to the naked eye, were 
observed through a theodolite telescope of x 6 magni- 
fication. This structure is probably similar to that 
reported by Paton}. 
R. J. FRANCIS 
J. M. BENNETT 
D. L. SEEDSMAN 
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Ancient Continental Configurations 


Dr. K. M. CREER’S attempt! to superimpose the palaeo- 
magnetically derived polar wandering paths of the various 
continents is a promising new method which may even- 
tually help to solve the problem of the former continental 
configurations. At present, however, many of the palaeo- 
magnetic results are still too doubtful, as Van Hilten? 
pointed out, to eliminate the guess-work in the construc- 
tion of the paths of polar wanderings. Van Hilten’s accep- 
tance of Creer’s paths of polar wanderings for Africa and 
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South America makes it desirable to point out some of 
the uncertainties and discrepancies contained in Creer’s 
data: 

(1) The Silurian pole. Neither the Silurian age of the 
Urucum beds nor that of the Table Mountain Series has 
been proved by fossils. The Silurian pole, as derived from 
the Urucum beds, seems to lie too far from the thick 
glacial deposits of the Silurian Zapla beds? to fit the 
geological evidence. 

(2) The Devoman pole. The reconstruction shows the 
Devonian pole situated on northern Africa. Such a position 
is contradicted by the extensive development of Devonian 
coral reefs in West Africa’. The only well-documented 
Palaeozoic glacial deposit in northern Africa is of Ordovi- 
cian age®. This discrepancy between the geological facts 
and the palaeomagnetic measurements casts doubt on 
the age of the magnetization of the South American 
Devonian red-beds as used by Creer. The fact that 
Devonian glacial deposits have been reported from 
Argentina? and from Brazil’, though the evidence is 
perhaps not completely conclusive, strengthens this 
suspicion. No evidence for a Devonian pole has as yet 
been derived from African rocks. 

(3) The Pennsylvanian pole. The pole position used for 
the reconstruction of the polar wandering path would 
harmonize with the geological observations, but the palaeo- 
magnetic data cannot be regarded as reliable accordmg 
to Irving’s list of palaeomagnetic pole positions’. 

The conclusion seems unavoidable that the polar 
wandering paths of Africa and South America have not 
yet been satisfactorily established. In Africa the almost 
complete Palaeozoic succession, which exists in northern 
Africa, should offer opportunities for the much-needed 
additional palaeomagnetic studies. 

H. MARTIN 
Geologisch-Palaeontologisches Institut 
der Georg-August- Universitat, 
Gottingen. 
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Nomenclature of the Keuper-Lias Facies 
of the Bristol Channel Region 


WHILE working on the Keuper, Rhaetic and Lower Lias 
strata of the Cowbridge district in the Vale of Glamorgan, 
which are typical of those of the Bristol Channel region, 
it was felt that the terms in present use for the two main 
facies developed in these strata were inadequate. Some 
of the terms previously used are misleading and may 
suggest palaeoecological or palaeogeographical relation- 
ships which may not exist. 

Buckland and Conybeare! considered the Dolomitic 
Conglomerate of the Keuper to represent screes accumul- 
ated on the sides of steep hills. This may be so for part 
of the Dolomitic Conglomerate, but it does not account 
for the majority of occurrences which are horizontally 
bedded. This interpretation does not agree with the 
evidence from the Rhaetic and the Lias. 

De la Beche® attributed a beach origin to the same 
conglomerate. Although ahead of his time, his conception 
is not supported by evidence from these rocks which 
indicates accumulation under continental, and possibly 
sub-aerial, conditions. 

The term ‘abnormal deposits’ was introduced by 
Moore? when referring to the coarse-grained facies. He 
used ‘normal deposits’ for the fine-grained facies. Both 
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terms have much to recommend them since neither quali- 
fies genesis or palaeogeography. However, they do 
suggest a relatıve state of ‘normality’ which is impossible 
to assess. 

Strahan and Cantrill’:® used the terms ‘littoral’ and 
‘normal’ deposits. The former conveys a palacoecological 
concept which is difficult to prove for the Rhaetic and Lias 
and which is definitely out of place for the continental 
Keuper. The latter fails on the same count as does Moore’s 
‘normal’. 

‘Near-shore’ and ‘off-shore’ facies have been introduced 
more recently®. These terms suggest a palaeogeographical 
relationship which cannot be proved at all times. So- 
called ‘near-shore’ facies may develop around an inlying 
mass of older strata projecting above the depositional 
interface but not necessarily projecting above the surface 
of the body of water in which deposition occurred. 

Because the inferences of the terms mentioned here 
cannot be verified, are ambiguous or are misleading, new 
terms must be introduced. Terms conveying purely 
geometrical relationships must be considered. These 
terms should best be defined in relation to the distribution 
of the facies on one depositional interface. Two possible 
terms are: peripheral and periphractic for the coarse- and 
fine-grained facies, respectively. These terms are cumber- 
some and almost homophones and therefore do not seem 
practical. ‘Proximal’ and ‘distal’ are more familiar and 
like perrpheral and periphractic do not have any palaeo- 
ecological or palaeogeographical connotations. 

‘Proximal’ facies have accumulated along the periphery 
of one depositional interface and are closely associated 
with masses of older rock projecting above the mterface 
immaterial as to whether these masses occur as submerged 
reefs or land. The sediments in this facies are on the whole 
coarse-grained, often containing much rudaceous material. 
‘Distal’ facies are those general to the parts of the same 
depositional interface at some distance from the margins 
of the interface. This facies is generally fine-grained. 

Regarding the two main facies of the Keuper io Lias 
strata of the Bristol Channel region, I should like to pro- 
pose that the term ‘proximal’ be used for the generally 
coarse-grained facies which has developed close to the 
masses of older rock projecting above the depositional 
interface, and ‘distal’ for the generally fine-grained facies 
which has developed at a distance from these masses. 

Part of this work was done while I was in the Depart- 
ment of Geology, University College, Cardiff, and while I 
was holding a D.S.I.R. research scholarship. 

E. C. WILLEY 
Department of Geology, 
University of Cambridge. 
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Origin of Pillow Structure in Lavas 


SINCE pillow structures were first observed, their origin has 
been controversial and diverse suggestions have been put 
forward (for excellent summaries see refs. 1 and 2). Despite 
a number of fairly recent papers favouring a sub-aerial 
origin, the consensus of opinion falls heavily on an aqueous 
environment for pillow formation. This conclusion is 
based mainly on field association, and also on the idea 
that the pillows are akin to emulsions, with the magma 
dispersed in the aqueous phase!3}*, Fuller®, and Snyder 
and Fraser*, briefly mention the role of surface tension. 
Fuller suggests that “As in all emulsions, the dispersal 
of the fluid with the higher surface tension may have been 
attained either by the agitation of the two phases or by 
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its entry as detacked units”. Snyder and Fraser, however, 
suggested that “Some force akin to surface tension is 
instrumental in the formation of the Unalaskan pillows’. 

I suggest that she two major factors in the formation 
of pillows are: (i) the surface tension of the molten magma; 
(i1) the density of the medium ın which the pillows develop. 

When lava erupts into any medium, it will tend to 
reduce its surface crea to a minimum, that 1s, form spheres. 
If the density of tae magma equalled that of the medium, 
a sphere would form and grow indefinitely, provided magma, 
continued to be supplied. As it grew, the force required 
to enlarge the sphere (P) would decrease, because P= 2y/r, 
where y=surface tension and r=radius of the sphere. 
However, where tke density contrast between medium and 
magma is great, gravitational forces would prevent growth 
of a sphere and cause the magma to spread out as a sheet. 
The surface tensicn of basaltic magma in air is probably 
in the region of €00 dynes/cm (ref. 5) and this force ıs 
insufficient to maitain a sphere in air. However, in water 
the situation is much more favourable because the density 
contrast between magma and medium is reduced from, say, 
1,500/1 in air to 1-5/1 in water. The contrast is still 
further reduced f the magma enters unconsolidated 
mud or tuff. The fact that many of the best developed 
pillows have form3d in muds and unconsolidated water- 
laden tuffs supports this conclusion’*, It is likely that 
most of these pillows are essentially intrusive in that they 
never reach the main sediment-water interface. 

Gravitational forces tend to put an upper limit on the 
size of stable sphezes, depending on the density contrast, 
and near this limit pillows tend to neck or bud. In some 
cases, the chilled skin developing on the pillow may retard 
or prevent further pillow growth, as was pointed out by 
Rittmann’. However, chilled skins may thicken quite 
slowly if convection in the surrounding poorly-conducting 
water is inhibited, as it might be in mud or tuff, and it is 
clear that many Pillows and thei skins remain at suff- 
ciently low viscosity to undergo considerable plastic 
deformation due tò accumulating overburden. Thus the 
effect of the chilled skin on growth may often be small. 

In conditions of fairly rapid cooling, a high rate of lava 
emission would presumably favour formation of large 
pillows. 

Several other factors are likely to affect the tendency 
of a magma to fo-m pillows. For example, a relatively 
high viscosity would make the surface tension effect 
neghgrble, and this, combined with the effect of the high 
viscosity on the explosiveness of the magmas, is probably 
why there are only a few examples known of rhyolitic 
or andesitic pillows. 

The size of the orifice through which the magma 
emerges must also be an important factor, and it seems 
reasonable that relatively small orifices (for example, 
cracks on the edg2=s and surface of a flow) will favour 
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A Proposed Correlation between Elastic 
Strain Rebound Increments and Isostatic 
Gravity Anomalies 
Erasto strain rebcund increments have been extensively 
considered by Benioff and others!-*. The results of their 
investigations indicate that strain rebound increments 
vary from region to region. Their characteristics are 
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found to be lnear and non-linear, tending to asymptotic 
and irregular. Such elastic strain rebound increments are 
simply a plot of the cumulative strain factor, J+, versus 
time, where J is the seismic wave energy and can be 
calculated from Gutenberg—Richter’s relation’ as used by 
Benioff: 

Log J = 9:0+1-844 


where M is the magnitude of the earthquake. 

The elastic stram rebound increments of the Andaman 
Nicobar’ and Bihar Nepal’ regions shown in Figs. 1 and 2 
are very similar. Both consist of two linear segments of 
the S = A-+bt, where S is the strain rebound increment 
and where A and B are constants and where t is the time 
in Julian days. The activities and phases of strain recovery 
are also similar. The isostatic gravity anomalies given by 
the Survey of India and by Woollard® show that negative 
gravity anomalies of the order of —40 to —60 mgal 
prevail in both regions. This correlation is at first surpris- 
ing, but an investigation of the elastic strain rebound 
increments has led me to enquire whether other similarities 
exist in these regions. The earthquakes used in plotting 
the elastic strain rebound increments are shallow focus 
shocks and thus the foci of all the earthquakes are located 
more or less in the crust. For this reason, I feel that some 
other similarities may exist in these regions. 

In this type of correlation the magnitude of the range 
should be about the same. Other regions which show 
similar elastic strain rebound increments ‘are Dhubri‘, 
Kashmir’ and North Japan‘, where they consist of a 
single segment of the form S’ = a+b logt, where S’ is 
the elastic strain rebound increment, a and 6 are constants, 
and ¢ is the time in Julian days. These three regions show 
identical earthquake activity, and the fact that the rate 
of strain release decreases with time indicates that creep 
occurs. Here the isostatic gravity anomalies are of the 
order of —60 to —80 mgal and thus fit the correlation. 
It would seem that a definite relation exists between the 
elastic strain rebound increments and the isostatic gravity 
anomalies. 
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Applying this correlation to the Sadiya® and Tonga 
Kermadec? regions, where only shallow shocks are used 
in the construction of elastic strain rebound increments, 
it is observed that the elastic strain rebounds are of a 
similar nature and that they are very irregular. If this 
correlation is valid, it can be said that the isostatic gravity 
anomalies prevailing in these two areas must be similar in 
size and sign. 

This investigation has for the main been confined to 
India, but such a correlation can also be established for 
other regions of the world. I thank Dr. V. K. Gaur for his 
help and Dr. Jai Krishna, director, School of Research 
and Training, for providing facilities for this work. 
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PHYSICS 


Modulation of Diffracted Neutrons with a 
Piezoelectric Crystal 
THE production of pulses of neutrons from a reactor 
beam by means of a rotating scatter is a well-known tech- 
nique’, We have investigated the possibility of using a 
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quartz piezoelectric crystal as a means of modulating a 
beam of neutrons. It was believed that in this way 
it might be possible to obtain a variable frequency 
pulsed or sine-modulated source of mono-energetic neu- 
trons. 

A diagrammatic representation of the apparatus is 
shown in Fig. 1. An X-eut 500 ke/s quartz crystal 2 in. x 
2in. x 0-25 in. was used. The crystal was mounted in an 
aluminium holder designed to be used with a diffracto- 
meter (Picker Model No. 3527). Care was taken to eliminate 
all hydrogenous material from the crystal holder. Alu- 
minium plates covered each face of the crystal and the 
crystal and plates were clamped in the holder with springs. 

The oscillator circuit was driven by a signal generator 
and amplifier. The voltage across the crystal was measured 
with an oscilloscope which indicated when the crystal was 
in parallel resonance. 

To restrict the divergence of the neutron beam, a Sollar 
collimator was used in the centre vertical port of the 
University of Florida Training Reactor. The angular 
divergence of the collimator was about 13-0 min. A 
second collimator was used between the crystal and the 
borontrifluoride detector (Reuter-Stokes model No. 
BSN-1805). 

The first results we obtained were rocking curves 
with the crystal set for a neutron energy of about 
0-03 eV; the data are plotted in Fig. 2. Here the rocking 
curve with the vibrating crystal is much more intense than 
that for the stationary crystal. The full width at half 
maximum for both cases is about 0-30 and the maximum 
counting rates differ by a factor of about two. This ratio 
was observed to vary directly as the power dissipated in 
the crystal. 

To investigate whether the effect is energy dependent, 
we next scanned the spectrum of neutrons from the reactor 
with the crystal and detector fixed to maintain the Bragg 
condition. The factor of two in intensity between the 
vibrating and static crystal was essentially constant for 
all neutron energies. 

Finally, we measured the time dependence of the detec- 
tor output with a fast time analyser. Typical results are 
shown in Fig. 3; it appears that the neutron beam is 
modulated at 500 ke/s. 

Possible explanations for this effect include: (1) Focusing 
effect of the quartz crystal when it is vibrating. (2) 
Change in the effective crystal plane spacing, d, which 
permits a larger ‘bandwidth’ of neutrons to impinge 
on the detector. (3) Polarization of the scattering nuclei, 
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which decreases she randomness of vibration and en- 
hances the diffracted neutron intensity. 

Whatever the explanation for the effect, it seems 
to offer a unique method for producing modulation of 
mono-energetic lcw-energy neutrons. 


T. F. PARKINSON 
M. W. MOYER 
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Photoelastic Behaviour of Sodium Nitrate 


EXPERIMENTAL iavestigations of the photoelastic be- 
haviour of sodium nitrate are of particular interest 
because the singls crystal of sodium nitrate is highly 
birefringent but very soft and brittle. It has a cleavage 
plane parallel to face r (ref. 1) which can be cleaved very 
easily. This sets g limit to the maximum stress that can 
be borne by the 2rystal. Unfortunately, this maximum 
stress is too sma.l to produce additional birefringence 
measurable with the usual optical devices. All soft 
crystals such as alums and alkah halides require a stress 
ranging from 0-5 ro 0-8 kg/mm? for photoelastic studies. 
A part of the load ‘about 0-2—0-3 kg/mm?) is used to make 
the crystal prism smk a little into the thin lead washers and 
its orientation is ten maintained steady at all subsequent 
loads. This 1s particularly necessary in the case of natur- 
ally birefringent crystals like barite and quartz, for the 
slightest tilt of the prism is sufficient to vitiate the result. 
The birefringence bf sodium nitrate is about twelve times 
that of quartz or barite and still greater attention has to 
be paid to the correct orientation of the crystal prisms. 
Several trials on >risms of sodium nitrate for different 
directions of stress showed that the maximum stress that 


could be carried was about 0-35 kg/mm*. The major 
portion of this stress was necessary for maintaining steady 
the orientation of the prism. Hence the small additional 
birefringence that might be produced as a result of the 
safest additional load was too small to be detected by the 
usual optical devices. It has been found that if any 
information could be sought at all on the photoelastic 
behaviour of this crystal, it was only by the ultrasonic 
method which I have developed’. 

Because of the existence of a very easily cleavable 
plane and considerable brittleness of the crystal, the 
cutting, grinding and optical polishing of the raw sodium 
nitrate crystal to give the necessary rectangular prisms 
for the ultrasonic experiments proved very difficult. 
Cutting with a jeweller’s saw had to be abandoned. 
Grinding carborundum powder and cast iron base proved 
ineffective. The final method adopted was as follows: 
the raw crystal (grown in these laboratories by the evap- 
oration of an aqueous solution) was rubbed on the 
moist surface of a soft and uniformly worn. piece of cotton 
cloth stretched on a plane glass block. The water content 
on the cloth slowly dissolved the unwanted material 
of the crystal and the crystal was thus reduced approxi- 
mately to the desired shape and size. The prism was then 
ground on the polished surface of a glass block using high- 
grade emery powder, with kerosene oil as lubricant. 
Immense patience and care were necessary during this 
stage, otherwise the crystal cleaved. The faces of the 
prism were then polished on a freshly prepared polishing 
tool of putty powder. The crystals keep remarkably 
well in dry weather. 

The results obtained in the ultrasonic experiments are 
as follows: Piaj Pu = 3°19; PalPu= 0-41; and D13a/P as 
== 1-02. It is interesting to note the high photoelastic aniso- 
tropy of sodium nitrate for ultrasonic excitation along the 
X-axis and the observations along Y and Z axes respec- 
tively*. i l 

I thank Dr. S. Bhagavantam under whose guidance the 
work was carried out in the Physical Laboratories, 
Osmania University. 
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Stress Relaxation of Bitumen and 
- Bituminous Mixtures 


THE rheological properties of bitumens and bituminous 


mixtures are well known. and standard procedures for , 


testing them have long been established. Relations be- 
tween fundamental rheological parameters and. quantities 
measured, in. routine tests have been reported by several 
authors. A study of creep and response to dynamic 
loading has been published by Van der Poel!. In a recent 
investigation on stress relaxation, Kubát? found that’the 
normalized inflexion slope of the relaxation curve 


l do 


x vies) ERETNA (where ¢ is the time, o is the stress, 


and. Ac is the stress reduction due to relaxation) was the. 


same for a wide variety of materials, including plastics, 
rubbers and metals——the last-mentioned also in the form of 
single crystals. The numerical value was 0-1+0-01. 
This relationship applied provided the samples were free 
from internal stress. 

I have found that the same expression applies for 
petroleum bitumen and bituminous mixtures, and gives a 
value close to 0-1. In these experiments the samples 
were compressed in an ‘Alwetron’ universal testing machine 
at 25° C. The temperature of the testing atmosphere 
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Table1. NORMALIZED INFLEXION SLOPE OF RELAXATION CURVES OF BITUMEN 
AND BITUMINOUS MIXTURES UNDER COMPRESSION : 
Rate of Maximum Inflexion 
Void fraction, compression pressure slope 
(per cent) (mm/min) (kg) 
44 1 200 0-12 
4-1 10 250 0-18 
40 100 250 012 
15-3 10. 90 0-16 
26 10 250 013 
48 1 190 0-12 
2-9 1 180 0°10 
2-6 1 175 0-15 
25. 1 175 0-14 
2°5 500 0-12 
25 10 500 0-14 
Bitumen sample in 
water bath 10 8 0°16 
29 10 10 0-16 
Bitumen sample tested 
, in mould 10 50 0-14 
10 40 0-16 


34 


was kept constant at +0-1° C and the stress relaxation, 
after compression had been discontinued, was recorded 
until a constant stress value was obtained. For bituminous 
mixtures, this required several days. The samples of 
bituminous mixtures, with a bitumen content of 6-7 per 
cent, were compacted in moulds far a Mershall stability test. 
Samples of pure bitumen were cast in the same moulds 
end during the test they were either kept in these or re- 
moved and submerged in a water thermostat. The upper 
pressure plate in the tester had a dismeter of 60 mm 
and the lower one 76 mm. In neither case, therefore, was 
the test one of pure compression. All samples contained 
a 250 pen. straight-run petroleum bitumen, and the aggre- 
gate was crushed moraine (lergest size 4mm). The follow- 
ing parameters were varied: void fraction, rate of compres- 
sion end compressive force at the start of relaxation 
(Table 1). The normalized inflexion slope varied between ` 
0-1 and 0-16, and apparently was independent of the 
experimental parameters. It can be concluded that for 
bitumen and bituminous mixtures, after compressive 
stress, the inflexion slope of the relaxation curve is similar 
to that for the substances examined by Kubát even 
though they are fundamentally of a different nature. 
The comparatively large values for the pure bitumens 
may be due to the fact that they were compressed con- 
siderably more than the bituminous mixtures before 
relaxetion. 


OLLE ANDERSSON 


The National Road Research Institute, 


Drottning Kristines vag 25, 
Stockholm, Sweden. 


t Van der Poel, C., J. App. Chem., 4, 221 (1954). - 
3 Kubát, J., Nature, 205, 378 (1965). 


MINERALOGY 


Pyrrhotite: a Common Inclusion in South 
African Diamonds 


LARGE batches of industrial diamonds from several South 
African localities were carefully examined and any that 
showed large dark regions were weighed and then crushed 
by a sharp blow in a stainless steel mortar. The crushed 
fragments were then examined under a binocular microscope 
( x 15). Any particle which did not appear to be diamond was 
transferred to a drop of ethyl acetate on a glass microscope 
slide. After the drop had evaporated, a rubber ball 
mount of the grain was prepared’, and the mount cemented 
to the end of a small plastic brush fibre ready for mounting 
in a 57-54 mm diameter Debye-Scherrer powder camera. 
Each specimen was X-rayed for 3 h using cobalt radiation 
(A=1-7902 A) with an iron filter. If the resulting pattern 
was weak, the exposure was repeated for 9 h. 

The X-ray powder photographs showed, except for one 
specimen of pentlandite (DP-3, @=10-108+0-01 Å), 
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Table 1. LATTICE PARAMETERS OF PYRRHOTITES RECOVERED FROM CRUSHES SOUTH AFRICAN DIAMONDS 
Original diamond Cell-parameters of pyrrhotite cA) 
ther i 
Specimen No.* Mass (g) Shape c Calculated diss ok eapon v “ai 
DP-4 001814 Rounded dodecahedral 3-434 + 0-01 5'683 + 0-1 2. landi 
SH-2 0:03540 Rounded tetrahexahedral 3-430 5-671 2 OBI Pentlandite 
SH-4 002175 Rounded tetrahexahedral 3:436 5:675 Pentiandite + pyrite 
SH-6 002711 Rounded dodecahedral 3:435 5:667 2:052 Pentlandite 
SH-8 001835 Octahedral 3:437 5-684 055 Pentlandite 
CA-? = =e 3-434 5684 2-055 - 
J-4 001722 Irregular fragment 3-439 5-870 2-090 Pentlandite 
J-20 0-02189 Cleavage flat S444 5:877 2:093 Cohenite 
J-5 0-01043 Irregular fragment 3-435 5:8690 2-056 Pentlandite 
J-29 0-01712 irregular fragment 3435 5-675 2-053 Pentlandite 
P-43 001591 Octahedral 3-429 5674 2-051 = 
P-44 02025 Rounded tetrahexahedral 3-446 5758 2-072 Pentlandite 
P-46 001552 Rounded dodecahedral 3-443 5-733 2-066 Pentlandite + pyrite 


* DP, De Beer's Pool (mixed Wesselton, Bultfontein, and Dutoitspan); SH, Stadium Heap (mixed Kimberley, De Beer's and De Beer's Pool); CA, 


Congo alluvial: J, Jagersfontein Mine; P, Premier Mine. 


that all the brassy coloured particles picked out from 
among the diamond fragments were pyrrhotite. The 
d-spacings were then measured using diamond (a= 3-567 A) 
as an internal standard. The lattice constants were 
calculated by Cohen’s method of least squares by assuming 
an NiAs type of cell. The final results are given in Table 1 
together with the calculated dio which can be used to 
infer the composition?. Eleven of these specimens are 
iron deficient and can be classed as ordinary pyrrhotite ; 
the remaining two (J-4, J-20) are nearly stoichimetric 
and can be considered to be troilite. 

From a total of eighty-nine South African diamonds 
specially selected for detailed examination, twenty were 
definitely coloured, and of these, only five had inclusions 
that could be X-rayed, whereas of the uncoloured, 
forty-six had inclusions that could be X-rayed. Eleven 
of the twelve pyrrhotites and the single specimen of 
pentlandite were recovered from uncoloured diamonds. 
Pyrrhotite was thus found in 13 per cent of all diamonds 
examined and in 24 per cent of the diamonds containing 
inclusions that could be X-rayed. Furthermore, pyrrhotite 
was found in diamonds from all localities that were checked. 
This included specimens from the Congo, one of which 
is included in Table 1 for comparison. 

The X-ray patterns of the pyrrhotite showed that the 
specimens were commonly intergrown with other phases. 
The most common was pentlandite (a= 10-05+0-02 A), 
which occurred in ten of the thirteen pyrrhotite specimens 
listed. In specimens SH-2 and P-46, additional lines were 
found which are best attributed to pyrite (a= 5:403 + 
0-02 A and a=5-381+0-02 A, respectively). The assem- 
blages of pyrrhotite+pentlandite, and pyrrhotite + 
pentlandite + pyrite are probably the result of exsolution 
from a former high-temperature phase included at the time 
of diamond formation. Specimen J-20 was very unusual 
because it consisted of an intergrowth of cohenite with 
troilite. The cell dimensions determined on the cohenito 
were: a=4:516+ 0-01 A, 6=5-072+0-01A and c= 
6-742 + 0-01 A. 

In the past, iron pyrite has been reported as an inclusion 
in diamond?-*. Although pyrite is reported here, no 
specimens were found in which pyrite occurred as an 
original inclusion. The question is greatly confused by tho 
occasional occurrence of irregular broken diamonds with 
masses of pyrite attached. I have recently examined a 
2-carat stone of this kind from the Premier Mine, and am 
of the opinion that the pyrite is a secondary growth on 
the diamond which was probably formed at the same time 
as the other well-formed pyrite crystals frequently occur- 
ring in the blue ground of the Premier Mine. I therefore 
believe that, at present, there are no verifiable reports 
of pyrite as an original inclusion in diamond. 

The results suggested by this study are: (1) that 
pyrrhotite is a common inclusion in diamond; (2) that 
it is more than coincidence that pyrrhotite (troilite) should 
be found so closely associated first with diamonds in 
meteorites? and now with diamonds from kimberlite 


pipes. 
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METALLURGY 


Stress-corrosion Cracking of Aluminium 


ALUMINIUM forging alloys used in aerospace technology 
have, on oceasien, suffered catastrophic failure as a 
result of stress-carrosion cracking. Study of this problem 
by thin-film transmission electron microscopy has disclosed 
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Fig. 1. 


rig. Alloy 7075 T6 highly susceptible to stress-corrosion cracking 


dislocation lines—many are associated with MgZn, precipitates 
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yi gee if 7075-773 immune to stress-corrosion cracking. Note 
; of dislocations. Coarse and fine precipitation is Ns 


a fundamental relationship between those aluminium 
structures within the same alloy (achieved by heat 
e that are highly sensitive to stress-corrosion 
acking and those that are immune. 
Specifically, the Al-Zn-Mg-Cu 7075 alloy (a typical 
composition is, in per cent, 5:5 zinc, 22 magnesium, 
1-2 copper, 0-18 chromium, balance aluminium) is sus- 
eptible to stress-corrosion failure in the —T6 temper 
ighest strength condition), but is completely immune 
to cracking in the —7'73 temper (low strength condition). 
The — T6 structure contains dislocation networks (Fig. 1) 
which are absent in the — 7'73 structure (Fig. 2). 
Because pitting proceeds identically in the —76 and 
— T73 tempers, namely, by the dissolution of large MgZn, 
precipitate particles in the grain boundaries, it is concluded 
that the critical role of dislocations is to assist in the 
nucleation of cracks of appropriate geometry for pro- 








So al findings possibly apply to any precipitation 
hardenable alloys that develop dislocations during the 
quenching operation. Similar situations have been found 
to exist in the 2014 and 2024 alloys. 

These findings will be of practical use in the identi- 
fication of structures susceptible to stress-corrosion, and 
may also be useful in the development of heat treatments 
that will give alloys of high strength and no tendency 
toward cracking by stress-corrosion. 

A. J. JACOBS 


Materials Section, Research Department, 
Rocketdyne, 

North American Aviation, Ine., 

Canoga Park, California. 





CHEMISTRY 


Infra-red Luminescence (Fluorescence) and 
Reflectance of Coals, Coal Derivatives and 
: Graphite 
We have investigated the infra-red luminescence (fluor- 
scence) of coal and coal derivatives. Little, if any, visible 
luminescence is shown by coal except (1) in the presence 
of fluorescing minerals, and (2) in solutions of coal 
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amounts of polynuclear aromatic compounds as well as 
large amounts of free radicals should exhibit appreciable 
visible luminescence. The lack of luminescence in solid 
coals or solid derivatives, such as coal-hydrogenation 
asphaltenes and pyridine extracts, can be explained on 
the basis of quenching due to various factors. But in 
the dissolution of asphaltene or coal extract, an intense 
light blue luminescence develops. A corresponding in- 
crease in specific absorption with dilution of coal-hydro- 
genation-asphaltene solutions was previously found and 
was correlated with an increase in free radicals, presum- 
ably formed by dissociation’. The free radicals existing 
in solid coal may be of such a large size that luminescence 
missing from the visible could possibly exist beyond the 
visible range. With the development of a new method 
for determining infra-red luminescence’, it has become 
possible to check coal and coal derivatives for lumin- 
escence in this region. Infra-red luminescence has now 
been observed. 

Experimental procedures used are described in detail 
in ref. 2; excitation in the blue-green region was used, 
and luminescence in the near infra-red region was detected 
photographically. Two other infra-red luminescence 
investigations have been reported*. Fig. la shows the 
infra-red reflectances of the eight samples examined 
together with a reference ge of greenockite (native 
cadmium sulphide); Fig. lb gives the infra-red lumin- 
escences. The results obtained are shown in Table 1. 
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Table 1 
Infra-red 
lumines- Infra-red 
No. Sample cence reflectance 
t Anthracite, Glen Burn, Pa. None Strong 
2 haltene from 400° C hydrogenation, Med. strong Med. strong 
coa 
(3) Coal (hvad), Pittsburgh, Pa Weak Med. strong 
4 ), Pittsburgh, Pa Very weak Strong 
5) Lignite, Velva, North Dakota None Strong 
(6 extract from Pittsburgh coal Weak Weak 
(7) Graphite, spectral grade one Med. strong 
(8) Solution of asphaltene in benzene Med. strong Very 
Greenockite (control) Strong Very strong 


Luminescence is observed in the infra-red in decreasing 
order: Coal-hydrogenation asphaltene dissolved in ben- 
zene > solid asphaltene > Pittsburgh coal = extract from 
Pittsburgh coal > Pittsburgh vitrain. 

Part of the top surface of the asphaltene sample was 
scraped in order to produce a fresh unoxidized surface. 
The luminescence of this fresh surface is appreciably 
greater than that of the rest of the sample. Pittsburgh coal 
shows stronger luminescence than the vitrain. This can 
probably be explained by the fact that the coal contains 


other petrographic constituents which may luminesce to a 


greater extent than vitrain. The stronger luminescence of 
the coal cannot be attributed to mineral matter, for 
anthracite, which contains much larger amounts of 
similar minerals, would show an even greater lumin- 
escence. But anthracite shows no luminescence at all. 
Also no luminescence is exhibited by lignite; infra-red 
luminescence was found only for the medium rank coal. 
Graphite also showed no luminescence. In both anthracite 
and graphite, luminescence may occur at even longer 
wave-lengths than can be attained at present. 

It is doubtful whether the infra-red luminescence 
observed in coal and coal products can be attributed to 
polynuclear aromatics; aromatics even as large as 


ovalene, with ten condensed rings, exhibit luminescence _ 


in the visible region of the spectrum and it is probable 
that they do not exhibit luminescence in the infra-red 
region. It would seem that infra-red luminescence of coal 
can be attributed to free radicals, which generally exhibit 
luminescence at longer wave-lengths than non-radicals of 
similar structure and molecular weight. It is also possible 
that charge-transfer complexes may be involved. 
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a, Infra-red reflectance of various coals and coal derivatives. 


Fig. 1. 
(Numbers asin Table 1. Reference piece of greenockite in the centre.) 
6, Infra-red luminescence of the same as a 


Comparisons of infra-red reflectances and of reflectance 
versus luminescence are of interest. Infra-red reflectance 
is intense for Pittsburgh vitrain, anthracite, and lignite. 
Pittsburgh coal, solid asphaltene and powdered graphite 
have appreciable reflectances. Asphaltene in solution and 
pyridine extract have low reflectances. The infra-red 
reflectances of anthracite, lignite and graphite given in 
Fig. la are reflectances only; they do not involve emission 
of luminescence as the luminescence observations were 
negative (Fig. 1b). In general, the highest infra-red reflec- 
tances are observed for the weakest luminescing samples; 
and the strongest infra-red luminescence is found for the 
weakest reflectors. 

Petrographic constituents of coals with fresh and 
oxidized surfaces will also be investigated. Other work 
will cover solutions of pyridine extract at various concen- 
trations, residues from pyridine extractions, known free 
radicals, charge-transfer complexes, and polynuclear 
condensed aromatic compounds. 

R. A. FRIEDEL 
U.S. Department of the Interior, 
Bureau of Mines, 
Pittsburgh Coal Research Center, 
Pittsburgh, Pennsylvania. 
H. Lou GIBSON 
Medical Division, 
Eastman Kodak Company, 
Rochester, New York. 
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Diffusion of Triplet Excitons produced by 
lonizing Radiation in Aromatic Materials 


THis report demonstrates that the analysis of experi- 
mental redioluminescence decay curves provides estimates 
of the diffusion ecefficient of triplet excitons produced by 
ionizing particles in aromatic materials; the values 
obtained are in accordance with the hopping model 
calculation. 

The diffusion cf triplet excitons in molecular crystals 
has been the subject of several recent publications'-*. A 
treatment of triplet energy trensfer has been developed 
by Jortner et al! and is based on a hopping model; 
according to these authors, their calculated diffusion 
coefficient (Dr ~ 5x 10-* cm? sec-') in anthracene is in 
good agreement with measured triplet—triplet annihilation 
rate constant?* and exciton diffusion lengths‘. More 
recently, Singh et al.* and Kepler and Switendick*® reported 
that the diffusion coefficient of Jortner et al. in anthracene 
seemed to be between two and four orders of magnitude 
too small and that a band model would be more appro- 
priate to describe triplet exciton transfer in this crystal. 

In a study of the time dependence of scintillation 
intensity in aromatic materials’, a theoretical model has 
been developed so describe the origin of the delayed 
scintillation component? and excellent agreement with 
experimental results has been obtained. The delayed 
component was actributed to emission from singlet states 
(‘delayed’ singlets) formed during the encounter of two 
triplets in the particle track. 

During the retardation of a charged particle in the 
organic medium, slow secondary electrons are produced, 
which in turn induce molecular ionized and high excited 
singlet states, located in small, approximately spherical 
volumes, referred to as ‘spurs’ and ‘blobs’ in a recent 
work*®. Within these highly activated areas, a great 
triplet density results from the major processes of ion 
recombination and direct excitation by slow electrons; 
the local concentration of singlet states is reduced by fast 
quenching effects which concern mainly the primary upper 
singlet levels (ionizetion quenching’)?; intersystem 
crossing from the lowest singlet states is not expected to 
influence to any great extent the triplet state population. 
In the ease of heavy particles with high specific energy 
loss (for example. 5-MeV «-particles) the distance of suc- 
cessive spurs is so small that the activated species are 
distributed along the particle path within a cylindrical 
track; the initia. triplet distribution funetion can then 
be considered in cylindrical symmetry es: 


ertr:0) = MO) exp (rjr) a) 


¥ 





Here e7(r,0) denotes the triplet density at time t = 0 and 
at a distance r from the particle path and mr(0) the total 
number of triplet excited states produced per unit path- 
length; the length r, characterizes the lateral distribu- 
tion, of triplet states and should be comparable with the 
dimensions of the elementary blobs. With these con- 
ditions, the following kinetic-diffusion equations for 
excited triplet and delayed singlet states were resolved: 


i l j r 
Dr]? er(rt) — — er(rt) — Zu ep(r,t) (2) 
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where e’,(r.t) is the density of delayed singlets, D+ the 
singlet state diffusion coefficient, t, and ty the fluor- 
escence and phosphorescence decay times respectively, 
Xa the bimoleculer annihiletion rate constant, and kr: the 
rate constant for singlet state production resulting from 
the bimoleculer reaction between triplet states. 










. times. when: t> Boy : . 
n of time Was found to. be given: by: s 


It) = M{1l+Aln (1 + é/ta)}? (1 


ere M and A are constants and ty = r,2/4Dr. 

xperimentally, using a single photo-electron tech- 
nique, we have measured the luminescence decay 
pulse shapes for liquid scintillators excited by ionizing 
j on. In Fig. 1, two typical decay curves are shown, 
ed with deoxygenated toluene solutions irradiated 
&:3-MeV «-particles. Taking A = 1-0 and ta = 5 nsec, 
itis een that the shape of the delayed component is well 
deseribed by relation (4). This equation also accounts 
accurately for the slow-scintillation decay in crystals and, 
by comparison with experimental curves published by 
Bollinger and Thomasi? and Wasson!?, we obtained 
fa = 40 nsec for a crystal of anthracene and ta = 80 nsec 
in the ease of t-stilbene. 
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Gapian graph of the theoretical and experimental lumines- 
egay- enrves for liquid seintilators (2-phenyl 5-bi-phenyloxa- 
PRD) and terphens} (TP) in toluene) excited by 53 MeV a- 
8. Experimental points: @, PBD (10 g/L) in toluene: x, TP 
yin toluene, —-—--.- . Theoretical curve (4 =1-0, fg=5 nsec.) 


ysis of the values of tg measured with liquid 
n conjunction with those obtained for crystalline 
wene and stilbene, provides estimates of the length 
of the triplet state diffusion coefficients in the 
8. In liquids, Dr is close to the material diffusion 
nt; so that, for the two scintillator solutions 
in Fig. 1 having toluene as a solvent, Dr = 
JOS cm? sec; with tg=5 nsec, we then obtain 
ty = (4Drta)!? = 7 x 10-7 em. This value is in agree- 
ment with ry = 5 x 10-7 em previously used for an 
aromatic erystal”. Also it is comparable with the pre- 
 dieted dimensions of the blobs generated by slow second ary 
electrons’, the ranges of which are not expected to differ 
stably in the aromatic liquids and erysta's. Assuming. 
erefore, a similar value for r, to be velid for the crystal- 
scintillators and using the measured values of ta, 
btain Dr = 3-0 x 10-* em? sec- for anthracene and 
5 x 10-§ cem? sec! for t-stilbene. 
se triplet state diffusion coefficients are in good 
t with those calculated using the hopping model. 
uld be noted. however, that analysis of the delayed 
- seintillation component decay—which is essentially eon- 
trolled by triplet diffusion out of the particle track, where 
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Ty perti a radiation 
which are slightly different 


from ie ‘aotual’ value corresponding. to diffusion in the 


perfect lattice. The possible extent of this difference, the 
validity of the assumptions regarding r, in crystals 
together with the exactitude with which the theoretical 
equations fit the available experimental data, all require 
consideration for an assessment of the accuraey of the 
derived values in this work. These values are expected 
to be valid to within an order of magnitude, but further 
experimental work should allow a more precise com- 
parison. 

R. Vourz 
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Retardation of the Crystallization of Calcium 
Sulphate Dihydrate 


CONCENTRATED aqueous suspensions of calcium sulphate 
hemihydrate generally convert into a solid mass within 
20-40 min owing to the crystallization of dihydrate 
(CaSO,0-5H,O + 1-5H,O0--CaSO,2H,O). It is common 
practice to increase this time to about 4-6 h by addition 
of water-soluble substances in amounts of 0-1-1 per cent. 
These ‘retarders’ are usually hydrolysates of protein, 
although a variety of widely different materials such 
as phosphates, borates, citrates and tartrates are also 
effective!, 

Investigations of materials that retard the crystalli- 
zation of dihydrate reported so far have been carried 
out without consideration of the structure and the func- 
tional groups of the retarder molecules?3. Thus, an 
investigation was undertaken of the mechanism of retard- 
ation and special emphasis placed on the types of functional 
groups of aliphatic «-amino-acids present in protein 
hydrolysates. Using equal molar concentrations, it was 
found that the retarding potency is considerably higher 
in hydrolysates containing a large percentage of aspartic 
acid, glutamic acid or cysteine, which have carboxy! 
or thio groups at the end of the aliphatic side chain in 
addition to carboxyl groups in the a«-position. The 
presence of hydroxyl, amino or amide groups in place 
of terminal earboxyl or thio groups decreases the retarding 
potency. Poor retarders are obtained when the amino- 
acids have largely straight or branched aliphatic side 
chains, without functional groups. The effect of molecular 
size of the hydrolysates is negligible provided they ean 
be made to dissolve in water. 

To study the role of the carboxy! groups, a number of 
aliphatic amino-acids have been condensed with formalde- 
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if hyde. This technique produces molecules which differ 


m protein hydrolysates in that the amino-acids are 
iked together with repeating -CH,NR-— groups instead 
-~CH-CO-NH- groups (R= amino-acid rest). There- 
fore, carboxyl groups instead of amide groups are present 
in condensates, and these can be located near the main 
- chain, at the end of the aliphatic side chains or in both 
© positions depending on the type of amino-acid used. The 
—-. results show that the retarding potency of condensates 
-. ig always greater than that of protein hydrolysates; 
-o this is particularly so for aspartic acid, glutamic acid and 
all amino-acids where the carboxyl groups are located at 
the end of the side chains. Carboxyl groups are present 
near the main chain when a-amino-acids are used, which 
results in potent retarders only if the aliphatic side chain 
is very short or absent as in the case of glycine. 
~ >. A series of polyamino carboxylic acids has been syn- 
thesized to examine the relationship between amino- 
= groups and carboxyl-groups with respect to the chelation 
~ of calcium ions. It was found that one of the most potent 
of the chelating agents, ethylenediamine tetraacetic 
acid (HOCOCH,),N(CHa)n N(CH,COOH),, n= 2, is a poor 
Co retarder. Its homologues with n= 3-6, which form in- 
= complete chelates with calcium ions are considerably 
coc more potent. Carboxymethylated and carboxyethylated 
polymers of ethylenediamine or propylenediamine are 
excellent retarders provided the ratio of amino-groups to 
->c garboxyl-groups is 1:1 or smaller. The difference in 
performance between these polyamino polycarboxylic 
„acids is insufficient to contribute to the advancement of a 
heory for a mechanism of retardation. It seems that the 
‘omplete chelation of calcium ions in solution does not 
= explain the delay of the crystallization of dihydrate. 
However, it is evident that complex formation plays 
an important part. 
- The relative importance of carboxyl-groups, amino- 
~~ groups and thio-groups was studied with a number of 
aliphatic polyecarboxylic acids. In the course of this in- 
vestigation, it was observed that retardation is possible 
only when at least two carboxyl groups are present in a 
molecule. The distance between them should be equivalent 
to 2 or 5 carbon atoms in the aliphatic chain of the mole- 
ovv eule. Thus suecinie and pimelie acid are more powerful 
<o vetarders than the neighbouring members of the same 
dicarboxylic acid series with a smaller or greater number of 
earbon atoms separating the carboxy] groups. The 
preferred distance would seem to be five carbon atoms. 
Although polyamines do not retard the crystallization 
of dihydrate, the presence of an amino-group in a dicar- 
cio boxylic acid always increases its retarding potency. For 
example, -amino pimelic acid is a more potent retarder 
shan pimelic acid. The presence of a thio-group instead 
-of an amino-group in a dicarboxylic acid results in an 
-equal or greater increase of the retarding potency. Other 
Coe functional groups are not effective with the exception 
~.. of phosphoric acid-groups. 
Based on these observations, retardation of the crystal- 
cicco Haation of dihydrate is considered to be due to chemi- 
‘sorption of the retarder molecule by complex formation 
with more than one calcium ion across the a- and c-axis 
of the growing dihydrate crystal. The distances of the 
-= galeium ions at the a- or c-axis of the dihydrate crystal 
<o correspond to an equivalent distance of five or two carbon 
atoms respectively’. The proposed mechanism is akin 
to the threshold effect of phosphates preventing the pre- 
cipitation of calcite. 
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the results at 859° C, and with the same value of tl 6E 
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Surface Tensions of Molten Mixtures and 
Thermodynamic Ideality 

OxLY a few of the techniques available for studying the 
thermodynamic properties of ionic melt mixtures? can 
be used to study mixtures of technological interest above 
1,000° C. Volumes of mixing of the sodium metaphosphate: 
potassium metaphosphate system have been measured 
by one of us?, and this technique could be used to study 
phosphate-silicat2 melts of interest to steelmakers. The 
thermodynamic ideality of a molten system can also be 
tested by measuring the surface tension of the molten 
mixtures and comparing these with the predictions of 
Guggenheim’s ideal equation®:*. We have used this method 
for studying moten phosphate mixtures and shell here 
describe the results for the sodium metaphosphate : 
potassium metaphkosphate system. a 

The metaphosphates were prepared by heating the 
respective dihydrogen phosphates at 1,100° © fer 2 h. 
and were analysed by the method of Boltz®. Surface 
tensions were measured with an apparatus similar in 
design to that described by Bradbury*, and depending 
on the “Maximum pull on a cylinder”. A platinum-10 
per cent rhodiur. cylinder wes suspended from the arm 
of a balance inte the melt held in a platinum crucible 
heated in a molybdenum wire-wound furnace controlled 
to +1° Cat 1,00€° C. The apparatus was calibrated using 
carbon tetrachloride, water, benzene ond nitrobenzene 
by the method of Harkins and Jordan described by 
Bradbury’. The measured surface tensions were estimated 
to be accurate to within 0-5 dynes/em. oe 

Measurements were obtained in the range 850° C-1,200° 
C and some resubs are shown, in Fig. 1. The variation of 
surface tension with temperature wes of the order of- 
0:045-0-050 dynes/em/°C. The experimental. results 
were fitted to Guggenheim’s formula: ee. 

exp(—ya/kT)=2, exp(—ya/kT) +2, exp(—yea/kT) 
where T =temperature (°K), 2, and a, are the mole 
fractions of components l and 2, y is the surface tension 
of the mixture while y, and y, are the surface tensions 
of pure componeats 1 and 2, k is Boltzmann's constant 
end a is an adjustable parameter. 








190-0 


180-0 


Surface tension (y dynes/em) 





H-2 0-4 0-6 OS Jj 
Hole fraction of sodium phosphate 


Fig. 1. Surface tenseons for the molten system sodium metaphosphate: 
potassium melaphosphate 7 


A value of a= 40-0 A2/molecule gives very close agree- 
ment for the calsulated surface tension of the mixture — 
(y) for the temperatures 850°, 950°, 1,050°, 1,150° C. For 
the three highest temperatures, indeed, the deviation of. 
the calculated y is within the range + 0-6 dynes/em for all. 
but two of the twenty-seven compositions studied. For. 





constant a, the maximum deviation is 0-8-0-9 dynes/em. 
Simple caleulatioa shows that at the composition x= 
0-4995, x,=0-5003, a variation of 10 A?/molecule causcs 
a variation of 1-0 dynes/em in the caleulated value 

These results would thus seem to be consistent w ; 
view that the molten system sodium metaphosphate: — 
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ty of Excited Water Molecules in 
‘hotochemical Carboxylation 

own that carbon dioxide in aqueous solution 
lueed and converted into simple organic sub- 
er the influence of ultra-violet light'-*. The 
088 is the result of the action of hydrogen 
iced by the photolysis of water and also of 
) ules of water (H,O0*) (refs. 2 and 3): 


H,O a~~—» HOF -> H + OH (1) 
Pr nm the quantum yield for H and OH is 


n t reactions are: 

: CO, + H - COOH (2) 
Is < 8 x 10% moles-'.sec-' (ref. 5) 

[,0) ~~—> (CO,.-H,0)* > COOH + OH (3) 


ca (CO,.H,0)* => CO, + H,O* (4) 


, instead of reactions (3) and (4), the following 
é written: 


-CO, + H,O*— COOH + OH (5) 


nee of aqueous bicarbonate the excited water 
n also lead to the formation of CO, radical 
ing to the reaction (6) (ref. 6): 


10, + H,O* > CO, + OH + H,0 (6) 


we have been able to carboxylate a number of 
stances in aqueous solutions by ultra-violet 
.. In an investigation of the carboxylation 
thanol we found a possible method for cal- 
te constants of reactions (5) and (6). Besides 
, (5) and (6), reactions (7) and (8) are also 
+ for the formation of glycolie acid, which is 
cylation product of methanol: 


-CHOH + OH — CHOH. + H,O (7) 
- k, = 3 x 10° moles~.sec-! (ref. 5) 
CH,OH + H->CH.OH + H, (8) 


ty = 2 x 10% mole-.sec- (ref. 8) 


- CH,OH + COOH — CH,(OH).COOH (9) 
-. OH,OH + CO, — CH,(OH).COO- (9a) 
koa = 5 x 108 mole~l.sec-! (ref. 5) 










yield of glycolic acid as a function of the concentra- 
1ethanol at two different pH values is shown in 
Both curves pass through a maximum at 4 x 
methanol/l. The yield of the glycolic acid 
eves a maximum only when the concentration 
dicals—CH,OH and COOH (or CO,7)-—is equal. 
1@ concentration of 4 x 10°! moles methanol/I. 

ion tho COOH (or CO, ) radicals are in excess. In 
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Fig. 1. Yield of glycolic acid as a function of methanol concentration. 


Irradiation time, 3h; ultra-violet source: Hanau lamp, type NK6/20. - 
A, 0-1 M sodium bicarbonate solution, saturated with carbon dioxide ka 
gas, pH 67; B, O1 M sodium bicarbonate solution, pH 8-5 

























this case they lead as a result of dimerization to the 
formation of oxalic acid’: : 


COOH + COOH — H,C,0, (10) 


or: 
CO,- + CO, — ¢,0,- (10a) 


At a concentration above 4 x 10-1! moles of methanol/l., 
glycol is produced according to: 


CH,OH + CH,OH — C,H,(OH), (11) 


For the formation of glycolic acid at pH = 6-7 reactions — 
(2), (5), (7) and (8) prevail end one can calculate the rate 
constant k, for the maximum of the curve A as follows: 


CcH,0H.(2k, + ka) —k,.Cco, 
2.Cco, 


In this case we assume: Ca,0* ~ Con, since @ = 06. 
(ref. 4). By substitution of CcuH,0H = 4 x 10- moles/l., 
Coo, = 15 x 10 moles/I. and the k-values for reactions > 
(2), (7) and (8) given here in equation (12) are obtained as: 


k; = koo,,4,0* = 8x 10° moles~'.sec-t (13) 


In basie media (pH 8-5) glycolie acid is produced at three ~ 
times the yield (see Fig. 1). This can be explained, as. 
already mentioned, as being due to the action of excited: 
water molecules on bicarbonate with the formation of. 
CO, radical ions by way of reaction (6). In th‘s case, 
reaction (14) need not be taken into eonsideraton: : 


H + OH aq —+ e.aq 
Ku = 2-4x 107 molcs~!.see~! (ref. 9) 
This becomes important only at h'gher pH values. As- 


consequence of this, reaction (15) also plays a negligibl 
part: 


k; = (12) 


(aa 


CO, + caq -> CO, + nHO 
kis = 0-77 x 10! moles-!.see-? (ref. 10) 


By a process similar to the one just applied to curve A w 
cen now determine the k,-value from the maximum o 
eurve B. Under these eonditi ons (for Cuco, = 10: 
moles/l.) one ean estimate: 


(15). 


ke = KHCO,, H,O* = 1-2 x 10%moles-\.see-? (16). - 


Although the k,-value is lower than the k,-velue, the: 
higher yields of glycolio acid at pH 8-5 (curve B) ean be. 
explained as a pH effect and because ka is relatively high 
Similer results have been obteined also by the carboxy 
ation of methanol induced by eobalt-60 cee 
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Analysis of the Major Constituents of Fuel 
Gases by Gas Chromatography 


RECENTLY, Hollis! has reported retention data for the 
aration of methane, carbon dioxide, and polar materials 
porous polymer beads. In these laboratories a poly- 
meric bead column packing commercially available in the 

ited Kingdom? has been investigated, and has been 
ound to have considerable advantages over conventional 
dsorption columns for the analysis of fuel gases which 
ontain hydrogen, carbon monoxide, methane, carbon 
yxide, and the C.-hydrocarbons as major constituents. 
Hitherto the gas chromatographic analysis of fuel gas 
as necessitated the use of two adsorption columns. 
Usually a type 5A or 13X molecular sieve column is 
preferred for the separation of methane and carbon 
monoxide, but because this material strongly absorbs 
carbon dioxide, which eventually poisons it, a second 
-column of silica gel must be used to separate this gas and 
the C,-hydrocarbons*. It has now been found possible 
using a single column to analyse a fuel gas for these com- 
: ponents including carbon dioxide. 


ee J i 2 25 45 8-5 
on Retention time (min) 


2 E ‘Fig. A. Chromatogram of seven-component gas on ethylvinylbenzene 
ey as fe _ polymer at 30° ©. (1) Hydrogen; (2) air; (3) carbon monoxide; (4) 
as menang (5) carbon dioxide; (6) ethylene and acetylene; (7) ethane 
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re The chromatogram in Fig. 1 was produced using a 
: Perkin-Elmer model 451 gas chromatograph. A methane- 
‘rich gas containing 3 per cent carbon monoxide was 
“analysed at 30° C using a column 10 ft. long and 3/16 in. 
internal diameter, packed with 80-100 mesh beads of an 
thylvinylbenzene polymer. This was conditioned before 
ise by heating to 230° C for 1 h as recommended by the 
acturer. Helium was used as carrier gas at an inlet 
of 15 lb./in.* gauge and a flow rate of 40 ml./min, 
components were detected using a thermistor 
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saturated o bane ‘from: ‘ethane un 
eonditions. K 

When ethylvinylbenzene ponon was used 
packing, rapid analyses were obtained with go 
tion and without the ‘tailing’ peaks asso 
other adsorption columns. In this labora 
enabled a gas to be analysed for seven co 
30 min with a single injection on one colun 
size being adjusted according to the recommel 
Pauschmann‘ so as to obtain a nearly linea 
hydrogen using helium as carrier gas. 
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Sensitivity to Oxygen of an loniz: s 
Detector with Helium and Neon a 
Carrier Gases 


WE are interested in the analysis by chro 
trace (v.p.m.) mixtures of oxygen in gases, 
lock radioactive ionization detector! was $ 
most appropriate for the purpose. This detecto: 
developed for sensitive detection of organi 
in a carrier stream of argon, is not very 
permanent gases in argon because the metas 
of argon (11-€ eV) is slightly less than t 
potentials, 12-16 eV, of most of the perma: ; 
Berry? suggested that helium which has a 
energy of 19-8 eV would be a suitable carrier gas 
carried out tests first with helium? and later with 
metastable energy of which is 16-5 eV. oe 
In these tests we determined the sensitivity 
lock strontiur:-90 detector (made by W. G. 
Cambridge) te helium and neon containing 
(v.p.m.) amouats of added oxygen, for differen: 
applied to the detector. In each case, the flow 
tained at 85 cm? (N.T.P.)/min and the original 
was purified toless than 0-1 v.p.m. oxygen. Ths 
was found to increase with detector voltage up 
for helium and 850 V for neon, above which vol 
discharge occurred. : 


Table 1 
Detector Standing Sensitivity ie 
Carrier veltage eurrent amp/v.pm. oN 
gas TV) (amp) oxygen 
Helium 7,300 5 x 1p-* 3 xip’ 
Neon 850 5x10 5x 0? 


Using these voltages, we determined the standi 
and the noise-level for this current with ¢ 
containing no added oxygen, and the change 
with added oxygen. The variation in current w h added 
oxygen is lineer up to at least 1-0 v.p.m. eee 

The results are given in Table 1, from which 
seen, that the minimum detectable addition. © 
defined as that producing a change in detect 
of twice the neise level, is 0-03 v.p.m. oxygen 
and 0-02 v.p.m. oxygen for neon. 

In practice, neon with its much higher € 
scarcely be chosen in preference to helium u 
were some special reason, for example if the 
detected were already mixed with neon, or 
culation, system were used, the gases being ri 
through the purifier which is needed in any eve 
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the detection of trace amounts of permanent gases is 
attempted. 
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Observation of the Nitrene in the Flash- 
photolysis of 1-Azidoanthracene 


NITRENES have been postulated as intermediates in the 
decomposition of organic azides, iminoxides, nitro- and 
nitroso-compounds!-*, Most of the evidence in support 
of this is convincing but circumstantial*~*, Direct proof 
of the existence of nitrenes is based on the electron 
spin resonance spectra of triplet species in the photolysis 
products of several aromatic azides in a solid matrix at 
77° K (ref. 10). Several alkyl-nitrenes have also been 
discovered in the even more extreme conditions of an 
organic matrix at 4° K (ref. 11). Recently we recorded 
the absorption spectra of several aromatic nitrenes" 
produced by photolysis in organic glasses at 77° K and 
were able to detect the nitrene intermediate in the photo- 
cyclization of 2-azidobipheny]"*. 

All these observations relate to solid-state systems at 
very low temperatures, and their bearing on what happens 
in the more usual liquid conditions at normal temperature 
is uncertain. Lwowski et al.1* looked for nitrenes in the 
flash-photolysis of methyl and ethyl azidoformate but 
could only detect the spectrum of the fragment NCO. 

This communication reports a preliminary experiment 
which demonstrates the appearance of 1-anthrylnitrene 
as a short-lived intermediate at normal temperature. A 
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Fig, 1. Spectra of 1-azidoanthracene 


NATURE 


JuLy 23. 1966 


VOL. 211 


solution of l-azidoanthracene in ethanol (5x 10-* M) 
was exposed to a photolytic flash of 170 J in a flash- 
photolysis unit. The spectrum of the system was recorded 
photographically with an analytical flash 4 usec after 
excitation (the half-life of the photolytie flash being 3 usec). 
Curve (a) in Fig. 1 is a densitometer trace of a photograph 
of the spectrum before photolysis, curve (b) is the trace 
for the system 4 usec after excitation, and curve (c) was 
obtained without excitation after the sample had received 
two photolytic exposures. The absorption bands on the 
curves are identified by comparison with the low-tempera- 
ture spectra of l-azidoanthracene and its nitrene (EPA 
matrix at 77° K), Fig. 1 (d) and (e) respectively. The 
appearance of the characteristic peak of the nitrene at 
342 mu is clearly visible in curve (b). The half-life of the 
nitrene in these conditions is estimated provisionally 
to be between 3 and 10 usec. 
A more detailed investigation of nitrenes by flash- 

photolysis is at present under way. 
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Effect of Deuterium Substitution on 
Radiation-less Decay of Anthracene Triplet 


ALTHOUGH radiation-less transitions in aromatic molecules 
have been investigated experimentally for more than 10 
years, it is only recently that any real understanding has 
been achieved. The main reason for this is that inter- 
pretation of the experimental results has been limited 
by the difficulty of distinguishing between temperature 
and viscosity effects in systems where temperature and 
viscosity are dependent variables'. Concomitant theoreti- 
cal developments have contributed towards the resolution 
of some of the experimental problems, approaching the 
subject from the point of view of both intramolecular and 
intermolecular perturbations. 

In the Robinson—Frosch theory®*, the radiation-less 
conversion probability is considered to depend largely on 
intramolecular vibrational perturbations characteristic 
of the molecule which is being investigated. The transi- 
tion probability for radiation-less conversion between the 
lowest triplet T and the ground singlet G is given by: 

P œ| <96|Hs-0.lp7 > = < 96.n|9r.0 > ]? (1) 

r 
Here the first factor is the matrix element for the spin- 
orbit perturbation coupling the lowest triplet and the 
ground singlet, and the second factor is the vibrationesd 
overlap integral (Franck—Condon factor) of the ‘zero’ 
vibrational wave-function of the triplet with nearby 
(excited) vibrational wave-functions m of the ground 
state, taken over all normal modes r. The theory ex- 
plains, inter alia, the reason why the observed lifetime of 
anthracene triplet, for example, is small compared with 
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benzene triplet (the vibrational overlap integral for the 
w-lying anthracene triplet being large compared with 
t for benzene), and the deuterium isotope effect‘ 
whereby deuterium substitution in benzene and naph- 
`> thalene results in a marked increase in the phosphores- 
cence lifetime of these compounds. The product over r 
in equation (1) inclides C-—-H as well as C—C modes and 
substitution of hydrogen by deuterium is responsible for 
a decrease in the transition probability owing to reduction 
of the overlap integral by the lower energy C—D modes. 
In addition, the theory predicts that there will be no 
marked temperature effect on the transition probability 
and that as the triplet-ground singlet energy gap becomes 
small, deuterium substitution will not affect the transition 
probability. 
Anthracene is of particular interest because its triplet 
state lies less than five vibrational quanta above the 
oo ground state and may already be so low-lying that there 
will be a vanishing deuterium effect in this molecule. 
The decay kinetics of both perprotonated and perdeuter- 
ated triplet anthracene in room temperature and 77° K 
= glasses were monitored by triplet -> triplet* absorption 
at 4250 A using an E.M.I. 9592B multiplier phototube 
_ de. coupled to a wideband pre-amplifier and displayed 
oco Ona calibrated ‘Tektronix 535’ oscilloscope. Samples had 
=i & path-length of 10 cm and were solid-solutions of the 
-hydrocarbon in polymethylmethacrylate prepared from 
the thoroughly degassed monomer using 0-001 per cent 
_ N,N’ -azodiisobutyronitrile to initiate polymerization. 
The exciting radiation was a 10-usec 300-J xenon flash 
passing into a horizontal quartz Dewar system through 
~  Sehott-Jena WG3 windows (2 mm thick) of transmission: 


T(r) < 10 for 4 < 3200 A 
T(x) > 0-5 for X > 3400 A 


coce Deeays of the transients were strictly exponential and no 
_ difference in transient lifetime was observed over many 
o> guecessive flashes, The mean lifetimes for the triplets of 
_. perprotonated and perdeuterated anthracene at room 
< temperature and 77° K are shown in Table 1. 












MEAN LIFETIMES (° VALUES) OF PERPROTONATED (tp) AND 


er ` PERDEUTERATED (tp) ANTHRACENE TRIPLETS EX LUCITE 


Temperature rp(sec) t pisec) 
298° K 0-025 0-073 
77K 0-048 0-153 


It can be seen from Table 1 that there is a definite 
deuterium effect in anthracene, and that deuterium sub- 
stitution causes a threefold reduction in the transition 
probability for radiation-less decay of the triplet. The 
effect is, however, far smaller than the effect in other 
polynuclear hydrocarbons which have higher triplet 
energies, deuterium substitution in naphthalene increasing 
the phosphorescence lifetime by an order of magnitudes, 
and in pyrene? by a similar factor. Such comparisons are. 

~ of course, only valid if vibrational perturbations in the 
~~ polynuclear hydrocarbons do not affect the radiative 
<o transition, probability. Consideration of the nuclear 
co-ordinate dependence of the transition moment for the 
phosphorescence process: 


te 3 ' ' a 
Morg cx < T aat Hs.0-} So, at > < Seals |G > 


<o shows that vibronic coupling between triplet and ground 
~ 9 state ean in fact occur, and in benzene may be relatively 
oo important’. In polynuclear hydrocarbons, however. 
co vibronic coupling between triplet and ground state is of 
_. s3condary importance: the phosphorescence emission 
polarization is pure out-of-plane throughout the spectrum®, 
>i whieh indicates that spin-orbit coupling with upper o,7* 
“singlets is the primary mechanism for the radiative 

. transition. 
ee The results also ee that i in the r ios matrix used, the 










NATURE 


411 


substitution is completely independent of temperature, 
The difference bətween the value of 48 msec for the life- 
time of the protonated anthracene triplet in lucite at 
77° K and the value of 95 msee quoted by Hilpern, Porter 
and tief! for tae same triplet in isopentane at 77° K 
is most likely a medium effect, as the viseosity of lucite 
is about 10! poiss at room temperature—thus bimolecular 
quenching processes at 77° K will therefore be negligible. 
It would in fact be surprising if the radiation-less mechan- 
ism were complesely intramolecular and not subject also 
to solvent perturbation. 

This work was supported by the U.S. Atomic Energy 
Commission. I thank Dr. M. A. El-Sayed for helpful 
discussion. 
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Chromogenicity of Sakaguchi-reactive 
Compounds, Monosubstituted Guanidines 
and Histidine 


THE chemistry of the Sakaguchi reaction—between 
arginine, l-naph=hol and alkaline hypochlorite—is - not 
known. As orginally described 40 years agot, this 
sensitive reaction fortuitously revealed itself as a red 
coloration which slowly developed and faded. By sub- 
stituting hypobromite? for hypochlorite, almost in- 
stantaneous colour development was effected, and more 
recently Szilagyi and Szabo? achieved an improvement: im 
the reproducibility of the reaction with the aid of 
N-bromosuccinimide (BSI)—a more stable source: OF 
available bromire. | 

Sakaguchit ale observed that the l-naphthol id be 
replaced by 8-hydroxy-quinoline (OHQ), in which case 
an orange-yellow colour is produced, and Satake and 
Luckî, using OH Q, were able to develop reasonably stable 
colours from arginine. However, I have found that at 
normal laboratory temperatures a reagent blank reaction. 
slowly develops, which compensates for the slow dis- 
appearance of the Sakaguchi chromogen. 

In the abserce of Sakaguchi-reactive compounds, 
bromination of /-aaphthol or OHQ in N sodium hydroxide 
results in a yellcw coloration. This reaction is inhibited 
by an increase in the concentration of bromide, a decrease 
in l-naphthol comcentration or a low temperature. Ifa 
strongly alkaline solution of OHQ (2-8 umoles) and 
aqueous BSI (5-€ moles) are mixed together and allowed 
to stand for a Zew seconds, no colour is obtained on. 
adding the mixture to an arginine solution, although the 
addition of more BSI will result in a pink colour. Appar- 
ently OHQ (or Enaphthol) competes with the guanidine 
derivative for bromide, and the higher the temperature 
the more success“ully does it do so (see Table 1). For this 
reason, a fairly stable and low temperature (0-5° C) is. 
essential for accurate and reproducible arginine analysis. 
This was stipulased by Sakaguchi’*, although the co 
dition has been ignored in more recent attempts®:®. to 
adapt the reacticn for quantitative analysis. =) 

Amino-acids have been shown to inhibit the Sakaguchi 
reaction’. It cam be demonstrated, however, that small 
amounts (0-05-0-2 umoles) of many amino-acids intensify 
the colour reacticn developed from 1 ml. 0:01 mM eee 
with l-naphthol (2 ml., 0-25 mM) and BSI (1 ml., 2-5 mM) 











; nine am : 








| ‘Readings at 5 min 
17 35 


3 70 8 0 520 
40 103 179 338 500 
69 124 190 350 490 
8G 139 198 325 482 
141 278 550 780 
gG 106 276 540 740 
= 81 190 288 475 615 
A, Arginin solution (i ml.): 1-0 mM OHG (2 ml.): 5-0 mM BSI (i mi. ka 
B imo. è > Solution (1 mi.): 0-25 mM l-naphthol (2 ml.); 25 mM B 


or with n ORQ (2 mi., 1-4 mM5) and BSI (1 ml., 5 mM). 
Thei pau in colour occurs with glycine and with taurine, 


























th ethylene damioa Nonah oot on tho 
“ts tion is seen with similar small amounts of 


sly a amino-acid wid Alsö of anne! ER 
nd bilirubin may remove bromine and thereby 
ur production from 1 ml. 0-01 mM arginine; 
DTA and haematin are without influence. 
also reacts under similar conditions with 
naphthol and BSI to give a rose-red colour 
5 nm). This reaction appears not to have been 
ly reported. It is about twenty times less sensi- 
-the arginine reaction. It occurs when hypo- 
ed as the oxidizing agent, as in the original 
Sakaguchi’. It does not occur in the absence 
ol (or alternatively OHQ), and thus it differs 
.noop reaction® in which bromination of his- 
T 1 produces a similar coloured product. The 
lour, but not the arginine colour, is intensified 
the addition of a few umoles of a cupric salt. Neither 
cid nor histamine, which gives a positive 
eaction®, yields colour in the Sakaguchi reaction. 
gh concentrations of OHQ (for example, 
per 5 ml. reaction mixture) lower blank colours 
n with similar concentrations of l- ga plitho.. 
with smaller amounts of l-naphthol (0-25-0-5 
tis, about one-fifth that used by previous 
find there is no blank colour. Furthermore, at 
l-naphthol reagent levels the pink arginine 
yays more intense than the yellow colour 
LQ for the same concentration of arginine, 
o three-fold increase in the sensitivity of the 
eaction may readily be achieved. 
substituted guanidine compounds, methyl 
guanidino acetate, l-guanidino butyrate and 
'.(f-carboxyethyl)arginine), are known to show 
solour reaction to arginine+*. The molar 
wenicity of these and some other compounds is 
He Table 2. Not all monosubstituted guanidine 
. derivatives are ‘Sakaguchi-reactive’. Canavanine, for 
example, yields no coloured product. Under optimum 
Fonction. conditions, methyl guanidine yields the most 











Tablo 2 : CHROMoGENICITY OF SAKAGUCHI-REACTIVE COMPOUNDS 








a No. of No. of nano-moles 
o AEON guanidine compound required 
ea groups to give eolour* 
Samin, huma 24 5 
-C Saimine (mol. i 4,000) 20 28 
Methyl guanidine 1 11 
Arginine l 18 
Fitnanidino acetate i 36 
i-Guanidino butyrate 1 36 
|. Betopin 1 36 
2 40 
i 140 
0 440 


annals of 0-100 at 510 nm, 1-3 em given by arginine solution 
aca i-naphthol solution (2 mil.), bromosuecinamide solution 





‘amounts: of copper. i 





These observations were naie at the Regional ee "i 
logical Centre, Liverpool, during the course of a study of 
blood serum amidine transferases, full details of which 
will be published elsewhere. The work was supported by _ 
a grant from the Department of Surgery, University of 
Liverpool. 
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BIOCHEMISTRY 


Infra-red Spectroscopy of Tissues in the 
700-400 cm Region 


As part of the study of the far-infra-red spectroscopy of 
biological materials, the spectra of various tissues were 
examined to determine if any unique absorption bands 
were present. Previous investigations of the infra-red 
spectroscopy of tissues! did not include this region. These 
results represent the extension of infra-red studies on 
tissue into the region of 700-400 em. The tissue 
examined included samples of bone, various rat tissues, 
and human cerebrospinal fluid. 

The samples of bones were obtained from human 
femoral diaphysis and were treated in various waye. 
sample 1 was heated to 650° C for 8 h; sample 2 was 
treated in an autoclave?; sample 3 was treated with 
glycol’; sample 4 was treated with ethylene diamine*. A 
sample of ossein was prepared by decalcification of this 
bone sample with 2 per cent nitric acid for 24 h. The 
rat tissues were prepared by lyophilization of homo- 
genates of the tissue immediately after removal from the 
animal. They were then, stored until they were used in a 
desiccator as dry powders. The cerebrospinal fluid was | 
removed from seven human patients with various neuro- 
logical diseases. Immediately on receipt, the fluids were — 
lyophilized without removing the salts normally present.” 

All samples were examined as caesium bromide disks. — 
The caesium bromide was prepared as suggested by =) 
Bentley et al.5. The disks were prepared by mixing the cooo 
sample and the caesium bromide in ‘Wig-L-Bug’ for ooo 
15 see. In general, the disks contained about 10 mg per oco 
380 mg of the bromide. The mixture was then pressed = ooo. 
for 2—4 min under vacuum. The infra-red spectra of the 
disks were run on è Perkin Elmer model 21 infra-red 
spectrophotometer equipped with a caesium bromide 
prism. It was flushed with nitrogen to remove carbon > 
dioxide and water and calibrated using carbon dioxide = 
and the water bands in this region. p. 

The bone samples show absorption in this speetral 
region that would be expected for inorganic materials - 
(Fig. 1). Comparison with the data of Miller et al- 
indicates that the bands at 700, 600 and 560 cm~ can be 
ascribed to the inorganic components of bone, phosphate 
and calcium carbonate (Table 1). The various samples of 
bone all showed the same spectrum, which indicates tha 


















CSF 


































AT CORTEX 


RAT BLOOD 


RNASE 


Percentage of transmittance — 


DNA 


to 16 17 is 19 20 21 22 23 t 
Wave-length (u) 


Infra-red spectra of representative tissues and constituents in the 
700-400 em region. Allin caesium bromide disks 


Fig. 1. 

iy change in bone due to treatment is not reflected in 

is spectral region. Ossein shows one large absorption 

d at 700 ecm~, which is normally found in protein 
naterial. 


able 1. INFRA-RED ABSORPTION OF VARIOUS TISSUES AND ASSIGNMENTS* 


Tissue Absorption bands (em-") 
Bone 700 6008 5608 
(CO) (PO) 
Spinal fluid 700w 6008 46572 
(protein) (PO) (PO) 

Cerebral tissues + 700m 535ut 
Non-cerebral tissue } 700m 676sh 535 
Ossein 700m 

(protein, DNA) DNA 


bo * 8, Strong; m, medium; w, weak; sh, shoulder. 
+ Cortex, medulla and white matter. 
mt q Blood, spinal cord and spleen. 


© An examination of the spectra of the rat tissues indi- 
cates that they fall into two groups (Fig. 1). The only 
difference between the two groups is a shoulder that 
cceurs at 676 em~ (Table 1). For comparison, the spectra 
f a protein (ribonuclease), ribonucleic acid, and deoxy- 
bonucleic acid are included. The tissue band at 700 cm- 
ound in protein, and the bands at 535 and 700 cm-t are 
j found in deoxyribonucleic acid. Thus, the tissue 
and at 700 cm- results from the absorption by proteins 
and deoxyribonucleic acid, and the band at 535 em" 
from: deoxyribonucleic acid only. The nature of the 
ees §76 cm~ band is still obscure. 
"Nhe spectra of the lyophilized cerebrospinal fluid 
me generally show bands at 600 and 465 em-', and a band 
cours at 700 cm-! in some of the samples (Fig. 1). The 
ands at 600 and 465 cm-t are associated with the 
organic components of the fluid (phosphate). The band 
at 700 cm- is related to the protein concentration in the 
fluid. To test this, several samples were redissolved m 
water, and the ultra-violet absorption measured. The 
specimens in which a peak appears at 700 cm-’ also 
show absorption in the ultra-violet at 280 mu. This 
clearly confirms that the 700 cm-! band is related to the 
‘protein concentration. 
hank Dr. S. Bakerman, University of Kansas 
iter, for the gift of the bone and ossein samples, 
harbonneau for assisting me in obtaining the 
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Isolation of 8-Naphthol from Urine af 
Application to Skin ~ 


Loca applicatzons of 8-naphthol to the skir 
used in dermatology since its introductio) 
and Kaposi in 1881. Although it has bee 
many years that toxic effects have followed t 
of 8-naphthol te the skin of children’, there h 
been no definise evidence for the absorptio 
compound throagh the skin. 

A B-naphthol peeling paste formed part of th 
in a series of fourteen cases with acne vulgari: 
urinary steroid excretion was being investigat 
siderable interference was observed in theses 
Further investigation showed that this w 
with the presense of 8-naphthol in the urine. — 
large quantity əf this phenol was isolated an. 
in the urine of a young man after the appl 
B-naphthol to his skin. It was estimated: 
3-4 g of the compound was applied to abou 
of the surface area of the patient? for 12- 
treatment a complete 48-h specimen of- 
collected. 

The urine waa extracted once with an equa 
benzene and then hydrolysed with a -gl 
preparation. After incubation at 37°C o 
urine was them extracted with ether and 
fraction removed by the method of Brown®. Thes 
contained one main component when small p por : 
chromatographed on paper and thin layers o! 
This compound behaved chromatographically 
naphthol and produced a blue colour with Fol 
Ciocalteau’s reagent. The residues obtained 
extracts were caromatographed on 10x l-em_ 
alumina with a Brockman activity of 1, to whi 
of water per gram of alumina had been ad 
columns were eluted with benzene; the 10-ml 
of the eluate containing phenolic material ac 
Folin and Ciocalteau’s reagent were then po 
evaporated to dryness. The residues were thi 
lized from benzene : light petroleum (90:10 b 
and reerystallizad from benzene : light petroleur 
by volume). Æ total of 0-3759 g of white cry: 
obtained. The melting point corresponded 1 
@-naphthol 122°-123°C (uncorrected) and 
depressed by acmixture with authentic 6-naph 
infra-red absorption spectrum in the region 625- Qon 
(16-0-2-54) was determined in carbon disulphi K n a 
Perkin-Elmer 237 infra-red spectrophotometer; — the 
absorption specsrum was identical with that of authentic 
@-naphthol. Frem all this evidence it was conclu edt at 
the material was indeed $-naphthol. A 

Some interference with steroid assays was 0 
all fourteen pationts who had been treated with 8 
This interference was removed by thoroug 
extraction of the phenol in the initial urinary è 
order to removethis compound from diethyl ether 
and toluene, twə extractions with one volume o 
hydroxide were required. When one wash of th ry 
with 0-1 volume of 0-25 N sulphuric acid was used after 




















ion of this procedure to urinary neutral steroid 
ds with less efficient removal of acids and phenols‘ 
abol hed the interference associated with the presence of 
8-naphthol in the urine. 

‘We thank Miss Brenda Shanks for her technical 
ass ance during this work. 
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Nuclear Magnetic Resonance Spectrum 
“Changes accompanying Rigor Mortis 








E MATION on the behaviour of water in biological 
ce essential to developing an understanding of the 
roles of that ubiquitous molecule in biological systems. 


This. communication reports observations of nuclear 
gnetic resonance spectra of cod muscle over a period 
e from shortly after death to the cessation of rigor 
» which suggests that cellular water suffers a loss 
icture and an increase in mobility during this time. 
» codfish (Gadus morhua), each weighing approxi- 
4 Ib., were filleted within 10 min of death. Three 
mples of the dorsal muscle fillet were obtained using 
ed core cutting nuclear magnetic resonance sample 
Nuclear magnetic resonance spectra were run in a 
A-60° high resolution nuclear magnetic resonance 
neter (14- 092 kG field) adjusted for optimum field 
neity, and ‘ringing’ with distilled water. The 
emperature was +15°C. Spectra of the three 
ere taken at approximately 45, 280 and 380 min 
ath. 
0 min after death the fillets from which samples 
emoved were stiffened and had a rough, hardened 
Sea mort. subsided 5 5 h atter death, at which 

























ee spectra all consist of a single symmetrical 
eak which is four to eight times broader than 
duced by pure water. The peak width, taken at 
he peak maximum, decreases by 14-22 per cent 
roximately 6 h, as shown in Fig. 1. Peak area does 
g nge appreciably. 
Broadening of the nuclear magnetic resonance absorp- 
k of water in the presence of proteins, cellular 
>on al, starches and other materials has been previously 
= reported!-5, Broadening is evidence of a decrease in 
“transverse relaxation time (T, = f[l/peak width]), and 
reduction in proton mobility such as might result from 
adsorption or bonding of water by cell protein'®. Bratton 
eb als have reported that a reversible narrowing of water 
peal width (and increase in 7',) accompanies the contrac- 
} ‘living frog muscle, and suggest an explanation in 
of change in extent of the ‘bound water’ phase. 
ion in the water-holding capacity of muscle in 
1ortis is well established’, 
ihe core-cutting sample tube is essential for producing 
7 geor etrically uniform samples and reproducible spectra, 
and may be useful to other nuclear magnetic resonance 
investigations of semi-solid materials. The tubes are made 
from ‘Varian’ 5-mm nuclear magnetic resonance sample 
tubes, by cutting off the sealed end and grinding a 
scalloped cutting edge in its place. The tube cuts a 
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aline extraction, ouly two washes: with: o 1 Sa . 
ed water were necessary to obtain neutral washings. 


Vot. 211 


FISH IN RIGOR MORTIS 


Peak width (c/s) (Ha = 14,092 gauss) 





0 1 2 3 4 5 6 7 
Time after death (h) 


Nuclear magnetic resonance peak width plotted against time 
after death 


Fig, 1, 


uniform cylindrieal core when screwed into fish muscle. 
The core remains in the tube, the lower end of which is 
then sealed with a 5-mm plug of putty. The water contents 
of sample cores have been estimated at 81+ 2 per cent by 
comparing their absorption peak areas to samples of 
known water content. 

This work was supported by the U.S. Bureau of Com- 
mercial Fisheries, Technological Laboratory, Gloucester, 
Massachusetts. 
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Two-dimensional Thin-layer Chromatography 
of the Major Mononucleotides of 
Ribonucleic Acid 


THIN-LAYER chromatography, by virtue of its convenience, 
sensitivity, and short developing time, is useful for the 
separation and quantitation of many types of nucleic 
acid derivatives'-*. This communication describes the 
method used by this laboratory for the separation of the 
products of alkaline hydrolysis ‘of ee acid. 
Preparation of thin-layer plates: 15 g of ‘MN-cellulose 
powder 300G’ (Macherey and Nagel, Düren, Germany) is 
mixed with 90 ml. of distilled water by shaking for 1 
min. Clean 20x 20 cm glass plates are coated with the 
use of a Desaga-Brinkmann ‘Fixed-Thickness Applicator’. 
The plates are dried in air for 30 min and the cellulose is 
activated by heating for 10 min at 110° C. The plates are 
washed with water and air-dried before they are used. 
Chromatography procedures: RNA is hydrolysed by 
incubation either for 18 h at 37° C in 0-3 N potassium 
hydroxide, or for 48 h at 60° C in 10 per cent piperidine. 
The potassium is removed by precipitation with perchloric 
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Fig. 1. Diagram of two-dimensional separation xt nucleotides in 
solvents A and B as described in the text. A, AMP-2’,3’; C, CMP-2’,3’; 
U, UMP-2’,3’; G, GM P-2’,3'; O, origin 


acid; the piperidine being volatile does not have to be 
removed. The nucleotide solution is applied with a 
micropipette to a spot 3 cm from two adjacent sides. The 
following solvents are used: A, Isopropanol/hydrochloric 
acid/water (85-0 : 20-5; 195, v/v). B, Isobutyric acid/ 
ammonium hydroxide/water (58:0 : 3-8 : 38-5, v/v). Deve- 
lopment times at room temperature are 2-5 h for solvent A 
and 1-5 h for solvent B. The plates are thoroughly dried 
in air between developments. 

The spots are located by their ultra-violet absorption 
(Fig. 1), and the nucleotides are eluted from the powder 
in 0-01 N hydrochloric acid. The Rr values under these 
conditions are given in Table 1. 


Table 1. Ry VALUES OF NUCLEOTIDES 
Solvent A Solvent B 
[sopropanol— [sobutyric— 

hydrochloric acid ammonia 
AMP-2’,3° 0:59 0-84 
CMP-?',3 0-68 0-75 
UMP-2’,3° 0-77 0:63 
GMP-2’,3° 0-55 0:54 


This work was supported by a research grant from the 
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Fractionation of Porcine Macroglobulins 


PORCINE serum is particularly rich in macroglobulins: 
we have found it to contain 8 per cent of components with 
sedimentation coefficients up to approximately 17 S 
(Fig. 1). Gel filtration with ‘Sephadex 200’ offers a 
useful means for the preparation of macroglobulins'-* and 
preparative zone electrophoresis allows a good separation 
of the y,M and «,M globulins. 

Serum samples were taken from slaughterhouses. 1 g 
of the ‘globulin’ fraction, obtained by precipitation with 
2 M ammonium sulphate, was fractionated in a column 
(5 x 110 cm) containing approximately 70 g of ‘Sephadex 
G200’ (Pharmacia, Lot No. To 3016). Elution buffer 
consisted of 0-02 M sodium phosphate—0-08 M sodium 
chloride, pH 7-5. Protein appeared in the eluent in two 
main peaks (Fig. 2a); the localization of y,M and a. 
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4 g” PE 
69 min 


Fig. 1. riiinig patterns of porcine serum. Pictures were taken 

after 21 and 69 min at 59,780 r.p.m. Peaks move from left to right on 

sedimentation with coefficients of +2 S (75 per cent), 6-6 S (17 per cent) 
and 17 S (8 per cent) 


min 


globulins in peak Í was confirmed by immunoelectrophore- 
sis, performed aceording to the micro-modification of the 
method of Scheidegger‘ with rabbit anti-porcine serum. 
The fractions making up this peak were pooled and 
precipitated with ammonium sulphate. The precipitate 
was dissolved in 0:05 M barbital buffer to make 20 ml.; 
4 ml. were applied to a trough cut in a ‘Pevikon’ block 
(35 x 30 x 1-2 am), 7 cm from the cathodal end, for 
electrophoresis fractionation. Electrophoresis was allowed 
to proceed at 50C V for 30 h at 0°-2° C in a ‘Pherograph’ 
apparatus. 

After electrophoresis, the block was sliced transversely 
into l-cm segments; each segment was eluted with 15 ml. 
of 0-9 per cent sodium chloride and the fractions were 
analysed for protein content by the method of Lowry’*. 

The electrophoresis pattern was characterized by two 
peaks (Fig. 2b). It can be seen that a good separation of 
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unoelectrophoresis of peak I from (a) gel filtration and (b) 
fray Tro from the electrophoretic separation. RAPS, rab 

serum ; , horse anti-human serum. (c Cellulose acetate 
‘electrophoresis of fractions 8 and 13 from zone e ectrophoresis 


bit anti- 


vat ‘two macroglobulins had been accomplished: the 
M (segments 5-9) and the «,M globulin (segments 
i15) appeared to be homogeneous (Fig. 3b). These 
fractions, examined in the analytical ultracentrifuge, 
were found to contain components with sedimentation 
coefficients of approximately 18 S. Immunoelectrophore 
sis of these porcine serum macroglobulins with horse 
anti-whole human serum (Central Laboratory of The 
Netherlands Red Cross Blood Transfusion Service, No. 
2116) showed that porcine y,M globulin cross-reacted 
antigenically with human y,M globulin (Fig. 3a). 
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Changes in Muscular Glycogen Synthetase 
Activity following Denervation 


Hines and Knowlton’? have demonstrated a decrease 
of muscular glycogen levels after denervation. The 
biochemical mechanism underlying this phenomenon, 
however, is not clearly understood. It does not seem to 
be explained by an activation of phosphorolytic processes, 
as phosphorylase was shown by Huls and Leonard’ to 
decrease in the skeletal muscle after nerve transection. 

Bass‘ has reported a lower incorporation of glucose-'C 
into the glycogen of denervated muscular tissue, which 
suggests that it might be possible to explain the loss in 
glycogen by an impairment of the biosynthetic processes. 

In order to investigate further the turnover of glycogen 
in denervated muscle, we studied the activity of glycogen 
synthetase (uridindiphosphoglucose-glycogen _ transglu- 
cosylase) at various intervals after nerve section. Because 
Villar-Palasi and Larner® were able to show that glycogen 
synthetase is rate-limiting in glycogen synthesis, it might 
be possible to account for the loss of glycogen observed 
by a lowering of its activity. 
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Denervation was obtained by cutting the right sciatic 
nerve of white rats weighing about 250 g under light 
ether anaesthesia. The animals were killed by decapi- 
tation at various time intervals. Both recti femuri were 
excised and immediately chilled until determinations were 
performed. Spinal cord transection was performed under 
ether anaesthesia at the C6 level; fasted unoperated rats 
were used as controls. 

Glycogen synthetase activity was determined according 
to the method developed by Leloir and Goldemberg’*, 
and non-collagen nitrogen according to that by Johnson’. 
The results obtained after denervation are presented 
in Table 1. Starting a few hours after cutting the nerve, 
the enzymatic activity steadily decreased until it reached 
about 30 per cent of the control level after 2 months. 

After transection of the spinal cord (Table 2), a fall 
of glycogen synthetase activity was observed 24 h after 
surgery: eventually the enzymatic levels return to normal. 
Other experiments (not reported here) have shown that 
in this case the course of enzymatic variations is much 
more variable and may depend on the strain of the ani- 
mals used. 


Table 1 

Time after No, Glycogen 
denervation animals synthetase* 
2h 3 1,568 + 79-7 
24h 4 1,250 + 509 
3 days 3 1,029 46 

5 days 5 991 + 32-1 
10 days 5 $74+33°1 
15 days 5 8010 +456 
days 4 +206 

60 days 3 696+ 10:3 


* Expressed as y of UDP formed per 1 mg of nitrogen in 15 min at 37° C 
t S.E. of the mean. 


Table 2 
Time after No. of Glycogen 
cordotomy (h) animals synthetase* Per cent 
= 20 2,031 + 30-4 -- 
24h 3 1,359 + 17-7 — 33 
48h 3 1,775 + 446 -12-5 
72h 2 1,742 + 96 — 14 


* Expressed as y of UDP formed by 1 mg of nitrogen in 15 min S.E. of 
the mean, 


It should be pointed out that, from a biochemical point 
of view, only form D (according to Rosell-Perez et al.§-!*), 
which is fully active in the presence of glucose-6- 
phosphate, was determined in our experiments; no 
attention was paid to the relationships existing between 
this and the J form—that is, the one acting in the absence 
of glucose-6-phosphate. It would be advisable to under- 
take an investigation of the rate between the J and D 
forms, and of the process of interconversion J +> D under 
our experimental conditions (denervation and spinal 
transection) because, as Danforth™ has recently pointed 
out, this process in muscular tissue seems to be influenced 
by several experimental conditions such as nerve stimu- 
lation or administration of epinephrine. 

From a biological point of view, our results would 
seem to suggest the existence of a nervous control of the 
muscular levels of glycogen synthetase. Although its 
exact mechanism is not understood, it is evident that a 
fully efficient peripheral innervation is required for the 
maintenance of normal levels of enzymatic activity in 
muscle. The results obtained with cordotomized animals 
indicate that spinal centres are probably independent of 
higher nervous control in regulating the muscular glycogen 
synthetizing activity. The short-lived fall of enzymatic 
activity observed immediately after spinal transection 
could be ascribed to the spinal shock following surgery. 

This hypothesis is, at the present state of our research, 
only a tentative one aimed at interpreting our own 
experimental findings. Further investigations of the 
physiological and biochemical factors underlying the 
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j b a New Amino-acid in Red 
Algae 


A STUDY of free amino-acids and related compounds in a 
red alga, Gymnogongrus flabelliformis, revealed the pres- 
ance of two different substances, both containing a 
uanylurea moiety. One was afterwards identified as 
aidino - 3 - (3 -carboxypropyljurea or y- guanyl- 
do)butyric acid (I)!, and we propose here to call it 
rine’. It is now reported that the other compound 
een designated ‘gigartinine’ and shown to be N*- 
idinocarbamoy])-L-ornithine or L-a«-amino-y-(guanyl- 
eido)valeric acid (IT). 
After removing gongrine as precipitate from aqueous 
molice extracts of the alga, the filtrate was passed 
ugh a column of ‘Dowex 50 X-8’. The basic amino- 
ds were eluted from the cation exchange resin with 
ammonium hydroxide and the gigartinine was freed from 
he small quantity of arginine present by repeated re- 
crystallization of its nitrate from 50 per cent aqueous 
ethanol. The nitrate was obtained as thin plates, melting 
at 197° C (uncorrected). Elementary analysis gave: 
carbon, 30-23 per cent; hydrogen, 5-70 per cent; nitrogen, 
29:73 per cent. C 7H,,O.N, requires: carbon, 30-00 per 
cent; hydrogen, 5-76 per cent; nitrogen, 29-99 per cent. 
le + T5? (c = 2-0 in water). 
The ultra-violet spectrum (in 0-1 N sodium hydroxide) 
has a maximum at 225 my (e = 23,000). The infra-red 
spectrum (in ‘Nujol’) shows bands at 1,530, 1,610, 1,680 
and 1,725 cm~, in the region of 1,500 ~ 1,800 cm~. 
& Gigartinine gave an orange reaction with Sakaguchi’ S 
agent, unlike the orange-red given by arginine, and 
th ninhydrin the typical violet colour, the intensity of 
was 0-94 in leucine equivalent®. Carbon dioxide, 
ne and L-ornithine were obtained on degradation 
°C either in distilled water or in 3 N hydrochloric 
tuanylurea, and succinic acid on oxidation with 
um permanganate; citrulline and ornithine on 
aydrolysis with barium hydroxide. Each degradation 
coe product- except carbon dioxide was isolated in appro- 
= priate forms and identified by melting point, elementary 
ae analysis, infra-red spectram and other properties, respec- 
tively. 
Al these properties are in agreement with formula II. 

















NH 
2 [ 
. H, N—C—NH—CO--NHCH,CH,CH,COOH (D) 
NH NH, 


X i i 
o. H,N—C-—NH--CO—-NHCH,CH,CH,CHCOOH (L) 
A paper chromatographie survey on the distribution of 
ese guanidino compounds in algae was carried out by 
he basic fraction of aqueous ethanolic extracts, 
ified | by ion exchange chromatography. The 
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Rp values were 24 3 
arginine, gigartinine and g , 
consisting of butanol/acetic acid /pyr idine/wate 
by volume). Ameng fifteen species of red. alg: 
gigartinine was found in the following seven 
Gelidium amansii, Grateloupia livida, Polyps 
ideoides, Carpopelt:s flabellata, Hypnea japonica, 
textorit and Gymnogongrus flabelliformis. An- app 
quantity of gongrine was recognized only in s 
species. These guanylureido compounds, however, we e : 
detected neither im brown algae (seven epon) nor in: 
green algae (three species) examined. = 
Kerr Iro 
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University of Hirashima. i ae 
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Hyperin and Nonacosane Constituents Jf 
Tutsan 


I HAVE extended my investigations on tutsan (By JE 
androsaemum): and have obtained from its leaves 
of hyperin (3-p(+ | galactosidylquercetin)*-*, and. 
berries nonacosane®. Ji 

Hyperin. The dried leaves were successively. a 
with petroleum ether (80°-100° C), diethyl etl 
methanol. The methanolic extract, when eva 
under reduced pressure, yielded a yellow solid w 
repeated crystallization from ethanol furnished 
crystalline material, m.p. 235° C (d). An infra- 
tion spectrum® wes obtained of the. anhydrous 
dried material and was found to be identical with | 
an authentic specimen of hyperin (3-p(+) galaete 
quercetin), the latser also showing no depression: 
when admixed with the extracted solid. 

Before these comparisons were made, the glycosi 
hydrolysed in 2 per cent aqueous sulphuric acid to 
mixture of quercetin and p(+) galactose. Quere 
identified by acetylation to the penta-acetyl der 
m.p. 197° C, whieh showed no depression of me 
admixed with an. authentic specimen of penta 
quercetin. Both samples had identical infra-red abso 
spectra. b(+) galactose was isolated from the aq 
solution by forming the yellow erystalline phenylos 
m.p. 201°C, which crystallized from aqueous etl 
an identical manner to that of an authentic spec 
D(+) galactose phenylosazone. The two had i 
infra-red absorpticn spectra and there was no dep 
of melt when they were mixed. | 

Nonacosane. De-seeded unripe berries were 
at oil bath temperature 220° C/12 mm for 5h. A wax 
solid remained in the aqueous distillate. On erysta zat 
from aqueous ethanol, this solid furnished a colourl 
solid, m.p. 62-5° €. An infra-red absorption spee 
the sample (potassium bromide disk) showed ab: 
bands, which indicated methyl and methylene vibre 
together with two bands at 720 cem- and 730 i 
which indicated the presence of —(CH,),—. Thus it was A 
concluded that the extracted material was a straight-chain 
hydrocarbon of high molecular weight. The hydrocarbon 
was subjected to mass spectroscopy, the resultin ae 
showing that the ©., molecular ion was intense althoug! 
small abundances of Cze, Cs, and Cs were present : 
ever, the C,, peak was the major component at high 
and thus the chie? constituent of the extract wa 
cosane, Castle The small impurities of other 
carbons may account for the observed melting 
being slightly low=r than that cited (64° C) in. ref 
sources. i 
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Detection and Estimation of Ochratoxin A 


Tar recent isolation? of ochratoxin A from Aspergillus 
ochraceus Wilh., which has a widespread natural distri- 
bution, made the development of a rapid method for the 
detection and estimation of the mycotoxin desirable. The 
following methods have been used during screening of 
fungal strains and media for toxin production. 

a 20- -g sample of mouldy material in a 100-ml. Soxhlet 








apparatus is extracted with 1:1 chloroform—methanol 
fo . The extract is diluted with an equal volume of 

f orm, extracted with 0-1 M aqueous sodium bicar- 
bonate, and the toxin extracted with chloroform from the 


a Bie ous phase after acidification with 2 M hydrochloric 





sid. After removal of the solvent in vacuo, the residue 
is dissolved in 5 ml. chloroform and a 20- -ul. portion 
spotted on a silica thin-layer chromatoplate together with 
a standard sample of pure ochratoxin A. The chromato- 
plate is developed in 3:1 benzene—acetic acid and 


- inspected under ultra-violet light. Ochratoxin A appears 
ee as a green fluorescent spot at Ry 0-5 


Blue-green and pale 
fluorescent spots at Rp 0-35 and 0-65 indicate the 
esence of ochratoxins B and C, the dechloro and 
ethyl ester derivatives of ochratoxin A (ref. 2). 
spraying with 0-1 N aqueous sodium hydroxide, 
‘toxins A, B and C exhibit a bright blue fluorescence. 
ochratoxin A content of the original material can be 
ated by comparing the size of the observed spot 
that from a standard solution of ochratoxin A. 

is manner 0-1 p.p.m. ochratoxin A added to maize 
ould be detected. 

eases where unknown substances interfere with this 
od, or where additional proof is desirable, the results 

be verified by thin-layer chromatography on silica 
12: 2:1 benzene-methanol-acetie acid (giving 
on fluorescent spot at Rr 0-6) or paper chromato- 
‘on Whatman No. 1 paper with the system 3:1 
ol-3 N aqueous ammonium carbonate (giving 
e fluorescent spot at Rp 0-65). 

e thank the South African Oil Control Board, Pretoria, 
nancial support. 
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_ Elevation of Alkaline Phosphatase Activity 
in the Intestine of the Chick Embryo by 
Actinomycin D 


Durine the development of the mouse, alkaline phos- 


phatase activity in the duodenum rises sharply before 


birth, falls back slightly, and then increases twenty-fold 
r: This second rise is 
accelerated rather than retarded by inhibitors of RNA 
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a ‘protei q ntheaia®* Tni jection: Of. actinomycin D, 
an inhibitor of ‘DNA-dependent. RNA. synthesis‘, into 
9-day-old mice more than doubles their phosphatase 


activity within a 54 h period’, and the enhanced activity) — = 
shows the normal increased preference for phenylphos- = = 


phate over beta-glycerophosphate. Because these effects 
were obtained at a period of development when a con- 
siderable amount of phosphatase activity is already 
present, we thought it would be interesting to investigate 
the effect of actinomycin at a time when phosphatase — 
activity first appears. 

In the duodenum of the chick embryo, alkaline phospha- 
tase activity is first found in the brush border of the epithe- 
lial cells at about 17 days®*. By 21 days the adult level of 
phosphatase activity is reached—the enzyme activity has 
undergone a 100-fold increase after its initial appearance’. 
The effect of actinomycin D on this increase has been 
investigated during the 16-19-day interval, during which 
the enzyme activity increases about ten-fold. It has been 
found that phosphatase activity in the chick embryo 
duodenum in these stages is elevated two to three times 
above the normal levels by actinomycin injection at 16 
days. 

Single 5 ug doses of actinomycin D (obtained from 


Merck, Sharp and Dohme) dissolved in 0-1 ml. of 0-9 — che 


per cent saline were injected into a vein in the chorio- 
allantoic membranes of 16-day-old chick embryos; controls 
received an equal volume of saline alone, or were not 
injected. Embryos were killed after 1 or 3 days (that is, 
at 17 and 19 days of incubation); the Guodenal loop was 
removed, weighed, and homogenized in iced distilled 
water with a ‘Ten Broeck’ grinder. Homogenates were 
assayed for protein content’ and for enzyme activity 
on phenylphosphate (PhP) and beta-glycerophosphate 
(BGP) as described by Kato*, except that 0-2 M sodium 
carbonate-sodium bicarbonate buffer was used in the 
incubation mixture. 


Table 1. 
PHOSPHATASE ACTIVITY OF THE DUODENUM OF THE CHICK EMBRYO 
Specific Protein — 
Day of activity* PhPt+ concentration = 
Injection killing No. (mean and Eaa (ugimg fresh 
range} BGP weight) 
Saline 17 5 45-1 2°62 975 
ag 5-846) 
Actinomycin 17 7 159-7 t 6-59 97-5 
(77 1-266) 
None 19 7 402-6 7°98 90:7 
one 
Saline 19 i4 2-0 T839 89-4 
(11-800) 
Actinomycin 19 il 947 825 94-8 


{ 301-2,203) 


* ug phosphorus released from PhP per mg protein per 30 min 
t Ratio of the amount of phosphorus released from PhP to amount of 
phosphorus released from BGP. 
t For actinomycin injected versus saline control, P < 0-001 as determined 
by Student’s £ test (ref, 10}. 


The results of these experiments are given in Table 1. 
In 17-day-old embryos which received actinomycin 24 h 
earlier, the duodenal phosphatase activity is more than 
three and a half times that of saline-injected controls. 
Even at 19 days the enzyme activity is more than twice 
the normal level for that stage. The increases in both 
17- and 19-day-old embryos are highly significant. Histo- 
chemical investigations of duodena from embryos into 
which actinomycin had been injected show that the elevated 
phosphatase activity is localized in the brush border, 
where it is normally found’. Actinomycin treatment 


elevates phosphatase activity on both substrates tested, a ee 
but a relatively greater enhancement of activity on PhP — > 


was observed, as indicated by the increased PhP/BGP 
ratio in 17-day-old embryos. This ratio normally rises 
at the time when phosphatase activity first appears in 
the apical border of the epithelial cells®. 


with actinomycin; body-weight was not significantly — 
affected, nor did development appear to be retarded. 





EFFECT OF ACTINOMYCIN D INJECTED AT 16 DAYS ON ALKALINE oe 








The protein — r 
content of the duodenum was not lowered by treatment © 





No, 5047 JULY 23. 1 nee 
) cots déthonstrate: dhae the. paradoxical effect that 
-D exerts on the phe ssphatase activity of the 
num of the nursling mouse may be elicited also in 
he chick embryo at a stage before the enzyme has nor- 
mally begun to appear in the striated border. In the mouse, 
n which the low activity, low ratio form of the enzyme in 
the infant intestine is normally replaced during the third 
week by forms of higher activity and PhP/BGP ratio’, 
the enhancing effect of actinomycin and other inhibitors 
“of protein synthesis has been attributed to the inhibition 
-Of the synthesis of a repressor protein that is believed to 
restrain the shift from one form of phosphatase to another’. 
The present results suggest that a similar restraining 
mechanism may be operating even at a time when histo- 
‘chemical methods reveal no phosphatase in the striated 
oci border®-*, If this were so, it would seem that in the duo- 
< denum of the 16- day-old chick embryo, the enzyme is 
_ present in an inactive form, which may be activated later. 
Yo examine further this possibility, it is necessary to 
determine whether direct inhibitors of protein synthesis, 
‘such as cycloheximide, would produce the same result 
‘as actinomycin D, and also to examine the effects of these 
antibiotics at earlier stages, both in vivo and in vitro. 
Such investigations are now in progress. 
This work was supported by the National Institutes 
of R U.S. Public Health Service. 
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-Production of Carbonyl Compounds by Tomato 
Fruit Tissue in the Presence of Aliphatic Alcohols 


Tis well established that, in the absence of oxygen, many 
rpes of plant tissue produce ethanol. Under normal 
hditiona ethanol, other alcohols and various aldehydes 
re produced in small amounts by ripening fruits and other 
lant organs!-*. The question whether ethanol is meta- 
lized by plant tissues has, on the other hand, been a 
urce of controversy. In recent years Phillips’, working 
with barley seedlings, Wager® with peas and Lowe and 
James* with mature carrot disks have found no evidence 
for appreciable utilization of ethanol. However, Cossins 
and Turner’ showed that ethanol was consumed by the 
tissue in germinating peas and was converted initially 
to acetaldehyde and acetone, followed by the production 
of organic acids and amino-acids. Homogenates of a 
variety of germinating seeds were shown!®, by redox 
<o indieator, to have alcohol dehydrogenase activity when 
~~ the normal Cy, Cy and Cy aliphatie alcohols were added 
as substrates. Less activity was evident in the presence 
of the normal C, or C7, secondary C, or iso-C,7, and 
tertiary C, or C,- alcohols. Recently, Cossins and 
-Beevers!! showed that carrot disks, corn and pea shoots, 
otato disks and castor bean endosperm rapidly meta- 
bolized earbon-14-labelled ethanol, while apple tissue 
onsumed it very slowly. Their results suggested that 
cetyl coenzyme-A was derived from ethanol and con- 
2d. to lipids, amino-acids, organic acids and sugars by 
Ways. 
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During a study af ethylene ‘geod ji 
tissue kept under sterile- conditions Haie y h an ž 
unpublished data) we observed that ethanol and acs i 


these substances arose because of the wound factor 
duced in preparat: on of the tissue portions. Ho 


with the usual ster le techniques which included the u $ 
alcohol in sterilizing the fruit, tools and the w 

surfaces in the sterile laboratory. As a result, 
vapour inevitably got into the culture medium. Wh 
the preparative sterile technique was modified to exelude — 
alcohol from all stages of the procedure, subseq ent 3 
analysis showed that both ethanol and acetaldehyde were 
absent from the culture tubes. In this respect, therefore, 

wounding of the tissue seemed to have no effect, and the 

production of ethanol and acetaldehyde were pi Of 
technique. 














addition was Mans excluded, but various pape 
deliberately added, addition of ethanol to tomato t 


able acetone. Addition of n-propanol or pe 
yielded propionalcehyde or acetone respectively bi 
other carbonyl] compounds. After methanol or n-b 
were added, carbonyl products could not be detect: 
The identification of the carbonyl compound 
based (a) on analysis of the atmospheres in the 
tubes by gas chrcmatography, comparing the r 
times with those of authentic compounds on three co 
with stationary phases of varied polarity (silico: 
tritoly] phosphate: and polyethylene glycol 400), an 
on separation by paper chromatography? of th 
dinitrophenylhydrazones prepared by addition: 
aqueous hydrochleric acid solution of the reagent i 





with carbonyl-free!? carbon tetrachloride. 





Table 1. PRODUCTION oF CARBONYL COMPOUNDS BY RINGS OF OM 
FRUrT PERICARP TISSUE* En 
Estimated. co y 
tion (mM) in: tt 
l Compound ture solutio 
Substance Sample identified designated 
added + in gas phase of post-treatm 
gas accumulati 
0-16 h 
(Ethanol used in sterile procedure) . . 
Water Tomate tissue Ethanol 4-6 
Acetaldehyde 0-3 
(No ethanol in sterile Poceo) i 
Ethanol Contro Ethanol 22-2 
{0:08 M) Acetaldehyde 0-0 
Tomate tissue Ethanol 15-7 
Acetaidehyde 0-7 
de Pe Contro: n-Propano! 24-5 
(0-08 M) Propionaldehyde a9 
Tomate tissue  2-Propanol 13-6 
s Propionaldehyde t3 
iso-Propanol Contro iso-Propanol 2-4 
(0-08 M Acetone 0 
Tomate tissue iso-Propanol 16-3 
Acetone Gi 


* Each ring of tissue (average weight 1:3 g) was inserted ander i diale 
conditions into a moe tube (19x 150 mm) containing 1-5 mi. of: culture 
solution (0°25 M glucose, 0-0002 M magnesium sulphate, 0-005 M p een 
dihydrogen phosphate and a micromineral supplement based on: W 
(ref. 13) recommendations) initially adjusted to pH 45 with potas: 
hydroxide. The cultures were capped with filter paper and stored in. eo : 
roller for 11 days at 20°C. For analysis of the gas phase, the culture tubes 
were placed inside larger tubes (29 x 200 mm) closed with "soft rubber bungs 
(net gas phase volume ¢.80 

+ 0-5 mi. of test solution was added to each culture using sterile technique, 

t The concentrations in the culture solutions were estimated from: the 
concentrations in the gas phase after allowing about 16 h for accumulation and 
equilibration; the results from four tubes were averaged. A 1-0 ml. sample of 
the atmosphere was witodrawn with a hypodermic syringe inserted through — 
the rubber bung and was analysed on a polyethylene glycol 400 $ 
(15 per cent on 60-85 mesh ‘Celite’ : 4 mra x 184 em long) at 70° C,- 
compound a calibration curve was prepared, relating concentration: 
č aane solution to the peak height obtained under the standard analy 
conditions. 













Table 1 shows the results of a typical experimen 
which a quantitat-ve estimate of the course of the rea 
was obtained. Cencurrent determination of the ¢ ZE 
dioxide evolved ba the tissue (using gas chromatograp Ww 
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with a silica-gel column) did not indicate any significant 
difference between the samples. 
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CYTOLOGY 


Variability of Ribosomal Aggregation in 
Lymphocytes 

WE have been studying the fine structure of the bovine 
lymphocyte as part of an investigation into the effects 
of prolonged lymphocyte depletion?. In the course of this 
work it was observed that large lymphocytes, which make 
up most of the cellular component of thoracic duct lymph 
in the lymphocyte-depleted calf, can be divided rather 
distinctly into two populations according to the distri- 
butions of their ribosomes. 

One class of cells contains large numbers of membrane- 
free ribosomes which are dispersed more or less evenly 
throughout the cytoplasm, whereas the other class 
shows prominent aggregation of ribosomes into congeries 
of five to eight sub-units. This is illustrated in Fig. 1, 
which shows portions of cytoplasm of two adjacent 
lymphocytes, one of each type. These cells were obtained 
from thoracic duct fluid of a lymphocyte-depleted calf 
which was 7 months old and which had received no 
deliberate antigenic stimulation. For 16 days this animal 
was subjected to continuous removal of cells from the 
thoracic duct lymph by means of a refrigerated, continuous- 
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Fig. 1. A thin section showing cytoplasm of two adjacent large lympho- 
cytes from the thoracic duct of a lymphocyte-depleted calf. The ribo- 
somes of one cell are aggregated. ( x 24,000) 
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flow centrifuge, cell-free lymph being returned to the 
venous system. Specimens of sedimented cells were fixed in 
glutaraldehyde followed by osmic acid, and sections were 
stained by lead citrate and uranyl acetate. The great 
majority of cells present were large lymphocytes, and 
about a quarter of them contained aggregated ribosomes 
and three-quarters dispersed ribosomes. 

The two classes of cells seem to be morphologically 
identical in other respects. They have large, irregular 
nuclei characteristically divided into two lobes by a V- 
shaped notch. At the mouth of this notch a Golgi body 
is typically present. The cytoplasm of these cells is 
abundant and contains many spheroid mitochondria. 
The endoplasmic reticulum is inconspicuous, but a few 
scattered, non-parallel cisternae are present in most 
sections, and the membranes of these are lined by ribo- 
somes which are apparently fixed. 

Since it was first shown that haemoglobin synthesis 
occurs on polyribosomes of the rabbit reticulocyte*, the 
association of ribosomal aggregates with protein synthesis 
has been established in many systems. The implication 
is that the two classes of large lymphocytes described here 
are cither synthesizing protein at different rates or syn- 
thesizing protein molecules of different sizes. It is possible 
that this indicates a variation in the growth rates of 
morphologically similar lymphocytes. 

A more interesting possibility is that these ribosomal 
aggregates represent the ‘immune aggregates’ found by 
Manner and Gould’? in the ribosomal fraction of rat lymph 
nodes after stimulation by Salmonella antigen. These 
aggregates are associated with the synthesis of gamma- 
globulin, and differ from the usual polysomes in that they 
are disaggregated by mild treatment with trypsin rather 
than by mild treatment with ribonuclease. If the poly- 
somes in bovine large lymphocytes are ‘immune aggre- 
gates’, then the all-or-none nature of this aggregation 
among various cells indicates that antigenic stimulation 
affects some cells and not others, thus providing a mor- 
phological marker for the ‘immunologically committed’ 
lymphocyte. 

This work was supported by the U.S. Atomic Energy 
Commission, 
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Form and Function of Lysosomes in Oral 

Epithelium 
Mucu of the acid hydrolytic enzyme activity of many 
tissues is believed to reside in membrane-bound bodies 
termed lysosomes'?, The cells of the oral epithelium, 
during their migration from the basal layer to the free 
surface, lose organelles such es mitochondria, melanin 
granules and probably keratohyalin granules*. This loss 
raises questions similar to those posed for the cells of skin 
by Riley*. 

Jarrett and Spearman*® have suggested that this lysis 
of organelles in epidermal cells during keratinization is 
mediated by lysosomes deposited in the keratinocytes by 
eytocrine transfer’ from high-level melanocytes (Langer- 
hans cells). We have observed ultrastructural bodies 
having the commonly accepted morphology? of lysosomes 
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_ in Langerhans. cells, but not in the keratinocytes, of 


human oral epithelium. — 
Our. histochemical investigations confirm the presence 
of acid phosphatase in keratinizing and non-keratinizing 
oral epithelium, which has been reported by several 
---workers?)*, The distribution of acid phosphatase and 
<o other acid hydrolases is similar in keratinizing oral epithe- 
lium to that in skin, where Diengdoh*® has interpreted 
aggregates of acid phosphatase as lysosomes. We have 
preliminary electron histochemical evidence for the 
presence of acid phosphatase in Langerhans cells. Riley‘ 
found acid phosphatase in certain high-level dendritic 
-eells by an azo-couple technique. In keratinocytes of 
oral epithelium we have detected some localization of acid 
phosphatase on, or near, the plasma membrane. This 
-observation has been made using both the Gomori lead 
~onitrate technique and an azo-couple method?®, and by 
< oo electron histochemical techniques". 

ooe. We suggest that these deposits represent small bodies 
~---gontaining acid phosphatase which are to be regarded as 
lysosomes and which may correspond to the small granular 
bodies commonly seen at, or adjacent to, the plasma 

membrane in oral epithelial keratinocytes'?)°. 
~ We thank Mr. J. E. Linder for his advice in this work. 
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HAEMATOLOGY 


~ Haemagglutinating Properties of Deoxyribo- 
ee nucleic Acid 
Ispryama has described! a phenomenon of ‘direct 
haemagglutination’? by the nucleic acids (DNA and 
RNA), and has shown that it is produced in a fixed 
<o range of pH (pH 2-6) and that it is inhibited by human, 
rabbit, sheep and guinea-pig sera. The present com- 
-munication reports some results obtained in the investi- 
gation of this phenomenon. 
Tn my experiments, sheep erythrocytes (2°5 per cent in 
physiological saline) were used. 0-1 per cent DNA solution 
was prepared with ‘DNA Ex-herring Sperm’ (Light and 
Co.) in physiological saline at pH 5-4. The possibility of 
there being any contamination with proteins was tested 
- by ethanol and heparin precipitation. The tests were 
<o negative. Erythrocyte agglutination by DNA at pH 5-4 
. vis reversible if the agglutinates are treated with a saline 
= buffer at pH > 6. 
oe Neither thermal denaturation of the DNA (when the 
~ golution is heated at 100° C for 10 min and then immersed 
dn an ice-cold bath) nor ultra-violet denaturation (when 
2mm thick layers of the DNA solution were exposed for 
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45 min, 24 cm fron: a 450 W, type Q-99 ultra-violet lamp) 
destroys the haeragglutinating capacity of the DNA- 
(ultra-violet denaturation was ‘controlled spectrophoto- 
metrically—Hitachi recording spectrophotometer—at 
260 mu). The fact that both thermal and ultra-violet 
denaturation failed to destroy the haemagglutinating 
capacity of the DNA would seem to indicate that this- 
property is not related to the structural integrity of the 
DNA macromolecule. Thermal denaturation results in a. 
breakage of the hydrogen bonds and is responsible for the- 
change-over from double-stranded to single-stranded 
structure??; ultra-violet denaturation modifies the helical 
configuration by breaking the hydrogen bonds into a 
minimum of ten bonds?. It is possible that during thermal 
denaturation a namber of thermoresistant molecules 
persists in the solution, or that during its cooling a degree 
of renaturation of the DNA macromolecules occurs*. o 
DNA haemagglutination is blocked by 0-01 M EDTA 
(EDTA dinatriumsalz’, Merck). The blockage is effected 
by treating the DNA solution with EDTA only. Prev ous 
treatment of the erythrocytes with EDTA does not destroy. 
their susceptibility to the haemagglutinating effect of the 
DNA. It is probable that this effect is also related to- 
the existence of some bivalent cations associated with the 
DNA macromolecule and that it plays a part in’ the. 
agglutination phenomenon. Data have been reported on 
the association of Mg++ with DNA macromolecules and 
the part that it plays in the biological activity of this 
nucleic acid’. oe 
If the erythrocytes are treated for 30 min at 37° C with 
0-002 M sodium metaperiodate the tendency for them to 
be agglutinated by DNA disappears. The trypsin (NBC 
1: 300), 1 per cent in buffered saline (pH 7-3), restores. 
their susceptibility to agglutinate on treatment with 
DNA. The same ean also be observed after erythro : 
which cannot be agglutinated by serum adsorption 
treated with trypsin. It is known that the metaperic 
destroys the receptors for the influenza virus*? ani 
trypsin restores the haemagglutinating capacity los 
treatment with metaperiodate®. These facts woul 
to be consistent with the suggestion made by Ish 
that erythrocyte receptors for DNA intervene — 
haemagglutination induced by some viruses. EE 
The DNA haemagglutination is also inhibited by 
lecithin (‘Lecithin 2x ovo’, Merck) at a final concentration. 
of 1/20,000, but is not inhibited by cholesterol. In this 
respect, DNA haemagglutination differs from that pro- 
duced by some bacteria (Escherichia colt), as in the lati p. 
case the haemaggiutination is inhibited by both lecit} 
and cholesterol’. Lecithin acts at the DNA m 
molecule level, and only treatment of the DNA solut 


















ion 
by lecithin blocks the haemagglutination; even after 
previous treatmert, the erythrocytes cannot be agglu-_ 
tinated. tae 

Investigations are in progress in an endeavour to throw. 
some light on the mechanism of interaction between DNA 
and cellular surfaces. ae 

I thank Prof. V. Vasilescu for his help and encourage- 
ment, E. Truta forthe spectrophotometric determinations, 
and Dr. G. Gancewici for the valuable discussion. _ 
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fast Cell Mucopolysaccharides — 


has. been a great deal of controversy in the past 
years as to whether mucopolysaccharides other than 
are present in mast cells. Although the biochemi- 
ysis of normal rat peritoneal mast cells has only 
led heparin'?, some histochemical evidence strongly 
ests that additional mucopolysaccharides may be 
in rat mast cells**. Recently, the dual staining of 
i granules in an alcian blue—safranin sequence was 
d jed by Worthington and Bailey’. They found, 
using aleian blue at a low pH with safranin as a counter- 
stain, that even within a single mast cell some granules 
stain blue and others stain orange-red. It could be postu- 
lated that such dual staining arises from the partial 
removal of an alcian blue staining mucopolysaccharide, 
: : not heparin as the granules retain their meta- 



































t this hypothesis, mast cells in rat mesentery and 
eolar tissue from the dorsum of the foot were 
d. Mesenteric biopsies were taken using spring 
th opposing loops at one end and the biopsies 
sd and stained intact. Sections of skin from the 
‘@ examined from blocks which had been fixed 
bedded in paraffin wax. In addition, frozen 
were cut from the loose areolar tissue beneath the 
aneous fat and were stained immediately or post- 
| 1. Sections were stained with 3 per cent alcian blue 
in 2N sulphuric acid for 30 min and counterstained with 
Ll per cent aqueous safranin for 1 min. 
ter fixation of the mesentery for 30 min in 10 per cent 
d formalin, the mast cells showed the characteristic 
taining described by Worthington and Bailey’. 
er, after fixation in methanol the mast cells stained 
rmly blue. As the same staining reactions were 
ned with extracellular granules following degranula- 
with compound 48/80, it would seem that alcian 
reactivity is a property of the granules alone and 
both heparin and the alcian blue staining muco- 
saccharide are retained when the granules are dis- 
d from the cell. 
paraffin-embedded sections of skin fixed in aqueous 
n and methanol, the mast cells stain orange-red 
lcian blue-safranin. However, they stain blue in 
rozen sections post-fixed for 24 h in 10 per cent and 
-cent formalin, methanol, Bouin’s fluid, Zenker’s 
and Carnoy’ s fixative. But they stain orange-red 
ost-fixation in 40 per cent formalin. The effect 
neentrated formalin is not due to acidity, as alcian 
reactivity is retained after treatment with buffer 
ns ranging from pH 1:0 to pH 7-0 for 24 h. This 
iy of formalin was further studied and it was found 
after fixation in 10 per cent formalin the mast cells 
h frozen sections of skin from the foot also lost 
aleian blue reactivity when the sections were later 
dat 56° C for 2h. Methanol-fixed sections retained 
eir reactivity in this test. 
Other procedures wore investigated in order to determine 
whether the dual staining could be reproduced. After 
no $reatment with testicular hyaluronidase at pH 4-9 and 
in TO the mast cells all stained blue. However, the dual 
Big an aing, was ee when unfixed Baie sections were 














anod. and sould be bon irraed sitli toluidine blue. 
rom this study, therefore, it would appear that mast 
lis do contain a mucopolysaccharide in addition to 

arin although the nature of this mucopolysaccharide i is 
nown. Because the mucopolysaccharide is completely 
oved by embedding in paraffin wax it is distinct from 
mucopolysaccharides stained by other procedures*". 
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IMMUNOLOGY 


Circulating Antigens in Cattle infected 
with Babesia bigemina or B. argentina 


SOLUBLE antigens have been found in the serum of 
monkeys infected with Plasmodium knowlesi; these anti- 
gens fixed complement with homologous antiserum bi 
had no immunogenic activity’, However, antigens foun 
in the serum of rats and mice infected with Trypanosoma 
brucei have been shown to be effective immunizing _ 
agents’. FE 
This communication reports the oceurrence of soluble = ~ 
antigens in the serum of cattle heavily infected with = = 
Babesia argentina or B. bigemina. In the preparation of — 
antigens for use in complement fixation tests for the — 
diagnosis of infection with these organisms, heavy para- o 
sitaemia was produced by serial passage of the protozoa` 
through splenectomized calves’. Plasma from these 
infected ealves was lyophilized and afterwards reconsti- 
tuted to one-third of its original volume. These concen- 
trated materials gave two precipitin lines in gel-diffusio 
tests with serum obtained from cattle 2-4 weeks afte 
recovery from the clinical effects of infection with the 
homologous organism. As control testa with serum from. 
uninfected calves and with extracts of normal bovine 
erythrocyte stroma were negative, these antigen-antibody 
reactions were assumed to be associated with babesial a 
infection. ne 
Antisera to serum from calves infected with B. argentina S 
or B. bigemina were prepared in rabbits, and antibodies -Ț 
to the constituents of normal bovine serum were removed 
from the respective rabbit sera by absorption. In gel- 
diffusion tests with sera from infected calves and homo- 
logous absorbed rabbit antiserum, three precipitin lines ` 
were detected in the case of B. argentina and two lines in o 
the case of B. bigemina. Only one line was common to — 
both systems. The differences between the two sets of 
plates are taken as an indication that some reacting =o 
precipitinogens were not normal cattle or rabbit serum 9” 
components but originated from specific protozoan antie o 0o) 
gons in the cattle sera inoculated into the rabbits. Ee 
Further investigations of the antigens of Babesia inthe 
serum of infected cattle are being undertaken, particularly = 0 
with regard to their isolation and to the assessment of 
their significance in the production of antibodies related 
to a state of acquired immunity. 
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| Adenovirus 2* A 
fopertios and possible funotions of the complement- 
ng tumour and “TI” antigens (neoantigens) of adeno- y-Globulin fractions 1:10 1:20 1:40 1:80 1:10 1: 20 Te 
ses and papovaviruses as related to virus infection 195 fraction b a o 8 ©. c& on 
transformation have already been described?-*. The 78 fraction 4 4 4 4 4 4 4 
ent communication reports the first of a series of Control originalsera $ 4 4 4 4 4 4 
vestigations dealing with the location of antibodies * Adenovirus type 2 antigen used at 4-8 units. me 


“pt + Adenovirus 12 ‘A’ antigen used at 8-16 units based on titrat 
he ‘T’ antigen and to the virion of various adeno- <A” antigen rabbit antisera. 
viruses. 


| -Using sucrose density gradient separation’, we separated tested a iro : 
ae gainst two types of ‘T’ antigen pre 
“the 19S and 78 fractions of human and hamster sera. obtained from adenovirus 12-infected HEK ce 


- The serum was diluted 1:2 with phosphate buffered of the "T° antigens was produced in HEK 


saline and a portion was saved as control serum. I mi. gyliures in the presence of cytosine arabinosid 
of this material was layered over 4 ml. of a sucrose density blocked the formation of virion complem 


ient (12 per cent to 37 per cent) and centrifuged at antigen and infectious virus whil itting th 
Or. p.m. for 18 h. The 7S fraction was located just of as ahipa u. The Si Spe pee st 


-the albumin fraction (stained with bromphenol from the supernatant of a 55 h collection of a 
for identification) and the 195 fraction was in the 12infected HEK cultures by a two- phase ` p 
west. millilitre of the gr adient. The m fractions, re- separation method!*. Because the “T’ and tumour 
d: gi the ‘side withdrawal PENOS ane the 195 complex has ab least one heat labile and one heat 
lectrophor esis. Paper electrophoretic investigations’ between dhs Raoi vities of the 7S fraction with 
led no differences between the patterns of sera from and "T° antigens from two different sources w. 
al hamsters and those with tumours. The 7S com- surprising. i 


it appeared mainly as y-globulin and the 195 Several sera from individual hamsters carr ying 
on migrated in the range of 8-globulins. The adeno- virus type 12 tumeurs were also separated into I 
pe 4 convalescent human sera gave a normal 7g components. The complement-fixing antit 


ophoretic pattern, Although the same general adenovirus type 12 tumour antigen (Table 2) wer 
ance was noted for both human and hamster serum, almost entirely in the 79 fraction of each serum, 


action of human serum contained a small quantity A serum, from an adult volunteer two week 
Y: globulins. Each sample was investigated for 2 Pin witk adanoviris type 4, was obtai 


eme Dr. R. M. Chanock and similarly f ti ( 
A no of adenovirus type 12 hamster sera selected for noes 7S fr si oie This o dr page ie 












































H reaction with adenevirus 12 hamster tumour or 
action with tumour antigens but not with virion an gens, revealed higa-titred antibodies to virior 


, was separated into 19S and 75 fractions. tibody located in the 7S fraction; however, some “an 


adenovirus type 12 tumour antigen was located in the appeared in the 198 fraction (Table 3). This rea 
fraction as shown in Table 1. The 7S fraction was also may be characteristic for adenoviruses in general, : 


identical results were obtain 
fable 1. LOCATION OF COMPLEMENT-FIXING ANTIBODIES TO ADENOVIRUS suits abt ed when the fracti 


2 TUMOUR AND “T” ANTIGENS IN THE y-GLOBULIN FRACTION OF A Poorsp tested with the purified group antigen (A antige 
HAMSTER ANTISERUM from adenovirus type 12-infected cell culture 


| Antiserum dilutions _ (Table 3). 
Serum Antigen 1:10 1:20 1:40 1:80 Titre Three serial sera specimens were obtained from 











Unfractionated serum Tumour 4 4 4 $83 1:80 before and after infection with adenovirus 31 thro 
S Tumour 4 4 4 1:800r> courtesy of Dr. A. Vargosko of the Children’s Hi 
Tumour 0 0 0 0 <10 
iT? CA. Washington, D.C. Density gradient separation in 
_anhibited* 4 4 #2 8 14:20 tions showed that the antibodies to virion were 
T? dextran- 
separated + 4 4 0 © 1:20 in the 75 fraction (Table 4). 
i WYiitoniree “P* antigeni untie used. In conclusion, & preliminary investigation 
Virion-free “T” antigen—2 units used, that complement-fixing antibodies to the ng 


a Table 2. LOCATION OF COMPLEMENT-FIXING ANTIBODY TO ADENOVIRUS TYPE 12 TUMOUR ANTIGEN* IN THE y-GLOBULIN FRACTIONS oF Sm 
oe TAKEN FROM INDIVIDUAL HAMSTERS CARRYING TRANSPLANTED TUMOURS 


. Unfractionated Days after Days after y-Globelin Antibody titres 
Inoculum antibody titre transplantation tumour appeared fraction 1:10 1:20 1:40 
oe 108 1 0 
eee AB B204 New-born 1:80 96 22 . 
eee pansphant 7a 4 4 4 
Leinart (first passage) 
: Hea ` Pogi neha AR E aaa? a a 188 t 8 
OS FE BB205 New-born 1:80 96 22 i 
Gireno u transplant rr 4 4 4 
(first passage) . 
1G ğ 
New-born 1:40 96 Be 
transplant 7s 4 4 ü 
| (first passage) | 
i 198 2 0 
57395 Weanling 1:80 38 19 
: transplant Ta 4 4 
(third passage) 
2 198 3 1 0 
H 57908 Weanling 1:40 54 35 
transplant E 4 4 i 
(third passage) , 
19.3 1 0 
Weanling 1:40 27 li l 
transplant 7a 4 4 3 
(fourth passage) 


denovirus type 12 tumour antigen used at 4~8 units. 
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Table 4. LOCATION OF ANTI-VIRION COMPLEMENT-FIXING ANTIBODY IN THE 
y-GLOBULIN FRACTION OF SERA OBTAINED FROM A CHILD AT THREE DIFFERENT 
TIME PERIODS BEFORE AND AFTER INFECTION WITH ADENOVIRUS TYPE 31 


Antibody titres 
Adenovirus 31 


Adenovirus 12 ‘A 
antigen 
LS 33:36 1792 73-204 12:28 2:46 3 os 1:64 
6 months 


195 fraction 0 0 
7S fraction 0 ü 
Control original sera O 0 
2 years 
19S fraction 0 0 
78 fraction 4 4 3 0 4 { tr 0 
Control original sera 4 4 4 | - 4 4 3 D 
2 years, 6 months 
195 fraction 0 0 
7S fraction 4 4 4 tr fl $ 0 0 
Control original sera 4 4 i 2 j 4 l 0 


tumour and ‘T’ antigens (neoantigens) found in sera of 
hamsters bearing adenovirus 12 tumours were located in 
the 7S y-globulin fraction. Antivirion complement-fixing 
antibodies resulting from infection with adenovirus type 
31 were also found entirely in the 7S fraction. Separation 
of a convalescent human serum taken from an adult 
patient with adenovirus type 4, 2 weeks after infection, 
revealed some antivirion antibody in the 19S fraction. 
However, at least four times as much antibody was 
demonstrated in the 7S fraction. 

This work was supported by a field investigation 
contract with the National Cancer Institute. 
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Cells producing IgD Immunoglobulins in 
Human Spleen 


A FOURTH class of immunoglobulins has recently been 
identified in human sera by Rowe and Fahey? and has 
been named IgD. This class is characterized by the 
unique antigenic and physico-chemical properties of the 
H chain; its concentration has found to vary 
between wide limits in different sera, but it seldom exceeds 
l per cent of all immunoglobulins. 


been 
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As it has been ascertained that, as a rule, the different 
classes of immunoglobulins are produced by different 
cells in human lymphoid tissues*-*, it was of interest to 
investigate if this was also the case for IgD, es well as to 
determine the number and disposition of IgD-containing 
cells. 

This has been done by conjugating the gamma globulin 
fraction of a specific anti-IgD antiserum, with fluorescein 
isothiocyanate, prepared as indicated by Rowe and 
Fahey*, and by staining sections from three different 
human spleens obtained at necropsy from adult individuals 
with this conjugated antiserum. The specificity of the 
staining for IgD was checked by inhibition through 
previous treatment of the sections with unconjugated 
anti-IgD antiserum. 

Adjacent sections were alternately stained with a 
fluorescein-conjugated anti-IgG antiserum. A typical 
result is shown in Figs. 1 and 2: it is clear that the anti- 
[gD antiserum stains a minority of the cells of the plasma 
cell line in the human spleen; this staining is as brilliant 
as that obtained, on a much larger number of cells, by 
means of the anti-IgG antiserum. 

When the anti-IgD (fluorescein-conjugated) and the 
anti-IgG (rhodamine conjugated) antisera were applied 
in sequence to the same section, the cytoplasm of a few 





Fig. 1. Section of human spleen stained for IgG: many plasma cells and 

plasmablasts are visible in the peripheral zone of a periarteriolar sheath, 

The smal! artery is visible in the lower right corner, marked by its 
autofluorescence. ( x 250) 





Fig. 2. Section adjacent to Fig. 1, stained for IgD; only one mature 


plasma cell containing IgD is present in this field. ( x 250) 
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cells showed & brilliant green fluorescence, while that of 
the majority of cells was stained by rhodamine. It can, be 
concluded that the IgD globulins are produced by separate 
cells. 

As already stated the number of these cells is very small, 
compared with that of cells producing IgG globulins. To 
estimate this ratio, all the IgD-positive cells present in a 
section of splenic tissue about 1 em? were counted, and their 
number compared with that of all the IgG-positive cells 
visible in an adjacent section; the ratio obtained was 
found to be reproducible in different pairs of sections 
from different areas of the same spleen; on the other hand, 
significant differences were found among the three m- 
dividual spleens examined, the values obtained being 
0-13, 0-30 and 0-45 IgD cells per 100 IgG cells, respectively. 

These values fall within ‘the range of retios of IgD to 
IgG molecules that exist m the majority of normal indi- 
viduals, calculated on the basis of the concentrations of 
IgD observed by Rowe and Fahey and on the basis of a 
normal concentration of IgG of 12-63 mg/ml.®. It may be 
that the concentration of IgD in the serum depends on, the 
number of IgD-producing cells in the lymphoid tissues. 

With regard to the morphological characteristics of the 
IgD-producing cells, ıt can be said that they appeared 
similar to those elements positive for IgG; in fact many 
had the appearance of mature plasma cells, but IgD 
globulins were also found in the cytoplasm of ‘immature’ 
cells of the plasma cell line and in the cytoplesm of ele- 
ments with a large nucleus and a high nucleer/cytoplesmic 
ratio (the so-called ‘large lymphocytes’). 

The distribution of the IgD-positive cells in the human 
spleen appeared to be essentially random imesmuch as 
most of the cells appeared scattered throughout the 
tissue; clusters of ea few IgD-positive elements were, 
however, seen in some instances. It seems likely that these 
clusters were derived from the recent cellular division of 
one element already differentiated towards the production 
of IgD; on the other hand, the fact that most of the cells 
were scattered might indicate that either the IgD- 
positive cells themselves or their precursors are endowed 
with considerable capacity for displacement, a property 
that is presumably possessed also by the cells involved 
in the production of other immunoglobulins. 

‘This work was supported in part by a grant from the 
World Health Organization. 
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PHYSIOLOGY 


A Smooth Muscle Contracting Substance 
in Extracts of Human Umbilical Cord 


AT the birth of most mammals the umbilical cord is not 
ligatured and serious haemorrhage seldom occurs!. In 
man active constriction of the umbilical blood vessels 
follows delivery. 

The umbilical blood vessels have been shown to con- 
strict in response to a variety of stimuli. Haselhorst? 
has shown that the walls of cord vessels are sensitive to 
temperature and to irritation from handling. Schmitt? 
showed that umbilical vessels contracted when the oxygen 
content of perfusing fluid was increased. Umbilical 
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vasoconstriction is elso produced by the catecholamines, 
histamine, posterior pituitary extract and 5-hydroxy- 
tryptamine*. These facts suggested that a chemical 
substance may be released which will act on the umbilical 
blood vessels after birth. 

Aqueous extracts of human umbilical cords were shown 
to contain a substamce which stimulated smooth muscle. 
Preliminary investigations involved extraction of different 
parts of the umbilical cord and the placenta. The active 
substance seemed to be present only in the walls of the 
umbilical arteries snd vom and was absent from the 
substance of Wharton’s jelly, from extracts of placenta 
and from umbilical arterial and venous blood. 

Purification of crude aqueous extracts was attempted 
and the active subssance was shown to behave as a weak 
acid on partition between water and ether; it was retained 
in the aqueous phase at alkaline or neutral pH, but at 
acid pH it passed into the ether phase. It migrated 
towards the anode cn paper electrophoresis. 

From pharmacological investigations undertaken so 
far, it would seem that the smooth muscle-stimulating 
action of the umbilical cord extracts results from a 
hitherto unknown substance. The substance has been 
distinguished from active substances which are found in 
mammalian tissues namely esters of choline, histamine, 
5-hydroxytryptamine, bradykinin, angiotonin, substance 
P, oxytocin, vasopressin and other polypeptides. 

Ib was shown thst the substance caused contraction of 
preparations of ras colon, guinea-pig small and large 
intestine, rat uterus and rabbit ileum. Guinea-pig proxi- 
mal colon was usec for the routine assay of the extracts 
of umbilical blood vessels as this preparation had been 
found to be the mest sensitive. The purified extract also 
caused contraction of isolated umbilical artery preparation 
and isolated pregnent human myometrium. 

The pharmacological, physical and chemical properties 
of the active substance, so far as they have been investi- 
gated, indicate that it is a lipid-soluble unsaturated 
hydroxy acid. 

Its physiological significance is a matter for speculation, 
but it provides a possible explanation of the contraction 
of the cord vessels at birth. 

Further experiments aimed at establishing the chemical 
structure of the active substance and its possible role in 
foetal placental circulation are in progress. 
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Effect of Muscle Loading on the Behaviour 
of Interneurones in the Lumbar Spinal Cord 


In an earlier paper! we showed that when a muscle was 
loaded there was an increase in the synaptic activation 
noise recorded from within motoneurones and that this 
increase had two p2aks, one as the load was being applied, 
the ‘‘on” peak, and one as it was released, the “off” peak. 
There would not seem to be any previous account of a 
muscle receptor the behaviour of which could explain the 
origin of this “off” peak. We speculated in our paper 
that the ‘‘off’’ peak may have its origin in the activity of 
spinal interneurones, and the results of an investigation 
of the behaviour of spinal interneurones during muscle 
pull are presented here. 

The experiments were carried out on cats anaesthetized 
with pentobarbitcne (‘Nembutal’, 35 mg/kg), and im- 
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mobilized with gallamine triethiodide (‘Flaxedil’, 20 
mg/kg). Glass micropipettes filled with 2 M potassium 
citrate and having a resistance of 7-15 Mohms were 
inserted into the lumbar spinal cord which had been 
previously exposed by laminectomy. The extracellular 
spikes picked up by these electrodes were recorded on 
magnetic tape. The tendons of the tibialis anticus, 
gastrocnemius-soleus and semitendinosus muscles were 
dissected free and severed from their insertions and were 
loaded by weights hung on threads tied to their tendons’. 

The results are from thirteen spontaneously firing units 
located in and adjacent to the ventral horn of the spinal 
cord. All the units which showed a change during loading 
of gastrocnemius-soleus and semitendinosus except one 
showed no change during loading of tibialis anticus. In 
five of the six cases where units changed their firing rate 
during loading of gastrocnemius-soleus and semitendinosus 
but not with loading of tibialis anticus, the change with 
both loads was similar; in four of the five units there was 
increase in firing rate and in the other unit a decrease. 
One unit showed an increase with gastrocnemius-soleus 
loading and a decrease with semitendinosus loading. 
In one case a unit increased its rate with loading of 
semitendinosus and tibialis anticus but loading gastro- 
cnemius-soleus had no effect. There were three units 
which responded to loading of only one muscle; those 
which responded to loading of gastrocnemius-soleus and 
tibialis anticus increased their rate of firing while loading 
of semitendinosus decreased the rate of firing of one unit. 
Six of the ten units which changed their firing rate during 
loading did so at ‘‘off” and in all cases there was an increase 
in rate. 

Two examples of unit behaviour are shown: in Fig. 1 
there is an increase in the firing rate both at “on” and 
“off”; in Fig. 2 there is a decrease in the firing rate at “on”, 
and at “off there is an increase above the spontaneous 
rate. 

The behaviour of these cells contrasts markedly with 
that of seven units encountered more dorsally and medially 
in the cord which we have recorded from, with similar 
electrodes inserted so as to explore the dorsal horn. These 
cells, while showing an increase in firing rate during loading 
of the muscles, showed two types of behaviour when the 
load was released. One group reverted to the spontaneous 
firing rate without a period of increased firing whereas the 
other group showed a period of decreased firing and in 
some cases complete silence (Fig. 3). From these results 
it is suggested that the interneurones of the ventral 
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Fig. 1. A histogram of the firing pattern of a unit located in the ventral 
horn showing the effect of loading the semitendinosus muscle with 500 g 
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Fig. 3. A histogram of the firing pattern of a unit located In the dorsal 
horn showing the effect of loading a gastrocnemuus-soleus muscle with 
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horn, the behaviour of which we have described, could by 
their increased firing rate durmg the release of tension 
cause the “off”? peak in the synaptic activation noise of 
the motoneurone. 

Work is now continuing to investigate whether the 
behaviour of these two groups of interneurones in response 
to muscle loading is related and also the part they play in 
regulating motoneurone function. 

We are grateful to the Nuffield Foundation for support- 
ing this work. 
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Stretchings and Yawnings induced by 
Adrenocorticotrophic Hormone 


NATURAL crude or purified preparation of adrenocorti- 
cotrophic hormone (ACTH) and melanotrophin (MSH) 
can induce stretching and yawning motions in various 
species of animals when injected intracisternally. This 
property is also shared by synthetic polypeptides endowed 
with MSH and/or ACTH activity‘. 

Experiments were performed to establish whether or 
not synthetic BO-29ACTH can induce stretching and 
yawning motions. This polypeptide has an ACTH 
potency of 106 1.u./mg (ref. 5). 

The experiments were performed on unanaesthetized 
adult mongrel dogs, cats and vervet monkeys (Cerco- 
pithecus aethiops). The animals, which had been fasting 
for 12 h, were injected intracisternally with various doses 
of the drug being tested. The drugs were dissolved in 
0-5 ml. of saline and 0-5 ml. of liquor was withdrawn for 
each injection. The stretching potency of BC-"%ACTH 
was assessed in dogs by determining the minimal dose 
which produced the ‘stretching crisis’. (It was considered 
that this had been reached when the dogs showed, at 
intervals not exceeding 30 min, long periods of stretching 
each of which began immediately after the preceding one.) 

The results of experiments performed on dogs are 
shown in Table 1. They indicate that B0"%ACTH. is as 
potent as pure natural «s ACTH in producing stretching 
motions. The symptoms induced by §?"“ACTH are the 
same as those induced by the natural hormone: that is, 
after a delay of about 1-2 h, the dogs start to stretch and 
yawn in the way they usually do when wakening from 
physiological sleep. The intervals between successive 
stretching acts become shorter and shorter until eventually 
the stretching crisis is reached. 


Table 1. STRETCHING ACTIVITY OF 8?U-*)ACTH IN Docs 
No ofanimals with 


Peptide yikg stretching crisis/No, of 
: intracisternally animals treated 
or ACTH 3 18/20 7 
1-5 8/20 
BO") AOTH 3 21/25 
15 12/20 
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BU-20 ACTH. induces in cats repeated, isolated stretchings 
in a similar fashion to the natural hormone, but with only 
afew yawns. These symptoms are accompanied by marked 
drowsiness. 

In monkeys, §("“ACTH mostly induces repeated 
yawning. (It should be remembered, however, that 
yawning in monkeys may be an emotional behaviour’.) 
The periods of stretching are very limited in number. 
Furthermore, the yawnings and stretchings are accom- 
panied by an obvious drowsiness. 

The stretching activity persists for about 24-72 h 
in dogs, and 6-12 h in cats and monkeys; it ends with a 
complete return to normal behaviour. 

We do not know whether the phenomenon described 
here has any physiological meaning. At present, we are 
investigating the effect of micro-injections of ACTH in 
different areas of the central nervous system. 

We thank Dr. R. Schwytzer of Ciba, Basle, for pro- 
viding supplies of 80-24 corticotropin, and Dr. A. Lerner 
of the Section of Dermatology, Department of Medicine, 
Yale University, New Haven, for supplies of «; ACTH. 
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PATHOLOGY 


Comparison of Direct and Indirect Effects of 
Alkylating Agents and Radiation on Murine 
Leukaemia Cells in vitro 


REpPoRTS have recently appeared concerning the quanti- 
tative assessment of cytocidal effects of alkylating agents 
and radiation on several mammalian cell lines an vitro. 
Alexander and Mikulski!? have obtained dose-survival 
curves of murine leukaemic lymphoblasts (L5178Y) in 
vitro after treatment with alkylating agents and X-rays. 
Levis®, using the technique of Puck et al.* in which macro- 
scopic colonies are grown in vitro from single mammalian 
cells, compared the dose-survival curves of guinea-pig 
cells after treatment with nitrogen mustard and with 
X-rays. Berry® reported on the effects of several chemo- 
therapeutic agents and X-rays on HeLa cells and mouse 
fibroblasts in vitro. We have recently compared the 
effects of nitrogen mustard and dimethyl myleran on 
L5178Y cell lines of different radiosensitivity in vitro*. 
A simple but fundamental question, common to all 
these studies, arises but has not yet been answered: 
what fraction, if any, of the cytocidal effects observed 
following alkylating agents or ionizing radiation repre- 
sents an indirect effect exerted on the medium as distinct 
from a direct effect on the cell ? From a previous investi- 


gation? it appeared that only a small fraction of the — 


alkylating agent actually reacted with the cell, the vast 
majority being “wasted” by alkylation of constituents in 
the medium. Reactions of this sort conceivably could 
produce cytocidal effects by alteration of essential 
nutrients in the medium or by formation of toxic meta- 
bolites. Similarly, indirect effects of ionizing radiation 
could also be postulated. 

In this study the direct effect of dimethyl myleran 
(DMM), nitrogen mustard (HN2) and ionizing radiation 
(cobalt-60) on murine leukaemic lymphoblasts (L5178Y) 
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in vitro has been compared with their indirect effect on 
the tissue culture medium. Medium was treated with 
increasing doses of Jimethyl myleran, nitrogen mustard 
and ionizing radiation. £5178Y cells were added to 
DMM.-treated medium at 240 min, to HN2-treated medium 
at 300 min and to irradiated medium at both 2 min and 
240 min after treatment. The purpose of these delays 
was to create a situation in which the direct cellular effect 
of alkylating agents sould be separated from their indirect 
effect on medium. The half-life in tissue culture medium 
at 37° C 1s about 30min for DMM? and 75 min for HN2!. 
Therefore, at the sime cells are introduced into the 
treated medium (eight half-lives for DMM and four for 
HN2), a minimal residue of alkylating activity will 
remain to affect cells directly, and the dominant cytocidal 
effect will be indirect, achieved by reactions with consti- 
tuents in the medium that may occur. The early (2 min) 
and late (240 min) celays after irradiation of the medium 
were arbitrarily sebcted. Control flasks with medium 
containing cells were treated at zero time with identical 
doses of DMM, HN2 and radiation. Radiation was 
administered from a radioactive cobalt-60 source at a 
dose rate of 79:5 rads/min. Cell number was determined 
by a haemocytometer count and growth curves of control 
and treated flasks plotted on a semilogarithmic scale 
with log of cell ccncentration on the ordinate against 
time on the abscissa. Dose-survival curves illustrating 
the effects of radiation were obtained by the method of 
Alexander and Mikalski)*. 

The cytocidal effects observed when murine leukaemic 
lymphoblasts (L5178Y) were treated at zero time with 
DMM and HN2 are depicted by the growth curves shown 
in Figs. 1A and 24. No cytocidal effects were observed 
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Fig. 1. @, Growth ecrves of £5178Y lymphoblasts treated at zero 

time with DMM at the following dose-levels: O, none; @, 5 #g/ml.; 

C) 10 g/ml; W, 20 agjml.; A; 30 pg/ml; A 35 pg/ml. b, Growth 

curves of L5178Y lym>hoblaats introduced into tissue culture medium, 

240 min after the medium was treated with DMM, at 87° C, at the same 
dlose-levels indicated in a 
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when the cells were introduced into the medium 240 min 
after DMM (Fig. 1B) and 300 min after HN2 (Fig. 2B). 
A complete absence of cytocidal action was also observed 
when cells were added to medium 2 and 240 min after 
irradiation as demonstrated by the dose-survival curves 
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Fig. 2. a, Growth curves of L5178Y lymphoblasts treated at zero time 

with HN2 at the following dose-levela. O, none; @, 005 ug/ml.; E 

Ol vge/ml.; W, 0 2 ug/ml; A, 0-25 ug/ml; A, 03 uglwl.; F, 04 ngj . 

b, Growth curves of L5178Y lymphoblasts introduced into tissve culture 

medium, 300 min after the medium was treated with HN2, at 37° C, 
at the same dosc-Jevels indicated in g 
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Fig 3. A comparison of the direct and indirect effects of radiation 

(eobalt-80) as measured by the dose-survival curves of £5178Y lympho- 

blasts. -All samples were radiated at O time - @; Cells added at 0 time, 
LI, cells added at 2 min,: A, cella added at 240 min 
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shown in Fig. 3. It would appear from this study that 
the cytocidal effect observed following treatment with 
DMM, HN2 and radiation represents a direct effect on 
the cell and does not involve any sustained mndirect effect 
on the cell by alteration of constituents in the medium. 
The formation of cytocidal metabolites of very short 
half-life has not been excluded by this investigation. 

I thank Mr. J. L. Everett of the Chester Beatty 
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Institute of Canada. 
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Toxic Effects of 7,12-Dimethylbenz(a)- 
anthracene in New-born and Adult Swiss 
Mice 
DUuRING previous investigations of chemical carcinogenesis, 
we repeatedly found that new-born mice injected once 
with 7,12-dimethylbenz(ajanthracene (DMBA) died at 
a certain time after the treatment. On this basis we 
decided to investigate, in an exact manner, the toxicity 
of a carcinogenic dose of DMBA in new-born mice. 
Furthermore, we included in this investigation an adult 
group of mice in order to compare the toxicity rate of this 

carcinogen in two age groups of animals. 

Randomly bred Swiss mice from a colony at our 
laboratory were used in the experiments. The DMBA 
used was obtained from Eastman Organic Chemicals and 
purified by chromatography on magnesia/‘Celite’. For 
purposes of injection, it was dissolved in olive oil (Fisher 
Scientific Co.), and animals of both age groups received 
subcutaneous injections in the interscapular area. Siblings 
were weighed on a ‘Gram-atic’ balance (E. Mettler, Zurich), 
and only those which weighed 1-3, 1-4, 1:5 and 1-6 g and 
were less than 24 h old were selected for the treatment. 
Adult mice were weighed on a ‘Shadowgraph’ balance 
(The Exact Weight Scale Co., Columbus), and those 
weighing 19-5 g (5 weeks old) were used in the expermments. 
In the new-born group, only five siblings were allowed to 
remain with each mother. In the adult group the mice were 
separated according to sex and kept in groups of ten per 
cage. All animals were housed in clear plastic cages with 
sterilized granular cellulose bedding and were given 
Rockland diet in pellets and tap water ad libitum. 

The experiment was divided into four groups as shown 
in Table 1. After treatment or, in the case of the control 
group, from birth, all groups were carefully checked each 
day for 1 month. Necropsies were performed on all dead 
animals and sections were routinely taken for microscopical 
examination. The treatment, toxicity rates, and per- 
centage of mortality on the thirtieth day are presented in 
Table 1. 

Epilation, hyperkeratosis and ulceration were observed 
at the sites of injection of most of the animals treated 
with DMBA. At autopsy, marked cellular depletion of 
the haematopoietic and myelopoietic systems, including 
bone marrow,- thymus, liver and spleen, were readily 
discerned, as previously described!:*. A few of the niice 
which did not receive injections and those injected with 
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Table 1. MORTALITY RATE OF DMBA-TREATED NEW-BORN AND ADULT SWISS MICE AND OLIVE-OIL INJEGTED AND UNTREATED CONTROLS 


No. and 
sex of 1 
mice 2 4 6 8 10 


Group ‘Treatment 


1 © New-born mice 
injected sub- 
eutaneously with 
100 well 5 g body- 
weight of DMBA 
in 005 ml ohve 
oll 100 


2 Adult mice 
Injected sub- 
cutaneously with 
100 ug/l 5g body- 
weight of DMBA. 
ms 5 mi, olive 
Ol 


t9 
Ww 


50¢ 


3 New-born mice 
injected sub- 
cutaneously with 
005 ml olive ot 


4 Untreated controls 
observed from 
birth 100 — 


100 410 


On a m 


olive oil died of diarrhoea; however, the cause of death 
in other members of these groups was not established. 

The present findings clearly show that when a carcino- 
genic dose of DMBA is administered on a strictly body- 
weight basis to two age groups of animals, it is more toxic 
to new-born than to adult Swiss mice. 

Considerable interest has recently been attached to the 
differences in susceptibility to carcinogenesis between 
new-born and adult animals. This has been particularly 
so for viral carcinogenesis’, but additionally so in ınvesti- 
gations of chemical‘-? and radiation® carcinogenesis. 
In the present investigation it has once again been found 
that new-born animals are more responsive than adults— 
this time to the acute toxic administration of a chemical 
carcinogen. The reason for the difference has not been 
completely explained in any instance. Various suggestions 
have been put forward, including a difference in the 
immunological response, and more recently, differences 
in the rate of metabolic breakdown'-'. The present 
findings with DMBA are in keeping with suggestions that 
this carcinogen is metabolized far more slowly in new-born 
mice than ın adult ones. It would seem likely, therefore, 
that the toxie action of this compound arises from the 
intact molecule rather than a metabolite. 

This work was supported by a grant from the U.S. 
Public Health Service. 
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Chronic Fluorosis in the Guinea-pig 


DEATHS often reaching epidemic proportion occurred in 
at least eight major guinea-pig breeding units in Sydney 
and Canberra during 1964 and early 1965. Affected 
animals were characterized by loss of weight, depression, 
inappetence, a marked slobbering causing saturation and 
often excoriation of the chin, neck and venter, and ulti- 
mate death. All ages were affected, but newly-weaned 
animals and pregnant or post-parturient females appeared 
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especially susceptible. Decrease in weight was evident 
for 1 to several weeks until increasing loss of fluid from 
the oral cavity presaged death within 5-20 days. 

Autopsy revealed loss of body fat, lack of food m the 
anterior gastromtestinal tract and, occasionally, lung 
consolidation and increase in peritoneal fluid. Striking 
changes were found in the oral cavity. The lower molars 
were usually overgrown. in a lingual direction so as to form 
an arch over the fixed part of the tongue, while the upper 
molars were correspondingly worn down to the level of 
the hard palate. Frequently there was a buccal elongation 
of the anterior upper molars and a wearing down of the 
anterior lower molars. Most molar teeth were coated 
with a tartar encrustation, and histopathological exami- 
nation of them revesled imperfect calcification and hypo- 
plasia of the enamel The dentine and odontoblast layer 
showed changes characteristic of sub-acute hypovita- 
minosis C. Calcificanon of bone appeared to be impaired 
and resorption to be increased. The only other significant 
changes were in the kidney, in which corticomedullary 
calcareous deposits cccurred in every case and distension 
of the tubules in some. 

Aspects of the pathology suggested fluorine toxicosis, 
and. diets used in the breeding units were investigated. 
Proprietary pelleted Zeed was used in all but one laboratory, 
which relied entirely on green feed and hay. No case of 
“‘slobbers”’ was recorded from the last unit. When bone 
flour had been dificult to obtain, Christmas Island 
rock phosphate had been substituted as a mineral source 
in the pellets. The rate of incorporation of the crude 
phosphate into the pellets varied from 0-8 to 2-0 per cent. 
The fluoride contens of the Christmas Island phosphate 
dust has risen as quarrying has progressed from less 
than 1-5 to about 2-7 per cent. This would mean a fluorine 
content in the pellet in the range 60-440 p.p.m. 

Samples of pellets from a colony in which only sporadic 
cases occurred had the lowest fluorine content (130 p.p.m.). 
The fluorine content of other samples from affected 
colonies varied from 190 to 400 p.p.m. High mortality, 
up to 100 per cent on occasion, was strongly associated 
with increasing levels of fluorine in the pellets used. 
The teeth and jaw-bones of a limited number of affected 
guinea-pigs showed fluorine contents of 3,940-6,700 p.p.m., 
the range in normal animals being 100-160 p.p.m. 

The disease was reproduced with identical histopathology 
by administering calcium fluoride to healthy guinea-pigs, 
resulting in a 100 per cent mortality within 25 weeks. 
All cases showed characteristic molar changes and 90 
per cent developed the symptom of slobbering. 

The present communication ıs designed’ to bring 
immediate attention to the potential danger of incor- 
porating certain crcde phosphates in proprietary pellets. 
This investigation demonstrates one possible cause of a 
disease syndrome which has been known in the guinea- 
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pig, but little understood, for many years. Aspects of this 
syndrome have been reported by a number of authors!-‘. 
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RADIOBIOLOGY 


Sensitivity of the Phage and Complementary 

Strands of the Replicative Form of Phage » 

X 174 Deoxyribonucleic Acid to Ultra-violet 

Light 

PHotoPpRoDvOTS of pyrimidines are known to play an 
importent part in the inactivation of nucleic acids by 
ultra-violet light. The replicative form (RF) of phage 
ọ X 174 DNA is a convenient material to use for an 
investigation of the dependence of DNA ultra-violet 
sensitivity on base composition. The properties of both 
strands of RF DNA are similar, yet their nucleotide com- 
position differs: the complementary strand contains 
8-2 per cent less thymine and 5-6 per cent more cytosine 
than the phage strand’*. The present investigation was 
undertaken to compare the ultra-violet inactivation of the 
infectivity of both chains of RF » X 174 DNA. 

The complementary chain was isolated from RF 
RNA. The replicative form was heated at 100° C for 10 
min and the fraction of denatured DNA was separated 
ona MAK column’. The complementary chains present in 
this fraction were fixed in ‘renaturation’ with a 50-100- 
fold excess of ultra-violet inactivated 9 X DNA. Re- 
natured double-stranded DNA was eluted from a MAK 
column by 0-7 M sodium chloride and denatured. The 
infectivity of this preparation was due to the comple- 
mentary strands. DNA from phage ọ X 174 served as the 
phage-type strands. Infectivity of DNA was measured 
by the number of infected protoplasts of E. coli C (ref. 4). 
The concentration of DNA during irradiation was 0-005- 
0-05 ug/ml. Ultra-violet irradiation was carried out using 
a low-pressure BUW-15 lamp which predominantly 
emitted at 254 mu. 

Fig. 1 shows the kinetics of ultra-violet inactivation 
of both the RF DNA strands. The complementary chain 
is more resistant than the phage strand. If DNA inacti- 
vation arises mainly from thymine dimerization and if 
both strands of RF DNA have similar thymine—thymine 
nearest neighbour frequencies, then the sensitivity of the 
phage and the complementary strands to ultra-violet 
light should differ and depend on their thymine contents: 


Dphage _ WNcompl. 
Deompl. ~~ Nphage 


where D;, isthe dose of ultra-violet light required to 
inactivate to a survival of 37 per cent (one hit), and N 
the number of thymines in the DNA strand. According 
to our measurements, the value of D;, for 9 X DNA is 
78 ergs/mm?, As N is 1790 and 1342 for the phage and the 
complementary chains, respectively, then Dy, for the 
complementary chain will be 104 ergs/mm*. As can be 
seen in Fig. 1, the theoretical survival curve for the com- 
plementary chain constructed in accordance with the 
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computed dose is close to the curve for the experimentally 
obtained results. This demonstrates that thymine 
plays an active part in the formation of lethal ultra-violet 
lesions. The sensitivity of the two polynucleotide chains 
in the RF DNA molecule to ultra-violet irradiation 
correlates well with their thymine contents. Correlation 
between the composition of a nucleotide and its sensitivity 
to ultra-violet light is not revealed when different phages 
are compared®. Here additional factors, including some 
of a genetical nature rather than base composition, 
determine the actual sensitivity to ultra-violet light. 


Ultra-violet dose (ergs/mm*) 


200 300 400 500 


100 


19-3 


10-* 


Survival fraction of DNA 


16> 





Fig.1. Ultra-violet survival curves for ọ X 174 DNA and complementary 

strandof RF DNA. @, pZ 174 DNA; x, oX 174 DNA after reactiva- 

tion; O, complementary strand of RF DNA; -n--», theoretical curve 
for inactivation of complementary strand 


Despite the approximate correlation between the 
sensitivity to ultra-violet light and thymine content, only 
about 40 per cent of lethal lesions result from thymine 
dimerization in ọ X 174 DNA®:*, Apparently, the reaction 
of cytosine photohydration does not produce a lethal 
effect. Such cytosine photoproducts as 5-hydro-6-hydroxy- 
cytosine are unstable and at increased temperature in the 
dark revert to cytosine. As is shown im Fig. 1, the in- 
cubation of ultra-violet deactivated ọ X 174 DNA at 37° 
and 42° C in the dark for 2-20 h is not accompanied by 
recovery of infectivity. Nevertheless, in addition to thy- 
mine dimers other lethal photoproducis exist in ọ X 174 
DNA. 
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Cysteine Incorporation and Radio-protection 
in Saccharomyces 


THIS communication reports some data on the time 
dependence of cysteine incorporation and the increase 
of radio-protection in cells of a diploid Saccharomyces 
strain in two different physiological conditions. 

There are many reports dealing with the radio-protective 
effects of cysteine and other SH-compounds in various 
organisms, but there is still no general theory about the 
mechanisms of radio-protection by sulphydryl compounds. 
It has been shown! that under in vitro conditions, that is 
in cell-free solutions of organic macromolecules, cysteine 
may act as radio-protector owing to its great reaction 
velocity with primary radiation products (‘‘competition 
effect”). However, under conditions in vivo, that is in 
cells in aqueous milieu containing cysteine, the reactions 
leading to radio-protection may be more complicated’. 

In many experiments it has been shown that cysteme can 
only act as a radio-protector if it is present during irradia- 
tion’. Several theories have been put forward to explain 
the protection effect‘. Under in vivo conditions, the 
penetration of cysteine from the surrounding medium 
into the cells is generally considered to be a prerequisite 
for protection. It was therefore considered to be of interest 
to gain more information concerning the correlation 
between cysteme incorporation in cells and the radio- 
protection effect. 

Cells of the diploid Saccharomyces strain 211—la/2 from 
our strain collection were used, and were taken either 
from the stationary growth phase (s-cells) or from the 
logarithmic growth phase (l-cells) in liquid nutrient 
medium (1 per cent Difco yeast extract, 0:25 per cent 
glucose) aerated by agitation. Before irradiation the cells 
were washed three times in M/20 potassium dihydrogen- 
phosphate buffer. The proportion of budding cells was 
reduced to about 10 per cent by fractional centrifugation, 
and the cell suspension diluted in buffer to an appropriate 
cell titre. During irradiation, the cells were either sus- 
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Fig. 1. Inactivation of the colony-forming ability of diploid Saecharo- 

myces cells by 50-KV X-rays. The radiation source was a Machlett tube 

with beryllium window without additional filter. A, s-cells, and A, 

l-cells, incubated for 20 min in a 0-01 M cysteine solution before irradia- 
tion. ©, s-cells, and @, j-cells, without cysteine treatment 
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Fig. 2. a, Dependence of radio-protection of diploid Saccharomyces 
celis on the time of inerbation in a 0-01 M cysteine solution. e ab- 
sorbed dose of 50-kV X-says was kept constant at 24 krads. Irradiation 


time 30 sec. The radio-p~otection factor is calculated from the quotient: 
percentage of cclony-forming cysteine-treated cells 


percentage of celony-foriring untreated control cells 
The time marked on the abscissa includes the time necessary for irradia- 
tion (30 sec). A, 8-celle; A, i-cells. b, Dependence of cysteine-incor- 
poration in diploid Sacclaremyces cells on the time of incubation in a 
001 M cysteine-“*S-sulufiaon. The time marked on the abscissa includes 
the time necessary for centrifugation. O, 8-cells; @, -cells 


pended in buffer or in a solution of buffer containing in 
addition 0-01 M cysteine (cysteine solution). 

When s-cells or ł-colls are suspended in cysteine solution 
for 20 min and then irradiated with 50-kV X-rays both 
types of cells exhiby various degrees of radio-protection, 
as can be seen from a comparison with controls treated 
in the same way bu= irradiated in the absence of cysteine 
(Fig. 1). The inabiity of the cells to form macroscopic 
colonies after incubation for 4 days at 30° C on nutrient 
agar (1 per cent Difco yeast extract, 0-5 per cent peptone, 
2 per cent glucose 2 per cent Difco bacto-agar) was 
taken as an Indication of radiation damage. As can be 
seen in Fig. 1, the X-ray dose necessary for an inactivation 
of 90 per cent of ths cells (10 per cent survival) is nearly 
twice as large for cysteine-treated cells as for untreated 
controls. There msy be a tendency for greater radio- 
protection in /-cells than in s-cells; however, a statistically 
significant difference in the degree of protection between 
both types of cells Eas never been observed. 

The dependence cf the effectiveness of radio-protection 
on the period of cell exposure to cysteine can be seen in 
Fig. 2a. The cells were exposed for different periods to a 
solution of 0-01 M eysteine in buffer at room temperature 
and then irradiated. An optimal radio-protection of s-cells 
and /-cells was acheved after exposure to cysteine for: 
about 10min. After this period, the percentage of cysteine- 
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treated cells of both types surviving an X-ray dose of 
24 krads was about twice as great as that for the surviving 
untreated controls. 

The dependence of cysteine-incorporation in s-cells 
and l-cells on the period of exposure was determined by 
means of labelling the cysteine with sulphur-35. The cells 
grown in the specified liquid medium were washed three 
times in buffer and suspended in solutions of buffer 
containing in addition 0-01 M cysteine-“*S (specific 
activity 3-3 mc./mM) for various intervals of time at 
room temperature. Afterwards the cells were washed 
three times in inactive 0-01 M cysteine-buffer solution. 
The radioactivity of the cells thus treated was measured 
with a Geiger~Miiller counter FHZ 15b (Friesecke 
and Hoepfner) and the amount of radioactivity per cell 
calculated. The percentage of budding cells was kept 
approximately constant in all experiments with radio- 
active cysteine. As can be seen in Fig. 2b, there is a 
significant difference in the amount of cysteine incorporated 
in the l-cells from the s-cells. Saturation in the incorpora- 
tion of cysteine was not achieved with /-cells during an 
exposure time of 60 min. In s-cells, however, the in- 
corporation of cysteine reached a limit after about 20 min 
of exposure. 

These experiments show that an optimal radio- 
protection is only achieved after a certain quantity 
of cysteine has penetrated into the cell. The minimal 
quantity of cysteine necessary for a maximal radio- 
protection of s-cells is reached after about 10 min and 
amounts to about 10-4 g per cell. This value corresponds 
to about 0-01 per cent of the total quantity of amino- 
acids per cell or to about 1 per cent of the total quantity 
of cysteine and cystine per cell. The considerably larger 
amount of cysteine incorporated in l-cells within the same 
period of exposure does not, however, result in a signi- 
ficant increase in radio-protection. Furthermore, radio- 
protection does not increase in l-cells during the continued 
cysteine-incorporation in an additional exposure period 
of 50 min. These observations can be explained if it is 
assumed that part of the incorporated cysteine is rapidly 
used in protein synthesis and consequently loses its 
radio-protective effectiveness. This assumption implies 
that only the pool of free cysteine acts as radio-protector. 
That the same degree of maximal radio-protection is 
observed in s-cells and /-cells may indicate that the content 
of free cysteine is about the same in both types of cell 
after exposure for 10 min to a 0-01 M cysteine solution. 
Synthesis of protein, however, as an effective consumer of 
free cysteine, should be abundant in /[-cells, but should be 
strongly reduced or absent in s-cells. Further investi- 
gations concerning the presence of free and protein-bound 
cysteine in yeast cells are now under way. 
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GENETICS 


Chiasma Frequencies and the Potential . 
Genetic Variability of Lolium Populations 


RECENT investigations in Lolium show that annual and 
other short-lived populations have higher chiasma fre- 
quencies than more perennial populations!. The variation 
in chiasma frequency was inferred to be adaptive. It was 
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also suggested, however, that the variation in chiasma 
frequency was not directly but only indirectly dependent 
on the longevity of the population. The basis for this 
suggestion was, briefly, as follows: (1) It is well estab- 
lished that inbreeding species, the members of which on 
average carry low potential genetic variability, have 
higher chiasma frequencies than related outbreeders?~. 
The high chiasma frequencies, which promote a high rate 
of release of variability whenever hybridization does occur, 
may be regarded as compensating for the low potential 
variability». (2) There was some evidence in Lolium to 
indicate that the shorter-lived rye grass populations 
contain less potential variability than the longer-lived 
populations. As in the inbreeders already referred to, the 
inference is that their high chiasma frequencies com- 
pensate for this relatively low potential variability. 

On this view the chiasma frequencies are adaptive in 
direct relation to the potential variability of populations 
and only obliquely in relation to longevity. A critical test 
for this view would be to survey the chiasma frequencies 
in populations for which data on both longevity and 
potential variability were available. Estimates of the 
latter are, however, particularly difficult to obtain. For- 
tunately the selection work of Cooper’ and the more 
recent work of Edwards and Cooper! provide such in- 
formation with respect to four Lolium populations, 
namely, the varieties Kent, Irish, Italian and Hunsballe. 
The information on potential variability is adduced from 
the degree of response to selection. For example, with 
selection for leaf size the greatest response was shown by 
Irish, then Italian and, last, Hunsballe. From this we 
may conclude that Irish has the highest potential genetic 
variability, then Italian, Hunsbalie having the lowest 
potential variability. In other experiments where selection 
was practised for ear emergence, Kent rye grass gave a 
much greater response than Irish. While it is unfortunate 
that the selection data involve only a few characters, the 
results nevertheless give a reasonable indication of the 
order of magnitude of potential variability in the four 
populations. In descending order the sequence is Kent, 
Irish, Italian, Hunsballe. If, as is proposed, the chiasma 
frequencies are inversely related to the degree of potential 
variability of the populations, the expectation is that the 
order of increasing chiasma frequencies will be Kent, 
Irish, Italian and Hunsballe. 

Fig. 1 shows the chiasma frequencies of the four 
populations plotted against the order of potential vari- 
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Fig.1. Average plant chiasma frequencies of Lolium populations plotted 

against the order of potential genetic variability of the populations. 

Chiasma frequencies (expressed as chiasmata per cell) were estimated 

from counts in twenty pollen mother eu in each of ten plants in each 
; population 
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ability. As°will be seen, the chiasma frequency variation 
agrees completely with expectation of an inverse cor- 
relation with potential variability. 

Turning to longevity, Kent and Hunsbaile are both 
highly perennial; Irish is next in order of perenniality 
and Italian the least perennial. Kent and Hunsballe are 
of particular interest in that they show the same high 
degree of perenniality but differ with respect to potential 
variability. If population chiasma frequencies relate 
directly to longevity, the chiasma frequencies of Kent and 
Hunsballe should be alike at one end of the scale with 
Italian at the other. In fact, the chiasma frequencies of 
Hunsballe and Kent are significantly different (P <90-01) 
and are highest (12:79 + 0-20) and lowest (11:58 + 0-31), 
respectively. These chiasma frequencies vary quite in- 
dependently of longevity but are completely correlated 
with variation. in potential variability, as already men- 
tioned. 

From these comparisons it appears that variation in 
chiasma frequency is inversely related to the degree of 
potential genetic variability of populations. Finally the 
correlation between chiasma frequencies with longevity 
in many of the Lolium populations investigated! follows 
as an inevitable consequence of the correlation between 
longevity and potential genetic variability generally, but 
not invariably, found in Lolium populations. 

One of us (N. J.) thanks the Ministry of Agriculture for 
a postgraduate research studentship. 
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Effect of Magnetic Fields on the Respiration 
of Malignant, Embryonic and Adult Tissue 


Wir the development of stronger magnetic fields, a 
renewed impetus has been given to the investigation of the 
effect of these fields on biological material. Already 
proposed theories, elaborately expressed mathematically, 
appear to be far in advance of the facts. 

Because energy must be involved in the effect of a 
magnetic field on biological material, it is natural to 
suppose that it is on a molecular level, and that it involves 
enzymes and other biochemical constituents of the cell. 
It has been suggested by Valentmuzzi' that aspects of 
chemical kinetics, closely related to the velocity of 
reactions, might significantly fit into magnetobiological 
phenomena. Theoretical investigations, according to 
Valentinuzzi, take imto account that the effect due to 
modification of the rotational diffusion of paramagnetic 
molecules caused by magnetic fields could explain some 
of the experimental observations. It is held by Valen- 
tinuzzi (see also Setlow and Pollard? and Barnothy®) that, 
“If such molecules with specific reactive sites are para- 
magnetic, there exists the possibility that an externally 
applied magnetic field may either slow or stop their 
rotation, a fact which would imply a decrease of the 
probability of effective collisions, and therefore a retarda- 
tion of the corresponding biochemical reaction”. 

Whatever the fundamental mechanism, it has been 
observed that either a stimulatory or inhibitory effect 
can be induced by exposure to a magnetic field, the plus 
or minus deviation from the normal depending on the 
kind of tissue and its metabolic or proliferative status. 
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Reno and Nutini were perhaps the first to investigate 
the effect of magnetic fields on the respiration of normal, 
neoplastic and embryonic tissues. They observed that 
the respiration of cancer and embryonic tissues was 
depressed when thay were exposed to a magnetic field, 
while normal adult tissues showed no significant response. 
It would seem, from a review of the literature, that most, 
if not all, of the experiments conducted used constant 
fields apphed to the test material over various periods of 
time. This procedure resulted in effects which were 
usually on the borderline of significance and predictability. 
It occurred to us that a more pronounced effect would be 
realized if the field could be intermittently applied so 
that, in effect, the tissue or cells would receive a series of 
pulses analogous tc buildmg up and collapsing the mag- 
netic field in order 30 do work. Two methods were used: 
(1) a quadruple permanent magnet (6 kG) mounted on a 
dolly so as to bring the field to and away from the speci- 
men; (2) an electromagnet (10 kG) which permitted the 
field to be turned on and off at predetermined intervals. 
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Fig. 1. The effect of a constant and intermittent magnetic fleld (6 kG) 
on the resp-ration of adult mouse kidney tissue 


Measurements of respiration were made with a specially 
designed microrespirometer similar to that used by Reno 
and Nutini’. Fig. 1 (adult mouse kidney tissue) is repre- 
sentative of the results obtaimed, clearly demonstrating 
no effect in a constant field, whereas in experiments with 
an intermittent field a definite stimulatory effect was 
noted. The broken line, connecting the ‘in-field’ and 
‘out-field’ solid lines, indicates the 10-min intervals 
during which the specimen. was in the field and out of the 
field, respectively. Other tissues and cells exposed to 
constant and alternating fields gave comparable results. 
Whether or not the magnetic field stimulated the respira- 
tion. depended on the kind of tissue. For example, it was 
found that yeast and Bryophyllum were stimulated, while 
sarcoma 37 cells, embryo heart, liver and intestine were 
depressed. 

This work was aided by a grant from the National 
Cancer Institute, National Institutes of Health. 
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New Records of the Shrimps Hymenopenaeus 
tropicalis and Parapenaeus americanus 
from Brazil 


A SMALL number of unknown shrimps were among the 
material obtained from one station (24° 25’ S., 44° 40’ W.), 
about 40 miles south-east of Punta do Boi, São Sebastião 
Island, in June 1962, on a muddy bottom and at a depth 
of 130 m. These were kindly identified by Dr. F. A. 
Chace, jun., of the Smithsonian Institute, as Hymeno- 
penaeus tropicalis (Bouvier) and Parapenaeus americanus 
Rathbun( ?). According to Dr. Chace the latter could be 
an undescribed species, on the basis of apparent thelycal 
differences, but no final statement could be made before 
some adult specimens were examined. The specimens of 
P. americanus (one male and two females) had a total 
length of 47 and 48 mm respectively. So far as can be 
ascertained, both species have not previously been en- 
countered from Brazilian waters. 

The occurrence of some lesser-known shrimps along the 
coastal waters of South America has already been de- 
scribed by Mistakidis and Neiva'. Among the species 
referred to were Sicyonia dorsalis Kingsley and Trachy- 
peneus constrictus (Stimpson). Both species were obtained 
from hauls made near Santos (about 24° §.), and were 
considered as first records from Brazil. 

Since then the material collected during the exploratory 
survey of January-February 1963 along the Santa 
Catarina coast has been re-examined and it is of interest 
to observe that the distribution of these species extended 
farther south than Santos. 

A single female S. dorsalis (45 mm total length) and 
seven specimens of T. constrictus (two males and five 
females, 52-63 mm total length) were found in material 
obtained from one station (26° 53’ S., 48° 33’ W.) a few 
miles off the coast. The haul contained also one Sicyonia 
typica, three Hymenopenacus mulleri, twenty-eight Penaeus 
aztecus and thirty-four Xiphopeneus kroyert. Three 
female T. constrictus were impregnated, and the spermato- 
phores of one male were well developed (February 1). 
The bottom was mud grading to sand and the depth was 
21m. Another impregnated female T. constrictus (50 mm 
total length) was obtained from another haul made about 
12 miles south of this station, also on a muddy bottom, 
but in shallower water. In addition to the accompanying 
fauna the 30-min trawl haul contained three Penaeus 
schmitt and 430 X. kroyert. More detailed information 
on the distribution and abundance of these and other 
species obtained during the survey has been given in a 
mimeographed report published by the Departamento 
Estadual de Caça e Pesca de Santa Catarina’. 

M. N. MISTAKIDIS 
Fisheries Development Institute, 
United Nations Special Fund Project, 
Santiago, Chile. 

G. DE §. NEIVA 
Servico de Investigações sobre a Pesca Maritima, 
Santos, Brazil. 
? Mistakidis, M. N., and Neiva, G. de S., Nature, 202, 471 (1964). 


3 Relatorio do Projecto de Pesca Exploratoria na costa de Sania Catarina, 
Janeiro- Fevereiro, 1968 (Florianopolis, 8. Catarina, 1964), 


Records of Macrobrachium carcinus (Linnaeus) 
and Macrobrachium acanthurus (Wiegmann), 
from Santa Catarina, Brazil 


AMONG unidentified material kept at the Fish and Wildlife 
Service Laboratory at Florianopolis, capital of the State 
of Santa Catarina, were several specimens of the fresh- 
water prawn Macrobrachium. These were identified as 
M. carcinus and M. acanthurus. The two specimens of 
M. carcinus, of 200 and 210 mm total length (excluding 
the second pair of pereiopods, which measured 230 mm), 
were from Lagoa da Conceição, a brackish to freshwater 
lagoon on the Santa Catarina Island. The eight specimens 
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of M. acanthurus, of 80-140 mm total length (excluding 
the second pair of pereiopods, which measured up to 
120 mm in length), were from Rio Pinheira (27° 50’ §.), 
a small river on the mainland, about 3 miles south of the 
southernmost tip of S. Catarina Island. Local fishermen 
stated that M. carcinus had occasionally been taken from 
Rio Pinheira, but this could not be verified. 

According to Holthius!-? the distribution of both species 
extends from Georgia and Florida in the United States, 
to South Brazil, including the West Indies. Holthius! 
lists several records of M. carcinus from Brazil, including 
the State of Santa Catarina, the southernmost locality 
being the Rio Itajai. As the Lagoa da Conceição is 
approximately 40 miles south of Itajai the distribution 
appears to extend farther south than was previously 
known. 

The distribution of M. acanthurus extends farther south 
than M. carcinus, and it has been recorded as far south 
and west as Itaqui, on the River Uruguay, and from São 
Lourenço, Rio Grande do Sul, Brazil’s southernmost 
state. However, the species had not previously been 
recorded from Rio Pinheira. 


M. N. MISTAKIDIS 


Fisheries Development Institute, 

United Nations Special Fund Project, 

Santiago, Chile. 
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Plasminogen Activator in Saliva of the 
Vampire Bat Desmodus rotundus 


Ir was generally accepted that vampire bats were blood- 
sucking animals until 1932 when Dunn! observed that 
these animals use their tongues to lap blood from freely 
bleeding wounds inflicted by means of razor-sharp superior 
incisors. This observation was confirmed by Ditmars and 
Greenhall* and by many subsequent investigators, and it 
has been, noticed that bites inflicted by vampire bats not 
only bleed very freely when the wound is first made, but 
also continue to bleed for several hours after the bat has 
ceased to feed’. It is therefore of interest to investigate 
the mechanism by which vampire bat saliva brings about 
this degree of interference with the haemostatic mechan- 
ism of the host animal. 

The presence of an anticoagulant in saliva of Desmodus 
rotundus has been suggested by several workers including 
Romana‘ and Mann, and dissolution of blood clots con- 
taining D. rotundus saliva was noted by Bier’. DiSanto® 
reported that addition of a saline suspension of the 
principal submaxillary gland to fibrin brought about 
hydrolysis and suggested that a proteolytic substance in 
the gland was responsible for this. In the present investiga- 
tion the effect of saliva from D. rotundus on platelet 
adhesiveness and aggregation, blood coagulation, fibrino- 
lysis and vasoconstriction has been investigated and it 
has been demonstrated that the saliva increases vascular 
permeability and contains a potent plasminogen activator. 
Preliminary tests for inhibition of platelet adhesiveness to 
glass surfaces and aggregation of platelets by adenosine 
diphosphate have given negative results and tests for 
anticoagulant activity have been inconclusive. Some 
characteristics of the plasminogen activator are reported 
here. 

Tests have been carried out on two specimens of 
DÐ. rotundus in captivity at the London Zoological Gardens. 
A small drop of pilocarpine hydrochloride was applied to 
the buccal mucosa with a fine polythene Pasteur pipette 
and approximately 2 min later it was possible to collect 
saliva by means of a second polythene pipette. This 
process could be carried out without handling the animals. 
Saliva was obtained in a similar manner from normal 
laboratory mice for comparative tests. The saliva was 
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Dilutions of saliva were prepared in 0-9 per cent saline 
0-03-ml. volumes of each dilution were incubated in 
riplicate on standard’ and heated? bovine fibrin plates 
or 20 h at 37° C. No lysis occurred on heated (plasmino- 
n-free) fibrin plates, excluding the presence of a direct 
ibrinolytic enzyme. On standard (plasminogen-rich) 
fibrin plates, vampire bat saliva produced large areas of 
-. lysis (Table 1) suggesting that a potent plasminogen 
‘activator was present. This was confirmed by testing 
-mixtures of saliva and human plasminogen (Kabi Pharma- 
-geuticals) on heated plates. 


Table 1. FIBRIN PLATE TESTS 
Area of lysis/mm’* 
Source of saliva Standard plates Heated plates 


Bat 1, undiluted 
Bat 2, undiluted 
1 
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lates prepared from bovine plasma fraction T (Armour Pharmaceutical 

Co.) gi thrombin (Leo Laboratories). Results are the average of 
ee readings. 


Table 2, Lysis OF HUMAN PLASMA CLOTS BY VAMPIRE BAT SALIVA 





a. Lysis time by saliva dilute 

Source of saliva Undiluted 1/10 1/100 
pire bat 1 15min 6-5 min 2h 

'arapire bat 2 4 min 28 min 4h 
Vampire bat 2 while feeding — 2 min 4min 25 min 
use No lysis apparent after 24 h 
Clots. consisted of human plasma 0-1 mi, saliva 0-05 mi., thrombin (50 
. units/ml.) 0-05 ml. Lysis was measured at 37° C. 


d 
1/1,000 








Further experiments were carried out in which dilutions 
saliva were mixed with human plasma before clotting 
with thrombin. Rapid lysis occurred with undiluted 
saliva collected at intervals between feeding a bat with 
-defibrinated ox blood; the potency of the activator was 
markedly increased (Table 2). No lysis occurred of clots 
containing mouse saliva. 
> Lysis of human plasma clots by vampire bat saliva is 
inhibited by the presence of c-amino-caproic acid at con- 
centrations of 10-* M and greater. The activator is stable 
for at least 2 weeks at — 35° C, 24 h at 4° C, 3 h at 37° C 
and 30 min at 56° C. It is destroyed by boiling. Pre- 
iminary experiments have indicated that animals of 
different species vary greatly in susceptibility to the 
activator. Reactivity does not depend on the presence of 
activator, however, as lysis of fibrin prepared from 
ne fibrinogen and thrombin takes place (Table 1). 
, is not yet known if the potent plasminogen activator 
esent in vampire bat saliva is solely responsible for the 
olonged bleeding which takes place from bites inflicted 
ese animals. Further experiments are planned to 
mine if vampire bats can feed successfully from 
i: imals in which the plasminogen is not activated by 
[thank Dr. D. Morris for permission to study the vam- 
= pire bats at the London Zoological Gardens and Miss Noel 
Lansdown and Mr. G. Nevill for technical assistanco. 
<- The work was supported by a grant from the British Heart 
-o Foundation, 
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1 'uffield Institute of Comparative Medicine, 
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Eleven-month “Embryonic Diapause” ina- 
Tur tammar, Proteranodon eugenii (Desm.), is included in 
the marsupial family Macropodidae in which the majority _ 
of species so far studied exhibit lactation-controlled — 
delayed implantation’. Tyndale-Biscoe” pointed out that,- 
unlike eutherian memmals which have delayed implan- 
tation, the marsupial blastocyst does not implant as soon. 
as development recammences, and he suggested that the- 
term “embryonic diapause” be used to describe the mar- 
supial type of discontinuous development of the embryo. 
Embryonic diapause in a marsupial was first described. 
by Sharman? in the quokka, Setonix brachyurus. Female: 
quokkas fertilized at post-partum oestrus carried an 
unimplanted dorment blastocyst in one uterus while 
suckling a young ir the pouch. Premature removal of 
that young during the breeding season (approximately — 
January~August) wes followed by resumption of develop- 
ment by the blastocyst. On the other hand, the dormant _ 
blastocysts of the continuously breeding red kan aroo, 
Megaleia rufa, completed development following removal — 
of pouch young at ail times of the year and at the eni a: 


pouch life of the yeung‘. Most female quokkas entered 
anoestrus while carrying a pouch young, and Sharman* 
thought that the blastocyst then degenerated. This v Wee 
was supported by Shield and Woolley®, who demonstrated 
a progressive decrease in the percentage of quok as. 
giving birth followmg removal of pouch young a bee 
breeding season progressed and a total failure o 
blastocyst to develoo during anoestrus. Re 
Sharman’ reported the occurrence of embryonic dia-~ 
pause in the tammmr, and Poole and Pilton” gave the _ 
gestation period as 29 days. The mean length of t ~ 
gestation period of sammars studied in this investigation 
was 28-4 + 0-2 days (N = 12) and a breeding season extend- _ 
ing from January to July was indicated for both wild and- 
domestic tammars. on 
A sample of fifty wild tammars was shot on Kangaroo 
Island, South Australia, in October 1964. Most females — 
were carrying advamced pouch young (213-245 days old) — 
or were suckling young which had left the pouch. None was _ 











































in active pregnancy. but 68 per cent had dormant blasto- 





cysts in one or otber uterus. The ovary corresponding- 
to the uterus which zontained the blastocyst had a resting 
corpus luteum similar in size and histology to the corpus 
luteum of lactation found during the quiescent phase of _ 
lactation in macropedids exhibiting embryonic diapause*”*. . 

Twenty females without pouch young or dependent — 
young-at-foot were saken into captivity in October 196 
and three of these were kept isolated from males. The 
gave birth, 3-4 morths later, on January 29, February 
and February 2, 1965. Sixteen of the remaining fer nales 
also gave birth in January and February 1965 {that 
the start of the breeding season), and although males h 










access to them the eccurrence of mating before birth was a 


not confirmed from the daily vaginal smear. There was _ 
no difficulty in recognizing the occurrence of post-partum —. 
mating, or of matmg resulting in pregnancy in other. 

females, from the vaginal smear. ee 


A further sample of wild females was shot in February a 


1965, and from this sample, and from observations on 
captive females, the occurrence of post-partum fertili- 
zation and subsequent embryonic diapause was confirmed. | 
Removal of pouch young during the breeding season was. 
followed by development of the dormant blastocyst as _ 
happens in the quokka during the breeding season? and in > 
the red kangaroo‘. Blastocysts taken during the breeding 
season, from animals with pouch young, were exactly 











like those from females taken in the October 1964 sample. _ l 


In both breeding season and anoestrous animals the. 
blastocysts were from 0-24 mm to 0-33 mm in diameter. 
and had between eghty and ninety cells, none of whieh- 
was undergoing division in any blastocyst. Blastocysts — 
carried by anoestrous females resumed development 
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following the same hormone in jection procedures as resulted 
in the precocious development of blastocysts carried by 
females with pouch young during the breeding season. 
These experiments will be reported in full later, but are 
mentioned here as evidence for the via bility of the dormant 
blastocysts of anoestrous females. 

These results are interpreted as follows. Females 
breeding for the first time became fertilized during the 
early part of the breeding season. Post-partum fertili- 
zation, which leads to the production of a dormant blasto- 
cyst, occurs and loss or experimental removal of the young 


during the breeding season is followed by completion of 


development of the blastocyst, birth and another post- 
partum fertilization. Most females enter anoestrus 
carrying a pouch young, and loss of the young thereafter 
or its emergence from the pouch is not followed by resumed 
development of the blastocyst. However, the blastocyst 
is retained, through anoestrus, in a viable state and 
resumes development at the onset of the next breeding 
season. Thus embryonic diapause is initially lactation- 
controlled but the blastocyst remains quiescent, presum- 
ably because of the absence of pituitary stimuli, during the 
anoestrous period. The retention of a viable but totally 
quiescent émbryo consisting of only eighty to ninety cells 
for a period of up to 11 months—that is, for one year minus 
the length of the gestation period—is regarded as estab- 
lished for the tammar. It may also occur in other 
seasonally breeding macropodids. The 11-month-long 
diapause is the longest known to occur in any mammalian 
embryo. 

I thank Mr. P. C. Moore for assistance with the handling 
of the animals, Mr. W. E. Poole for his help in field 
sampling, and Dr. G. B. Sharman for supervision and 
assistance. The research was supported by a Fulbright 
research grant from the Australian—American Educational 
Foundation. 
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Bispecific Chimerid Sponges from the 
Antarctic 


Ir is not unusual to find two different sponge species 
growing together intimately. One sponge often uses 
another as substrate, either encrusting, growing up from 
it, or surrounding it laterally. Topsent! and Kirkpatrick? 
have each reported a case in which one sponge is completely 
surrounded by another, with only its osculae projecting 
to the exterior. There is, however, always a definite 


delineation between the two unless the substrate portion of 


the host is dead. 

The merging of two different sponge species to form one 
sponge is virtually unheard of. Evans? once reported 
peculiar spiculiferous bodies within a fresh-water sponge, 
and thought that perhaps they were parasitic sponges. 
However, he did not go into great detail and his illustration 
is unconvincing. The only other such case is de Lauben- 
fels’s in vitro induced “bispecific conglomerates’’*-*, the 
best case of which was still alive at 21 days when a storm 
washed away the live-car in which it was held*. These 
re-aggregates showed considerable sorting out of compon- 
ent cells, by species. Had they lived, they might well have 
produced a truly bispecific individual sponge. 

During the course of investigations into the biota of the 
Antarctic seas, the Department of Biological Sciences and 
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Allan Hancock Foundation of the University of Southern 
California have mounted, since 1961, a continuous sam- 
pling programme aboard the U.S.N.8. Eltanin under the 
sponsorship of the U.S. Antaretic Research Program 
of the National Science Foundation. On the sixth cruise 
a bispecific sponge was collected in the Drake Passage 
(62° 40°7’—62° 39’ S., 57° 50-7’-57° 45-5’ W., 662-1, 119 m). 

The specimen, 428-2-43 (A.H.F. 1965-2), appeared 
on superficial examination to be a single sponge (Fig. 1). 
On the basis of its gross appearance, this sponge was 
placed as an extra specimen in a series later identified 
as Oxymycale acerata (Kirkpatrick, 1907). Collections 
from this station also included many individuals of a 
second species, a new Sigmadocia’?. The Sigmadocia 
(Fig. 2b) is characterized by much thinner, dendritically 
branched, largely parallel fibre tracts, rather than the 
massive, very coarsely reticulate, fibre tracts of the 
Oxymycale (Fig. 2a). Variation in gross appearance had 
led to a few specimens being misplaced in series during 
the initial cursory examination and sorting. However, 
microscopic examination quickly indicated the proper 
placement. 

A closer look at the specimen 428-2-43 gave the im- 
pression that it was one of the initially misplaced specimens 
and actually belonged in the Sigmadocia series, but stained 
sections and spicule slides from one area still indicated 
Oxymycale. New sections and spicule mounts from the 
side opposite were Sigmadocia. All slides were made in 
quadruplicate. 

Spiculation of the two species involved is as follows: 
Sigmadocia, oxeas, microxeas and sigmas (Fig. 36). 
Oxymycale, oxeas about half as long again, microxeas of 
about the same size, and two sizes of palmate anisochelas 
(Fig. 3a). Based on lumped dermis, fibre and ‘‘flesh” 
samples from other representatives of both species (428—2-3, 
Sigmadocia, s.s. 100, and 428-2-1, Oxymycale, s.s. 150) 
and a 0-1 per cent level of significance (t= 15-33), it is 
concluded that the microxeas of the Sigmadocia are 
longer, although there is considerable overlap. Lumped 
microxea samples, size 150, from the first spicule slide of 
each of the representatives in the bispecific specimen also 
indicated that those of the Sigmadocia portion are longer 
at the 0-1 per cent level (t= 55-18). 

The area between those taken for the initial sections 
vielded two blocks designated as A (Oxymycale) inner 
and B (Sigmadocia) inner. At least one section from the 
A inner block demonstrates introgression of the Sigmadocia 
into the Oxymycale (Fig. 4). The converse is demonstrated 
by spicule slide No. 3 from the “flesh” of the outer region 
of the Sigmadocia side. This slide shows 40-60 per cent 
contamination by Oaymycale megascleres as well as 197 
small and five large anisochelas (Fig. 3c). Cross-contamina- 





Fig. 1. Specimen 428-2-43, A ag rang side), B (Sigmadocia side). 
e, 12cm 
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re tract. b. Section from B outer side showing fibre tracts. 
Scale, 214 


Fig. 2. a, Section from A outer side showing fit 





Fig. 3. a, Spicules of the A outer (Oxymycale) side showing oxeote megascleres, (1) microxeas and (2) chelas. 
b, Spicules of the B outer (Sigmadocia) side oe — oxeote megascleres, (_) microxeas and (2) sigmas. 
Scale, 56°64 
c, Portion of spicule slide B3-Flesh, showing oxeote megascleres from both species, (1) microxeas and (2) 
chelas; the sigmas are present but do not show up well. Scale, 1144 
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Fig. 4. Part of section from A inner (Orymycale) block, showing (a) 
Orymycale megasclere and (b) two Sigmadocia megascleres. Scale, ilp 


tion of sigmas and anisochelas in the other “flesh” mounts 
was minor and about the same as that found in specimens 
428-2-1 and -3. The volume of material used in such 
preparations was about 2-4 mm‘. 

Further investigation yielded another such specimen, 
428-—2-283 (A.H.F. 1965-13), from the same station which. 
though much larger, is not nearly so impressive as the 
first. This is because the Oxymycale portion comprises the 
bulk of the specimen, the Sigmadocia part being about 
l0 per cent of the whole, and one can seemingly distin- 
guish where one stops and the other begins. 
introgressiom, however, was repeatedly demonstrated in 
both directions in sections from the intermediate zone. 

These specimens may be considered as the first naturally 
occurring “bispecific conglomerates”. Two orders and 
families are represented, Desmacidonidae of Haplosclerina 
and Adociidae of Poecilosclerina. 

Earlier ideas of a nearly infinite antigenic universe, and 
Spiegel’s* demonstration that intercell adhesion in sponges 
is an antigen-antibody phenomenon, would virtually 
preclude the existence of such a bispecific specimen. 
More recent concepts of a definitely limited and even 
rather small antigenic universe coupled with eclipsed 
antigens and molecular mimicry*:!° substantiate the 
possibility and even probability of such specimens in so 
lowly organized groups as sponges and some of the 
colonial protozoa. 

We thank Drs. W. D. Hartman of Yale University and 
J. M. Savage and other staff of the Allan Hancock Foun- 
dation for suggestions and C. F. Thomas and V. D. Kach 
for technical assistance. This work was supported by a 
grant from the National Science Foundation. 
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A Relict Priapulid from Northern Labrador 


DURING the summer of 1960 a relict population of the 
priapulid Halicryptus spinulosus v. Siebold was discovered 
in Tessiarsuk, northern Labrador. Tessiarsuk, at 56° 
30° N., 61° 57’ W., is a small coastal meromictic lake, 
544 hectares in area, which receives periodic volumes of 
sea water during high tides. At depth (54m) the maximum 
salinity is 21:5 °/,, while the surface salinity in- 
creases from zero in the spring to about 16 °/ 9 in 
late autumn. As the lake is permanently stratified and 
the bottom waters anoxic, the benthos is mainly confined 
to the shallower littoral zone. H. spinulosus was found 
only in a small corner of the littoral about 6 hectares in 
area where the depth was 4-6 m, the salinity 10-15 °/,, 
and the bottom sediments consisted of silt and fine 
sand. A total of twenty-six specimens was obtained, 
the largest being 16 mm in length or approximately half 
the maximum length of 31 mm recorded by Fischer’. 
Other members of the community were the bivalves 
Mytilus edulis and Macoma baltica and the polychaete 
Castalia aphroditoides, 

This is the first North American record of H. spinu- 
losus. In a recent paper on the zoogeography of the Pria- 
pulida, Murina and Starobogatov? list the known areas of 
occurrence as western and eastern Greenland, Spitzbergen, 
southern Iceland, Trondjheim Fiord, Finmark, Oresund, 
Kategaat, Baltic Sea, Barents Sea, Kara Sea, Matochkin 
Shar in Novaya Zemlya and Taymirsky Zaliv in the 
Taymar Strait. Théel? first accounted for the peculiarly 
broken distribution of H. spinulosus by suggesting that 
the centrum of its range was the Baltic Sea, from which 
it had radiated westward to occupy a variety of habitats. 
Wesenberg-Lund* and Segerstrale*, however, put forward 
the more convineing theory that the species is primarily 
Arctic and migrated into the Baltic during post-glacial 





Fig. 1. H. spinulosus. Lateral view showing external annulations 


spines and ventral nerve cord 





Fig. 2. 


Oral end 


H. spinulosus, 
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times when the salinity there was somewhat higher. 
When the salinity afterwards decreased, H. spinulosus 
was able to adapt to the modified conditions. A similar 
process presumably occurred in the case of Tessiarsuk, 
which probably contained water of a much greater salinity 
before the land rebounded in more recent times partially to 
isolate it from the sea. Since the closest recorded population 
is more than 500 miles distant it is probable that the range 
of H. spinulosus has shrunk considerably during the last 
few millennia. 

Other faunistic parallels exist between Tessiarsuk and 
the Baltic Sea despite the great disparity in size. Besides 
Macoma baltica and Mytilus edulis, Tessiarsuk also con- 
tains populations of the amphipod Ponteporeia femorata 
and the medusa Halitholus cirratus, all common forms in 
the Baltic. 


Joan C. H. CARTER* 


Systematics-Ecology Program, 
Marine Biological Laboratory, 
Woods Hole, Massachusetts. 


* Present address: Department of Biology, University of Waterloo, 
Waterloo, Ontario, Canada. 
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A Decline in the Occurrence of Diphyllo- 
bothrium Plerocercoids in the Trout Salmo 
trutta L. of Llyn Padarn, Caernarvonshire 


A SURVEY of the parasites of the trout, char, stickleback, 
minnow and eel in Llyn Padarn was begun in April 1963. 
The trout Salmo trutta L. and the char Salvelinus alpinus 
perisi (Gunther) were heavily infected by the plero- 
cercoids of Diphyllobothrium ditremum (Creplin, 1825) 
and Diphyllobothrium dendriticum (Nitzsch, 1824) which 
were found encapsuled in the viscera and body wall. 
The parasite survey was continued in 1964 when a marked 
fall in the occurrence of Diphyllobothrium plerocercoids in 
the trout was noted. Observations made in 1965 showed 
a further fall in the numbers of the plerocercoids in the 
trout. The numbers of plerocercoids present in the char 
remained more or less constant throughout the period of 
investigation (see Table 1). 

In 1963 and 1964 a random selection of the trout 
population was sampled. In 1965 only trout longer than 
15 cm were examined because smaller trout were found 
rarely to be infected by plerocercoids of Diphyllobothrium. 
All char examined were longer than 16 em. All capsules 
were opened and the living plerocercoids were relaxed in 
cold water and preserved for further examination. Full 
details of the biology of the plerocercoids will be published 
later. 

Table 1 shows that the mean number of D. ditremum 
and D. dendriticum per trout fell during the period 1963— 
65, while the ratio of occurrence of the two species 
remained constant. The numbers of plerocercoids in the 
char did not decline. 

The fall in occurrence of plerocercoids ın trout indicated 
that a change has taken place in the numbers, habits, or 
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reactions to the parasite of one or more of the host 
animals involved in the life-cycle of the two species of 
tapeworm. No decrease in the numbers of the definitive 
hosts (gulls in the case of D. dendriticum and cormorant 
in the case of D. ditrenuwm) has been observed during the 
investigation, nor is =here any indication that the plank- 
tonic fauna of the lake has radically changed. These 
considerations, together with the fairly constant level of 
infection in the char and a recorded increase, from 1963 
to 1965, of the number of capsules containing dead 
plerocercoids in trout, strongly suggest that the trout 
have developed an increasing immunity to the Diphyllo- 
bothrium. 

A review of epid=>mics caused by plerocercoids of 
Diphyllobothrium in trout in the British Isles was presented 
by Fraseri, but ıt is unfortunate- that the fate of these 
outbreaks is not known. The date of the first occurrence 
of plerocercoids in the trout of Llyn Padarn is not certain, 
but the Gwynedd Ejiver Authority officials have only 
noticed the worms since 1959. The infection may have 
been building up at ihis time, and have reached a peak 
about 1961-62. Our observations have been carried out 
during a decline in the level of infection in the trout. 
We are continuing the observations in order to see the 
future pattern of tha infection in the trout which may 
follow one of three possible trends: the infection of 
Diphyllobothrium may eventually die out, or may remain 
at a low level, similar to that found in the trout of Lhyn 
Tegid (Bala Lake), or there may be cyclical changes 
between high and lov levels of infection. In Llyn Padarn 
the presence of the infected char will affect the occurrence 
of the plerocercoids im the trout, by acting as a reservoir 
for the infection, of tie definitive hosts and the continua- 
tion of the life-cycle. As there has been no marked decline 
in the numbers of plSrocercoids in the char, it is difficult 
to envisage the infectéon, dying out completely in the trout. 

We thank Mr. H. Evans, Fisheries Superintendent of 
the Gwynedd River authority, and his staff for their help. 


ANNE M. POWELL 
JAMES C. CHUBB 
Department of Zoolcgy, 
University of Liverp>ol, 
Liverpool, 
1 Fraser, P. G., J. Helminthol., 34, 59 (1960). 


MICROBIOLOGY 


Observations on the Gametogenesis of 
Plasmodium vinckei 


Many authors in thepast have observed the disappearance 
of gametocytes of certain blood protozoa as a result of their 
continuous and prolonged mechanical transmission. This 
phenomenon was especially investigated by Vincke!, Rod- 
hain®?, Jadin, Yoeli and Pierreux’, and by Michiels‘ in 
strains of Plasmodiu-n berghei maintained in the laboratory 
for years by ‘syringe passages’. The rodent malaria 
parasite Plasmodiuri vincket’, isolated in 1952, behaves 
similarly. 

It has recently keen observed by Vincke, Scheepers- 
Biva and Bafort' thet P. berghei ( Vinckeia from Garnham?) 
which has lost its sbility to produce gametocytes could 


Table 1. INFECTION OF TROUT AND CHAR OF LLYN PADARN BY Diphyllobothrium Titremum AND D. dendriticum 


1963 
Number of fish 13 
Mean length of fish 22 em 
Length standard deviation | +82 em 
Percentage of fish with D. ditiemum 77 
Percentage of fish with D. dendriticum 46 
Total number of D. diiremum plerocercoids 1,100 


Total number of D. dendriticum plerocercoids 191 

Mean number of D, ditremum plerocercoids per fish 

Mean number of D dendriticum plerocercoids per fish 

Ratio of mean number of D. dendriticum to D. ditremum 1.5 
plerocercoids 


Trout Char 

1964 1965 1963 1964 1965 

17 48 5 23 30 

23°7 em 22-2 em 210 cm 19 2 em 20 6 cm 
+81 cm +29 cm +58 cm +20 cm +18 cm 
76 85 160 00 93 

65 31 100 96 100 
$51 148 331 559 1,094 

198 28 23 180 360 

38°3 31 66 2 24 3 36 5 
11°6 0-6 4°6 7-8 12-9 
1:3-3 1:52 1:144 1.31 1:8 
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recover this power if kept in a state of ‘quiescence’. This 

‘quiescence’ may be obtained by transmitting the 
infection to adult albino rats in the metacritical phase, 
where it survives in @ mild, latent stage, and also by 
keeping the parasite at low temperatures at — 75° C. 

We wondered if we should observe the same phen- 
omenon in P. vinckei. This parasite has been maintained 
since its isolation by blood transfers and has long lost its 
ability to produce gametocytes. We received the strain 
on September 14, 1962, from Algeria by the courtesy of 
Prof. Fabiani. No precise information is available on the 
number of mechanical transmissions undergone by the 
strain before its arrival in our laboratories. Our estima- 
tion is thet the strain had passed at least 400 times 
when we received it, assuming that one blood transfer 
was carried out every 10 days from the time of its dis- 
covery by Vincke in January 1952 to November 1962. 

We continued to maintain the strain by weekly trans- 
fers in mice and rats. On May 20, 1965, the strain, about 
13 years old, has been passed 68 times in 934 days in our 
laboratory: 59 times in mice, four times in albino rats, 
and five transfers in tree rats, Thamnomys surdaster. Two 
transfers in deep freeze at — 75° C were also carried out 
during this period. 

Tables 1 and 2 summarize the details of the successive 
blood transfors in the two lines of animals which originated 
n the P. vinckei-infected animals received in September 
1962. 

It must be emphasized that the blood of all P. vinckei- 
infected animals was regularly checked for the appearance 
of gametocytes and for exflagellation, but none was 
observed. However, after keeping P. vinckei-infected 
blood from rat 362 at low temperature (— 75° C) and 
afterwards passing it twice through albino rats, few 
gametocytes and sparse exflagellation were observed in 


the blood of mouse 734. More numerous exflagellations 
Table 1. SUCCESSIVE TRANSMISSIONS AFTER RECEIPT OF THE STRAIN ON 
NOVEMBER 14, 1962: Mouse 901 


No. of 


Date passage Animal Observations 


trier 1-2 Youngmice Weekly transfers 
res 3-7 Thamnomys Weekly transfers 
4/50/68 8-41 Young mice Weekly transfers 
9/27/68 Blood in deep freeze hg na a Peta any 


42 Albino rat 
862 after Inoculation. 
temperature 67 aes (10/8 /683 +3 12/68)" 


121e 43-53 Young mice Weekly transfers 
2/27/64 54 Albinorat Weekly transfers 
3/13 Roi 55-83 Young mice Weekly transfers 
5/1b/64 64 Rat Rat clinically cared on the thirtleth day 
reservoir after inoculation and sub-inoculated on 
the 107th day 
8/31/64 65 t Rat clinically cured on the twenty-first day 
reservoir after noculation and sub-inoculated on 
the 50th day 
10/20/64 66 Young 
mouse 
10/30/64 67 Young Few exflagellations of uerogem toc es 
mouse 734 observed in the blood on 11/5/64 Ah 
sixth day after inoculation. The 
blo kept at —76° C from a TETAN 
ays 
5/13/65 68 Young Exflagellation observed on 5/20/65, the 
mouse 901 seventh day after inoculation 


Table 2. SUCOESSIVE TRANSMISSIONS AFTER RECHIPT OF THE STRAIN ON 
NOVEMBER 14, 1962: MOUSE 931 


No. 
Date nies Animal Observations 
ae 1-2 Young mice Weekly transmissions 7 
en 8-7 Thamnomys Weekly transmissions 
10 8-41 Young mice Weekly transmissions 
9/27/63 42 Albinorat Blood in deep freeze on ue oy anor 
382 inoculation. Time of stay at 
perature, 414 days OTB IOS 41/28/64) 
11/26/64 43 Young 
monge 
ea i 44-45 Albimo rat Weekly transmissions 
11B oi- 46-68 Young mice Weekly transmissions 
5/28/65 69 Young Fow exfiagellations observed in the blood on 
mouse 6/3/65, 6 days after inoculation 
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occurred in the blood of mouse 901 after the strain was 
maintained for a second period in deep freeze. 

We also observed exflagellation in the transfers origin- 
ating from mouse 931 (Table 2). This animal was also 
infected with P. vincket blood originating from rat 362, 
but the infected blood was kept for 414 days at — 75° C 
and afterwards passed in successive transfers to mice. 
Exflagellation of microgametocytes in small numbers was 
observed at the sixty-ninth blood transfer. In the five 
observations in which exflagellation was hitherto observed, 
all were carried out on the sixth and seventh days after 
inoculation. l 

It may therefore be concluded that in P. vinckei, as in 
P. berghei, a period of ‘quiescence’ at low temperature 
(— 75° C) favours the later reappearance of viable gameto- 
cytes. This phenomenon must, however, be confirmed by 
further observations as it conflicts with investigations 
made in human malaria in which gametogony is present 
in acute cases of malaria. However, more importance 
and more attention are now given to the possibility of 
transmission of infections by asymptomatic cases. 

We thank Prof. Yoeli, who has very kindly corrected 
our translation. 

J. BAFORT 
I. H. VINCKE 
G. TIMPERMAN 
Institut de Médecine Tropicale, 
Prince Leopold, 
Anvers, Belgium. 
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SOIL SCIENCE 


Soils and Micro-organisms from Mount 
Erebus, Antarctica 


WHE conducting pedological and biological studies in 
the ice-free areas of East Antarctica, one of us (F. C. U.) and 
Dr. H. Janetschek had the opportunity in February 1962 
to climb Mount Erebus. Considered the only active voleano 
known in Antarctica, Mount Erebus (3,721 m) consists of 
trachyte, kenyte, basalt and other voleanic rocks?. 
Extensive ice and snow cover limits the soil occurrence to 
the lower snow-free slopes, to exposed rock projections, 
a few areas near the hot fumaroles, and in the vicinity of 
the active crater. 

Soil samples were secured at various locations along 
the mountain. This communication describes samples 
collected at two sites. 

Sample #, was obtained from the vast field of active 
and inactive fumaroles. The area where the sample was 
collected is kept free from snow and ice by the hot fumaro- 
lic vapours. The dark-grey-brown soil is sandy, moist 
and warm to the touch in contrast to the air temperature 
of —26° ©. A partial chemical analysis of the sample 
shows an acid reaction of pH 4-2, considerable quantities 
of chlorides, native sulphur and free iron oxides. Total 
nitrogen is 0-03 per cent, whereas total carbon is 0-1 
per cent. 

Sample E, was obtaimed from the edge of the active 
crater in an area covered by patches of sulphur. The 
very dry yellowish-brown soil is sandy with large loose 
feldspar crystals. The soil is very acid (pH 2-7); chlorides 
and native sulphur are abundant, but carbon and nitrogen 
are not detected. More information on the composition 
of these two samples has already been provided by one of 
us’, 
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Neither site E, nor E, supports any form of megescopic 
plants. Bacteria, actinomycetes and fungi were not 
found in the material obtained from site Z,, not even the 
acid-tolerant sulphur bacterium Thiobacillus thiooxidans. 
Lack of micro-organisms is ascribed to the high acidity 
and dryness of the material. Various bacteria and fungi 
but no actinomycetes were detected in sample Æ, collected 
next to an active fumarole. Approximately 9 x 10° 
bacteria were found by plating on albumin agar and 
6,500 fungi by plating on peptone—dextrose novobiocin 
agar. Among the fungi were species of Penicillium, 
Aspergillus and Neurospora, and a yeast and also a fungus 
that failed to produce spores and is considered to be a 
member of the Dematiaceae. The bacteria and fungi 
were as abundant in Æ, as in many fertile cultivated soils 
of temperate regions. 

The soils of Mount Erebus are acid, contrary to the 
ubiquitous alkaline or neutral conditions of the soils of 
Southern Victoria Land. The oxidation of the native 
sulphur into sulphuric acid may be responsible for the 
low pH. 

F. C. UGOLINI 

Department of Agronomy, 
The Ohio State University, 
Columbus, Ohio. 

i R. L. STARKEY 
Department of Agricultural Microbiology, 
Rutgers—The State University, 
New Brunswick, New Jersey. 
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HORTICULTURE 


Chemical Control of Vegetative Growth 
and Fruitfulness of Tomatoes 


Is 1957, Eaton! described the induction of selective male 
sterility in flowers formed on various cotton varieties 
which had been sprayed with sodium 2,3-dichloro-2- 
methylpropionate solutions and projected the possibility 
of mass-producing F, hybrid cotton seed from rigorously 
inbred parents by the use of these treatments. Similar 
gametocidal responses to foliar sprays of this chemical 
have since been demonstrated by Moore? in eleven tomato 
varieties. Additional gametocidal and growth regulatory 
properties have been described for tomatoes, cotton and 
sugar beets*. Further experimentation on all three crops, 
using foliar sprays of this chemical, invariably induced an 
excessive amount of female sterility in the process of 
achieving the desired sterility in male flower parts‘. 
As a result, the mass production of hybrid seed in these 
crops using this chemical has been impractical. 

The projected termination of the California Bracero 
programme in 1965 has stimulated interest in developing 
mechanical harvesting devices for use with various crops 
destined for processing in that area. All experimental 
models developed so far for tomatoes involve the destruc- 
tion of the entire plant in a single picking harvest. The 
presence of either prematurely ripe fruit or small develop- 
ing green fruit is undesirable at harvest. Renewed interest 
in the gametocidal properties of this chemical has been 
directed to its use as a possible aid in mechanical harvesting 
procedures. Normally, the perfect tomato flowers are 
self-fertilized before anthesis, but the stigmas remain 
receptive to hand pollination for a variable period after 
anthesis (depending on variety} when selective male 
sterility has been induced by chemical treatments. In 
the absence of hand pollination, natural crossing by other 
agents, or parthenocarpic fruit development, sterile 
tomato flowers continue to abscise without setting fruit. 
Thus, gametocidal treatments could eliminate the presence 
of early overripe fruit and facilitate the. mechanical] 
harvesting operation. 
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Thrèe extensive field experiments were conducted at 
Tracy, Stockton and Eaticoy, California, during the 1964 
growing season. The locations selected represented a 
reasonably diverse range of geographic and cultural 
conditions normally encountered in California tomato 
production. Six treatments involving a factorial combina- 
tion of two gametocidal dosage-levels (0-15 and 0-25 per 
cent water solutions) x three spray schedules (one versus 
two versus three sequential sprays) were used at each 
location in which four to six replications were used in a 
randomized block design. Attempts were made to adjust 
fertilization practices, water management and pesticide 
applications to the optimum benefit of each treatment, but 
the random arrangement of plots precluded complete 
adjustment in all instances. Each plot of any single treat- 
ment ai all locations was harvested by hand to simulate 
a mechanical operation when the onset of overripe fruit 
was obvious. Accurete plant response data necessary 
for the appraisal of treatment responses listed in Table 1 
were collected at each experimental installation. 

All gametocidal treatments resulted in a ‘“‘blanching”’ 
of the foliage, slight leaf epinasty, and obviously retarded 
growth rates at all locations. The severity of foliar injury 
increased with increasing numbers of sprays and, to a 
lesser extent, with spray concentration. The injury 
symptoms persisted Dr a minimum of 3 weeks at one 
location, a maximum cf 7 weeks at another, but eventually 
vanished at all locaticns. 

All treatments at eazh location induced obvious sterility 
in floral parts with resultant abscission of flowers and delay 
in the onset of fruitimg. As treatment effects increased 
markedly with the increasing number of sprays, and were 
relatively uninfluencec by spray concentration, the average 
treatment responses Hr three sequential sprays over the 
range of two spray concentrations and three locations 
are compiled in Table 1. 


Table 1, AVERAGE EFFECTS OF TWO CONCENTRATIONS OF THREE SPRAYS 
Av’ THREE LOCATIONS 


L.S.D. 
Criteria Untreated Treated (P=0 01) 

A. Delay in onset of fruiting <days) 0 24 
B. Vine weight (oz ) 21-5 37-8 10-29 
C. No offrut set per plant 45-3 58-8 10 15 
D. Yield (tons/acre) 23-5 36 5 9 67 
E. Yield (tons/acre day) 0-184 0247 0 0735 
F. Percentage usable fruit* 48 4 637 

{count basis) (44-1) (63-1) (8°01) T 
G. Percentage usable fruit* 607 747 

(weight basis) (51-4) {60 0) (8°98) ¢ 
H. Percentage green fruit 35-3 18°6 
+ (weight basis) (36 1) (25 6) (8°89) f 
ZI. Fruit size (0z.) 2:60 2 25 0-436 


* Tor processing. 
t Percentage of data tranrformed (arc sin) for tests of significance. 


Three sequential gemetocidal sprays obviously induced 
floral abscission and delayed the onset of fruiting. These 
responses resulted in a longer period for continued vege- 
tative growth and larger individual vines, which eventually 
set a greater number of fruit per vine at a later date. 
Increased yields restlted in all treatments using either 
tons per acre or tons per unit of production time as 
criteria. Fruit matured in a “peaked” condition favourable 
for either mechanical or hand harvesting procedures. The 
occurrence of underzipe green fruit in a single-picking 
harvesting operation was also reduced by the treatments. 
Fruit size was somewhat adversely affected by the treat- 
ments, but this respcnse may have resulted in part from 
our inability to adjuss completely cultural practices to the 
optimum advantage of each treatment at each location. 
All the treatment responses in growth and fruitfulness 
reported here are statistically reliable at substantial 
levels of confidence. 

In view of the common relationship between vegetative 
growth rates and frubfulness in flowering plants generally, 
it would seem reasonable to expect corresponding respon- 
ses to gametocidal treatments in other crops. The gameto- 
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.- . Cidal attributes of this chemical have already been 


established for cotton and various legumes. 

C. B. Lyvon 
R. D. GARMUS 

Research Division, 

Rohm and Hass Company, 

P.O. Box 219, 

Bristol, Pennsylvania. 
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GENERAL 


Kinematic Programming for Rain 


Tse following statement and resolution, of an elementary 
optimization problem may be of interest to those who, 
like me, have never been confident about the optimal 
speed and posture to adopt when caught without protec- 
tion in & rain shower. 

Consider a bounded rigid body B of arbitrary shape in 
a Euclidean space of k dimensions {k > 1). B is required 
to move one of its points, a reference point O, say, from 
a starting point S to a finishing point F. The space is 
dotted with hostile points generically denoted by the 
symbol R, which are all moving with the same velocity v. 
Tt is B’s object to move O from S to F in such a way as 
to minimize his contact with R. 

An itinerary between S and F is specified by the triad 
I = [Po w(t), a(t)], where P, is the initial posture of B 
at 5, u(t) is the velocity of O at time ¢ and w(é) is the 
angular velocity vector. Let ð denote the class of avail- 
able J’s. Assume that, if a portion of the surface of B 
sweeps out a volume SV of the space, the mean contact 
with R is proportional to &V if FV, regarded as part of 
the moving space (#-space say) in which R is stationary, 
has not been previously swept by B. Also that, once a 
volume in #-space has been swept, that volume remains 
free of R thereafter. The problem is therefore to minimize: 


P) dy 
y = Í a 
a dt (1) 
where d V/dt is the rate of sweeping by the whole surface 


of B of previously unswept volume. Now: 
eal " | p (r,t) (u(t) — v + w(t) A r]. dS (2) 


where dS is the normal vector surface element of B at the 
point r relative to O and ọ(r,t) = 1 if the rest of the 
integrand is not negative and r is adjacent to previously 
unswept volume: (r,t) = 0 otherwise. Equations (1) and 
(2) combine to give V for any itinerary. 

Fortunately, the expected is the case. As long as J 
includes “‘top-speed, unrestricted posture, straight-line” 
itineraries along SF, then choice of J to minimize V can 


be made using elementary considerations. Let: 
max max 
Um = Teh t uft) 


and let V.(p) be the volume in k-1 dimensions of the 

projection of B at time ż parallel to p on to the k-1 

space orthogonal to p. Let min V,(>) = M (say) = Velpe) 
—} 


(say). Let 1 be the unit vector along SP. 

Case A. If v.1< 0, then an optimal itinerary in Ẹ is 
Im = [P'o um 1,0], where P’, has p, parallel to V — um I. 
To see this, Fig. 1 in R-space should be examined. 

So F, are the positions of S and F, respectively, at 
t= 0. Fr is the position of F at t = T if O arrives at 
Fr along Im. Fr’ is the position of F att = T” if O arrives 
at I’ using the arbitrary(dashed) itinerary Ta. Clearly 
Im minimizes the time of the itinerary, whence T < T’ 
and SFr < SFr as shown. Thus, using Ia, B must 
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Fig. 1. Straight line and arbitrary itineraries in R-space 


sweep out a volume of R-space which cannot be less than 
the volume for Im. [The degenerate case of v parallel to I 
does not affect this finding.] 

Case B. If v.1> 0, then an optimal itinerary is: 
(i) Im if um < vty. l; (ii) I, = [Po WV .1) 1, 0], where 
P”, has p, parallel to v — (v?/v. 1) 1, if um > v'/v.1. 
Case B (i) is proved in the same way as case A, because, 
for um < v3/v .1, an essentially similar figure is obtained. 
For case B (ii), SFr is perpendicular to F,fr for Í, 
which also establishes the result. 

In cases A and B (1), the optimal itinerary is seen to 
be unique. Any deviation from it will increase V. How- 
ever, in ease B (ii) there is non-uniqueness. ‘This is 
readily seen for the extreme case when um = œ, when 
the solid itinerary indicated in original space in Fig. 2 
has the same F as J). 


es ey ee oY carn 





u(f)= v 


Fig. 2. Non-uniqueness 





For v?/v.1< um < œ, there are itineraries with 
O-paths interior to the triangle SPF of Fig. 2, as dotted, 
their characteristic being increasing distances from SP 
and a resolved velocity parallel to SP equal to v. 

The practical recommendations arising from these con- 
siderations are that, when rain is coming from the general 
direction, of your destination, you should get your head 
down, and go as fast as you can. When the rain is coming 
from. behind, either lean backwards or walk backwards 
while leaning ‘forwards’, in neither case exceeding a 
certain optimal speed. if 

When the choice of posture is unrestricted, the only 
property of B affecting min V is the minimum projection 
M. When posture is restricted so that other properties 
of B affect min V, the following fact may be useful. For 
@ given itinerary, V cannot be increased and, especially 
when posture is restricted, may well be decreased by 
filling in any concavities in B’s surface with portions cut 
off anywhere from B. 

The possibility of reducing min V by cutting B into 
portions and sending these portions separately to their 
assembly points is always available in certain applications 
(but not in that originally envisaged). Consider B shaped 
like a letter L. Break it at the angle. The flexibility 
thereby introduced can, be used to reduce min V. How- 
ever, care is needed because if B were cut into portions 
similar to B, it is easy to see from scalar considerations 
that min V would increase. 

M. STONE* 

Department of Statistics, i 

University of Wisconsin, Madison. 
* Present address: Department of Mathematics, University of Durham. 
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APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or before the 
dates mentioned: 

RESHARCH ASSISTANT to assist with computation and numerical analysis— 
Dr. C. D. Walshaw, Clarendon Laboratory, Department of Atmospheric 
Physics, Parks Road, Oxford (July 30). 

TEMPORARY ASSISTANT LECTURER or LECTURER IN CHEMICAL ENGINEER- 
INa—The Registrar, University College of Swansea, Singleton Park, Swansea, 
South Wales (July 30). 

VETERINARY OFFICERS, Grade II (aged at least 23, Member of the Royal 
College of Veterinary Surgeons, with one year’s appropriate postgraduate 
experience) with the Ministry of Agriculture, Fisheries and Food—Civil 
pen eean, 23 Savile Row, London, W.1, quoting Ref. 130/66/2 

ugust 1). 

TEACHING FELLOW (with a good honours degree with specialization in 
palaeontology) IN GEOLOGY (Palaeontology) at the University of New Eng- 
land, Armidale, New South Wales, Australiaa—The Association of Common- 
wealth Universities (Branch Office), Marlborough House, Pall Mall, London, 
8.W.1 (Austraha and London, August 5). 

SENIOR LECTURER (with an honours degree in electrical engineering or 
science, preferably a higher degree, and research or design experience in 
electronics or communications) IN ELECTRIOAL ENGINEERING (August 26); 
and a LECTURER or SENIOR LECTURER (with a science degree specializing in 
geophysics or a related discipline and some research experience or recent 
experience in exploration geophysics) IN GEOPHYSICS (August 5) at the 
University of Queensland, Australia—The Association of Commonwealth 
Universities (Branch Office), Marlborough House, Pall Mall, London, 8.W.1. 

ASSISTANT EXPERIMENTAL OFFICER or EXPERIMENTAL OFFICER (chemist 
or biochemist, with a degree in science, H.N.O. in chemistry, or equivalent, 
and preferably some knowledge of chromatographic and radioactive isotope 
techniques) for work on muneral nutrition ey of potassium in 
vegetable crops—The Secretary, National Vegetable Research Station, 
Wellesbourne, Warwick (August 6). 

ASSISTANT EXPERIMENTAL (or Experimental) OFFICER (with a degree, or 
equivalent: in science or horticulture) FOR PLANT BREEDING WORK—The 
rE National Vegetable Research Station, Wellesbourne, Warwick 

ugus . 

LEOTURER or ASSISTANT LECTURER (graduate in medicine, veterinary 
science, dentistry or biology) IN THE DEPARTMENT OF HIsToLOGy—The 
Registrar, The University, Liverpool, quoting Ref. CV/136 (August 6). 

RESEARCH FELLOW (with research experience ın microbiology or bio- 
chemistry) IN THE DEPARTMENT OF CHEMISTRY to participate in a study of 
the mode of biosynthesis of antibiotics—The Registrar, University College of 
Swansea, Singleton Park, Swansea, South Wales (August 11). : 

LECTURER or ASSISTANT LECTURER (with an honours degree in physiology 
or prepared to attend an honours course, and preferably with a veterinary 
qualification) IN THE DEPARTMENT OF VETERINARY PHYSIOLOGY—The 
people niversity of Edinburgh, Old College, South Bridge, Edinburgh 

ugus A 

SENIOR LECTURER and a LECTURER IN PHYSICS at the University of 
Queensland, Austraia—The Association of Commonwealth Universities 
(Branch Office), Marlborough House, Pall Mall, London, 8.W.1 (London and 
Brisbane, August 12). 

SENIOR LECTURER and LECTURERS IN CIVIL ENGINEERING; LECTURERS IN 
ELECTRICAL ENGINEERING; and a READER, SENIOR LECTURER and 
LECTURERS IN MEOHANIOAL ENGINEERING at Ahmadu Bello University, 
Northern Nigeria—The Inter-University Council, 33 Bedford Place, London, 
W.C.1 (August 12) 

SENIOR LECTURER/LECTURER IN MATHEMATICS at Rhodes University, 
Grahamstown, South Africa—The Association of Commonwealth Univer- 
ie (Branch Office), Marlborough House, Pall Mall, London, S.W.1 (August 


TEMPORARY ASSISTANT EXPERIMENTAL OFFIOER/EXPERIMENTAL OFFICER 
(with at least two “A” levels including physics, or H.N.C, in appiied physics, 
or equivalent, A degree in electrical engineering or equivalent is desirable) 
at the R.N. Medical School, Alverstoke, Hants, to act as assıstant to the 
Health Physicist in charge of the Whole Body Counter —Ministry of Defence 
(Navy Department) CH3(N) 368, Old War Office Building, Whitehall, 
London, 5.W.1 (August 12). 

LECTURER (science graduate preferably with experience in microbiological 
chemistry, microbial genetics or an applied field of microbiology) IN BAC- 
TERIOLOGY at Queen’s College—The Secretary, University of St. Andrews, 
Queen’s College, Dundee (August 13). 

ASSISTANT LECTURER IN PURE AND/OR APPLIED MATHEMATICS; and a 
LECTURER or ASSISTANT LEOTURER IN PuHysics at the Univeisity of the 
West Indies, Barbados—The Inter-University Council, 33 Bedford Place, 
London, W.C.1 (August 15). 

LECTURER or ASSISTANT LECTURER (with interests in taxonomy, morph- 
ology or plant breeding) TO THACH THE BOTANY OF ECONOMIO PLANTS; and 
an ASSISTANT LECTURER to assist the Professor in teaching and research in 
crop physiology, crop ecology or the botany of tropical crops for two years— 
The Registrar (Room 39, O.R.B.), The University, Reading (August 15). 

SCIENTIFIC OFFIOER or SENIOR SCIENTIFIC OFFICER (with a first- or second- 
class honours degree, Dip. Tech., or equivalent or Higher qualification in a 
natural science or technology, but, exceptionally, consideration will be given 
to a candidate whose main qualification is In a social science, preferably with 
experience in experimental psychology or with additional qualifications in 
natural science) in the Office for Scientific and Technical Information, 
London, to help promote the education and training of scientific and tech- 
nical information staff at all levels and for all types of formation work— 
Duss M. E. Gummer, Department of Education and Science, Curzon Street, 
London, W.1 (August 15). 

LECTURER/SENIOR LECTURER IN BIOCHEMISTRY at the University of New 
England, Armidale, New South Wales, Australia—The Association of 
Commonwealth Universities (Branch Office), Marlborough House, Pall 
Mall, London, 8.W.1 (Australia and London, August 19). 

LECTURER/SENIOR LECTURER IN MICROBIOLOGY at the University of New 
England, Armidale, New South Wales, Australia—The Association of Com- 
monwealth Universities (Branch Office), Marlborough House, Pall Mall, 
London, 8.W.1 (Australia and London, August 19). 

LEOTURER/SENIOR LECTURER IN VETERINARY VIROLOGY IN THE DEPART- 
MENT OF VETERINARY PATHOLOGY AND BACTERIOLOGY, University of Sydney, 
Australia—The Association cf Commonwealth Universities (Brapch Office), 
Marlborough House, Pall Mall, London, S.W.1 (Australia and London, 
August 19), 

SENIOR LECTURERS or LECTURERS (2) (with a good honours degree and 
industrial or research experience 1n one of the following flelds: circuit engin- 
eering, control, communications, microwave engineering, or power systems) 
IN ELECTRICAL ENGINEERING at the University of Canterbury, Christchurch, 
New Zealand—The Association of Commonwealth Universities (Branch 
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Office), Marlborough House, Pall Mall, London, S.W.1 (New Zealand and 
London, August 19). 

EXPERIMENTAL OFFICER ard a TEOHNIOIAN (preferably with experience in 
mass spectrometry and/or electronics) to assist in the running of a unit for 
isotope geology being set up at the Reactor Centre—The Director, Scottish 
Research Reactor Centre, East Kilbride, Glasgow (August 20). 

SENIOR LECTURER or LECTURER IN PHYSIOLOGY at the University of 
Tasmania, Australia—The Association of Commonwealth Universities 
(Branch Office), Marlborougt House, Pall Mall, London, 8.W.1 (Australia 
and London, August 22). . 

SENIOR LECTURER or LECTURER (preferably with a special interest in 
organic chemistry) IN CHEMBTRY at the University of Canterbury, Christ- 
church, New Zealand—The Association of Commonwealth Universities 
(Bzanch Office), Marlborough House, Pall Mall, London, 8.W.1 (New Zealand 
and London, August 22). 

RESEARCH ASSISTANT for X-ray diffraction work—Dr. J. Zussman, Depart- 
ment of peed and Mineralogy, University of Oxford, Parks Road, Oxford 
(August 25). 


SENIOR LECTURER (with en honours degree in electrical engineering or ` 


scisnce and preferably a higher degree, research or design experience in 
electronics or communications, and ability to lecture to postgraduate 
students and participate effctively in research projects) in ELECTRIOAL 
ENGINEERING at the University of Queensland, Australla—The Association 
of Commonwealth Universites (Branch Office), Marlborough House, Pall 
Mall, London, S.W 1 (Londor and Brisbane, August 26). 

RESEARCH FELLOW (plan biochemist or microbiologist) to study the 
blochemical self-sufficiency >f chloroplasts—The Registrar, University of 
York, Heslington, York (August 29). ; ; 

CHAIR OF ANCIENT PHILOSCPHY—The Secretary, University of St. Andrews, 
Callege Gate, St. Andrews, T'ife, Scotland (August 31). i 

LECTURER IN BIOOHEMIST=Y at the University of Tasmania, Australia— 
The Association of Commonrealth Universities (Branch Office), Marlborough 
House, Pall Mall, London, S.W.1 (Australia and London, August 31). | 

LECTURER IN THE DEPARTMENT OF MICROBIOLOGY, Massey University of 
Manawatu, Palmerston Norta, New Zealand—The Association of Common- 
wealth Universities (Branch Dffice), Marlborough House, Pall Mall, London, 
8.W.1 (New Zealand and Lomion, Angust 31). 

LECTURER or ASSISTANT L30TURER (physicist, physical chemist or others 
with an appropriate backgrotnd) IN THE DEPARTMENT OF CERAMICS, Houlds- 
yee one of Applied Scisnce—The Registrar, The University, Leeds, 2 

ugust 31). 

SENIOR LECTURER/LECTULER (preferably with interests ın the field of 
inorganic chemistry) IN CHEMISTRY at Rhodes University, Grahamstown, 
South Africa—The Associacion of Commonwealth Universities (Branch 
Office), Marlborough House, Pall Mall, London, 8.W.1 (South Africa and 
London, August 31). 

SENIOR LECTURER or LECTURER IN THE DEPARTMENT OF PHYSIOLOGY— 
The Registrar, University Tollege of South Wales and Monmouthshire, 
Cerdiff (September 5). ; 

LECTURER or RESEARCH FELLOW (with some experience in the area of 
operational research and systems analysis, and particularly Interested in the 
mathematical taigis of optimization) IN THE DEPARTMENT OF SYSTEMS 
ENGINEERING—The Secretary, University of Lancaster, Bairıgg House, 
Lancaster (September 16). 

CHAIR OF PURE MATHESATIOS IN THE SCHOOL OF MATHEMATICS AND 
PHYsios—The Registrar, Un versity of East Anglia, Earlham Hall, Norwich, 
Norfolk, NOR 880 (October 15). : 

ASSISTANT EXPERIMENTAL OFFICER (preferably with a degree in engineer- 
ing or geology, with some Hstrumentation and/or soil mechanics research 
experience) IN THE ENGINEELING GEOLOGY GROUP OF THE GEOLOGY DEPART- 
MENT to be concerned with t» development and experimentation of advanced 
soil laboratory equipment, ard possibly carry out field work on the engineer- 
ing geology of fissurimg anc consolidation of fine grained sediments—Mr. 
E. J. Hill, Departmental Superintendent, Geology Department, Imperial 
College, London, 8.W.7 

ASSISTANT LIBRARIAN (r-ference and information services) (Chartered 


‘Librarian or graduate who has passed Part 2 of the Library Association 


examinations)}—The Staff Oficer, University of Aston in Birmingham, Gosta 
Green, Birmingham 4, quoting Ref 0/181/N. 

CELL CULTURE TECHNICIAN (preferably with experience of bacteriological 
techniques) for work in th- Radiobiology Laboratory—Dr. R. J. Berry, 
a Laboratory, Badiotherapy Department, Churchill Hospital, 

ord. 

JUNIOR TECHNICAL OFFICER (with a pass degree, H.N.C. or equivalent in 
physics or mathematics, ard preferably with mathematical or electronic 
experience) to assist in physisal research in the application of radioisotopes to 
medicine including use of =n analogue computer—The Director, Medical 
Research Council Cyclotron Unit, Hammersmith Hospital, Du Cane Road, 
London, W.12. 

LECTURER (with a degree in metallurgy, science, or engineering, together 
with research or industrial experience) IN PROCESS ENGINEERING IN THE 
METALLURGY DBPARTMENT—Prof. A. V Bradshaw, Department of Metal- 
lurgy, Imperial College of Science and Technology, Prince Consort Road, 
London, S.W 7. 

LECTURER (with a first- cr second-class honours degree or equivalent or 
higher qualification in merhanical engineering and practical experience 
associated with that of a Chartered Engineer) IN THE DEPARTMENT OF 
MECHANICAL ENGINEERING to teach applied thermodynamics to students 
reading for London External Degree in engineering—The Registrar, Royal 
Military College of Science, Shrivenham, Swindon, Wiltshire. 

MICROANALYST to take cnarge of the Macroanalytical Laboratory—The 
Laboratory Superintendent. Chemical Laboratory, Universtty of Sussex, 
Falmer, Brighton, Sussex. 

Om: SEED CHEMIST (with a Ph.D. and experience in lipid research) for duties 
wich will include directing =n oll seed laboratory and conducting research on 
the quality of commercial of seed crops—Dr. G. N. Irvine, Director, Grain 
Research Laboratory, Board of Grain Commissioners for Canada, Winnipeg, 
Canada, quoting Ref. 66-10C-GO. 

PROFESSOR OF APPLIED 3I0LOGY—The Registrar and Secretary, Welsh 
College of Advanced Techno-ogy, Cathays Park, Cardiff. 

RESEARCH ASSISTANT (wth a chemical or biochemical background) IN 
THE DEPARTMENT OF PAEDIATRICS, to work on aspects of carbohydrate 
metabolism in the newborn infant—Dr. H. R. Gamsu, King’s College Hos- 
pital Medical Schoo], Denmark Hill, London, 8.5.5. 

RESEAROH ASSISTANTS IN CHEMISTRY AND PHYSICS (with a first- or second- 
class (upper or lower) honoars degree) to undertake postgraduate research 
leading to M.Phil. or Ph.D degrees of the University of London—Head of 
no appropriate department Sir John Cass College, Jewry Street, London, 


RESEARCH BIOLOGIST (with an honours degree in biology) to assist in inves- 
tizations of aquatic inver‘ebrates—Personnel Officer, Trent University. 
Pa2terborough, Ontario, Caneda 
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, SCIENTISTS (2) (with experience in either of the following fields: genetics 

and/or biochemistry, tumour biology and/or immunology, and preferably 

some experience in general virology) for research on tumour viruses and 

related topics-—-The Honorary Director, Prof. M. G, P. Stoker, M.RB.C. 

Sen Virus Research Unit, Institute of Virology, The University, 
asgZoW, 

TEROHNICIAN/JUNIOR TECHNIO4L OFFICER (preferably with experience in 
microbiology or tissue culture techniques) at Pollards Wood Research 
Station, Chalfont St. Giles, to assist in molecular biological research—The 
Secretary, Institute of Cancer Research, 34 Sumner Place, London, S.W.7, 
quoting Ref. 301/B/259. 

ZOOLOGISTS (M.Sc. or Ph.D., with research experience and preferably some 
knowledge of histology and histochemistry) to participate ın experimental 
muiti-disciplinary programmes of basic research in the fleld of food additive 
toxicology-~-The Director, British Industrial Biological Research Associa- 
tion, Woodmansterne Road, Carshalton, Surrey. 


REPORTS and other PUBLICATIONS 
(not included wn the monthly Books Supplement) 


Great Britain and Ireland 


University of Birmingham Appointments Board. Annual Report 1965. 
Pp 8. (Birmingham: The University, 1966 ) [1385 
The British Tron and Steel Research Association. Annual Report for the 
year ending December 31, 1965. Pp. 174. (London: The British Iron and 
Steel Research Association, 1966.) {185 
Education in 1966: Being a Report of the Department of Education and 
eee. Pp. 152. (Cmnd. 2938.) (London: H.M. Stationery Office, rahe: 
£. 6d. net. 

Report of Her Majesty's Civil Service Commissioners for the period ist 
January to 3ist December 1965. (99th Report.) Pp. v+34. (London: 
E.M. Stationery Office, 1966.) 5s. net. 165 

The Physics Teachers Handbook. Edited by L. A. Redman. 


Pp. 232, 
(Fairhaven, Lytham St Annes: Spectrum Books, Ltd., 1966.) 1538. net. [165. 


Annual Report of the Oundle School Natural History Society, 1965 
TA He +107, (Oundle, Peterborough: Oundle School Natural History Sooiety, 


Educational Productions, Ltd., Filmstrip C6135: Life on the Sea Shore. 
35 frames. Filmstrip Notes (revised edition). Pp. 16. (London and East 
Ardsley, Wakefield: Educational Productions, Ltd., 1966. [165 

National Institute of Industrial Psychology. Report No. 19° Audio- 
Typing—a Study of the Work in One Large Organization. By Caroline 
ae gene 82. (London: National Institute of Industrial Psychology, 

* 8, * 

The Nuffield Provincial Hospitals Trust. Book and Journal Services for 
Doctors and Nurses—-An Interim Report on a National Book League Investi- 
gation. By Dr. J. E Morpurgo. Pp. 41. 38. 6d. The Planning and Organ- 
ization of Medical Book and Journal Services in Regional Hospitals—a 
National Book League Guide for Librarians. Pp. 34. 8s. 6d. (London: 
The Nufficld Provincial Hospitals Trust, 1986.) {175 

The Nuffield Foundation Science Teaching Project—Progress Report 
1965. iP. ii+27. (London: Longmans, Green and Co., Ltd ; Harmonds- 
worth, Middx.: Penguin Books, Ltd , 1966.) 

British Welding Research Association— Twenty-First Annual Report 1865. 
Pp. 54. (London: British Welding Research Association, 1966 ) {175 

Don’t Smoke By R. W. Kind and John Leedham. (Discovery Pro- 
ee) Pp. 32. (London: Longmans, Green and Co, Ltd., 10909 

8. 6d, net. 

S aopean Brewery Convention. Report of the Barley Committee—Trials 
1964. Pp.173. (London: The Institute of Brewing, 1966. 175 
Ministry of Technology: National Engineering Laboratory. Heat Biblio- 
Bae ace. Pp. vit+478, (Edinburgh and London: H.M. etary 

cea, ; 

Philosophical Transactions of the Royal Society of London. Series A- 
Mathematical and Physical Sciences. No. 1104, Vol. 259 (19 May Peet 
Rotational Analysis of the 2600 A Absorption System of Benzene. By J. H. 
Callomon, T. M. Dunn and E M. Mills. . 499—532 + plates 7—10. 188. 6d.; 
2.75 dollars. No. 1105, Vol. 259 (19 May 1966): Tidal Spectroscopy and 
Prediction. By W. H. Munk and D. E. Cartwright. Pp. 538-581. 18s.; 
2.70 dollars. No. 1106, Vol. 259 (19 May 1966): On the Praseodymium + 
Oxygen System. By B. G. Hyde, D. J. M. Bevan and L, Eyring. Pp. 
EEA alias 11. 188. 6d.; 2 dollars. (London: The Royal Society. 


Building Research Station Digest (Second Series) No 70: Painting Metals 
a er alah Iron and Steel. Pp.8. (London: H.M. Stationery One 
Northernireland: Ministry of Agriculture. Leaflet No. 108: Catch Crops 
Pp. 4. Leaflet No. 114: Foul Brood Diseases of Bees. Pp. 6. (Belfast 
Ministry of Agriculture, 1966 } . {205 
BBC Lunch-time Lectures Fourth Series—7.-English by Radio and 
Television. By Christopher Dilke. Pp. 15. (London: British Broadcasting 
Corporation, aoe [205 
graine: The Urgent Need for Medical Research. Pp. 9. (London: The 
Migraine Trust, 1966 } {205 
Problems with Solutions: a Chemical View of High-Temperature Materiais. 
By Prof. C. B. Alcock. (Inaugural Lecture, 19 October 1965.) . 166-189. 
(London: The Imperial College of Science and Technology, 1966.) 68. [205 
Ministry of Technology Report of the National Physical Laboratory for 
the year 1965. Pp. xvi+300+18 plates (London: HM. Stationery 
Office, 1966.) 208. net. , ; 20 
Ministry of Technology. Electronic Automation in Britain, 1966. Pp 
42. (London: Ministry of Technology, 1966.) [205 
University of Oxford. Annual Reports, 1964-1965. . 32. (Supplement 
No. 7 to the University Gazette, Vol. 96, April 1966.) (Oxford: The Uni- 
versity, 1966.) 2s. 6d. [235 
The British Leather Manufacturers Research Association. Annual 
Report 1964-65. Fp. 71. (Egham, Surrey: The British Leather Manufac- 
turers Research Association, 1966.) 235 
A. Survey of the Major alex ae and Abstracting Services for Library 
Science and Documentation. By H. Allan Whatley. Pp. 78. 28s. (L. A. 
members 21s.) Classification Practice in Britain: Report on a Survey of 
Classification Opinion and Practice in Great Britain, with particular reference 
to the Dewey Decimal Classification. By Keith Davison. Pp, 34. 12e. 
(L.A. members 9s.) (London: The Library Association, 1966 ) [235 
Office of Health Economics. Women in Medicine. (The results of an 
inquiry conducted by the Medical Practitioners’ Union in 1962-63.) Pp. 47. 
(London: Office of Health Economies, 1986.) 35s. {315 
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Other Countries 


Institut Royal Météorologique de Belgique. Bulletin Trimestriel. Obsor- 
vations d’Ozone, 8e Tmmestre, 1965. . 86. (Ueccle-Bruxelles: Institut 
Royal Météorologique de Belgique, 1966. SO 

Pubblicazioni deila Universita degli Studi di Firenze: Facoltà di Scienze 
Matematiche, Fisiche e Naturali. Osservazioni e Memorie dell Osservatorio 
Astrofisice di Arcetri. Faseicole 81: Catalogo delle Surges Solari Sul Disco 
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STONEHENGE 


Ar this time of the year, Stonehenge is crammed with 
tourists. The Ministry of Public Building and Works 
keeps the grass well cut, and will provide visitors with 
a guide-book for a modest fee. Refreshments are to be 
had in the car park across the trunk road which passes 
nearby, and on a sunny day those who have come to 
inspect the best preserved of the ancient monuments 
in Britain can also amuse themselves by watching the 
manoeuvres of the soldiers who practise incongruously 
with rocket weapons only a few miles away. Then, at 
sunrise on Midsummer Day, the Ministry of Public 
Building and Works will undertake to see that the 
monument is cleared of all who have no excuse for 
being there—usually the small company of eccentrics 
which re-enacts druidical rituals at Stonehenge once 
a year, and the Press photographers who come to take 
their pictures and that of the rising sun (when visible). 
The fact that this year the druids overslept and were 
half an hour late should not be held against them, for 
druids, in the twentieth century at least, are also human. 

But, in spite of all the tomfoolery which it must 
from time to time accommodate, Stonehenge retains its 
trick of quickening the imagination and disturbing it. 
The technology of the monument, and the endless 
speculations about the ways in which the stones may 
once have been assembled, is more tangible and thus 
less awesome than the single-minded purposiveness of 
the whole enterprise. Why was it thought sensible to 
spend what must have been a large part of the energy 
of the community that built Stonehenge on this gigantic 
structure ? To such a primitive people, this was an 
undertaking to dwarf the cathedral building of the 
Middle Ages in costliness. Surely a people pre- 
occupied with survival would not choose to waste 
energy in such a lavish way merely out of superstition. 
But, if it is hard to conceive a superstition powerful 
enough, what sober purpose can there have been in 
building it ? 

Questions like these have informed speculation about 
Stonehenge for several decades. At the end of the 
nineteenth century Sir Norman Lockyer, the then 
editor of this journal, began to put flesh on the bones 
of the old assertion that Stonehenge must once have 
been a kind of astronomical observatory and nautical 
almanac office. Since then, there has been a steady 
stream of speculation about the way in which Stone- 
henge might have been used for astronomical observa- 
tion and prediction. With the coming of electronic 
computers, it was possible to make detailed comparisons 
of the positions of the various stones at Stonehenge and 
the occurrences of conspicuous events in the movement 
of the Sun and Moon. Thus, three years ago, Professor G. 
Hawkins (Nature, 200, 306; 1963) was able to claim a 
detailed correlation of the positions of several of the 


stones at the monument with the rising and setting of 
the Sun and Moon throughout the year and the 
occurrence of some ecHpses. That work suggested that 
the men who built Stonehenge and afterwards operated 
the supposed observetory were able to glean a pre- 
viously unsuspected w2alth of detail from their observa- 
tions. More recently, these conclusions have been 
questioned (Nature, 210, 1302; 1966) on the grounds 
that Hawkins’s alignments are not significant. 

The most recent steps in the interpretation of 
Stonehenge as an astronomical observatory are to be 
found on pages 454 and 456 of this issue. Professor 
Fred Hoyle and Mr. C. A. Newham are both con- 
cerned to show how the post holes grouped to the 
north of the main cireles (not accommodated in earlier 
interpretations) are somehow concerned in the more 
refined use of the circ_es of stones for measurement and 
prediction. Mr. Newham would have one group of 
stones function as a xind of vernier gauge. Professor 
Hoyle claims that it would be possible to use the array 
of stones for the prejiction of all eclipses (which is a 
substantial improvement on Professor Hawkins) and 
also for making measurements of the regression of the 
line of lunar nodes in such a way as to ensure that 
predictions of eclipses are not vitiated by experimental 


_ errors. If Stoneheng> was really designed as an astro- 


nomical instrument, the principles on which this was 
done accord well with the procedures by which modern 
experimenters pursu2 their craft. The scheme which 
Professor Hoyle describes is breathtaking not merely 
by its ingenuity—that of Professor Hoyle as well as of 
the supposed builders of Stonehenge—but by its 
practicality. 

The cleverness which Professor Hoyle now attributes 
to the designers of Stonehenge is probably the most 
difficult part of his sheory to accept. People will ask 
whether it is credible that people who had not then 
invented enduring houses in which to live, and who had 
not even invented the Royal Society, could possibly 
have been clever encugh to build an optical instrument 
of such intricacy as Stonehenge may be. But this is 
not, by itself, conclusive. If archaeologists knew a 
great deal more than they do about life in Britain 
3,500 years ago, they might be able to show that 
Professor Hoyle’s suggestion is implausible. The 
difficulty, of course, is that archaeology is only able to 
describe a kind of lower limit to the sophistication of 
a society. The fact that there is no evidence of numeracy 
among the people who built Stonehenge is not con- 
clusive proof that taey could not predict eclipses. In 
the circumstances, iv is only charitable that they should 
be given the benefit of the doubt, and that everybody 
concerned with their affairs should contribute to the 
upkeep of the monument. And, if the Ministry of 
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Public Building and Works should keep the grass in 
order, is it not appropriate that distinguished astro- 
nomers should try to puzzle out what the placing of the 
stones may mean ? 


UNIVERSITIES WITHOUT 
STUDENTS 


Tug Collége de France is a splendid institution, and 
everybody will be delighted if Prof. Leprince-Ringuet’s 
initiative (see this issue, p. 448) should eventually 
win for it a larger site in the centre of Paris. When 
institutions like this, which embody a substantial part 
of a nation’s intellectual capital, are hampered in their 
work by lack of funds or facilities, the waste is every 
bit as real as when crops are lost through neglect or 
when the product of a factory is rendered useless by 
bad design or bad marketing. In other words, having 
decided that institutions like the Collége de France 
should exist, there is no sense in trying to run them on 
a shoestring. 

The question remains of what place institutions like 
the Collége de France should assume in the modern 
academic world. ` Most often, the problems to which 
they were originally the solutions have long since 
disappeared. The Collége de France owes its existence 
to the wish of an ancient monarch to break down the 
intellectual tyranny of a medieval university. The 
calculation was that a group of able scholars free to 
pursue their interests without the restraint of conven- 
tional doctrines could not fail to be a liberalizing 
influence on the research and the teaching of a dog- 
matic university. In Paris in the sixteenth century, 
this expectation was most probably correct. In other 
words, what seems like an ivory tower can also be an 
intellectual Trojan horse. 

At Oxford, the founding of All Souls College was 
similarly inspired and may, at the time, have been 
similarly influential. The modern equivalents of these 
institutions, among which the Institute of Advanced 
Study at Princeton is conspicuous, have more ethereal 
reasons for existence. They may, for example, cater 
for the needs of academics who hate to teach, or they 
may be based on the argument by which Prof. Leprince- 
Ringuet justifies in part the continued existence of the 
Collége de France at the centre of Paris—the view that 
the interaction between distinguished academics from 
widely different disciplines is likely to yield results 
which are qualitatively distinctive. The difficulty is 
that, in the modern world, these arguments are less 
and less convincing as justifications for what are, in 
essence, universities without students. 

The truth is that the luxury of untrammelled intel- 
lectual enquiry is now as easy to find in a modern 
university as in an ivory tower on the old pattern. If 
a person is so engaged in his research that he does not 
want to confront a class of students once a week at 
nine o’clock in the morning, it needs very little in- 
genuity to escape such a commitment. Indeed, with 
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growing size, Many university departments are hard 
pressed to provide suitable captive audiences for all 
those who want to be engaged in formal teaching. In 
the same way, it is relatively simple for those who are 
so inclined to escape the chores of administration 
frequently thought imseparable from university life. 
Then the opportunities for interaction between dis- 
ciplines are if anything more real and richer in a 
modern university than in an ivory tower. In other 
words, modern universities can offer scholars all the 
advantages of an ivory tower and also the benefits of 
size, and the stimulation which good students habitually 
provide. There are signs that the best ivory towers 
recognize for themselves the advantages of a vigorous 
interplay between research and teaching; the Rocke- 
feller Institute in New York (which was not so much an 
ivory tower as a specialized research institute) has in 
this spirit chosen successfully to turn itself into the 
Rockefeller University. It is only fair to acknowledge 
that the contribution of the Collége de France to 
teaching at the University of Paris is substantial and 
distinguished, but it is also proper to suggest that a 
time when there is a chance to move to a new site may 
also be a suitable occasion for choosing to move some 
way along the road to being a university in the more 
usual sense. The example of All Souls is a sad proof of 
what happens when the integrity of an ivory tower is 
too successfully defended. 


AT THE DEEP END 


First it was atomic energy; then it was aerospace. 
Now Washington’s favourite science is oceanography. 
There is a danger that every project that smells of salt 
water is going to be so deluged with federal money 
that a considerable amount of research will have to be 
devoted to devising ways to spend it. Perhaps the 
explanation is to be found in this season’s phenomenal 
heat; even in the best of summers, people stuck in 
Washington are driven to wild daydreams of the sea. 

Whatever the cause, in the past few weeks, the result 
is startling. Congress has passed and the President has 
signed an Oceanographic Law creating, among other 
things, a National Council of Marine Resources and 
Engineering to promote “inner space” to the eminence 
of “outer space”. Almost at the same time, a National 
Oceanography Association has formed itself. A new 
governmental body, the Environmental Science Ser- 
vices Administration, has unveiled a special report on 
the vast richness of the American continental shelf, 
neatly timed to impress a conference held in Washing- 
ton by the Marine Technology Society. And, after all 
this, President Johnson last week released a report 
prepared by his Science Advisory Committee outlining 
what a national oceanographic programme should be 
and recommending that federal spending in this 
direction (now $310 million a year) be doubled. 

So specific and practical is the report that it makes 
the new legislation, with: the President’s signature 
hardly dry, look waffiy. For the new law sets up not 
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only the Council of Marine Resources at Cabinet level 
but calls for a special Commission to spend a year and 
a half doing what the report has done already—to 
decide what the United States wants from the oceans 
and what kind of federal agency should go after it. 
After that, the law would require, the Commission and 
the Council should both expire and a new body-—— 
what Washington wags are calling “the wet NASA’’-— 
could then emerge. 

But the science advisers’ report not only spells out 
what kind of resear ch would be most useful—expanding 
the yield of food from the sea—but insists that any new 
agency to be formed should not be devoted exclusively 
to oceanography. Some new form of co-ordination is 
clearly needed: there are now 26 federal agencies and 
bureaux involved in one way or another with the salt 
water. These include a new Institute of Oceanography 
established last winter. The two biggest spenders are 
the Navy and the National Science Foundation, the 
second of which has not been swamped with applicants 
for the sizable sums that it has had for more than a 
decade to spend on oceanography. (Its budget for 
marine research and education for the current fiscal 
year is $138 million.) These would not be included in 
the new agency, described in the report, to co-ordinate 
all other efforts and to embrace all the other federal 
activities in the environmental sciences, land and air 
as well as sea. 

The report recognizes that oceanography has a 
built-in deterrent in that scientists and students find 
irksome the need to go to sea, and suggests that it 
would be easier-to do fieldwork if the research ships 
were clustered into fleets and made available to all 


universities and laboratories in a large region—the- 


Great Lakes, perhaps, or the Gulf Coast. It also 
suggested that marine study centres be established, so 
that lawyers, economists, engineers and scientists 
could meet to discuss the special problems that exploita- 
tion of the oceans presents. In all these efforts, the sea- 
shore is to be given as much attention as the continental 
shelf (on which American oil industries are already 
spending about $2,000 million a year) and the deep 
seas. Half the American population lives near the 
water’s edge. The shoreline needs to be restored and 
preserved for their recreation; in turn, they must 
learn to stop fouling the water. (Lake Erie is so 
polluted as to be in danger of turning into a swamp.) 

It is hard to see how the new Oceanographic Com- 
mission will be able to improve on the Science Advisory 
Committee’s labours. But, as long as the “wet NASA” 
does not emerge to lead a jingoistic race to the bottom 
of the ocean, the duplication may do no harm. One 
sensible requirement of the new law is that the President 
must present to Congress every year an outline of the 


_ national oceanographic plan. Perhaps by next year he 


may be able to report that Project Mohole has been set 
going again and that there are some large-scale projects 


x of practical value to set alongside the performance of 
c= Sea-Lab, which has shown that men can live uncom- 


fortably at the bottom of the sea for several weeks, 
and the development of clever craft which can find 
hydrogen bombs at the bottom of the Mediterranean. 
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NEWS AND VIEWS 


Who Gives Most ? 


Tae financial crisi in Britain last week kept at home 
most of the delegation that would otherwise have 
attended the meeting of the Development Assistance 
Committee (DAC) of the Q.E.C.D. in Washington. 
This is entirely understandable. The calculation was 
not the saving of a dozen or so air fares across the 
Atlantic, but the need that the Minister of Overseas 
Development, Mr. Anthony Greenwood, should be in 
London to defend his department’s budget against 
those of his colleagues bent on finding substantial 
economies in Brit-sh public expenditure. Mr. Green- 
wood’s counterparzs from other 0.E.C.D. countries will 
have been entirely sympathetic, for their agenda in 
Washington empnrasized the need enormously to 
increase the volume of foreign aid. The fact that DAC 
was meeting in Washington rather than in Paris was 
itself a part of an attempt to increase the value of 
foreign aid by the advanced nations. 

The league table of aid giving which informed the 
discussions in Washington was entirely flattering to the 
European members of the 0.E.C.D. According to the 
calculations of tLe DAC officials, France spends a 
greater proportior of her national income on aid to 
developing countries than any other member of the 
O.E.C.D. Then, in order, come Belgium, the Nether- 
lands and Britair, each of which spends more than 
l per cent of its national income on aid. By this test, 
the United States is surprisingly low on the list, and 
one of the motives of American officials in bringing 
the DAC to Wash-ngton was the hope that the United 
States Congress would be shamed by this oddly 
unflattering comparison into spending more on aid. 
Whatever the result may be, the DAC will be confirmed 
in its role as ths keeper of objective international 
comparisons on ail giving; it is not, after all, so very 
long since the Committee pointed out that the official 
figures of the annual amount of British aid to develop- 
ing nations should be adjusted by the amount returned 
as interest and capital repayments, thus converting 
roughly £200 millbn into £150 million, and also paving 
the way for the British Government’s decision that 
development loans could be free of interest. 

Another reason why some Americans were keen that 
DAC should meet in Washington was the hope that the 
Committee would bless the view that North American 
food stocks, if necessary bought with other nations’ 
cash, will have to play an important part in foreign 
aid in the decades ahead. In the event, the meeting 
reaffirmed the need somehow to increase the capacity 
of developing nations to grow more food. But, one 
way or another, aid in the form of calories will be 
essential for decades to come. The O.E.C.D. brief for 
the Washington meeting included economic and demo- 
graphic projectiors for the rest of this century for the 
advanced and the developing nations. In the develop- 
ing nations (excluding China) the population is expected 
to multiply three=old by the end of the century, and 
the demand for fond between four and six times. Food 
production, even on the most optimistic assumptions, 
will not grow as quickly as the population. But, in the 
advanced nations, food production could increase 
substantially, and much more quickly than the popula- 
tion. In other words, events seem to strengthen the 
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paradox first given point by Sir Arthur Lewis that, 
when it comes to foreign aid, the industrialized 
nations have most to offer in the form of agricultural 
produce, 


Room in Paris 


THe Collège de France is openly staking a claim on 
the site in Paris that will be vacated, possibly in five 
or six years, when the Ecole Polytechnique moves out 
to Palaiseau in the south-west suburbs. The Collége 
has been in Paris since its foundation in 1530 by 
Francis I as part of an attempt to break the strangle- 
hold of the schoolmen at the Sorbonne by creating a 
community of scholars independent of the politics of 
the University of Paris. The Collége de France, like 
many other academic institutions which are similarly 
placed in the hearts of capital cities, now finds the 
pressures of modern life—and particularly the non- 
academic demand for space—an increasing source of 
frustration. But, for one reason or another, moving 
out of town is unthinkable. It is no wonder that the 
professors of the Collége de France should be so excited 
by the prospect of a vacant lot in the gift of the French 
Government and only a few hundred metres from their 
present building that they have allowed themselves 
to express their yearnings in public. 

Professor Louis Leprince-Ringuet put the claim of 
the Collége in an article in Le Monde on July 20. In 
the nature of things, the argument goes, the fifty or so 
professors who make up its membership must divide 
their time between research and teaching. But 
because their interests span the whole field of scholar- 
ship, they need facilities of all kinds. The humanists 
need access to the Louvre and the Bibliothéque 
Nationale, while the scientists—roughly twenty of 
them—must have their own laboratories and research 
assistants. Professor Leprince-Ringuet is eloquent 
about the great advantages which come from a system 
which requires distinguished men of diverse interests to 
work closely together in the same premises, and cites 
as an example the way in which Joliot-Curie and 
Robert Courrier worked on the study of thyroxine, 
using radio-iodine as a tracer. He argues quite openly 
that the Collège de France is “probably the only 
institution of higher education whose presence in 
Paris is almost essential”, and goes on to say that, even 
though the Collège has no ambition to own large cyclo- 
trons or nuclear reactors, it would gain enormously if 
the scientists could be gathered on to the same site 
rather than be scattered as at present up and down the 
Rue des Ecoles and even farther away. Scholars 
everywhere will be interested to see how successfully 
it will be possible to sustain this claim on real estate 
in the centre of a capital city. 


Doctors in Distress 


MEDICAL manpower and utilization have been areas 
of debate and concern in Britain for a long time, but 
debate has often taken the place of action. In a 
pamphlet Medical Manpower the Office of Health 
Economics points out that more than 40 per cent of 
the hospital doctors in 1964 were born outside the 
country, while during the 1950’s more than 5,000 
doctors, the equivalent of one quarter of graduates of 
British medical schools, emigrated from Britain and 
did not return. 
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Coupled with these quantitative statistics, the study- 
discusses the qualitative problems facing the hospitals; 
specialization has become increasingly necessary be-  , 
cause of the complexity of modern surgical techniques 
and the need for medical and non-medical specialists 
in areas such as radiotherapy and heart surgery. 
Another problem facing the hospitals is the recruitment 
of junior staff; the incentive for staying at a hospital | 
has usually been to reach the final goal of a consultant 
post. With far more registrars than consultants, more 
and more young doctors have gone directly into general 
practice so that, between 1961 and 1964, 1,000 out of 
the 1,100 increase in the numbers of junior hospital 
staff were born outside the British Isles. The Office of 
Health Eeonomics blames this situation on three . 
factors: a large error in forecasting the future need | 
for doctors, much greater emigration from Britain than 
was expected or has been admitted, and a failure to 
take account of the rapid technological progress and 
changing pattern of medical care over the past twenty. 
years when modifying medical education. ' 
In the early 1950’s there was a widespread belief . 
in Britain that too many doctors were being trained. : 
The Willink Committee was set up in 1955 to investigate 
this situation and, based on a population growth rate 
of 4-5 per cent—which in fact turned out to be 7-0 per 
cent—and assumptions about the growth of hospital 
staff which have proved -to be half the actual growth, 
the committee held that student intake should be 
reduced by 10 per cent. This decision was reversed in 
1961, but the effects are still felt in the present situa- _ 
tion. Migration remains a major problem, yet the’ 
Council of the British Medical Association in 1958 
reported that net emigration among doctors and 
dentists “‘can be considered of no special significance”. 
Finally, while the specialized training and skills neces- 
sary for hospital staff have become less and less related 
to the community care demanded of the general prac- 
titioner, medical education and training have done little 
to recognize the variation in training that these distinct 
paths call for. - 
The study concludes that, while small advances are ~~ 
being made—closer links are growing between hospitals, 
general practitioners and local authorities—and auto- | 
mation and qualified auxiliaries are avenues to be 
explored, for the present the most pressing need is 
to increase the efficiency of the manpower now | 
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Three Years of Data i 


Tue National Bureau of Standards in the United | 
States has just celebrated the third anniversary of the 
National Standard Reference Data System, which is ; 
the formal name for a programme intended to build 
up critical compilations of scientific data. pense ly | 
enough, the work is being co-ordinated with that of 
standards institutions outside the United States, most 
effectively by a committee of ICSU with a staff in/ 
Washington. Inevitably, however, the contribution of, 
the United States is a very large part of the whole, and’ 
not simply because, in June 1963, the then direetor of 
the U.S. Office of Science and Technology said that 
the “intent is to provide an articulated system of :& 
activities under such co-ordination and direction as t¢ = © 
ensure a compilation of data meeting quality standards! Br 
and also to maintain continuous policy guidance of theses 


system at the level of the Executive Office”. Ther% | 
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experience of the past three years at the National 
Bureau of Standards is therefore a useful pointer to 
the problems of operating a thoroughly ambitious data 
system, and to some potential solutions as well. 

There is no question that the plans of the National 
Standard Reference Data System are ambitious—and 
events may yet show that they have outstripped the 

, budget. The physical sciences have been partitioned 
into seven fields, and separate programmes are under 
way in each of them. Only in nuclear physics do the 
existing arrangements approximate to what is thought 

. necessary, so that the National Bureau of Standards 
can confine itself to the evaluation of data on 

‘elementary particles and cosmic rays. In other fields, 

' several new projects have been started, sometimes 
within the Bureau of Standards but also frequently by 
letting contracts to independent organizations—uni- 
versities, government laboratories and sometimes 
commercial organizations. Not surprisingly, activity 
is most conspicuous in thermodynamics and atomic 
and molecular spectra. Although the general field of 
“mechanical properties” is included in the brief for 
the reference data system, it will be hard to begin to 
make a start in this jungle, partly because of the 
difficulty of deciding what kind of information would 
be of value to potential users, partly because of the 
sheer bulk of it, and partly because of the way in which 
. information about the mechanical properties of 

. materials tends to depend on the method of measure- 
ment. 

There is also the problem which has traditionally 
beset the compilers of critical tables—the frequently 

. invidious task of deciding which published data to 
trust. The National Standard Reference Data System 
acknowledges that, in the last resort, value judgments 
of this kind cannot be left to machines. This is why it 
is good to see how it has been possible to encourage 
academic interest in the evaluation of data by the 
judicious letting of contracts. Elsewhere, scientists 

, are still more eager to give their blessing to plans for 

: Ta data than to undertake to carry out some of 
; the hard work involved. But compilation is only half 

: the story. There is also to be a huge effort on dis- 
? semination. The first of what will be a torrent of 

y , volumes of critical data have already appeared. At 

7 some stage, possibly within three or five years, a 

| computer system will permit faster access to the files, 

; and there will be a fast and comprehensive system by 

, means of which individual laboratories will have access 
not merely to the computer files in Washington but to 

` those in associated data centres as well. 


, Science Teaching Centre 


. THe Chelsea College of Science and Technology in 
, London has announced a plan to create a centre 
~ intended to make a continuing contribution towards 
: research in teaching methods in science. In a statement 
issued last week the principal of the College, Dr. M. R. 
Gavin, says that the College has in mind the possibility 
that there may be a hiatus in the development of new 
3cience curricula for British schools when the current 
plans of the Nuffield Foundation Science Teaching 
‘Project are worked out at the end of this decade. The 
‘college hopes to be able to be ready, before then, to 
dlay a full part in the development of methods of 

teaching science, and intends to cut its teeth in a 
Bn umber of fields of research and development ranging 
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from the development of new curricula to the design 
of equipment and apparatus. The statement makes the 
pomt that such a centre would complement work in 
teacher training in a particularly valuable way, and 
that it would also serve as a means of providing teachers 
in the Greater London area with opportunities for 
in-service training. The first academic appointments 
will be made for the academic year immediately ahead. 
The College is evider-tly hoping that its plans for creat- 
ing a centre for teacoing science at Chelsea will match 
well with the seconcment of the head of the Physics 
Department at Chelsea, Professor K. W. Keohane, to 
the Nuffield Foundation Science Teaching Project from 
July this year. 


Chemical Research, Melbourne 


Dr. A. L. G. Rezs, chief of the Division of Chemical 
Physics, C.S.I.R.O. Chemical Research Laboratories, 
Melbourne, Australie, writes: 

“A new laboratory for the Division of Chemical 
Physics has now been opened at Melbourne-by Senator 
J. Q. Gordon, minister in charge of C.S.I.R.O. The 
building has been nemed the David Rivett Laboratory 
after the late Sir David Rivett, for nearly 20 years 
chief executive offcer and later chairman of the 
C.S.1.R.0. Sir David, a physical chemist, actively 
promoted the estaklishment of research in chemical 
physics in 1944 and encouraged its rapid development. 

“The first steps taken in 1944 involved the establish- 
ment of specialized groups concerned with physical 
techniques and their application to chemical problems. 
Current sections include spectroscopy, electron and 
X-ray diffraction, e-ectron microscopy, solid state and 
theoretical chemistry, and instruments and engineering 
services. The Division pioneered electron microscopy 
in Australia; its fist work was largely on problems 
oriented towards Hology. Early work on the fine 
histology of wool stimulated a more general interest 
in fibrous proteins. The Division entered the related 
field of electron diffraction in 1945 and its first task 
was the developmert of electron diffraction apparatus. 

“Research in mass spectroscopy has been conducted 
in the Division sinc 1947. The major theme has been 
the elucidation, by experimental and theoretical 
methods, of the behaviour of molecules under electron 
and photon bombardment. In solid state chemistry, 
studies have been oriented towards establishing the 
significance of crystal defects in chemical behaviour. 
The occupation o? new premises has allowed the 
expansion of researth in this area, the most important 
of which concerns tae low-temperature thermodynamic 
studies of non-stoichiometric solids. 

“From the beginning, considerable attention has been 
paid to technique and instrumentation in chemical 
physics research, with the result that new techniques 
and new instruments have appeared as by-products. 
A number of these have encouraged the rapid develop- 
ment of the manufacture of scientific instruments in 
Australia. The most successful example to date is the 
manufacture of spectroscopic instruments. The total 
value of such equipment now produced each year in 
Australia exceeds >ne million Australian dollars.” 


Centres for Eng neering 


ENGINEERING eduzation and training in Britain will 
have to be overhauled if it is to attract its fair share 
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of scientific and technological manpower. This is the 
conclusion of a working group on Engineering Training 
and the Requirements of Industry set up last year by 
Sir Willis Jackson of the Ministry of Technology’s 


_ Committee on Manpower Resources for Science and 


Technology. In its report, the group calls for close 
co-operation between educationalists and industry to 
establish a programme of “matching sections” of 
formal education and training. By exposing engineer- 
ing students to the intellectual and practical problems 
of manufacturing industries, they hope to maintain the 
interest and enthusiasm of those students who might 
otherwise go into research. 

To co-ordinate these “matching sections”, the group 
calls for centres of product technology, established by 
collaboration between an educational institution and 
one or more industrial units, with teaching at the 
former and the industrial plants used as full-scale 
demonstration laboratories. It envisages a training 
programme of approximately one or two years that 
would begin when a graduate enters a firm. At this 
time he would be exposed to possible jobs and specializa- 
tions, begin to learn the principles of manufacturing 
engineering, and take part in a group project to expose 
him to the practical problems he will face. On choosing 
his first job and gaining some experience, he would 
enter 2 course at the centre in either product tech- 
nology, manufacturing technology, or special tech- 
niques. He would then return to his firm for more 
supervised training. 


Swings and Roundabouts 


THE annual report of the British Post Office contains 
in microcosm the contemporary history of the balance 
between the different means of communication between 
people. On one hand, there is the traditional postal 
service which was introduced in Britain in 1840, with 


the Penny Post. On the other hand, there is the tele- 


phone system. The first of these services has had, in 
recent years, a tendency to run at a loss. As good 
luck and increased charges would have it, 1965-66 was 
not too bad a year. The postal services actually made 
a small profit—something like £0-9 million out of a 
total turnover of £318 million. But nobody is very 
hopeful about the years ahead. Already a further 
round of price increases has been announced. 

By contrast, the telephone service is booming. In 
the course of a year, charges to the British public 
actually declined, chiefly because of the introduction 
of automatic dialling, yet the Post Office made a 
surplus of roughly 10 per cent on its telephone business. 
Demand. from the public is at the same time growing 
quickly. Even local calls increased by 8 per cent in the 
course of a year. Trunk calls went up by 14 per cent 
and overseas calls by no less than 21 per cent, partly, 
no doubt, because of the arrival of satellite communica- 
tions across the Atlantic and facilities for dialling 
direct to the mainland of Europe. All this, of course, 
is entirely to be expected. Telephones will keep on 
winning over posts. One practical question is whether 
those in charge of the Post Office should anticipate the 
future by weighting the odds even more heavily 
against the posts than the realities of handling pieces 
of paper entail. The second question, not quite so 
practical, is what will happen decades hence to all 
those letters written not for people now alive but for 
posterity. 
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Parliament in Britain 


REPLYING on July 12 to an adjournment debate on 
the training of teachers, Mr. G. Roberts, Minister of 
State, Department of Education and Science, said that, 
since the announcement last year of the intention to 
establish departments of education in suitably located 
technical colleges, the local education authorities in 
Inner London, Birmingham, Manchester, Nottingham 
and Sunderland had been consulted. All had expressed 
a desire to participate and were preparing detailed 
proposals. It was hoped that the new departments of 
education would take their first students in the 
academic year 1967-68. The departments might be 
expected to attract to teacher training some technical 
college students who would not otherwise have thought 
of taking up teaching, and Mr. Roberts emphasized 
that the departments would provide courses comparable 
with the best afforded by the traditional college of 
education and the university departments of education. 
Initially, it was intended that the new departments 
should cater essentially for students taking a 3-year 
certificate course leading to qualified teacher status, 
but no doubt in due course the departments would 
introduce also 4-year courses leading both to degree 
and to professional teaching qualifications. Depart- 
ments would start with about 100 students and rise to 
250 to 300. For some years their mam emphasis 
would be on training teachers for the primary 
schools. 


REPLYING for the Government in a debate on July 8 
on computers in universities, Mr. G. Roberts em- 
phasized that the programme of the Flowers Group 
for new university computers, which the Government 
had approved, would provide for an integrated system. 
There would be regional centres in London, Manchester 
and Edinburgh. Of the 28 universities fitting into’the 
Flowers programme, nine had delivery dates for their 
machines varying from July 1966 to the end of the 
year. Pending the establishment of the Computer 
Board, the membership and functions of which would 
be announced shortly, the University Grants Com- 
mittee had made an interim arrangement for consider- 
ing the most urgent cases and planning orders. 
Approval had already been given, at a cost of £4°8 
million in the period 1966-69, for upgrading the 
KDF 9 computers at the seven universities recom- 
mended by the Flowers Group and for new installations 
for 21 other universities. 


In a written reply to a question in the House of 
Commons on July 20 regarding liaison with other 
countries on the courses of hurricanes, the Under- 
Secretary of State for Defence for the Royal Air Force, 
Mr. M. Rees, stated that the Meteorological Office kept 
in touch with other countries on hurricane research. 
There was liaison with the Hong Kong Meteorological 
Office and also with the United States National 
Hurricane Research Laboratory and other American 
weather agencies. In the near future, cloud photo- 
graphs would be received at Muharrag, Gan and 
Singapore direct from U.S. weather satellites and would. 
help to provide warning of hurricanes in the Indian 
Ocean and Far East areas. The Meteorological Office’ 
also participated in a recent North Atlantic Treaty 
Organization conference on cloud dynamics at which 
the problem of hurricanes was discussed. 
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University News: Bradford Institute of Technology 


Dr. G. D. H. Lmaon, at present senior lecturer in pharmacy 
in the Institute, has been appointed professor of pharmaco- 
logy. 

Keele 
Dr. I. T. Murar has been appointed professor of 
organic chemistry. Dr. H. H. Greenwood has been 
appointed director of the University Computing Centre. 


Leeds 


Dr. P. N. CAMPBELL has been appointed professor of 
biochemistry and head of the Department as from 
October 1, 1967. 

Liverpool 


Dr. W. Prerers has been appointed to the Walter Myers 
chair of parasitology on the resignation of Prof. W. E. 
Kershaw, 

Manchester 


Dr. R. B. NicHotson has been appointed to the newly- 
established chair of physical metallurgy. J. R. Moore 
has been appointed to the chair of oral surgery. 


Southampton 


THE following have been appointed to chairs: Dr. B. L. 
Clarkson (vibration studies); B. W. Cunliffe (archaeology) ; 
Dr. G. A. Kerkut (physiology and biochemistry). The 
personal title of Westland professor has been conferred on 
Dr. J. P. Jones, Westland reader in the Department of 
Aeronautics and Astronautics. 


Appointments 


Dr. VIKRAM A, SARABHAI, a cosmic ray physicist, has 
been appointed chairman of the Indian Atomic Energy 
Commission in succession to Dr. H. J. Bhabha, who was 
killed in an air crash on Mont Blanc earlier this year. Dr. 
Sarabhai, who is 47, has been responsible in recent years 
for organizing Indian participation in international organ- 
izations for space research. He was a student at Bangalore 
and at Cambridge in the years immediately before the 
Second World War and took a Ph.D. at Cambridge in 
1947. 


Tar National Science Foundation has appointed Dr. 
Robert Fleischer deputy head of the Office of International 
Science Activities. Dr. Fleischer joined the foundation 
in 1962, and has been programme director for solar- 
terrestrial research and co-ordinator for the participation 
of the United States in the International Year of the 
Quiet Sun. Between 1946 and 1962 Dr. Fleischer was 
professor of astronomy at Rensselaer Polytechnic Institute, 
where he worked on solar radio astronomy, interstellar 
dust and binary stars. 


Dr. E. A. ALEXANDER has been appointed scientific 
counsellor at the British Embassy in Moscow, where he 
will replace Mr. T. Garrett at the end of September. 
The post of scientific attaché was established in April, 
1959; the title has recently been changed, but the purpose 
remains to advise the ambassador on scientific matters, 
to report on Soviet civil science and technology and to 
help visiting scientists and scientific and technological 
missions. Dr. Alexander, who is an Oxford physical 
chemist, has been with the Admiralty since 1941. 


Announcements 


Mr. J. E. Denver has been elected president of the 
Institution of Mining and Metallurgy for the session 
1967-68. 

Mr. H. N. PEMBERTON has been elected chairman of 
Council of the Council of Engineering Institutions, in 
succession to Sir Robert Wynne-Edwards. He will take 
office in January 1967. 


NATURE 


451 


Tue Royal Institution of Naval Architects has been - 
elected a constituent member of the Council of Engin€ering . 

Institutions. . 
Tas National Bureau of Standards has established an 
Office of Engineerirg Standards Liaison and Analysis to` 


serve as a focal pomt for NBS assistance to engineering ~ ` 


standards-making kodies throughout the United States. 
Dr. G. S. Gordon, formerly chief of the Textile and 


Apparel Technology Center of the NBS Institute for- 


Applied Technology, has been appointed chief. 


THe 1966 internatbnal Industrial Diamond Conference 
will be held in Oxfcrd during September 19-22. Further 
information can be cbtained from the Organizing Secretary 
of the Conference, 2 Charterhouse Street, London, E.C.1. 


A SYMPOSIUM on “‘>yrolysis—Gas Chromatography” will 
be held at the Ecole Polytechnique, Paris, during Septem- 
ber 15-16. Further information can be obtained from 
Dr. G. Guiochon, Ecole Polytechnique, 17 rue Descartes, 
Paris. 


Tx fourth symposium on “Chromatography and Electro- 
phoresis”, organized by the Belgian Society of Pharma- 
ceutical Sciences, will be held in Brussels during September 
12-13. Further information can be obtained from the 
Secretary of the Soziety, 11 rue Archimédde, Brussels 4. 


A. SYMPOSIUM on “‘Nucleic Acids and Nucleotides in Higher 
Plants”, arranged Dy the Phytochemical Group, will be 
held at Royal Holloway College during September 20-21. 
Further information can be obtained from A. H. Willams, 
Research Station, Long Ashton, Bristol. 


A CONFERENCE on ‘“Rare-earths’, organized by the 
Institute of Physics and the Physical Society, will be held 
in the University of Durham during September 5-7. 
Further information can be obtained from the Meetings 
Officer, the Institute of Physics and the Physical Society, 
47 Belgrave Square, London, 8.W.1. 


THE second internstional Biophysics Congress, organized 
by the International Organization for Pure and Applied 
Biophysics, will be held in Vienna during September 5-9. 
Further information can be obtained from Mrs. E. 
Weidenhaus, Wiener Medizinische Akademie, Alserstrasse 
4, Vienna IX. 


THe first international congress of the International 
Radiation Protection Association will be held in Rome 
during September 5-10. Further information can be 
obtained from th> secretary-general of the congress, 
Dr. C. Polvani, International Radiation Protection 
Association, Casella Postale 2359, Rome. 


A SYMPOSIUM on “Advanced Industrial Measurement and 
Control” will be held at the Welsh College of Advanced 
Technology during September 19-23. Further information 
ean be obtained from the Organizer of Short Courses, 
Welsh College of Advanced Technology, Cathays Park, 
Cardiff. 


Aw international technical meeting on “The Biological 
Basis of Freshwater Fish Production”, organized by the 
International Committee for the PF Section of the Inter- 
national Biological Programme, will be held in the 
University of Reading during September 1-6. Further 
information can be obtained from Mr. E. D. Le Cren, The 
River Laboratory, East Stoke, Wareham, Dorset. 


ERRATUM. A ncte about the retirement of Prof. 
Hisenschitz from Queen Mary College on June 26 (210, 
1314) gave the impression that Prof. Hisenschitz was 
retiring at the end of the current academic year. In fact, 
of course, Prof. J. 3. Valatin has occupied the chair since 
September 1965. 


CORRIGENDUM. In the article entitled “Memory and 
Spontaneous Altesnation in the Rat’? by A. W. Still 
(Nature, 210, 400; 1966), on page 401 in column 2, ‘less’ 
should read ‘more’ Dn line 8, ‘more’ should read ‘less’ on line 
10 and ‘less’ should read ‘more’ on line 46. 
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OCEANOGRAPHY IN 


A RECOMMENDATION that expenditure in the United 
States on oceanography should be doubled is the principal 
conclusion of a report of a panel appointed by the Presi- 
dent’s Science Advisory Committee and now released to 
the public by the President with the title Effective Use 
of the Sea (U.S. Government Printing Office, $0-60). The 
report is likely to be influential because of the current 
interest in oceanography in the United States. The 
chairman of the panel, which was appointed in May 1965 
at a time when the United States Congress was eagerly 
concerned to see that oceanographic research should 
not languish, was Dr. Gordon J. F. Macdonald of the 
University of California, Los Angeles. The other members 
of the panel were Dr. Douglas L. Brooks (Travelers 
Research Centre Inc.), Dr. Robert Charpie (Union Carbide 
Corporation), Dr. Robert Fleagle (University of Washing- 
ton), Dr. Finn J. Larsen (Honeywell, Inc.), Dr. William D. 
McElroy (Johns Hopkins University), Dr. John Meyer 
(Harvard University), Dr. Walter H. Munk (University 
of California, La Jolla), Dr. Jack P. Ruina (Institute for 
Defence Analyses), Dr. Henry Stommel (Woods Hole 
Oceanographic Institution), and Dr. Gerald B. Whitham 
(California Institute of Technology). 

Running through the report of the panel is the view 
that oceanography should be useful, and the suggestion 
that the U.S. Government should spend.-more money on 
oceanographic research is supported by the view that 
more research will bring tangible rewards. Thus it is 
argued that strategy requires the U.S. Navy to increase its 
efforts to learn more about submergence in the deep 
sea, partly so as the more effectively to navigate with 
submarmes. The loss of the Thresher in 1963 and the loss 
of a hydrogen bomb off the Spanish coast earlier this year 
are cited as two of the reasons why the Navy should be 
able to recover objects from deep water. 

The benefits from better use of the sea as a source of 
food are held to justify the considerable increase in the 
efforts spent on recovering edible protein from the sea. 


The panel would also like to see rounded studies of marine ` 


populations of organisms in estuaries and on the Con- 
‘tinental Shelf so as to preserve the-accessible parts of the 
ocean for fuller use by a growing population. 

In pure oceanographic research the panel would like to 
see a shift of emphasis from the expensive survey of the 
oceans to an attempt to solve the specific problems related 
to physical oceanography and marine biology. It wants 
more higher education in oceanography although it 
questions the wisdom of proposals for granting Ph.D.s 
in oceanography; rather, it takes the view that oceano- 
graphy is not a discipline in its own right but a field of 
studies to which specialists of all kinds must contribute. 
The panel also argues that the deployment of oceano- 
graphic research vessels needs to be planned more 
effectively, particularly because of the difficulty of 
persuading academics to go to sea. The panel therefore 
suggests that ships should be made available to institu- 
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tions and universities on a regional basis, and grouped into 
fleets of reasonable size. 

The argument on exploiting the oceans as a source of 
food is unusually specific. Comparing estimates of 
population with present resources of food, the panel 
concludes that improvements in conventional agriculture 
will not be sufficient to meet the future demand for pro- 
tein. It points out that the fish caughi in 1964 contained 
17-1 x 10° lb. of protein, which would have been enough 
to provide 10 g of protein a day for 2 x 10° people. This, 
the calculation goes, would have been enough to get rid 
of chronic protein deficiency in the equatorial regions of 
the world. 

The recent improvement in catches of fish from the sea 
is held to justify some of the panel’s optimism. In the 
past ten years, the production of fish in the world is 
estimated to have increased from 60-5 x 10° lb. to 114 x 
10° Ib. The development of new fisheries is thought 
chiefly to have been responsible for the increase of produc- 
tion, and the fact that in 1964 nearly 20 per cent of the 
total production of fish was accounted for by anchovies 
taken off the coast of Peru is given as a sign of what new 
fisheries can produce. 

Attempts deliberately to cultivate the sea are neces- 
sarily less well understood. The Japanese harvest is 
shown to have increased between 1951 and 1963 
from 193 x 10° lb. to 857 x 10° lb.; even so, this is 
less than. one-sixtieth of the total production of fish in 
Japan. 

The panel in Washington considers that the technique 
of aquaculture, as it is called, needs much more develop- 
ment before it can be estimated what benefits are to be 
had. It points out that animals which feed directly from 
phytoplankton are likely to be among the most efficient 
captive sea animals. This suggests a future world in 
which oysters and other delectable shellfish are a part 
of the staple diet. 

The panel plainly thinks it is easier to damage the 
natural ocean environment than to make it more favour- 
able for growing things. It points to the dangers of 
pollution and: tells -the chilling~ story of how ‘mussel 
culture in the Black Sea was brought virtually to an end 
by the introduction of predatory Japanese snails in 1949. 


rr SEs T, 


To protect the oceans of the United States from disasters - 


like this, the panel seeks to establish “marine wildernesses”’ 
in parallel with the wildernesses on dry land which have 
been set aside by the provisions of the Wilderness Act of 
1964. It would also seek to improve food production and 
opportunities for recreation by cleaning some parts of 
the ocean and seek to win a better understanding of marine 
ecology so as to anticipate the effects, evil and otherwise, 
of interference with the natural sea. 

Under the heading of what it calls “Undersea Tech- 
nology”, the panel argues that there is a need for better 
navigation, both where the Navy is concerned and as a 
means to exploiting mineral resources. Ideally it would 
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like to be able to navigate to within 30 ft. in those parts 
of the ocean within sight of land, and to within 150 ft. 
elsewhere. For drilling, even greater accuracy is neces- 
sary, and the report talks of oil companies which have 
been able to locate bore holes to within 2 ft. It also 
wishes to see more devices for producing pictures of the 
ocean bottom, not merely by means of better television 
techniques, but also by acoustic imaging. It has a 
number of schemes for improving survey techniques, 
and suggests that a surface ship should be fitted out with 
improved equipment, that a submarine equipped with 
sensing devices could do useful work, and that there is a 
case for developing towed submersible platforms for 
making more accurate and more convenient measure- 
ments of temperature near the surface of the ocean. 
Devices for preventing erosion, power plant that can be 
operated under the sea, and buoys for collecting informa- 
tion about weather and other physical variables need 
development. Then there is the programme known as 
“Man in the Sea’? which the panel commends to the 
United States, and whose object is to enable people to 
function adequately at depths up to 1,000 ft. It seems 
to be acknowledged that divers will not be able to operate 
effectively below this depth. 

In pure research, the panel argues that exploration of 
the oceans must become more systematic. It is concerned 
to have better understood the relationship between the 
circulations of the oceans and the atmosphere, which in 
turn is an essential step in formulating a theory of climate. 
Linked with this is the problem of sedimentation, for 
this is also a process governed by the same conditions 
within the oceans as those involved in climate. 

The panel also speaks highly of new devices for following 
currents such as the “‘swallow” floats as it describes the 
instruments for this purpose developed by Dr. J. C. 
Swallow. Better data processing and telemetry have much 
to offer, as does the connexion between geophysics and 
oceanography. 

The panel would like to see oceanographers turn their 
attention to a number of specifie problems which are partly 
scientific and partly practical and which include predic- 
tion. For one thing, it would like to see better ways of 
predicting tides and exceptional oceanographic effects 
such as tsunamis. Predicting turbulence in the Gulf 
Stream, and meanders of this and othercurrents, is thought 
to be necessary and practicable. At the back of its mind, 
the panel let slip, is the possibility of modifying deliber- 
ately the character of the oceans—melting Arctic ice 
and so on. 

It is argued that the work of the oceanographers 
which bears on geophysics ought also to be encouraged. 
The Benthic Boundary, at which water gives way first to 
ooze and then to solid mud, needs to be studied so as to 
understand long-range sound transmission as well as to 
make it easier to find things which fall to the ocean 
bottom. The panel gives its blessing to schemes for 
drilling holes into the crust of the earth as it is exposed 
on the sea bed, which will no doubt be welcomed by the 
organizers of the MOHOLE project. There is also a 
general commendation of studies involving floating 
buoys to study the circulation of the ocean, and pro- 
grammes based on fixed platforms, moving buoys and 
aircraft to study such things as the upward mixing of 
layers of the sea near the surface, and the interaction 
between. the physical and chemical environments and the 
biological life. The panel points out that plankton are 
not merely the means by which all sea populations obtain 
energy, but that a number of sea organisms—sea cucum- 
bers, starfish and so on—are potentially important as 
sources of pharmacological chemicals. 

How much will this cost? The panel is at pains to 
argue that it is not at this point feasible to assess the 
potential value of oceanographic research and develop- 
ment in strictly economic terms. In this sense the panel 
disagrees with the argument of the Committee of the 
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National Academy cf Sciences in the United States which 
argued, in 1964, thet the case for a vigorous programme 
of oceanography could be strictly justified by the money 
it would earn. Inst2ad the panel seeks to proceed by the . 
prime objectives which are thought to be attainable in . 
the not-too-distant future and then to add up the sums of 
money currently beng devoted to these. 

Outside the military field, it is thought that during 
the current financiel year in the United States, govern- 
ment spending on oceanography will amount to $120 
million. Of this amount, $14-5 million is being spent on 
better prediction services. Fisheries research in the 
United States seems to be using up $45 million in the 
year, while navigation accounts for $38 million. This 
sum does not, of ccurse, include sums spent by universi- 
ties and other inszitutions on oceanographic research. 
The panel argues for a steady growth of these expenditures 
in the next five years, with the suggestion that there 
should be a compazatively quick growth in expenditure 
on prediction and control, on marine biological resources, 
and on the “near-ccean environment”. 

How is all this to be organized ? The suggestion is that 
there should be a major reorganization of civilian oceano- 
graphy with the okject of placing within a single agency 
all the government activities related to the description of, 
the prediction of, aad the attempt to modify the environ- 
ment—ocean, atmosphere or solid earth. The panel 
recommends this st=p because it believes there is a unity 
in the environmenzal sciences, that the development of 
the ocean for industrial purposes requires an ability to 
predict the environment, and that the effective execution 
of a national programme requires that one single agency 
should be in charge of it. The panel would form its new 
agency out of tae existing Environmental Science 
Services Administration (which came into existence only 
at the beginning of this year), the Geological Survey, 
parts of the U.S. Coast Guard and the oceanographic 
interests in the Departments of Fisheries and of Mines. 

Such a step world not, the panel argues, entail inter- 
ference with the National Science Foundation in its 
present role of supporting academic oceanography. 
Similarly, the present activities of agencies such as the 
Office of Naval Rezearch and the Smithsonian Institution 
would continue wishout interruption. 

The operation cf ships for oceanographic research is 
reckoned to be a special problem. Not merely are there a 
number of oceanographic vessels in commission, but 
there is a prospect of drilling platforms such as that 
intended for MOEOLE soon to come into commission. 
At present, the demand for ship time, and the complexity 
of modern exploration, means that schedules have to be 
prepared two years in advance. This, the panel argues, 
is extremely difficclt when the cost of operation has to be 
met by a number of grants and contracts with individual 
researchers. For one thing, this means retrospective 
haggling about wko pays what. It also means that the 
cost of operating an unpopular ship may seem to be more 
than that of operating a popular one. This in turn implies 
that small laboratories tend to find it hard to make 
proper use of their comparatively small funds. Thus, the 
argument goes, taere is a need that ships should be 
operated centrally, and that the distribution of time 
among interested laboratories should be decided by groups 
of users with joint-responsibility and privileges. 

Among the othar facilities for oceanographic research 
which the panel would like to create is a strengthening 
of the existing National Oceanographic Data Center 
which, the panel says, “needs upgrading very badly”. 
The panel would elso like to establish a number of special 
laboratories, including one in the Arctic for the study of 
living things at sub-freezing temperatures; a laboratory 
in the tropics for the study of marine environment and 
population; and a laboratory in the temperate zone to 
study the organisms involved in the food chains of food 
fishes. 
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STONEHENGE—AN ECLIPSE PREDICTOR 


By Pror. FRED HOYLE 
University of Cambridge 


THE suggestion that Stonehenge may have been con- 
structed with a serious astronomical purpose has recently 
received support from Hawkins, who has shown! that 
many alignments of astronomical significance exist 
between different positions in the structure. Some 
workers have questioned whether, in an arrangement 
possessing so many positions, these alignments can be 
taken to be statistically significant. I have recently 
reworked all the ahgnments found by Hawkins. My 
opinion is that the arrangement is not random. As 
Hawkins points out, some positions are especially relevant 
in relation to the geometrical regularities of Stonehenge, 
and it is these particular positions which show the main 
alignments. Furthermore, I find these alignments are 
just the ones that could have served far-reaching astro- 
nomical purposes, as I shall show in this article. Thirdly, 
on more detailed investigation, the apparently small 
errors, of the order of +1°, in the alignments turn out 
not to be errors at all. 

In a second article? Hawkins goes on to investigate 
earlier proposals that Stonehenge may have operated 
as an eclipse predictor. The period of regression of the 
lunar nodes, 18-61 years, is of especial importance in the 
analysis of eclipses. Hawkins notes that a marker stone 
moved around the circle of fifty-six Aubrey holes at a rate 
of three holes per year completes a revolution of the circle 
in 18°67 years. This is close enough to 18-61 years to 
suggest a connexion between the period of regression 
of the nodes and the number of Aubrey holes. In this 
also I agree with Hawkins. I differ from him, however, 
in the manner in which he supposes the eclipse predictor 
to have worked. Explicitly, the following objections to 
his suggestions seem relevant: 

(1) The assumption that the Aubrey holes served merely 
to count cycles of 56 years seems to me to be weak. There 
is no need to set out fifty-six holes at regular intervals 
on the circumference of a circle of such a great radius 
in order to count cycles of fifty-six. 

(2) It is difficult to see how it would have been possible 
to calibrate the counting system proposed by Hawkins. 
He himself used tables of known eclipses in order to find 
it. The builders of Stonehenge were not equipped with 
such post hoc tables. 

(3) The predictor gives only a small fraction of all 
eclipses. It is difficult to see what merit would have 
accrued to the builders from successful predictions at 
intervals as far apart as 10 years. What of all the eclipses 
the system failed to predict ? 

My suggestion is that the Aubrey circle represents 
the ecliptic. The situation shown in Fig. 1 corresponds 
to a moment when the Moon is full. The first point of 
Aries y has been arbitrarily placed at hole 14. S is the 
position of the Sun, the angle © is the solar longitude, 
M is the projection of the Moon on to the ecliptic, N is 
the ascending node of the lunar orbit, N’ the descending 
node, and the centre C is the position of the observer. 
As time passes, the points S, M, N and N’ move in the 
senses shown in Fig. 1. S makes one circuit a year. 
M moves more quickly, with one circuit in a lunar month. 
One rotation of the line of lunar nodes NWN’ is accom- 
plished in 18-61 years. In Fig. 1, S and M are at the 
opposite ends of a diameter because the diagram represents 
the state of affairs at full Moon. 


If the Moon is at N, there is a solar eclipse if the Sun 
is within roughly +15° of N, and a lunar eclipse if the 
Sun is withm +10° of N’. Similarly, if the Moon is at 
N’, there will be a solar eclipse if the Sun is within + 15° 
of coincidence with the Moon, and a lunar eclipse if it 1s 
within roughly +10° of the opposite end of the line of 
lunar nodes. Evidently if we represent S, M, N and N’ 
by markers, and if we know how to move the markers 
so as to represent the actual motions of the Sun and 
Moon with adequate accuracy, we can predict almost 
every eclipse, although roughly half of them will not be 
visible from the position of the observer. This is a great 
improvement on the widely scattered eclipses predictable 
by Hawkins’s system. Eclipses can occur as many as 
seven times in a single year, although this would be an 
exceptional year. 


è Heelstone 


North 





The prescriptions for moving the markers are as follows: 


(1) Move § anticlockwise two holes every 13 days. (2) 
Move M anticlockwise two holes each day. (3) Move 
N and N’ clockwise three holes each year. 

We can reasonably assume that the builders of Stone- 
henge knew the approximate number of days in the year, 
the number of days in the month, and the period of 
regression of the nodes. The latter follows by observing 
the azimuth at which the Moon rises above the horizon. 
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If in each lunar month we measure the least value of the 
azimuth (taken east of north), we find that the “least 
monthly values”? change slowly, because the angle 
ge=NCy changes. The behaviour of the “least monthly 
values” is shown in Fig. 2 for the range —60°<o<60°. 
(The azimuthal values in Fig. 2 were worked out without 
mcluding a refraction or a parallax correction. These 
small effects are irrelevant to the present discussion.) 
The least monthly values oscillate with the period of 9, 
18-61 years. By observing the azimuthal cycle, the 
period of » can be determined with high accuracy by 
observing many cycles. At Stonehenge sighting align- 
ments exist that would have suited such observations. 
With the periods of S, M and N known with reasonable 
accuracy the prescriptions follow immediately as approxi- 
mate working rules. 

Suppose an initially correct configuration for M, N 
and S is known. The prescriptions enable us to predict 
ahead what the positions of M, N and S are going to be, 
and thus to foresee coming events—but only for a while, 
because inaccuracies in our prescriptions will cause the 
markers to differ more and more from the true positions 
of the real Moon, Sun, and ascending node. The lunar 
marker will be the first to deviate seriously—the prescrip- 
tion gives an orbital period of 28 days instead of 27-32 
days. But we can make a correcting adjustment to the M 
marker twice every month, simply by aligning M opposite 
S at the time of full Moon, and by placing it coincident 
with S at new Moon. The prescription for S gives an orbi- 
tal period of 364 days, which is near enough to the actual 
period because it is possible to correct the position of S 
four times every year, by suitable observations made with 
the midsummer, midwinter, and equinoctial sighting 
lines that are set up with such remarkable accuracy at 
Stonehenge. 
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Stonehenge 1s also constructed to determine the moment 
when o=0, that is, when N should be set at y. The 
line C to Al of Fig. 1 is the azımuthal direction for 
the minimum point of Fig. 2. By placing N at y when 
the Moon rises farthest to the north, the N marker can 
be calibrated once every 18-61 years. The prescription 
implies only a small error over one revolution of N. If 
N started correctly, it would be out of its true position 
by only 1° or so at the end of the first cycle. The tolerance 
for eclipse prediction is about 5°, so that if we were to 
adjust N every cycle, the predictor would continue to 
work indefinitely without appreciable inaccuracy. The 
same method also serves to place N at the beginning. 

But now we encounter an apparent difficulty. The 
minimum of Fig. 2 is very shallow and cannot really be 
determined ın the way I have just described. Angular 
errors cannot have been less than +0:25°, and even this 
error, occurring at the mmimum of Fig. 2, is sufficient 
to produce an error of as much as +15° m 9. 
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The correct procedure is to determine the moment of 
they minimum by averaging the two sides of the sym- 
metrical curve, by taking a mean between points 2, for 
example. The inaccuracy is then reduced to not more than 
a degree or two—well within the permitted tolerance. 

What is needed is to set up sighting directions a little 
to the east of the most northerly direction. The plan 
of Stonehenge shows a line of post holes, Al, 2, 3 and 4, 
placed regularly and with apparent purpose in exactly 
the appropriate places. 

The same point applies to solsticial measurements of 
the Sun. In summer the sighting line should be slightly 
increased in azimuth, in winter it should be slightly 
decreased. 

Hawkins? gives two tables in which he includes columns 
headed “Error Alt.”’. These altitude errors were calculated 
on the assumption that the builders of Stonehenge 
intended to sight exactly the azimuthal extremes. The 
test of the present ideas is whether the calculated “‘errors”’ 


-have the appropriate sign—on the argument given here 


“errors” should be present and they should have the same 
sign as the declination. In ten out of twelve values which 
Hawkins gives in his Table 1 this isso. The direction from 
C to the Heelstone is one of the two outstanding cases. 
Here the “error” is zero, suggesting that this special 
direction was kept exactly at the direction of midsummer 
sunrise, perhaps for aesthetic or ritualistic reasons. The 
other discrepant casa is 91 — 94. Here my own calculation 
gives only a very small discrepancy, suggesting that this 
direction was also kept at the appropriate azimuthal 
extreme. 

Negative values of the altitude error correspond to 
cases where it would be necessary to observe below the 
horizontal plane, if the objects in question were sighted at 
their extreme azimuths. This is impossible at Stonehenge 
because the land slopes gently upward in all directions. 
Such sighting lines could not have been used at the 
extremes, a circumstance which also supports this point 
of view. 

It is of interest to look for other ways of calibrating the 
N marker. A method, which at first sight looks promising, 
can be found using a special situation in which full 
Moon happens to occur exactly at an equinox. There is 
evidence that this method was tried at Stonehenge, but 
the necessary sighting lines are clearly peripheral to the 
main structure. Further investigation shows the method 
to be unworkable, however, because unavoidable errors in 
judging the exact moment of full Moon produce large 
errors in the positioning of N. The method is essentially 
unworkable because the inclination of the lunar orbit is 
small. Even so, the method may well have caused a 
furore in its day, as the emphasis ıt gives to a full Moon 
at the equinox could have been responsible for the dating 
of Easter. 

An eclipse calibrator can be worked accurately almost 
by complete numerology, if the observer is aware of a 
curious near-commensurability. Because S and N move 
in opposite directions the Sun moves through N more 
frequently than once a year, in 346-6 days. Nineteen such 
revolutions is equal to 6,585-8 days, whereas 223 lunations 
is equal to 6,585-3 days. Thus after 223 lunations the N 
marker must bear almost exactly the same relation to S 
that it did before. If the correct relation of N to S is 
known at any one moment N can be reset every 223 
lunations; that is, every 18 years 11 days. The near- 
commensurability is so good that this system would give 
satisfactory predictions for more than 500 years. It 
requires, of course, S to be set in the same way as before. 
The advantage is that in the case of N it obviates any 
need for the observational work described above. But 
without observations the correct mutial situation cannot - 
be determined unless the problem is inverted. By using 
observed eclipses the calibrator could be set up by trial 
and error. This is probably the method of the Saros 
used in the Near East. There is no evidence that it was 
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used at Stonehenge. The whole structure of Stonehenge 
seems to have been dedicated to meticulous observation. 
The method of Stonehenge would have worked equally 
well even if the Saros had not existed. 

Several interesting cultural points present themselves. 
Suppose this system was invented by a society with 
cultural beliefs associated with the Sun and Moon. If the 
Sun and Moon are given gadlike qualhties, what shall we 
say of N? Observation shows that whenever M and S 
are closely associated with N, eclipses occur. Our gods 
are temporarily eliminated. Evidently, then, N must be a 
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still more powerful god. But N is unseen. Could this be 
the origin of the concept of an invisible, all-powerful god, 
the God of Isaiah ? Could it have been the discovery of the 
significance of N that destroyed sun-worship as a religion ? 
Could M, N and S be the origin of the doctrine of the 
Trinity, the “‘three-in-one, the one-in-three” ? It would 
indeed be ironie if it turned out that the roots of much of 
our present-day culture were determmed by the lunar 
node. 


1 Hawkins, G. S., Nature, 200, 806 (1968). 
* Hawkins, G. S., Nature, 202, 1258 (1964). 


STONEHENGE—A NEOLITHIC “OBSERVATORY” 


By C. A. NEWHAM 
5 Sedge Rise, Tadcaster, Yorkshire 


Pror. G. S. Hawxrys! has shown how Stonehenge could 
be regarded as a “computer” to predict the time when 
eclipses of the Sun and Moon were due, though not 
always visible at Stonehenge. He ingeniously relates the 
fifty-six Aubrey holes with a 56-year eclipse cycle. The 
principle is valid, but there is no evidence to support the 
idea that Stonehenge was intended to be a “computer” 
other than that the majority of main features embodied in 
the ‘monument’ unquestionably have some astronomical 
connexion. There are, however, a number of “post 
holes”; however, no satisfactory explanation has so far 
been put forward to explain their purpose. 

An analysis of the position and number of post holes 
prompts a suggestion as to their purpose, and may well 
provide the clue to the method by which the builders of 
Stonehenge acquired elementary knowledge of Moon 
cycles, possibly including the approximate 56-year eclipse 
cycle. 

E ET post holes. Of the many post holes found 
in and around Stonehenge, there is one group of about 
forty holes situated in the “causeway” near the north- 
east entrance (Fig. 1). The holes seem to radiate from the 
centre of the Aubrev circle, and lie within a 10-degree 
arc north of the heelstone or solstice lme. They are 
roughly arranged into six ranks crossing the line of the 
causeway. 

A fairly reliable record of the behaviour of the Moon 
could be obtained by planting a temporary marker 
(wooden stake) to align on the point where the winter 
full-moon appeared above the horizon each year. The 
indications are such that this was done over a large 
number of years covering several 18-6l-year cycles. Such 
a period would be sufficient to ascertain a 19-year phase 
or metonic cycle and possibly the approximate 56-year 
eclipse cycle as suggested by Hawkins (thatis, 3 x 18-61 = 
55°83). It should be appreciated, however, that they 
would have considerable difficulty in defining this eclipse 
cycle by their crude methods. 

Starting from the premise that the post holes were 
used for the purpose suggested, the azimuth bearing of 
each post hole was first ascertained in rank order, num- 
bered 1 to 6 counting in a north-easterly direction. 

The number of holes attributed to each rank and their 
azimuth bearings taken from the centre of the Aubrey 
circle are given in Table 1. 

Preliminary calculations reveal that the causeway post 
holes lie within the are or sector of the most northerly 
limits of winter full-moon rise as seen from the centre of 
the Aubrey circle (C.A.C.); also, the number of holes in 
any one rank did not exceed the number of risings that 
could appear north of the heelstone or solstice line in 
any one cycle. 


If individual bearings of moonrise in a sequence of 
cycles were found to agree with the “hole alignments’, 
any doubt as to their significance would be eliminated; 
furthermore, dating of the post holes would be feasible. 
Unfortunately, the necessary data concerning the Moon 
are not available; to obtain such information would 
severely tax the ability of the most expert celestial 
mechanician. 


Table 1 
Rank No. 1 2 3 4 5 6 
- ~ (40-4) (40-7) - (40 3} 
41-9 41-9 - ~ 4158 - 
Azimuth 48-1 43°0 43-0 42-9 42°9 42°7 
bearings mme 44-1 440 43°8 44-0 - 
degrees _ 45°3 45.3 45.5 45-6 ~- 
E. of N. = 45-6 46-8 _ _ - 
46-3 464 46°5 46:3 46-4 46-4 
me ~ *47-4 0 ~- = 46-7 
~ 47-8 47-5 47°2 47-6 475 
~ 49-3 49-4 49-0 48-9 49-1 
~ 49-8 - - 49-3 — 
~ -= 504 50-2 50:8 503 


The figures in parentheses refer to holes beyond the line of full orb but are 
reached by the hne of first gleam of moonrise. 


* This hole is situated between ranks No. 2 and No. 3 and cannot be 
allocated to either rank. 


However, computed moonrise bearings covering the 
period of 2000-1000 3.0. were first used in an attempt to 
determine whether any similarity existed between general 
grouping of the post holes and a sequence of moonrisings. 
The data used were kindly supplied by Prof. G. S. 
Hawkins. His calculations are based on first-order terms 
and refer to the full-moon nearest the winter solstice and 
also require that the instant of moonrise should coincide 
with the time when the Moon reaches its appropriate 
maximum declination. This particular feature seldom 
applies (see Fig. 2). 

The pattern of risings that would apply to the early 
Stonehenge period is more truly represented in groups 
‘B’ and ‘C°’. Even so, their arrangements could be subject 
to slight variations as many individual moons have 
possible alternative rising positions. This applies in those 
cases when the Moon reaches “full” during the daytime, 
for example, on December 12, 1875, the Moon was full at 
0745 h (shortly before setting). In similar circumstances, 
would they regard the critical Moon as being that which 
rose on the afternoon of December 12, or that of the 
following day ? If midnight was their datum, the former 
Moon would apply. On the other hand, ib would be the 
latter if the critical time was on its rising. A similar 
condition arises in respect of those Moons which are full 
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14 or 15 days before the solstice and would be followed 
by the next Moon 14 or 15 days after the solstice. 

There is no question that people of early civilizations 
had to contend with the same difficulty which was partly 
obviated by choosing the critical Moon as the one which 
was full after a specified time, such as the day of the 
winter solstice or equinox. In the second millennium B.O. 
the Delians regarded the critical Moon as the first one 
that was full after the winter solstice, and the possibility 
that such was the case with the Stonehenge people cannot 
be overlooked. However, the remarkably close relation- 
ship of the moonrise sequences and hole patterns must 
surely be more than a coincidence. If this suggested 
method of observation had been carried out by the Stone- 
henge people, they would have had little difficulty in 
recognizing the 19-year phase or metonic cycle. 

It seems fair to assume that these and other post holes 
served a purpose in obtaining preliminary information of 
the behaviour of the Sun and Moon. Once satisfactory 
alignments had been established, markers of a more 
permanent kind would be installed. If the foregoing 
assumptions were correct, then the long period of time 
that elapsed between the inception of the bank, ete., and 
the building of the first major stone structures would be 
accounted for. 

The position and spacing of the four large post holes 
near the heelstone indicate a relationship with the cause- 
way holes, especially so in conjunction with stone ‘D’ 
and the heelstone. The size of the holes indicates that the 
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posts were much larger than the causeway posts and, 
presumably, more permanent. If stone ‘R’ were also 
included, then the seven markers which could be observed 
would act as a crude ‘vernier’. When correlated with the 
setting Sun seen in the reverse direction, 1t would provide 
a means of defining the time when an eclipse of the Moon 
was probable. 

Whether or not Stonehenge people discovered the 
56-year cycle is a matter for conjecture, but their ability 
to predict pending eclipses after a crude fashion was 
certainly possible. 

It can be shown that a person assisted by nothing more 
than the crudest equipment in the form of a peg and line 
and a few stakes could acquire the necessary information. 
The observer, however, would have to have the necessary 
tenacity of purpose to undertake systematic observations 
over a long period of time and a simple method of 
recording numbers by means of tokens, for example, 
notches on a stick or pebbles in a bag. 

Doubtless, several generations of observers were in- 
volved, and if we are to believe that the writings of 
Diodorus referred to Stonehenge, then the position of 
supervisor of the “Spherical* Temple” was held by a 
member of the same family from one generation to 
another. 

The strong lunar influence with which Stonehenge must 
now be associated necessitates revision of hitherto 


oo Greek term for “Astronomical”. Heath: History of Greek Matke- 
matics. 
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Fig. 1. Schematic diagram showmg the position of post holes in relation to other main features 
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Fig. 2. Comparable azimuth bearings of winter full-moon risings. (Full- 
orb tangent to horizon) and post a alignments 

Six cycles of moonrisings based on first-order terms as 
supplied by Hawkins for period Itii B.C. 
Group ‘B’: Similar to ‘A’ but the “Moons” correspond to the known 
rising poon covering the period A.D. 1871-1954 after correction to 
allow for the change in the angle to the ecliptic of the Earth-Moon 

system. over the past 3,800 years 
Group ‘C’: Basically similar to ‘B’, but here 1t applies to the first full- 
moon after the winter solstice 


Group ‘D’: Depicts the post holes arranged according to their azimuth 
bearings 


Group ‘A’: 


The data connected by broken lines are all separated by a period of 
6,940 days or exactly 19 years within a few hours, and differ from other 
similar Moons in that tneir rising positions are ashe the same. 
The broken lines in group ‘D’ merely indicate the position the three 
holes would occupy if they were aligned on full orb. The two larger circles 
immediately above Tepr ae the most northerly y position of first gleam 
and full orb of moonrise. The positions of stone ‘D’ and the heelstone 
are indicated on the same line 


accepted explanations of some salient features. Until 
new evidence is found pointing to the contrary, it is 
more logical to conclude: 


(a) That the small stone (No. 11) in the sarsen circle 
was intentional, and that the circle represented the 29-5 
days of the lunar month. 


(6) The double circle or spiral? of the ‘Y’ and ‘Z’ holes 
represented the 59 days of two lunar months. The strong 
possibility that there were fifty-nine blue stones inside 
the sarsen circle would provide a more suitable means of 
representing the same thing. 


(c) The 19-year phase or metonic cycle was represented. 
by the nineteen blue stones inside the trilithon “horse 
shoe”. 


All things consıdered, including other similar post 
holes, there seems little doubt that Stonehenge, in its 
early stages, was a kind of “‘observatory’’. It provided 
a suitable site wherein systematic observations of ‘Soluna’ 
(Sun and Moon) phenomena were carried out by these 
neolithic peoples. 


1 Hawkins, G. S., Nature, 200, 306 (1963); 202, 1258 (1964). 
* Sale, J. L., The Secrets of Stonehenge (private publication, 1965). 
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NEW CONCEPTS FOR OLD 


Science, Folklore and Philosophy 

By Harry Girvetz, George Geiger, Harold Hantz and 
Bertram Morris. Pp. xi+ 547. (London and New York: 
Harper and Row, Publishers, 1966.) 72s. 


THE authors of this volume seem to have run up against 
a common difficulty for teachers of philosophy, that of 
justifying to their pupils the seemingly abstract and 
recondite studies included in the philosophy curricula. 
Why study methodology, why do conceptual analysis ? 
And in particular why read Aristotle on substance, or 
Locke on qualities, or Austin on performative utterances ? 
In this book there seems to me to be exactly the right 
answer. It is that the growth of science has thrown up, 
from time to time, new ranges of phenomena which have 
required new concepts and systems of concepts for their 
understanding. The system with which the discoverers 
were equipped (called by the authors the ‘‘folklore’’) 
broke down in the face of the new situation and a new 
system was painfully forged to accommodate it. They 
see philosophy as the activity of forging (by critical 
analysis) new conceptual schemes. Their answer then to 
their pupils and to all who cannot see the point of 
philosophical studies is that philosophical issues have had 
to be resolved in each of the great periods of conceptual 
change initiated by scientific advance (or vice versa of 
course) and that the resolutions that were made by the 
Greeks, by the British empiricists and Descartes, by the 
post-Darwinians, and which are being made these days 
in the philosophy of mind and of behaviour, have created 
the system of concepts which we now use. In short, to 
understand our present science we operate with a system 
of concepts and methods of reasoning forged in the past 
and carelessly acquired in the present. We should 
understand the reasons why we have adopted in our 
culture the intellectual machinery that we have. 

The project is quite admirable in my view and the plan 
of the book excellent. It is distressing then to have to 
say that the detailed execution of the plan leaves a great 
deal to be desired. There are a great many historical 
errors, some minor, for example that ‘““Tycho’s view [of 
the structure of the solar system] was too clumsy to be 
entertained”, when that very view was not only enter- 
tained by some of the first mathematicians of Europe, 
such as Ursus, but was the most widely taught in the 
first half of the seventeenth century. There are also major 
errors. The most remarkable of these is the contention 
that science and religion parted in about 1600, their 
divorce being pronounced by Francis Bacon. The 
authors can have had very little conception of the attitude 
to Nature of the circle of Boyle. Locke and Newton. 
Indeed there is a general failure to get the historical 
settings quite right. Nevertheless the book has great 
value in showing, even in a rather unsatisfactory way, 
how the great philosophical problems were generated, 
and the place of their resolutions in our conceptual 
scheme. R. HARRÉ 


AN INSPIRED EXPERIMENTER 


Collected Papers of P. L. Kapitza 

Edited and with an iatroduction by D. ter Haar, Vol. 1: 
1916-1934. Pp. xvi+503 +31 plates. 140s. net. Vol. 2: 
1938-1964. Pp. viii + 505-993. 140s. net. (London and 
New York: Pergamon Press, Ltd.. 1964-65.) 


THE collection of papers under review makes fascinating 
reading: I have found browsing through them an enjoy- 
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able and educational experience. It is interesting to 
compare Kapitza’s collected papers with those of Landau, 
recently issued by the same publisher, for the two men 
can be regarded as occupying comparable positions with 
respect to experimental and theoretical physics in Russia. 
The Landau collection occupies only one volume and 
contains a surprisingly large number of papers that one 
would read nowadays for their scientific content. While 
some of the Kapitza papers one still reads for their scientific 
eontent—most notably the series on superfluidity of 
helium-—-the interest of the majority is in the light they 
throw on the development of physics and on the character 
of a remarkable physicist. One can find resemblances 
both to his teacher, Rutherford, and to Brunel. In his 
love for and skill in experimental physics, and in his 
feeling for the rmportant simple features of his results he 
resembles Rutherford. But he is also to a considerable 
extent an engineer, and shows something of the inventive- 
ness, the feeling for the grandiose, and the forcefulness of 
Brunel. One feels that Kapitza’s wide-ranging abilities 
and interest in practical applications would have been 
more at home in the Royal Society of the seventeenth 
century than the twentieth. 

The two volumes under review neatly separate Kapitza’s 
Cambridge period, up to 1934 (together with a few early 
papers from Leningrad), from his Moscow period. Kapitza 
came to Cambridge m 1921 and secured acceptance by 
Rutherford by his now famous lesson in orders of mag- 
nitude repeated in Dr. ter Haar’s introduction. His work 
on «-particle tracks soon led to an interest in producing 
high magnetic fields, and his skill in orders of magnitude 
is very apparent in his comparison of different forms of 
energy storage for the production of impulsive fields, 
making these papers an object lesson in the design of 
apparatus. Kapitza’s impulsive 300 kG was to stand as 
a record for many years, and he rapidly exploited fields of 
the 100 kG order in numerous measurements of magneto- 
resistance and magnetostriction. But Kapitza nov only 
produced and used high fields, he also succeeded in 
getting the Royal Society Mond Laboratory built for his 
work, and built the way he wanted it—a very Brunel-like 
achievement. It was his decision to equip this laboratory 
with low temperature facilities that led to his ingenious 
design for an expansion engine hquefier for helium, 
avoiding the use of liquid hydrogen, which has proved of 
immense importance for low-temperature technology. 
Not only have large liquefiers in the U.S.S.R. descended 
from it, but also the Collins liquefier which has so trans- 
formed low-temperature physics since the Second World 
War and the giant 100 1./h liquefiers at Texan oil wells. 

On Kapitza’s return to Russia he created a similar 
laboratory (even to the marble switchboards) at the 
Institute for Physical Problems in Moscow, and almost 
at once began his pioneering work on the superfluidity of 
helium. Of these papers, one can select two as showing 
quite exceptional ingenuity and insight. In the first, 
before Landau’s theory, he showed that heat flow from a 
bulb of helium is accompanied by a jet capable of moving 
& vane, even though the whole apparatus is full of liquid. 
It is interesting that he was led logically to this experi- 
ment by the idea that negligible viscosity (which he had 
already observed) would lead to extremely easy convective 
transfer of heat, and he thus came near to deducing the 
two-fluid model from experiment. The second experiment, 
after Landau’s theory, was the first quantitative evidence 
for the two-fluid model; in a simple but ingenious experi- 
ment Kapitza measured the thermomechanical effects 
associated with superflow through a narrow slit. These 
two classic papers are required reading for anyone in the 
field, and it is good to have them readily available in 
English. 

After the Second World War, Kapitza turned his 
attention to high-power microwave engineering. | I myself 
have no knowledge of this field, but I was impi »ssed by 
the technique Kapitza developed for calcula fing the 
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essential features oF the motion of electrons in electric 
and magnetic fields (also applied by him to the problem 
of a pendulum with a rapidly oscillating support, which 
led to, a typical Kapitza demonstration experiment), and 
by the ingenious 2xperimentation which accompanied 
these calculations. These papers (and also a few others) 
were specially translated for the present volumes; it is 
to this, no doubt, that we owe the addition to the vocabu- 
lary of microwave plumbing of the “sewerage” of micro- 
wave power. This _atest work of Kapitza’s is in a sense 
a return to his earliest. It involves the same type of 
original electrical ergineering, and shows the same delight 
in taking things to extremes, as his work on high magnetic 
fields. 

The brief introduction by Dr. ter Haar gives a useful 
summary and classification of the papers, but little 
more. A larger introduction giving much more bio- 
graphical information would have considerably enhanced 
the interest and velue of the volumes. As ib is, many 
questions, such as the enigma of Kapitza’s wartime 
eclipse, remain unanswered, as well as a number of 
fascinating sidelines—for example, the genesis of the 
paper on the natura of ball lightning. 

At £7 per volume the books are expensive, even for 
collected papers, ard few but libraries will afford them. 
Every science library should buy them, and they should 
be widely read. ‘The books are well printed and open 
comfortably, but at the price the publishers should have 
managed a better c_oth binding. H. E. HALL 


THE IONOSPHERE IN EXTENSO 


Physics of the Earth's Upper Atmosphere 

Edited by C. O. Hines, I. Paghis, T. R. Hartz and J. A. 
Fejer. Pp. xiv+434. (Englewood Cliffs, N.J., and 
London: Prentice-olall, Inc., 1965.) 105s. 


To the scientist the “upper atmosphere” means broadly 
that part of the Eerth’s envelope in which physical pro- 
cesses are profound_y affected by the presence of charged 
particles, and are therefore intimately associated with the 
fields of electromagr etic waves and the Earth’s magnetism. 

Effective study of the upper atmosphere began some 
40 years ago with the discovery of the ionosphere by radio 
sounding, and muck of the early work was concerned with 
problems of radio communication. More recently, through 
the extension of observational techniques by means of 
rockets and satellises, the study has developed into a 
major discipline which embraces an astonishing variety 
of interlinked phenomena. There are, of course, reasons 
in addition to scientific interest for the scale of the present 
research effort, but it is to the purely scientific aspects of 
the subject that this book is devoted. 

A wide range of topics ıs covered. Details of theory, 
and of the results end methods of observation, are gener- 
ally omitted. There are plenty of diagrams, but, as a 
phrase from the dust jacket puts it, emphasis is on 
descriptive physics The account is none the worse for 
that. Indeed, it is hard to imagine a different approach 
serving better either the student just entering the field, 
whom the editors are particularly anxious to help, or the 
specialist in some part of the discipline looking for an 
authoritative guide to the wider implications of his work. 

The various sections are written by experts in each 
topic. Nevertheless, the whole is remarkably well knit, 
and the level of exDdosition uniformly high; of the battle 
to reconcile ineviteble differences over the selection and 
presentation of material, lightly touched on in the preface, 
no scar remains. 

Roughly, the first half of the book is concerned with 
so-called ‘‘normal’’ or “undisturbed” conditions, and the 
second half with “disturbed” conditions. In this context 
a disturbance in the upper atmosphere means an effect 
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caused by a disturbance on the Sun, so that the later 
chapters contain a good deal about the part played by 
solar emission of particles or radiation. 

After an introduction, there is a chapter on the solar 
optical radiation that affects the ionosphere below 120 km, 
and then, successively, chapters on the D and # regions 
of the ionosphere, on the F region, and on the outer 
ionosphere. The latter includes a review of the motion 
of charged particles in a magnetic field, prefacing a dis- 
cussion of the Van Allen belts, those regions where 
energetic charged particles are trapped in the geomagnetic 
field. Next, windlike motions are considered, first of the 
neutral atmosphere, and then of ionization; the main 
topics here are tidal oscillations and smaller scale gravity 
waves (the only purely gas dynamic phenomena treated 
in the book), and the “dynamo” theory of the diurnal 
variations of the geomagnetic field. Discussion of the 
undisturbed atmosphere ends with a chapter jointly on 
ionospheric noise, that 1s, audio-frequency radio emissions 
which produce the delightful medley of sound known as 
“dawn chorus”, and on geomagnetic micropulsations. 

Disturbances on the Sun are divided into those emitting 
ultra-violet and X-radiation, and those emitting charged 
particles. The former give rise to “sudden ionospheric 
disturbances’’, and are dealt with in a single chapter. The 
latter are thought to be the origin of numerous effects, 
in particular, polar cap absorption, magnetic storms, and 
aurorae; and the discussion here occupies a further six 
chapters. Of these the final one, on storm theory, is an 
enlightening account of the different suggestions that 
have been put forward. 

The two appendixes grve some fifty pages on aspects of 
electromagnetic wave propagation. They might, perhaps, 
have been linked a little more closely to the main text. 
For example, they contain no reference to Faraday 
rotation, quoted earlier as giving a measure of electron 
content. 

The authors rightly emphasize the incomplete state of 
knowledge in many of the topics under discussion, and 
throughout strike a fair balance between rival theories, 
not a few of which have been contributed by one or other 
of their company. Their book is to be highly recommended 
to a wide class of readers. P. C. CLEMMOW 


SILICATE ANALYSIS AT THE BENCH 


Methods of Silicate Analysis 
By H. Bennett and W. G. Hawley. Second edition. Pp. 


xv +334. (Publshed for the British Ceramic Research 
Association.) (London and New York: Academic Press, 
1965.) 63s. 


For many decades there was little change in the methods 
of silicate analysis. Standard works such as Hillebrand 
and Lundell’s Applied Inorganic Chemistry, itself based on 
an earlier text, served a generation of analysts. With the 
development of instrumental methods and the intro- 
duction of new reagents a move was made to introduce 
simplified methods of silicate analysis. The older, generally 
applicable, systematic schemes of gravimetric analysis, 
often lengthy and involved, were replaced by rapid direct 
determmations using spectro-photo-colorimetric and com- 
plexometric methods. Although this process was often 
accompanied by considerable loss of precision, the fresh 
impetus given to the subject Induced many workers in 
the field to review methods generally with the result that 
many of these were simplified, often with a gain in 
accuracy. 

Although this branch of analysis is now progressive, 
the once neat pattern of analysis has disappeared, so 
that these new simplified, but often restricted, methods 
of analysis exist side by side with the “‘classical”’ general 
methods of analysis. The task for the compiler is there- 
fore not easy and for some time there has been a need 
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for a critical survey of the variety of methods scattered 
in reference books and original literature. Bennett and 
Hawley, in a new and much mmproved edition of their 
work, Methods of Silicate Analysis, have gone a long way 
towards effectively summarizing the present state of 
silicate analysis, especially in the context of ceramic 
materials. The title is perhaps slightly misleading, for 
although materials which are not silicates but are of 
ceramic interest find a place in this work, certain silicates 
do not. The work is, in fact, directed primarily at the 
industrial ceramic analyst rather than the silicate analyst, 
although it will prove useful to the latter. 

Lhe book falls into three sections. Part [is introductory 
and is followed by a discussion on the basic principles 
behind the theory and practice of silicate analysis (Part IT). 
The main section (Part ITI) deals with the analysis of 
materials; full practical details are given, but general 
comment and discussion are placed separately in Part IT. 
This makes for easy reading of the practical text. The 
authors have not hesitated to duplicate material to avoid 
the necessity for cross-references which would be tiresome 
and out of place in a work clearly designed to be used at 
the bench. Chapters in this section of the work are 
classified on the basis of the material analysed and the 
general analytical approach adopted. The authors 
attempt to provide different schemes for different analy- 
tical requirements; these depend on the apparatus avail- 
able, the accuracy required, and the material being 
analysed. 

Materials discussed are those which have some bearing 
on the ceramic industry such as siliceous and aluminous 
materials, carbonates, refractories, frits, glazes, etc. 
Methods described include the generally applicable 
classical schemes of analysis, accurate direct determina- 
tions, and rapid gravimetric, volumetric and spectro- 
photometric procedures. There are chapters devoted to 
the analysis of alkalis, the determination of fluorme and 
to methods connected with the solubility and resistance 
of materials toward aqueous and acid attack. 

The text is thoroughly reliable, for it is abundantly 
clear that a considerable amount of personal practical 
experience has gone into this book, and its use should 
steer an analyst clear of those hidden pitfalls of practical 
silicate analysis. Although it emphasizes ceramic analysis, 
the book should prove of value to all silicate analysts 
provided they are aware of the limitations of certain 
specialized methods. It is thoroughly to be recommended. 

A. D. WILSON 


CATIONS AND CATALYSIS 


Friedel-Crafts and Related Reactions 

Edited by George A. Olah. Vol. 1: General Aspects. 
Pp. xxxiv+ 1031. 220s. Vol. 2: Alkylation and Related 
Reactions. Part 1: Pp. xxix+1-658. Part 2: Pp. xxv + 
659-1362. 378s. the two parts. Vol. 3: Acylation and 
Related Reactions. Part 1: Pp. xxvi+1-910. Part 2: Pp. 
xxii + 911—1606. 450s. the two parts. Vol. 4: Miscellaneous 
Reactions; Cumulative Indexes. Pp. xvii+ 1191. 340s. 
(New York and London: Interscience Publishers, a Division 
of John Wiley and Sons, Inc., 1963-65.) 


One of the ways which is in use at present to render 
down to digestible proportions the vast mass of chemical 
information is the publecation of multi-author books 
on a wide theme. Each specialist then selects and pre- 
sents his own considerations of what he considers to 
be significant. This procedure, if it is to be successful, 
requires a firm and wise editor who must be able to obtain 
co-operation from his authors and who must possess the 
vision which will ensure that the theme 1s well served. 
Dr. George Olah has presided over the production of a 
magnificent work on, essentially, catalysed cationic 
reactions. Friedel-Crafts and Related Reactions is the com- 
bined effort of fifty contributors from nine different 
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countries. Half of these, including the editor himself, 
hold industrial positions; some have international 
reputations while others were unknown to me. As the 
net has been very widely cast in terms of the topics to 
be dealt with, the writers are by no means restricted to 
organic chemists. 

The book, and it is to be considered as a whole, is 
immense. There is a total of 5,189 pages, of which 870 
in Volume 4 are given over to the subject and author 
indexes. It has been published m parts from 1963 to 
1965 and it is a tribute to Olah’s editorship that such 
a large work should contain references as late as 1963. 
No claim for complete comprehensiveness is made and 
many references to previous reviews are given. 

One might expect that, with such a wide diversity of 
contributors, the style of the book would be uneven. 
Surprisingly, this is not generally so. With few exceptions, 
the very variegated subject matter is dealt with in a 
remarkably cohesive manner. Further, a book of this size 
might be expected to present its own retrieval problems. 
These have been eliminated by carefully cutting each 
chapter into sections and providing very detailed plans of 
contents. These enable the reader to pick out a specific 
topic very readily and encourage the luxury of browsing. 
The subject index is also very detailed and provides 
references not only to conceptual material ın the text but 
also to the thousands of individual compounds which 
appear in tables throughout the book. 

Readability and overlap are two further problems in a 
book of this type. The first has largely been overcome by 
separation of the ‘catalogue’ material into tables apart 
from the text, so as to leave behind discussion of general 
principle and topics of specific controversy. Those chap- 
ters which conform to this pattern are best suited to the 
aims of the book; the others are, quite frankly, dull. 
Some overlapping is bound to occur in a multi-author 
treatment of a broad theme. There is a good deal in this 
book particularly with respect to discussion of mechanism, 
but at least the reader 1s spared from chasing cross- 
references to discussions in another part of the book. 
The amount of detail provided for the various topics is 
inevitably variable. The chapter in Volume 2 on alkyla- 
tion with haloalkanes, which one might regard as the 
fundamental reaction, is disposed of in sixty pages. 
Perhaps this is all it deserves. 

Volume 1 deals with general aspects. A very interesting 
historical introduction includes photographs of the labor- 
atory notebooks of the originators who produced the three 
original papers in the summer of 1877. This is followed 
by Olah’s own review of the entire field in which the scope 
of the book is defined. Olah himself contributes to eleven 
of the fifty-four chapters, and these are all extremely 
readable, eritical and informative. The other chapters 
deal with inorganic catalyst systems, investigations of 
reaction mechanisms by spectroscopic and isotopic 
methods, and considerations of stereochemistry, selec- 
tivity and thermodynamics. The last provides a very 
timely reminder of fundamental principles for the less 
numerica] reader. This volume is the only one which can 
well stand apart from the set. It presents the basis for the 
remainder and provides an excellent introduction to them. 

Volume 2, in two parts, deals with alkylation. The 
coverage is very wide, and in addition to the well-known 
reactions with olefines, halides and carbonyl compounds, 
enbraces dehydrogenative coupling and isomerization of 
hydrocarbons, together with consideration vf the Prins 
reaction, hydrogen exchange and cationic polymerization. 
The treatment is now, of course, much broader than in 
Volume 1. The recitation-of-lists approach is’ more 
common and in some chapters the inclusion of practical 
details in the text is overdone. Pitfalls of structure 
numbering have not always been avoided: in Chapter 22, 
the Roman numerical horror CCCLXXXVIII appears. 
A chapter on alkylation of saturated hydrocarbons is 
heavy going because of its large amount of technical 
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detail and sometimes unusual English. The reviews of 
hydrocarbon isomerization, alkylation with alcohols and 
ethers, and of hycrogen exchange are particularly mter- 
esting. The last of these could, with advantage, have 
been placed in Vclume 1. 

Volume 3, also ın two parts, covers acylation and 
related reactions. “Related reactions’ again covers a wide 
range including su-_phonation, halogenation and nitration. 
Within the theme of the book it is right that they should. 
do so. The more conventional Friedel-Crafts acylations 
are dealt with in tw> enormous chapters by Gore and by Peto 
which occupy mos: of the first part. Gore’s chapter alone 
contains two huncred pages of tables and two thousand 
references. As in the rest of the book, careful attention 
is paid to the pattways and mechanisms of the reactions 
involved. Stimulating pointers are given to the areas 
where further effort 1s required against the background of 
a vast amount of observation already made. Olah again 
displays his gift fcr interesting reviewing in the chapters 
on formylation aad nitration, both of which include 
accounts of his ovn important work. A chapter on the 
curious perchlory-ation reaction gives much practical 
information in this new field. 

Volume 4 deals with eight miscellaneous topics. Olah 
again contributes—-this time on metathetic cation-pro- 
ducing salts—and gives tabular surveys of this rather 
specialized field. The chapter dealing with ethers includes 
a valuable review of epoxide polymerization, and the 
strange reactions between carbohydrates and aromatics 
are also allotted achapter. Reactions with organometallic 
compounds (Russell) comprise one of the topics farthest 
from the general theme of the work. Olah rounds off in 
a chapter dealing with technical applications (mandatory 
for academics) and future outlook. That the outlook is 
bright is due in no little measure to his own contributions. 
This volume also contains the very large cumulative 
author and subjecs indexes. 

On the whole, tre printing of formulae and text is good 
and errors trivial. One might perhaps have expected a 
stronger binding on books that will be much used for 
reference and whtth are as expensive as these. Con- 
temporary book raviews frequently finish with a com- 
plaint that the prme is far too high. This work costs, in 
all, £69 8s. This may be thought excessive. On the 
contrary, because of its wide breadth of coverage, its 
extremely detailed. indexes and contents pages and, above 
all, because of the almost uniformly high quality of its 
contents, this book provides a direct entry to this highly 
topical field. The saving of time devoted to inefficient 
searching of the liserature alone makes this book worth 
its cost. After a-l, only about one hundred hours of 
searching time need to be saved to pay for ıb. 

The book is dedizated to the memory of Charles Friedel 
and James Mason Crafts and to the investigators who have 
followed them. It is a fitting tribute. 

C. J. M. STIRLING 


SEMICONDUCTING MATERIALS 


Materials Used in Semiconducting Devices 

Edited by C. A. Hogarth. Pp. vii +243. (New York and 
London: Interscience Publishers, a Division of John 
Wiley and Sons, Imc., 1965.) 105s. 


Tuis book consists of a series of articles, each by an 
author with experisnce of the particular material, review- 
ing the properties of several semiconductor materials 
which find extensive application in commercial devices. 
A notable omission is that of gallium arsenide; the editor 
states that the rabid technological development of this 
material would make any article out of date before it 
was published. In view of the time taken to publish 
this book, this view is perhaps reasonable. The article 
on selenium has n> references to work later than 1962, 


462 


‘those on germanium, silicon and bismuth tellurides only 
.one reference each later than 1962. The article on the 
-lead compounds is brought up to date by an appendix; 
the articles on the antimonides are otherwise the only 
ones which are up to date as written. It would appear 
that the main part of the book has undergone a gestation 
period rather longer than that for an elephant. 

Each article is roughly similar in layout; an intro- 
duction is followed by a section on methods of preparation, 
purification, crystal growth and doping. General prop- 
erties, which include crystal structure, density, and thermal 
and elastic properties, are next discussed. ‘The band 
structure is described and the resulting transport and 
optical properties are listed. The properties of alloys 
may then be given, and finally some comments on appli- 
cations of the materials to devices. Mechanical properties, 
which are presumably of interest to device engineers, are 
completely ignored except for a very brief mention in the 
article by Putley, which is also the only one to give 
consideration to the making of contacts. Nowhere is there 
any serious attempt to explain the theory of semiconduct- 
ing materials. 

It is generally considered unfair to criticize a book for 
not being what its author never intended it to be. In 
this case, however, it is extremely difficult to determine 
the purpose of this book. Its lack of theory renders it 
useless as a text-book for students. If it is intended as a 
guide to the device engineer in selecting suitable materials 
for his devices, then a summary of the properties of all 
the materials in tabular form would be an invaluable aid, 
particularly for comparison purposes. To be really helpful 
to him, the sections on applications could also undergo a 
considerable expansion. There is such a lack of detail 
with regard to techniques that only someone who is 
already experienced with semiconductor materials would 
find it of use, perhaps when switching his attention to, 
to him, a new material. The collection of so much 
information into one volume is to be weleomed, but a 
division by properties and applications rather than by 
materials would be more appropriate. 

The book is pleasingly produced and is very well 
indexed. Davin DEw-HUGHES 


MECHANISMS OF MIND 


The Nature of Psychology 
By Kenneth J. W. Craik, Edited by Stephen L. Sherwood. 
Pp. xx+184. (London: Cambridge University Press, 
1966.) 30s. net: 6 dollars. 


KENNETH Crark, had he lived, would by now have been 
recognized as one of the most original and versatile 
psychologists of his generation. This selection from his 
unpublished writings, introduced by a bref biography 
from Sir Frederic Bartlett, should be welcome to all who 
knew him and highly instructive to those who did not. 
Born in 1914, a classical scholar at the Edinburgh 
Academy, and a student of philosophy under Prof. Kemp 
Smith, Craik was eventually attracted to psychology by 
the lectures of the late Prof. Drever. After graduating in 
that subject, he moved to the Cambridge laboratory to 
embark on a series of experimental researches on the 
problems of sensation. Besides attending the recognized 
classes on psychology, we are told, he went off to the 
Cambridge Technical School to take a course in engin- 
eering, and then under Lord Adrian’s guidance steeped 
himself in the anatomy and physiology of the brain. 

In 1940 he obtained the degree of Ph.D., and a year 
later a Fellowship at St. John’s College with a thesis on 
“The Experimental Study of Visual Adaptation”. The 
bibliography of his published work runs to eighty numbers 
—an output of almost eight papers every year. During 
the Second World War, so Prof. Bartlett relates, ‘‘he 
became a key man in the scientific service of his country”. 
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He was chairman of the Target Tracking Panel of the 
Ministry .of Supply, and an active member of the Panel 
on Servo-mechanisms, of the Military Personnel Research 
Committee, and of the Vision Committee for the Flying 
Personnel Research. For security reasons, it has unfor- 
tunately been impossible to publish any of his official 
reports. In 1945, on the eve of V.E. Day, while cycling 
along King’s Parade, he was knocked off his bicycle and 
killed by a passing car. In describing what happened 
the editor and his collaborators observe that they “‘have 
come upon about ten recorded presentiments of the 
circumstances of his lethal accident”. 

Of his numerous manuscripts, the earliest that survives 
is apparently an essay on “Immortality”, written when. 
he was only 17. Prof. Bartlett quotes a couple of short 
extracts, but it seems a pity it was not included in the 
present volume. The selection begins with “‘the epilogue 
from the Ph.D. thesis”, and then proceeds to a couple of 
draft chapters and several isolated notes for a book on 
“The Mechanism of Human Action’. The next two 
sections include reports of “experimental work” (for 
example, observations on a prolonged monocular scotoma, 
the effect of boldly fixating the noonday Sun for two 
minutes) and suggestions for the “quantification of 
sensation”. Of the four papers that make up the third 
section—on ‘“‘Aspects of Psychology’—the most note- 
worthy is a lecture on “‘Psychology for Medical Students” ; 
this brings out with a shrewd impartiality both the weak- 
nesses and the strong points of all the different schools, 
and stresses the need for an eclectic text-book of psycho- 
logy specifically for the student of medicine. What he 
has in mind, he tells us, is a book which would omit all 
that is unnecessary for the practising physician and con- 
centrate solely on topics of direct utility. 

Here, as elsewhere, Craik fully recognizes the value of 
introspective techniques; but in almost all these papers 
his aim is avowedly to think first of the human mind as 
functioning through the mediation of brain-mechanisms. 
And throughout these selected excerpts, which, it must 
be remembered, were written more than 20 years ago, 
and in the ingenious “brain-models” which he describes, 
he reveals a remarkable anticipation of the later con- 
tributions made by cybernetics and information theory. 
The “standpoint of the electronic engineer”? is equally 
prominent in his only book (on The Nature of Explanation) 
and in the last of his papers, the two published post- 
humously on the “Theory of the Human Operator in 
Control Systems”. 

The collection ends with a section headed “Philosophy”, 
consisting of a dozen short papers dealing with the purely 
mechanistic approach. Of these perhaps the most illum- 
inating is his reply to the criticisms urged by W. H. 
Barnes in reviewing his book in this journal (‘‘Is the Mind 
a Calculating Machine ?” Nature, 153, 603; 1944). Here 
he reverts once again to the subject of his youthful essay, 
and explains that his intention was “to pursue the physio- 
logical and mechanistic approach” as the most fruitful 
and profitable line available at the moment, and to 
“convey its relevance to the body—mind problem, to the 
explanation of thought and behaviour, and to the immor- 
tality of the soul”. This fascinating set of papers, thirty- 
five in all, reveals the many-sided interests of Craik 
himself and the brilliant promise of his early work—a 
promise which unfortunately was never to be fulfilled. 

CYRIL BURT 





Dictionary of Nuclear Physics and Nuclear Chemistry 
German — English/American; English/American — German. 
Second revised and enlarged edition. Edited by H. Rau. 
Pp. 351. (London: Sir Isaac Pitman and Sons, Ltd., 
1964.) 55s. 


Tars dictionary, though considerably enlarged from 
its first edition (Dictionary of Nuclear Physics, published 
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by Brandstetter, 1957), still gives the impression of 
a miscellaneous collection of words and phrases aus 
der Praxis für die Praxis (to quote the German pre- 
face; no corresponding phrase appears in the English 
preface). The terms in each half number about eight 
thousand, according to the preface, occupying some 130 
fairly small pages. In addition to a reasonable selection 
of terms to be expected from the title, many expressions 
are included which have no direct relevance to nuclear 
science. For example, on page 335, thread microscope, 
threaded sleeve, three-finger rule, throw-over switch, thymene 
appear. On the same page is the extraordinary entry 
time for scattering of an electron by distant encounters with 
iong. Surely these entries, evidently aus der Praxis, are 
of little use fiir die Praxis. Again, ‘Modell (1 : 1)/mock-up’ 
is all too obviously a reversal of the entry under mock-up, 
and indeed this seems to have been the method by which 
the two parts of the dictionary have been built up, every 
entry having its counterpart in the opposite direction. 

Many terms are annotated or explained, mainly in 
German, in the same way in both parts. Genders are 
given. Obsolete or uncommon terms abound: celtium, 
Chariot project (but Plowshare is not given), Contracid 
(but not Zircaloy), cooky (but not cobalt bomb), cubo-cubo- 
cube (but not power function); cathode ray tube is rendered 
as “Kathodenstrahlréhre’ but not as the equally common 
‘Braunsche Röhre’. There are several misprints and one 
apparent misapprehension, dyadic product being rendered 
as ‘dyadisches Erzeugnis’. 

One good feature is the list of some fifteen hundred 
annotated symbols and abbreviations, including many 
acrostics and chemical formulae, though again one 
wonders at the inclusion of ‘ACS’ (American Chemical 
Society yand of ‘ACTION’ (American Council to Improve 
Our Neighborhoods), the latter with its postal address. 
The book ends with three pages of conversion factors. 

J. B. SYKES 


Agricultural Insects of Ghana 
Compiled by John Forsyth. Pp. 163. 
University Press; London: 
1966.) 35s. net. 


Tars is not a book for those desiring a narrative account 
of the insect pests of crops in Ghana, since the informa- 
tion is entirely in the form of lists of names, but, apart 
from its local use, it will be of great value to those 
dealing with the distribution of plant pests and their 
natural enemies in Africa or the pest fauna of particular 
crops, since it provides a compilation of authentic records 
of the kind that these require. It is much to be hoped 
that Mr. Forsyth’s example will be followed in other 
countries. 

The work is divided into five main parts, dealing with 
field crops and plants, stored products, parasites of plant- 
feeding insects, predators of plant-feeding insects, and 
insects associated with or attacked by fungi. Each part 
consists of two complementary lists, so that, for example, 
in the first and main part there is a list of the various plants 
showing the insects that attack them, and then a list of 
the insects arranged in their orders and families, showing 
the plants attacked by them, the plant part concerned 
and some details of local distribution. The lists are based 
on records dating back to 1909, and there is a useful 
bibliography of sources containing references to the 
appropriate abstracts in the Review of Applied Entomology, 
where further details can be found. | 

A good deal of care has been taken to see that the scien- 
tific names used are those accepted by modern system- 
atists, and there are commendably few misprints, but 
a few minor inaccuracies have inevitably crept in, notably 
in the part on stored products. This part, however, 
contains something that the others do not, namely, an 
indication of which pests are the commonest. 

R, F. AVERY 


(Accra: Ghana 
Oxford University Press, 
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MEETINGS 


CONDENSATION NUCLEI 


Since the discovery of condensation nuclei by Coulier 
(1875) and by Aitken (1881) they have been of great 
interest to physicists and meteorologists. In recent 
years, with increasing awareness of atmospheric pollution, 
both chemical and radioactive, atmospheric chemists and 
health physicists have been drawn into the field and the 
resulting interdisciplinary exchange has proved to be 
very fruitful. This was exemplified at the International 
Conference on Concensation Nuclei held during May 9-13 
at Albany, N.Y.. and State College, Pa., which was the 
sixth of a series started by the late Prof. L. W. Pollak 
in 1955 at the Dcblin Institute for Advanced Studies. 
More than eighty scientists from twelve countries attended 
and fifty papers were presented. Abstracts were 
available before the meeting and, with the exception 
of the invited review paper, presentations were limited to 
ten minutes to eneble authors to stress the main points 
of their papers and an hour and a half was allowed for 
discussion of each group of five or six papers. This 
arrangement prove very successful and throughout the 
conference discussion was lively and sustained. 

At its Albany session the conference had the honour 
of being addressed by the Governor of the State of New 
York, Mr. Nelson D. Rockefeller, who gave an impressive 
account of the measures being taken in the State to 
determine the causes and counteract the effects of 
environmental pollution. 

In a review of recent work on small ions and Aitken 
nuclei (particles smaller than 0-4. diameter), W. J. Megaw 
(Harwell) quarrelled with the view that such particles are 
of little importanre in the atmosphere because they 
contribute little ta the mass of atmospheric aerosol and 
therefore cannot act as centres of condensation at 
atmospheric super-saturations. The small ions were 
responsible for the important electrical properties and the 
Aitken nuclei, because of their size, tended to remain 
airborne for long periods. It had been shown that most 
of the natural radizactive decay products were carried on 
the Aitken nuclei and there was some evidence that they 
could act as carriers of radioactive effluent. Megaw 
described recent Eritish and French work on small ions 
and concluded thas, even after 50 years, little was known 
of the nature and constitution of the so-called “‘cluster 
ions”. He stressed that care was needed in the use of 
radioactive tracers of high specific activity in aerosol 
work because of the production of additional particles by 
radiolytic reaction. with impurities in the air. 

In a preliminary report, H. Weickmann (Boulder) 
suggested that measurements of the concentration of 
Aitken nuclei in the neighbourhood of clouds could 
contribute to a better understanding of convective 
circulation in anc around cloud fields, and P. Squires 
(Boulder) gave measurements of the concentration of both 
Aitken and cloud nuclei in the neighbourhood of cities. 
These showed tha» human activity results in a noticeable 
production of cloud nuclei as well as of Aitken nuclei. 
He concluded, however, that the total production of cloud 
nuclei by this meens is small compared with the natural 
production by consinental surfaces. J. Podzimek (Prague) 
discussed the relazive importance of diffusiophoresis and 
thermophoresis, S+efan flow and Brownian motion on the 
binding of condensation and ice nuclei on the surface of 
cloud elements; Ee held that for slightly supersaturated 
air, the effect of the first three of these processes was 
negligible. G. Schumann (Heidelberg) derived expressions 
for the attachment of radioactive atoms to particles taking 
account of charge and size distribution of the particles 
and confirmed them by experiments on the atmospheric 
aerosol. 
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J. P. Lodge (Boulder) gave a valuable account of 
techniques for the identification of individual sub-micron 
particles. Chemical methods exist only for chloride and 
sulphate particles, but he has found that a number of 
species, including sulphuric acid in various stages of 
neutralization by gaseous ammonia and phosphate, can 
be identified by their characteristic appearance in the 
electron microscope. 

V. J. Schaefer (State University of New York) described 
the detection of surface active molecules on airborne 
particles by the use of indicator oils. Pollen grains, 
ocean spray nuclei and many particles in industrial smog 
had been found to exhibit surface active properties by 
this technique. 

Papers on electrical properties of particles were given 
by J. Bricard (Paris), G. Madelaine (C.E.A. Fontenay 
aux Roses) and by R. Siksna (Uppsala). Bricard had 
found that only 4 per cent of the radioactrve small ions 
from the decay of radon and thoron have the expected 
mobility of 2-15 cm*V-sec-!; the remainder have a 
mobility spectrum with peaks at 0°51 and 0-81 cm?V-‘sec". 
He attributed this to the rapid formation of cluster ions, 
but in the discussion it was suggested that cluster ions as 
normally understood could scarcely have so different a 
mobility and that the effect was more probably due to 
the formation of Aitken nuclei by radiolytic reactions. 

In papers on the development and use of instruments, 
T. A. Rich (G. E. Coy, Schenectady) described an interest- 
ing combination of diffusion and electrical techniques to 1n- 
vestigate the size of aerosols and R. E. Davis (U.K.A.E.A., 
Winfrith) the use of the Nolan Pollak counter in the 
testing of high efficiency filter systems. G. F. Skala 
(G. E. Coy, Schenectady) advocated the use of ion 
chambers to investigate the production of particles from 
heated substances in conditions of temperature and 
pressure which would preclude condensation methods. 
H. Israel and N. Nix (Aachen) re-opened the question of 
the role of Aitken nuclei in atmospheric condensation by 
quoting measurements of the temperature drop recorded 
on expansion in the Nolan—Pollak counter. While their 
results are in conflict with other measurements, they 
suggest that the counter detects nuclei activated at a 
supersaturation of 2 per cent instead of the 280 per cent 
calculated if an adiabatic expansion is assumed. 

It is hoped that the next conference of the series will 
be held in Prague and Vienna ın 1969. W. J. Meeaw 


OBITUARIES 


George de Hevesy 


Pror. pE Hevesy, Hungarian born, who lived latterly in 
Copenhagen and Stockholm, died on July 5. He was the 
pioneer in the use of isotopes as revealers of the paths 
taken by elements in chemical and biological processes— 
discoveries which have been of immense consequence. 
Born in Budapest in 1885, he took his doctorate in Frei- 
burg before coming to England in 1911. Later he worked 
in Vienna before gaining a chair at Freiburg in 1926. 
Some years later he moved to a professorship in Copen- 
hagen and finally settled before retirement in a research 
institute at Stockholm. He was the holder of many awards 
and honorary degrees. These included the Nobel Prize 
for chemistry in 1944 and the Copley Medal and foreign 
membership of the Royal Society. He found time to 
write notable books on his main subject as well as to 
publish a large number of papers. With Coster he dis- 
covered hafnium. 

Von Hevesy, as he then was, found himself, a chemist, 
among the physicists who clustered around Rutherford in 
Manchester a few years before the Great War. His first 
success there was his showing that the whole of a minute 
amount of a radio-element deposited itself from a solution 
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on nickel, immersed in it, even when the radio-element 
was actually chemically more reactive than nickel. His 
first failure—not at all his fault—-was his complete 
inability to separate radium-D from its isotope lead. But 
with Von Hevesy, this failure led to success, for 1t showed 
him that minute concentrations of radio-elements must be 
successful tracers of their common isotopic elements in 
chemical and biological processes. Later he found that 
the tracer-isotope need not be radioactive; so long as its 
oddness could be characterized, an inactive isotope might 
do—for example, deuterium. Later still he extended 
possibilities by making a suitable inactive isotope reveal 
itself in a mixture by its bemg made artificially radio- 
active by bombardment by neutrons; the measurement 
of its characteristic radiation determined the amount of 
the element in the mixture quantitatively. His discoveries 
in all these fields have since had a magnificently frutful 
following. 

Hevesy was a European of the best sort, genial, kind- 
hearted, a good friend. He did not look strong, but he 
was a mighty worker dedicated to research. He died in 
Freiburg. A. S. RUSSELL 


Hans Pettersson 


Pror. Hans Prerrersson, who died in Goteborg on 
January 25 at the age of 77, was particularly noted for 
his leadership of the Swedish Deep Sea Expedition in the 
Albatross, and for his many contributions to the study of 
the deep sea floor and its sediments. His father, Otto 
Pettersson, with other Scandmavian scientists, particu- 
larly Nansen, Ekman and Helland-Hansen, did much to 
establish the serious study of physical oceanography at 
the turn of the century. Hans studied physics in Uppsala 
under Knut Angstrom and in London under Sir William 
Ramsay. At first he joined his father ın the study of 
currents and internal waves in Swedish coastal waters, 
but he soon developed his interest in optical and radio- 
chemical studies. Between 1922 and 1936 he worked 
frequently at the Institut fir Radrumforschung in Vienna, 
where he interested a number of specialists in marine 
problems. He found that although radium is concentrated 
in deep sea sediments, its concentration in sea water 18 
much less than would be expected from the much greater 
concentration of uranium. He believed the deficit to be 
due to co-precipitation of thorium and ionium with the 
hydrated oxides of iron and manganese. He used the 
variation of radium content with depth in the sediments 
as a basis for geochronological estimates. He did much 
to further the development of deep sea coring devices. 

His tremendous enthusiasm for the subject and the 
success of his work and that of his colleagues persuaded 
some of his successful compatr‘ots to provide funds neces- 
sary for the founding of the Oceanografiska Institutet in 
1939 and, in 1947-48, for the round-the-world expedition 
in the Albatross. The expedition was very successful, and 
its observations and sampling did much to stimulate the 
growth of interest in marine geochemistry there has been 
in the past 20 years. Although mainly concerned with the 
sea floor, studies of the transparency of the water and 
scattering of light at different depths were also important 
features of the work. 

Pettersson was interested in the contribution of cosmic 
dust to the ocean sediments, and his latest communication 
to Nature dealt with this subject. He was elected a 
Foreign Member of the Royal Society in 1956, and retired 
in the same year from the post as director of the Oceano- 
grafiska Institutet. G. E. R. DEACON 


Eva G. R. Taylor 


Pror. EvA GERMAINE Rimineton TAYLOR, who died on 
July 5, 1966, at the age of 87, was bedridden for the later 
years of her life and almost totally blind for the last 
year, but she nevertheless retained her acute critical 
faculties to the last, and only a few weeks before her 
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death had dictated her doubts on the authenticity of the 
Vinland map. 

She was educated at the North London Collegiate 
School for Girls and, after taking a degree in chemistry in 
the University of London, spent several years as a science 
mistress at Burton-on-Trent. Seeking to improve her 
teaching qualifications, she went up to Oxford to take 
the Diploma in Education. There she came under the 
influence of A. J. Herbertson and was swept into his 
activities in developing the ‘new geography’, both in the 
Oxford department and through his text-books in the 
schools. She stayed on as his assistant, working on the 
preparation of the famous Oxford wall maps and, on a 
vacation course, met J. F. Unstead. The series of text- 
books she produced with him had a great influence in the 
schools. 

It was, however, her appointment as lecturer at Birk- 
beck College under Unstead in 1921 which marked the 
turning-point in her career. She turned her attention to 
historical geography and published Tudor Geography and 
Late Tudor and Early Stuart Geography. They established 
firmly her academic standing so that, when Unstead 
retired in 1930, she succeeded him as professor of geo- 
graphy and so remained until she retired in 1944. In 
those years she became not only the acknowledged expert 
in the maps and literature of the Tudor and Stuart periods, 
but also in the instruments of navigation and the work of 
contemporary explorers. A series of papers in the 
Mariner’s Mirror and the Journal of the Institute of 
Navigation culminated in her The Haven-finding Art. 

But Prof. Taylor was far from being immersed in the 
past. She threw herself with enthusiasm into physical 
planning and became a member of Lord Reith’s Con- 
sultative Panel in 1941, with the inauguration of the 
Ministry of Town and Country Planning. She is still 
remembered by planners as the originator of the ‘sieve 
method’—by eliminating or sieving out areas unsuitable 
for development for one reason or another there remains 
a positive field within which to work. 

A woman of strong personality and trenchant language 
verging on abuse, there were occasions when it was easier 
to be on the other side, for she never minded opponents 
who hit back. But her positive opinions were based on 
wide knowledge, and the bubble reputations she delighted 
to prick usually deserved this treatment. She retained 
her maiden name throughout her life and, though proud 
of her two sons, she kept her domestic life entirely 
separate from her academic. Shortly after her retirement 
her work was recognized by the award of the Victoria 
Medal of the Royal Geographical Society, and her students, 
subscribing in large numbers, endowed a named lecture 
at the Society in her honour. L. DUDLEY STAMP 


Fritz Zernike 


PROF. FRITZ ZERNIKE, who died on March 10 in Groningen, 
Holland, was born in Amsterdam on July 16, 1888. 
His father was headmaster of an elementary school and 
ins mother had been a schoolteacher. Their six children 
formed a lively and intellectually stimulating family. At 
nineteen, as a student of chemistry at Amsterdam, 
Zernike was awarded a gold medal by the University of 
Groningen for an essay on a probabilistic treatment of a 
certain parlour game. In 1912 he received another prize 
for work on critical opalescence, and in 1914 his col- 
laboration with L. S. Ornstein resulted in the Ornstein— 
Zernike formula, which plays a central part in the theoret- 
ical and experimental investigation of the critical point. 
In 1915 he obtained his doctor’s degree with a thesis, 
D’opalescence critique, théorie et expériments, in which the 
formula for extinction by scattering near the critical point 
was derived by means of the grand canonical ensemble. 
The experiments he reported agreed with the theoretical 
result and made possible a determination of Avogadro’s 
constant to within a few per cent. 
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In the meantime, Zernike had become an assistant to 
J. C. Kapteyn, the astronomer at Groningen, but soon 
afterwards he was appointed a reader in theoretical 
physics at the same university, and then, in 1920, a full 
professor. He continued the investigation of the pair 
correlation function g(r) occurring in the Ornstein— 
Zernike formula, end in collaboration with J. A. Prins 
applied it to X-ray diffraction in liquids. His interest in 
statistical physics also led to a study of the influence of 
Brownian motion on the measurement of small currents 
and, characteristically, he put his theoretical under- 
standing to practical use by constructing an improved 
galvanometer. 

Zernike’s unique combination of mathematical insight 
and technical ability proved very fruitful when he directed 
his attention to optics. Rather than obscuring a problem 
by laborious calculations, he would reduce it to its simplest 
mathematical elements which would then serve as step- 
ping-stones for his physical intuition and inventiveness. 
For example, he snowed that the difference between the 
rival theories of Abbé and Rayleigh concerning the micro- 
scopic image formstion is nothing but a difference in order 
of integration. Tne discovery of phase contrast micro- 
scopy in 1932 was virtually a natural consequence of this 
method; in fact, when Zernike explained the principle it 
was hard to understand why it had not been discovered 
earlier. Perhaps that makes understandable why, when 
he offered his invention to Zeiss, the leading optical 
industry in those days, the haughty reply was: “Wenn 
es interessant wärs, so hätten wir es schon längst selbst 
erfunden”. Yet seme development work was carried out 
at Zeiss, and the iirst motion picture of cell meiosis was 
made. Phase microscopy did not become widely known, 
however, until Arthur T. Bryce, of the U.S. Army, 
arrived in Jena in 1945 and immediately realized its 
importance. 

Meanwhile, Zernike turned his attention to another 
problem in microscopy—What is the influence of small 
aberrations on the diffraction pattern in the image plane ? 
As an appropriase mathematical tool he introduced 
“circle polynomiab” and, in collaboration with B. R. A. 
Nijboer, the work was successfully completed in 1942. 
In the same years Zernike developed the concept of 
“degree of coherence”, constructed a useful poor man’s 
ultracentrifuge using the motor of a vacuum cleaner, 
published a quartitative treatment of the Senftleben 
effect with C. van Lier, gave an approximate treatment of 
the phase transition in binary alloys, and worked on the 
technical problem of how to manufacture the phase rings 
needed for his microscope. 

Relativity theory and quantum mechanics were of less 
interest to Zernike, presumably because they lacked the 
intimate connexion with technical applications which 
made classical physics so fascinating to him. He was not 
easily persuaded to publish his results and ideas, but when 
he wrote an article it was carefully planned and lucidly 
written. His public addresses were full of brilliant ideas 
and he had a maszerful way of utilizing a simple analogy 
to throw new lighz on an old problem. His contacts with 
other scientists were rather limited, partly because he was 
so much absorbed in his own research, and partly because 
ke felt ill at ease with people who could not appreciate that 
the short, often wisty, and sometimes caustic way in which 
he expressed his opinion was just another aspect of his 
search for unadulterated truth. Unfortunately, this 
gentleness made Lim rather defenceless in the turmoil of 
university politics. His friends, however, will not forget 
tow his great xnowledge, widespread interest, and 
penetrating and refreshingly unprejudiced views made his 
conversation an intellectual enjoyment. 

Official recognition came late, first in the form of the 
Rumford Medal in 1952, and in the next year the Nobel 
Prize for his invention of the phase contrast microscope. 
Zernike was a Fcreign Member of the Royal Society of 
London. N. G. VAN KAMPEN 
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IS GRAVITATIONAL COLLAPSE REALLY IRREVERSIBLE ? 
By Dr. WERNER ISRAEL 


Department of Mathematics, University of Alberta, Edmonton, Canada 


Quasi-stellar Sources- 


Ir the cosmological mnterpretation of their large red-shifts 
is accepted, the quasi-stellar sources lie near the outskirts 
of the visible universe and close to its origin in time— 
‘sparks of the primeval fireball”. A lower limit to the 
masses which must be involved (10° solar masses) can be 
obtained from the enormous energies stored in the relativ- 
istic electrons which gyrate in their magnetic fields’, 
whereas the observed optical and radio vanability? 
places an upper limit of about a light-week (10'* cm) 
on the size of the central emitting nucleus. A non-rotating 
ball of 108 solar masses becomes gravitationally unstable 
if its radius becomes smaller than 4-7 x 1017 cm’. It seems 
difficult to escape the conclusion that the typical quasi- 
stellar source is in a state of gravitational collapse approach- 
ing free fall. 

The predicament to which this leads is well known. 
According to the picture of gravitational collapse which 
has become traditional’, the collapse proceeds irreversibly 
to zero volume. An external observer sees the body 
asymptotically shrinking to its Schwarzschild radius. 
The observed time of collapse is thus infinite; but progres- 
sive dimming due to the Doppler and gravitational red- 
shifts, and to the falling back of light rays sent out 
obliquely from the surface, will render the object invisible 
to the external observer in a time comparable with the 
Newtonian free-fall time of 25 years*. This picture is 
obviously incompatible with the life-times of 10° years 
inferred from the linear dimensions of the sources {~ 10° 
light-years), and the clear evidence (from the extended 
life-times and the variability) of repeated injections of 
relativistic particles. 

It has been known for some years that the continued 
activity in the supernova remnant of 1054, the Crab 
nebula, confronts us with a similar difficulty’. 

In the face of this apparent impasse, it is very curious 
and perhaps suggestive that a naive application of New- 
ton’s theory will account in a perfectly natural way for all 
the major observed features of quasi-stellar sources. 
Imagine the Newtonian collapse of a ball of 10* solar 
masses. If support from gas and radiation pressure fails, 
the collapse continues until, at zero radius, there is a 
violent “‘self-collision”’ and rebound, with the ejection 
of high-speed streams of ionized gas and particles. For a 
radius at maximum of 1017 cm, the resulting pulsations 
have a period of about 20 years. (Observations of the 
quasi-stellar source 3C 273 over the past 70 years suggest 
cycles of about 10 years for major fluctuations*.) We 
can elaborate this model a little by imagining the ball 
deformed into an irregular lumpy mass. Each lump, 
while sharing in the oscillation of the mass as a whole, 
executes its own quicker pulsation. This reproduces the 
“ight flashes” and irregular variations observed in many 
quasi-stellar sources. 

At this point I should make it clear that I am not 
arguing for the reinstatement of Newton’s theory. 
However, this model, which is based essentially on the 
reversibility of gravitational collapse, fits the observed 
facts so naturally that one cannot help asking whether, 
on this issue, Hinstein’s theory is—not wrong-—but mis- 
interpreted. Is it really true that general relativity 
predicts the irreversibility of gravitational collapse ? 
The remainder of this article is devoted to a critical 
examination of this question. 


Radial Motion in the Schwarzschild Field 


The history of a particle on the outer boundary of a 
collapsmg ball ıs a radial time-like curve of the exterior 
Schwarzschild field. Thus, many of the essential features 
of gravitational collapse are brought into focus by studying 
the radial motion of particles in the Schwarzschild vacuum 
manifold. 

In terms of Schwarzschild’s familiar r,t co-ordinates, 
the paths of incoming and outgoing radial light-pulses 
have the equations u = a constant and v = a constant 
respectively, where: 


4 mu du = (1-2mjr)-} dr + dt 
4 mv dv = (1-2m/r)-! dr — dt 


These null curves are shown in Fig. 1, together with the 
future light cones which they define. 

The time-like path ABC of a radially moving test 
particle can now be traced out qualitatively if we remember 
that it must always be directed into the future light-cones. 
The particle reaches r=2m at a perfectly definite event 
C, attained in a finite proper time. But, because of failure 
of Schwarzschild’s ż co-ordinate at r=2m, the event C 
cannot be mapped on to the finite part of the r,t plane. We 
can remedy this deficiency by straightening the null lines, 
that is, adopting u, v as new co-ordinates. The new form 
of Schwarzschild’s line-element isë; 


with r(uv) defined by (1) 


r 
l Ga 1 or a 
and this is regular down to r= 0. 


Possible Interpretations of the Extended Manifold 


In the new map (Fig. 2), we can follow the career 
(ABCD) of the falling particle down to r=0. 

To proceed further, we have first to decide how to 
interpret the peculiar duplication which occurs in the uv 


Fig. 1 
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Fig. 2 


plane. Mathematically, this corresponds to the symmetry 
of the line-element (1) under the transformation : 


u> — u, UV > — Vv {2} 


It may be shown’ that this symmetry is preserved even 
when the manifold is disturbed by the presence of other 
bodies. 

The first idea that comes to mind 1s that the duplication 
is merely a duplication of the mapping—that the line- 
element (1) represents an “elliptic”? space in which the 
events (u, v) and (—u, —v) are physically identical. 

Actually, until very recently!®:4 this idea was not 
followed up. The major discouraging factor seems to have 
been this: Let us assume that future light cones in 
quadrant I of the wv plane have a south-easterly direction, 
as indicated in Fig. 2. If we accept the identification Just 
proposed, then the future light cones assigned to quadrant 
ITT must point north-west. Because this assignment can- 
not be extended continuously into IL and IV, we would 
be forced to admit a breakdown of the global distinction 
between past and future in the domain with r<2m. 
This raises the spectre of possible causal violations. 

Consequently, it has been traditional to escape these 
worries by the (implicit) introduction of Postulate X: 
Past and future can be globally distinguished throughout 
the extended Schwarzschild manifold. 


Postulate X and Irreversibility 


Postulate X permits us to mark future light cones into 
the four quadrants of the ww plane, all pointing (say) 
south-east. 

On this basis, let us return to consider the fate of the 
particle which has reached r = 0 at event D. Can it rebound 
from the centre or pass through the centre into the radially 
opposite space ?_ Fig. 2 shows that every time-like path 
which emerges from the branch PDQ of r=0 is directed 
into the past defined globally in quadrant IV, and this is 
forbidden. We have no alternative to the conclusion that 
a particle which has fallen to r= 0 is irreversibly swallowed 
up by the singularity. Correspondingly, a spherical body 
{boundary ABCD) which has collapsed under its own 
weight to zero radius can never re-expand: its subsequent 
history is the space-like singular curve DQ. 

It is clear from this argument that the irreversibility of 
gravitational collapse is a consequence not of general 
relativity but of the ad hoc Postulate X. 

Irreversibility is not required by the elliptic inter- 
pretation. As future and past are not globally distin- 
guished in quadrant IV, it is possible—and, indeed, most 
natural—to assume a “bounce” at r=0. (For an account 
of how this gives rise to an externally observed pulsation 
with period in agreement with Newtonian predictions, see 
refs. 11 and 12.) 
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Difficulties with Postulate X 


_ Because the traditional picture of gravitational collapse 
hinges critically an the validity of Postulate X, it is 
important to test the soundness of this postulate. Exami- 
nation reveals a number of disturbing features. I list a 
few of them. 


(i) The imposition of a global past-future arrow on to 
the uv plane breaks the symmetry, since the arrow is not 
invariant under (2). To this extent, Postulate X is alien 
to the geometry and runs counter to the clear indications 
of general relativity. 


(ii) It is unprecedented and very strange that a postulate 
based on the essertially statistical coarse-grained concept 
of a past-future distinction should need to be inserted 
into the foundations of the more primitive subject of 
dynamics. 


(iii) Every slice $= constant divides the extended mani- 
fold into two sheets with r>2m, joined by an Einstein~ 
Rosen bridge. These sheets are in all respects geometrically 
identical, even in the presence of external disturbances. 
But—if Postulate X is accepted—only one is the ordinary 
space of our experience; the other is a physically distinct 
space in which eech of us has an identical twin. This 
seems uncanny. Even more uncanny is the fact that, 
while no signal can pass between us, my twin appears to 
be in some kind of instant telepathic contact with me: 
when I crook my little finger he simultaneously (at the same 
“time” t} crooks his. 


(iv) The global past-future arrow defined by Postulate 
X cannot agree with the direction of increasing t= 2m 
In (w/v) in both quadrants I and ITI. This has the following 
curious consequerce. Suppose that a sequence of slices 
t=], 2, 3,...shcws me ageing. My twin, identical with 
me on each slice, will go through the same sequence of 
physical transformations. But, according to Postulate X, 
he would have to describe himself as getting younger! 
This drains most of the meaning from the words “past” 
and “‘future’’ as used in Postulate X. 


(v) According to the traditional picture based on 
Postulate X, the final history of a collapsed star is a 
(singular) space-lixe curve. Relativistic principles would 
lead us to expect the history of any material body to be 
time-like. 

Individually, the foregoing objections are perhaps not 
fatal, but together they add up to a formidable indictment. 

The elliptic interpretation is free of these objections. 
Moreover, detailed investigation" shows that the causality 
bogey does not materialize under actual physical condi- 
tions. There is thus good reason to expect that the most 
natural interpretation of the Schwarzschild manifold 
is, in addition, self-consistent and concordant with the 
astronomical evidence. 
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APPEARANCE OF RELATIVISTICALLY EXPANDING RADIO SOURCES 
By M. J. REES 


Department of Applied Mathematics and Theoretical Physics, University of Cambridge 


In this article ıt is suggested that the central parts of some 
radio sources may expand with relativistic velocities. 
Relativistic effects could then have a decisive influence 
on the observable properties of these sources. In particular, 
the flux from a radio source expanding with relativistic 
velocity can change sufficiently rapidly to account for 
the variations observed in some sources, even if they are 
at cosmological distances. A. related relativistic effect 
would imply that the ages of some types of radio sources 
may be significantly less than the usual estimates. 


Variable Radio Sources 


Intensity variations!“ have been observed in several 
radio sources associated with quasi-stellar objects, the red- 
shifts of which indicate that they are probably at cosmolo- 
gical distances.; Well-known arguments concerning self- 
absorption’:> enable us to place a lower limit on the 
dimensions of a source which is at a known distance (if 
the radio flux is synchrotron radiation), and it has proved 
difficult to understand how a source at a cosmological 
distance can vary with the observed rapidity unless its 
size is less than this limut. This problem arises if the 
assumption is made that the ‘time-scale’ of the variations 
cannot be much less than the time light would take to 
cross the emitting region. If*7 (a) the variations are 
periodic, or (b) they result from changes in the brightness 
of a region of fixed size, this assumption is certainly 
necessary, but I shall describe a type of model where 
special relativistic effects arise which permit it to be 
relaxed. 

In the model proposed, the source is assumed to be 
spherical and the radio variations are principally due to 
changes in its apparent diameter rather than in its surface 
brightness (in contrast to (6)). We shall show that, if the 
boundary of the source expands with velocity ~c, the 
apparent rate of increase in its angular size and luminosity 
can be extremely high. Before discussing the physics of 
the model, and arguing the reasonableness of relativistic 
velocities, we shall illustrate its essential geometrical pro- 
perties. 

Consider a sphere, centre S, the surface of which expands 
with radial velocity v from zero initial radius. An observer 
O at a large distance R from S (and at rest relative to S) 
will observe an increase in the apparent size of the sphere. 


If v < c the observed angular diameter will be 2 5 i, where 


tis the time measured from the moment when the expansion 
is seen to begin. However if v~c this result needs modi- 
fication. The locus of points from which radiation reaches 
the observer at time ¢ is not a sphere, but a spheroid with 
S as focus, axis along SO, eccentricity v/c and semi-latus 
rectum vi, as shown in Fig. 1. Owing to aberration, the 
parts with velocity perpendicular to the observer are 
invisible 1f the sphere is opaque, and the apparent 
limb, in fact, has a velocity making an angle cos v/e 
(sin = I/y, where-y = (1—v%/c*)-+) with SO. Further- 
more the apparent component of velocity of the limb at 
right angles to the line of sight is yv (which can be > c if 
y is large) and the observed angular diameter of the sphere 
at time ¢ is 2yvi/R. If, for example, y = 5, the apparent 
diameter of the source will ıncrease by almost 10 hght 
years each year. Because the observed intensity of a 
source, for a given surface brightness, is proportional to 
the apparent size, it is already clear that an expanding 


source could exhibit a rate of increase of flux density high 
enough to explain the observations. 

This geometrical fact is obviously relevant to a variety 
of physical models, of which only one will be described 
here. Suppose that the source consists of a massive object 
(probably identifiable with a quasi-stellar object) which 
accelerates particles to relativistic energies. Suppose 
also that the surrounding magnetic field is weak, in the 
sense that H?/87 is small compared with the kinetic energy 
density of the particles. A burst of relativistic particles 
ejected from the massive object will not be confined by the 
field, but will expand outwards, ‘dragging’ the field with 
it (that is, there will not be an electric field in a reference 
frame sharing the mean outward motion of the particles, 
though there will generally be in other frames). This 
explosion will have a relativistic velocity provided that 
the thermal gas density is small. If we assume for sim- 
plicity that the outward radial velocity is constant, we 
have an expanding shell resembling the sphere already 
deseribed. 

The electron density and the field strength will decrease 
as the shell expands, and the spectrum of the synchrotron 
radiation will alter. The total observed flux at time #é 1s 
obtained by integrating the contributions from all parts 
of the shell, but this calculation is complicated by the 
fact that the emission from different parts was emitted 
at different stages m the expansion. Also the Doppler 
blue-shift varies from y on the limb to y(1+v/c) at the 







Doppler shift i 
(red-shift) 


y 
Doppler shift y 


Doppler | shift 7 (1+5) 
to O 


Fig. 1. Ifa distant observer O sees a spherical shell start to expand from 

5 with velocity v, the locus of the ee nis from which radiation reaches 

him at time # later ıs a spheroid, If the shell ıs opaque, the only visible 

parts are those the velocity of which makes an angle < cos- yje with SO. 

These parts all have a Doppler blue-shift >y, and the limb has an 
apparent transverse velocity yv 
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centre. The total flux from the shell obviously cannot 
be determined exactly without specifying the detailed 
behaviour of the model during the expansion. However, 
the problem ıs simpler if we restrict attention to low 
frequencies, for the following reason. The spectral index 
of the radiation from each part of the source will be 2°5 
at frequencies at which synchrotron self-absorption occurs 
(< ve, say). The shape of the spectrum at higher frequencies 
depends on the energy spectrum of the electrons. ve will 
decrease as the expansion proceeds, but at sufficiently 
low frequencies of observation (or for small ê) all the 
contributions to the flux will have a spectrum of slope 
2°5, and the spectrum of the whole shell will have this 
slope. The observed flux density will then exceed that 
from a static source with the same apparent size and 
magnetic field H (where A is a mean value of the field 
strength in the shell when the radiation is emitted) by a 
factor ~y. 

Such a model might apply to 3C 273, the variability of 
which is well established at several frequencies. The 
hardest observations to explain? (which consequently 
constitute the most crucial test of any model) are the 
increase of ~6 flux units (F.U.) over a 3-year period, in 
the flux density at 1,400 Me/s (the lowest frequency at 
which variations have been detected). Maltby and Moffet? 
have shown that this can be understood on the basis of 
a non-exploding model only if H has the improbably 
small value of < 10-1 gauss. If, however, a source at the 
distance of 3C 273 were to start to explode with a velocity 
corresponding to y=5, and if H (measured m a frame 
sharing the mean particle motion) ~10-? gauss, the flux 
density would have risen to ~15 ¥.U. in 3 years, which is 
greater than is required to explain the data. The parts of 
the shell which would contribute most of this flux have a 
Doppler blue-shift > 5, and therefore the radiation received 
at 1,400 Mc/s would all have been emitted at frequencies 
below 300 Mc/s. Furthermore, after 3 years, these parts 
would be ~ 100 light years from S, so we would require 
ve (a decreasing function of distance from S) to be >300 
Me/s out to this distance, which 1s not an unreasonable 
requirement. The non-variable flux from 8C 273 at 
frequencies below 1,000 Mc/s must originate in a larger 
region surrounding the variable component, and its 
spectrum would mask the steep slope of the low-frequency 
spectrum of the exploding source. The spectrum of the 
shell at higher frequencies (or at later stages m its expansion 
when ve has decreased) is more difficult to calculate, because 
some of the radiation would come from transparent 
regions. We would expect the highly blue-shifted part of 
the source with velocity almost towards the observer to 
be the first to become transparent at a given frequency 
(though this cannot be definitely stated without detailed 
calculation of a precise model). It is this part which 
contributes most of the flux in the early stages of the 
expansion, so we might expect to observe a decrease in 
the flux density when ıt becomes transparent. This 
decrease could be almost as rapid as the original increase. 

It should be emphasized that no attempt has been made 
to incorporate the optical frequency radiation in the 
foregoing model for a quasi-stellar radio source. The 
thermal gas which radiates the lines in the visible spec- 
trum from which the Hubble red-shift is determined 
presumably has a velocity < ¢ relative to the massive 
object, in contrast to the fast-moving clouds of relati- 
vistic electrons in the model. We have, incidentally, 
neglected a correction factor involving the cosmological 
red-shift in this model. 

The foregoing has demonstrated that the radio varia- 
tions of quasi-stellar sources do not provide strong evı- 
dence for the so-called ‘local’ theory®-* (according to which 
quasi-stellar radio sources are debris from an explosion 
in our own or a nearby galaxy, and their red-shifts are 
a Doppler effect due to high peculiar velocities), since we 
can account for the available observations on the assump- 
tion that the sources are at cosmological distances. Nor is 
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it necessary to invoke ‘coherent’ radiation mechanisms, 
which might permis a higher surface brightness tempera- 
ture to be reached before the onset of self-absorption. If 
future observations should prove to be inconsistent with 
this model, a wider range of behaviour could be accommo- 
dated by abandonmg our assumption of spherical sym- 
metry (for which taere is no physical reason, and which 
was adopted here merely for simplicity), and considering 
asymmetrical explding sources with particular orien- 
tations. 


Other Implications of Relativistic Bulk Motions 


The most important feature of the model described in 
the previous section has been the simple fact that an 
object moving relativistically in surtable directions may 
appear to a distant observer to have a transverse velocity 
much greater than c. The remainder of this article is 
concerned with otner possible implications of this fact 
for theories of radio sources. 

Most strong extragalactic radio sources consist of two 
or more componenss separated by distances of up to 10° 
light years®. We may assume that their existence is due 
to some disturbanes (of unknown nature) in the associated 
visible object. If the radiating regions had themselves 
moved bodily to tkeir observed positions from the parent 
galaxy, their specd must be relativistic unless their age is 
>> 10° years. Alternative theories!®! postulate shock 
waves or streams Cf relativistic particles ejected from the 
galaxy, radio sources being formed as a result of their 
interaction with intergalactic material or an intergalactic 
magnetic field. Eresent observations cannot prove or 
refute any of these hypotheses, but if more sensitive future 
observations fail to confirm the presence of a significant 
amount of interga actic material (the existence of which 
is still an open question), theories of the latter type will 
become less plausible than those according to which both 
particles and magnetic fields are ejected from galaxies. 
These ‘plasmoids’ may well have velocities ~c. No 
process capable of accelerating them is yet known, but 
clouds of relativistse particles could certainly be accelerated 
to relativistic velccities more easily than. super-massive 
stars, as is postulated in the ‘local’ theory of quasi-stellar 
radio sources. i 

If these relativistic velocities exist, the possibility 
of apparent transverse velocities => c implies that the 
roinimum observed lifetime of a source can be less than 
its observed distance from the associated visible object 
divided by c. (This conclusion also holds if the radio source 
does not itself move, but is ‘triggered’ by some influence 
which propagates out from the visible object with relati- 
vistic velocity.) The total energy contained in radio 
galaxies is, however, generally sufficient to maintain 
their observed raze of energy output for a time > 10° 
years, so that thəre is no reason to suspect that their 
lifetimes are in fact much shorter. Quasi-stellar sources, 
on the other hand, radiate enormous energy at optical 
and infra-red as wall as radio frequencies, and the problem 
of understanding this great power output from a small 
region is aggravated if their lifetime is long. Furthermore, 
they are more likely than other astronomical objects to be 
the sites of explosions violent enough to accelerate clouds 
of relativistic particles to high velocities. The conjectures 
which we shall put forward will therefore be particularly 
relevant to ‘double’ quasi-stellar radio sources such as 
3C 273 and 3C 47 (refs. 12 and 13). 

If a ‘plasmoid’ consisting of relativistic electrons and 
magnetic fields is ejected with a velocity v( ~ c) its apparent 
transverse velocisy relative to the quasi-stellar radio 
source can be as great as ~w (that is, œc) if its velocity 
makes an angle ~cos~ v/c with the line of sight. During 
t years the ‘plasmoid’ would appear to have moved a 
transverse distance ~y vt light years, and its actual dis- 
tance from its point of origin would be ~y? vé light years. 
A proper time ~-yi would have elapsed in the ‘plasmoid’ 
since the explosicn. (If y ® 1 this is approximately equal 
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to the time it would take to reach its observed position 
if it had moved with a velocity ~c perpendicular to 
the line of sight.) Of course it is very unlikely that an 
object ejected at random would have its velocity oriented 
at cos! vje to the direction of the observer, especially 
if y > 1. But the associated quasi-stellar radio sources 
may well have ejected a large number of such clouds, 
which would be too faint to be detected unless they were 
moving almost towards us. If ~ 2y* clouds were thrown 
out with the same velocity, for example, we would expect 
only ~y of them to be blue-shifted, and only ~ 1 to have 
a Doppler blue-shift >y; but it is the cloud which does 
have a large blue-shift, and is therefore bright enough to be 
detected, which is likely to have the greatest apparent 
velocity (> c) perpendicular to the line of sight. The 
radiation from each cloud would be emitted predominantly 
in a narrow beam of angle cos~! vje pointing in its direction 
of motion, and we would receive more radiation from the 
one cloud with large Doppler blue-shift than from all the 
others combined. These others would appear closer 
to the quasi-stellar radio source, though we would expect 
them to be too faint to be detectable individually. The 
energy in all the clouds (including their kinetic energy) 
would be no greater than the energy required by other 
models. 

The most attractive feature of the possibility suggested 
here is that it enables us to adopt a lower estimate for 
the duration of the superluminous phase of quasi-stellar 
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radio source. Unfortunately the model would not be 
tenable if the intergalactic density were as high as ~ 10-5 
atoms/c.c., since the clouds would then be braked too 
rapidly by the ambient gas. 


The foregoing discussion has shown that bulk velocities 
~c may occur in radio sources, and that relativistic 
effects may drastically alter estimates of the size of a 
source from its rate of variation, or conversely of its age 
from its apparent size. In this way we can resolve some of 
the difficulties which have been encountered in attempts 
to understand variable radio sources if they are at cos- 
mological distances. It is also possible that the lifetimes 
of some radio sources and quasi-stellar objects may be 
substantially shorter than is generally believed. 

I thank Dr. D. W. Sciama for advice and encouragement. 
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TO THE LUNAR SURFACE 
By J. SCHUTTEN and TH. VAN DUK 


F.O.M. Institute for Atomic and Molecular Physics*, Amsterdam, The Netherlands 


RECENTLY, Derham and Geake reported)? some results 
of laboratory experiments on the luminescence of meteorites 
by proton impact in the keV-region. The figures supplied 
by them, however, are mamly relative. Because we are 
able to perform absolute measurements on excitation by 
proton and electron beams, we decided to carry out a simi- 
lar investigation. The apparatus was calibrated by means 
of a standard tungsten ribbon lamp (a description of the 
apparatus and the calibration procedure has been given 
elsewhere?*), Some of our results are given in Fig. 1. 
The graphs show the luminescence of the meteorites 
Holbrook, Arispe and Odessa, the lava Fuertaventura 
and molecular hydrogen, under proton bombardment 
with an energy of 30 keV. The choice of this energy 
results from a suggestion made by Kopal’, who supposed 
that a correlation exists between solar flares and lunar 
luminescence. The observed time lag was between 8 and 
48 h, whereas an energy of 30 keV corresponds to a time 
lag of about 26 h. 

For the reason that our measurements gave very low 
excitation values, we also measured the luminescence of 
an The results are plotted as curves l and 3 in 

ig. 2. 

The maximum number of photons obtained in this way 
was about 10’ per pamp and per unit of wave-length. 

If it is assumed that the normal flux of protons in 
the solar wind is 1-6 x 10-8 em? s-!, that the bandwidth in 
the optical range is 500 A, and that there is an area on the 
lunar surface contributing to the luminescence of 100 km?, 
a result of 5x101: photons per sec is obtained. An 
observer on Earth with a 50-in. telescope at a distance of 
385,000 km would receive on the average from this flux 
1 photon per 1,000 sec. 


* Formerly: F.0.M. Laboratory for Mass Separation. 


As we used one of the strongest luminescent materials, 
we believe it very improbable that even during solar 
flares, when the intensity of the solar wind increases by a 
factor of 100, the observed excitation can be caused by 
proton impact in the keV-region. Even the fact that the 
lunar night-time is 10* times fainter than the normal 
brightness cannot be explained in this way. 

For the luminescence of molecular hydrogen we find 
about the same values in curve 1 (Fig. 1), assuming 
a pressure of 10-* torr (this corresponds to a density of 
about 3 x 1014 cem-*). This seems rather high when the lack 
of atmosphere and the relatively low escape velocity are 
considered. Because our laboratory values differ con- 
siderably from those of Derham and Geake, we tried to 
find a reason for this discrepancy. 

We believe the following two points to be worth 
mentioning: (1) In most cases the bombarded target 
consists of insulating material, so during proton bom- 
bardment it is charged up to a potential determined 
by the conductance of the material, the current density 
and the proton energy. This means that under laboratory 
conditions a potential drop develops across the bombarded 
target. Protons hitting the target surface create secondary 
electrons, and these electrons are accelerated to the most 
positive part of the target. As the efficiency of electrons 
in the keV-region is about 105 times higher than that of 
protons, the luminescence caused by these secondary 
electrons is several decades greater than the luminescence 
caused by protons. 

This effect becomes clear from a consideration of Fig. 2, 
where curve 5 corresponds to the light-output by electron- 
bombardment, and curve 4 by proton-bombardment with 
an insulating target—-which means that a great number 
of high-energy secondary electrons is formed—whereas 
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curve 1 corresponds to proton-bombardment on a grounded 
target with aluminium coating, and curves 2 and 3 with a 
thin insulated layer deposited on a grounded copper plate, 
at a proton energy of 10 and 30 keV, respectively. 

(2) The background pressure in the apparatus may be 
a second cause for the high luminescence effects. During 
their passage through the gas, the protons tend to ionize 
the gas molecules, thus creating a number of electrons. 
These electrons are then accelerated to the most positive 
part of the target, and this results in a relatively important 
contribution to the luminescence. The result of the in- 
crease of background pressure in our apparatus from 10-5 
torr to 10- torr is indicated in Fig. 3, where a thin layer of 
wilemite was deposited on a grounded copper plate. 
It can be seen that by increasing the background pressure 
by a factor of 10 the luminescence increases by the same 
magnitude. 

We conclude that the luminous emissions observed from 
some parts of the lunar surface are not caused by impact 
of protons from the solar wind. The high luminous 
yields of protons reported by other investigators are most 
probably due to secondary instrumental effects. We see 
no evidence to support the existence of a correlation 
between the protons from solar flares and lunar lumines- 
cence—unless some unknown storage mechanism is 
present. 

The creation of photons on the lunar surface seems to be 
an established fact, and for this reason other mechanisms 
must be sought to explain the presence of energy and its 
conversion into light. We think it probable that the effect 
is caused by electro-magnetic radiation of short wave- 
length (ultra-violet, X-rays). Evidence for this supposition 
could be provided by an extended lunar satellite pro- 
gramme, in which absolute measurements of radiation 
intensities as a function of wave-length could be per- 
formed, and a correlation with luminescence established. 

This work is part of the research programme of the 
Foundation for Fundamental Research on Matter (F.0.M.) 
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We should like to comment on some of the points raised 
by Schutten and van Dijk. 

The efficiency igure of about 1 per cent which we have 
given! was for the most efficient class of meteorite we 
found—the enstatite achondrites. We are surprised 
that Schutten ard van Dijk have, for comparison, taken 
the meteorites Arispe, Odessa and Holbrook. The first 
two are listed asirons, and as it seems inconceivable that 
almost pure nickel-iron should luminesce at all, even the 
weak emission they observed was probably due to surface 
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contamination. It is deed difficult to meke any target 
clean, enough not to luminesce at this sort of level, especi- 
ally 1f a large beam current 1s used. We find that Hol- 
brook, a hypersthene chondrite, has an efficiency (when 
fresh) of about 1/25 of that of the enstatite achondrites®, 
and we een only suppose that the even lower output they 
found was obtained from a heavily damaged sample. 
Indeed, the spectrum they grve for 1t resembles ours for a 
damaged sample rather than a fresh one. The difficulty 
with this kind of measurement is that unless the proton 
beam current density is kept very low, the sample damages 
rapidly, resulting in a greatly reduced efficiency and a 
changed spectrum—and to obtam a spectrum at all with 
a sufficiently low beam current a very powerful spectro- 
graph is needed. We find thet a proton beam current 
density of about 1/4 pamp/cm? is about the most that can 
safely be used. Schutten and van Dijk do not give any 
information about their sample preparation, or state their 
beam current density, which is actually more important 
than the particle energy. Also the spectral range of their 
meesurements does not extend far enough into the red to 
include the region where we have found the efficiency to 
be highest for the most efficient meteorites. 

The second point which surprises us 1s the reported 
difference of 10° between the efficiencies for electron and 
proton excitation. Such other published evidence as is 
available suggests that the efficiencies are about the same. 
There is a shortege of this sort of data, but it is available 
for some scintillator materials; for example, Allison 
and Casson? conclude that for sodium iodide, protons end 
electrons have about the same efficiency, and even for 
x particles it is not much lower. Organic scintillators are 
known, to be less efficient for heavy particles than for 
electrons, but even so, the figures collected by Brooks 
from various workers only show factors for anthracene 
ranging from 2 to 5 depending on the energy. Silicates 
are likely to show much smaller differences®, and we feel 
justified in taking the efficiencies as about the same 
for protons and electrons. We have therefore used the 
electron excitation figures given by Bril and Klasens® for 
the material of our comparison phosphor, as applying, 
within the accuracy of our measurements, to proton 
excitation. One effect which could produce an apparent 
reduction in, efficiency for protons is that protons damage 
the target much faster than do electrons of the same 
energy. If a large beam current were used, the proton, 
efficiency could become very low in a matter of seconds, 
although we would hesitate to ascribe the whole of the 
factor of 105 to this. 

As regards the effect of secondary electrons, the process 
by which protons excite luminescence emission at all 
presumably involves the production of secondary electrons 
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within the material as its first stage—it is unlikely that 
protons interact directly with the material’. However, 
the liberation of secondary electrons from the surface in 
large quantities, and their attraction back again by @ 
positive surface charge, seems a very unlikely mechanism 
for enhancing luminescence by a large factor. All our 
measurements have been, made with a thin dust target on 
an, earthed metal plate, and it seems unlikely that the 
surface could charge up to the high potential needed to 
attract the electrons back with appreciable energy. Also 
the effect, if appreciable, should cause the apparent 
efficiency to vary with the surface potential, which should 
in turn increase with target resistance and therefore 
thickness. We have tried the effect of varying the thick- 
ness of the dust layer, and find the efficiency to be about 
the same for a thick pile of dust as for a single grain 
smeared out on the plate, only falling off slightly as the 
target becomes too thin for it to cover the beam area 
uniformly. Only when we put the dust on a glass plate 
do we notice charge effects—the beam becomes unstable 
end disperses convulsively, giving a wildly fluctuating 
luminescence output—but the peaks ere still roughly 
at the previous steady level. 

We have also checked the effect of the pressure m our 
apparatus. If, during normal operation, we increase the 
pressure by isolating the pumps, e small increase in the 
luminescence output ındeed occurs, but this arises from 
a build-up of the hydrogen pressure in the ion chamber 
which, up to a point, increases the proton output and 
therefore the beam current. If, on the other hand, we 
increase the pressure by leaking air into the system, the 
luminescence output imitially decreases, followed by a 
series of more complicated changes which we can explain, 
but which are in any event too small to be important. 
We conclude that, for a given beam current, pressure 
changes over the range likely to occur in our apparatus 
do not produce significant effects. 

Unfortunately, Schutten and van Dijk do not give 
enough information for us to attempt an explanation of 
their results, except to say that they seem consistent with 
the use of a rather high beam current density. 

J. E. GEAKE 
G. WALKER 
Department of Physics, 
University of Manchester, 
Institute of Scionce and Technology. 
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ABSORPTION OF HIGH-ENERGY GAMMA-RAYS WITHIN QUASARS AND 
OTHER RADIO SOURCES 


By Dr. J. V. JELLEY 


Nuclear Physics Division, Atomic Energy Research Establishment, Harwell, Berkshire 


THE conspicuous absence of positive results! in the many 
attempts in recent years to detect high-energy gamma-rays 
from selected objects in the universe has led many to 
question the transparency of space to such radiations. 
It has gradually become apparent that high-energy 
y-rays, if produced, may suffer absorption en route, 
especially by pair production, in photon—photon coli- 
sions? with low-energy quanta present in intergalactic 
and interstellar space. Collisions with the photons of 
intergalactic starlight® and radio-frequency fields* were 
first considered, and it is now realized®-* that the recently 


discovered, and supposedly universal, microwave thermal 
radiation’»* may be sufficiently strong to produce sig- 
nificant attenuation of y-rays even within the Galaxy. 
There is now also indirect evidence®?® for this universal 
microwave radiation, from interstellar CN absorption 
spectra from stars in our own Galaxy. 

The cases of y-ray absorption considered so far have all 
been concerned with the attenuation in the relatively weak 
photon fields between the sources and the Earth. The 
purpose of this article is to point out that the same 
absorption process may be significant within the sources 
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Fig. 1. A plot of the threshold condition for pair production by photon- 


photon collisions, between high-energy y-rays and local radiations of 
low quantum energy s. Inset: the form of the cross-section o close to the 
threshold. o=(E, s/n 


themselves. This idea ıs prompted by the realization that 
the potential sources of high-energy radiations are in 
general also intense sources of radiation of low quantum 
energy. In such cases the high photon density of the local 
fields of the lower-energy quanta may more than compen- 
sate for the relatively short interaction path lengths, as 
the y-rays move through and away from the sources. 

The absorption of a y-ray of energy E, by pair produc- 
tion’, on collision with a photon of energy es, has a threshold 
at Hye (1—cos0) = 2 m*, where m is the rest-energy of the 
electron, and 9 the angle between their directions of 
motion. This threshold is lowest for head-on collisions, 
0 = x, when Æ, = (m*/e). To the accuracy required here, 
we consider only head-on collisions, for which the threshold 
condition is shown in Fig. 1. The cross-section o for the 
process (see insert) rises from zero at the threshold to a 
maximum just above it, where it attains an absolute 
value ~0:7 mr, where r, is the classical radius of the 
electron. If wo = (£,.c)!"/m, o is significant (that is, 
> 0-5 rr) over a band-width 38 ~ w, or de ~ 2e, for a 
given #,; a value ofo = 10-** cm? will be used throughout 
this article. If ur is the energy density of the soft quanta, 
the numbers-density of these quanta n = (ur/e), and the 
mean free path against photon—photon absorption 1s 
L = (ljon). 

For our purpose here we make the important assumption 
that the volume occupied by the lower-energy quanta is 
the same or larger than that from which the y-rays may 
originate, and that the flux of the soft quanta is distributed 
approximately isotropically, so that we will ignore the 
variation of threshold and absorption cross-section with 0. 
In this model it is therefore implicitly assumed that in 
general the photon (and particle) energies decrease mono- 
tonically with radial distance from the core. If the source 
has a core and halo, as for example in the model of Rees 
and Sciama!! for the quasar CTA 102, we would assume 
that the y-rays originate in the stellar object at the 
centre, and not appreciably in the halo. It should be 
emphasized that if the energy distribution is reversed, so 
that some higher-energy particle and radiation fields occur 
in the outer halo regions, for example through the inverse 
Compton process, the conclusions deduced in this paper 
will be invalid, or will at least have to be modified (N. A. 
Porter, private communication). 
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Assuming the volume occupied by the low-energy 
photons to have an effective radius FR, then, if the source 
is at a distance d, end s is the flux of these quanta at the 
Earth, per unit bandwidth, ur = (4 s/c).(d/R)*. ðv erg. cm~, 
in a bandwidth $v. Taking an effective bandwidth $v = 2v 
(since $< ~ 2e), where v = (e/h), the numbers-density of 
photons over this effective band, is: 


Nns = (8 8/c).(d/A#)?.h- quanta cm~ 


which, we note, is independent of s. s is assumed to be 
approximately constant over dv. 

Existing techniq.ies in y-ray astronomy cover broadly 
three energy regions, with thresholds ~108-10® eV in 
satellite! and ballcon-borne experiments}*, ~5x 1012 eV 
by the Cerenkov technique, and ~10' eV by large air 
shower arrays’. Let us now consider possible source 
absorption in these three energy regions, and for three 
markedly different) types of object, namely quasars, 
galactic supernova remnants, and ‘peculiar’ galaxies. The 
main interest attaches to the 5 x 102eV and the 108-10°eV 
bands, since the microwave absorption will preclude the 
observation of all but local galactic objects at E, ~ 1015 
1017 eV. First take the case of 5x 1012 eV y-rays: 

Quasars warrans special attention in view of their 
present-day interest and high energy content. 3C273 has 
been selected, as itis one for which both flux limits have 
already been obtained!’ and for which there is at the same 
time adequate info-mation on its energy content at lower 
frequencies!?:18, Iw is appreciated that ın some respects 
this choice is not iceal, in view of the complex structure!’ 
of this particular cuasar. 

Of the many mcdels proposed we consider three; the 
first two are simpl fied theoretical models, and the third 
is based on interfezometric measurements!’ on structure, 
at A œ 21 cm. 

Model 1. Consider first the recent model of Hoyle, 
Burbidge and Sargent®®, in which it is assumed the object 
is extragalactic bus local, with R ~ 1017 cm (determined 
by its light variations) and d ~ 10 megaparsec (Mpc). 
At E, = 5x10" əV, from Fig. 1, s= 0:052 eV (v = 
1:26 x 10% c/s, A ~ 24u). Extrapolating from the infra-red 
measurements!® at A= 10u, we find s ~ 2x 10-** erg. 
em~sec"l(c/s), ne = 77X10" photons cm~ and thus 
L ~ 1:3x 108 cm, that is, only ~1:3x 10-4 R. 

Model 2. Assume instead that the source has the same 
linear size, but that it lies at its cosmological distance of 
470 Mpc (for Hubbie’s constant, H = 100 km sec- Mpc-?). 
ns Is then 1-7 x 10" photons cm~ and L ~ 6-1 x 108 cm, 
only ~6x 10-8 R, sgain at E, = 5x 10! eV. 

Model 3. Now take the linear dimensions of 30273, 
as measured at A = 21 cm (ref. 19). This source has 
two components cf which one, component B, coincides 
with the optical scurce, and this in turn has two parts. 
The other and larg=r component, A, does not emit in the 
optical region. Beeause at E, = 5x 10! eV the effective 
value of s falls in the infra-red spectral region which is 
nearer to the optical than to the decimetre band, we will 
assume the observed infra-red!* arises from one or both 
parts of componens B. 

The radio meastrements set a limit of 0-1 sec are for 
the size of either o the two parts of component B. This, 
in turn, implies R <2-5 pe or <114 pe on the ‘local’ and 
cosmological model respectively, again with H = 100 km 
sec“! Mpc-4. Because this component B has not been 
resolved optically, we will assume the infra-red radiation 
divided equally between the two parts, in which event we 
deduce n->6-5 x 10? quanta cm~ and thus D<1°5 x 10?’ 
em, that is, < 0-021 R on the local model, or <4:5x 10° R 
on the cosmological model. ‘From Low’s extrapolated 
spectrum of 30278, the infra-red yield of component 4 
is at least three orcers of magnitude lower than that from 
component B, so that any y-rays (E, ~ 10% eV) generated in 
A. would doubtless survive the local infra-red fields in this 
component. 
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We conclude from these arguments that if 30273 is 
typical of quasars, and if the real object resembles any of 
these three models, it is unlikely that y-rays in the 
10*#..1033 eV energy region will be observed from quasars 
-~at least if such y-rays are emitted in the region of the 
core. This is consistent with the observations'*, with the 
exception of 3C147 for which there remains a suggestion 
of a positive effect. 

Consider now the absorption of lower-energy y-rays 
within this quasar. At H,~10* eV (typical of satellite 
experiments), s~ 2°5 keV which occurs close to the 3 keV 
X-ray band, for which galactic and intergalactic space 
are transparent. This band has already been explored in 
rocket experiments, for example, by the American 
Science and Engineering, Inc.—Massachusetts Institute of 
Technology», and U.S. Naval Research Laboratory?’ 
groups. Although no X-rays have as yet been observed 
from quasars, a flux limit has been quoted!, sz < (1/20) 
of that from the strong source SCOX~1, for which sz = 
16x 10-7 erg. cm- sec-! over a band e = 1-10 keV. 
Taking z = 3 keV and ôs = 2g, we find sz (quasars) 
< 3-7 x 10-27 erg. cm~? sec~! (c/s)-?. For the local model, 
model 1 (R = 10!” em, d = 10 Mpc), one obtains from 
this figure ne<1-4x 107 X-ray photons cem, or L>7-2 x 
10? em, or >7R, that is negligible attenuation. On the 
other hand, with this same limiting flux, on the extreme 
model 2, one finds L> 3-2 x 10% em or >0-003 R, in which 
case the absorption is very heavy. On model 3, that is 
(R/d) < 0-05”, we have L<535R and <11R, for the local 
and cosmological models, respectively. 

There is no observational-evidence so far for y-rays 
from 3C273, or from any other quasar either in balloon- 
borne or satellite experiments, and the recent search” 
at Hy>10° eV with an angular resolution ~2° unfor- 
tunately did not embrace the co-ordinates of this source. 

Crab nebula. This object has always been, and remains, 
an object of special interest in y-ray and X-ray astronomy. 
We shall assume a distance d = 1-1 kpe, and that it has a 
diameter of ~5’ at optical and radio frequencies. Its 
spectrum is known over a wide range of frequencies”', 
and has been discussed in detail by Gould®*, At sœ 0-052 
eV, appropriate to E, = 5x 10 eV, we find a = 4:8 x 10-22 
erg. cm-? sec- (e/s)-1, which leads to ng~ 37 photons em, 
and thus L~ 2-7 x 10° em or ~ 10° R, implying negligible 
absorption within the source. Photon-—photon absorption 
cannot therefore ‘be responsible for the apparent absence 
of y-rays from this object??? at this energy. Moreover, it 
will not frustrate the search for y-rays at the lower 
energy ~ 101 eV which it is hoped to attain with a giant 
mirror system proposed** by the Smithsonian. Astro- 
physical Observatory. 

For 1045 eV y-rays which could be observed with the 
BASJE array, and which would survive the universal 
microwave field, the corresponding figures are: s ~2-6x 
10-4 eV (A œ 4:8 mm), s = 285x 10-7! erg. cm- sec-} 
(c/s), ng ~ 220 photons cm and L ~ 4:5x 1022 em, 
or 1:8x 104 R; again the attenuation is negligible. 

It is readily shown that the attenuation of 10%10* eV 
y-rays withm the Crab nebula, owing to the observed 
X-rays from this object, is quite negligible, even allowing 
for the fact that these X-rays are concentrated within a 
relatively smaller volume, of angular diameter ~1’ as 
deduced from the occultation experiment?’. While many 
of the known X-ray sources are exceedingly strong on the 
basis of total energy, they are relatively impotent for this 
absorption process, as the large bandwidths lead to 
correspondingly small values of s. 

Galaxy M87. This object has attracted considerable 
attention as it is believed that much of the optical as well 
as the radio-frequency radiation arises from synchrotron 
radiation**. The optical emission, moreover, is con- 
centrated in a thin jet the volume of which is small 
compared with that of the main Galaxy. We will assume 
that y-rays may be generated in the region of the jet, the 
dimensions of which, following Burbidge**, are those of a 
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cylinder of length 20” and diameter 2”. With a revised 
distance d = 11-4 Mpe (H = 100 km sec-! Mpc~), this 
jet has dimensions 1,100 pe x 110 pe, so that R ~ 55 pe. 
The total optical emission from this jet is 6-8 x 104 ergs. 
sec-! (over 4000-5500 A), so that for vopt = 6-5 x 10" (c/s), 
the source strength Sopt is ~ 1-0 x 102" erg. sec~ (e/s)-}. 

For E, = 5x 10% eV, e ~ 0-052 eV and v ~ 1-3 x 108 
(c/s). The spectrum of the radiation from M87 can be 
written as a power law P(v) = kv-4, for which, in the 
optical band, « = 0°65 (ref. 28). The infra-red source 
strength Str is then (Yopt/ve)”5Sopt ~ 1-3 x 1088 erg. sec? 
(c/s)* and, at the Earth, s = 8-7x 10-35 erg. em-? sec-! 
(c/s). For ðv = 2v, we deduce ns ~ 1:51 x 10? quanta 
cm and hence L ~ 6-6 x 1021 cm, or ~39R if R is here 
the radius of the jet. Absorption within the jet is thus 
insignificant, but not by such a large margin as in the case 
of the Crab. Burbidge has predicted the y-ray fluxes 
which might be expected from M87. While these figures 
are clearly model dependent and cover a broad range, 
they fall in the general region of sensitivity of existing 
equipment. No radiation has been observed at E, ~ 5 x 1022 
eV although a limiting flux has been obtained**. 

While X-rays have now been observed from M87 
(ref. 29), the first such source known definitely to be extra- 
galactic, their effect on 108-10! eV y-rays is again quite 
negligble, for the same reasons already discussed for the 
Crab nebula. 

Finally, consider the survival of high-energy y-rays as 
they traverse the solar radiation on their last stages to the 
top of the Earth’s atmosphere. The highest radiation flux 
to which these y-rays are exposed in the solar system occurs 
at e ~ 25 eV (corresponding to Ey œ 1:0 x 10% eV). At 
the Earth’s orbit, the solar flux is ~14x 10° erg. cm? 
sect over the optical band, so that ne ~ 1:2 x 10’ photons 
cm~ (for Se = 2c), and thus L ~ 8x 10 cm or ~ 6x 104 
a.u., Which represents negligible absorption. It is worth 
noting, however, that if y-rays are generated in the early 
phases of a supernova, during which the light intensity rises 
to ~ 10° times that from the Sun, it is possible that this 
same absorption mechanism may prevent or reduce their 
escape from the source; in such a case, however, the energy 
thresholds and the photon—photon collision frequencies 
will be modified owing to the small values of 0. 

To summarize, it would appear that y-rays in the energy 
region 101-10: eV may not be able to escape from the 
core regions of quasar sources, though they may be free to 
do so from the more extended halo regions. It is concluded, 
however, that the recently discovered X-ray emissions 
from various ‘point’ sources, strong though they are, are 
unlikely to frustrate the escape of lower-energy y-rays in 
the energy region 10%-10° eV. The survival of y-rays of 
~10!2 eV onergy over interstellar and intergalactic 
distances depends critically on the level of infra-red back- 
ground radiations in the energy region ~ 0-26 eV, that is, 
for à ~ 48u; it is therefore most important for the future 
of y-ray astronomy that the extra-terrestial flux of infra- 
red radiations should be established as soon as satellite- 
borne equipment of adequate sensitivity can be flown. 
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DATING PLEISTOCENE EVENTS IN SOUTH-WEST WALES 


By Dr. D. Q. BOWEN 
Department of Geography, University College of Wales, Aberystwyth 


RECENT investigation has revealed a broadly identical 
stratigraphy of coastal Pleistocene deposits between 
Cardigan Bay and Gower (Fig. 1). The key to this strati- 
graphy occurs in Gower where a cave earth yielding a 
mammalian fauna together with a ubiquitous palaeosol 
enables the west Wales stratigraphy to be dated indepen- 
dently of recent radiocarbon dates! which are not as 
unequivocal as could be hoped and which, in the light of 
investigations reported here, seem misleadingly young. 
Jt seems likely that the shells from which Dr. John 
obtained his dates have been contaminated by ground 
water percolation through the gravels in which they lay. 

The last glaciation of south-west Wales, with the possible 
exception of a small area in north Pembrokeshire and south 
Cardiganshire on which a Weichselian Irish Sea glacier 
moving down St. George’s channel may have mmpinged?-4, 
would now appear to be Saale (Riss) in age and not 
Weichselian (c. 28,000 B.P.) as suggested by Dr. Johnt. 

In 1932 Prof. George described a four-fold stratigraphy 
at Minchin Hole cave, Gower: (i) Patella beach; (it) a 
cave breccia 8 ft. (2:44 m); (iii) marine sand, the 
Neritoides beach—1-3 ft. (0:30-0:91 m); (Gv) blown sand 
merging laterally with lmmestone head. Since that date 
saa lala has receded and a recent investigation re- 
vealed: 


(8) Upper head 122m : (Weichsel) 
(5} Cemented sand 2°31 m 
(4) Loose sand (the Neriioides sand) 6 46 m (Eem) 
3) Stratified cave earth 114 m 
_ (2) Lower head 2 m (Saale) 
(1) Patelia beach 0 51 m {(Hoxnian) 


The Patella beach (1) is ubiquitous in Gower® and rests 
on shore platforms between 4:88 m (16 ft.) and 15-24 m 
(50 ft.) O.D., the episode it represents having been one 
of multiple sea-level within that height range. From its 
included erratics it has been inferred that it is mter- 
glacial in age’. The lower head (2) described by George 
as a cave breccia “‘very similar to normal head” and 
believed by Hinton® to have accumulated in a ‘temperate’ 
period by virtue of its fauna, is a periglacial deposit 
produced by thermoclastic processes as is shown by the 
angular and sub-angular sharp-edged nature of its con- 
stituents. It is not unlikely that the fauna contained was 
derived from a previous warm period to which the Patella 
beach may be referred. The mammalian fauna yielded 
by the cave earth, which included D. hemitoechus, is 
similar to that recovered from the Upper Flood Plain 
(Ilford) terrace of the lower Thames and is regarded by 
Dr. A. J. Sutcliffe as Last Interglacial (Eem) in age’. 
For Minchin Hole this provides a horizon which can be 
dated and to which the other members of the strati- 
graphy can be related. The lower head (2) is suggested 
to be Saale (Riss) in age, the upper head (6) to be Weich- 
selian, and the Patella beach deposit (1) to be Hoxnian. 

Resting on the cave earth is the ‘gritty marine sand’ 
(4) of George which contained species of Neritoides. This 
was believed to indicate a higher and younger sea-level 


than that recorded by the Patella beach. Dr. M. R. Dobson 
kindly undertook an analysis of the sand, and on the basis 
of available param=aters for distinguishing beach and dune 
sands”, it would seam to be wind blown. It is just possible, 
however, that the sand may have been reworked by the 
sea after wind deposition. 

Elsewhere, as for example between Shirecoombe and 
Minchin Hole, where George recognized the Neritoides 
beach, it can be snown that it is merely a facies of the 
lower head, beach pebbles, shells and sands having been 
incorporated within the limestone head. In short, the 
evidence from Mınchin Hole and elsewhere suggests that 
the concept of a Neritoides beach indicating a specific 
sea-level must be rejected. The sea-level contempora- 
neous with the acsumulation of the Minchin Hole cave 
earth and sands is adduced in the following. 

Resting on Patella beach and lower head at many sites 
in Gower ıs a terra fusca palaeosol. George described it 
as a “‘fluvioglacial deposit’’!, but Wirtz first recognized 
its interglacial character?. Later, Ball described it at 
Worms Head and from its fabric concluded that it had 
formed under conditions similar to those of the present 
day but with warmer summers’?. At many sites the lower 
head has been weathered and under Pwll-du head the 
Patella beach has been completely weathered. On the 
basis of the position of the palaeosol (that is, resting on 
both Patella beach and lower head and covered by later 
upper head) it is ccrrelated with the cave earth and sands 
of Minchin Hole which are also considered to indicate a 
warm period, namaly the Last Interglacial (Eem). It is 
unlikely that the pelaeosol 1s any younger, for it is overlain 
by the thickest Pleistocene deposits in Gower, the upper 
head, which must be referred to the Weichselian, and from 
what is known o? the non-glacial phases of the Last 
Glaciation it is unlikely that summer temperatures would 
have been sufficiently warm for its development’. At 
Mewslade the palacosol rests on ashore platform at 4:88 m 
(16 ft.) O.D., suggesting that the platform pre-dated the 
Last Interglacial. This, however, may not be conclusive 
because here, as elsewhere, the palaeosol has been subject 
to solifluction and may not be în situ. 

Overlying the palaeosol occur the thickest Pleistocene 
deposits of the area, the upper head. Without exception 
in Gower they eccumulated by solifluction and the 
‘glacial’ horizons Ciscussed by George and Wirtz consist 
of solrflucted glacial deposits. Nowhere does till occur 
in situ in. the coastal sections. This is shown by the fabric 
of the deposit, the long axes of stones showing a remarkable 
preferred orientaticn parallel to and changing in sympathy 
with local slope changes; the included head masses of 
local bedrock material; the cryoturbated silt horizons; 
the well-developed bedding; the lateral merging of glacial 
material with local bedrock head; and finally the intamate 
relationship between local topographic depressions and 
accumulations of soliflucted till material. At several sites, 
for example at Harton, the surface of the upper head is 
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Fig. 1. Sections not to scale. Key: a, Patella beach; b, head; c, till; 
d, weathering horizon or interglacial palaeosol; e, cave earth; f, Minchin, 


Hole sand; g, Minchin Hole cemented sand; &, solifiucted till (part of the 
upper head); 2, silt horizon; j, frost wedge casts; k, involutions 





frost heaved, and frost wedge casts occur at Rotherslade. 
Capping most of the coastal sections is the upper loam of 
George", a periglacial deposit which sometimes reveals 
a three-fold stratigraphy, the two lower members having 
been frost heaved. The upper loam is probably Late 
Glacial in age. 

The Heatherslade beach rests on the ‘modern’ shore 
platform and, because it contains larger and a higher 
percentage of erratics than does the Patella beach, 
George inferred that a glaciation occurred between the 
formation of the two beaches. It seems likely that this 
glaciation was a later manifestation of the cold period 
which cammenced with the accumulation of the lower 
head. The deposits of this glaciation were soliflucted 
during a later cold period which post-dated the formation 
of the palaeosol. The last glaciation of Gower must, 
therefore, be referred to the Saale (Riss/Gipping) Glacia- 
tion, and the changing facies and frost structures within 
the upper head indicate changing environmental con- 
ditions during the Weichselian. These are being investi- 
gated. agin 

The sea-level of the Last Interglacial is probably 
indicated by the height of the undercut notch at the 
inshore margin of the Heatherslade beach shore platform 
and lies at 1:52 m (5 ft.) O.D. Itis unlikely that the shore 
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platform is any younger for radiocarbon dates suggest 
that, during the Weichselian, world sea-level was below 
the present, and as the platform passes beneath the 
solifluction terrace at Eastern Slade it cannot be Flandrian. 
This suggestion is consistent with a belief that the Minchin 
Hole sands were not flung up any great distance. 

The Gower stratigraphy is repeated in west Wales 
where, at Porth Clais, Leach recognized a four-fold 
stratigraphy resting on a shore platform: raised beach, 
head, boulder clay (soliflucted), head!® (Fig. 1). At 
Druidston Haven, John described a calcareous till, which 
I believe has been soliflucted, resting between two heads'*, 
while at Newquay, a calcareous solifluctéd till occurs 
between two deposits referred to by Mitchell as local 
boulder clays1’, but considered to be head deposits by 
Watson"*. The lower head rests on what might be raised 
beach gravels1’. Finally, at Llansantffraid a cryoturbated 
interglacial palaeosol developed on weathered till is over- 
lain by periglacial torrent gravel’. 

With the possible exception of a small area in north 
Pembrokeshire and south Cardiganshire?*, Weichselian 
ice did not reach the shores of south-west Wales. The 
basic stratigraphy is identical over wide areas and in 
particular within and outside Prof. Charlesworth’s end 
moraine line!® which has been subject to doubt recently 
as an ice margin by investigations of fluvioglacial features*'* 
and periglacial phenomena?*, In Carmarthenshire the 
limit of local Weichselian ice may be marked by well- 
defined valley moraines and related outwash®?’, 

I thank Dr. M. R. Dobson, who undertook the analysis 
of the sand sample, and Prof. C. Kidson and Mr. E. 
Watson, who read the manuscript and offered helpful 
advice. 
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FORMATION OF QUARTZ SAND 


By Dr. I. J. SMALLEY 
The City University, St. John Street, London, E.C.| 


QUARTZ sand is the universal continental detrital material 
and, as Kuenen! has noted, its abundance has led to its 
relative neglect. It is generally accepted that quartz sand 
is derived from quartz crystals in granitic rocks; this is 
a view of respectable antiquity, for example, it was stated 
by Sorby? and by Dawkins*®. A careful modern state- 
ment has been made by Kuenen‘: “It is assumed that 
the bulk of non-voleanic and non-organic sands is derived 
from weathered coarse crystalline rocks, mainly granites 
and gneisses”. 

There does not seem to be any acceptable alternative 
source and, in fact, Nemecz® has shown experimentally 
the similarity between quartz crystals in granite and sand 
grains found nearby. 


There are two aspects to the study of the formation of 
sand grains; the first concerns the formation of the quartz 
crystals in the granite and leads to a field rich in con- 
troversy, the second concerns the release of the quartz 
crystals from the granite matrix by weathering. 

The chemical composition of most granites is such that 
they can conveniently be represented on the silica— 
nepheline—kalsilite diagram as shown in Fig. 1. This is 
based on the dry diagram determined by Schairer and 
Bowen! and revised by Schairer?. The quaternary silica— 
albite—-orthoclase-water is perhaps more significant and 
useful where the formation of the granite is being con- 
sidered. Sorby*, from his investigation of the liquid 
inclusions in quartz, came to the conclusion that the 
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magma of granite had solidified in the presence of water 
under great pressure but at low heat. This still appears 
to be a reasonable assumption. Turner and Verhoogen® 
state that the mineralogy and coarse holocrystalline 
fabric of granites suggests origin by slow crystallization 
of siliceous magma. This will be taken as the starting 
point in the process of sand formation. 

It appears that the quartz crystals in most granites 
are part of a coarse eutectic of quartz and feldspar. In 
most granites (or at least those formed by crystallization 
from magma) large feldspar primary crystals are formed 
and then the quartz—feldspar eutectic. The other minerals 
(mica, apatite, etc.) at the beginning of the Rosenbusch 
succession have been ignored. It has been suggested that 
the graphic granite structure is a eutectic structure”; if 
it is, its existence would lead one to expect the existence 
of granites with primary crystals of silica. Very large 
crystals have been reported in pegmatite structures and 
some of these have been extensively investigated, ın par- 
ticular by Jahns1!, but they do not appear to form part 
of a primary silica plus eutectic system. The eutectic 
crystals must be the major source of quartz sand and the 
granites containing them all have compositions very close 
to the silica-feldspar boundary in Fig. 1. 

Fig. 2 is based on a figure by Tuttle and Bowen!?? and 
shows the system silica—albite-orthoclase at various pres- 
sures of water vapour. The silica—feldspar boundary does 
not move much with increased pressure, but high quartz 
replaces tridymite as the silica form at the liquidus. 
Tuttle and Bowen also show a section through the 1,000 
kg/cm? isobaric prism from Ab,;,Or,, to the silica apex in 
the silica—albite-orthoclase diagram, and this shows the 
temperature of the eutectic valley to be of the order of 
710° C. The eutectic temperature in the dry system 1s of 
the order of 1,000° C, but in actual rock systems the lower 
temperature probably applies. The high pressures and 
the presence of water suppress the formation of tridymite 
and cristobalite and the silica crystallizes as high quartz 
with an axial ratio of the order of 1-092 and hexagonal 
symmetry. 

At the inversion temperature the high quartz crystals 
undergo a displacive transformation? into low quartz. 
This transformation is characterized by the change in 
bond angle at the oxygen atoms. If, at the transformation 
temperature, the bonds all change simultaneously the low 
quartz crystal suffers a uniform stress. If, however, the 
change in the bond angle is a progressive phenomenon, 
there will be a time when part of the crystal is high quartz 
and part is low quartz. If there is any sort of temperature 
gradient in the high quartz crystal the low quartz will 
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Fig. 1. The ternary system nepheline—kalsilite-slica. The shaded 


area represents compositions similar to those found in granites. (C, 
cristobalite, F, tridymite) 
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Hig. 2. Stability fields st the liquidus in the system albite-orthoclase~ 
silica—water for variour pressures of water vapour; a, 200 kg/em?; 
b, 2,000 kg/cra*, c, 3,000 kg/em*; d, 4,000 kg/cm? 
start to form at the lower end. The existence of an 
influential temperatare gradient does not seem likely. It 
is observed that in most granites the quartz is among the 
last part of the system to solidify and could therefore be 
under some constraint; there could be compressive crys- 
tallization stresses. For the maximum relief of well- 
distributed compressive stresses a uniform contraction 1s 
indicated, starting at a point at which the stresses are 
concentrated. This will be somewhere in the interior of 
the crystal and from this point the low quartz structure 
will develop. The high-low interface will spread until it 
encompasses the entire crystal. There are several types of 
interface which may occur between separate structures in 
solid systems. Fine*4 has defined three kinds of interface 
between two crystalline phases (« and 8): (1) Incoherent 
interface; there is 20 similarity in the arrangements of 
atoms in the « and B planes facing each other across the 
interface. (2) Coherent interface; here there is a perfect 
match in the arrangements, angles and spacings of atoms 
in the « and 8 plares facing each other across the inter- 
face. (3) Semicohsrent interface; this is .the case in 
between 1 and 2. The high-low interface is probably 
type 2. Nabarro'-* has considered the system in which 
the interface between « and 8 is coherent and all the 
strain caused by the phase change is taken up by the 
matrix. The new phase 8 is hard, the matrix « is soft. 
Nabarro, using the azlasticity theory assuming elastic 180- 
tropy, computed the strain energy for expanding different- 
shaped holes hydrostatically. The holes were taken to be 
ellipsoids of revoluzion with a the long axis and b the 
short axis of the original ellipse. The axis of revolution is 

about 6. The result of Nabarro’s calculation is: 


E (per anit vol.) = K(AV)!f(b/a) 


where K is the compressibility, AV is the difference in 
volume between th2 two phases and # is the energy. 
E is least for a dBk and maximum for a sphere. A low 
interfacial energy tends to favour a sphere; a large 
change in volume favours a disk. The equation appears 
to be applicable for an expansion or a contraction caused 
by the phase change. In the case of the high-low trans- 
formation the systezn is contracting. The volume change 
is relatively small, and being a simple displacive trans- 
formation the interfacial energy is probably low. It seems 
reasonable to expect low quartz to be slightly harder 
than high quartz; i has the same bonding system but a 
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more compact structure; high pressures certainly favour 
low quartz more than high quartz as the pressure-tem- 
perature diagram for silica shows. Both forms are, how- 
ever, markedly anisotropic and this would influence the 
shape of the interface. An ellipsoid with three unequal 
axes would appear to be the most likely interface shape. 
This would influence the stress distribution in the crystal 
and the shape of the eventual sand grains. 

If the alternative and apparently more likely assump- 
tion is accepted and a more or less simultaneous change 
of all relevant bond angles is postulated, a different 
approach must be made to the problem. It is observed 
that during the displacive high-low transformation the 
c/a ratio changes considerably. Fig. 3 shows the change 
in c/a ratio with temperature; the data are from Frondel?”. 
As quartz cools from 800° C to about 50° C the e/a ratio 
changes from 1:0916 to 1-1000. If it is assumed that c 
stays constant, the volume change due to the change in 
c/a ratio can be calculated. The volume change is cal- 
culated with reference to a hexagonal prism and found to 
be 1:5 per cent. The value quoted! for contraction 
occurring at the high-low transformation is 0-86 per cent. 
This contraction can be accounted for by an increase in 
the c/a ratio from 1-0916 to 1:0950. This could virtually 
be achieved with an isothermal transformation at the 
high-low inversion point. It appears that the observed 
contraction at the high-low transformation could be 
accounted for by contraction about the c-axis caused by 
the change in bond angle at the oxygen atoms. The 
stresses caused by this type of contraction would act in a 
tensile manner perpendicular to the c-axis and would tend 
to cause cracks parallel to the c-axis and lead to elongated 
sand grains. 
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Fig. 3. Variation of e/a ratio of quartz (high and low) with temperature 
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Wayland?! and Rowland’® have observed that the 
quartz grains in sandstones tend to be elongated, and 
Wayland has noted a correlation between elongation and 
c-axis direction. Their observations and the suggestion 
that quartz particles fracture parallel to the c-axis led 
Ingerson and Ramisch*® to carry out a series of abrasion 
tests on quartz. They also performed a statistical survey 
of the angles between c-axes and long axes of the grains 
of freshly crushed quartz and determined the relation of 
clongation to optic axis for much weathered but undis- 
turbed quartzose rocks. They inferred that (1) quartz has 
no pronounced tendency to fracture parallel to the c-axis, 
(2) elongation parallel to the c-axis is not likely to be 
developed by differential abrasion, and (3) unbroken and 
unworn quartz grains show elongations parallel to the 
c-axis and the rhombohedron faces. They conclude that 
the elongation of quartz sand grains 1s due to the original 
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shape rather than to fracture and differential abrasion 
during transport. 

It may be that forces applied externally do not tend to 
fracture crystals parallel to the c-axis but that internal 
forces generated while the quartz crystal 1s part of a 
granitic system do cause this type of cracking. As a 
result, quartz grains would tend to be elongated in the 
c-axis direction. 

There appear to be three factors which could influence 
the shape of quartz sand grains: (1) the shape of the 
original crystal in the igneous rock; (2) the possible dis- 
tortion of this crystal by metamorphic action; and (3) 
internal stresses due to the high-low transformation and 
external stresses due to weathering. Abrasion during 
transportation does not materially affect the shape of the 
sand grain. Bokman*! analysed the shapes of quartz 
crystals in source rocks and found that the mode elonga- 
tion of quartz in granite was of the order of 1:3. The 
elongation of crystals in schists was much more marked. 
The elongation is expressed as an elongation quotient; 
this is the long axis/short axis ratio. 

The metamorphic action which creates schistose rocks 
will account for the higher proportion of elongated quartz 
crystals and will therefore exert an influence on the shape 
of the eventual sand grain. The quartz crystals in granite 
are not shaped by such external forces but have more 
chance to form random shapes. A crystal growing in a 
magma system has a three-dimensional existence, and a 
measure of its shape can be gained by three measurements 
of length taken at right angles and referred to three 
orthogonal axes a, b and c. An ideal case can be con- 
sidered where a limited number of lengths is possible. If 
each of a, b and c can have any integral value from 1—10 
units the relative abundance of the different shapes can 
be calculated; the total number of solid figures possible is 
(10); ten choices for each of three measurements. These 
can be classified into shapes using the Zingg system. There 
are ten configurations which fulfil the condition a = 6 = c; 
these fall into Zingg class 2. There are 720 configurations 
which fulfil the condition a =< b c; these fall into class 3. 
The remaining 270 configurations have tetragonal shapes 
and fall into classes 1 and 4. Thus, in this random model, 
Zingg class 3 shapes predominate; with an increasing 
number of available values for a, 6 and c the fraction of 
class 3 shapes increases. 

If observations are made on crystals which have grown 
in a magma system or sedimentary particles formed by 
some random process one would expect the majority of 
them to possess the elongated shapes of class 3. This is 
what Bokman observed in granite. The random con- 
ditions required are more likely to be encountered ın the 
formation of particles than in the formation of crystals, 
where the atomic structure and bonding of the crystal 
have considerable influence on the external form. 

The size and shape of sand grains are largely determined 
at the moment the eutectic quartz solidifies in a cooling 
granite magma. The crack system encouraged by the 
stresses generated by the high-low transformation ensures 
a correlation between elongation and c-axis direction. 

Schubert?*, among others, has stated that “sand is pro- 
duced by contmuous abrasion and action of sedimentary 
processes’. There seems to be some confusion over the 
role of abrasion in the formation of sediments. Rogers, 
Kreuger and Krog?®* set out to show that abrasional 
methods of production of sand and silt are qualitatively 
different. If abrasion is caused by the mechanical action 
of one sediment unit on another it is difficult to see how 
it can contribute effectively to sand formation. 

It is observed that there 1s a scarcity of certain particle 
sizes In sediments. Tanner*4 quotes 0-03-0-12 mm and 
1-0-8:0 mm as the particular values. These effectively 
divide sediments into different types: gravel, sand and 
silt. The relevant units may be called blocks, grains and 
flakes. The experiments of Rogers et al. were designed to 
explain the scarcity of 0:03-0:12 particles by proving 
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<- that there are two distinct modes of abrasion, one giving 
(grains) and the other giving silt (flakes). So far as 
uartz sand is concerned, it seems more reasonable to 
gest that abrasion plays no effective part in its forma- 
mn. Its size is determined by the size of the eutectic 
juartz crystals in granites; its shape is determined largely 
by chance; its separation from the granite matrix and its 
final shaping are due to the combination of internal and 
_ external forces. The separation is materially aided by the 
tensile stresses in the quartz crystal caused by the con- 
traction at the high-low transformation. If these stresses 
_ are concentrated inside the quartz crystal they will ensure 
that the grain splits cleanly away from the matrix when 
the crack caused by the weathering agency arrives. The 
glacier provides a powerful and efficient rock splitting 
~-- action® and it seems likely that most of the quartz sand 
found in Britain and N. Europe is of glacial origin**. 
~The problem of abrasion has been aptly summarized by 
-Guilcher**?: “There is no progressive change from one 
grade to another by gradual attrition: in particular, sand 
ears to be derived only to a small extent, if at all, 
ym the reduction of shingle”. Blocks and grains and 
es are formed by completely different mechanisms and 
‘ould be very surprising if a continuous distribution 
‘size were observed. 
he origin of sand cannot, with any confidence, be 
iced further back in time than the granite stage. From 
e sedimentological point of view this is a satisfactory 
“starting point. A safe maxim is that the formation of a 
s sediment should be traced back as far as is needed to 
a Tiit vestablish the factors which influenced the properties of 









































COAN investigation of the properties of adsorbed layers of 
.. copper on tungsten by field emission microscopy led to the 

o suggestion that copper atoms in the first monolayer con- 
ormed exactly to the tungsten structure by taking up 
ositions offered by the array of potential wells present 
‘he tungsten surface. The observed maximum work 
netion was attributed to the formation of a complete 
layer of copper-tungsten dipoles’. Some support for 
ese suggestions has now been obtained by ion micro- 
copy applied. to nickel layers adsorbed on tungsten; for, 
| opper, nickel produces a maximum work function 
ch can be attributed to a complete dipole layer (Fig. 1). 
-bakable field ion microscope of conventional design 
has been used to obtain helium and neon ion images of 
nickel condensed on tungsten. A source of nickel was 
formed by enclosing a 3 mm length of Johnson-Matthey 

- “Speepure’ nickel wire 0-5 mm diameter in a closely 

< fitting helix of tungsten wire 0-25 mm diameter. The 
helix, supported on a tungsten-through-glass press seal, 
was situated 1-5 em from the tungsten point. The tip, 
‘supported on a tungsten loop, was heated by direct current 
md- temperatures were estimated by measuring the 
esistance of the central portion of the loop. The tip 
hank consisted of a length of tungsten wire 2mm x 3 x 
LO“? mm which constituted a thermal barrier, so that 
luring evaporation of nickel at T ~ 1,200° K radiant 
eating is calculated to have raised the temperature of 
he tip by 40° K at room temperature and somewhat less 









































re iminary bake-out to attain a pressure < 5 x 
1€ tip was maintained at 1,600° K for 2 h in 
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ARRANGEMENT OF ATOMS IN THE FIRST MONOLAYER OF 
NICKEL ON TUNGSTEN 
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the detrital particle: this article 1 is an eee to do this, 
in outline, for quarzz sand. 
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Fig.2. An ordered nickel layer formed by condensation of vapour on to 

& tungsten tip cooled to 75° K. Second and higher layers of nickel are 

disordered and have been removed by field evaporation. Due to radiant 

heat from the nickel source the tip temperature during evaporation is 
calculated to have risen to ~ 118° K. (x 1:2 = 10*) 
examination of the deposit by field emission the tip was 
cooled to 78° K, neon admitted to P ~ 2-0 x 10 torr, 
and the deposit examined by field ion microscopy. 

Nickel condensed on to the tip cooled to 78° K showed 
no detectable order in the third and higher layers, and 
these fields evaporated at less than 9-5 kV to reveal a 
second layer having some degree of order. The second 
layer field evaporated at 10-5 kV, revealing a further layer 
of nickel which had a high degree of order and resembled 
closely the tungsten substrate except at the leading edge 
of the deposit (Fig. 2), where the adatom population 
decreased. With the tip held at room temperature, nickel 
atoms, which condensed to form the first monolayer, 
diffused forward to form a perfectly ordered layer over 
much of the visible surface. Second and higher layers 
exhibited little order and field evaporation revealed the 
final layer. Field evaporation of this final layer occurred 
first from {111} (Fig. 3b) at a field strength of about 
3:1 V/A and progressed inwards towards the central 110 
plane as the field was increased (Fig. 3c). Gold condensed 
on tungsten has been observed to form a similar well- 
ordered layer’. The surface remaining after complete 
evaporation contained atoms that were clearly not part. 
of the original surface but which nevertheless withstood 
fields up to that required to evaporate tungsten itself. 
They are thought to be tungsten atoms, but their 
origin is uncertain. 

In order to obtain Fowler—Nordheim data, nickel was 
condensed on to the tip at 430° K. This temperature 
allowed complete coverage of the emitting areas by nickel 
and was sufficiently low to ensure stability of the tungsten 
surface during the experiment’. Considerable order was 
observed in the second and third layers, and the first 
layer was readily isolated by field evaporation of those 
overlying it. The first layer exhibited slightly less per- 
fection than first layers formed at lower temperatures. 
Fowler—Nordheim data on clean tungsten obtained before 
and after deposition of nickel, together with data obtained 
for the isolated monolayer, showed that the nickel layer 





Fig. 3. a, The first monolayer of nickel, obtained by condensation on to 
& tip at 300° K, retains ita ordered appearance up to the leading edge 
of the layer, which has spread by diffusion beyond the directly accessible 
target area. 6, Field evaporation of the first monolayer at 78° K has 
removed nickel from {1 11} and their environs at a fleld strength of ~ 3-1 
V/A. c, With increasing voltage, field evaporation progresses by removal 
of atoms from the edges of the nickel layer which thus shrinks in towards 
the central 110 plane. (a,b and c, x 1-2 x 10°) 
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increased the work function by 0:27 + 0:03 eV. This 
supports the belief that the maximum ın Fig. 1 resulted 
from adsorption of one monolayer of nickel. It should be 
added that the good agreement between the work function 
change obtained on field evaporated tungsten and that 
observed on thermally cleaned tungsten (Fig. 1) is con- 
sonant with other observations of the similarity between 
the two forms of surface‘. 

Current nucleation theory®:* is based on the belief that 
condensed material forms isolated nuclei which have the 
structure of bulk condensate. As applied to the con- 
densation of gold? and nickel on tungsten the theory now 
requires some modification to take account of the forma- 
tion of at least one, and possibly more, continuous mono- 


NATURE 


481 


layers of condensats on the surface, before nucleation 
takes place. The ordering achieved at 118° K would 
seem to imply that condensing nickel atoms make at 
least one atom jump before finally coming to rest on the 


tungsten surface’. 
I thank Dr. T. I. Sarry for helpful discussion. 
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PHOTO-OXIDATION OF ORGANIC MATTER IN SEA WATER BY 
ULTRA-VIOLET RADIATION, ANALYTICAL AND OTHER APPLICATIONS 


By F. A. J. ARMSTRONG*, P. M. WILLIAMS and J. D. F. STRICKLAND 


Institute of Marine Resources, University of California, La Jola, California _ 


FOLLOWING on the observations of Beattie et al. that 
organic matter in fresh water could be oxidized to carbon 
dioxide on exposure of samples to radiation from a 
medium-pressure mercury vapour lamp, we found that 
exposure of sea water to such a light source caused a 
decrease im the extinction coefficient at 2000-2500 A, 
characteristic of the presence of organic matter. This 
behaviour, indicative of the rapid oxidation of at least some 
of the organic material in sea water, led us further to 
examine the laboratory applications of high intensity 
ultra-violet radiation to analytical and other problems 
associated with the presence of dissolved organic matter 
in the sea. These preliminary findings may be of interest 
to workers investigating sea water chemistry as well as to 
others concerned with dilute aqueous solutions of organic 
matter. 

In the work described here samples were irradiated 
by a 1,200-W mercury arc tube (Hanovia Engelhardt 
‘189 A’), 30 cm in length mounted axially in a vertical 
aluminium cylinder 50 cm high and 20 cm in diameter. 
An air extractor fan at the lower end of the cylinder 
provided cooling. Dimming of the discharge through 
excessive cooling of the lamp was avoided by using a 4'5- 
cm diameter jacket of fused silica around the lamp. A 
small-bore silica tube delivered a stream of filtered air 
to the bottom of this jacket to carry off some of the heat 
produced by the lamp. Samples for irradiation were 
contained in stoppered fused silica tubes 35 em long and 
2-5 cm in diameter (containing about 110 ml.), twelve of 
which could be set parallel to the lamp and equidistant 
7 em from it. The temperature of samples stabilized at 
60°-80° C at the tops of the tubes after prolonged 
irradiation. 

The actinic energy incident on the samples was measured” 
by oxalate actinometry? and was found to lie between 
0-20 and 0-25 W/cm?, some variation, between tubes being 
found. The total actinic energy intercepted by twelve 
full tubes was therefore about 200 W out of some 400 W 
radiated ın the range 2000-4400 Å (from the manufacturer’s 
data). However, since the absorption of sea water is only 
appreciable below about 2500 A, it can be calculated that 
only some 10 per cent of the incident actinic energy can 
be absorbed by the samples, at least one-half of this 
being at wave-lengths shorter than 2500 A. That this 
was the more effective radiation was demonstrated by 
irradiation, of samples in a “Vycor’ tube, which cuts off 
radiation of wave-lengths shorter than about 2400 A. 
The oxidation reactions described here were then markedly 
slower. 


* On leave from the Marine Biological Association, Citadel Hill, Plymouth. 
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Oxidation cf Carbon in Organic Matter 


The method of Msnze] and Vaccaro? for the devermina- 
tion of dissolved erganic carbon in sea water, rarely 
present in amounts outside the range 0-4~1:5 mg carbon/l., 
has been used Ey us to check the amounts of 
carbon left in sea water after irradiation with ultra-violet 
light. 

le sea water the oxidation of organic matter followed 
first-order kinetics with respect to carbon, with a rate 
constant of about 005/min. Oxidation was effectively 
complete within 1 k: with all samples of sea water that we 
have investigated. 

To assess the perzentage oxidation of various classes of 
organic compounds these were added to give concentra- 
tions of 1—2 mg of cerbon /l. ın artificial sea water Samples 
were irradiated and the residual organic carbon de- 
termined. 

The following campounds were oxidized substantially 
to completion with a 2—3 h irradiation period: pyridine, 
2,2°-bipyridine, adenine, ethyl alcohol, methyl alcohol, 
glucose, glucosamire, acetic and oxalic acid, formic acid, 
palmitic acid, dimethylamine, casein, glycerol, phenyl- 
alanine and “hume acid’. Urea, on the other hand, 
was decomposed orly to the extent of 50 per cent or less, 
even with the addition of hydrogen peroxide to the water 
as @ source of excess oxygen The surprising behaviour 
of this compound was confirmed by the low oxidation rate 
of nitrogen. Palit and Dhar‘ reported incomplete oxida- 
tion of urea in experiments on the photodecomposition 
of organic compounds sensitized with zine and ferric ions 
aerated and expossd to sunlight over long periods, but 
we would not have predicted our results and cannot 


_explain them. Simple hydrolysis of urea does not occur 


to any extent at she hydrogen ion concentrations used 
here (pH 8). 

The use of photosensitizers, such as Fe*+ and UO*, 
was not investigated. Heckler’ has shown that carbon 
dioxide is the main product in the UO*+,-sensitized 
photodecomposition at 2537 A of organic acids in solution, 
where carbon monoxide, hydrogen, methane and ethane 
are produced in lesser amounts. 

The presence of appreciable quantities of end products 
other than carbon dioxide is contra-indicated in our work. 
Measurements of the decrease in pH after irradiation of 
known compounds in, sea water gave values which corre- 
sponded with thcse calculated for the stoichiometric 
addition of carbon dioxide to the system. For example, 
the change in pH fcr sea water samples having a concentra- 
tion of 1 mg of carbon/l. was of the order of 0-250 pH 
units. 
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If corrections are applied for the increase of hydrogen 
ion concentration due to the oxidation of dissolved organic 
nitrogen to NO; and NO3;, then pH changes may be used 
as a rapid and fairly precise measure of dissolved organic 
carbon in sea water samples and such a method would be 
applicable to monitoring continuous flow systems. 


Liberation of Inorganic Phosphate from Organic 
Phosphorus Compounds 


Organically combined phosphorus in sea water (gener- 
ally present between zero and about 30 ug/l.) has till now 
been estimated from the difference between two determina- 
tions of inorganic phosphate, the one on a sea-water 
sample after the destruction or hydrolysis of organic 
matter and the other on an untreated sample. Organic 
matter is generally destroyed by modifications of methods 
requiring wet oxidation with perchloric acid® or necessitat- 
ing an autoclave treatment with sulphuric acid’. These 
methods are tedious and their precision is poor because 
of the difficulties of controlling contamination introduced 
by the reagents used to destroy organic matter. It has 
never been certain, whether or not these procedures give 
interference from any inorganic polyphosphates that 
might be present in the sea, as these compounds would 
be depolymerized by the processes used to degrade organic 
matter and would then react with molybdate. 

By contrast, exposure of sea water to ultra-violet 
irradiation. liberates phosphorus as inorganic phosphate 
from organic matter rapidly and without the necessity 
of adding any reagents except one or two drops of 30 per 
cent hydrogen peroxide introduced to ensure the presence 
of an excess of oxygen. The method of Murphy and 
Riley? now enables orthophosphate to be determined in 
sea water with a high precision (co of 0-2 or less on 10 ug 
of phosphorus/].) so that the differences of phosphate 
concentration found between, irradiated and non-irradiated 
samples give a measure of the organically combined 
phosphorus present in filtered sea water with a precision 
far exceeding that of any analyses previously obtained. 
Even in deep ocean, water one can detect with confidence as 
little as 0-5 ug organically combined phosphorus/I. 

The method has been checked by us by adding phos- 
phorus-containing organic matter to artificial sea water at 
concentrations of about 100 ug of phosphorus/l. and 
irradiating the solutions for known, times before determin- 
ing orthophosphate in the water. Solutions of RNA 
were completely degraded to give the theoretical yield of 
inorganic phosphate after about 20 min of irradiation. 
For surety, 1-2 h exposure has been used with natural 
samples. After such a period we found complete mineral- 
ization to orthophosphate of the phosphorus present in 
known additions of 8-glycerophosphate, ribose-5-phos- 
phate, RNA, choline phosphate and 2-aminoethane- 
phosphonic acid (containing a carbon—phosphorus bond). 
In view of the destruction of these compounds, in particu- 
lar the last two, 1t seemed pointless to test many other 
substances, but a trial was made with several linear 


inorganic polyphosphates with between three and seventy — 


phosphorus atoms in the chain and also adenosine tri- 
phosphate with a polyphosphate group attached to an 
organic molecule. None of these compounds liberated 
any orthophosphate, so that it can be assumed that 
ultra-violet radiation of the wave-lengths used does not 
bring about a significant degree of depolymerization and 
hydrolysis of inorganic phosphate polymers and that the 
phosphate liberated in sea water by ultra-violet irradiation 
must be present initially only in the form of organic esters. 
A detailed profile of organically combimed phosphorus 
present in the sea off southern California is shown in 
Fig. 1. 


Oxidation of Organic Nitrogen Compounds 


Soluble nitrogenous matter and the ammonium ion in 
sea water were oxidized by dissolved oxygen, under the 
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influence of the ultra-violet radiation used here, to give 
what we believe to be initially a quantitative yield of the 
nitrate and nitrite anions. 
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It has been reported that ammonia can be photo- 
oxidized to nitrate and nitrite! and. therefore, because 
oxidative deamination occurs at an early stage in the 
photolysis of organie nitrogen compounds! nitrate and 
nitrite can be expected as end products of the irradiation. 
experiments. 

There are reports in the early literature??}}5 that sea 
water samples enriched with ammonium ion and exposed 
to sunlight yield nitrite, but a more recent investigation" 
did not confirm this. 

The reduction of nitrate to nitrite is well documented 
for photolysis of solutions with or without ammonia or 
organic compounds present as reducing agents!5-18, Such 
reactions have often been promoted by the presence of 
surfaces of tin, iron or titanium oxides*®»?° or by adding 
uranium. or transition, metal ions to the solution as photo- 
sensitizers. There 1s no information available in the litera- 
ture on the products of exhaustive irradiation of small 
concentrations of organic matter in the presence of excess 
oxygen such as was undertaken in this work. 

The method of Morris and Riley?! for nitrate in sea water 
as modified by Strickland and Parsons** enables a rapid 
analysis to be made for this anion with high precision 
(o of 3 or less on 200 yg of nitrate nitrogen/l.). The 
method consists essentially in passing sea water through a 
column, of amalgamated cadmium filings and determining 
the resulting nitrite colorimetrically. Nitrate is reduced 
to nitrite with a yield in excess of 90 per cent, but any 
nitrite present initially in the sea water passes through 
the column, unchanged. 

The nitrogen in organic nitrogen compounds is first 
oxidized almost completely to nitrate which is then slowly 
reduced to nitrite on further irradiation. After 3 h about 
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30 per cent of the total nitrogen is present as nitrite. We We anticipate using ultra-violet irradiation in a con- 
have no explanation for this behaviour, which we have tinuous-flow system to combust the dissolved organic 
confirmed, but which clearly requires a major investiga- matter in several thousand litres of sea water in order to 
er aie nee ae . sical ee ites carbon dioxide for radioactive dating. The problem 
We have made a preliminary investigation o Ə of scavenging this organic material quantitatively from 
kinetics of the oxidation, of organically combined trivalent sea water in sufficient amounts for the purpose of dating 
nitrogen, to give nitrate, using 2-2’-bipyridine, a convenient has not, until now, been solved. 
nitrogenous base ın which the element is strongly bonded. Finally, algal suspensions (marine diatoms) in the 
in a cyche system. The rate of oxidation of amounts presence of peroxide can be destroyed and the carbon 
cod erty fy oy ep go ton gg mgnme rg ag age 
irradiation in the apparatus herem described. 18 
constant of about 0-03/min, which is appreciably slower technique has interesting possibilities for the rapid 
than, = carbon oxidation. The formation of nitrate elemental analysis of cell suspensions without the necessity 
was effectively complete in 2-3 h. Hydrogen ion concen- of preliminary filtration and washing which can lead to 
tration, had no effect below pH 8, but above this value the cell destruction and other difficulties” 
reaction, rate decreased, as if the ammonium or a similar We thank Patricia M. Strack for analytical assistance. 
mie ae Sa erie toe re a 2 r te phate Nie a in full by a contract from the 
; mmonr , how ; SS. Atomic Energy Commission. 
such to sea water was oxidized considerably more rapidly 
than was organically combined nitrogen) mn el eee pmo ompR Es 
: É A , W.G., o , Q. S., J. Amer. Chem, Soe., 52, ; 
i Oxygen ” required for nitrate formation and neither 2 Menzel, D. W., and Vaccaro, R. F., Jamnol and Oceanog., 9, 138 (1964). 
nitrite or nitrate is produced. unless sufficient dissolved ‘Palit, C. C., and Dhar, X. R., J. Phys. Chem., 34, 993 (1930). 
oxygen is present to oxidize all carbon compounds. * Heckler, G. E., Taylor, A. E., Jensen, C., Percival, D., Jensen, R., and 
Excess oxygen then becomes available for nitrate produc- ,_ Fung, P., J. Phys Cuem., 87, 1 (1968). 
tion by a reaction which is rate dependent on oxygen ae Ar Land Roninson, R 3.7 Mar Rer 1, J1 003) 
A arvey, H. W., J. Ma. Biol. Assoc. U E., 27, 337 (1948) 
concentration raised to a fractional order of about 0:25. s Murphy, J., and Riley, J. P., Anal Chim. Acta, 27, 31 (1962). 
It is desirable, therefore, to have solutions saturated with  ° Rao, G.C., Z. Phys. Clem ,184 A, 377 (1939). 
oxygen and to this end we have added one or two drops of * Gion, L., C.R. Acad. Sc., Parts, 195, 421 (1932). 
30 per cent hydrogen peroxide of analytical reagent quality McLaren, A. D , and Shugar, D., Photochemistry of Protems and Nucleic 


te Ands (Pergamon Press, The MacMillan Company, New York, 1964). 
to each 100 ml. of sea water. Ths addition ensures the 12 Rakestraw, N. W., and Hollaender, A., Science, 84, 442 (1936). 
supersaturation of all samples with oxygen. Excess * ZoBell, C. B., Science, 77, 27 (1933). 


hydrogen peroxide appears to be rapidly decomposed and *™ Hamilton; R. D., Lemnol. and Oceanog., 9, 107 (1964). 
after 1 or 2 h of irradiation ıt cannot be detected. i urna debe oer cig hi pica aes 
: ° ° A. and Ferran, G., Ann. Chim , 47,132 7). 
9. - Be A T E E 11 Cultera, R., and Ferrari, G., Ann. Chm., 47, 1331 (1957). 
name, , 28, » 8U > 18 Villars, D, S., J. Amer. Chem. Soc., 49, 326 (1927). 
even pyridine were quantitatively oxidized after 3 h of  » Cultera, R., Gazz. Chis. Ital., 66, 440 (1936). 
irradiation and, especially ın view of the refractory nature = Varadanam, C. I., and Rao, G. G., Cur. Sci., 7, 231 (1938). 
of pyridine, we feel little doubt that most hikely nitro- p Morris, A. W., and Riley, J. P., Anal Chim. Acta, 29, 272 (1983). l 
genous compounds dissolved in the sea would be trans- “SHG revised (Bulletin of the Fisheries Research Board of Canada, 
formed to give nitrate. It was interesting, however, to Ottawa, Canada, 1£85). ` 
note that the behaviour of urea was again anomalous and 
this compound was only partially oxidized to give nitrate Use of Ultra-vislet-irradiated Sea Water in the 
after an exposure time found adequate for the other P ti f Cult Medi 
substances. The resulting method 1s incomparably more Poperarion OF MUMUrE meta 
rapid and precise than any existing method for determining Serious difficulties are encountered in the culture of 
organic nitrogen in sea water and enables detailed and marine bacteria and algae, as well as in investigations of 
reliable profiles like that shown in Fig. 1 to be obtained their physiology, on account of the toxic effects of natural 
easily. sea-waters!-*, Ir order to overcome such effects the 
use of ‘aged’ sea-water in the preparation of media has 
Other Uses been recommended*. However, such ‘aged’ water still 
Several important applications of this technique for contains unspecified amounts and types of organic matter 
the destruction of organic matter in sea water can be and its behaviour is far from being reproducible for 
envisaged, some of which have already been given a physiological investigations. In attempts to obtain 
preliminary trial in our laboratories. reproducible orgaric-free media, artificial sea-waters have 
The ability to destroy all organic matter is of particular been used*’, but -t has recently been demonstrated that 
value in culture, nutrition and vitamin assay studies; artificialsea-watercan also be inhibitory®®. More recently, 
water which is free from all organic growth factors and & charcoal-treatment of sea-water has been shown to be 
inhibitors can easily be delvered from a suitably con- ia ae of preparing waters free from certain 
structed assembly at a rate of many litres an hour. The classes of metabolites?*. However, this method has 
irradiated water contains no oxidants capable of liberatmg imited application as the complete removal of organic 
iodine from acidified iodide and appears to be usable for “matter is not possible. Armstrong et al.” irradiated sea- 
culture purposes with no further treatment or, at most, water with a high-energy ultra-violet light source and 
after only a brief treatment in an autoclave. found that its cantent of organic matter was reduced 
Most metallo-organic complexes should be readily below detectable levels. It seemed reasonable to suppose 
decomposed by ultra-violet irradiation making for more that if this treatment produced no toxic by-products ib 
definitive analyses of the total concentration of metal ion would have application. to investigations now in progress 
in sea water. By hberating metal ions in this manner from in these laboratories on vitamin -B,, assays of natural 
organic complexes they would be easily removed by subse- waters and the kinetics of organic matter uptake by marine 
quent complexing with standard organic reagents such as bacteria, as well as to the culture of marine bacteria and 
dithizone and separation of these new complexes by algae in general. 
solvent extraction. Any excess of organic reagent could Sea-water was irradiated with ultra-violet light in the 
then be destroyed by irradiation in the presence of excess manner described by Armstrong et al.“ for 2-4 h. This 
hydrogen, peroxide, giving a sample completely free from irradiation sterilizes the water and all subsequent handling 
organic compounds and from specific inorganic ions of of the water was, therefore, performed aseptically. 
nutritional significance. Samples were not autoclaved unless specifically noted. 
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As a preliminary investigation into the possible toxicity 
of irradiated water, cultures of marine bacteria and algae 
were grown in media prepared with natural and irradiated 
natural sea-waters and observed for gross differences in 
growth behaviour. Shake-tube cultures of a marine 
pseudomonad were made in a medium containing glucose, 
ammonia and inorganic phosphate. The cultures were 
incubated at room temperature and their growth determ- 
ined turbidimetrically. Growth curves of bacteria in the 
irradiated water showed no significant deviations from 
those observed in the natural sea-water cultures. Cultures 
of the diatom Skeletonema costatum and chrysophyte 
Monochrysis lutheri were grown in the same medium 
used for their routine maintenance in this laboratory. 
The medium was prepared with enriched natural sea-water, 
which had been shown to be suitable for their culture, 
and with an enriched radiated sample of the same water. 
On one occasion there appeared to be a slightly lower 
initial growth rate in the medium made with irradiated 
sea-water, but this effect did not appear in subsequent 
experiments. Microscopic examination showed the algae 
cells to be normal in all respects in both experiments. 

Sea-water samples are routinely assayed in our labora- 
tories for the presence of vitamin B,, usmg the marine 
centric diatom Cyclotella nana. External standards of 
known B; concentrations serve as the calibration values 
and are prepared in charcoal-treated?* sea-water. Known 
amounts of erystalline vitamin B,, were added to media 
prepared with irradiated sea-water, irradiated sea-water 
which had been autoclaved (5 min at 15 Ib.), and charcoal- 
treated sea-water. The growth response of C. nana in 
each of these waters was determined by measuring the 
incorporation of carbon-14 dioxide after a 2-h exposure 
to the isotope following a 47-h incubation. The growth 
response was shown to be a function of vitamin B, con- 
centration’. At all the concentrations tested there was 
little difference in the carbon-14 dioxide uptake rate in 
each of the media. In an earlier experiment, however, 
the uptake rate of carbon-14 dioxide in irradiated sea- 
water had been found to be about 80 per cent that in 
charcoal-treated sea-water. The slight inhibition found 
with this irradiated sea-water was overcome by a short 
autoclaving which may be a desirable precaution when 
using irradiated water for preparing standards for vitamin 
bioassaying. 

An investigation into the kinetics of the uptake of 
organic matter by marine bacteria is in progress in this 
laboratory. The methods being used are similar to those 
described by Wright and Hobbie". where the velocity of 
substrate assimilation is measured over a range of sub- 
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strate concentrations. The curves thus obtained and the 
mathematical constants describing them are extremely 
sensitive to the physiological state of the bacterial cells. 
Artificial sea-water has been used because of the possible 
presence of the metabolite under investigation in natural 
sea-water. We have compared the uptake velocity by a 
pure culture under rigidly standardized conditions in 
artificial and irradiated natural sea-waters. The two curves 
were identical at lower substrate concentrations. At 
higher concentrations, however, there was a slightly lower 
maximum velocity in media made with irradiated sea- 
water. It is probable that a short autoclaving treatment, 
as was performed with the B,,. assay media, would have 
eliminated this effect. 

While it is acknowledged that these results are pre- 
liminary in nature, they indicate that sea-water treated 
by the method of Armstrong et al.“ may be used in the 
preparation of media for marine microbiological studies. 
On the basis of two different tests, both of which were 
extremely sensitive to inhibitory effects, ıt appears that 
the level of toxic by-products is very low or non-existent. 
Irradiation produces water of a quality equivalent to that 
obtained by charcoal treatment for vitamin B,, bioassay. 
There appears to be no reason why waters treated by this 
method could not be used, in preference to artificial and 
charcoal-treated sea-waters, in investigations of marine 
microbial physiology. 

This work was sponsored by the U.S. Public Health 
Service, the Marine Life Research Program, the Scripps 
Institution of Oceanography, and the U.S. Atomic Energy 
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La Jolla, California. 
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EFFECTS OF ULTRA-VIOLET ALONE AND SIMULATED SOLAR ULTRA-VIOLET 
RADIATION ON THE LEAVES OF HIGHER PLANTS 
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Division of Biology, California Institute of Technology, 
Pasadena, California 


AND 
Dr. FRANK B. SALISBURY 


Plant Science Department, Utah State University, 


a“ 
One of the factors often cited?:4« to support the idea that 
earth-type organisms could not survive the environment 
on Mars is the postulated occurrence of relatively high 
levels of ultra-violet radiation in the light which impinges 
on the surface of the planet. This, together with the 
recent Mariner photos of Mars, and the possible use of 


— Logan, Utah 


a ~ 


plants in bio-regenerative systems in space, adds new 
impetus to the question of the relative resistance of plants 
to ultra-violet radiation, as the ultra-violet light present 
in unfiltered solar radiation occurs at levels which are 
considered harmful to most living organisms. The 
deleterious effects of ultra-violet light ‘on higher green 
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plants have been investigated for nearly three-quarters 
of a century®3, 

Leaves and flowers are generally the most sensitive 
plant organs. Leaves respond to ultra-violet light by 
turning a bronze or dark colour and sometimes appearing 
shiny. If the radiation dose 1s sufficient, the leaf will 
die. Despite this, many plants will recover by sending out 
new shoots when they are returned to a normal environ- 
ment. Ultra-violet radiation does not penetrate deeply; 
thus roots and, to a lesser extent, stems are protected by 
soil and by bark. Extended periods of high-intensity 
ultra-violet radiation will eventually kill most plants, 
but the exact cause of injury is not known. Present lines 
of investigation indicate that it may involve the formation 
of poisonous peroxides‘ and the deactivation of nucleic 
acids’ and proteins. 

Investigations® are being carried out at Colorado State 
University to determine the relative resistances of a 
wide variety of plants to ultra-violet alone and to a 
high-intensity simulated solar spectrum. Possible adaptive 
mechanisms are also being considered. Although several 
approaches are being taken, the present article is con- 
cerned with two leaf survival experiments mvolving a 
total of sixty-seven species with special emphasis on 
Aanthium pennsylwanicum, Zea mays and Pinus nigra. 

The first experiment was concerned with a survey for 
resistance among widely diverse species of the plant 
kingdom carried out with a germicidal lamp (Sylvania 
15 W, low-pressure mercury arc—90 per cent of its energy 
is at 2537 A). The second experiment was an investigation 
of resistance to ultra-violet in the presence of a complete, 
simulated solar spectrum (high-pressure xenon arc). 
The total emitted radiation has been measured with a 
thermopiler adiometer (Colorado Research and Engineering 
Inc., Boulder, Colo.). So far as is known, these are the 
first such surveys of this type which have been made 
since the development of the germicidal lamp and the 
xenon arc. 

In the first experiment there was an extremely wide 
variation in the resistance of the sixty-seven different 
species tested. Leaves of young seedlings of Pharbitis nil 
were killed with less than 1 cal/em? of germicidal light, 
whereas leaf blades of week-old corn seedlings required 
over 33 cal/em?. The lethal exposure for young needles 
of ponderosa pine was about 800 cal/em?. It should be 
emphasized that these lethal exposures do not refer to 
that quantity of radiation necessary to kill all foliage on 
the plant but only the uppermost leaves or needles. 
For corn it refers only to the exposed portions of the leaf 
blade and not to the sheath. Leaves were examined for 
damage within several days after irradiation. A leaf was 
considered to have been killed if it showed significant 
signs of curling, of colour change to yellow or brown, and 
of drying. 

In the second experiment, a 2,500-W high-pressure 
xenon arc lamp (Osram Co.) was used as the light source. 
The spectral distribution of emitted light (especially in 
the ultra-violet) was quite similar to that of unfiltered 
solar radiation above the Earth’s atmosphere’. The 
radiation emitted from the lamp was projected on to the 
plants (Xanthium, Zea and Pinus nigra), placed in a 
wind tunnel. In this experiment no filters were used. 
The total radiation levels used were 0°86, 2-00 and 3-82 
caljem?/min. These intensities occurred at various 
distances from the focus of the are and are equivalent to 
those above the atmosphere of Mars, Harth and Venus, 
respectively®. Two pots of plants could be tested at each 
of the three radiation levels simultaneously. A total of 
eighteen cocklebur plants (eighteen pots), about eighty 
corn plants (nine pots), and six 11-in. pine seedlings (six 
containers) were tested. 

The only purpose of the wind tunnel in this experiment 
was to keep the leaf temperatures below a lethal level. 
Air temperatures ranged between 21° and 23° C. Wind 
velocity averaged about 6 m.p.h. Leaf surface tempera- 
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tures (Table 1) were well below the lethal point for the 
three species. Tke plants were usually irradiated for 
13—16 h each consəcutive day. No attempt was made to 
simulate precise photo-periods, gravity effects, or gas 
composition or pressure of the Martian or other environ- 
ments, i 


Table 1, LEAF SURFACE TEMPERATURES (°C) IN SECOND EXPERIMENT AS 
MEASURED BY COPPER-CONSTANTAN THERMOCOUPLES 


Radiation-level 


(caljem?/min) Xanthium Zeg Pinus 
Martan 0 86 24 22-23 22:5-25 
Terrestrial 2:00 27-32 25-28 22-5-26 
Venusian 3 82 24-30 24-28 23-27 


It was sometimes difficult to determine the exact 
radiation exposure necessary for the death of an entire 
leaf. Thus, the values presented in Fig. 1 are approximate. 
Xanthium leaves were killed after only 1-8 h of Venusian- 
level radiation, whereas leaf-kill by Martian-level radiation 
required about 4:5 h. The shoots of week-old Zea plants 
were significantly more resistant. The destruction of the 
exposed portions cf these corn leaf blades required 8 h 
of Venusian radiation and about 32 h of Martian radiation. 
Pinus seedlings were exceedingly resistant. The newly- 
sprouted Austrian Pine shoots did not show serious 
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Fig. 1 Leafsurvival time under different intensities of extra-terrestrial 
solar radiation in the second experiment. The values on the upper scale 
refer to the total simulated solar energy as measured; whereas those 
below refer only to the ultra-violet portion (A= 2000-2900 A) which was 
1:9 per cent as determined by an analysis of the xenon spectral curve 
published by the General Electric Co, for 5-kW lamps (Large Lamp 
Dept , Nela Park, Cleveland, Ohio, 1962), The Pinus curve has been 
extrapolated to indicate Its probable resistance to higher doses based on 
the fact that there was only slight damage after 635 h at the termination 
of the experiment 
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damage until after nearly 100 h of Venusian radiation. 
In this case there appeared to be evidence suggesting 
that a significant portion of the injury was not due to 
ultra-violet light but rather to water stress in the needles. 
Thus, the estimate is probably low. Nearly 400 h (30 days) 
were required to bring about serious damage to the needles 
of the plants at terrestrial radiation-levels, but at the 
Martian level there was an almost complete absence of 
damage in seedlings after 635 h (44 days) of irradiation. 

In both experiments, nearly all tests were repeated 
except for the long investigation with Pinus nigra. 
For most species the results of the second treatment 
closely duplicated those of the first. 

A fascinating aspect of the role of possible protective 
adaptations against ultra-violet damage in plants is the 
reversal of such damage by subsequent visible hght. 
This is known to occur in a wide variety of organisms’. 
In the present investigation, photoreversal was found by 
the method of Tanada and Hendricks!® ın Xanthium 
leaves with both germicidal light (0:019 cal/em of ultra- 
violet alone) and xenon light (8-4 cal/em? total energy 
including ultra-violet, high-intensity visible and infra-red) 
followed by about 4 h of outdoor sunlight. The ultra- 
violet exposures already mentioned were near the maximum 
for reversal. When the exposures given were much larger 
than these values then the damage was not reversed. 
The significance of photoreversal in space is still largely 
unknown, but the effect could be an important one. 

An interesting feature of the Martian atmosphere is the 
presence of a high violet layer (the ‘blue haze’) which. 1s 
thought to be opaque to a considerable portion of the 
ultra-violet component of sunlight!'!*. Occasionally 
this blue haze clears for a week or so, apparently allowing 
a considerable increase in the ultra-violet penetration 
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through the atmosphere. A 10-day clearing in the blue 
haze (14:5-h days) would represent about 145 h of 
irradiation, or less than a fourth of the total time (635 h) 
used in this experiment. Furthermore, the total radiation 
on any particular Martian ‘plant’ would average con- 
siderably below 0-86 cal/em?/min, mainly owing to the 
diurnal fluctuation, but also owing to latitudinal differences 
on the planet, some remaining atmospheric scattering, 
and mutual shading. Even certain earthly plants could, 
then, be expected to survive the ultra-violet bombardment 
during a blue clearmg on Mars. Some of these (such as 
Pinus nigra, Pinus ponderosa, and Agave sp.) might even 
survive well if the blue haze were less opaque than is at 
present assumed?s, 

These mvestigations were supported by a grant from 
the National Aeronautics and Space Administration. We 
thank G. I. Connor for his valuable assistance. 
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DISCRIMINATING POWER OF RODENT DEOXYRIBONUCLEIC 
ACID ON INCUBATION IN AGAR 


- By Dr. ANNE McLAREN 
Agricultural Research Council Unit of Animal Genetics, Institute of Animal Genetics, Edinburgh 
AND 


Dr. P. M. B. WALKER 
Chemical Biology Unit, Department of Zoology, University cf Edinburgh 


THe discovery! that denatured deoxyribonucleic acid 
(DNA) from higher organisms can be trapped in an 
agar gel, and used to combine specifically with DNA 
fragments from similar or different sources, enabled the 
genetic approach, pioneered by Doty and his group? in 
bacteria, to be extended to mammals Using this tech- 
nique, Hoyer, McCarthy and Bolton! demonstrated a 
difference between radioactively labelled DNA fragments 
from mouse and man: human fragments bound better 
than mouse on to human or monkey DNA; mouse bound 
better than human on to mouse, rat or hamster DNA. 
We have been concerned to explore further both the 
limitations and the possibilities of this technique**. There 
seems little doubt that the degree of bindmg between 
samples of DNA from different organisms at least in part 
reflects similarities in base sequence, which in turn 
reflect genetic relationships. The failure of more than 
about a third of the fragments to be bound to the trapped 
DNA, even when, both are derived from the same source, 
is due to a true heterogeneity among the initial population 
of fragments*. For this reason, the proportion, of fragments 
bound cannot be relied on to give a quantitative estimate 
of genetic relatedness. Further, different samples of DNA 
differ non-specifically in their binding capacity for frag- 


ments from any source’. Two species can therefore only 
be compared if labelled fragments are available from 
both, so that within-species and between-species binding 
can be tested on the same sample of DNA-agar. In.the 
mitial study of Hoyer et alt, labelled fragments were 
available from mouse and man, only; thus the relation- 
ships between the various rodent species could not be 
examined. 

Despite these drawbacks, the technique hes mede it 
possible for the first time to make qualitative distinctions 
between the DNA from different vertebrate species. But 
1f common, ground with, traditional genetic methods is to 
be sought, the discriminating power of the DNA-agar 
technique will need to be very greatly increased, so as to 
bring more closely related groups within its scope. To 
this end, we have selected a single pair of fairly closely 
related species, laboratory mice (Mus musculus L.) and 
rats (Rattus norvegicus L.), and used it as a model on 
which to test a number of possible approaches to the 
problem of increasing the resolving power of the tech- 
nique. 

DNA is extracted? from liver or testis, from primary 
cell cultures of embryonic tissue, or from long-established 
cell strains; it is then denatured, trapped in agar, 
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sieved and washed!. To prepare DNA fragments, the 
cell cultures are labelled with radioactive phosphorus or 
tritium and, once extracted, the DNA is broken up with 
ultrasonic treatment and then denatured. DNA-agar is 
mixed with fragments in a water-jacketed column, kept 
usually at 60° C, and incubated overnight®. Unbound 
fragments are washed off at a high salt concentration; 
the temperature is then raised and the salt concentration 
lowered so as to elute the bound fragments. The result 
of an incubation is expressed as the percentage of the 
total radioactivity which is washed out at the higher 
temperature. 


Discriminating between Mouse and Rat DNA 


Initially we tried two approaches, which we termed 
“blocking” and “fractionation”. If the DNA trapped in 
agar is exposed to an excess of unlabelled fragments from 
the other species, all shared binding sites should m 
theory be blocked. Labelled fragments added afterwards 
from the other species should be unable to find binding 
sites, and should therefore be rejected, while those from 
the same species should still be bound, though the number 
of available sites will, of course, be reduced. The 
discriminating power of the technique should thus be 
increased. In practice this proved to be so4, but only to 
a rather small extent, owing to the difficulty of saturating 
more than a small proportion of the shared binding sites. 


Table 1. BINDING ABILITY AND DISCRIMINATING POWER OF DNA 
FRAGMENTS DURING THREE SUCCESSIVE CYCLES OF INCUBATION 


Fraction selected 
from between- 
species incubation 1 2 3 


Bound Within-species binding (per cent) 33 42 48 
Between-species binding (per cent) 23 35 47 
Discrimination (per cent) 30 17 2 
Unbound Within-species binding (per cent) 33 20 17 


Between-species binding (per cent) 23 8 5 
Discrimination (per cent) 30 60 71 


For the second and third cycles, either the bound or the unbound fraction 
from the previous between-species incubation was taken. For each within- 
or betaveen-species estimation im this and other tables, both mouse and rat 
fragments were used, and the binding percentages averaged. “‘Discrimina- 
tion” 18 calculated as the percentage by which between-species binding falls 
short of within-species binding. 


More effective discrimination was achieved when the 
DNA fragments were fractionated by means of successive 
between-species incubations. Those fragments which are 
bound by the DNA of the other species should prefer- 
entially contain shared sequences, and should therefore 
discriminate less well on a second incubation, while 
those which are rejected should include the species- 
specific regions which might be expected to discriminate 
maximally. Table 1 shows the results of three successive 
incubations, testing at each step for discriminating power, 
defined as the percentage by which betiween-species falls 
short of within-species binding. As predicted, the level 
of discrimination of the bound fragments declined at each 
successive incubation, and was virtually non-existent by 
the third cycle. By contrast, the rejected fraction in- 
creased in, discriminating power at each successive cycle. 
Some asymmetry was evident, in that the rat fragments 
tended to discriminate less well than the mouse ones (see 
later). 

More recently, we have found that the discriminating 
power of a DNA sample depends on the temperature at 
which the agar mixture is incubated. At 40° C, 70 per 
cent of fragments are bound in a within-species incuba- 
tion, but the duplexes formed are very imperfect, judging 
by the shape of their melting curves’. As the temperature 
is raised, the proportion of fragments bound decreases, 
and the duplexes approach nearer to the native con- 
dition. The decrease in binding is proportionately greater 
in a between-species than in a within-species combination, 
from which it follows that the discrimination improves as 
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(QC) species Both mouse and rat fragments were tested at each 
temperature, and the results from the two species averaged to give the 


percentage of fragmerts bound. “Discrimunation” (x ~-~ x )18 defined 
as the percentage by which benyoen ere falls short of within-species 
nding 


the temperature increases (Fig. 1). In our mouse-rat 
system, it is abort 30 per cent on a first cycle at 60° C 
(Table 1), but by 70°-75° C (the highest temperatures at 
which the technique is satisfactory) it has risen to 70 per 
cent. At 70° C. fractionation by successive between- 
species incubations no longer improved discriminating 
power. 

The poor discramimation at low temperatures does not 
mean that no spacific binding has occurred, but is due 
rather to the masking effect of relatively non-specific 
binding. This can be shown by eluting the bound frag- 
ments at successively higher temperatures (Table 2). 
Whether the temperature of incubation is 40°, 50° or 
60° ©, discriminasing ability is confined to those duplex 
regions stable at 60° C, and remains in the neighbourhood 
of 30 per cent. 


Table 2. BINDING ABILITY AND DISCRIMINATING POWER OF DNA 
FRAGMENTS STABLY BOUND AT VARIOUS TEMPERATURES 
Percentage of fragments 
Temperature Temperature bound Discrimin- 
of incubation of eution Within- Between- ation 
2 s species species {per cent) 
60 ms 268 19°9 26 
50 wt) 13 5 15 5 -—15 
r5 20°9 14°5 31 
40 30 40°7 40 7 0 
40 13°7 14°7 —7 
“5 167 117 30 


Unbound fragments were washed off in high salt at the temperature of 
incubation; the tempecature was then raised in steps, the eluted fragments 
washed off in high sact at each successive temperature below 75° C, and 
finally in low salt at 7& C. 


The greater sensitivity to temperature of between- 
species, as compared with within-species binding which we 
have found, muss in part reflect the fact that at higher 
temperatures, matching sequences will need to have 
longer complementary runs if they are to give stable 
binding. ‘Species-common’ and ‘species-specific’ sequences 
must be in conzsinuity with one another, rather than 
segregated, and must constitute a gradation of increasingly 
imperfect matching between species. The greater thermal 
stability of the w-thin-species duplexes might also indicate 
a higher cytosine-guanine (C-G) content. To investigate 
this possibility wə tested the binding ability in DNA-agar 
of fragments separated on a hydroxyapatite columns). 


Binding Behaviour of Hydroxyapatite Fractions 


When DNA fragments are eluted at increasing tem- 
perature and constant salt concentration from a hydroxy- 
apatite column, tae successive fractions show an increasing 
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C-G content’. Fig. 2 summarizes the results of a 
number of experiments in which the within- and between- 
species binding ability of successive thermal fractions of 
mouse and rat DNA fragments was tested. In between- 
species incubations, the results for mouse and rat frag- 
ments were very similar, and have been combined. There 
was no indication that within-species duplexes were 
richer in C-G than between-species ones; the greater 
thermal stability of the former is therefore presumably 
due entirely to the greater mean length of the comple- 
mentary sequences involved in duplex formation. 

Fractions with a high A-T content consistently bound 
less well on DNA-agar than did those from the intermediate 
or high C-G regions of the thermal chromatogram. In 
addition, the mouse fragments incubated with mouse 
DNA-agar showed a region of high binding towards the 
centre of the range, declining not only towards the high 
A-T but also towards the high C-G fractions (Pig. 2). 
This feature was not evident in the between-species or in 
the rat within-species incubations. It was characteristic 
of mouse DNA. fragments incubated with homologous 
DNA-agar at 40° C and 70° C, as well as at 60° C (Fig. 3). 
A consequence of this was that the discriminating ability 
of mouse DNA fragments showed a strong and highly 
significant (P < 0-001) negative regression on the tem- 
perature of elution from hydroxyapatite (Fig. 4). High 
A-T fractions discriminated well, high C-G ones very 
poorly. 
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Fig. 2, Percentage binding, + S.E., of mouse and rat DNA fragments 
eluted at increasing temperatures from a hydroxyapatite column at 
constant phosphate concentration. The two between-species combina- 
tions gave very similar results, and have been combined. The total 
number of estimations carried out was 62. 23 and 56 for the mouse/ 
mouse (@), rat/rat (O) and between-species (x) combinations respec- 
tively; in some cases estimates from different elution temperatures 
have been pooled so as to ensure that no points are based on one or two 
observations only. For calculating means and standard errors, the 
percentages were first subjected to angular transformation 


The complementary fractionation procedure, whereby 
DNA fragments are eluted from a hydroxyapatite column 
at increasing phosphate concentration, at a constant 
temperature, fractionates DNA according to its secondary 
structure’. We find that, at 70° C, a small fraction of 
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DNA, after denaturation, elutes in the native position 
(0-16-0-20 M) while the remainder elutes at lower salt 
concentrations (0:07-0:12 M) in the ‘single-stranded 
position. We have termed these fractions “‘stable’” and 
“labile”, respectively®. 

Melting curve experiments on mouse DNA show that 
the stable fraction is partly duplex in nature, but that it 
is not identical with native DNA’. This is strikingly 
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Fig. 3. The effect of temperature of elution from a hydroxyapatite 

column on the percentage of fragments of mouse DNA bound on mouse 

and rat DNA-agar during overnight incubation at 40° (+), 60° (@) and 

70° © (x). For each incubation temperature the binding ability of 

each thermal fraction is expressed as a percentage of the binding ability 

of the unfractionated DNA fragments incubated in agar at the same 
temperature 
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Fig. 4. The rolation between the discriminating power, + S.#., of 

mouse DNA fragments, and their temperature of elution from a 

hydroxyapatite column. The points are based on a total of forty-one 

estimates, comprising all those experiments included in Fig. 2 where 

mouse DNA fragments were tested simultaneously on mouse and rat 
DNA-agar 
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Fig 56. Hydroxyapatite fractionation at 60° C and increasing phosphate concentration {0:03-0:30 
M phosphate), of native and denatured fragments of mouse DNA labelled with tritium (A) and 


phosphorus-32 (A) respectively 


confirmed by its binding ability on incubation with DNA- 
agar. Native and denatured mouse DNA, labelled with 
different isotopes, were fractionated simultaneously on a 
hydroxyapatite column (Fig. 5). The fractions corre- 
sponding to the native and single-stranded peaks were 
then incubated with homologous DNA-agar, and the 
results set out in Table 3 were obtained. The native 
DNA, as expected, showed very little binding; but the 
stable fraction contained in the same incubation mixture 
bound with remarkable efficiency. The labile fraction 
bound only about half as well as the stable fraction. 


Table 3. BINDING ABILITY OF HYDROXYAPATITE FRACTIONS WHEN INCUB- 
ATED WITH HOMOLOGOUS (THAT IS, MOUSE) DNA IN AGAR GEIS at 60° C 


Hydroxyapatite fraction Denatured 
Exp. taken for incubation {phosphorus-32) Native 
with DNA-agar Labile Stahle (tritium) 
(i) 007-011 M 17-7 — = 
0-14-—0°17 M — 42 8 87 
017-021 M — 30-9 36 
(2) 0-14—0-21 M — 42-4 3-1 


The fractions were taken from a hydroxyapatite column at 60° CG, loaded 
with a mixture of native DNA labelled with tritium, and denatured DNA 
labelled with phosphorus-32. Figures represent the percentage of labelled 


DNA bound to the DN A-agar gel. 


Table 4. Brrror oF TEMPERATURE OF FRACTIONATION ON THE SIZE OF THE 
STABLE FRACTION OF Mouse DNA, AND ITS BINDING ABILITY, WHEN 
INOUBATED WITH HomoLtocous DNA IN AGAR GELS AT 60° C 


Temperature of Percentage of 


hydroxyapatite radioactivity in No of Average 
fractionation stable fraction DNA-agar binding 
(°C) (03 AD incubations (per cent) 
50 22-8 3 51:9 
60 150 2 50-8 
70 122 3 51 2 
Unfractionated — 8 28-9 


Table 5. EFYEOT OF THE TEMPERATURE OF HYDROXYAPATITE FRACTION- 
ATION ON TAB DISORIMINATING POWER OF MOUSE DNA FRAGMENTS 


Temperature ot 


fractionation on Discrimination (per cent) shown by 


hydroxyapatite (° C) Labile Stable 
40 42-0 58°6 
50 32-5 65:2 
60 28-5 779 
70 23-4 80:7 


A sample of DNA deliberately cross-linked by treat- 
ment with nitrous acid®:’? proved to have a lower binding 
ability than control material; the fraction that eluted in 
the native position bound very poorly indced {< 10 per 
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cent), in contrast to the stable fraction 
cf untreated DNA. 

If -the temperature at which the 
tydroxyapatite fractionation procedure 
is carried out is reduced to 50° C, more 
single-stranded material is included in 
the stable fraction’, but this does not 
affect its binding ability (Table 4). In 
another experiment, stable and labile 
fractions of mouse DNA fragments from 
hydroxyapatite chromatograms run at 
40°, 50°, 60° and 70° C were incubated 
with mouse and rat DNaA-agar. The 
labile fractions bound relatively poorly, 
a3 expected, and showed less discrimina- 
tion as the temperature of fractionation 
increased (Table 5). The stable fractions, 
on the other hand, all bound well in the 
within-species situation, but showed 
increasingly poor binding with the rat 
DNA as the temperature of fractiona- 
tion increased. This led to a strikingly 
high level of discrimination on the 
part of the 70° © hydroxyapatite 
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stable fraction. 

When rat DNA =rom a primary embryonic cell culture 
is subjected to 70° C hydroxyapatite fractionation at 
increasing phosphete concentration, the fraction which 
elutes in the native position is smaller than in the case of 
mouse DNA (a mean of 3-9 per cent against 8-6 per cent 
from seven rat and seven mouse fractionations; P < 
0-001). In markec contrast to the findings with mouse 
DNA from either ™-strain or embryonic cells, the small 
stable fraction from rat DNA showed low binding—lower 
than did the labile fraction (Table 6). The discriminating 
power of the two rat fractions was similar. Evidently our 
fractionation procedure, which for mouse DNA results in 
segregating the “discriminant” fragments in the stable 
fraction (Table 6), does not exert any detectable differ- 
ential effect on the discriminant fragments of rat DNA. 


Table 6. DISORIMINATING POWER OF 70° © HYDROXYAPATITE FRACTIONS 
OF MOUSE AND RAT ENA INCUBATED IN A DNA-AGAR GEL AT 60° C 
Diserim- 


Source of Eydroxy- Percentage of binding 
fragments apatite in agar containing ination 
Species Celis Fraction Mouse DNA. Rat DNA (per cent) 

Mouse Embryonic Stable 43-1 9-2 79 

L-cells Stable 45-1 87 81 

Labile 26°] 20 0 23 

Rat Embryonic Stable 14-0 21°6 35 

Labile 19 6 30 5 36 


The two hydroxvapatite fractionation procedures can 
be combined by first eluting DNA from a hydroxyapatite 
column at increasing temperatures, and then subjecting 
these thermal fractions to a second fractionation at 
increasing phosphate concentration. When the stable and 
labile components of the various thermal fractions of 
mouse DNA were incubated with mouse and rat DNA- 
agar, we obtained the results summarized in Fig. 6. Tke 
labile components from all elution temperatures showed 
low binding and & relatively constant degree of dis- 
crimination; the stable components showed very low 
binding in between-species incubations, but a peak cf 
within-species bindmg in the fraction eluting at 85° C. 
This suggests that the similar peak seen in Fig. 2 results 
from the stable component of the fraction. In other 
words, both fractionation procedures have been sequen- 
tially effective in segregating the discriminant fragments, 
leading to an eventual level of discrimination (Fig. 6) of 
more than 90 per c2nt. 

It has already been stated that our preparations of 
mammalian DNA fragments are initially heterogeneous. 
Fragments, bound on homologous DNA-agar and later 
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eluted, show a higher binding capacity when re-incubated 
on a fresh sample of DNA-agar than did the intial 
population; conversely, fragments which failed to bind 
on a first incubation, bind poorly on subsequent incuba- 
tions’. When bound and unbound fragments of mouse 
DNA from a 60° C DNA-agar incubation were subjected 
to hydroxyapatite fractionations, more of the bound than 
the unbound were included in the high phosphate fractions 
(27-2 per cent compared with 15-5 per cent). The hetero- 
geneity revealed by incubation on DNA-agar is therefore 
not independent of that revealed by the hydroxyapatite 
procedure. 
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Fig. 6. The within- (@ and W) and between-species (O and D) 
binding ability of stable (@ and O) and labile (E and []) components 
of various thermal fractions of mouse DNA from a hydroxyapatite ther- 
mal chromatogram. Mouse DNA fragments were first eluted from a 
hydroxyapatite column at constant phosphate concentration (0'06 M 
phosphate) and increasing temperature; successive elution fractions 
were pooled to give a total of seven samples, which were then separately 
fractionated on a hydroxyapatite column at 70° C and an increasing 
phosphate concentration. The 007-0-12 M (labile) and 0-16-0-20 M 
(stable) fractions of each were recovered, and incubated overnight with 
mouse and rat DNA-agar at 60° C 


Earlier evidence? suggested that failure to bind might 
be partly due to the presence of intra-strand secondary 
structure, stable at the temperature of incubation in agar, 
and associated with C-G rich regions of the genome. This 
interpretation is supported by the binding capacities of 
the various thermal chromatogram fractions illustrated 
in Fig. 2. If C-G regions were the main contributors to 
DNA duplex stability at 60° C in 0-3 M sodium chloride, 
then we would expect, unless there was some impediment, 
that the binding efficiency of thermal fractions should 
increase as the temperature of fractionation and thus 
their C-G content increased. But this was not so: above 
a point midway up the chromatogram, binding efficiency 
levelled off or even, in the mouse, decreased. Our finding 
of a DNA fraction with both a high degree of secondary 
structure and a high binding capacity does not necessarily 
invalidate this view,-because here too it is the lower and 
middle temperature components of the stable material 
which bind best (Fig. 6). 


Conclusions 


It seems unlikely that our failure to isolate a fraction 
of rat DNA with high binding and discriminatory abilities 
reflects any fundamental distinction between the genetic 
material of rats and mice. In the experiment summarized 
in Table 6, mouse and rat DNA differed little, after 
fractionation, in the overall degree of binding and dis- 
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crimination, when the relative size of the stable fraction 
is taken into account. What did clearly differ (Table 6) 
was the extent to which the discriminant fragments have 
been, successfully segregated; this is presumably depen- 
dent on, the precise fractionation technique used. On the 
other hand, we have on a number of other occasions 
observed that unfractionated rat DNA fragments dis- 
criminate somewhat less well than mouse fragments‘. It 
is possible that some virus-like contaminant in the genetic 
material of the mouse contributes to the superior dis- 
crimination. The very rapid renaturation undergone by 
the stable fraction might, in particular, suggest a viral 
origin. This rapid renaturation occurs whether or not the 
stable material has been isolated from the rest of the 
DNA; in an analogous situation, the rate of renaturation 
of T4 phage DNA is not affected by a 500-fold excess of 
mouse DNA (ref. 8). 

On the other hand, when a stable fraction is isolated 
from high molecular weight DNA at 70° C, only about 
25 per cent of it shows a sharp spectrophotometric 
melting transition; the remainder is ‘single-chain DNA 
which must be linked, presumably by covalent bonds, to 
the stable component. No such linkage would be expected 
if the stable material were viral or cytoplasmic in origin. 
More recent experiments’ have shown that the stable 
fraction discussed in this paper renatures at the same rate 
as, and is therefore presumably identical with, the satellite 
fraction isolated by Britten!®. The rapid renaturation of 
both fractions is thought to be due to the repetition, many 
times over, of a sequence perhaps only 250 base-pairs in 
length. The existence of a large amount of nucleotide 
sequence repetition in the DNA of higher organisms, if 
confirmed, would have important evolutionary implica- 
tions. i 

The binding ability of the stable fraction of mouse DNA 
is surprising, because the reformation of duplex structure 
might be expected to reduce the number of hydrogen- 
bonding sites available. The imperfections in duplex 
structure revealed by melting curve experiments must, 
however, expose a certain number of sites, and it is pre- 
sumably these which are responsible for binding on 
DNA-agar. This implies that partially renatured DNA 
can be stabilized in DNA-agar by the specific binding of 
the unpaired bases in a relatively short segment. 

However, we have also seen that the high binding 
ability is only manifested in within-species incubations, 
end then, only by fragments eluting over a certain portion 
of the hydroxyapatite chromatogram. Fractions of mouse 
DNA eluted at higher temperatures bind worse with 
mouse but better with rat DNA than do those eluted at 
lower temperatures. For this reason, use of the stable 
component of the thermal fraction eluting at 85° C 
achieves & higher level of discrimination between, mouse 
and rat DNA than any other method tried so far. Hither 
the species-specific sequences must be rather rigidly 
segregated into this particular fraction, or the degree of 
complementarity required for stable binding by the 
exposed sites in the stable fraction of mouse DNA is s0 
stringent that they are unlikely to be satisfied by more than 
a small minority of sequences present in DNA of the other 
species. 

This work was supported by the Nuffield Foundation 
and the Medical Research Council. We thank Mr. W. 
Masson for providing tissue-culture cells, and Miss M. 


McCallum and Mr. A. Mitchell for their assistance. 
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INCREASED ANGIOTENSIN FORMATION IN RESPONSE TO CAROTID 
OCCLUSION IN THE DOG 


By Dr. R. L. HODGE, Dr. R. D. LOWE and Pror. J. R. VANE 


Department of Pharmacology, Royal College of Surgeons, Lincoln's Inn Fields, London, W.C.2, 
and Department of Medicine, St. Thomas's Hospital Medical School, London, S.E.| 


A FALL of renal arterial pressure raises the rate of secretion 
of renin’ and its concentration in the blood?:*. A reduction 
of blood volume brought about by severe haemorrhage 
also raises the concentration of renin in blood**, an effect 
thought to be mediated by the local effect of the fall in 
renal arterial pressure. Recent evidence suggests that this 
interpretation is not correct. Thus in dogs a reduction 
of renal arterial pressure by clamping the aorta fails to 
increase the concentration of circulating angiotensin, 
though an increase is brought about by an equivalent fall 
of systemic arterial pressure caused by haemorrhage’. 
We have found’ that in dogs haemorrhage causes an 
increase in the concentration of circulating angiotensin 
even when there is no fall of arterial mean or pulse pressure. 
These results suggest that the secretion of renin is modified 
by nervous reflexes, and Vander? showed that stimulation 
of the renal nerves raises the concentration of renin in the 
blood. We have also shown that the rise of angiotensin 
concentration during haemorrhage is prevented by block- 
ing the renal nerves with lignocaine’. The experiments 
described here provide direct evidence that the concen- 
tration of angiotensin in blood is affected by cardiovascular 
reflexes. 

Dogs of both sexes, weighing 18-32 kg, were used. 
Anaesthesia was induced with halothane, maintained with 
chloralose (100 mg/kg intravenously) and supplemented 
with pentobarbitone (60-120 mg intravenously) as neces- 
sary. Cannulae were inserted into the trachea, a femoral 
artery and a femoral vein; an animal was 
mechanically ventilated and given heparin 
(1,000 u/kg intravenously). Mean arterial 
pressure was recorded by a mercury mano- 
meter, and in some experiments the un- 
damped pressure was recorded photographi- 
cally from a Statham pressure transducer 
(type P23Db) and amplifier. The bladder 
was catheterized and the output of urine 
recorded by drop counter, For each millilitre 
of urine excreted, an equal volume of 0-9 cm 
per cent saline w/v was automatically 
injected intravenously. Both common 
carotid arteries were dissected in the neck 
and mobilized for temporary occlusion with 
bulldog clamps. 

The concentration of angiotensin in circu- 
lating blood was assayed continuously by the 
blood-bathed organ technique, develope d for ‘Hg 
catecholamines by Vane!?:"! ana paai d for — i20 
angiotensin by Regoli and Vane! Femoral 
arterial blood was pumped at 15 a /min to 
superfuse in series three assay tissues and 
was returned to the femoral vein by gravity. 
Contractions of the tissues were recorded 
on a kymograph with frontal writing 
pendulum levers™ of 16:1 magnification Fig. 
and an initial load of 1-3 g. The assay tissues 
were chosen from: rat stomach strip”, 
which distinguishes between angiotensin 


the dog. 





ANGIO. 
| pa/ min 


Dog No. 73 (27 kg). 
nthe h strip (R.S.S jand two rat colons (R.C.) superfused with carotid arterial blood from 
Blood pressure (B./.) in mm mercury and time in min, 
sin (angio) at 1 g/min intravenously shows the sensitivity of the system. 
period of carotid occlusion, the contractions of the blood-bathed organs indicated an 
increase in the generation rate of angiotensin of 0:5 agimin 


(which causes a small contraction) and catecholamines 
(which cause relaxation); chick rectum, which relaxes 
in response to adrenaline, is less sensitive to noradren- 
aline and is insensitive to angiotensin; rat colon", 
which is highly sensitive to angiotensin (responding by 
contraction) and feebly sensitive to catecholamines 
(responding by reaxation). The specificity of the assay, 
which is deseribec in detail elsewhere*:'*, depends on the 
differential responses of the three tissues and on the 
demonstration that a response characteristic of a change 
of endogenous angiotensin concentration no longer occurs 
when the kidneys are excluded from the circulation. 
Angiotensin can be distinguished from histamine, acetyl- 
choline, 5-hydroxytryptamine, bradykinin, vasopressin, 
oxytocin, catecho.amines, adenosine and its derivatives, 
vorticosteroids, and many other compounds. 

The response of the tissues to changes of concentration 
of endogenous argiotensin was calibrated by infusions 
of synthetic angiocensin to match the response as follows: 
to determine the rate of generation of angiotensin in the 
dog, angiotensin (Val,—Hypertensin, II Asp.f.amide, 
‘Hypertensin Cibe’) was infused intravenously at 0-1—2-0 
ug/min,. To determine the concentration of angiotensin 
in blood, angiotensin was infused at 3—15 ng/min directly 
into the blood superfusing the tissues. 

Occlusion of the carotid arteries always caused a rise of 
blood pressure. This varied from 10 to 120 mm mercury; 
occlusion for 5 min or less caused no detectable change of 
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Fig. 2. Dog No. 75 (24 kg). Record as in Fig. 1, 
increase corresponded to 
angiotensin concentration 
oeclusion (7- 


(14 dogs); 
26 min) caused a rise in the concentration 
of circulating angiotensin in ten out of seventeen animals. 
One of these experiments is illustrated in Fig. 1, which 
shows a slow rise of angiotensin concentration during 
followed by a slow fall after its release. This 
time course is typical of the effect of injections of renin, 
which has a half-life in the circulation of 15-20 min"; 
angiotensin itself has a half-life of less than 3 min’. In 
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0-5 ag angiotensin/min 


carotid occlusion 
The peak 
0-25 and 


of these ten dogs, carotid occlusion was re peate d 
after the vagus nerves had been cut in the neck; in both 
dogs the second occlusion caused a gre ater increase of 
blood pressure and of angiotensin concentration. In 
six of the ten dogs the angiotensin concentration reached 
a maximum after release of the occlusion (for example, 
Fig. 2). Of the seven dogs in which carotid occlusion was 
ineffective in causing a rise of angiotensin concentration, 
haemorrhage was effective in four and ineffective in three. 
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Table 1. SuMMARY OF RESULTS i 


The experiments have been arranged according to the rise in blocd pressure 
induced by carotid occlusion (duration 7-86 min) 


Dura blood Ee an mke rio eer ) 

n pres- angio mercury) pro- 
Dog Weight ofocclu- sure due to tion duced by O- 
No. (kg) sion carotid rate due to infusion at 

( T ) ethers ‘ne pde ir 
o on 
(ug/min) column 

68 26 15 110 10 8 

27 15 100 1:0 14 
87 26 10 90 0-1 5 
78 27 18 06 6 
74 80 24 80 0 0 
75 24 26 74 0°25 2 
67 26 16 72 0-2 6 

28 18 72 01 2 
72 ? 75 70 0-2 4 
70 28 12 70 0 0 
61 26 7 60 0 0 
86 23 10 52 0 0 
41 16 8 50 0'1 2 

22, 18 50 0 0 
66 21 11 88 0 0 
64 31 18 36 0 0 
38 20 8 10 0-1 2 


To determine whether the observed increase of angio- 
tensin concentration arose from an increase in its rate of 
generation, the rate of destruction of infused angiotensin 
was measured before and during carotid occlusion in 
two dogs. Angiotensin was infused intravenously at the 
same rate before and during carotid occlusion. The 
resulting increases in concentration were simular in the 
two circumstances, indicating that its rate of destruction 
was unaltered. Assuming that synthetic and endogenous 
angiotensin are inactivated at the same rate we can 
conclude that the rise of angiotensin concentration during 
carotid occlusion resulted from an increase in its rate of 
generation. 

The results of the experiments are summarized in Table 
1. The increased blood angiotensin concentration in 
response to carotid occlusion was equivalent to an in- 
creased generation rate of 0-1-1 pg/min: infusion of 
synthetic angiotensin at these rates had detectable effects 
on arterial pressure which were, however, quantitatively 
unimportant in contributing to the rise of blood pressure 
during carotid occlusion. 

The results show that, in anaesthetized dogs, occlusion 
of the common carotid arteries can cause a rise of the 
concentration of angiotensin in blood. This rise was the 
result of an increase in the rate of generation of angio- 
tensin, presumably owing to an increased rate of secretion 
of renin, could account for the increase of aldosterone 
secretion rate which occurs during carotid occlusion or 
constriction??»18, 

The cardiovascular effects of carotid occlusion in the 
dog result entirely from a fall of pressure in the carotid 
sinus, which causes complex reflex circulatory adjustments 
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resulting in a rise of arterial ` pressure”, The renal vaso- 
motor nerves cortribute to the general increase of peri- 
pheral resistance 30 that the effects on the kidney may 
include changes of volume; of afferent arteriolar pressure; 
of glomerular filtration rate and filtration presure; and 
of renal blood flow. Any of these could be the effective 
stimulus to the release of renin, whether this is brought 
about by cardiovascular reflexes or by changes of renal 
arterial pressure caused, for example, by partial occlusion 
of the renal artery. It therefore does not seem necessary 
to postulate the existence of nerves the special function of 
which is to regulate the secretion of renin. 

The role of carctid sinus reflexes in the control of renin 
secretion remains z0 be elucidated. Such reflexes cannot be 
the only ones mediating the changes of angiotensin con- 
centration during haemorrhage. Thus, despite a smaller 
fall of sinus pressure, haemorrhage caused a greater rise 
of angiotensin concentration (for example, Fig. 3) than 
did carotid occlusion. Furthermore, none of the systemic 
arterial barorecepsors is likely to be important in causing 
the increase of angiotensin generation rate during slow 
haemorrhage, as tis can occur without change in systemic 
arterial mean or pulse pressure*. 

The significance of the results described here lies in the 
demonstration thet a cardiovascular reflex can bring about 
increased generation of angiotensin despite a rise of renal 
arterial pressure. Thus in the control of the renin-angio- 
tensin system, recdlexly induced changes in the kidney 
can override the Cirect effects of changes of renal arterial 
pressure. 

This work was supported in part by a grant from the 
Medical Research Council. 
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SPECTROPHOTOMETRIC DETECTION AND MEASUREMENT 
OF SENSITIZING ANTIBODI=S 


By Dr. D. ALLAN and/M.~-MACKINSCN 
Department of Veterinary Pathology, University of ~iverpool 


METHODS for detecting tissue-sensitizing antibodies in the 
sera.of chickens experimentally infected with Salmonella 
gallinarum have already been described. Buxton and 
Allan! recorded experiments demonstrating the presence 
of cytophilic antibodies on circulating chicken leucocytes, 
while techniques were described by Allan, Buxton and 
Thomlinson*, using an established line of ERK cells to 
detect antigen-antibody reactions im vitro. 

In all these techniques an eosin-y dye exclusion method, 
modified from that of Hanks and Wallace®, was used to 
detect the resultant cytopathic effect! (CPE). This, like 
other dye-exclusion techniques, is open to certain eriti- 

f 


cisms, and these have been ably illustrated in experiments 
carried out by Blask and Berenbeaum‘. The main criticism 
of dye-exclusion methods for estimating CPE is that 
such estimations are achieved by subjective means. A 
proportion of cellsinvariably shows intermediate morpho- 
logical changes when dye exclusion is not conclusive, and 
interpretation becomes speculative. Consequently, an 
alternative technique for estimating CPE based on more 
exact methods of assay seemed desirable. 

Ultra-violet spectrophotometry, because it precludes 
the necessity of including colour reactions, seemed likely 
to produce a direct and uncomplicated method of assay. 
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Tabie 1 
0-5 mi, volumes een Tubes gomang an equal volume of 
with cella; A for 30 min a of known concentration 
followed by B for 20 min 1 4 5 
Ohi antiserum A A — — —- meme 
Antigen in PES B ~— B — B “ne 
Chicken negative serum — nee A. A. — on 
PBS alone — B — B À A,B 


Romeyn and Rigby measured immune cytolyms of 
guinea-pig peritoneal exudate cells (chiefly mononuclears) 
and Ehriich’s ascites tumour cells, by monitoring cell- 
free supernatants for nucleic acid, at a wave-length of 
260 my, following incubation of the cells with specific 
antisera. By this means an in vitro type 2 reaction® was 
produced and complement was titrated. 

As the intention was to measure tissue sensitizing anti- 
bodies ın sera, the possibility was considered of passively 
sensitizing & suspension of an established line of either 
HRE or HeLa cells in vitro, washing them, exposing tham 
to a Westphal-type antigen and measuring the release of 
cellular ribonucleic acid mto the supernatant suspending 
medium st a wave-length of 260 my. In other words, an 
attempt was to be made to induce passively in vitro a 
type 1 reaction®. 

As a preliminary step, HeLa cells were exammed micro- 
scopioally, for céllilar RNA by stemning with methyl-green 
pyronin, using perchloric acid as a substitute for mbo- 
nuclease in the histochemical detection of RNA (refs. 
7-10). These prehminary observations were encouraging" 
and led to the design of a test which it was thought might 
measure release of cellular RNA following controlled 
passively induced type 1 reactions? on in viro cultured 
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cells. In this way it was hoped to calculate a cytopathic 
index based on the absorbancies of cupernatants from 
experimental and control HeLa cell suspensions, which 
would allow the titration of sensituzmg or cytophilic anti- 
body in sera under test. 

The test was initiated by dispersing a number of 
aliquots of thrice-weshed HeLa cells of known concen- 
tration, suspended in phosphate buffer-saline (PBS), into 
tubes. Some of these cells were mcubated with 0-5 ml. 
of a 1 : 2 dilution of chicken serum under test, others with 
0-5 ml. of a 1:2 dilution of known negative chicken 
serum, and others were mecubated with 0°5-ml. PBS. 
After 30 min at 37° C the cells were washed as before m 
PBS, some were further incubated for 20 min at 37° C, 
resuspended in I-ml. suspensions of antigen in PBS, and 
some in l-ml. volumes of PBS alone (see Table 1). 

After the second period of incubation (B in Table 1) 
all tubes were centrifuged at 236g for 2 min, and to the 
supernatants were added l-ml. volumes of 2 N Analar 
perchloric acid. This precipitated any protein and freed 
nucleic acid and nucleotides by hydrolysis. The super- 
natants were incubated with perchloric acid for 30 mm at 
60° C and were then centrifuged at 1,720g for 30 min to 
separate the acid-soluble nucleic acid and nucleotides for 
monitormg at 260 my. Analysis of the results of several 
hundred absorbance readings consistently showed that 
minimal release of cellular RNA from HeLa cells occurred 
owing to manipulation of the cells durmng the experiment 
(tube 6, Table 1). Absorbance of supernatants from cells 
in tubes 2, 3, 4 and 5 (Table 1) were all significantly less 
than from cells in tube 1 which had been passively sub- 
jected to a type 1 reaction’. 


Table 2. CyropaTuio ÎNDIOSS OF WHOLE SERUM AND ‘SgPHADEX’ FRACTIONS OF CHICKENS ARTDIFICIALLY INJECTED WITH E coli 


Oytopathic Index (as percentage) 
Day Chicken # Whole ‘Sephadex’ fraction Serum titre 
serum 83-84 35-86 87-88 80-40 41-12 43—44 45—46 47-48 49-50 51-52 HA AG H 
0 l 26-4 13 3 B12 18-2 33 212 87-2 83 6 86-6 NT NT 18 512 20 
£ 10-7 11:1 18°38 11-1 0 0 0 25-3 27.2 Ll 11-8 4 256 10 
8 0 14°7 0 26°5 148 142 16-9 144 17 6 0 NT 4 256 20 
4 150 NT RT NT NT RT NT NT RT NT NT 4 256 20 
Average 18-0 4 320 18 
1 & 45 22 2 17-8 174 148 17-4 12 178 12 148 8 82 512 40 
€ §3 4 256 20 
7 10-4 17 8 18 70 10-5 NT NT NT NT NT 4 258 10 
25 6 18°5 7-0 
$ 0 NT NT NT NT NT NT NT NT NT 4 64 40 
G 0 4 64 20 
Average 4-4. 6 230 26 
33-37 38—42 48-47 48-52 63-57 58-62 
2 10 13-8 15-6 0 0 0 0 0 . 4 256 10 
11 0 16-2 0 0 0 0 0 8 256 10 
12 4-4 116 9 0 6 0 0 8 84 20 
13 18-8 NT NT NT XT NT NT 8 256 160 
14 11-3 4 256 40 
Average &7 6 102 48 
3 15 15-7 231 0 0 0 0 11-8 16 1,024 10 
18 15-1 14°5 0 0 0 0 0 16 128 10 
17 0 8 128 10 
18 14-1 NT 64 1,024 40 
19 17-6 Pes . - 16 §12 40 
Average 112 i 24 562 20 
4 20 25-2 $0 1 0 0 0 147 28 3 32 512 20 
2 163 16 8 18-1 23-2 89 14-1 108 64 2,048 20 
22 12-7 27-2 0 27°38 6 0 255 8 128 40 
28 17-9 82 2,048 16 
24 $1-4 NT 64 2,048 40 
25 22-8 4 2,048 40 
Average 21-7- $4 1,472 28 
5 26 27°4 225 0 215 30 8 103 0 8 2,048 20 
27. | 307 32-4 23-1 189 97-4 18 9 96 4 256 2,048 20 
28 21-1 48-0 51:8 58 2 425 58°6 32 512 80 
20 22-8 NT 64 2,048 10 
80 7-1 18 512 40 
Average 21-05 75 1,434 34 


E: H agglntinating antibody. HA: O haemaggiutinating antibody. AG: O antiglobulin haomsggintinating antibody. 
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It was possible, in consequence, to calculate cytopathic 
indexes from data which were so controlled that the only 
variable was the sensitizing activity of the chicken anti- 
serum. The formula used was: 


Cytopathic index (CI) = 
EB 260 tube 1 — E 260 tube 5 


se Fsiahe 1 CSCS 10 


Tube 5 was deliberately chosen as the control, as it con- 
aistently gave slightly higher absorbancies than tubes 2, 
3, 4 and 6 (see Table 1). 

To determine the efficiency of this cytopathic test a 
series of expermments was carried out in which serum 
responses to oral infection of individual birds were fol- 
lowed. As a result, ıt was shown that sensitazing activity 
was present in these sera. The next step was to see if 
serum fractions possessed cytophile properties and if it 
was possible to characterize sensitizing antibodies. 
Accordingly, thirty Light Sussex 5-week-old cockerels 
were obtained and divided into six groups. One group 
was killed immediately and maximum serum samples 
recovered from each bird. These are the samples of 
day 0. The remaining five groups immediately received 
1 x 108 live E. cok 02 organisms into the posterior air sac. 
Serum samples were recovered by killing one group from 
the remaining five at daily intervals to give serum samples 
for days 1-5. These sera were used passively to induce 
type 1 antigen-antibody reactions! with E. cols 02 poly- 
saccharide at a concentration of 60 ug/ml. on suspensions 
of HeLa cells. 

Cytopathic indexes were calculated for these whole 
serum samples, and detailed results of these can be seen, 
in Table 2. Fig. 1 illustrates the mean cytopathic index 
for each day of the experiment, and these show a typical 
secondary response to infection with live organisms. The 
presence of antibodies in the sera before experimental 
infection is of interest as Æ. cols 02 is a normal inhabitant 
of the alimentary tract of the chicken. The mean haem- 
agglutination and anti-globulin haemagglutination titres 
(Table 2) follow similar patterns to the mean, cytopathic 
index figure except that the minimal mean, antiglobulin 
haemagglutination titre was reached one day later, that 
is, on day 2. It ıs of interest to note that Buxton and 
Allan! showed that antiglobulin haemagglutinins in sera 
from birds orally infected with Salm. gallinarum were 
capable of sensitizing leucocytes from normal chickens. 
When challenged with Salm. gallinarum polysacchande, 
these leucocytes were damaged. 

For ‘Sephadex’ fractionation 3 sera from each day were 
used. A 5-ml. volume of each serum was used, with the 
exception of birds 5 and 6, when 2:5 ml. of each of these 
sera were fractionated together. The fractions were 
bulked and reduced to a fixed volume by overnight 
dialysis at 4° C against polyethylene glycol (‘Carbowax’, 
Union Carbide Co.). By this method a tenfold concen- 
tration was achieved, and the ultra dialysate was used in 
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place of whole serum to induce a type 1 reaction? on HeLa 
cells. ' 
The concentration, of the ‘Sephadex’ fractions followed. 
three patterns: (c) Day 0 and day 1: consecutive pairs 
of fractions totallng 10 ml. were reduced to 1 ml. (b) An 
exception to this was bird 7 on day 1, when each indi- 
vidual fraction of 5 ml. was reduced to 0-5 ml. (e) Days 
2, 3, 4 and 5: five consecutive fractions totalling 25 ml. 
were reduced to €-5 ml. 

Fig. 2 shows th» profile of a typical fractionated serum 
taken from each cay. The absence of peak I in day 0 18 
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indicative of the low IgM levels in normal 5-week-old 
chickens. The rapid increase in formation and height of 
peaks I and II as a result of infection is readily discernible. 
The consistent reliability of ‘Sephadex G 200 as a 
separating medium meant that it was possible from day 2 
onwards to bulk the fractions from each serum in the 
same manner (vide supra, and Table 2). 

Table 2 sets out the cytopathic indexes of all the 
fractions tested. It will be seen that the sera from days 0 
and 1 show sensitizing activity throughout the initial 
fractions which correspond to peaks I and IT on the 
respective serum protein profiles (Fig. 2). In contrast, 
sera from days 2 and 3 show activity confined to the IgM 
peak only. Sensitizing activity gradually reappeared 
throughout the whole range o7 fractions during the last 
2 days, with the cytopathic indexes becoming approx- 
imately equivalent. 

When the whole sera were subjected to 2-mercapto- 
ethanol treatment, it was found that all haemagglutinating 
activity was removed while the antiglobulin haem- 
agglutinating titres were reduced to 1:8 or less. 

From these experiments it appears that first IgM and 
then IgG antibodies may be sensitizing and concerned in 
cell damage. Turner, Jenkins and Rowley™ showed. that 
mice vaccinated with living Salm. typhimurium produced 
two types of immunoglobulin. The first phase of pro- 
duction was characterized by a 19S macroglobulin response 
which lasted for about 4 weeks, leaving a 7S IgG antibody 
which persisted for about 6 months. Rowley, Turner and 
Jenkins also showed that passive transfer of immunity 
to mouse typhoid was possible by transfer of phagocytic 
cells from immune mice. This resulted from a cell-bound 
antibody that could be eluted from these cells and was. 
shown to be 19,9 IgM. 

The fact that both IgM and IgG immunoglobulins are 
capable of sensitizmg heterologous HeLa cella may to 
some extent be explained by a report of Brambell*. This 
suggested that uptake of globulins by cells, whether 
passively as in type 1 reactions’ or actively, depends on 
the presence of “recognition units” on the immunoglobulin 
molecules which match receptors on the pinocytotic 
vesicles of the tissue cells involved in the adsorption 
processit. 

From the experimental results obtamed by the cyto- 
pathic test described in this article, it seems that this 
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test is capable of detecting 7S IgG activity at an earlier 
period in the immune response than conventional ir vitro 
methods. 

The emergence of 75 IgG antibody as a more potent 
cell sensitizing agent may be related to a higher circu- 
lating serum level. However, recent reports indicate that 
homologous 7Sy, is more effective than 7Sy, in. sensitizing 
skin in passive cutaneous anaphylaxis (PCA) tests in 

inea-pig and mice}*-i¢, 

Roe! stated that the uncertainty in interpreting the 
ultra-violet absorption spectra of macronuclear material 
when the conditions of examination are difficult to control 
has made many workers sceptical about possibilities of 
obtaining quantitative results from the microspactro- 
scopy of biological cells. The knowledge that nucleic 
acid is present in high concentration, and may undergo 
local changes in pH or in ionic environment with changing 
cell metabolism, and at different stages of cell division, 
leads to the conclusion that quantitative information may 
be difficult to obtain’’. By using an established cell line 
such as HeLa in the carefully controlled environment of 
the cytopathic test just described, it is possible to fulfil 
Roe’s criteria and thus present quantitative results which, 
at least under the same experimentel conditions, appear 
quite valid. 

This work was supported by a grant from the Eritish 
Egg Marketing Board. 
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EFFECT OF SULPHYDRYL REAGENTS ON A MECHANICAL PROPERTY OF SKIN 


By Mas, MARGARET L. R. HARKNESS and Dr. R. D. HARKNESS 
Department of Phystology, University College, Gower Street, London, W.C.! 


INVESTIGATING the effect of various treatments on the 
tensile strength of the skin of the rat’s tail, with the 
object of defining more precisely the mechanical li 
holding it together, we had occasion to try thioglycollate 
and. this was found to produce a large reduction in tensile 
strength. We have since tried a number of other thiol 
reagents and found they all heve this effect. 

The experiments were carried out on the tail skin of 
rats 40-60 days old. This skin was out into rings, and 
loaded stepwise to the point of rupture at a constant 
rate ing time 8-5 min in untreated skin!*). The 
tensile strength of this material is almost entirely due to 
the dermis, the effect of the epidermis being relatively 
unimportent?)?. It has therefore, in general, been 
ignored. However, some of the results have been checked 
on epidermis-free skin. 

Usually, rings of skin were treated with the reagent 
under investigation overnight or for longer periods in the 
refrigerator at about 4°C. Fig. 1 shows effects of treat- 
ment with thioglycollate, mercaptoethanol cysteamune, 


cysteine and reduced glutathione (in 0-1 M concentration, 
except for glutathione), at different hydrogen ion con- 
centrations obtained by adjusting the pH with hydro- 
chloric acid or sodium hydroxide. Lower concentrations 
(not shown in Fig. 1) of glutathione (2:5 mM) and cysteine 
(10 mM) have also produced similar effecte. In Fig. 1 
the effect of alteration of pH in buffered physiological 
saline alone is shown as a dotted line (from ref. 2). The 
effect of the experimental reagents is to move this curve 
in the direction of higher pH, and large reduction in 
tensile strength is produced by them in the range of pH 
from. 6 to 7-5. It should be noted, however, that the curves 
represent effects at standard times and not necessarily 
final equilibrium conditions. 

Compounds related to two of the above but containing 
oxygen. instead of sulphur (ethylene glycol and ethanol- 
amine) had no significant effect (at pH 7). The normal 
effect of pH on tensile strength appears to be relatively 
insensitive to changes in the composition of the buffer?. 
It is much the same in 0:1 M ins or acetate as in the 
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physiological saline buffered with phosphate, or bicarbon- 
ate, we have generally used. Other substances which 
in single tests have not had an effect like these thiols are 
ascorbate and oxalate. To this extent the effects of thiols 
appear to be specific. 

The effects are not confined to tail skin. We have 
obtained them on ankle and wrist skin with cysteamine. 

The method of adjusting the hydrogen ion concentration. 
leads to small variations in ionic strength, but there is no 
reason to suppose these Have more than second-order 
effects! except perhaps at the lowest pH value for mer- 
captoethanol which represents a simple solution. 
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It has been suggested to us that the effects of these 
roagents might be produced by activation of proteolytic 
enzymes, but this seems unlikely in view of the following: 
(1) Previous treatment of the skin with acetone did not 
prevent the effect. (2) Treatment with cysteamine at 
room temperature for 0-5 h, followed by 10-* M iodo- 
acetamide for 2 h (which should activate and then in- 
activate an enzyme), did not prevent the effect. (3) The 
effect was at least partly (up to about 70 per cent) 
reversible by leaving in phosphate-buffered physiological 
saline in the refrigerator. After reversal, the effect, so far 
as we have investigated it, can be repeated (indicating 
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that the reversal -s a true one and not due to formation of 
new ). 

Also it is diffhult to explain the increase in tensile 
strength found at high pH values with some of the reagents 
on the basis of erzyme activation. However, one cannot 
draw definite conelusions from this increase at the moment 
in view of the similar effect of cyanide? in low concentra- 
tion. There is no reason to suppose it was a contaminant 
of the reagents used, but an equally active material would 
only have to be present to the extent of one part in a 
thousard of the magents to produce the effect. 

The conditions of some of the experiments were similar 
to those used to =ncourage growth of anaerobic bacteria. 
However, the perticipation of such organisms can vir- 
tually be excluded from some of the effects, because, at 
room temperatur> or 37° C, those can be demonstrated ın 
30 min. In experiments overnight at 4° C the addition of 
sodium azide (16 tama an soa of bacterial growth, 
made no significant diff 

There are a number of poate explanations of those 
effects of thiols. Removal of a metal ion is one. We have 
been able to find no effect of EDTA (up to 0-1 M); but 
acetyl acetone reduces the tensile strength of this skin?, 
though not nearly as effectively as these thiols. Another 
possible effect of shese could be the breaking of disulphide 
links, which woud agree with the fact that we also have 
found sulphite ta reduce the tensile of this skin. 

Whatever the ultimate explanation of these effects, 
they do not appear to be capable of interpretation in 
terms of what ie at present known of the structure of 
collagen. There is, for example, no evidence of the 
presence of disulphide links in its structure. We have tried 
cysteamine on -econstituted collagenous sausage skin 
aF provided >y Ethicon, Inc.) and found no significant 


E 18 reasonable to conclude that these thiol reagents are 
acting on another material, between the collagen fibrils, 
and that this forms an essential link in the mechanical 
integrity of the d=rmis. Previously recorded effects of pH 
and other agents on the tensile strength of skin, which are 
equally inexpliceble in terms of known properties of 
collagen, support the same conclusion!?, 

We have previously suggested the possibility? that local 
changes in hydrcgen ion concentration could be the basis 
of a mechanism by which cells could mould connective 
tissues and mov> through them. These effects of thiol 
reagents could be used for the same purpose, with less or 
no alteration of pH from normal. They also suggest that 
more attention might usefully be concentrated on the 
role of non-collagenous materials in mechanical properties 
of other soft tissues, for example in wounds. 

We thank Miss Ines des Tombe for skilled technical 
assistance, and the Medical Research Council for a grant. 
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SUBSTRATE- AND INHIBITOR-INDUCED CHANGES IN THE OPTICAL 
ROTATORY DISPERSION OF ASPARTATE TRANSCARBAMYLASE 


By E. A. DRATZ and Pror. M. CALVYN . r 
Department of Chemistry and Lawrence Radiation Laboratory, University >f Calıfornia, Berkeley, California 


ONE of the main homeostatic control processes in cells is 
the modulation of the activity of certain enzymes by 
small metabolites and catabolites. Allosteric enzymes? 
show large changes in catalytic activity in the presence 


of effectors (inh-bitors or activators) thas are often not 
stereochemically related to the substrate or product of 
the enzyme of inserest. A model for the allosteric enzyme 
regulation mechenism, based largely on kinetic evidence, 
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has been proposed by Monod, Changeux and Wyman’. 
This model proposes that small molecule effectors alter 
enzyme catalytic activity by bringing about conformational 
changes in the enzyme structure. Independent evidence 
for or against the alteration of protein conformation by 
allosteric effectors is important for assessing the correctness 
of the point of view of this model. This article reports some 
results on optical rotatory dispersion which demonstrate 

in the conformation of the enzyme aspartate 
are regae oa caused. by substrate and by an allosteric 
inhibitor. 
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Aspartate transcarbamylase (ATCase)* is one of the 
best charecterized examples of an allosteric enzyme and 
ig suitable for physical investigation because it can be 
highly purified. ATCase is the first enzyme in the pyri- 
midine biosynthetic pathway. Aspartic acid and carbamyl 
phosphate are coupled by ATCase to form carbamyl 
aspartate which istransformed by a series of fenzymatic: reac- 
tions to the pyrimidine nucleotidés, uridine triphosphate 
(OTP) and cytidine triphosphate (CTP). As first shown 
by Yates and Pardee‘, oytidine derivatives exert a regu- 
latory infiuence on the activity of the enzyme in whole” 
cells and in cell extracts. Kinetic measurements on 
purified ATCase show ~ that CTP binds reversibly at a 
site distinct from the catalytio site, and inhibits the 
enzyme by reducing its affinity for the substrate aspartate’. 
The level of the ultimate product, CTP, is controlled by 
feed-back inhibition of ATCase. 

ATCase has a sigmoidal substrate saturation curve for 
aspartate at pH greater than 6-1, indicating a co- 
operative (homotropic} interaction? between catalytic 
sites, that is, ATCase increases ita aspartate affinity with 
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ine: “aspartate concentration. Fig. la shows the 
effect of CIP and pH on the substrete saturation curve 
of ATCase. Co-operative interactions between catalytic 
sites and tne modification of this mteraction by CTP 
(heterotropis interaction") are examples of indirect inter- 
actions between binding sites that are characteristic of 
allosteric enzymes. The co-operative substrate site mter- 
action allows non-reactive substrate analogues that are 
simple comvetitive inhibitors at high concentrations to 
activate ths enzyme at low concentrations. Fig. 16 
shows the activation of ATCase by a substrate analogue 
at low concsntrations, and the competitive inhibition at 
high concentrations. Several substrate analogues show 
this effect. 

The kinetic effects, in summary, are as follows: CTP 
promotes a decrease in the affinity of ATCase for aspartate 
while substrates, substrate analogues, and protons in- 
crease enzyme affinity for aspartate. At a given aspartate 
concentraticn, the aspartate affinity of the enzyme de- 
termines the catalytic activity (reaction velocity) -of 
ATCase. The activity changes at a fixed aspartate con- 
centration are represented in Fig. la by the arrows showing 
the direction of the activity shift on addition of CTP and 
H+. 


Materials and methods. All chemicals used were 
obtained from commercial organizations. The sodium 
salt of poly-L-glutamic acid, supplied by Mann Research, 

C-s an average degree of polymerization of about 
180, estimated by the intrinsic viscosity in 0-1 M sodium 
chloride. The poly-I-glutamic acid concentration was 
estimated from the dry weight, assuming one water of 
hydration per residue. ATCase was a gift from Dr. John 
Gerhart. The enzyme assay! and method of preparation* 
were previously described. All enzyme solutions contained 
2 mM mercaptoethanol and 0-2 mM EDTA. Potassium 
phosphate was used for the pH 7-0 and pH 6-1 buffers, 
while iris hydrochloric acid was used tor pH 8-6. The 
buffers were 40 mM for the kinetic measurements and 
4 mM for the optical measurements at less than 240 mu. 
The enzyme concentrations were paces from the 
absorption at 279 mp, using A} 1 mg/ml. = 0-59. The 
average residue weight (17) of ATCase was estimated, 
from a preliminary amino-acid analysis*’, to be 120. 

Optical rotatory ion measurements were made 
with a Cary Model 60 recording spectrovolarimeter. The 
rotations were independent of slit width and the specific 
rotations were independent of the product of (concen- 
tration) x {path length) over a ten-fcld range. Lamp 
position adjustment and slit width adjustment were made 
for minimum noise-level at the wave-length region of 
interest. The cells, made'by Pyrocell, Inc., were selected 
for minimum birefringence and were cleaned inside and 
out by soaking in concentrated nitric acid~sulphuric acid 
(60/50 by volume) and by exposure for 1 nin to methanol- 
3 M potassium hydroxide (50/50 by volume). When 
properly cleaned, the cells could be removed and replaced 
in the polarimeter with no observable change in the 
rotation. Cells of 0-1, 1:0 and 10 mm path length were 
used. All measurements were performed at 4:5° + 1:0° C. 
_ The specific rotation measurements for different samples 
Tat the same solution conditions varied 1-2 per cent. The 
variation prcbably arises from volumetric errors in sample 
preparation. This variation of specifis rotation from 
sample to sample was too large to permit a satisfactory 
determination of the absolute specific rotations of the 


‘ enzyme in the presence and absence of effectors. However, 


we could determine the relative rotation in the pressnce 
and absence of effector by a titration method. For the 
titration experiments, 2'5 ml. of enzyme solution was 
pipetted mto a 0-1 or 1-0 mm cell and the optical rotatory 
dispersion spectrum measured. Ten- tc twenty-lambda 
portions of concentrated effector solutions, previously 
adjusted to the appropriate pH, were added with a micro- 
pipette. The enzyme solution was mixed by slow inversion 
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of the cell and the optical rotatory dispersion spectrum 


. measured. Corrections for dilution and CTP rotation were 


applied. The magnitude of rotation at selected wave- 
lengths was most precisely determined by chart recording 
of the rotation at each fixed wave-length for extended 
periods (c. 10 min) with a 10- or 30-sec pen time constant. 
After running a spectrum, the peak and trough wave- 
length points -were repeated and the rotations were 
unchanged within the noise level ın all cases. The specific 
residue rotation [R] was calculated according to the 
relation : 
3 a, M 


[R] = apa Te 100 

where a, is the observed rotation in degrees, } is the path 
length ın decimetres, ¢ is the concentration ın. g/ml., M is 
the average residue weight, and n is the refractive index 
of the solution at wave-length of measurement. The 
refractive index of water at 231 mu* and 20° C was used 
for all wave-lengths. The Lorentz factor, 3/(n? + 2), for 
water at 231 myu is 0-7635. 

Absorption measurements were made with a nitrogen- 
purged Cary model 15 spectrophotometer. Absorption 
spectra were taken relative to a buffer solution of identical 
concentration. The phosphate buffer used for the far 
ultra-violet absorption measurements had a maximum 
absorption of one at 180 my in a 0-1 mm cell. 

Helix content of ATOase. Optical rotatory dispersion 
in the far ultra-violet region of peptide bond absorption 
is sensitive to protein secondary structure’®. Fig. 2 
shows the ultra-violet optical rotatory dispersion of a 
model polypeptide, poly-u-glutamic acid (PLGA), in the 
helical (a) and random coil (b) conformations. Similar 
curves, differing slightly ın magnitude, have previously 
been published by other workers’. Fig. 2c shows the 
ultra-violet optical rotatory dispersion of ATCase; the 
spectrum is strikingly similar in shape to that of helica 
PLGA, but the magnitude/residue is much smaller. The 
optical rotatory dispersion curve of ATCase can best be 
fitted with about 47 per cent of the PLGA helix specific 
residue rotation (Fig. 2a) with no contribution of the 
non-helical residues. To a first approximation, we con- 
clude that about 37 per cent of the residues of ATCase 
are in the helical conformation. Because there may be 
many short regions of helix in the molecule, the actual 
helix content may be somewhat higher than 37 per cent 
owing to an expected dependence on chain-length of the 
rotation/residue of a polypeptide helix*. The only appre- 
ciable deviation of the fit of a 37 per cent PLGA helix 
specific residue rotation to the ATCase optical rotatory 
dispersion occurs in the region between 220 my and 
205 my. The small deviation of the fit has a rather 
complicated wave-length dependence, and is thought to 
result from an almost complete cancellation of opposing 
contributions of the Cotton effects of the various non- 
helical residues. In an investigation of the far ultra- 
violet optical activity of myoglobin, usmg circular di- 
chroism, Holzwarth and Doty?* have found a similar 
cancellation of the contributions of the non-helical 
reaidues. For myoglobin, the circular dichroism can 
best be fitted by 70 per cent model polypeptide helix 
dichroism with no contribution from the non-helical 
residues". 

Several other methods are available for helix content 
estimation from data for optical rotatory dispersion™*»*. 
The other treatments of this problem rely on the monotoni2 
visible and near ultra-violet data, and we feel that tha 
most reliable method should be the direct observation 
of the peptide helix Cotton effects as has been done here. 
The exact absolute value of helix content of ATCase is 
not of prime importance in our work and, furthermore, wə 
did not want to use the large amounts of material required 
for precise visible measurements. None of the methods 
for estimating the helix content is really satisfactory for 
proteins with low helix content, as local charge and dipole 
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fields** of regions of the protein wrapped around the 
helical segments are not present m the reference poly- 
peptides. It should be mentioned that PLGA may not 
be the ideal refer2nce material for an estimation of helx 
content, and these problems have heen discussed by Yang 
and McCabe. 
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The helix contant of proteins can also be estimated from 
the hypochromm effect that the helical conformation 
exerts on the ultra-violet peptide bond absorption!*. This 
method agrees well with the optical rotatory dispersion 
for simple polypeptides and some proteins. The use of 
this method for proteins is complicated by the contribution 
of aromatic ammo-acid side-chains, as well as arginine, 
methionine, cyssine, amide, and carboxylate groups, to 
the absorption in the region of peptide bond absorption. 
The method is attractive because it requires small amounts 
of material and we felt that more cases should be tried 
to fully explore-its possible usefulness. The side-chains 
contribution to she absorption of ATCase was estimated 
from an amino-acid analysis!’ and the amino-acid side- 
chain extinctior coefficients given by Rosenheck and 
Doty**. The absorption spectrum of ATCase is given in 
Fig. 2b. The heix content of ATCase wes estimated by 
this method to be 95 per cent at 190 my, 51 per cent at 
197 mu, and 48 per cent at 205 mp. The 190 my point 
has the largest relative correction for side-chain absorption 
and is least trastworthy. The 197 mp point has the 
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smallest relative correction, and Rosenheck and Doty** 
believe 197 mp to be the most reliable. 

The peptide hypochromism gives a value for the helix 
content of ATCase which ıs larger than that predicted 
by the optical rotatory dispersion. If the 190 mp point 
is neglected, the peptide bond hypochromiam indicates 
about 50 per cent helix. This is in acceptable agreement 
with the optical rotatory dispersion value of 37 per cent. 
‘We consider the hypochromism value as the less reliable, 
as the side-chain as well as the peptide bond absorption 
may be considerably perturbed by the environment inside 
the protein. 
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Substrate and inhibitor-indused changes in optical 
rotatory dispersion. The entire curve for optical rotatory 
dispersion of ATOase changes in magnitude when CTP, 
substrate analogues, or protons are added to the enzyme. 
The observed changes are small (about 5-6 per cent 
maximum) but can be measured over most of the wave- 
length range of interest. Table 1 shows the specific 
rotation/residue of ATCase at the trough of the 233 my 
Cotton effect in the presence of various substances that 
affect its kinetic behaviour. We use 233 mu as a convenient 
wave-length for tabulating the optical rotatory dispersion 
change because the relative errors are lowest at this 
wave-length. These measurements were repeated several 
times and always showed the trends indicated in Table 1; 
however, the variations in the observed differences were 
large enough to make the magnitude of the change un- 
certain. We found that titration of the change in optical 
rotation shows the rotational changes clearly (see the 
section on materials and methods). 
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Fig. 3a shows the change in ATCase rotation observed 
on addition of small portions of a concentrated mixture 
of carbamyl phosphate and succinate, a non-reactive 
substrate analogue that is bound to the enzyme. The 
rotation decreases with increasing substrate concentration, 
while the catalytic activity increases. It is important 
to note here the role of carbamyl phosphate, in that 
carbamyl phosphate is required for the rotatory change, 
but causes no change by itself (within experimental error). 
Perhaps carbamyl phosphate is necessary for the binding 
of succinate. Fig. 3b shows the increaze in rotation of 
ATCase as the CTP concentration increases. The catalytic 
activity decreases with increasing CTP concentration. 
The effect of added protons on the enzym=> shows increased 
rotation (Table 1) with decreased aczivity (Fig. la). 
All measurements consistently show an inverse correletion 
between the magnitude of the rotation and the catalytic 
activity of ATCase. 


Table 1. VALUES OF Srrcivic Rusroun ROTATION oF ATCASE AT 238 Ny 
tr Various SOLUTIONS FROM A TYPIOAL EXPERIMENT 


Sample [R] 993 mz 
pH = 6-1 §,240 + 
pH=61+410+ M CTP 880420} 4= 90) 
pH =85 6,500 201 4m 990 
pH~85-+5 mM succinate 5,880 + 20 
d 3 mM carb. PO, 


The 4 values are the differences caused by solution alteration. All experi- 
ments show the same trends of effector-induced cha in the rotation. The 
errors shown in Hand Di are the observed nolse-level in the optical rotatory 
dispersion spectrum 


The changes in rotation clearly show that there is a 
change in the relationships of amide residues in the protem. 
accompanying changes in the catalytic activity. Fig. 4 
shows the maximum change in the optical rotatory dis- 
persion of ATCase caused by the addition of substrate 
analogue. The shape of the difference curve for optical 
rotatory dispersion is very close to that of the polypeptide 
helix, indicating that, on the face of it, some residues of 
the protein have undergone a coil-to-helix transicion. 
The noise-level is relatively high in the region of 200 mu 
and below, and it is difficult to follow the details of the 
change; however, it is clear that the maximum change in 
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this region relative to the maximum change at 233 my 
is consistent with a change in helix content. 

Care must be taken in assigning such amall changes to 
any particular structural alteration, and alternative 
explanations must be carefully examined. 

(1) Small molecules can acquire optical activity when 
bound to an optically active large molecule**-1*. If the 
optical rotatory dispersion changes observed arose from 
induced optical activity in the bound effectors, specific 
rotations in excess of 10° degrees/mole of bound substrate 
analogue would be required to explain the observed 
change in rotation (even if as many as ten substrate 
analogues/mole of enzyme were bound). Specific rotations 
of this magnitude are much larger than can reasonably 
be expected. Furthermore, induced Cotton effects will 
be centred very close to the absorption maxima of the 
bound molecules. CTP has a weak optical rotatory dis- 
persion spectrum with a Cotton effect centred at 270 mu. 
An. induced Cotton effect in CTP would show up in the 
270 mp region and could not give rise to a change in 
optical rotatory dispersion with the wave-length de- 
pendence observed. Substrate analogues, succinate and 
malate, have somewhat different absorption spectra and 
both produce a change in the optical rotatory dispersion 
spectrum of the same shape. Because the 3ame changes 
in optical rotatory dispersion are caused by substances 
with different absorption spectra (CTP, succinate, malate) 
we can rule out Cotton effects induced in the bound 
molecules as the source of the changes. 

(2) Effector-induced alterations in ths non-helical 
regions of the protein structure could change the charge 
and dipole environment around the helix and give rise 
to an altered helix optical rotatory dispersion. Changes in 
the charge and dipole fields would be expected to have the 
largest effect on the helix optical rotatory dispersion in the 
electronically forbidden n/x* region around 225 my*:+:1¢ 
and to be less important in the electronically allowed 
N-V peptide bond transition in the region of 190 mp}, 
It is very unlikely that alterations in the static fields 
would produce the same percentage of change in the optical 
rotatory dispersion at 200 mp and at 233 my. as is observed. 
We can conclude with some confidence that the change 
in the optical rotatory dispersion does not result from 
alterations in the non-helical regions of the protein. 
(The non-helical regions may well change under the 
influence of the allosteric effectors, but this is not the 
source of the changes in optical rotatory dispersion we 
observe.) 

(3) In principle, one other possible explanation for a 
change in optical rotatory dispersion with the wave- 
length dependence of the helix-coil type is a change in 
the local refractive index resulting from swelling or 
shrinking (change in internal hydration), thereby altering 
the local electric field of the light inside the protein and 
leading to an altered amplitude of optical rotatory 
dispersion. If we assume a Lorentz local fleld, a very large 
change in refractive increment for the protein (of the 
order of 6 per cent maximum) would be required to explain 
the observed effect. A change in refractive increment 
of this magnitude is extremely unlikely. 

In summary, the addition of allosteric effectors causes 
a physical change in the protein structure. The inter- 
relationships of the amide residues clearly change, and, 
although static field and hydration effects are not 
strictly excluded, the allosteric transition is most 
probably accompanied by a change in helix content of 
the enzyme. 

ATCase appears to be composed of'six sub-units, four 
regulatory and two catalytic, the interaction of which 
controls the catalytic activity®®*!. The helix-coil transition 
that has been found could change the geometry of the 
sub-units and thereby affect the sub-unit interaction. It 
hes been observed that substrate analogues induce a 
small change in the sedimentation coefficient of ATCase". 
The magnitudes of the change in optical rotatory dispersion 
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and sedimentation are both small. The molecular weight 
of ATCase?! is abeut 3 x 105, which corresponds to about 
2°6 x 10? residues, about 8:3 x 10? (37 per cent) of which 
are in a helical snvironment. The number of residues 
involved in the allosteric helix-coil transition can be 
estimated to be about 40-50 residues from the maximum 
change in rotation of about 5-6 per cent. This small 
alteration of the enzyme structure occurs during a change 
of substrate affinity of two orders of magnitude or more. 
It is not surprising, however, that small alterations of 
enzyme structure could lead to large changes in activity 
by affecting the shape, polar environment, or charge on 
the catalytic site. The allosteric enzyme acts like a bio- 
rates amplifiec** in that a small signal causes a large 

The estimate cf the number of residues involved is a 
lower limit. The net observed effect could be the result 
of opposite transitions, one helix-to-coil and the other 
coil-to-helix; the difference in the number of residues 
would be seen by our experiments. It is also possible that 
a large number o? residues modify their helix dimensions 
as compared with.a smaller number undergoing a complete 
helix-to-coil transition. The former point of view is 
unfavourable because helix-coil transitions tend to be 
co-operative. 

The model for sllosteric proteins put forward by Monod 
et al.* supposes that there are two forms of the enzyme in 
equilibrium. The-two forms are assumed to have different 
catalytic activities and that the binding of substrate or 
inhibitor shifts te equilibrium between the two forms. 
The model predists that the physical effect of the in- 
hibitor is equivalent but opposite to that of the activator. 
Another possibilSy, which runs contrary to the model 
under consideration, ia that the inhibitor and activator 
cause the same kird of physical change but do so in different 
parts of the molenule. Our results show that the change 
occurring on addision of inhibitor is opposite (and approxi- 
mately equal to. the effect of activator. In terms of 
Monod, Wyman and Changeux’s model, the evidence 
from optical rotatory dispersion would imply that the 
catalytically more active form is the lees helical form. 

An investigation of the responses of the separated 
regulatory and xatalytic sub-units*! to the allosteric 
effectors would be desirable to separate their rotatory 
contributions. Correlation of the binding of effectors 
with the physicel change produced by the effectors is 
central to the understanding of the mechanism of this 
enzyme. 

The work described here was sponsored, in part, by the 
U.S. Atomic Energy Commission. We thank Dr. J. C. 
Gerhart of the Melecular Biology Department, University 
of California, Beckeley, for samples of aspartate trans- 
carbamylase and carbamyl phosphate, many useful 
discussions and for access to unpublished resulta. 
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LETTERS TO THE EDITOR 


ASTRONOMY 


Expected Number of Blue-shifts and Red-shifts 
of Ejected Sources 


It has recently been suggested’ that the quasi-stellar 
radio sources are objects thas have been ejected by 
relatively nearby peculiar galaxies. If their large red- 
shifts are due to the Doppler effect, we shall show that 
one would, in fact, expect to see many more objects 
with specal shifts towards the blue than those with 
shifts towards the red. 

We make the following assumptions: the explosion 
centres are distributed randomly in space; the distribution 
of the ejected objects is isotropic; the explosion centres 
are at rest with respect to the observer (we neglect the 
small red-shifts of the parent galaxies); the geometry 
over the volume of space considered is Euclidean; the 
spectra of all the ejected objects are the same over the 
region of interest and are representable by a simple 
power law; and the proper luminous lifetime of the 
ejected objects is small compared with the time taken for 
light to travel from here to the ejection centre. 

The Doppler shift (1 + z) = Aobs/Aemtted is given by 
equation (1) (see, for example, raf. 2). 


_ 1 + v/ecos 8 

eee (1 — v3/c*)t (1) 
where v is the ejection speed, and 9 is the angle between 
the line of sight and the velocity vector. The probability 
that an object is ejected into a given element of solid 
angle is just dQ/4r, as the ejections are assumed isotropic. 
Thus, if P,(z)dz is the probability of an ejection in the 
interval [zz + dz], we have: 


Prlz)dz = = = fam 8 d9 (2) 

and from squation (1): 
dz = oon in 0 dé 3 
— vije y ae (3) 


80, letting 1 + Zm = a + v/c)/(1 — v/c)]*t be the maximum 
observed ted Doppler shift (note that the maximum 
blue Doppler shift is (1 + zm)-*), we obtain: 


l + Za 
P(z)dz = ——._—. 4 
o{2) Zm (2 + tm) (4) 
For a given proper lifetime, the observed lifetime is pro- 
portional to the Doppler shift (the Doppler shift is very 
nearly constant, because the last assumption ensures 
thai the argular distance travelled by the object is small), 
and for this reason, the probability of observing an object 
with Doppler shift (1 + z) is enhanced by a further factor 
(1 + z). Thus if P(z) is the distribution function taking 

this effect into account, we hava: 

2(1 + Zm)* 
P N ah es 

(z)dz + mji (L + z) dz (5) 
Let the intrinsic luminosity of each source be L(Y) 


Then the flux crossing a shell of radius R, (in the frame 
of the emitter) in the frequency interval (vs, vg + dyo) is: 


Py(va}dvg = “aero (6) 


The flux seen by an observer with a Doppler shift 
(1 + z) relative to the emitter is: 


Piv)dy = (1 + 2)-* Fy(ve)dv, 
= (1 + 2) Folv(1 + z)] dv (7) 


The factor (1 + z)? can be understood either by con- 
sidering a flux of photons, both the energy and rate of 
passage of which are reduced by (1 + z)! (the area 
enclosing & given bundle of rays can be easily shown to be 
invariant; see, for example, ref. 3), or by directly trans- 
forming the Poynting vector. The distance R to the 
emitter measured by the observer can bə easily shown to 
be: 





_ Bo 
. ag l+z (8) 
so we can write: 
Fy) oom Ly [v(1 ud z)] (9) 


4nk? (1 + z) 
We assume that L,(v,) = Ov? for each source (O may 
differ from source to source). The relation between the 
monochromatic apparent magnitude m and the proper 
monochromatic absolute magnitude M 13: ; 
m= M+ 5log R + 26log[(l + z)**4] {10) 
Let n(m,z)dmdzdQ be the number of objects with 
apparent magnitude in [m, m + dm] and with red-shift 
in [z, z + dz] in the solid angle of sky dQ. Let N(M,z)dMdz 
be the number of objects with absolute magnitude in 
[M, M + dM] and with red-shift in [z, z + dz] in a unit 
volume of space. Thus, 


n(m,z)dzdQ = | | N(M.2)R‘AR |adedo (11) 
From equation (10): 
R = 100.Xm-M) (1 + z)-@+4)/2 (12) 


and 
dR = —0:2 x 100.2m-M) (1 + z)-(8+o)/% x Inl0dM (13) 
Thus 


n(m,z) dz = I f 02 N(M,z) 10-063 x 


In 10AM 10%" (1 + z)3@t@de (14) 


Let O(M)dM be the number of objects per unit volume 
of space with absolute magnitude in (M, M + dM). Then 


N(M,z)dMdz = 0(M)dM P(z)dz (15) 
and equation (14) becomes: 
n(m,z)dz = 
[o2 T (M) 103M In 10 am |10°-«m (I + 2) ia) 
2 (1 + 2m)? 16 
OF zai (i +2dz (16) 


The quantity in brackets is # constant; zhus the form of 
n(m,z) is independent of the lummosity function ®(M). 
Note also that log [n(m,z)] is proportions! to 0-6m. 

The ratio of the number of blue-shifted objects to red- 
shifted objects at apparent magnitude m is 


1 
f n(mz)a(l + 2) 
= Gite + er = (I + 2m) a + a)-4 


f T + 2) 


n(™)biue 
n(m)red 


(17) 
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for a single ejection speed corresponding to zm. It should 
be noted that our final assumption mimunizes the ratio 
Nblue/Nred; because ıt enhances the probability of seeing 
red-shifted objects. If, however, the objects were emitted 
uniformly in both space and time with an infinite lifetime, 
nblue/Nrea WOuld be increased by a further factor (1+ 2m). 
The coefficient « is in the vicinity of 0-7 for most of the 
quasi-stellar radio sources in the radio region and varies 
around 0-7 in the optical region’. Taking « = 0-7 we have: 


n(™)biue _ l 3:55 18 

aona (1 + Zm) (18) 
If zm = 2, the ratio 1s 50; even for zw as small as 0'5, 
the ratio 1s 4:2. Red-shifts for quası-stellar radio sources 
as large as 2 have been observed®, and most of the ob- 
served ones are larger than 0-5; thus one expects at least 
of the order of five times as many blue-shifts as red-shifts. 
So far, no blue-shifted quasi-stellar radio sources have 
been observed while many have measured red-shifts. 
It seems unlikely that any of our initial assumptions are 
violated to an extent sufficient to change our result 
appreciably; we thus conclude that if the red-shifts are 
Doppler, the quasi-stellar radio sources have not been 
ejected from peculiar galaxies. If, however, the quaai- 
stellar radio sources have been so ejected, the red-shifts 
ere not of Doppler origin. 
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Determination of Direction, Frequency 
and Polarization of Radio Emission from 
Galactic OH 


A MAJOR problem in the study of galactic radio emission 
from OH is to understand how it is that the emissions 
appear to be localized in very small bright regions each 
characterized by a particular frequency’; in addition, 
it has been found that emissions can show both linear and 
circular polarization®:*, The localization of emission at a 
particular frequency can readily be explained on the 
hypothesis of stimulated emission‘ if there are regions 
in which the velocities of the OH. molecules are correlated 
over large distances. Should the velocities vary consider- 
ably along a line of sight, so will the Doppler shifts relative 
to some local standard and stimulated emission will not 
occur because the optical depth at any particular frequency 
would be inadequate. For a sufficient optical depth, the 
velocities along the line of sight must be correlated over 
a distance of about 101° cm. In the absence of shifts of 
wave-length from any other cause, the velocity must be 
constant along the line of sight over such a distance. 
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Only in those directions along which there is such a 
systematic moticn will intense emission be observed. 
The frequencies of peaks in observed spectra indicate that 
velocities in different parts of a source may differ by 
100 km/s (ref. 1). 

Whereas linear polarization might arise from some 
directional effect such as could be associated with the 
outward movement of an ionization front bounding an 
H-II region, circu_ar polarization seems to require magnetic 
fields. The situetion does not correspond, however, to 
simple Zeeman sphttıng, because just one particular 
frequency is obsarved along a particular lme of sight, 
instead of a complete symmetrical Zeeman pattern’. 
The observatione can be accounted for, however, by 4 
magnetic field combined with a velocity field. If the mag- 
netic field is directed along the bne of sight and 1s pro- 
portional to the OH velocity, and if both vary along the 
line of mght, then ab any pomt, the wave-length shift 
for one sign of cizcular polarization can be just balanced 
by the Doppler sh:ft, but not for the other sign nor for the 
hnearly polarized unshifted component. In a simular way, 
& magnetic field a= right angles to the line of sight may give 
rise to linearly pclarized radiation. 

A magnetic fielc proportional to the veloerty 1s consistent 
with the magneto-hydrodynamic equations for a fully 
ionized gas, for tre field is then frozen into the gas and: 


oH curl (vAH) 


ot 

If v is alwaye proportional to H and ın the same 
direction, VAH 1s zero and the situation 1s static. 

Accordingly, les ıt be assumed that the OH molecules 
have the same vzlocity as the ionized hydrogen at the 
edge of an H-I region. The present suggestion has a 
number of mmplications. The Zeeman splitting patterns 
of OH (ref. 2) show that for the lines at 1.665 and 1,667 
Mc/s, the velocity and magnetic field must have the 
following relations: 


1,665 Mc/s: v = 
1,667 Mo/s: v = 


where v is in km/s and H 1s m gauss. 

The Zeeman patterns of the lines at 1,612 and 1,720 
Me/s are more cemplex and Zeemen shifts would com- 
pensate the Doprler shifts for the relations 


v= +06 x ICH 


as well as for each of the relations for the 1,665 and 1,667 
Me/s line. j 

Circular polarization would therefore not be expected 
to be observed along the same line of sight at both 1,665 
and 1,667 Mc/s, but might be seen at 1,812 and 1,720 
Mc/s 1f seen at eisher 1,665 or 1,667 Mc/s. The observed 
spectra seem. to require velocities of the order of 100 km/s 
and fields of the order of 0-1 G; however, it may be that 
they do not have to be so closely related, nor the fields 
so large, for, as has previously been pointed out‘, when 
stimulated emission. occurs, relatively small differences of 
population can grve large differences of intensity. 

Such a picture cf the velocities and magnetic fields in the 
neighbourhood of an H-I region is much more complex 
than that in which an iomzation front moves with a 
predominantly radial velocity, for the tangential velocities 
required by the sresent ideas are comparable with the 
radial velocities en the simple model. It is difficult, in 
fact, to see how such a scheme of large-scale circulation 
ean be avoided, “or if the tangential velozities are only 
correlated over dsstances much less than 101% em, no net 
stimulated emissien will occur along any line of sight. 

This communication has been concerned with the prob- 
lem of the determination of the frequency, line of sight and 
polarization of stimulated radio emission from OH; 
to account for the observations it is alsc necessary to 
understand how the populations of the A-doublet levels 
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may be inverted‘ and how the intensities may change 
rapidly with time’. 
A. H. Coox 
Standards Division, 
ak ational Physical Laboratory, 
eddingtcn. 
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The X-ray Source Sco X-3 


Tasorann! has advanced the suggestion that a supernova 
observed by Albumazar in a.p. 827 may be connected 
with the X-ray source Sco X-3 in the H II region No. 114. 

Dr. Tammann depends on Lundmark* for the report of 
Albumazar. It has been shown, however, that Lundmark’s 
notice depends on a long chain of references far removed 
from the original report*. The original report is in Ali ibn 
Ridwan’s commentary to Ptolemy's Tetrabiblos and refers 
to an apparition seen by Ali and clearly dated April 30, 
1006. Ali gives the celestial longitude of the observed 
object as Scorpio 15° (which need not refer to the constella- 
tion Scorpio). In fact, on the basis of a variety of medieval 
reports of this supernova, many of them contemporary 
with the event, the position of the supernova has been 
determined. Gardner and Milne‘ report that, on the 
basis of radio evidence, the remnant of this supernova 
18 located at 1459m6, 41°42’ (epoch 1950.0). 

Thus, Sco X-8 3 (17h23m, —44- ge (1950)) is not related 
to the supsrnove. to which Tammann referred. 


BERNARD R. GOLDSTEIN 


Department of History of Science and Medicine, 
Yale University, 

New Haven, 

Connecticut. 


?Tammann, Q. A., Nature, 310, 511 (1966). 
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* Gardner, F. F., and Milne, D. K., Astro. J., 70, 754 (1965). 


PLANETARY SCIENCE 


“Westward Drift” of the Satellite Geoid 


Recentity, Dr. Tuman! compared the mean free air 
ano es calculated by Jeffreys? with the satellite geocids 
calculated by Izsak? and Kaula‘, and on the basis of this 
suggested that the satellite geoid may have a westward 
drift. If I were to admit that Jeffreys’s geoid of 1943 
was adequate for a comparison with the satellite results 
I might accept that Dr. Tuman’s work was 

yet I would still maintain that it is remarkable that Dr. 
Tuman failed to use better solutions of satellite geoid _ 
than Izsak’s 1963 solution (many have since been pub- 
lished, for example, by Izsak*, by Anderle* and by Guier 
and Newton’). But I must reject that attitude which 
maintains that Jeffreys’s solution of 1943 is adequate 
for such a com . The problem that Jeffreys dealt 
with was a statistical one. Without observations in vast 
oceanic areas at the time of his analysis, it was not 
possible for him to be certain of how much of the gravity 
anomaly should be attributed to terms of degrees 2 and 3 
and how much of it should be attributed to those of higher 
degrees. The uncertainties in his longitudinal terms were 
thus considerable. It is significant that the general 
features of Jeffreys’s geoid are compatible with those 
of the satellite geoid, but the reliability of its; detailed 
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features—for example, the longitudinal positions of the 
maxima and minima of the geoidal height—requires 
considerable care. 

The longitudinal positions of the maxima and minima 
of satellite geoids determined by various authors are not 


consistent among themselves. For purposes of comparison, 
a few of the available results are listed in Table 1. 


Table 1 
G 
proximate Jè Izsak Iseak and Kaula - 
ice nee ht Ge) (ref. 5) Newton (ref. 8) 
(ref. 7) (ref. 9) 
Gulf of Calf. (min) — 125° W. 115° W. 185° W. 135° W. 130° W. 
Andes (max) — 90° 75° W. 75° — 70° W 
Guinea (min) 8w., 45°W. W. 70°W. 86° W. 85° W. 
South Africa (max) 20° B 55° E. 50° 30° 
Ocean (min) 86°H: 65'E 70° E 75 E 70° E 75° B 
Now Guinea (max) ° yi 165° E. 150Ọ E. 145"E 5° 
West Europe (max) 10° B. BE s8°W. 10° W. ge 15° W. 


Besides statistical reasons, the close agreement among 
the last three columns also supports the implication that 
they are more accurate than the others. ‘‘Drifts’’ of ihese 
geoids from Izsak’s 1963 one are observed of 5°30° 
(both in eastwardly_and in westwardly directions). A 
comparison between Gaposchkin’s solution and that of 
Jeffreys shows that a geoidal minimum near Guines 
Basin and a maximum near South Africa “drift” east- 
ward by 15° and 80°, respectively. 

Dr. Tuman used Vogel's and Egyed's™! works to sup- 
port his observations. I have already questioned" 
Vogel’s work as the assumptions used in his calculation 
of the undulations at the core-mantle boundary are not 
consistent with his results. Egyed supported Vogel’s 
hypothesis by using a much simplified model. Serious 
objections to Egyed’s work were raised by Coode and 
Runcorn" and myself, A comparison of modern informa- 
tion on geomagnetism with satellite geoid shows no obvious 
correlation such as was suggested by Vogel. 


Cal-vunw WANG 


Smithsonian Pela ca hese Observatory, 

Cambridge, Massachusetts 
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Arc Quench Gap in Vacuum 


Se ee 
the effect of vacuum from 10~ torr 


determine pressure 
(100%) to 10 torr (0-Olp) on the stability of a d.c. arc. 
A pressure of 100u is obtained in space at an altitude of 
40 miles, while 0:01p is attained at 70 miles. 

-During the launch phase of unmanned instrumented 
artificial satellites or space probes, vibration of the 
grounding cables interconnecting electronic modules can 
become severe enough for high-voltage arcing between 
improperly shielded copper conductors and parts of the 

aft structure or the shroud to occur. In a number 
of cases, because of tbeir advantageous strength to weight 
ratio, magnesium alloys are used as @ structural material 
in a number of spacecraft applications’. 

In this preliminary laboratory investigation of d.c. aro 
stability, electrodes of oxygen-free high-conductivity 
copper and the magnesium-thorium alloy HM21-A were 
chosen as a possible combination of materials that have 
been used. For example, the shrouds protecting the 
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Ranger and Mariner space probes during the ascent phase 
of the mission were constructed of the HM21-A alloy. 

As the system with its first- and second-stage 
boosters travels through the thinning atmosphere during 
the ascent phase before jettisoning the shroud and 
before separation of the first stage occurred, pressure 
under the shroud can rapidly decrease. However, it may 
also reside at pressure regions that are critical for the 
generation of glow discharge or electrical arcing and 
high-voltage breakdown phenomenon for periods during 
which a grounding bus cable under vibration could come 
into too close proximity to the shroud skin and cause 
high-voltage arcing. This event could seriously damage 
spacecraft circuitry. In order to determine the separation 
distance for arcing of a 28-V, 20-amp d.c. current between 
typical spacecraft materials and the influence of vacuum 
pressure on their behaviour, these preliminary experiments 
were conducted. 

The equipment used for these experiments consisted of 
@ vacuum system with a 4-in. oil diffusion pump, a liquid- 
nitrogen trap above the diffusion pump, high-vacuum 
valve, base-plate and lead through adaptor ring and a bell 
jar. Electrical power, mechanical, calibrated leak, and 
vacuum gauging lead through into the bell jar were 
provided in the base-plate adaptor ring. The d.c. power 
supply provided 28-V, 20-amp current through a resistive 
load to the test specimens. 

The test device is shown in Fig. 1. The test specimens 
were 0-5 in. square and 0-75 in. long. The upper specimen 
of magnesium alloy HM21-AT7T8 was the cathode, the 
lower specimen of oxygen-free high-conductivity copper, 
the anode. The device was made of polymethylmeth- 
acrylate (‘Plexiglass’). A lead screw and nut provided 
the electrode separating motion of 0-0015 in./sec, through 
bevel gears, a stub shaft and magnetic drive. 

The system was pumped to high vacuum (~ 10-* torr), 
the bell jar was cut off by a valve, and dry air was 
admitted through the calibrated leak while throttling 
the pumping system valve to achieve the pressure required 
(for example, 3 x 10-? torr or 30u). With the electrodes 
touching, power of 28 V, 20 amp d.c. was applied, the 
electrodes were separated slowly (0-0015 in./sec), while 





Fig. 1. Are quench gap electrode separation device 
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Fig. 2. Arc quench gap in vacuum, 28 V, 20 amp d.c., copper anode, 
Hold ATS, magnesium alloy canine 


observing the quenching of the arc. The moment the are 
was quenched, separation was stopped, the power turned 
off, air admitted to the system, and after removal of the 
bell jar the electrode separation measured with a feeler 
gauge. 

The surfaces of the electrodes were electrolytically 
cleaned after each test. Surface contamination was 
checked after each test. The contamination of the anode 
increased with decreasing pressure. 

The electrode separations at are quench are shown in 
Table 1. The maximum value was 0-008 in. at 10~* torr 
(10), the minimum was 0-002 at 10-* torr (© lu). 

Three experiments were performed at each pressure in 
random sequences, for example, 10-4, 10-*, 10-*, 10- torr, 
ete. The average of each of the three was plotted with are 
gap as ordinate versus the log value of the pressure in 


TableJl. EFFECT OP Vacuum PRESSURE ON D.C, ARO QUENCH GAP AT 
28 V-20 AMP 
Test Pressure Are 
No. (x) (torr) distance (in.) 
4 100 10+ 0-007 
5 100 10° 0-007 
6 100 10~ 0-006 
7 10 10 0-008 
S 10 10° 0-007 
9 10 10-* 0-006 
19 3 3x10" 0-005 
20 3 3x 10° 0-004 
21 3 3x107 0-004 
18* 3 3x107 0-002 
22¢ 3 3x10" 0-001 
15 1 10> 0-003 
16 1 10 0-005 
17 1 10° 0-005 
18* 1 10> 0-002 
12 0:1 104 0-004 
13 O-1 107 0-002 
14 01 10“ 0-007 
10 0-07 7x10 0-004 
11* 0-04 4x10" 0-001 
23 30 3x10 0-005 
24 30 3x107 0-004 
27 30 3x10" 0-005 
33° 1,000 1 0 
34* 1,000 1 


* In these tests the electrodes were se 


ted, and the 
initiate the arc as electrodes were mov 


distance required to 
towards one another was measured. 
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least squares estimate gave the equation: = 
E A = 4:39x 10-* — 1-36 x10- P 

where A was arc gap inches and P the log of the pressure 

in microns, 

| mean arc gap of 0-0052 + 0-0012 in. was found at a 






Under the conditions of this experiment, an initiated 
are can. be sustained at an electrode distance of less than 
0-004 in. and quenched at about 0-007 in. 

‘The electrode separation required to initiate an are was 
smaller than that to quench one. The average value over 
a range of pressure 1-4x 10- torr (1,000-0-04u) was 
90-0015 in. with a maximum of 0-002 in. and a minimum 
of 0-001 in. 

The are length at quench was measured by slowly 
separating a copper anode and a magnesium alloy 


a » 4(HM21-AT8) cathode, which were in contact in vacuum. 


_ Vaeuum pressures were from 10-1 torr (100u) to 10- torr 
(00l 






yw). 
e are length at blow-out varied from a maximum 


07 in. (1004 or 10-1 torr) to a minimum of 0-001 in. 
4 or 10-5 torr). 
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An lron-bearing Nepheloid Layer near 
: Key West, Florida 


ty little is known about the suspended matter con- 
ting to those turbid zones in the sea which occur 
above the bottom. Recently, however, Ewing and 
iorndike’ reported a layer containing 2-5 mg/l. of lutite 
£,030 m in the Sargasso Sea 160 m above bottom. They 
“not indicate any further characterization of their 
erial. 

connexion with suspended-matter analyses in near- 
ce waters to the south of Key West, Florida, it was 
ed on both occasions when deeper casts were made 
some of the water samples taken from depths below 
, but 275 m or more above the bottom, were 
sh in colour and contained substantial amounts of 
al in fine suspension. Chemical and spectrographic 
s of this material have shown that the suspended 
w is predominantly iron. 

first samples were obtained from a Nansen cast in 
| 4° 13’ N., long. 81° 41’ W., on January 22, 1965. 
Turbid water was found in adjacent bottles at 180 m and 
215 m with clear water above and at 230 m (the deepest 
sample taken). The bottom was at about 490 m. The 
turbid water samples left an orange deposit on membrane 
filters which were later made available to us for analysis. 
Preliminary tests showed that a large amount of iron was 
present. An emission spectrogram of the washed suspended 
matter was then obtained which confirmed the predomin- 
ance of iron and\revealed the presence of lesser amounts 
of manganese and‘yanadium. Other elements were either 
absent or only occurred in trace amounts. No quantitative 
analyses were made. =. 

On March 22 a cast to 305 m in lat. 24° 11’ N., long. 
81° 52° W., again resulted in yellowish turbid water 
samples at 245 m and 305 m, this time with clear water 
intervening at 275 m. The bottom at this point was about 
642 m. 

Under the microscope, the particles in both turbid 
samples were bright golden yellow and seemed to consist of 
loose aggregations of small spheroids uniformly less than 
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ns, and a straight line was obtained (Fig. 2 A li in’ ag 









gate loosely in what appeared to be a soft, gelatinous 
matrix when left undisturbed. The 245-m sample settled 
out only slowly over a period of many days, whereas the 
305-m sample was more floceulent and appeared to 
contain more suspended matter. The pH of both turbid 
samples was 7-9, whereas that of the other samples from 
the cast was about 8-1 (8-3 at the surface). A few particles 
with a clear, plate-like appearance were found among the 
yellow material. The January membranes contained many 
rod-shaped bacteria, and the turbid samples were reported 
to have a strong organic odour (not hydrogen sulphide). 
No such odour was noted in the March samples, and no 
particles that could be identified as baeteria were seen 
in the turbid samples from that. cast. 

Volume limitations prevented extensive analyses being 
made of any of the samples. Two-hundred ml. of the 
245-m sample was filtered on to a tared ‘Millipore HA’ 
membrane filter (effective pore size 0-45u), and the dry 
weight of suspended matter was obtained after washing 
with distilled water. This amounted to 1:8 mg/l. ‘Reactive’ 
particulate and soluble iron were also determined on 
portions of this same sample using the procedure of 
Strickland and Parsons?. This was found to be 1-1 mg/l. 
in the particulate fraction, or 61 per cent of the total 
mass, and essentially zero in the filtrate. Total iron was 
later determined in a portion of the 305-m sample using 
the method of Lewis and Goldberg? but omitting the 
preliminary separation into particulate and soluble 
fractions. Total iron was thus found to be 2:0 mg/l. Total 
‘reactive’ iron was also determined in the same sample and 
was found to be 1-2 mg/l., or 60 per cent of the total iron 
as determined after digestion in perchlorie acid. 

An X-ray powder analysis was undertaken of a small 
quantity of the washed solids from the 245-m sample. 
The material was mounted in a 0:3-mm-diameter silica 
capillary and patterns were obtained using the standard 
‘Norelco’ 114-59-mm camera with manganese-filtered iron 
radiation. Analysis revealed that the material was mostly 
amorphous but indicated the presence of minor amounts 
of quartz and a plagioclase feldspar. The presence of 
another mineral was also indicated, but it could not be 
identified because of the absence of sufficient analytical 
data; determination of the plagioclase composition was 
not possible for the same reason. There was no evidence 
of carbonate minerals. 

It is concluded that the suspended matter in this turbid 
water consisted almost entirely of hydrous iron oxide(s). 
No quantitative analysis of manganese was made, but the 
emission spectrogram indicated that manganese was 
present at a concentration of about 0-1 per cent. 
The concentration of vanadium was slightly less than this. 
The nature of the sampling operations was such that 
certain fundamental data, notably a temperature profile, 
salinity, and dissolved oxygen content, which might have 
provided clues to the origin of the suspended matter, were 
not obtained. The question of origin was further com- 
plicated by the presence in the vicinity of two abandoned 
dumping grounds which might, conceivably, have 
enhanced significantly the iron concentration in the 
surrounding water. 

The casts themselves provided little information on the 
extent of clear water between the depth at which turbid 
water was obtained and the bottom. In the January cast, 
one clear sample (at 230 m) was obtained from beneath 
the turbid samples, but this might, of course, represent 
only a clear layer in an extensive turbid zone. In the 
March operation, however, experimental sonar gear 
designed for acoustic reverberation studies on suspended 
matter in the sea was used in conjunction with the cast. 
This equipment gave good indication of a layer 30-50 m 
thick coinciding in depth with the nepheloid zone as 
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sampled and with no indication that water with similar 
scattering characteristics lay beneath it. 

The occurrence of large amounts of iron in an extensive 
nepheloid zone located well above the bottom is note- 
worthy regardless of the location of the water mass. 
Further sampling and characterization of this and other 
turbid zones should produce important mformation bear- 
ing on the origins of suspended inorganic matter and 
marine sediments. i 

We thank A. J. Hiller of the U.S. Naval Research 
Laboratory (NRL) for both the January and the March 
samples; R.C. Beckett of NRL was in charge of sampling 
operations on both occasions. We also thank S. H. Cress 
of NRL for the spectrogram, H. N. Giles of the U.S. Naval 
Oceanographic Office for the X-ray powder analysis, and 
L. C. Ricalzone of NRL for the acoustic information. 
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Late Weichselian Glaciation in the Cheshire- 
Shropshire Basin 


RECENTLY, Boulton and Worsley have interpreted the 
huge composite morainicsuite which occurs in theWrexham— 
Bar Hill area of the Shropshire—Cheshire Basin as an end- 
moraine marking the southern limit of the advance of 
an ice-sheet in the Weichselian Glaciation. This inter- 
pretation is based on a radiocarbon dating of about 
28,000 years B.P. obtained from only two molluscan 
shells found beneath the Upper Boulder Clay in the 
Sandiway district of Cheshire to the north of the morainic 
suite. It ignores the fact that the Upper Boulder Clay 1s 
cut into and is therefore older than the highest stages of 
the Lake Lapworth sequence which was formed during 
the retreat of the Upper Boulder Clay ice-sheet. These 
lake stages at 330 ft. and 305 ft. have long been correlated 
with the Main Terrace of the River Severn and its equiva- 
lent terrace on its tributary, the River Salwarpe near 
Droitwich. From this terrace a radiocarbon dating of 
about 40,000 years B.P. was recorded? and, because there 
seems no reason to doubt this correlation, this clearly 
demonstrates that the Wrexham-—Bar Hill morainic suite 
is considerably older than 40,000 years and cannot be a 
product of the last or late Weichselian Glaciation. 

At the time of the 330 ft. and 305 ft. Lake Lapworth 
stages, the position of the retreating Upper Boulder Clay 
ice-sheet was marked by a series of meltwater channels 
at various points along the Mid-Cheshire Ridge (ref. 3, 
Fig. 4). The Peckforton Hall moraine was produced at 
this time—a small boulder clay moraine which contrasts 
markedly with the huge ridges of the earlier Wrexham- 
Bar Hill suite. These features provide indisputable 
proof of two glaciations with two completely different 
modes of retreat. Full details of these features found in 
the critical Nantwich district (One-Inch Geological Sheet 
No. 122) will be published shortly‘. 

There is no definite evidence to show that the Wrexham- 
Bar Hall suite marked the limit of an advancing ice-sheet 
at any time, but on the contrary within this suite three 
separate ridges may be distinguished marking the suc- 
cessive halt-stage positions of an ice-sheet which split 
into two lobes across the Mid-Cheshire Ridge and re- 
treated northwards. Similar morainie ridges in the 
Delamere area of Cheshire and the Chorley area of Lan- 
cashire show further pauses in this retreat northwards. 
At a later stage all these ridges were overridden by the 
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Upper Boulder Clay ice-sheet which continued far to the 
south and overlies large areas of the outwash plain of 
the Wrexham—Bar Hill morainic suite in the Wem district. 

Different carbcnate leaching properties discovered in 
the Upper Boulder Clay which occur to the north and 
south of the Wrexham-Bar Hill morainie suite are not 
necessarily indicstive of age differences between these 
deposits as suggested by Boulton and Worsley’, but may 
have arisen because at the time of the 260-250 ft. Lake 
Lapworth stage she boulder clay to the north of the 
morainic suite was almost completely covered by ice and 
water while that to the south of the ridge was exposed to 
the elements in the normal way (ref. 3, Fig. 5). 
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Age of the Aliwal Shoal, South Africa 


SPECIMENS of caleareous sandstone containing foramini- 
fera from the submerged Aliwal Shoal, about 5 km east 
of Green Point on she Natal coast, 50 km south of Durban, 
were received from Mr. M. J. MeCarthy of the University 
of Natal. They have been investigated with a view to 
determining the age of the rock. The first specimen was 
obtained from the damaged bow of the ship Azwmnee Lykes 
following a collision between this ship and the Shoal. 
Later, a larger specimen was collected by a diver. The 
specimens were gently crushed to free the grains and, from 
the —28, +100 Tyler mesh fraction, all the foraminifera 
were picked out and mounted. 

The foraminifera ın these samples were all severely 
abraded before consolidation of the rock occurred. Con- 
sequently most of the identifications are not made to 
species level. Of ths 211 particles recognizable as foramuini- 
fera, eighty-six are not identifiable other than to record 
them as calcareous foraminifera—this high proportion in 
itself being an indication of the degree of abrasion of all 
the particles in the rock. The foraminifera found in the 
samples are recorded as follows: 


Crbicides reyulgens (Montfort) 
Orbiides sp. 

Elphidium crispum (Linné) 
Miholids 


10 
Unidentiflable foraminifera 


16 specimens 

6 specimens 
40 specimens 
63 specimens 
86 specimens 


The absence of Ammonia beccarii (Linné) from these 
samples, including the ‘unidentifiable’ specimens, 1s note- 
worthy and will be commented on later. In so far as the 
Aliwal Shoal samzles themselves are concerned, this 
absence of A. beccarii is of doubtful stratigraphical value 
and this assemblage of forammuifera otherwise gives no 
direct indication of the age of the rock other than that it 
has a late Cainozoic aspect. 

In order to gain an estimate of the age of Aliwal Shoal 
by correlation with rocks on the adjacent mainland, the 
samples were compared with samples from Cainozoic 
calcareous sandstones from various localities in the 
vicinity of Durban and with some Recent samples from 
Durban Bay and the adjacent ocean (see Fig. 1). These 
comparative samples were provided partly by Mr. 
McCarthy and partly by Prof. J. J. Frankel. 


(a) Fossil samples 

(1) Aliwal Shoal. Cvbiczdes refulgens and Elphidium 
crispum together are about equal in number to miliolids 
(mainly Quinqueloculina spp., but too abraded to be 
identified). No specimens of Amphistegina radiata (Fichtel 
and Moll) have been found here. - 


= 
CLAIRWOOD 


Aliwal Shoal is approx 45 km from 
Brighton Baach at 215° 





Fig. 2 


(2) Berea Ridge, equivalent to sample 365 of W. J. 
Parr’. Cubicides refulgens and Elphidium crispum are 
common-—-C. refulgens being more numerous than £. 
crispum, whereas the reverse is the case at Aliwal Shoal. 
However, at Berea Ridge, miliolids are uncommon, but 
Amphistegina radiata is abundant. 

(3) Burman Drive. A. radiata and C. refulgens pre- 
dominate here. 

(4) Cave Rock, at the Bluff, Durban—‘above con- 
glomerate’. Elphidium crispum predominates—only a 
few other species occur as single specimens, poorly 
preserved. 

(5) Cave Rock, at the Bluff, Durban—‘below con- 
glomerate’. A large, severely abraded and unidentifiable 
miliolid equals F. crispum in abundance. Another species 
of Elphidium is also present (compare with E. craticulatum 
(Fichtel and Moll) } as well as a moderately large Discorbis- 
like form, also too poorly preserved for further identifica- 
tion. 

(6) Clairwood Quarry. Cuibicides refulgens predominates 
slightly over miliolids. No other species are present in the 
sample. 

(7) Brighton Beach. CO. refulgens and E. crispum are 
about equally abundant, miliolids are scarce and other 
species negligible. 

(b) Recent samples 

(8) Durban Bay, sample DB.1~2, collected by H. R. 
Belderson. Of the species relevant to this appraisal, 
E. crispum, C. refulgens, Amphisiegina radiata and 
Elphidium craticulatum are all common and so is Ammonia 
beccarii. Large miliolids, Triloculina sp. and Quin- 
queloculina sp. aro present, but less common. 

(9) Durban Bay, north of North Pier, sample D2A, 
collected by H. R. Belderson. EF. crispum is the commonest 
species, accompanied by ©. refulgens, Amphistegina 
radiata, Ammonia beccarii and miliolids in lesser but 
about equal numbers. 
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(10) Durban Bay, harbour dredge sample from near 
Salisbury Island?. In the harbour dredging from near 
Salisbury Island, an entirely different facies of accessory 
species is present, but the commonest forms are Elphidium 
craticulatum, Ammonia beccarii and Cibicides refulgens 
with E. crispum quite common. No specimens of Amphis- 
tegina radiata are present. The sediment is grey mud. 

(11) Sample from 11-13 fathoms off Durban Heads, 
collected by H. R. Belderson. C. refulgens predominates, 
with Amphistegina radiata, Ammonia beccarii and miliolids 
also quite common. 

Within the limits of variation shown by the series of 
fossil samples, the samples from Aliwal Shoal have faunal 
and sedimentary features which link them with the 
calcareous rocks of localities 2—7, the chief faunal difference 
being the absence of Amphistegina radiata from some 
samples. This and minor lithological variations are 
attributed to differences in the sedimentary environments 
in which the rocks accumulated or from which they were 
derived. It is important to emphasize that all the 
foraminifera in the samples from these seven fossil localities 
are abraded and recrystallized. The Recent foraminifera 
are well preserved. 

The foraminifera, of the fossil samples also closely 
resemble those of the four Recent samples with which they 
have been compared except for one feature—the absence 
of Ammonia beccarii from all the fossil samples and its 
occurrence in all the Recent samples. In view of the 
ubiquitousness of this species in near-shore, shallow-water 
deposits of Recent age, its absence from the fossil samples 
apparently has some stratipgraphical significance. 

A. beccarii appears in the Tertiary sequence in south- 
eastern Australia in the Lower Pliocene’. The time of 
appearance of A. beccarii in the Tertiary of South Africa 
is not accurately known because of the very incomplete 
stratigraphical sequence of Tertiary deposits in that 
country. Because A. beccarz attained an almost world- 
wide distribution in the Late Cainozoic it is to be expected 
that it would be approximately contemporaneous in two 
regions of comparable southern latitude. The evidence of 
A. beccarii therefore suggests an early Pliocene or slightly 
older age. However, in the samples examined, two 
common species, Hiphidium crispum and Cibicides reful- 
gens, and one less common, Elphidium craticulatum, 
appear in south-eastern Australia in the late Pliocene 
and Quaternary. 

From this evidence, a Plioceno age is favoured for the 
rock of the Aliwal Shoal and lithologically similar cal- 
careous sandstones at the six localities near Durban with 
which it is correlated. 

A. N. CARTER 
School of Applied Geology, 
University of New South Wales, 
Kensington, New South Wales. 
+ Parr, W. J., Trans. Geol. Soc. S. Afr., 61, 103 (1953). 
* Albani, A. D., Contrib. Cushman Found. Foram. Res., 18, 60 (1965). 
3 Carter, A. N., Mem. Geol. Surv. Vic., 28, 118 (1964). 


PHYSICS 


Further Tests on the Ice Nucleation 
Potential of Meteoritic Material 


SCHAEFER! was unable to detect any trace of ice- 
crystal formation when he vaporized a sample of iron— 
nickel meteorite by electric spark in a supercooled cloud— 
even in clouds as cold as — 25° ©. Mason and Maybank?, 
who ground up and vaporized three samples of stony 
meteorites, and Mason? with three further samples also 
reported that they were unable to detect any production 
of ice-crystals at temperatures above — 17° ©. This com- 
munication records the results of tests on the nucleating 
properties of a further thirteen samples of meteoritic 
materials. These comprised iron—nickel types (siderites), 
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stony type (aerolites), plus two samples of the inter- 
mediate (siderolite) variety (all obtained from the Ameri- 
can Meteorite Laboratory, Denver). 

A fragment of each of these meteoritic samples was 
crushed in a steel mortar so that at least a portion of each 
was reduced to particles of a few microns in diameter. 
The crushed material was stored in small polythene 
bottles, from which a ‘spray’ of particles could be obtained 
by shaking and squeezing. Our refrigerator box was 
fitted with felt-covered sides, and the actual test chamber 
was a 5 1. glass flask with three outlet tubes. The tem- 
perature within it was determined by means of a copper- 
constantan thermocouple connected to a sensitive gal- 
vanometer. The temperature variation within the 
chamber was found to vary by less than 0-3° C from one 
place to another. A small lamp covered with a water- 
soaked gauze served as a source of vapour within the 
chamber. The chamber air, when required, could be 
flushed out by means of a vacuum cleaner—the suction 
caused clean air to enter the flask through a dust filter. 

Detection of ice crystals was accomplished by means of 
a soap film, supported on a small copper loop which could 
be lowered into the test chamber by way of the central 
outlet tube. Owing to the rapidity with which this froze 
after nucleation, sugar was added to the soap solution to 
the extent of about 25 per cent by weight. Using this 
mixture, a nucleated film took 50-60 sec to freeze com- 
pletely at — 14° C, and slightly more than half this time 
at — 20° C. Even at the lower temperature, film nucleation 
by the copper ring seldom occurred, so that it was not 
necessary to cover it with a plastic coating. 

Before testing each substance, several observations of 
background ice nucleation occurrence were made. In 
general, fewer than one or two active nuclei were detected 
within a 0-5-min period of observation, but about twice 
this level was reached at temperatures below — 19°C. 

The testing technique at a particular temperature 
involved the production of a supercooled water droplet 
cloud within the chamber, and this was accomplished by 
turning on the vapour source lamp for 15 sec. Following 
this, a fresh soap film was introduced on the wire, ring. 
The bottle containing the material to be tested was 
shaken and a small sample of the particles sprayed into 
the flask directly above the film. The threshold tem- 
perature was considered to be that at which four or five 
ice crystals (above background level) were observed to 
land on the film within 1 min of seeding the flask with 
the meteoritic dust sample. This was estimated to corre- 
spond to about 1 active nucleus in 104 inert particles. 
The testing sequence was carried out at least three times 
at any one temperature setting and the averaged result 
was taken as indicative of the behaviour of the specimen 
concerned. 

The thirteen samples were first tested for activity at 
temperatures of — 14° C to — 16° C (between each sequence 
of trials the chamber was carefully flushed).. Those that 
indicated activity levels above the threshol 
set aside for investigation at warmer temp, 
that initially gave no ice crystals were te 
lower temperatures until either t, 
was reached. Great care wa 
cross-contamimation 
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A technique sunilar to that used in Mason and Maybank? 
was used to determine whether vaporization of meteoritic 
material by an electric spark could produce effective ice 
nuclei. A small fragment of an iron—nickel meteorite 
(S-5), previously observed to be inactive at —19° C, 
was placed between a pair of electrodes. This assembly 
was held at the tap of the test chamber directly above a 
supercooled water droplet cloud and soap film detector. 
A, 20 uF condenser, charged to 400 V, was discharged 
through the electrodes and meteorite. No ice crystals 
were observed by the film following this procedure, at 
least down to —19° C. The entire operation was repeated 
with a sample of aa inactive stony, or aerolitic, meteorite 
(A-1) substituted for the iron—nickel specimen. Again, no 
ice nuclei were produced by the spark discharge at tem- 
peratures of — 18° to 19° C. 

In summary, it would seem that two of the thirteen 
meteorite specimers tested—one a siderite, the other an 
aerolite—had threshold temperatures for the onset of 
ice nucleation activity higher than —15° C. These may, 
thus be considered as fairly effective sources of ice nuclei 
on the basis of this arbitrary division, although not so: 
efficient as some s>il components such as kaolinite and 
halloysite?. The cther eleven specimens must, on this, 
basis, be classified as ineffective. Finally, we have shown’ 
that vaporization Ly an electric spark is not effective in’ 
producing ice nuclei from inactive meteoritic material. 

This research has been supported partly by the Sas-. 
katchewan Researen Council and partly by a grant from 
the Meteorological Branch of the Canadian Departmenti 
of Transport. One of us (M. M. Q.) was a Colombo Plan 
Scholar at the University of Saskatchewan. 
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A Computer Study of the Grouping of 
Spheres in a Random Three-dimensional 
Assembly 


As a part of a fundamental research programme it became 
necessary to investizate spatial relationships in a three- 
dimensional assembly of particles. Since computing 
time has become mcre readily available, there have been 
a number of reports on work dealing with this topic. 
However, these have concentrated mainly on flocculated 
or close- packed models. Typical studies are those of 

; Sutherland}, Levine and Chernick? and 
d Lewinson?. In contrast the simple 
is for this computer study was as 


interacting spheres was 
nly random contacts 





la cir tan 
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Table 1 
Frequency distributions of group size X 
N D A a? 1 2 3 4 5 § 7 8 9 210 
209 1,100 1:163 0 171 147 22 
(148) (15) (6) 
1,200 1:299 0 404 121 22 9 3 
(122) (21) (7) (4) 
1,350 1:724 1-683 78 16 9 8 4 2 
(72) (24) (10) (5) (2) (1) (1) 
1,500 2632 3°706 31 16 8 
(30) (17) (10) (7) (4) (3) (5) 
300 1,100 1-293 0871 179 42 7 4 
(183) (30) (10) (8) 
1,200 1 523 0 839 136 32 19 7 
(135) (38) (14) (6) (5) 
1,358 2 273 3 698 68 24 14 11 3 1 2 2 
(64) (31) (17) (10) (8) (3) (2) (1) (2) 
1,500 3 297 11-523 25 10 7 7 8 6 2 5 0 6 
(20) (15) (11) (8) (6) (4) (3) (3) (2) (5) 
300 1,200 1 667 1 233 119 25 19 18 8 1 
(135) (38) (14) (8) (3) (2) 
1,350 2 460 4 445 63 17 16 8 3 5 6 2 0 2 
. (64) (31) (17) (10) (8) (3) (2) (1) (1) (1) 
y--* 1,500 3 659 12 201 33 10 9 6 9 I 2 2 1 9 
(20) (15) (11) (8) (8) (4) (3) (3) {2} {5} 
400 1,100 1:482 0:832 191 44 22 11 Al 1 
(183) (47) (18) (8) (3) (3) 
1,200 1 878 1-891 129 30 28 14 4 6 2 
(116) (48) (22) (11) {8) (3) (4) 
1,350 3°101 6 912 51 20 8 14 7 2 2 i 7 
(42) (27) (18) (13) (9) (6) (4) (4) (2) (3) 
1,500 5 383 21 209 16 11 8 7 4 5 6 2 3 13 
(10) (9) (8) (8) (8) (5) (4) (3) (3) (12) 


random sequential manner. The selection was termed 
‘random sequential’, because a centre which caused the 
sphere around it to overlap with other spheres already 
selected was automatically rejected and another centre 
tried. The final assembly of selected centres was then exam- 
ined to isolate the groups of spheres associated with the 
predetermined contact diameter. In each model the num- 
bers of groups having X values of 1, 2, 3, ete., were then 
recorded. 

The model volume was taken to be a cube of side 10* 
units and each sphere was 10? units diameter. Three 
sets of models having 200, 300 and 400 spheres respectively 
(that is, having volume concentrations of 0-105, 0-157 
and 0-209) were used. Each model was investigated at 
effective diameters 1,100, 1,200, 1,850 and 1,500 units. 
These diameters were centre-centre distances and corre- 
sponded to surface-surface separations along the line of 
centres of 0:1d, 0-2d, 0-35d and 0-5d, where d was the sphere 
diameter. 


5:0 


4:0 





Group mean size (X) 


30 








Table 1 shows the observed frequency distributions of 
group size X (X =1,2,3,..) for all the sets of model con- 
ditions considered. The mean size X and variance c? are 
also shown. Duplicate results are shown for the 300 
sphere model and agree fairly well. Fig. l is a graph of 
the group mean size (X) against contact diameter (D) 
for the 200, 300 (two samples), and 400 sphere models. 
The high computer costs of creating these types of models 
preclude very much replication. 

The negative binomial distribution has been found to fit 
the observed frequency distributions of the variable 
(X —1) quite well. This distribution 1s often a good fit to 
distributions of counts of particles. It is found that the 
observed mean X of a group is related to the number of 
spheres in the model N, and to the contact diameter, D, 
by the following empirical equation: 


X -l= exp| 10-(5-4 N + 56 D — 896 x 10°) | 


Furthermore, the variance is related to the mean by an 
empinical equation: 


o? = 0-802(X2 — 1) 


It must be noted that these equations are only intended 
to be of assistance over the region of N and D covered 
by this study. 

These equations were then used to obtain predicted 
values of X and o?, say X and G2, from the specified values 
New deter cach model considered. From the predicted 


egative binomial parameters P= (X-1) fo? 
P) were calculated. The fitted pro- 
vere obtained from the formulae 
x (¢-+X-1)x(1-P)/X for 
Mawiency of grouns for 
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result of random processes such as those assumed in this 
study or of simple flocculation under attractive forces. 

The computer programme for this study was written in 
ALGOL and the computer used was Atlas. The programme 
has been extended to permit the generation of assemblies 
of different-sized spheres and also to consider not only the 
introduction of single spheres into the model but also 
aggregates of spheres. 

It may be of more general interest to note that this 
computer model is a numerical attempt to solve an un- 
solved problem in geometrical probability, that is, the 
determination of the clustering properties of solid spheres 
distributed at random in three dimensions. Furthermore, 
the programme can be easily modified to consider the 
one-dimensional case of non-overlapping randomly placed 
intervals on a line or the two-dimensional case of non- 
overlapping randomly placed circles on a plane. 

We thank Dr. Dunderdale, Mr. R. M. Driver and Mr. 
Hewson for their assistance both in discussions and with 
some of the calculations. 


W. E. CRAKER 
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Radium Content of Rainwater 


ATMOSPHERIC radioactivity is generally attributed to 
the following: (1) escape of radon and thoron into the 
air from radioactive material in the surface of the Earth; 
(2) spallation products of atmospheric gases produced by 
cosmic radiation; (3) radioactive fall-out as a consequence 
of nuclear detonations. 

Most of the natural activity in the troposphere is 
generated by the first. It 1s generally believed that after 
formation in the ground, radon and thoron diffuse into 
the atmosphere. Their decay products are heavy metals 
which soon become attached to natural aerosol particles 
and eventually return to the ground by way of rain or by 
some other process. The presence of radium-226 in the 
atmosphere is not likely to arise from (1). However, in 
an isolated measurement, Damon and Kuroda! detected 
radium-226 in rainwater, with a specific activity of 10-1? 
c./l. Chatterjee eż al.? also detected it among other a- 
emitting radioactive fall-out elements. It was therefore 
considered worthwhile to search more carefully for radium- 
226 in rainwater. 

During the last monsoon season in Calcutta, the radium 
content of about fifty samples of rainwater was measured. 
These were collected in wide-mouthed polythene vessels 
at appropriate intervals (the local times of collection 
being noted). On average, each sample consisted of 
about 15 1. of rainwater. In order to avoid any possible 
sources of contamination, barium sulphate and other 
materials such as nickel or platinum crucibles were 
not used in the preparations. Instead, the samples were 
treated with pure calerum chloride (2-0 g/l. of water) and 
sodium potassium carbonate, so that radium, if present, 
could be coprecipitated with caleium carbonate. (The 
possibility of such a separation was envisaged by Hahn} 
and quantitatively verified by Kropf‘). Finally, the acid- 
soluble carbonate was dissolved in dilute hydrochloric 
acid and transferred to a bubbler for estimation of radon 
in the usual manner. In order to eliminate any back- 
ground ionization that might arise from cosmic-rays or 
local contamination, the measurements were carried out 
using the differential ion-chamber arrangement as sug- 
gested by Kropf. 
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Fig. 1. Plot of racium content versus precipitation. Note —The 
number of Imes emarating from the plottmg indicates the duration of 
Jain in hours of the sample 
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Fig. 2. Semui-log plot of radium content versus precipitation for samples 
of Jess than 3 h duration 


080 1:00 120 140 160 


Some twenty-five first samples were collected from 
separate rainfalls, while the remaining samples formed 
subsequent fractions. The rate of precipitation P as well 
as the duration of rainfall, D, corresponding to the former 
samples varied in. individual cases. Fig. 1 is a plot of 
radium content (F) versus precipitation (P). If we con- 
sider all the pointe in the figure, there does not seem to be 
any decisive correlation between them. However, if we 
consider only samples of short duration, say for D=1 
or 2 h, there 1s a relationship which shows that as the 
precipitation rate increases, the radium content also 
increases. The relationship is not linear and a tentative 
curve fitting thes2 small duration first sample data is 
shown in the same figure. 

Fig. 2 ıs a plot af the same set of data with R in arith- 
metical scale and P in logarithmic scale. It can be seen 
that the points align themselves fairly closely. The 
linear relationship can be expressed as: 


Leg P=0-93 R—2-15 (1) 
An analysis of data relating to measurements of samples 


collected at hourly intervals during continuous rain- 
/ 


512 


falls indicates an exponential time-decay of the radium 
content. The negative exponent increases with the rate of 
precipitation, as the scavenging action becomes greater. 
The maximum radium content recorded was 1:5 x 10-1? 
c./l. When continuous rainfall was recorded, however, 
in most cases the last portion carried negligible activity 
(< 10-1 c./L.). 

We thank Dr. G. Ramaswamy for his help in analysing 
our data. 
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Cyclic Pattern of Metallic Crystal Structures 


Tue three principal crystal structures of the metallic 
elements, the face-centred cubic (f.c.c.), the body-centred 
cubic (b.c.c.) and the hexagonal close-packed (h.c.p.), 
follow a cyclic pattern as sub-shells are filled with elec- 
trons. The preferred structure changes from f.c.c. to 
h.e.p. to b.c.c. for the half-filled sub-shell. As the sub- 
shell continues to fill, the trend is reversed. 

When a sub-shell is either empty or full, atoms pack 
as spheres and the f.c.c. structure predominates. The rare 
gases (p*), calcium and strontium (s*), the cobalt, nickel 
and copper group metals (d'°) and ytterbium (f4) adopt 
this structure. The high packing density and high sym- 
metry (low entropy) aspects of the f.c.c. structure pro- 
duce the lowest energy environment for the packing of 
spherically symmetric atoms. The major exceptions to 
this occur among the alkaline earth metals where the 
effect of losing an s-electron to the conduction band is 
most pronounced. 

As the s, d and f sub-shells start to fill, atoms gain a 
net electron spin. The crystal structure distorts to 
permit adjustment of interatomic distances. The 
crystal energy is lower if two sets of interatomic 
distances are provided, and atoms with antiparallel spins 
are permitted to maintain a closer approach than atoms 
with parallel spins. Classical examples of this type 
of spin interaction are the formation of the hydrogen 
molecule and the sign of the Slater’ exchange integral. 
The f.c.c. structure does not provide two sets of inter- 
atomic distances. Every atom has nearest neighbours 
which are nearest neighbours of each other. No assign- 
ment of spins can satisfy the requirement of maintaining 
different interatomic distances for parallel and antiparallel 
interaction. The h.c.p. structure, when c/a is less than 
the theoretical value for closest packing 1:633, permits 
nearest neighbours to have antiparallel spins and next 
nearest neighbours to have parallel spins. Six nearest 
neighbours occupy the corners of a trigonal prism at a 
distance less than the lattice parameter ‘a’. Next nearest 
neighbours occupy the corners of a hexagon at a distance 
equal to the lattice parameter ‘a’. The h.c.p. structure 
with c/a less than 1-633 is found where metal atoms have 
a weak net spin. The energy gained in providing two sets 
of interatomic distances makes up for the energy lost in 
a lower packing density and lower symmetry. Weak net 
spins occur when shells just begin to fill and when they 
are almost filled. The scandium and titanium groups of 
metals have this structure. They represent the low net 
spin as the d-shell begins to fill. It occurs again in the 
almost filled d-shells with the metals technetium, ruth- 
enium, rhenium and osmium. ‘The structure is also 
observed among early 4f metals lanthanum to samarium 
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and the late 4f metals gadolinium to thulium. All these 
h.c.p. metals have c/a ratios less than 1:633. Two metals, 
zinc and cadmium, have c/a ratios greater than 1-85. This 
large departure has been explained on the basis of dp? 
hybrids?. 

The net spin reaches its maximum value when the sub- 
shell is half-filled. The alkali metals, lithium to caesium, 
the refractory metals of the titanium, vanadium and 
chromium groups and europium have half-filled s, d and 
f shells, respectively. These metals crystallize in the 
b.c.c. structure. Zener? observed the tendency of the d 
sub-shell metals of high net electron spin to crystallize in 
@ structure which permits nearest neighbours to have 
antiparallel spins. He explained how the b.c.c. structure 
fulfilled this requirement. Each atom in the b.c.c. struc- 
ture is surrounded by eight nearest neighbours located at 
the corners of a cube. Next nearest neighbours are located 
at the centre of six adjacent cubes sharing the cube faces. 
The packing density 1s now about 9 per cent less than in 
the f.c.c. structure. The energy saved in providing two 
sets of interatomic distances for parallel and antiparallel 
electron, spin interactions more than compensates for the 
lower packing densities. 

Jt is a matter of conjecture whether or not the require- 
ment of two sets of interatomic distances to accommodate 
parallel and antiparallel spin interaction requires œ spin 
ordering in the structure. Neutron diffraction investi- 
gations of such systems have been, discussed extensively*. 
Briefly, attempts to see spin ordering in b.c.c. elements 
by neutron diffraction have failed. However, the question 
remains whether the resonance frequency of exchange is 
too rapid to be resolved by neutron diffraction techniques. 

In summary, the crystal structures of metallic elements 
possessing a net electron spin have their lowest energy 
when in a structure which provides a closer approach for 
atoms with antiparallel net electron spin than for atoms 
with parallel spin. As the s, d and f sub-shells fill, the 
equilibrium crystal structures follow the cyclic pattern 
f.c.c.—h.c.p.—b.c.c.—h.c.p.f.c.c. When the sub-shells are 
empty or completely filled and the net spin is zero, the 
f.c.c. structure is preferred. When the net electron spin 
reaches a maximum, metallic elements tend to assume the 
b.c.c. structure. For intermediate values of net spin, they 
prefer the h.c.p. structure with c/a less than the theoretical 
value of 1:633. Exceptions to the rule occur among the 
alkalineearthmetals, the actinides, and the lighter elements 
lithium, sodium, manganese andiron. In general, however, 
metalsfollowthecyclic pattern as closely asthe anions follow 
the Hume-Rothery 8-N rule. 
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METALLURGY 


Formation of Intergranular Voids and 
Cracks in an irradiated Austenitic Steel 
tensile-tested in the Temperature Range 

650°-850° C 
Tue elevated temperature embrittlement induced in 
austenitic steels by neutron irradiation is now well 
known!?, Characteristic features are the intergranular 
mode of fracture in a tensile test and the marked reduction 


No.5048 JULY 30, 1966 
in the non-uniform elongation. Barnes? has reported 
work by Pfeil and Barton which suggests that the (n,«) 
reaction of thermal neutrons with the boron-10 in the 
steel is responsible. 

In the case of beryllium containing irradiation-induced 
helium in an atomic concentration of ~ 10-5, the bubbles 
which precipitate at elevated temperatures can grow by 
vacancy absorption if a hydrostatic tensile stress is 
applied and maintained in excess of some critical value 
which depends on the bubble size‘; those bubbles sited 
on grain boundaries grow most readily into holes, linking 
up to form interconnected fissures, and in this way lead 
to intergranular failure at reduced elongation in a hot 
tensile test. 

Despite the low atomic concentration of helium in 
irradiated austenitic steels (about 10-7), Barnes* has now 
deduced that the same mechanism would account for the 
extent to which irradiation reduces their elevated tem- 
perature ductility, assuming that the helium produced 
from boron-10 can reach the grain boundaries. Roweliffe® 
has observed bubbles 60 A in diameter at the grain 
boundaries of 20Cr—25Ni—Ti steel irradiated at 625° C, 
and found that in subsequent tensile tests at 750° C those 
in the gauge-length grew up to 600 A in diameter. 

However, there has so far been no direct indication of 
the way in which irradiation promotes intergranular 
parting in austenitic steels, primarily because the charac- 
teristic metallographic features occur very close to (within 
0-1 mm of) the fracture surface. It has now been possible 
to reveal these by careful attention to the preparation of 
specimens. 

I have examined 20Cr—25Ni-0-7Nb strip tensile speci- 
mens which had been irradiated at 750° C for 1,300 h to 
a thermal neutron dose of 3-5 x 10% nvt, and pulled to 
rupture in argon at 3 x 10-* sec-! (at 750° C and 850° C) 
and 1-7 x 10~* sec- (at 650° C and 750° C). In each 
instance the ductility of the irradiated specimen was 
reduced compared with that of the corresponding un- 
irradiated thermal control. Electron microscopy using 
thin foils showed that the unstrained portions of the 
tensile-heads from the irradiated specimens contained gas 
bubbles at grain boundaries. Most of these were 50-100 A 
in diameter, but occasionally 100-200 A diameter bubbles 
were observed (Fig. 1); the number of bubbles per unit 
area of grain boundary surface was estimated to be of the 
order of 10° em-*, If the bubbles contain helium at a 
pressure p = 2 y/r, and the surface tension (y) is assumed 
to be 10* dynes cm~ and the mean bubble radius (r) 50 A, 
then with a mean grain size of 30u the number of bubbles 
could account for only about 1/100 of the gas produced 
by the boron-10 (n,«) lithium-7 reaction. A search for 
bubbles was made in thin foils prepared from the gauge 
lengths, but the high dislocation density made observation 
difficult, and the presence of gas bubbles was not estab- 





Fig. 1. Thin foil from tensile-head of specimen irradiated at 750° (. 


Note bubbles at grain boundary. (x 50,000) 
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Fig. 2. Replica of electro-polished surface, irradiated specimen slowly 
strained at 650° C, area within 0-10 mm of fracture. (x 5,000) 





imen slowly 


Fig. 3. Replica of electro-polished surface, irradiated s 
x 8,000) 


strained at 750° C, area within 1 mm of fracture. 


lished. (The area immediately adjacent to the fracture 
could not be studid by this method.) 

Little or no crac<ing was observed optically in the fast- 
strain specimens, except in the irradiated specimen tested 
at 750° C, which showed intergranular cracking limited 
to within 0-1 mm of the fracture. Intergranular failure 
was more marked in the slow-strain specimens. Briefly, 
the irradiated specimen tested at 650° C showed little 
plastic deformatior and a few narrow intergranular cracks 
within 0-1 mm of the fracture, whereas the corresponding 
control showed plastic deformation and wide cracks up 
to 4 mm from the fracture. The irradiated specimen 
slowly-strained at "50° C showed plastic deformation near 
the failure but negligible cracking; the corresponding 
control showed marked necking and wide intergranular 
tears up to 0-5 mm from the fracture. 

A light electro-polishing technique was developed for 
revealing the presence of intergranular precipitates, fine 
cracks and holes in the tensile specimens. The specimens 
were mechanically polished and then electro-polished in 
chromic-acetic eleetrolyte®’ at 18 V for 5 see, which 
removed the surface layer to a depth of about 0-25u; this 
treatment leaves the carbides in relief and the sigma 
FeCr slightly depressed below the surface. 

Two-stage replicas taken from the irradiated fast- 
strain tensile specimens revealed the presence of holes of 
0-1—0-2y diameter ab grain boundaries, sometimes attached 
to precipitates, together with micro-cracks, about lp long, 
in the region within 0-1 mm of the fractures. These 
features were less evident further away from the fracture, 
and were absent in the tensile heads. 

The slow-strain _rradiated specimen tested at 650° C 
showed similar holes and micro-cracks near the fracture, 
but in this instance the process of intergranular failure 
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was more clearly seen. Micro-cracks occurred at grain 
boundary precipitates, together with chains of discrete 
holes which were elongated in the direction of the boundary 
(Fig. 2). The slow-strain specimen tested at 750° C again 
showed grain boundary holes, some extending from pre- 
cipitates along the boundary (Fig. 3), but no micro-cracks 
were seen. These features were not seen in the tensile- 
heads of the irradiated specimens or in any of the thermal 
controls. 

The observations of grain boundary holes 0:1—0-2u 
diameter are direct evidence that irradiation has affected 
the failure mechanism and suggest that, in the irradiated 
material, stress-induced growth of gas bubbles is respon- 
sible. The initial radius r; of a helium-filled bubble 
which can grow indefinitely by vacancy absorption under 
a given critical uniaxial stress ore is directly dependent 
on the surface energy y of the material®t, For a bubble 
within a grain: 


T; = 4y] v 30zc = 2:31 y/Gre (ref. 3) 


Furthermore, a bubble at a grain boundary is also acted on 
by the tension of the grain boundary. The application 
of a tensile stress oz normal to the boundary will tend to 
alter the bubble shape and the equilibrium of forces at 
the periphery of the bubble. The peripheral grain 
boundary tension on a bubble of radius 10-* cm is of the 
same order of magnitude as that of the tensile stress 
acting on the bubble; the effective hydrostatic component 
of the tensile force is therefore greater than o,/3 (for a 
bubble within a grain) and tends towards or, that is, 
ri —> 0-77 y/ore (ref. 4). 

If the surface tension at the helium bubbles is as low 
as 10° dynes cm~ and ore is approximately equal to the 
tensile strength (as little necking occurred), then the 
calculated values of 2r; for grain boundary bubbles range 
from ~ 80 A (for the slow-strain test at 650° C, ultimate 
tensile strength = 1,950 kg cm-*) to ~ 230 A (for the 
fast-strain test at 850° C, ultimate tensile strength = 
678 kg em-*). This implies that stress-induced growth of 
the bubbles observed is feasible, assuming the foregoing 
conditions. 

The observation that micro-cracks form near the frac- 
tures of the irradiated material, instead of blunt fissures 
as in the slow-strain controls, suggests that the grain 
boundary cohesion of the material is lowered by irradia- 
tion, as would result from segregation to the boundary of 
impurity atoms which lower the energy of free surfaces 
(compare with the behaviour of sodium in aluminium- 
magnesium alloys’). Both helium and lithium ions are 
produced in steel irradiated with thermal neutrons, and 
Higgins and Roberts* have recently shown that at con- 
centrations of 10-° these elements can separately cause 
embrittlement in this steel at 750° C, the helium exhibiting 
the larger effect. The combination of helium and lithium 
together may be more effective than either element alone 
in causing embrittlement, if the lithium can segregate to 
the free surfaces of helium-filled bubbles and reduce the 
stress required for these to grow into cracks. 
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CHEMISTRY 
Interior Morphology of Bulk Polypropylene 


As the result in recent years of the growth and identifica- 
tion of lamellar single crystals of various polymers, 
produced both by dilute-solution methods and by melt 
crystallization of thin films, older concepts of the structure 
and texture of bulk crystalline polymers have been under- 
going change'. Indications that bulk samples of partially 
crystalline polymers also contain lamellar-like crystals 
have come from electron microscope examinations of 
fracture surfaces?, and of fragments*:* of bulk polymers 
dispersed by means of a nitric-acid digestive treatment’. 

Striking evidence in favour of the concept that bulk 
polymers may also consist largely of lamellar-like crystals 
has been obtained from a study of the crystallization 
behaviour of isotactic polypropylene. Samples of this 
material were first compressed in a high-pressure mould 
to 60,000 Ib./in.* and then held at a temperature of 
325° C for 3 h. This temperature is about 30° C higher 
than the melting point of polypropylene at the pressure 
of 60,000 1b./in.?. The pressed sample was brought to a 
temperature of 248°C (about 47°C supercooling) and 
held at this temperature for 140 h. The temperature was 
then slowly reduced to room temperature, the pressure 
returned to atmospheric, and the sample removed. The 
sample, in the form of a solid rod 0:25 in. in diameter 
and 3-5 in. long, appeared to be in a highly brittle state 
and some powdering occurred during its removal from 
the mould. 

The sample was cooled to liquid nitrogen temperatures 
and later fractured at these temperatures in order to 
inhibit plastic flow. After fracture, the fracture surfaces 
were examined by light microscopy, then replicated, and 
the replica examined by transmission electron microscopy. 
The light microscope examination showed a spherulitic 
structure with the size of the spherulites being of the order 
of 100u. It was also observed that both inter- and intra- 
spherulitie fractures had occurred. 

An electron micrograph of a replica of a portion of the 
fracture surface is shown in Fig. 1. Numerous, somewhat 





Fig. 1. Electron micrograph of replica of fracture surface of a bulk poly- 
propylene sample moulded at 60,000 1b./in.* and held for 140 h at 248° C 
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Fig. 2. Higher magnification electron micrograph of portion of fracture 
surface of polypropylene sample moulded at 60,000 1b./in.* and held for 
140 h at 245° C 





Fig. 3. 


Electron micrograph of single crystals at edge of quadrite for 
polypropylene sample isothermally crystallized in 0-01 per cent solution 
of a-chiloronaphthalene at 115° C 


interwoven, lath-like lamellar crystals are visible. Similar 
crystals are clearly delineated in the higher magnification 
electron micrograph of Fig. 2, which represents another 
portion of the fracture surface. The rectangular erystals 
appear to be about 3—8y in length, 0-2—0-5y in width, and 
about 125-150 Å in thickness. They are remarkably 
similar to the crystals which have been recently obtained® 
from dilute solution crystallization of isotaetie poly- 
propylene in «-chloronaphthalene («#CN). This is seen 
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from Fig. 3, which shows a group of lamellar single crystals 
found at the edge ef a quadrite on isothermal erystalliza- 
tion at 115° C of a 0-01 per cent solution of polypropylene 
in «CN. Note the marked morphological similarity of these 
crystals with those of Figs. 1 and 2. Also, in both the bulk 
sample as well as the dilute solution sample, the lamellar 
surfaces are smooth, the edges are well defined, and there 
are no indications ef spiral growth. 

The bulk sample crystallized at high pressures was also 
examined by X-ray diffraction and by differential thermal 
analysis. These data indicate that the sample had crystal- 
lized in the y-modification of polypropylene’. The sample 
prepared by dilute-solution crystallization is known, 
however, to be in the «-modification®. Thus, despite the 
common morphology of the crystals of the bulk sample 
and the crystals of the dilute-solution crystallized sample, 
the crystal structure is triclinic in the first instance and 
monoclinic in the second. 

These results show that crystallization in the form of 
lath-like lamellar crystals can occur both for the «x-form 
and the y-form of isotactic polypropylene. Also the 
marked similarities in morphology of the bulk-erystallized 
and the dilute-sclution crystallized samples strongly 
suggest that the chain molecules in the bulk sample are 
folded and that restricted chain folding, as already noted 
for the «-form crystals*, probably also occurs in the y-form. 
Examination of the suggested unit cells of the two dif- 
ferent crystal structures shows they are closely related. 
It would seem that one could be converted to the other by 
partial slip along fold planes. Turner Jones et al.” have, 
in fact, shown that the y-form is converted to the «-form 
by mechanical desormation, while Kardos et al.* have 
shown that the y-form can be converted to the «-form by 
thermal treatment. 
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Structure Studies on Ternary Vanadium- 
Molybdenum Oxides 


A BRIEF report or the crystal structures of some of the 
phases observed in the ternary vanadium—molybdenum-— 
oxygen system! is presented below. 

A phase of the composition VMoO,, which has been 
reported recently* has been found to have a tetragonal 
unit cell with the dimensions a= 6:6078 A, c=4-2646 A, 
and the space greup P4/n. A single crystal study, in- 
cluding least squares refinemént of atomic parameters to 
an R-value of 0-054, has revealed that the structure is 
isotypic with that of MoOPO, (ref. 3). The vanadium and 
molybdenum in VMoO, are structurally equivalent with 
the molybdenum and phosphorus, respectively, in MoOPO, 
and, accordingly, the formula of the compound may be 
written VOMoQ,. The structure is built up of strings of 
distorted VO, octahedra running parallel to the ¢ axis. 
These strings are mutually connected by quite regular 
MoO, tetrahedra. The vanadium—oxygen distances within 
the octahedra are 1-68, 2-59, 1-97 (4a) A, and the four 
molybdenum—oxygen bonds are 1-76 Å. 

Another phase cf the approximate composition V,MoO, 
has been reportec by Magnéli and Blomberg‘. In this 
study, the powder pattern of this phase was indexed on 
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the basis of a monoclinic unit cell with the dimensions a= 
19°32, b=3-621, c=4-107 A, 8=90-3°, which is in close 
agreement with the values published recently by Freund- 
lich and Pailleret®. Weissenberg photographs of several 
crystals invariably showed the presence of twinning with 
(001) being the twin plane. The single crystal studies 
revealed also that the true b axis is doubled, the layer 
lines with k odd (crystal rotated around [010]) showing 
only continuous streaks along the bows parallel to a*. 
This behaviour indicates one-dimensional disorder—a 
kind of stacking fault—which can be explained readily 
in terms of the structure details. 

The structure of the cell corresponding to the lattice 
parameters listed above, the stacking lattice, has been 
determined and refined to R=0-065. The structure, a 
distorted variant of the Nb,O,F-type’ with vanadium 
and molybdenum statistically distributed over the two 
metal atom positions, exhibits C2 space group symmetry. 
The oxygen atoms are co-ordinated (octahedrally) around 
the metal atoms with two short, three intermediate, and 
one long molybdenum—oxygen bond. Distortion towards 
five-co-ordination is thus appreciable. The co-ordination 
can be considered intermediate between that in vanadium 
pentoxide and molybdenum trioxide. 

Molybdenum may replace vanadium in the V,O, 
structure to a considerable extent, thus forming a range 
of solid solution (Moz,V,-z)O;.;, where Smax œ 0:30". 
This finding differs slightly from the results of Magnéli 
and Blomberg‘, who reported a solid solution of molyb- 
denum trioxide in V,O, vanadium pentoxide. Over the 
solid solution range, unit cell dimensions change contin- 
uously from the values a= 11-514, b=3-562, c=4-371 A 
for vanadium pentoxide to a= 11-809, b= 3-650, c=4-174 
A for the composition Mog..9Vo.7oO2-50. Single crystal 
photographs reveal that the symmetry of the molybdenum- 
rich phase is, in fact, monoclinic with $= 90° and that the 
systematic extinctions are consistent with space groups 
C2/m, Cm, and C2. The symmetry has thus changed from 
orthorhombic to monoclinic somewhere in the solubility 
range (0 <% <0-30). Powder data obtained for the com- 
position z=0-30 are in general agreement with the d 
values listed by Freundlich and Pailleret’ for ““MoV,O,.,". 
The compound Mo,V,0,, reported by Munch and Pierron® 
may also be identical with this phase. 

Andersson has shown’ that the structure of Nb,O,F 
can be regarded as the second member (n= 3) of a homo- 
logous series, MnOgn-;, in which the first possible member 
(n = 2) corresponds to the ideal V,O, structure. Thus, there 
is a close relationship between the structure of V,MoO, 
and V,0,, even though they are distorted in different 
ways from the ideal regular octahedral arrangements. 
But when molybdenum is substituted for vanadium in 
V.O, the observed symmetry changes indicate that the 
structure gradually adopts the distortion exhibited in 
V,.MoO,. 

This work was supported by the Swedish Natural 
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Orientation-induced Nucleation in Polymer 
Crystallization 


Ir is a well-known fact that the crystallization kinetics 
of polymers crystallizing from the melt are influenced by 
the mechanical history of the sample’ *. Strain-free 
samples show a larger crystallization half-time than 
samples in which the strain has not been completely 
removed by relaxation at a suitable temperature*:. 
A larger number of nuclei has been assumed to be present 
in strained samples than in strain-free ones. This has 
been called ‘“‘orientation-induced” or ‘“‘stress-induced” 
nucleation. 

This communication presents a morphological de- 
scription of the phenomenon and of the underlying type 
of nucleation. My observations were made with a micro- 
scope (Reichert ‘Zetopan-Pol’) equipped with a hot 
stage and 24-mm camera, and mainly with the polarizers 
crossed. For most of my experiments I used polypropy- 
lene, but similar phenomena were also observed with 
several other polymers. 

Polypropylene, when melted at 250° C and cooled to 
140° C, crystallized slowly at this temperature, and only a 
few spherulites were formed. Application of a small 
shear stress (about 0-1 kg/em*), however, resulted in 
abundant nucleation of small spherulites in long rows 
parallel to the direction of shear. 

Heavy strains could also be introduced when the 
polymer was milled at 180° C on a two-roller mill and 
later quenched. A microscopic specimen was made at 
200° C from a piece of about 2 mg weight cut from the 
quenched milling sheet. When the specimen was allowed 
to cool slowly, sharp birefringent lines developed, which 
gradually increased in number and birefringence (Fig. 1). 
Sometimes these lines were visible above the normal 
melting point of the polymer (172° C). The sign of the 
birefringence indicated that the polymer chains were 





Fig. 1. Nucleation lines in a polypropylene melt at successive stages of cooling, (Xe. 135) 
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Fig. 2. “Spherulitic’ outgrowth after orientation-induced nucleation. 


(xe. 135) 


parallel to these lines. Where the density of these lines 
was low—namely, in a polymer sample made at small 
shear stress—normal fibrillar outgrowths could be seen 
and these proved to be similar to those of the spherulites 
(Fig. 2). I have called these lines "nucleation lines”, and 
the type of nucleation “‘orientation-induced nucleation” 
although the latter is not a new term. 

Provided the temperature was kept below 210° C, the 
phenomenon observed in Fig. 1 could be repeated at will 
by heating and cooling—the nucleation lines invariably 
appearing in the same place. After heating above 210° C 
the density of the nucleation lines observed on cooling 
decreased. When I heated my sample (intrinsic 
viscosity dec, 135° C= 3"1) at 240° C for 1 min, the lines 
completely disappeared (see ref. 4, Fig. 2). For a material 
of higher intrinsic viscosity a higher temperature was 
necessary in order to bring about the complete disap- 
pearance of the orientation-induced nucleation. 

Unlike stretched rubbers, sheared polypropylene does 
not crystallize as a whole above its normal melting point; 
this is probably because the ratio of viscosity to elasticity 
of the molten polymer is not sufficiently high to maintain 
a recoverable strain sufficient for crystallization. On 
the other hand, at the locus of the nucleation lines the 
melting point of the polymer has probably increased 
considerably owing to a certain degree of alignment of 
polymer chains in the melt. A peculiar feature is that the 
strain is not homogeneous but culminates in lines. 

Because a normal fibrillar outgrowth was found to be 
typical of lamellar crystallization in bulk polymers, the 
phenomenon of the nucleation lines and the subsequent 
growth bears a close relationship to the morphology found 
in crystallized stretched rubber® and even in the crystalli- 
zation of a stirred polymer solution*, where long strands 
of short lamellae were found, connected by a central 
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Electron Spin Resonance of Nickel in 
Synthetic Diamonds 


In addition to the ordinary nitrogen hyperfine lines in 
diamond?;*, an isotropic line was observed at 77° K in 
certain polycrystalline samples of synthetic diamond. 
This line, which does not appear in natural diamond, 
has a g-value of 2-0310 + 0-0005 and a width of ~6 gauss. 
Samples from Japan, the General Electric Company 
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(U.S.A.) and from the Adamant Research Laboratory, 
South Africa, were investigated. 

The ratio of the intensity of the new line relative to the 
intensity of the central line of the nitrogen spectrum 
varied from sample to sample, being the greatest (about 
2-4) for the Japanese diamonds. The line width of the 
central line of the nitrogen spectrum in the Japanese 
diamonds is also about 6 G. The new line was also ob- 
served in a single crystal of synthetic diamond, and no 
anisotropy was observed. 

In an effort to identify the line, synthetic diamonds 
were made containing no nickel, as most synthetic 
diamonds are knewn to contain nickel’, For example, 
diamonds were made containing cobalt and iron, and in 
both these cases te additional line was absent. Measure- 
ments were also made at 20° K and ~4° K, but no 
splitting of the lire was observed. 

Ludwig and Woodbury found an isotropic line in silicon* 
belonging to nickel, with a g-value of 2-026. They could 
explain its behav our by assuming that the nickel was 
present as Nit (spin $) in an interstitial site. The line 
was motionally narrowed and below ~ 2° K the spectrum 
split and several geometrically non-equivalent sites could 
be distinguished. 

With nickel in germanium*, they concluded that the 
nickel was present as Ni- in a substitutional site. Above 
20-4° K the Ni- centres in germanium re-orient so rapidly 
that the anisotrops set of six lines collapses into one line. 
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Reaction with Propane of 1(5?Pi2), produced 

by Photolysis of lodine in the Continuum of 

the B'I,- X E£; System, and by Collisional 
Release inside the Banded Region 


From an analysis of the kinetics of the formation of 
i-propyl iodide in irradiated mixtures of iodine and 
propane, we have recently shown that electronic excita- 
tion of atomic iodire to the 5*P,,), state greatly enhances 
its chemical reactrvity; in respect of hydrogen atom 
abstraction (activetion energy ~ 5 kcal/mole) its be- 
haviour is similar to that of atomic chlorine. The 
BI lou-X*X5 electronic transition of iodine exhibits a 
banded region with a convergence limit at 4995 A, and a 
continuum at shorter wave-lengths'. Dissociation of 
molecular iodine in the continuum produces one atom in 
the 5:Pxy. ground state and one atom with the 5°P aye 
spin-orbit orientat.on corresponding to an excitation 
energy of 21-7 kcal/mole. The occurrence of 1(5*P4,,) 
reactions has been established by a study of the inhibition 
caused by addition of various species which deactivate 
I(5*P,,.) to the groand state: 
i*+M-—-I+M 


There is a general correspondence between efficiencies 
measured directly by flash spectroscopy** and those 
determined from the isopropyl iodide inhibition. The 
production of 1(5°P ;) also occurs well inside the banded 
region above 4995 A; collisional release resulting from 
long-range attractive interaction with any added gas, and 
the kinetic energy available during collision, effectively 
shifts the continuum threshold to longer wave-lengths. 
Quantum yields were measured by focusing light from 
a compact-source, Cuartz—iodine lamp (100 W), through 
narrow band interference filters, into the reaction cell. 
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The transmitted light-intensity was measured by chemical 
actinometry, and the i-propyl iodide was determined by 
1s chromatography, after separation of the unreacted 
propane on a low-temperature still. The quantum yield 
as independent of the area of the cell window that is 
illuminated, which rules out the possibility of complica- 
tions arising from reaction on the glass surfaces. Most of 

1@ kinetic measurements were made in a reaction system 












variety of filters was used to determine the dependence 

of the kinetics on the wave-length of the radiation. 
The yield of i-propyl iodide is accurately proportional 

to the duration of exposure, and to the light intensity. 


2-0) ¢ 





l 2 3 4 3 
Reciprocal propane pressure (mm? x 100) 


iz. 1. Ydnear relationship between reciprocal quantum yield and 
: procal pressure of propane. Continuum: @, 0-2 mm iodine + propane 
T SER È. 0-26 mm iodine + propane (90° C); @, 0-20 mm iodine + 

. spropane (60° C) 













Banded region, 0-20 mm iodine + propane + nitrogen 
(80° O (©) 
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g. 1 shows the linear relationship between reciprocal 
tum yield and reciprocal pressure of propane. The 
tum yield for the banded region refers to 5020 A, 
has been divided by 0-7 to illustrate the invariance 
e slope to intercept ratio with wave-length. In the 
r experiments, nitrogen was added to a total pressure 
00 mm, to avoid any significant changes in pressure 
dening. For a particular temperature, the ratio of 





ope to intercept is the same on either side of the 4995 A 
threshold, and there can be no doubt that essentially the 


same reaction occurs in the two wave-length regions. 


Assuming the scheme: 


© I, + hyl I 
(orl, +y — I, + M -> MI + I*) 
I* CHa — HI + i-C,H, 
1* + M-I + M 
i-C,H, + 1,-+ 7-C,H,I + I 


ye rate coefficients for deactivation of I(5°P,,2) relative 
propane may be derived from plots similar to those of 
Fig. 1; in Table 1 these are compared with rate coefficients 

measured by flash spectroscopy. We consider that as the 
general pattern of deactivation efficiencies is the same, 
the occurrence of hydrogen atom abstraction by I(5*P4;2) 
is established from these measurements. 
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Filseth and Willard’ have reported the formation of 
n-propyl and i-propyl iodide in equal yield from the same 
reaction, and have derived a different mechanism. In our 
investigation, the ratio of i-propyl to n-propyl iodide was- 
always 40:1, except for the first few experiments in 
freshly cleaned vessels, when significant amounts of 
n-propyl iodide seem to be produced by heterogeneous 
reaction. 
A. B. CALLEAR 
J. F. WILSON 

Physical Chemistry Laboratory, 

University of Cambridge. 
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Bond Character in Germanium Selenides 
by X-ray Spectroscopy 


X-RAY spectroscopy provides a direct and powerful 
method of studying the electronic structure of solids’. 
It has been applied so far mainly in the investi- 
gations of energy band structure of solids*-* (mostly - 
metals and alloys) and in the study of complexes*-’. 
This communication, which reports our work on the K 
absorption spectra of selenium and germanium in GeSe 
and GeSe,, shows that this method can also be useful in 
determining the nature of chemical bonding in intermetallic 
compounds which are of special interest because of their 
semiconducting properties. 

The absorption spectra were recorded photographically 
using a bent crystal X-ray spectrograph 40 cm in diameter. 
The experimental technique has already been described*)’. 
The intermetallic compounds were prepared in stoichio- 
metric ratio by suitable heating and annealing. Table 1 
gives the wave-lengths and corresponding energies of the 
germanium K absorption discontinuity in pure metal and 
in the two compounds. Table 2 gives similar data for the 
selenium discontinuity. 


Table }. Data ON GERMANIUM K ABSORPTION DISCONTINUITY 


Energy (E) AR 
Absorber Ain XU, v/R eV eV 

Ge metal 1114-35 11191-1 

+005 RITT + O4 
GeSe 4414-50 11000-6 

+ 0-08 817+5 +04 ~ 15(4I8} 
GeSe, 1144-32 11101-4 i, 

+ 0-05 817-3 +04 ~~~ {AE 


Table 2. DATA ON SELENIUM K ABSORPTION DISCONTINUITY 
Energy (E) 
eV 


Absorber 4in X.¥, rR AE 
Se metal 977-82 931-04 12651-1 
+ 0-07 +05 
Gese 977-60 932-14 126538 
t007 +O 2-7 (ABs) 
Geese, 978-02 O34-°75 12648-3 pi 
40-07 t05 -DEAR a 


It is generally believed that the inflexion point on an 
X-ray absorption edge represents the top of the outer- 


most filled band. For germanium and selenium it can be: 


taken to represent the top of the valence bands which 
consist, respectively, of 4p? and 4p* electrons. In GeSe 
some of the 4p? electrons of germanium are transferred — 
into the conduction band of selenium because of the 
higher electronegativity’® of the latter (2-4 for selenium. 
and 1-8 for germanium). This results in the lowering of 
the energy of the germanium edge in the compound i 
giving the shift AZ, However, in the band structure of | 
selenium the bonding and the non-bonding 4p bands are. 
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completely occupied} and the germanium electrons can 
only go into the antibonding 4p band, which in pure 
selenium is at 1:8 eV from the valence band??. We obtain, 
therefore, in the opposite direction, a considerably higher 
shift A#, for the selenium K edge. On the assumption 
that the distribution of the transferred electrons remains 
more or less of the same type in the compound, Ep for 
GeSe is (2°7~—1:5}=1-:2 eV. This is in good agreement 
with the value 1-0 eV obtained by Asanabe and Okazaki* 
when they used the normal resistivity variation method. 
The electron transfer in GeSe shows that the bonding 
in this compound is largely of the ionic type. The NaCl 
type structure of this compound further supports this 
contention. 

However, the situation in GeSe. would seem to be 
entirely different. The germanium edge in this compound 
remains practically at the same position while the selenium 
edge is shifted towards lower energies by 2:6 eV. The 
change in energy of the selenium edge most probably 
indicates strong covalent bonding in this compound, which 
lowers the energy of the top of the selenium valence band. 
It would scem that the lone germanium atom in GeSe, 
is unable to satisfy the electronegativity requirements 
of two selenium atoms and thus this compound ‘prefers’ 
covalent linkage. 

We thank Dr. K. P. Sinha of the National Chemical 
Laboratory, Poona, for helpful discussions and the 
Directorate of Industries, Government of Maharashtra, 
Bombay, for financing the research scheme under which 
a part of this work has been done. One of us (R. N. P.) 
also thanks the University Grants Commission, New 
Delhi, for the award of a junior research fellowship. 
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S$-Demethylation catalysed by the Formation 
of Metal Complexes 


S-ALKYLATION has been observed to occur im situ when 
certain metal complexes of §-mercaptoethylamine and 
other thiols are treated with alkyl halides in dimethyl- 
formamide solution’. We have observed S-demethylation 
reactions with certain metal chelates of thioethers. 

8-Methylthioquinohne (N-SMe) forms complexes with 
several transition metal ions in which it functions as a 
neutral bidentate chelate group?. However, it reacts with 
sodium tetrachloroaurate (III) in acetone solution to 
yield yellowish-green crystals of dichloro-8-quinoline- 
thiologold (TIT), Au(N-S)Cl, (I), which is a non-electro- 
lyte m nitrobenzene and nitromethane. The infra-red 
and nuclear magnetic resonance spectra of (I) show no 
peaks that can be attributed to a methyl group. The 
compound (I) was also prepared from 8-quinolinethiol 
and sodium tetrachloroaurate (ITT). 
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If solutions af M(N-SMe)Br, (M = palladium or 
platinum) in dimsthylformamide are heated for 10 h 
and alcohol is then added, the thiolo-bridged complexes 
M,(N-S),Br, separate when the solution cools. Similarly, 
when solutions of Pd(As-SMe)X, (As-SMe=dimethyl-o- 
methylthiophenylsrsine*; X =chlorine or bromine) in 
dimethylformamide are heated, the thiolo-bridged com- 
plexes Pd,(As-S),.<, can be obtained. Similar metal-ion 
catalysed dealkylation reactions of ether groups have 
recently been reported to occur with copper (II) complexes 
of certain Schiff bases‘. 

It is possible thet these thioethers could, in the presence 
of metal ions, effest transmethylation analogous to what 
has been observed with S-adenosylmethionine in living 
systems®:§, 
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Rapid Voltammetric Determination of 
Methionine with a Platinum Electrode 


THE presence and concentration of methionine in, aqueous 
media can be qu:ckly determined by & simple voltam- 
metric method. The solution for electrolysis must be 
acidic and must contain a moderate amount of chloride ion. 
Using a platinum microelectrode as the working anode 
and a saturated calomel electrode (SCE) as the cathode, 
anodic current-voltage curves with limiting currents 
proportional to the methionine concentration, are obtained. 
The voltammetriz waves are well developed between 
+0-7 and +1-0 V against the SCE. 

The usual voltsmmetric technique was used. Electro- 
lysis was carrie. out at 25°C in an H-shaped cell. 
Solutions of methionine were made in distilled water to 
which had been added known amounts of hydrochloric 
acid and sodium chloride. The methionine was a Dow 
product of 99-9 per cent purity. For methionine con- 
centrations smaller than 100 p.p.m., a platinum micro- 
electrode about 3 mm long and 0-6 mm in diameter was 
used as the working anode. The platinum wire was sealed 
into the end of a glass tube containing some mercury for 
electrical contact, as usual. For concentrations greater 
than 100 p.p.m. a much smaller electrode was used. This 
was made from the same platinum wire; after sealing, 
the wire was cut and filed flush with the glass surface. 
Current—voltage curves were automatically recorded with 
a Sargent ‘Model XV’ polarograph. The voltage was 
apphed at a rate of 0:05 V/min. 

The anodic wave obtained under the experimental 
electrolysis conditions is beheved to involve the thio 
group of the methionme molecule. Micro-scale complete 
electrolysis indicated a two-electron oxidation step. 
Because the electrolysis products have not yet been 
identified, no plausible electrode reaction mechanism can 
be proposed. In sig. 1 the waves develop between, + 0-7 
and + 1-0 V. In order for such waves to appear, the solution 
must be acidic and must also contain a moderate amount 
of chloride ion. Apparently both the hydrogen and 
chloride ionic species are necessary for the wave to develop 
in good form. Concentrations of hydrogen and chloride 
ions can be widely varied with practically no change in 
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either the`half-wave potential or the limiting current 
(Fig. 2). For methionine concentrations of 1~500 p.p.m., 
the best waves are obtained with 1-2M solutions in 
chloride, provided the solutions are definitely acidic 
(pH ~2 or less). 

In neutral solutions very poor waves may appear; mmn 
basic solutions there is no evidence of a wave at all. 
This is shown in Fig. 3. Methionine solutions acidified 
with sulphuric acid, and containing no chloride, produce 
waves at & more anodic potential than that required in 
the presence of chloride ion. The form and reproducibility 
of these waves are not satisfactory for analytical work. 

In Fig. 1 the limitmg currents are proportional to 
methionine concentration. They are reproducible to 
within + 5 per cent for concentration levels of 5-500 p.p.m. 
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Fig. 1. Current-voltage curves of methionine, showing proportionality 

of current to concentration of methionine. Curves obtained with the 

smallerelectrode. Chloride concentration, 1M; hydrogen ion concentra- 

tion, 01M. The curves represent concentrations of methionine of 50, 
100, 200 and 500 p.p.m. 
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Fig 2. Current—voltage curves of methionine (200 p.p.m. 
chloride and hydrogen ion concentrations. ine we na ane 
hydrogen, 0-1 M; curve B; chloride, 2 M; hydrogen, 0-3 M i 
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Fig. 3. Current-voltage curves of methionine ım neutral solution. 

Methionine concentration A, 0 p.p.m ; R, 50 p.p.m.; C, 100 p.p.m.; 

D, 150 p.p.m.; sodium chloride concentration, 1 M. Curve 

with the larger electrode. In basic solutions a curve like A is obtained, 
irrespective of methionine concentration 


The waves start to form ahead of the chloride wave such 
as to suggest the possibility of a methionine-electrode 
complex; this complex can, apparently be electro-oxidized 
at a less positive potential than the chloride, thus making 
possible development of a wave before discharge of chloride 
ion. If iodide or bromide ions are present instead of 
chloride, no waves appear; a shght shift in the decomposi- 
tion, potential of these ions to less positive values occurs, 
which probably indicates depolarization of the halide ions 
by methionine. It is probable that methionine—electrode 
complexes with iodide or bromide also form, but these 
complexes may decompose so near to the decomposition 
potential of the halide ions thet distinct methionine waves 
cannot develop. 

Regarding the platinum electrode, the occasional 
difficulties arising from oxidation of the electrode in 
chloride mediat, and the maxima that may form with 
stationary electrodes?, should be considered. Sometimes 
the platinum electrode behaved very erratically, especially 
when the applied potential exceeded +1-:1 V. In such 
cases the electrode was made the cathode at — 1-9 V for a 
few minutes while it was dipped into the solution to be 
electrolysed; the potential was then reduced to — 0:6 V 
and the polarity was reversed; after a waiting period of 
about 10 min, current—voltage curves were obtained. 
The use of two electrodes, a smaller one for methionine 
concentrations greater than 100 p.p.m. and a larger one 
for smaller concentrations, practically eliminated the 
undesirable formation, of maxima. Although a stationary 
platinum micro-electrode requires a few minutes to give 
a steady current with successive increments of applied 
potential, satisfactory reproducibility of the waves was 
attained by applying the potential continuously at a 
rate of 0-05 V/min (ref. 3). There was no particular 
advantage in manually obtaining point-by-point current— 
voltage curves. When, the electrode was rotated at rates 
of 200-1,000 r.p.m., very steep current plateaux were 
produced. 

Determination of methionine in various hydrolysates 
was made either from standard calibration curves or by 
the standard addition method. In the analysis of unknown 
samples possible interferences should be considered. 
Organic sulphides are likely to produce anodic waves at 
the same potential. For example, the hydroxy analogue 
of methionine yields identical waves with those of 
methionine. Bromide ion definitely interferes. Advantage 
can, be taken of the fact that most organic sulphides are 
more or less soluble in ethyl ether (methionine is not) and 
can be easily removed by extraction with the ether. 
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The merit of the present method les in its stmpheity 
and rapidity. Like most voltammetric methods, ıt can be 
used, satisfactorily with relatively small sample volumes; 
if necessary, only 0-1 ml. of sample solution can be used. 
The sample is not destroyed—an advantage which is not 
obtained with most of the chemical methods used for 
methionine analysis. 

I thank Edgar Elkins and Dr. Dalton MacWilliams for 
their interest and useful discussions during this work. 
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Evaporation Reduction of Water 


SINCE Langmuir explained the nature of monomolecular 
films, efforts have been made to use them as economically 
feasible reductants of evaporation of water. Apart from 
practical engineering difficulties in encountering breakage 
of the film due to-winds, dirt deposits, ete., there are two 
built-in difficulties: (1) Reduction of evaporation causes 
a warming up of the water which corresponds to an in- 
crease of the vapour pressure. Thus the advantage of 
evaporation reduction is lost at the slightest break of 
the film?. (2) Fatty alcohols used to obtain the mono- 
layer are attacked by bacteria, namely Pseudomonas 
and Flavobacterium?. 

I found that spreading solid paraffin to which a white 
reflective pigment has been incorporated on the surface 
of water overcomes these difficulties, as paraffin is bio- 
logically inert and the incorporated pigment reflects 
direct sunlight. 

Paraffin without pigment is an excellent barrier against 
liquid water and water vapour. Its refractive index, 
however, is too near that of water and therefore does not 
sufficiently reflect direct sunlight. 

Table 1 shows how the temperature rises as a result of 
efficient reduction of evaporation. The experiments were 
carried out in class “4” pans on the roof of the Water 
Planning Authority building in Tel-Aviv. 


Table 1 
Evaporation 
Dally compared Surface 
Substance evaporation th temperature 
mm) untreated te C) 
water 
(per cent) 

Nil 2-1 100 20) 
White polystyrene balloons 1:32 63 18 
Limna | 1-86 88°5 19 
Magnesium stearate powder 

(87 g/m?) 1°37 65-0 17 
Zinc stearate (91 g/m?) 1-44 68-5 18 
Polyurethane foam covering 85 per 

cent of the water surface 1:17 557 19 
Paraffin powder (150 g/m?) 017 81 21 5 


A second experiment was carried out with paraffin 
containing 10 per cent (by weight) of titanium dioxide 
and 20 per cent (by weight) of calcium carbonate (pre- 
cipitated). The temperature measured 1 em below the 
surface was lower than the temperature of the untreated 
water (20° C and 19° C) and the saving in evaporation 
was 33 per cent, for paraffin treated with titanium dioxide, 
and 35 per cent, for paraffin treated with calcium car- 
bonate. 

The pigment containing paraffin was prepared as 
follows: 450 g paraffin (melting range 58° C-~60° C) was 
melted at about 90° C and 50 g titanium dioxide added 
with constant stirring. After resolidification of the 
titanium dioxide-containing paraffin it was milled (under 
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cooling with liquid air) and the powder passed a sieve of 
40 mesh. 55 g/m? were broadcast. 

The same techrique was used for the incorporation of 
a number of pigments lıke calcium carbonate, zinc oxide, 
barium sulphate, ete. For obvious reasons (lightness, 
physiological inertness, etc.) calcium carbonate 1s best. 

Results similar to the ones with pigmented paraffin 
were obtained with white polypropylene powder and 
with white high-density (Ziegler) polyethylene powder. 

However, the synthetic plastic materials were not 
exposed for a long enough time for any degradation due 
to the combined effect of ultra-violet rays and water 
vapour to become apparent. The degradation is first 
signalled by a yellowish—-brownish tinge, and defeats the 
reflective power of the undegraded white material. 

Fox? recently reported similar results using an oil-wax 
surfactant system. Unfortunately he did not report the 
temperature readings. 
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Interference with the Determination of 
Aldrin and Benzene Hexachloride Residues 
by Gas Chromatography 


We wish to report an artefact which has occurred in our 
laboratory during the analysis of plant materials for 
residues of organochlorine pesticides by gas—liquid 
chromatography, with the electron capture detector. It 
occurs as a peak in a position very close to that of aldrin, 
when using a silicone elastomer on ‘Celite’ packed column, 
and at the same position as B-benzene hexachloride (BHC), 
when using an ‘Apiezon L’ on ‘Celite’ packed column. 

Solvents, as purchased, often give this peak, but the 
contaminant causing the peak can be removed by dis- 
tillation through a short fractionating column. Distilled 
solvents and water are recontaminated if kept in contact 
with polythene, for example, storage bottles and pipe- 
work. The conteminant can be extracted, by redistilled 
hexane, from absorbants such as ‘Florisil’, alumina and 
cellulose powder; and from clean glassware, glass-wool, 
cotton-wool and ilter papers, especially after these have 
been in our laboratory for a few days. It was recovered 
in relatively larg> quantities from hexane swabbings of 
cupboard-door windows and from a hexane-extract of 
laboratory dust. 

Column chrorcatography on alumina of a hexane- 
extract of several grams of laboratory dust, using gas— 
liquid chromatography with electron capture detector to 
monitor the eluate, gave a yellow oily fraction producing 
only the artefact peak. The infra-red spectrum of this 
fraction suggested a phthalate ester. 

Di-n-butyl phthalate has the same retention charac- 
teristics as the contaminant and is strongly electron cap- 
turing—a solution of 1 x 10-® g/ml. giving about the 
same response as a solution of 2 x 10-* g/ml. of aldrin. 

We have been unable to determine the source of the 
contaminant in solvents delivered in steel drums, or in 
glass bottles with loose aluminium foil disks separating the 
polythene cap-insert from the bottle contents. We believe 


that the main source of the contamination in the laboratory 


is the polyvinyl acetate-based paint, containing dibutyl 
phthalate as plasticizer, which was used to paint the 
walls and ceilings. Polyvinyl acetate latex-based adhesive 
is often used to secure aluminium foil coverings to card- 
board inserts in bottle caps, and the adhesive on tapes 
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used to seal capped bottles often contains dibutyl 
phthalate; these are possible sources of the contaminant 
found in absorbants from newly opened bottles. This 
contamination is so widespread in our laboratory and, 
even with the most stringent hygiene, so difficult to 
control that care must always be taken when identifying 
a peak with B-BHC or aldrın, especially when the residue 
level is too low to confirm the identity by some other 
technique, such as thin-layer chromatography. 

_ B-BHC is unlikely to occur as a residue in crops because 
its concentration in the mixed-isomer of BHC is very low 
and is virtually zero in the insecticide y-BHC (bndane). 
Therefore, a peak, tentatively identified as 8-BHC, when 
using “Apiezon L’ columns, can usually be regarded with 
suspicion. 

The amount of the contaminant varies unpredictably 
and makes the quantitative determination of aldrin in 
crops virtually impossible by the silicone column method. 
Because the contaminant peak tails into the aldrin peak 
position, quantitative aldrin determinations are also 
difficult usmg the ‘Apiezon ZL’ column when the con- 
taminant peak is greater in height than the aldrin peak. 

We thank Dr. N. T. Crosby, of the Laboratory of the 
Government Chemist, for running and interpreting the 
infra-red spectrum. 


D. F. LEE 
JANE BRITTON 
B. JEFFCOAT 

R. F. MITCHELL 


Ministry of Agriculture, Fisheries and Food, 
Plant Pathology Laboratory, 

Hatching Green, 

Harpenden, Hertfordshire. 


Biological Activity of Phosphoramidothionates 


In the course of our work on this class of compound an 
animal-anthelmintic! and a selective herbicide? had 
previously been discovered. Common to the structures 
of the two compounds was the linking of the phosphor- 
amidothionate group (I) to a chlorinated phenyl ring by 
an oxygen atom. Our speculations on biological activity 
Jed us to replace this atom by nitrogen and to investigate 
the effects of a different type of toxophoric phosphor- 
amidothionate group (II): 


S S 
0O-—CH, OC,H, 
ok \ de 
\NH—alky! / \oc,H; 
(I) (II) 


We were particularly interested in the biological effects 
resulting from an incorporation of the moiety, 


! 


—C(O)NP(S)(OC.H5)2, 


into heterocyche structures. These we were able to 
synthesize when the mherent nucleophilicity of certain 
amide-type phosphorothionate esters first revealed itself 
In our own investigations, before 1960*4. Among the new 
types of structure that thus became available were (TIT) 
and (IV). oe 


z9 
Ts 
O) N—P(S) (OC,H;). » 
NY A (OC-H;)z 
No 
(IV) 


o 
ia 
N—P(S) (OC,Hs), 


O 
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(III) 
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It was known that certain compounds containing the 
groups, —CH, O/S— and —C,H, O/S—, between N and 
P in (II) were insecticidal. Quite unexpectedly, we found 
(IIT) to be an excellent fungicide, controlling powdery 
mildew completely at concentrations of about 10 p.p.m. 
Because (ITI) was the first organic phosphorothionate to 
be highly fungicidal and as it contained a peracylated 
nitrogen atom at phosphorus, its mammalian toxicity 
became of practical as well as of theoretical interest. This 
toxicity was found to be uniquely low for a phosphoro- 
thionate pesticide—-much lower than the toxicity of any 
other heterocyclic phosphorus derivatives reported”. 
Compound (III) proved to be a very weak esterase 
inhibitor and had the following acute, oral toxicity in 
mg/kg body-weight. 


Animal: Rats Cavies Chicks 
Sex: Male Female Male Male 
Diss 5,660 4,930 5,650 ~ 4,500 


The actual causes of this remarkable biological be- 
haviour of (III) have not yet been experimentally estab- 
lished. They may involve the well-known fact that 
five-membered imide rings are readily opened by the 
action of basic reagents, and the fact that ın phosphorus 
pesticides a carboxyamido group is more readily hydro- 
lysed than the phosphorothionate group*. Thus, the 
metabolic fate of (III) may primarily arise from inter- 
action with amidases instead of esterases. Also, there 
may be a distinct difference in the reaction rates involving 
the rupture of the carbon—nitrogen bonds and the phos- 
phorus-nitrogen bond. The rate of attack on the trigonal, 
electron-deficient carbonyl-carbon of the planar phthali- 
mide group should be relatively high. The rate of “back- 
side’ attack on the less electron-deficient, tetrahedral 
phosphorus-atom may be decreased by steric interference 
of the phthalimide substituent. Reduction of this inter- 
ference by msertion of an oxygen atom between nitrogen 
and phosphorus should lead to easily detectable, cholinergic 
activity. This conjecture is supported by the acute, 
oral toxicity of the insecticide, Bayer 22408 (V), on rats 
(L.D.59, 500 mg/kg). On the molecular D.D.;, basis, 
(Y) is fourteen times as toxic to rats as is (IIT). 


On 
`N—0—P(S) (OC,H,), 


EA 


(V) 

For a more complete description of our new fungicide, 
0,0-diethyl phthalimidophosphonothionate (III), the 
following details should be mentioned. The compound 
consists of white, flat crystals that melt at 83°-84° C; it 
has a boiling point of 99°-101° at 7 x 10-4 mm and shows 
the following solubility (in moles per 100 moles of solvent 
at room temperature): 


C.H; CCl, CH,COOC,H; C,8,0H <s> R C.Hy, H,O 


33-8 25 23 3 ii 0-74 0 38 


The symmetrical structure of (III) has also been con- 
firmed by proton magnetic resonance. The phosphorus-31- 
chemical shift relative to 85 per cent phosphoric acid has 
a value of — 56-6 p.p.m. The infra-red absorption spectrum 
shows the following intensities: 

em? 1,785 1,740 1,715 1,870 1,300-1,285 1,065-1,025 971 
intensity m s 8 m vs v8 n 

Interestingly, the compound does not undergo the 
thiono-thiol isomerization characteristic of compounds 
containing the group, X P(5)(0C,H;). This stability 
evidently exısts with all compounds which contain the 


| 
moiety, phthalimıdo-P($)(OC,H,), but we do not know 
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of any other phosphoramidothionate alkyl esters possessing 
the same kind of stability. A preparation method for 
compound (III) has been published elsewhere’. 

_ Fungicidal activity and mammalian toxicity were 
investigated by D. R. Mussell and K. J. Olson, respectively. 
Nuclear magnetic resonance was investigated by E. B. 
Baker and J. P. Heeschen, and infra-red absorption by 
R. A. Nyquist. 

Henry TOLKMITH 


Edgar C. Britton Research Laboratory, 

The Dow Chemical Co., 

Midland, Michigan. 
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* Tolkmith, H., J. Amer. Chem. Soc., 84, 2097 (1962). 

* Tolkmith, H., Ann. N.Y. Acad. Sci., 188, 59 (1966), 


* Dauterman, W. C., Casida, J. E., Knaak, J. B., and Kowalezyk, T., J. 
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* Tolkmith, H., and Senkbeil, H. O., Belg. Patent 661,891 (1965). 


An Estimate of the Hammett Reaction 
Constant for the Basicities of Substituted 
Benzophenones 


HAMMETT reaction constants p for the basicities of several 
series of carbonyl compounds are known and have been 
found to correlate linearly with the infra-red frequencies 
of the carbonyl bond}. This constant 1s not available for 
monosubstituted benzophenones (that is, substituted 
in one ring only), because the basicities of only a few of 
them have been measured? * and the data obtained give 
a very poor Hammett plot. A knowledge of this constant 
would, however, be of interest in connexion with the 
linear correlation with infra-red frequencies. Therefore 
an attempt to estimate it indirectly is reported here. 

Use can be made of the known fact that groups inserted 
between the benzene ring and the reaction centre produce 
an attenuation in the transmission of substituent effects, 
reflected in a reduced reaction constant p’, the fall-off 
factor (m = p’/p) being independent of the reaction 
centre and characteristic of the bridging group only‘. 
Thus, for example, the p’ value for the acidities of sub- 
stituted trans-cinnamic acids’ is 0-46 (when pK’s are 
plotted against c) as compared with p = 1 for substituted 
benzoic acids, giving a fall-off factor of 0-46 for the 
vinylene group. The reaction constant for the basicities 
of substituted trans-chalcones® must be similarly reduced 
relative to the value for substituted benzophenones. 
The acidity constants of protonated substituted chaleones 
(pK gu) correlate well with the ot substituent constants’, 
giving a pt value of 1-60 (in obtaining this value the 
pK’s were corrected to the acidity function scale of 
Jorgenson and Hartter’?). Using the fall-off factor of 
0:46, this leads to p+ = 3-5 for the acidities of protonated 
benzophenones. This is fairly close to the value that 
can be obtained from the data? on the basicities of benzo- 
phenone and its p-chloro-derivative (~ 4'3), but is much 
higher than the value that may be obtained from the 
data? on the basicities of benzophenone and its p-methyl- 
derivative (~1). It is also higher than the value (~ 2) 
guessed by Yates and Scott’. It is remarkable that this 
indirectly estimated et falls excellently on the linear plot 
of the pt values for the acidities of other protonated 
carbonyl compounds against infra-red frequencies of the 
carbonyl bond’, as shown in Fig. 1. 

One might suppose that using the fall-off factor for 
the methylene group (x = 0:489), obtained from the 
acidities of phenyl-acetic acids*, and the p value for the 
acidities of protonated substituted benzyl phenyl ketones?, 
an equally satisfactory estimate of the p value for the 
acidities of protonated benzophenones could be made. 
The pKgy+ values of protonated benzyl phenyl ketones, 
also corrected to the new acidity function scale’, correlate 
with the o substituent constants giving a p value of 0-72. 
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Fig. 1. Hammett reaction constants for the acidities of protonated 

substituted carbonyl compounds versus the carbonyl vibration frequency. 

A, Benzoyl chlorides B, benzoic acids; C, benzaldehydes; D, aceatophe- 

nones; A-D, experimental values (taken from ref 1), E, estimated 
vulue for benzophenones (this work) 


This, together with the fall-off factor for the methylene 
group, leads to a p value of only 1:43 for protonated 
benzophenones, which does not correlate at all well with 
the infra-red frequency of the carbonyl bond. The mere 
fact that the basicities of substituted benzyl phenyl 
ketones correlate with o substituent constants, and not 
with c+, as do the basicities of other substituted carbonyl 
compounds with a direct link between the benzene ring 
and the carbonyl group, suggests that the methylene 
bridging group significantly alters the nature of the 
interaction of the substituent with the carbonyl group. 
It cuts out the conjugative interaction, which is trans- 
mitted effectively by the viylene group. On these grounds 
the estimate of e for the basicities of monosubstituted 
benzophenones from the basicities of substituted chalcones 
should a priori ba expected to be better than that from 
the basicities of substituted benzyl phenyl ketones. 

M. LICER 
School of Chemistry, 
University of Newcastle upon Tyne. 


1 Liler, M , Chem. Commun., 244 (1965). 

? Fischer, A., Grigor, E. A., Packer, J., and Vaughan, J., J. Amer. Chem. 
Soc., 88, 4208 (1961). 

3 Stewart, R., Granger, M. R.. Moodie, R. B., and Muenster, L. J., Canad. 
J. Chem., 41, 106£ (1963). 

1 Jaffé, H. H., Chem. Rev., 58, 191 (1953). 

8 Dippy, J. F. J., and Eage, J. B., J. Chem. Soe , 357 (1938). 

® Noyce, D. S , and Jorgenson, M. J , J Amer. Chem, Soc., 84, 4312 (1962). 

7 Jorgenson, M. J., and Hartter, D. H., J. Amer. Chem Soc., 85, 878 (1963). 

8 Yates, K., and Scott, B F., Canad. J. Chem , 41, 2320 (1963). 

® Bellamy, L, J , J. Chem. Soc., 4221 (1955). 


On the Enthalpy—Entropy Relationship 


Tum changes in tke enthalpy ( AH”) and the entropy (AS?) 
for a given process are frequently calculated from the 
temperature-dependence of a parameter (k) that charac- 
terizes the process. k may be a rate coefficient, a partition 
coefficient or ever a saturation concentration of a chemical 
species in a solvent. This calculation is usually equivalent 
to the determination of both AH® and AS® from the one 
single equation: 


lr k = ASR — AHVRT (1) 


so that the two cuantities AH’ and AS’ are not a priors 
mutually mdependent. 

This leads to ifficulties when a linear correlation is 
found between the values of AH? and the values of AS® 
in a family of m=asurements, because such a correlation 
may have no theoretical significance. If, for example, in 
a series of measucements on similar systems the values of 
In k do not vary very much, then there may be a linear 
correlation between the values of AH® and the values of 
AS*. The slope of the straight line that correlates AH?’ 
and AS® in suck an instance is directly related to the 
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Fig. 1. Vaporization of disperse dyes. In k, = In (Ct) at 60° C; Fig. 4. Aqueous solubility of disperse dyes. The relative positions, in 
Ink, = In (Cv) at 80° C. O, Majury (ref. 3); @, Jones ef al. (ref. 4) the new co-ordinates, of the points directly linked in Fig. 3 are indicated 
by the linked arrows. The correlation in Fig. 6 is here mdicated by the 
heavy line. The broken line gives the ‘error slope”. The symbols are 
as in Fig. 8, with the addition of A (Majury) (ref 7) 
D 
5 
izi 
S 
z 
p 
in 
< 
10 20° 30 40 50 
AH’, kcal/mole 
Fig. 2. Vaporization of disperse dyes. Numbering of points as in Tig. 1. 
Broken line 18 the ‘‘error slope” —10 ~5 


In k 


Fig. 5. Aqueous solubility of disperse dyes. Symbols asin Figs. 3 and 4. 
Range of In & increased by inclusion of Majury’s results (ref. 7) 


mean temperature of the experiments and has been 
referred to as the “error slope’’ because this correlation 
may arise purely from the errors in determining In & 
(refs. 1 and 2). 

The problem of distinguishing the genuine from the 
spurious correlations between AH’ and AS® is important 
and has been thoroughly discussed by Exner??, for 
systems in which chemical reaction rate constants have 

” been measured, in terms of a transformation of co- 
ordinates. If k, is the value of the parameter k when the 
temperature T = T, and if k, is the value when T = T, 
then a linear relationship in the co-ordinates s! = ASR 
and y+ = AH” should also correspond to a linear relation- 
ship in the co-ordinates « = log k, and y = log k, (refs. 1 
and 2). The problem of distinguishing the genuine cor- 
relations from the fallacious ones is therefore simplified. 

In an attempt to analyse and compare the vaporization 
of disperse dyes with the dissolution of disperse dyes in 


In $ 





-12 -l1l1 -10 <9 -8 -7 water, we have obtained results that ilustrate Exner’s 
In Xa approach rather well, and which in addition supply 
Fig. 3. Aqueous solubility of disperse dyes. In £,=In (Cs) at 60° C: measurements for a system that is completely different 


In ky =In (Cs) at 80° C, O, Patterson (ref. 5), maximum variation ion« i iscussed i 
giveniby Q . O; @ Bird (ref. 6), deviation from Patterson given by ee reaction-systems which he has disc 
O——@®. A denotes the “scatter area” etail?. 
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s shows experimental: results for the vaporization 
e dyes*4, which have been recalculated to give 

ìe saturation vapour-phase concentrations of disperse 
dye (Cy, moles/l.) at 60° C and at 80° C. We have In 
ki = In (C,) 60° C and In k, = In (C,) 80° C. The linear 
correlations in the co- ardinates In k, and In k, remain as 
linear correlations in the co-ordinates AS? and AH® as 
is clear from Fig. 2. The correlation in Fig. 2 therefore 
: appears to be genuine; in support of this the “error 
~~ slope” is also given and it can be seen that it is quite 

-different from that of the correlation lines. 

In contrast to this, Fig. 3 shows some results for the 
saturation aqueous solubilities (Cs, moles/l.) of disperse 
dyes** and now In k, = In (C,) 60°, while In k, = In (C,) 

= 80° CŒ. The results form a scattered area A and the 
.. experimental uncertainty seems to be rather large. There 
ds no clear correlation between the results in Fig. 3 in the 
: Beatin |) k, and In k, co-ordinates. A clear-cut correlation 
_. 9eeurs, however, between the AS? and AH? co-ordinates. 
The error-lines from Fig. 3 have been transformed to 
Fig. 4 together with the “error slope’. The “error slope” 
orrelation in Fig. 4 is for this reason of doubtful sig- 
ificance. 
When the range of variation of In k is increased, how- 
ever, by including aqueous solubilities measured by 
Majury’, a correlation between the In k, and In k, co- 
rdinates becomes apparent, in addition to the area of 
atter A (Fig. 5). In the AS; and AH; co-ordinates, the 
correlation in Fig. 5 is so masked by. the effect of the 
“seatter area” A as to be difficult to detect (Fig. 4). 
. It would seem that these results support Exner’s 
analysis of these problems’; they will be discussed in more 
detail elsewhere in the context of, for example, the 
relay and Butler rule*-’. 
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BIOPHYSICS 


-Platelet Aggregation in the Variable- 
frequency Thromboviscometer 


Tye importance of platelet aggregation in the initiation of 
thrombosis is now established, as is the variation in the 
quantity of these platelet masses with the conditions of 

_ flow at the site of deposition'*. The morphology of an 

oo arterial thrombus consists of large amorphous masses 
- (composed of platelet aggregates) surrounded by leuco- 
<O eytes and embedded in a fibrin network. A venous 
thrombus contains fewer platelet masses, whereas the 
‘glass tube clot has no visible masses on light microscopy 
and is made up entirely of a network of fibrin with adherent 
red cells. A quantitative relationship between the degree 
‘of aggregation of platelets and the velocity gradient 
nm vitro, using a rotational cone-in-cone viscometer, 
ave recently been demonstrated.‘ and it was suggested 
apparatus® might provide a more physiological 
wstigating coagulation in relation to throm- 
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bosis, as at high rates of shear the coagulation: produced 
was identical with an arterial thrombus. 

The use of a theombelastograph*:’7, to study the blood 
in thrombotic staces, has led to the demonstration of 
characteristics saic to be typical of such states; namely, 
a shortened clottirg time (r), and a rapid appearance of 
the pomt of max.mal deflexion (or amplitude) of the 
curve (MA), procucing a “tuning fork” appearance. 
Hartert’s thrombelastograph uses a constant and low 
frequency of oscillation, and has a low amplitude of 
deflexion. The morphology of the clot obtained is a 
fibrin network witk no visible platelet masses, andi is thus 
characteristic of a zlass tube clot’. oe 8 

Recently, one of us (L. D.) devised an saiia risco- 
meter and applied it to the investigation of clotting time 
and viscosity of blood during coagulation’. It was possible 
to show that (a) the clotting time of blood decreases with 
the increased frequency of oscillation and (b) the consis- 
tency of blood elots decreases progressively with + 
increased frequency of oscillation applied during l the 
process of coagulation. oe 

This instrument, now called a variable-frequency 
thromboviscometer. oscillates over a range of frequet | 
from 1 to 300 ¢/min, the amplitude of oscillation of the 
external cone being 70°. The temperature is kept at 
37°C using a mersury-contact thermometer and. relay, 
while the measurement of deflexions of the torsion. strip 
and thus of the inmer cone is carried out in the manner 
previously described for the cone-in-cone viscometer”. 
Blood, obtained by venepuncture from human donors 
without a haematological disorder or a thrombotic state, 
is poured into the gap between the cones and the clotting 
time is observed at certain fixed frequencies of oscillation. 
In the present experiments. three samples were taken 
from each donor and usually tested at frequencies. of 3 
6-6, 33 and 166 ¢/min. ne 
each experiment were mee fixed in formalin, paraffin 
sectioned, and stcred with haematoxylin and eosin. 
The structure can be determined microscopically, and a 














quantitative estimetion of the platelet masses can. be. : 





carried out by means of a graduated eyepiece. This 
eyepiece is divided into squares which correspond to a 
surface area of 0-01 mm? on the specimen. A systematic 
sean of each slide a.lows determination of the number of © 
squares occupied by platelet masses per mil. of original | 
blood sample, and thus gives an estimate of the quantity ‘' 
of platelet aggregation in each experiment. | 
A typical record of the coagulation results obtained 
in this investigation is shown in Fig. 1. It is clear that the 
curves obtained resemble those described in the standard 
thrombelastograph*. However, in a manner analogous 
to coagulation in the rotational cone-in-cone viscometer‘, 
the clotting time deereases as the frequency (or mean rate. 
of shear) increases. Simultaneously, the viscosity or 
consistency of clots falls as the frequency to which they 
are subjected rises. The morphology of the coagula — 
obtained also bears a similarity to our previous findings. — 
The number of squares representing surface area of plate- 
let masses obtained from 1 ml. of blood is shown for: 
each frequency in Table 1. There is a rise in area of plate- 
let aggregates corresponding to the rise in frequency of. 
oscillations (or mean rate of shear) at the time of the 
experiment. This żs further shown in Fig. 2 where a- 
gradual change and increase in platelet masses are. ob- 
served, eventually producing a structure, similar to arterial 
thrombosis, at higk oscillatory frequency. While the 
increase of irreversible platelet agglomeration with the 
rise in velocity gradient appears of great physiological 
interest, some questions still remain unanswered. The 
reduced clotting time associated with an increase in velocity 
gradient cannot be explained, although three suggestions 
might be given: first, that more effective diffusion of 
clotting factors migkt occur because of the high velocity 
gradient; secondly, chat this effect might be due to the 
decreased viscosity of the original blood at higher velocity 
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Table 1. COAGULATION AND DEGREE OF PLATELET AGGREGATION DETER- 
MINED BY MEANS OF THE VARIABLE-FREQUENCY THROMBOVISCOMETER 
Platelet 
Case Frequency r MA Viscosity aggregation 
(c/min) (poises) (No. of squares) 
14* 6-6 ll m 308 26 115 27 
18° 33 7m 15s 13 11-2 32 
2A° 66 m 3058 28 124 10 
2B¢ 66 Öm Os 4-8 2:15 96 
3A* 132 12m Os 2-4 0-55 52 
3p* 232 Sm 0s 2:3 034 56 
4A 132 4m Os 2:2 0-50 126 
4B 232 2m Os 2:8 0-41 116 
5A 6-6 5m Os 39-2 173 3 
5B 33 $m 40s 32-0 27:7 18 
5C 166 Im 158 — — — 
HA 6-6 5m Oa 28-8 127 4 
68 33 m 408 21-4 18-5 2i 
6c 166 Im 358 14-4 2:5 149 
7 6-6 5m 158 34-0 150 20 
7B 33 2m 408 30-0 26 25 
7c 166 lm 30s 18-0 3-1 108 
RBA 66 5m 158 27:5 121 13 
SB 33 2m 1548 17-0 14-6 17 
8c 166 Im 40s 11-8 2-0 7 
9A 6-6 6m 40s 18:0 80 39 
B 33 2m 458 17-0 14-6 62 
oC’ 166 2m Os 54 oOo 153 
104 66 7m Osa 35-0 154 14 
10B 33 3m Os 24-0 20:7 2 
10C 186 2m 158 340 0-52 a4 
nA 6-6 5m s 28-4 125 7 
11B 33 2m 30s 26-0 22:5 18 
11c 166 2m 308 17-4 3:05 117 


r, Clotting time, measured from the moment when the first atop of blood 
ee in the syringe during venepuncture to the moment when blood 
vy K ity starts to increase; MA, maximum amplitude, arbitrary units. 


The first few cases were investigated at room temperature; all the others 
were tested at 37° C. 


gradients; and thirdly, that some unidentified mechano- 
chemical transformation within platelets might contribute 
to the higher reaction rate at high velocity gradients. 
The latter point might not be of paramount importance, 
as decrease of clotting time at higher velocity gradients 
has also been observed* in platelet-poor blood. 

Hartert noted that the maximal amplitude of the 
curves obtained in thrombelastography depends on the 
platelet concentration, a decrease in amplitude being 
related to a fall in platelet count. We cannot comment 
on the correlation between amplitude and platelet con- 
centration in the multiple-frequency thromboviscometer. 
The amplitude was found to be greatly sensitive to changes 
in the frequency and rate of shear. It has been suggested 
that the fall in consistency with increasing frequency or 
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Fig. 1. Consistency of coagulating blood determined by means of the 

variable-frequency thromboviscometer at 37° C. MA, Maximum ampli- 

tude; r, clotting time; subscripts a, b, and ¢ refer to the blood samples 

coagulating at frequencies of oscillation 6-6, 33 and 166 c/min, respec- 

tively. Please note that increasing frequency reduces both the consis- 
tency of blood coagula and the clotting times 
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Fig. 2. (a) Section of coagulum obtained in thromboviscometer at 6-6 
c/min. The structure consists of a fibrin layer with red cells and white 
cells in random distribution. The morphology is identical with a glass 
tube clot ( x 60). (b) Section of coagulum obtained in thromboviscometer 
at33c/min. The fibrin network is still evident, but small amorphous 
masses consisting of platelet aggregates and surrounded by leucocytes 
are now evident in the centre of the feld ( x 60). (c) Section of coagulum 
obtained in thromboviscometer at 166 c/min., Amorphous masses 
surrounded by leucocytes are abundant and the fibrin network is 
reduced in quantity, This structure resembles in vivo thrombosis ( x 60) 


velocity gradient? reflects the variable orientation of 
fibrin during polymerization. This process will require 
further elucidation. The role of platelets in the rheology 
of blood coagula is rather obscure. Neither free platelets 
nor platelet aggregates contribute significantly to the 
viscosity of blood or consistency of blood coagula, respec- 
tively. 

It could be added that as thrombosis is a process occur- 
ring in the body in flowing blood, any investigations 
related to this process should attempt to simulate these 
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conditions. As the morphology, consistency and clotting 
time in coagulation have been shown to depend on the 
_.frequency and rate of shear, the future investigation of 
blood coagulation in the oscillatory viscometer (variable- 
frequency thromboviscometer) would appear of definite 
value. 
We thank the National Heart Foundation of Australia 
for supporting this work. 
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RADIOBIOLOGY 


=. _Radiation-induced Inhibition of Thymidine 
Incorporation by Mammalian Cells in vitro 


. THE influence of ionizing radiation on the metabolism of 
_. DNA has frequently been studied using radioactive 
_ precursors such as tritium- or carbon-14-labelled thymi- 
dine. In many systems the uptake of tracers into DNA 
was clearly suppressed according to a biphasic dose-effect 
curve!-3, However, effects of pool size have been observed 
as well, that is, the observed effect is reverted in increasing 
concentrations of the labelled thymidine. This pheno- 
menon, first observed by Hell et al. in ascites cells in 
vitro, was tentatively explained by the authors as a lower- 
ing of the specific activity of the tracer by DNA break- 
<: down products. In HeLa S, cells, a similar concentration 
_.. dependent effect was noted by Painter and Rasmussen, 
but here the effects were attributed to an impairment of 
. the rate of DNA synthesis by high thymidine concentra- 

_. tions, masking some of the effects of X-irradiation. 
- In view of the importance of the aforementioned pool 
. effects in elucidating the influence of ionizing radiation on 
< DNA metabolism, the incorporation of MC-thymidine 
MC-TdR) into DNA of control and irradiated cells was 
-investigated in graded concentrations of the tracer. The 
It line used was a bovine liver strain isolated in our 
laboratory*® and cultivated as a monolayer in small Carrel 









flasks. The medium consisted of 25 per cent calf serum ~ 


and 0-5 per cent lactalbumin hydrolysate in Hanks’s 
balanced salt solution. X-irradiation was performed with 
a 30 m.amp, 50 kVp unit. With filtering by the glass 
covering of the vessels (uniformly 1 mm thick), a dose rate 
to the cells was achieved of 405 r./min at a distance of 
20 cm. Based on previous experience’, thymidine incor- 
poration was investigated within a 2 h period following 
radiation with 500 r. In these circumstances, observed 
effects all fell within the range of the steep component 
of the well-known biphasic dose-response curve (denoted 
as the S, effect according to Lajtha et al.). 

Cultures containing 510° cells each were incubated in 
uoo medium with various concentrations of “4C-TdR (specific 
os. activity 30 me./mmole) for 2 h following irradiation or 

-+ sham irradiation. At the end of the incubation period, 
cells were trypsinized from the vessels and their DNA 
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Fig. 1. The incorporation of “C-TdR at different concentrations of 


the tracer in contra’ (O ©) and irradiated (@——®@, 500 nra) 

cultures. Data are based on measurements of specific radioactivity: of 

DNA isolated after 2 i of incubation. Each point is the average of from. 
three to five individual determinations 








isolated®. Trypsinized cells were washed consecutively in 
5 ml. of each of the following solutions: 96 per cent 
alcohol, 70 per zent alcohol and twice 96 per cent 
aleohol—di-ethyl ether (3:1). RNA was removed by 
incubation for 18 h in 0-5 N perchloric acid (PCA) at 4° C, 
the resulting suspension was centrifuged and the pellet 
washed with cold 0-5 N PCA. DNA extraction was 
accomplished by incubation in 1 N PCA for 45 min at 
70° ©. After cookng, an equimolar amount of potassium 
hydroxide was added and cell debris, together with in- 
soluble potassium perchlorate, were spun off. _ Equal 
portions of the supernatant were used for the estimation — 
of DNA using Burton’s modification of the diphenylamine 
test? and for the measurement of radioactivity by means | 
of a Geiger-Miiller type counter. A comparison of the 
specific activities of DNA extracted with hot acid with 
that of DNA digested with DNase I showed that no 
part of the radioactivity in the acid extract originated | 
from other sources than DNA after incubation of cell i 
either “4C-thymidine or phosphorus-32. Incorporati 
rates were express2d as the specific activity of the 
DNA. The results of a typical experiment are gi 
Fig. 1. ee 















Table 1. DNA SPECIFIC ACTIVITY IN CONTROL AND IRRADIATED 
CULTURES AFTER 4 2 H PERIOD OF INCUBATION IN Erf 
(765 x 10-6 M) on IN “C-TdR (10 M) 
Specific activity 
(c.p.m./mg DNA) 
control.. 500 r. 
sP, 765x108 M, 0-5 jml | 1,478 
4C.7dR, 10+ M, 0-03 ve.jml. 6, 
* Average of seven fadividual 
+ Standard deviation. ooo tes ye 
+ Average of six individual detern nS 


Tracer used 








As expected, irradiation results in a decreas E 
dine incorporatior. from the medium, but it is also evident 
sively less pronounced m 
series of media with increasing concentrations of exo- 
genous thymidine (that is 50° per cent decrease at 10-° M 
but only 10 per cent at 2x 10 M). If data of Fig. 1 are 
represented in a Lineweaver-Burk plot?®, no significant 
difference can be cbserved between the “V max” of controls 
and cultures receiving 500 r. (Fig. 2). The effect of 
irradiation in these cireumstances seems to be mainly 
competitive inhibition in the uptake of exogenous thymi- 
dine into DNA, leaving the enzymes involved in thymidine — 















incorporation unaffected. In addition, if we keep in mind 
that cells in vitre do not need exogenous thymidine for 
sustaining their synthesis of DNA, there is considerable 
doubt as to whether X-rays affect this synthesis at all 
under our experimental conditions. Therefore, instead of 
labelled thymidin2, phosphorus-32 as inorganic phosphate 
(P;) was used for studying the rate of DNA synthesis after 
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is Data of Fig. 1 taken as indices of 4C-TdR. incorporation rates 
‘presented in a Lineweaver-Burk plot. Control, Fmax = 4-0 x 164 
mimg DNA/2 b. 500 r, Vmax=3-9x 104 c.p.m./mg DNA/2 h 





The label was added as carrier-free phosphorus- 
elled potassium dihydrogen phosphate to obtain 
er ml. culture fluid. Total concentration of 
nic phosphate in this medium was 765 x 10-8 M, high 
to swamp out any pool effect. For this reason, 
Sepa to be a more accurate tracer for determ- 
DNA synthesis. As can be seen in Table 1, no 
ase of phosphate incorporation is observable after 
¿as compared with the incorporation of labelled 
line (at 10-* M concentration). 
ese observations are consistent with our assumption 
unchanged rate of DNA synthesis after irradiation 
as the S, effect is concerned). In explaining their 
of a thymidine dependent reversal of the effect of 
| tion, Painter and Rasmussen® attributed this 
ef ect to an influence of high thymidine concentrations on 
the rate of DNA synthesis in HeLa S, cells. For my cell 
line, however, this possibility could be ruled out. The 
uptake of #P; into DNA was investigated at various con- 
centrations of non-radioactive thymidine up to 30 x 10-*M 
over 2 h, but I was not able to detect any decrease in the 
rate: of incorporation. My results then, namely, a com- 
= P itive inhibition of thymidine incorporation together 
ie wi r an unchanged rate of DNA synthesis, can be 


















oe “no Spadioactive) pools of (byn dine are augmented after 
>: irradiation as a result of DNA breakdown according to 
oo th leigh of Hell et al.*, These breakdown peace 






nly in i ascites cells and not in i bane marrow cells in vitro. 


u and in mouse thymus cells in vive: Though far from 
suggesting that this effect is a general one, one neverthe- 
Jess could offer a reason for the inability to detect pool 
effects in some cases. First of all it will be clear that 
exogenous thymidine concentrations have to be varied 
wit hin a range where there exists some proportionality 
een concentration and incorporation rate. From the 
of Marin and Bender" it can be deduced that in 
i S, cells in vitro, maximum incorporation rates 
dy occur at thymidine concentrations of 2 x 10-8 M. 
these HeLa S, type cells, Painter and Rasmussen 
‘ted concentration dependent effects at 0-15 and 
0-8 M thymidine’, but no differences!? in a range of 
000 x 10-§ M, which might be explained by assuming 
ae i. he latter series the maximum rate of incorporation 
had- iready been reached at the lowest concentration 


















see Fig. which suggests that thers: are con- 
siderable differences “between the abilities of cell strains 
to use exogenous thymidine in the synthesis of DNA. In 
view of these differences it seems appropriate to investi- 
gate whole ““Michaclis-Menten” curves*® in detecting (or 
excluding) pool effeets after irradiation. 
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Distribution of Caesium and Rubidium 
in Human Blood 


DvuRING an investigation of the total body burden of 
caesium-137 in human beings’, the eaesium-137 conten 
of various samples of blood was analysed. About 100 ml. 
of blood taken from male subjects was heparinized and 
centrifuged for 10 min at 3,000 rpm. Twenty mg of 
carrier caesium was added to the plasma and erythro- ~ 
cyte fractions, and the content of caesium-137 determined: - 
radiochemically?. The results (Table 1) for two subjects 
on three occasions show a fairly consistent ratio of 1:3 _ 
for the caesium-137 content of the plasma to that of the ~ 
erythrocytes. Si 

The sodium and potassium metabolism of erythrocytes e 
has been extensively studied and it is known that the — 
greater part of the latter, more than 90 per cent, is ~ 
located in these cells. Rubidium and caesium are members.. 
of the heavy alkali metals and resemble potassium in 
many of their chemical and biological properties 
Nevertheless, the distribution pattern found for caesium 
137 (a fall-out product of nuclear explosions whic 
becomes incorporated in man) differs from that of potas. : 
sium. 

From in vitro tracer experiments, Love and Burch. 
found that rubidium and potassium were incorporated. it 
human erythrocytes. To confirm the possibly different - 
distribution in blood in vivo of caesium to potassium and ` 
rubidium, stable caesium and rubidium were measured 
by the neutron activation followed by gamma spectro- 
metry’ in blood fractions taken from subjects by the. 
method described previously. The results are shown moo> 
Table 2. Ninety-eight per cent of the rubidium presentin 00o 
blood is located in the erythrocytes. This supports the > 
findings of Love and Burch, but disagrees with those of 
Bertrand and Bertrand, who reported that the erythro- = 
cytes contained about three times as much rubidium as 
did plasma®. ere: 

The whole blood concentration of rubidium was found o=o 
to be fairly constant in four individuals (1-6-2-0 mg/kg) 
and came within the range reported by Bertrand anc 
Bertrand (1:63-4:95 mg/l.)*. The relative variation of 
the whole blood concentration was much greater for: 
caesium than for rubidium, and came to 1: 10, and th 
range of the rubidium: caesium ratio in individuals 
from 5 to 39. The average ratio of the contents of caesium 
in the plasma to that in erythrocytes is 1 : 3, which i is 
good agreement with that found for caesium-137. 
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a Table 1, DISTRIBUTION OF CAESIUM-137 IN Humax Bhoop 


Concentration in 


‘Rime of pee 






°° Dime Subject. Plasma Erythrocytes 

oo @allection | (pe. jkg) {per cent) (per cent) 
ue 3/65 Ku 49-7 26°7 733 
3/65 Iw 63:7 20:6 79-4 
4/65 Ku 45-7 20:3 70°7 
4/65 Iw 56-5 28:5 TiS 
6/85 Ku 20-5 25-4 746 
6/65 Iw 35-0 20-3 TEY 

Av. 2351+38 74:943-8 


fable 2. DIFFERENT DISTRIBUTION OF STABLE CAESIUM and RUBIDIUM 
IN HUMAN BLOOD 


Concentration In 









Subject Whole blood Plasma Erythrocytes 
{p.p.m.) (per cent) (per cent) 
Rubidium Ku 1-8 <23 > 97-7 
Ya 2-0 3:2 96-8 
Ar 1-6 < 2-f > O77 
Iw 18 <2] > OF -9 
Caesium Ku 0-046 26-0 74-0 
Ya O40 40-4 59-6 
Ar 0-042 24:3 75-7 
Iw 0-13 11-8 S8-2 


It is generally accepted that potassium, rubidium and 
‘aesium are univalent ions of intracellular importance, 
which is in contrast to sodium, which is distributed 
xtracellularly throughout the body. However, it has 
“been pointed out by numerous workers that while rubi- 
lium closely resembles potassium in many of its chemical 
md biological properties and metabolic pathways, 
-caesium does not. The difference between rubidium and 
caesium cannot be attributed to differences in ionic radii, 
ion-exchange and adsorptive properties. An example of 
this is the distribution study of the heavy alkali elements 
in soil and native plants’. A greater variation in the 
-ratio of caesium : potassium was found in plants as com- 
jared with that for rubidium : potassium. The existence 
of any correlation between the caesium and potassium 
‘contents of plants is doubtful (r = 0-18); however, in 
contrast, a good correlation is found between rubidium 
and potassium (r = 0-72). 
The present investigation has been confined to the 
static aspect of the distribution in human blood. A 
_.dynamic study by means of radioactive tracers in vivo in 
human beings is being carried out in the hope of demon- 
. strating metabolic difference between caesium and 
-= rubidium or potassium. 
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BIOCHEMISTRY 


Interaction of Actin and Myosin during 
Clearing 


SUPERPRECIPITATION of actomyosin has long been thought 
_ to involve both binding of the actin to the myosin and 
activation of the myosin adenosine triphosphatase 

(ATPase) by actin in the presence of magnesium!. The 
_ clearing response, on the other hand, has been reported 
to result from dissociation of the actomyosin with a 
‘concomitant loss of this ATPase activation?. In both 
situations, the physically observable binding and the 
activation of the myosin ATPase by actin were thought 
_ to change in parallel*, but some recent observations have 
been difficult to reconcile with this conclusion. In investi- 
gating the effect of tropomyosin B on actomyosin, A. M. 
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Katz‘ noted that actin can activate the myosin ATPase 
without superprecivitation occurring. In other investiga“ 
tions, Leadbeater and Perry®, and Perry and Cotterill®, 
found that actin activates the ATPase of heavy meromyo- 
sin under conditions where viscosity measurements indi- 
cated that the two proteins might be dissociated. Extra- 
polating these dara to the actomyosin system, Perry. 
et al. argued that the interaction of actin and myosin 
which results in activation of the myosin ATPase is 
not accompanied by physical interaction as strong as that. 
which oceurs between the two proteins in the absence of 
adenosine triphospaate (ATP). Maruyama and Gergely?, 
however, noted tha: actomyosin undergoes a brief viscosity. 
increase simultaneously with the ‘rise in ATPase just 
before superprecipitation, which suggests that strong 
physical interactiom does accompany the activation of the 
myosin ATPase br actin. i 

In the present investigation we compared the turbidity, 
ATPase, and viscosity of actomyosin at various ionic 
strengths to determine, first, to what extent clearing _ 
represents dissociation of the actin from the myosin, and 
second, whether it is possible to demonstrate activation 
of the myosin ATPase by actin in the absence of measurable 
physical interactior. between the two proteins. a 

Myosin was prepared by the method developed. by 
Szent-Györgyi? and actin by the method of Ulbrecht. et- 
al.?, with the extraction from the acetone-dried powder 
carried out at 0° C in order to avoid contamination with 
tropomyosin’. Turbidity was measured as absorbance 
at 675 mu’, ATPase activity was recorded with a pH-stat, 
and viscosity was determined with an Ostwald viscometer 
having an outflow vime for water of about 1 min. In all _ 
cases, the reaction was initiated by the addition of myosin 
and the reported measurements were taken within three 
minutes thereafter. For all measurements the tempera- 
ture was regulated at 25° C. The absorbance, ATPase, 
and viscosity (log re.) of the actomyosin samples. are. 
presented in Table 1 as multiples of the theoretical values- 
which would be expected in the absence of interaction. 
between the two proteins. This theoretical value for each 


plo eg 












parameter is calculated as the sum of its values for actin. 


and myosin indivicually’, which in turn were measured 


under conditions identical to those used in the corres- — 


ponding actomyosin experiments. 


Table 1. TURBIDITY, ATPASE AND VISCOSITY OF ACTOMYOSIN® 


Cone. of potassium Clearing Multiples of theoretical values $ 

ehloride (M) time (min) A gers ATPase Log pre 
0-50 — 1-0 1-0 101. 
0-13 31 Ll 3-5 LOT | 
0-12 18 1:6 4-5 1-20 
0-105 12 1-0 5-5 1-20 
0-0925 6 1-0 9-5 153 
06-0925 (after = ~ 8-0 ~ 204) hh in a 

superprecipitation: 
0-50 (no ATP) oe sie “z 





Clearing times were determined as the time from the start of the reaction = 


until half-maximal turbidity was reached, 

+ The theoretical values were approximately as follows: 
ATPase =0-01 ymole/min-mg myosin; log nre. =0-23.- l 

It can be seen in Table 1 that the turbidity of the 
actomyosin suspension is in every case equal either to 
the theoretical value for no interaction, which represents 
clearing, or to a value seven to eight times higher, which 
represents superprecipitation. However, as the ionic 
strength is reduced ander conditions where the actomyosin. 
remains completely cleared, the ATPase activity rises to- 
a value considerably higher than that of the myosin alone 
under identical concitions. This confirms the observation. 
of A. M. Katz‘ that actin can activate the myosin ATPase. 
without superprecipitation, and furthermore, our data 
indicate that as mach as ten-fold activation can occur 
during clearing as compared with the approximately — 
twenty-fold | activation which occurs during super- 
precipitation. a; 


Ages = 0102. 















13. SES 
he cleared actomyosin was measured. As 
ble 1, the increase in the myosin ATPase was 
ed in all cases by a parallel increase in log hrel. 
es considerably higher than that expected theoretic- 
is these measurements were taken within 3 min of 
rt of the reaction, it is evident from the clearing 
“that the elevated viscosity is not limited to the 
ust prior to superprecipitation. Furthermore, this 
= viscosity increment during clearing can reach an appre- 
gable fraction of that observed at high ionic strength in 
«+ the absence of ATP. | 
=c From these observations it can be concluded that, 
although actomyosin can be completely dissociated 
_.. durmg clearing under certain conditions’, under other 
-conditions both physical binding of the actin to the myosin 
: ctivation of the myosin ATPase can occur with the 
m remaining completely cleared. Furthermore, 
ase activation during clearing was always accom- 
“by the formation of bonds between the two 
s sufficiently strong to give rise to a parallel 
e in viscosity, thus suggesting that the interaction 
leads to ATPase activation is comparable in strength 
at which causes the viscosity increase in the absence 
*P at high ionic strength. 
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-Acetylcholine and the Incorporation of 
[PP] Phosphate into Phospholipids and 
Phosphoproteins of Nerve Endings of 
Developing Rat Brain 


as been shown that acetylcholine stimulates the in- 
oration of [P] phosphate into the phospholipids of 
es, homogenates, and microsomal fractions of guinea- 
“eerebral hemispheres under conditions of oxidative 
phosphorylation’ ?, Maximal stimulation of phosphorus- 
-. $2 incorporation was found to oceur in phosphatidie acid 
-and phosphoinositide?. 
>. In a previous communieation on the in vivo incorpora- 
tion of phosphorus-32 into the lipids and proteins of the 
~gubéellular fractions of developing rat brain, the phos- 








Specifie radioactivity of lipids 


- * 14-16 days gestation. 


reed within 5-12 per cent, 











fe 10+ Inhibition 4:75 x 10%] | ee 
Control (cna (amiale P) 104M A (per cent) Control (¢.pam./mg N) 107 M A {per cent) i 
3,790 2,291 ~ 1,499 39-6 73-5 62:2 - 115 15-3 
5,567 3,935 2 1,632 29-3 1263 05-6 ~ 30-7 243 
5,820 = 2,616 3,204 55 74-2 ~ 56-8 174 234 o 
4,500 2,960 - 1,540 34-3 1151 67-2 i 47-9 Abd, 


The results are averages of two separate experiments in the embryo, and three separate experiments in the 12-day and adult, and the valu s 













| in vitro experiments, investigations were = — 
undertaken to determine the influence of exogenous ~~ 
acetylcholine, in the presence of physostigmine, on the a 
incorporation of phosphorus-32 into both phospholipids. 
and phosphoproteins of the nerve endings of the adult 
and developing rat brain. It was found that concentrations 
of the order of 10-4 M-4-75 x 10-4 M acetylcholine in- i; 
hibited the incorporation of phosphorus-32 mto both » 
lipids and proteins. l 
Nerve ending fractions were isolated from the con- 
ventional mitochondrial preparations by means of density 
gradient centrifugation in a Ficoll medium as was pre- 
viously deseribed?:*. 7 e 
Incubations were carried out in a medium conteming: 
10 mM pyruvate, 1-22 mM malate, 0-54 mM adenosine 
triphosphate, 0:5 mM cytidine diphosphate, 0-5 mM 
guanosine triphosphate, 0-1 mM nicotinamide-adenine 
dinucleotide, 0:006 mM cytochrome e, 6:7 mM magnesium 
chloride, 6 mM nicotinamide, 6-7 mM potassium fluoride, . 
3-7 mM glucose, 12-5 mM potassium phosphate buffer : 
(pH 7-5), O-11 mM ethylenediamine tetraacetic acid, | 
100-350 uc. of phosphorus-32. When added, “Beaty! 
choline and physostigmine were each 4:75 x 10-* M or 
10-4 M. All incubations were carried out at 37° C for 1 h 
with shaking in a final volume of 3-2 ml., and contained — 
the nerve endings fraction, which corresponded to 0-3. 8 
of wet brain. The Ficoll was washed off with distilled 
water before adding the nerve endings to the reaction 
mixture. This step probably removed the labile acetyl 
choline from the synaptosomes". 7 i 
At the end of incubation 2 ml. of chilled 10 per cent 
trichloroacetic acid were added to the incubation mixture 
Analytical techniques, and the techniques used for the 
removal of contaminating phosphorus-32, extraction of 
lipids, nucleic acids, thin-layer chromatography, ‘pape! 
electrophoresis, autoradiography, and determinano of 
specific activity have already been described = | 
Results on the effect of acetylcholine on the incorpora 
tion of phosphorus-32 into phospholipids and phospho . 
proteins are shown in Table I. In the presence of 4:75 x. 
10-4 M acetylcholine, there was an inhibition of phos- 
phorus-32 incorporation up to 40 per cent into phospho- 
lipids and up to 42 per cent into phosphoproteins. — nae 
At a lower concentration of acetylcholine (10- M) 
inhibition of phosphorus-32 incorporation into phospho : 
lipids, but not phosphoproteins, was increased (Table 1). 
Physostigmine alone (10-* M or 4°75 x 10-4 M) had no: 
effect on the incorporation of phosphorus-32. In a 
previous investigation’ of the developing rat brain, the- 
presence of nerve endings was demonstrated in the em- 
bryonic stage. Because the nerve impulse appears - l 
days post partum in rat brain’, the present finding tha 
acetylcholine has similar effect on the incorporation: € 
phosphorus-32, regardless of age, could suggest a Fen? 
latory function for this neurohormone on phosphat 
metabolism in nerve endings, in addition to that ofsynap- o 
tic transmission. It is interesting to note that Hokm = =~ 
et al.?, working with guinea-pig adrenal medulla, observed oo 
an inhibitory effect of acetylcholine (10> M) on thos 


incorporation of phosphorus-32 into phospholipids. : ee 







































: Neey WIN : Pras “2.99 [PHOSPHATE 
. Table 1. ACETYLCHOLINE EFFECT ON LABELLING OF LIPIDS AND PROTEINS OF NERVE EXDINGS WITH PHOSPHORUS-32 [PHOSPHATE] 


Specific radioactivity of proteins x 107 





Acetyicholine iie fg ee 





No. 5048 JULY 30. 1966 


~ 


~ 


Ea 


to 





Fig. 1 


Fig. 1 A 

a r eE 

: 15 : 4:2, by volume). Plates were ex to iodine vapour, and the 
t omitted 

pec 

elin (756, 


my 
916, 148): 5, phosphatidyl inositol (1772. 
c acid (160, 44) 


lysate of nerve of 12-day-old rats. protein was 
drolysed in 12 N hydrochloric acid at 38° C for 24 h. Electrophoresis 
run at pH 3-3, pyridine—acetic -water er, 6,000 Fh. A 


was 
Acetylcholine omi 


Acetylcholine, in concentrations of the order of 10-4 M 
or 4:75 x 10-* M, had no effect on the incorporation of 
serine uniformly labelled with carbon-14 serine into 
phospholipids or phosphoproteins. 

When the phosphorus-32-labelled phospholipids were 
run in one-dimensional thin-layer chromatography*, phos- 
phatidyl inositol had the highest activity in the presence 
or absence of acetylcholine (Fig. 1). TIonophoresis of 
phosphoprotein hydrolysates (Fig. 2) at pH 3-3, together 
with phosphoserine and phosphothreonine controls, re- 
_ vealed the presence of phosphorus-32-labelled phospho- 
serine and phosphothreonine as well as phosphorus-32- 
labelled phosphopeptides. There was little labelling of 
phosphoproteins and phospholipids when the ingredients 
of oxidative phosphorylation were omitted. This labelling 
could arise from the fact that nerve endings contain a 
high concentration of ‘stable’ ATP (ref. 9). 

The inhibitory effect of acetylcholine on this formation 
of ATP as measured according to the procedure of Crane 
and Lipmann!’ was negligible, and ATP had a specific 
activity 7-10 times as high as that of phosphoproteins. 
Also acetylcholine and physostigmine (4-75 x 10-4 M) 
had no effect on the phosphorus : oxygen ratio". 

The foregoing results confirm previous in vivo observa- 
tions*, which indicated that nerve endings incorporated 
phosphorus-32 at a lower rate than the other subcellular 
fractions. Thus, it is possible that the inhibitory effect of 
acetylcholine observed in the present in vitro investiga- 
tions could occur in vivo. 


NATURE 


531 


This research was supported by the Mental Health 
Fund, State of II inois. 


Ata A. ABpDEL-LATIF 


Illinois State Pediatric Institute and 

the Department of Psychiatry, 

University of Illinois College of Medicine, 

Chicago, Illinois. 

' Hokin, L, E., and Hokin, M. R., Biochim. Biophys. Acta, 16, 229 (1955). 

* Hokin, L. E., and Hotin, M. R., J. Biol. Chem., 233, 822 (1958). 

* Abdel-Latif, A. A., and Abood, L. G., J. Neurochem., 12, 157 (1965). 

* Abdel-Latif, A. A., and Abood, L. G., J. Neurochem., 11, 9 (1964). 

* Whittaker, V. P., Michaelson, I. A., and Kirkland, R. J., Biochem. J., 
90, 293 (1964). 

* McIlwain, H., in Biocãemistry and the Central Nervous System, 186 (Little, 
Brown and Co., Boston, 1959). 

: a R., Benfey B. G., and Hokin, L. E., J. Biol. Chem., 233, 814 


* Skipski, V. P., Peterson, R. F., and Barclay, M., Biochem. J., 90 (1964). 
* Nyman, M., and Whittaker, V. P., Biochem. J., 87, 248 (1963). 

** Crane, R. K., and Lipmann, F., J. Biol. Chem., 201, 235 (1953). 

H" Klonowski, J., and Abdel-Latif, A. A. (unpublished observations). 


Low Molecular Weight Carbohydrates in 
Urine from Secretors and Non-secretors 
of D'fferent Blood Groups 


Ir has been showa that gel-filtration is a useful method 
for the fractionation of ultrafilterable substances in normal 
urine. At least six carbohydrate fractions have been 
obtained from consentrated urine ultrafiltrates by means 
of gel-filtration on ‘Sephadex G-25°!. The general pattern 
of these fractions from pooled urine was found to be 
fairly constant, bat some variations were observed in 
individual urines. Recently, it was shown that secretors 
of A-, B- and H-substances show a considerably higher 
excretion of fucose in gastric mucus and urine than 
non-secretors**, This communication describes some 
differences in the excretion of low molecular weight 
fucose-containing components that have been detected in 
the urine of secretors and non-secretors belonging to 
various blood groups by a comparison of the gel-filtration 
patterns of their urine ultrafiltrates. 

Urine produced during 4 h in the morning after 
starvation for 16 h was collected from seventy-two 
healthy male indrviduals, selected according to their 
blood group and secretor status. Phenylmercuric nitrate 
was added to a final concentration of 1 : 50,000 in order 
to prevent bacterial growth. The urine samples were 
filtered at +4° C ard analysed for fucose and hexosamine. 
Secretors belonging to blood groups A,, B and O were 
found to have a higher fucose excretion than non- 
secretors. The difference was of the same magnitude as 
was previously shown for individuals belonging to A and 
O groups*. There was no significant difference, however, 
in the hexosamine excretion between secretors and non- 
secretors. Four-hcur urine samples from three or four 
individuals of each blood group and secretor status were 
then ultrafiltered through Visking dialysis tubing (23/32 
in flat width). On average, 80 per cent of the hexosamine 
and fucose materiel could be ultrafiltered. The ultra- 
filtrate from each individual was concentrated ten times 
by means of a rotating flask evaporator. At the most, 
only 10 per cent of the fucose and hexosamine material 
was lost during the concentration. Seven ml. of each 
urine sample was then applied to a ‘Sephadex G-25’ 
column (2-9 x 140 cm), and eluted with distilled water. 
The eluates were amalysed for total hexose, fucose, sialic 
acid, hexosamine, uronic acid and protein. The methods 
used were those described earlier’. 

Individuals of various blood group and seeretor status 
gave very similar sialic acid-, hexosamine-, uronic acid- 
and protein-curves. These curves closely resembled the 
earlier ones obtained for pooled urine’. Examination of 
the distribution of the total hexose and fucose materials, 
however, revealed four types of patterns, as can be seen 
from Fig. 1. There was one non-secretor pattern, obtained 


B-SECRETOR 


A, ~SECRETOR 





ML EFFLUENT 


Fig. 1. Fucose (——) and total hexose (-- ) patterns obtained by 

gel-filtration on ‘Sephadex G-25' of urine ultrafiltrates from individuals 

of various blood groups and secretor status, The eluant was distilled 
water 


from individuals of blood groups A,, B and O. Individuals 
having the same blood group and secretor status dis- 
played almost identical patterns. The non-secretor 
pattern had a low fucose level and a high and broad peak 
in region VII, whereas the spectra obtained with urine 
from secretors were all characterized by distinct fucose 
peaks in both the VI and VII regions. An additional fucose 
peak was found in region V from O-secretors and in region 
IV from A,- and B-secretors; however, the peak from 
B-secretor urine was eluted somewhat later than that 
from A,-secretor urine. Small elevations of the curve 
were found in regions I and III from both secretors and 
non-secretors. The total hexose curve followed the fucose 
curve except in region V in A,- and B-secretors and 
regions V and VI in non-secretors, where a high hexose- 
level occurred without a corresponding elevation of the 
fucose curve. Preliminary investigations concerning the 
material in region IV from A,-secretors showed that the 
main part of the carbohydrate material in this region was 
neutral. After paper chromatography, the material did 
not react with ninhydrin. 

So far, only a few serological tests have been performed 
with the fractions obtained. A slight inhibition of anti- 
A-serum was observed with the material in region IV from 
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A,-secretors, whereas anti-B and anti-H were not in- 
hibited by this material. Material in region V from 
O-secretors inhibited anti-H very slightly, whereas 
material in region V from A,-secretors did not show this 
property. 

A more detailed characterization of the various carbo- 
hydrate fractions described here is being carried out. 
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HAEMATOLOGY 


Human Serum Enzymes in Electrophoretic 
Fractions 


Some of the electrophoretic components of human serum 
have been shown to contain certein enzyme ectivities'’. 
As human serum is known to contain a number of 
enzymes such es cholinesterase, lipase, transaminases, 
amylase and phosphatases, it wes decided to find the 
positions of the different serum enzymos efter electro- 
phoretic separetion of the protein components. 
jlectrophoretic seperation of normal humen serum was 
carried out using 0-5 per cent ager (Difeo Laboratories) 
in 0-05u veronal buffer, pH 8-6, for 6 h with è current of 
l mamp/em. After electrophoresis one strip wes stained 
with amido-black 10B (saturated solution in solvent; 
composition: methanol, distilled water, acetic acid; 
50: 50: 10, v/v)’. On the other strip, 1 per cent of soluble 
sterch in the same veronal buffer wes epplied uniformly 
by a filter peper soaked in the starch solution for 5 min. 
The electrophoretic strip was incubeted at 30° C in a 
water-saturated cabinet for 1 h. After this, the electro- 
phoretic plate was carefully sprayed with dilute iodine 
solution in potessium iodide. Blank areas showing the 
digested starch appeared against the blue beckground 
of the undigested sterch. The results are given in Fig. 1. 
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Fig. 1. Agar electrophoresis of human serum and detection of amylase. 
Upper strip stained with amido-black 10B, and lower strip stained with 
starch solution 
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Tt can be seen that there are two very intense zones of 
amylase activity in the albumin and y-globulin fractions; 
t bands can also be seen in «,- and 8-globulin fractions. 
uman serum thus seems to contain more than one 
component with amylase activity. 
< Tt is interesting to note that M. Ataur Rahman‘ has 

detected serum amylase activity in the globulin region 
“only, whereas MecCeachin and Potter’ found serum 
co amylase mostly in the albumin region. The present 
oe communication ‘shows amylase activity both in the albumin 
-gnd in the y-globulin regions. 
_ In another experiment serum glutamate oxalacetate and 
serum glutamate pyruvate transaminases were found to 
appear in sodium chloride (0-9 per cent) eluates of 1-em 
segments of electrophoretic strip corresponding to the 
albumin, «,- and §-globulin fractions. The estimations 
ies of these enzymes were carried out according to the method 
of King. 
_ All these experiments were repeated several times and 
i the same results were obtained. More detailed investi- 
> gations of the electrophoretically distinct amylases of 
normal human serum and other enzymes will be reported 
-- elsewhere. 
One of us (V. B. K.) thanks the Government of India 
for the award of a scholership. We thank Dr. J. W. 
_ Airan for his kind interest in this work. 
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Cytogenetic Studies in Twins, one with Chronic 
Granulocytic Leukaemia 


CHROMOSOMAL investigations of a patient with chronic 
granulocytic leukaemia and his normal identical twin 
were reported by Goh and Swisher!. While some cells 
_ cultured from the peripher al blood of the patient contained 
the Philadelphia chromosome, those from the peripheral 
P blood and the bone marrow of the normal twin did not 
show the abnormality. The authors comment on the 
_ extreme rarity of this finding; however, we now record a 
second example. 
_E. F., a male born in 1928, a few minutes before his 
identical twin F. F., was diagnosed as having chronic 
- granulocytic leukaemia in May 1963. In December 1962 
he patient had a severe haemorrhage following removal of 
onsils. After the operation he did not regain his 
al good. health and in May 1963 he was referred to 
| hospital for investigation. Pallor and hepatosplenomegaly 
_. were recorded on physical examination, and a blood test 
indicated chronic granulocytic leukaemia. Cytogenetic 
investigations were positive for the Philadelphia chromo- 
some (Table 1). The patient has since been responding 
well to radiotherapy and chemotherapy. 
` Further investigations were envisaged when we became 
aware that he had a twin brother. The twin (F. F.) 
consented in May 1964 to a blood examination but not at 
that time to a bone marrow aspiration. Cytological and 
con eytogenetic investigations revealed no abnormalities in 
¿o his blood, and a comparison of his groups (ABO, Rh, 
o: MNS and Kell) with those of our patient confirmed the 
clinical and family impressions that they were identical 
twins. 
- No significance could be attached to the absence of the 
Philadelphia : chromosome in the cells cultured from 
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Table 1. CYTOGENIC EXAMINATIONS 
Metaphases. _ 
Subject Date Waterial No, examined No, Ph’ + ve 
E., F. 8.6.63  Peripkeral blood 42 21 
culture (92 h} 
9.12.63 Peripkeral blood 
culture (72 h} 23 
27.8.64 Peripkeral blood 
_ culture (74h) 28 3 
28.6.85 Bone marrow direct 10 10 
F, F. 29.5.64 Peripkeral ea 
culture (96 h} 25 0 
25,6.65 Bone aman direct 25 Q 


F. F.’s peripheral blood as it contained no primitive 
myeloid cells. Receatly, however, he consented to a bone 
marrow aspiration aad twenty-five clear metaphases. have i 
been investigated. They do not contain the Philadelphia 
chromosome. This is significant and confirms the fact, 
already deduced from other data, that the Philadelphia 
chromosome is not present in the zygote but must develop — 
later. It also suggests that environmental factors are — 
more important thar hereditary factors in the development i 
of this chromosomal abnormality. | 
The possibility, snould the disease become acute, of 
treating our patient with high doses of total-body radia- 
tion has been made practicable by his twin’s offer to- 
donate marrow. 
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Oxygen Dissociation of Sheep Haemoglobins 
A and B in Solution 


Two distinct electrophoretic types of sheep haemoglobin .. — 
They desig- 
nated the fast-moving component which travelled towards: 


have been identified by Harris and Warren!. 


the anode at pH S6 ‘haemoglobin A’, and the slow- 
moving one ‘haemcglobin B’. Similar electrophoretic - 
differences were found with adult haemoglobins in Dutch _ 
sheep by Helm at al.*, which they named HbI and HbIT, 
corresponding to HbB and HbA respectively. Further 
Qifferences in chromatographie behaviour, in resistance 
to denaturation by alkali, in solubility in concentrated 
salt solutions and in amino-acid composition were demon- 
strated for HbI and HbII*. The oxygen equilibrium 
curves of these haemoglobins were also found to be 


different? *, HbII(A) having a higher affinity for oxygen | 3 : | 
than HbI(B), and it has been suggested that HbINAY. : SE 


originated in sheep living at high altitude. 


The kinetic dissoc.ation constant, ka of the naon = 


Hb,O,~ Hb,O, + G@,, can be measured by the carbon 


monoxide displacement method of Gibson and Roughton’,. >o 
though in practice it is inconvenient as four or five ooo 


experimental determ nations have to be made, and the 5 
result obtained by an extrapolation procedure. At pH. 


9-1, this constant cam be more easily measured by mixing . 


a dilute solution of oxyhaemoglobin with 0-4 per cent 
sodium hydrosulphite dissolved in a buffer solution 
equilibrated with 1 atmosphere of carbon monoxide‘. 
Kernohan?:’, using the latter method, has attributed the 
difference in oxygen affinity between HbIHA) and 
HbI(B) to variation in their rate of dissociation—the 
respective mean values of k, being 40-6 + 2-5 see and 
57 + 3 sec at pH 91 and 20° C. Though a comparison. 

of the sodium hydrosudphite method with the displaceme 
technique gave good agreement at pH 9-1 (ref. 6). hyd 
sulphite is known to attack ine eee * and is no 
applicable to the lower pH range. Recent work has- 2 





















alternative method, primarily developed for 
asuring the rate of dissociation in red blood cells, has 
1 used to examine this problem further. A buffer 
tion of oxyhaemoglobin at pH 9-1, in equilibrium with 
gen at a pressure of 10-40 mm mercury, is rapidly 
ed and at the same time diluted 1 : 20 with a similar 
buffer solution equilibrated with carbon monoxide at 
800 mm mercury. Dissociation of the HbO, occurs with 
rapid uptake of carbon monoxide, under conditions 
similar to the displacement method of Gibson and 
-< Roughton’. The relative ratio of the concentrations, 
- [O,}/[CO], after mixture, however, is now such that the 
- rate is determined by k,/4 to within 2 per cent. In practice 
this is within the experimental errors and no significant 
ence in the rate of egress can be detected with a 
fold change of oxygen tension or a three-fold change 
rbon monoxide concentration. A comparison of this 
ethod with the hydrosulphite technique has revealed 
significant error. The method can also be applied to 
urements at lower pH. 
t HbIT(A), the electrophoretically fast component, 
alue of k, at 20° C and pH 9-2 was 40-8 + 7 per cent 
he sodium hydrosulphite method, and 38 + 7 per 
t by the dilution technique. At pH 7-4, k, was 44-5, 
gher by a factor of 1-1 in accord with the observations 
bson and Roughton’. The activation energy at both 
‘alues was 19-5 kcal + 7 per cent. Similar measure- 
nts on an electrophoretically pure form of HbI(B), 
H 9-2, gave a value of k, = 45 at 20° C by both 
ods. The activation energy in this case was 16:5 
‘+ 7 per cent. At pH 7-4, using the dilution tech- 
», k, at 20° C was 54-8 and the activation energy had 
reased to 19 keal. 
‘he values of k, for HbII(A) are, within experimental 
or, the same as those obtained previously*®. In the 
HbI(B), however, an interesting discrepancy has 
. The value at pH 9-2 is not the same as that 


































































‘slightly lower. On the other hand, it had been 
sumed that the values of k, obtained by Gibson and 
oughton’ were those of HbII(A), though while at pH 
nly activation energies of the order 20 kcal were 
ned, at pH 9-1 two distinct values oceur one at 
keal and another at 20 keal. It now seems probable 
the 16-5 kcal measurements were made on HbI(B) 
les. A similar difference in the rate of egress with 
change has been observed for this haemoglobin 
in. intact red blood cells, so that the discrepancy is 
ely to be associated with the method of preparation 
the haemoglobin solution. 
~The differences at pH 9-2 do not affect Kernohan’s 
conclusion that the shift of the oxygen equilibrium curves 
- observed by Huisman at al. is associated with differences 
in k, but the question arises as to whether HbI and HbB 
are identical, or whether there are two forms of the 
electrophoretically slow HbI(B) sheep haemoglobin. 
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A Simple Dye Test for Skin Graft Viability 
Parent blue V dye (alphazurine 2G), which was pre- = 
viously used in evaluations of cutaneous burnst, has also SASS 
been found useful in the evaluation of the viability of — 
allografted skin before and including the process of . a 
rejection. In small animals, dye injected intravenously ~~ 
provides immediate colouring of the skin over an intact | 
vasculature. 

The autograft after revascularization will be coloured 
light blue, the same as the surrounding skin. With 
increased vascular permeability as oceurs in second degree 
burns or early rejection, the dye is deposited extravascu- 
larly as a dark blue stain, enabling the observer to locate. — 
the area of vascular disruption. With coagulation necrosis. < 
and thrombosis as found in third degree burns, or total. — 
allograft rejection, no tissue colouring occurs, and this- 
demarcates the non-viable skin. eee 

In very small animals, the dye can be injected. intra- 
peritoneally, but a 5-10 min lag period must be allowed: 
for the full dye pattern to develop. Dye patterns should 
be read shortly after the skin has reached its maximum 
colour, as patent blue will in time diffuse into non-vita 
areas. This latter phenomenon provides a ‘‘reciproce 
pattern” for confirmation while the intravascular dye is 
being rapidly metabolized by the liver and exerete a 
through the kidneys. E 

This test may be repeatedly carried out without di 
turbing the graft to follow the process of rejection or 
suppression. The histological changes occurring durin 
rejection are not delineated in detail by this technique 
but sequential information concerning the vasculariza- 
tion of the graft is obtained, and this bears directly on 
survival. ue 

There are many possible clinical applications of th 
technique, but care should be taken in using this experi- 
mental agent in debilitated patients. 
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PHYSIOLOGY 


Structure and Function of the Sarcolemma. 
of Skeletal Muscle 


Tur functions of the sarcolemma of skeletal muscle are _ 
still uncertain, because of our lack of knowledge of ite: 
structure and detailed distribution over the entire surface 
of the muscle cell. Most of our knowledge is derived from 
electron microscope investigations and the sarcolemma is 
regarded as a semi-permeable unit membrane about 100A 
thick, which directly encloses the contents of the cell. _ 
This membrane is probably bimolecular and lipoprotein 
in character, and similar to that which is thought to 
invest most animal cells and many of their cytoplasmic — 
organelles. Immediately external to the sarcolemma ct Beets 
a layer about 500 A thick; this is an extracellular 
deposition of material of moderate density (the 
so-called basement membrane!) which gradually dimin- 
ishes in density as it extends from the sarcolemma in 
extracellular space and merges with the ground substance 
of the endomysial connective tissue. Because of its 
extreme thinness, the sarcolemma is difficult to obser’ 
in its longitudinal section; on the other hand, its ¢! 
acteristic unit membrane structure can usually be ree 
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nized in transverse section and occasional thickenings 
and invaginations of the sarcolemma are known to occur? 
at certain regions of the cell. However, using thin-section 
techniques it is not easy to follow the detailed variations 
in its course over large areas of the cell surface. For 
structural investigations of this type the surface replica- 
tion methods, such as the layer-stripping method developed 
by Reed and Rudall, are probably far more useful, as the 
various levels exposed in the tissue may be examined over 
wide areas*. Early investigations using the layer-stripping 
method revealed the sarcolemma as a continuous elastic 
sheet, capable of accommodating itself to the structures 
it encloses, since it often bears undulations corresponding 
to the striations of the myofibrils’. 

Recently in our work on the post-mortem changes in 
muscle tissue, particularly as they affect the properties 
of meat as a foodstuff, we have re-examined the sarco- 
lemma-basement membrane system of pig rectus femoris 
muscle, using such surface replica techniques. In tissue 
taken immediately after slaughter and before rigor mortis 
has been allowed to develop, the myofibrils are almost 
completely covered with the sarcolemma-basement mem- 
brane, so that the striations of the myofibrils are mostly 
obscured (Fig. 1). However, these membranes do not 
have a uniform appearance, but show a system of regularly 
spaced bars indicating an intrinsic periodic structure. 
This indication that the sarcolemma-basement membrane 
may possess a regular structure is confirmed by the 
appearances shown by tissue which is examined after 
rigor. Here the membranes are observed not as con- 
tinuous structures but as sheets containing holes of 
various shapes and sizes or as a system of bars arranged 
in a very definite pattern (see Figs. 2 and 3). Moreover, 
this pattern seems related to that of the underlying 
striations of the myofibrils. 

These observations suggest that the sarcolemma-base- 
ment membrane is a very labile system and one which may 
change very rapidly after the death of the animal. More 
significantly, however, it points to some degree of definite 
interaction between the sarcolemma and the myofibril, in 
that there seems to be a specialized mode of attachment 
of the membranes to different parts of the myofibrillar 
surface. Although the sarcolemma-basement membrane 





Fig. 1. Surface replica of sarcolemma-basement membrane almost 


completely covering myofibrils in pre-rigor condition 


NATURE 


535 





Fig. 2. Surface replica of sarcolemma-basement membrane partially 


covering myofibrils in post-rigor condition 





Fig. 3. Surface replica of sarcolenmma-basement membrane, with regular 
arrangement of bars, parfially covering myofibrils in post-rigor condition 


originally invests the whole surface of the adjacent myo- 
fibrils, the portions adhering most tenaciously to the 
myofibrils (since they remain attached during the rigor 
process) appear to be at regions between the H zone and 
the Z line. These are regions where the actin and myosin 
filaments interdigitete and lock together during con- 
traction. Possibly, therefore, the sarcolemma-basement 
membrane, in addition to enclosing the myofibrils of the 
cell, may be a highly dynamic system in the sense that it 
can take part in, respond to and conceivably initiate 
changes in the physological state of the myofibrils. At 
certain times the membrane could be quite free from the 

























tor: A “ote times ce: iain regions of the : myofibrils 
ald become firmly attached to the sarcolemma. This 
namic view of the sarcolemma forming specialized 
inks with myofibrillar regions could help in assessing its 
Function during the contractile process of living musele. 
“It could help in understanding how muscle cells act in 
concert, while it could provide a basis for explaining why 
regions of the sarcolemma, under electrical stimulation, 
lead to differing responses in the contractile pattern of 
-othe myofibrils‘. Perhaps most important is the possibility 
that it could provide a basis for the transmission of the 
-contractile force of the myofibrils to the endomysial and 
perimysial connective tissue and ultimately to the muscle 
tendon. Majority opinion at present’ holds that there is 
no permanent structural continuity between sarcolemma 
and the myofibrils, because of the ease with which the 
sarcolemma may be induced to separate from the muscle 
substance by a wide variety of methods. What is sug- 
gested here is that, depending on the contractile state of 
myofibrils, a definite pattern of adhesion may occur 
between the sarcolemma and the myofibrils ; further, that 
this adhesion may be involved not only in transmitting 
electrical impulses to the myofibrils, but also in trans- 
ting the contractile force of the latter to the connective 
sue structures. 
Apart from its possible significance in physiological 
_ states of muscle, the sarcolemma-basement membrane 
| may play an important part in post-mortem effects, that 
is, it may determine the rate of release of sarcoplasm and 
other materials from the muscle cells. Once the integrity 
-of this membrane system has been impaired, it is likely 
at the endomysial connective tissue will then be con- 
rned in determining the rate of drip or exudation from 
eat. Work at present in progress in these laboratories, 
“be reported in full elsewhere, suggests that the drip 
aracteristics of meat depend markedly on whether the 
issue is in the pre- or post-rigor condition and therefore 
um the state of the sarcolemma-basement membrane 
stem. 
We wish to acknowledge the support given by the Pig 
-. Industries Development Authority during these investiga- 
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Effect of Peroxides on the Hydration 
Elongation of Rat Tail Tendon 


It has been shown that physico-chemical changes occur 
when connective tissue is treated with water that has 
been subjected to ultrasonic vibrations’. The suggestion 
has been advanced that chemically active substances 
-are formed through the ionization of the water in such 
. ultrasonic fields, and that peroxides are probably in- 
~ -volved?. 
< Collagen fibres were used to investigate the proposed 
action of these substances. The fibres were obtained from 
pat tails (Wistar males, 3 months old) according to the 
-method described by Elden’. Before each experiment 
‘was carried out, the fibres were dehydrated until a 
onstant ratio of weight and length was achieved. The 






individual fibres were fixed lengthwise to the bottom of 


a 2 ml. ‘Perspex’ cell. The fibres were measured micro- 
scopically and divided into three classes according to 
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their diameter.. The kéd PE were set to the mark of a 


measuring eyepiece (the magnification was x 150). The 
time was measured from the moment the solution was 
injected into the cell until the fibre jerked off the setting 
mark. This time interval served as a measure of the 
beginning of longitudinal elongation of the fibre due to 
hydration. Deionized water (pH 6-6-6-8) was used as 
the control solution, while hydrogen peroxide in de- 
ionized water at concentrations of 1, 0-1, 0-01 and 0-001 
per cent were used as experimental solutions. The 
concentration of peroxide was controlled by polarography 
and the solutions were applied at a temperature of 21° C. 
Table 1 presents the results of our experiments. 


Table I 
| 1 af IH 
Control 21:40 + 1-58 27-35 + 1-07 29-70 + 1:63 
2 0-001 8-95 + 0-50 15-40 + 1:34 20-60 + 1-89 
Percentage | 0-01 11:90 + 0-27 13-50 + O64 16-30 + 056 
of bydro- J O 13-50 + O71 16-80 + 0-78 20-10 + 1-10 
peroxide | LO 17-40 + 0-75 23-40 + 233* 23-61 + 157 


Mean time in seconds (+ S.E.) of the onset of hydration-elongation of 
the three classes of collagen fibres of various diameter (I, 84~-126a; TI, 
126-1684; TIT, 168-2104) under the infiuence of a control sotation and 
various concentrations of hydrogen peroxide. In each group ten fibres 
were measured. 


{ — peroxide) values are significantly different from the control. 


In Table 1 it can be seen that the peroxides influenced 
the onset of elongation, but that the extent to which 
they were effective depended on the concentration and 
diameter of the rat-tail tendon. The beginning of elonga- 
tion was accelerated most in the fibres with smallest 
diameter and with the lowest concentration of hydrogen 
peroxide in the solution ; however, in the fibres with larger 
diameters the maximum acceleration is shifted towards 
higher concentrations. 

These results can be explained in the following way. 
Either the chemically active substances, formed through 
the decomposition of hydrogen peroxide, facilitate the 
penetration of water through the membrane enveloping 
the rat-tail tendon‘, or they directly influence the hydra- 
tion rate of the collagen proteins’, Of special interest is 
the decrease in the efficiency of peroxides with increasing 
concentrations, which is analogous to the haemolytic 
effect of peroxides®; however, for the time being, this 
effect must remain unexplained. 
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A Re-investigation of the Effects of ‘Nilevar’ 
on the Right Gonad of the Pullet 


In the female chicken, as in most female birds, only the 
left gonad develops into a functional ovary. Surgical 
removal of this left ovary is followed by hypertrophy 
of the right rudimentary gonad, indicating that the ovary 
exerts an inhibitory effect on the development of the right 
gonad (see refs. 1 and 2 for reviews). 


of oestrogen inhibit the hypertrophy of the rudimentary ` 
gonad following sinistral ovariectomy. : 
does not appear to be due to suppression of pituitary = 
gonadotrophins. : 

Kornfeld! administered ‘Nilevar’ (17a-ethyl-19-nortes- 
tosterone), a synthetic progestational compound and a 
reported “anti-oestrogen”’, to intact pullets. He reported 
a four-fold increase in the weights of the acacia 





With the exception of one value (*), all the experimental Hie 





Kornfeld? and. —. : 
Taber et alë demonstrated that physiological amounts — 


This inhibition - 
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a -right gonads and interpreted this hypertrophy as due to 
_. the anti-oestrogenie effects of the drug, releasing the 
rudimentary gonad from the inhibition of endogenous 
: estrogens. 
~~ Qur experiments with ovariectomized birds? have 
_ provided evidence to support the hypothesis that the 
< avian ovary produces another, non-oestrogenie substance 
which also inhibits the development of the rudimentary 
gonad. If our hypothesis is correct, the right gonad of a 
pullet treated with ‘Nilevar’ should remain inhibited if 
‘Nilevar’ is acting only as an anti-oestrogen. For this 
reason, it was decided to re- -investigate the effects of 
‘Nilevar’ on the rudimentary right gonad of the chicken. 
(A) Normal pullets. Twenty-three 60-day-old intact 
brown Leghorn pullets received subcutaneous mec 
Of 3-0 mg of ‘Nilevar’ (dissolved in olive oil and 5 per cent 
benzyl alcohol) each day for 40 days; eighteen pullets of 
_. identical age served as controls and received only the 
--wehicle of the drug. New feathers of both groups were 
feminine, providing evidence of circulating oestrogens and 
indicating that ‘Nilevar’ had no anti-oestrogenic effect at 
he feather target organ. The combs and wattles of the 
birds treated with ‘Nilevar’ were stimulated and, at the 
~ time of autopsy, the combs were more than four times the 
size of those of the controls (height x length=54-7 cm? 
-as compared with 12-6 cm?*). In addition, the treated 
-pullets were more aggressive and occasionally crowed. 
These observations are evidence for the androgenic 
action of “Nilevar’. 
At the time of autopsy, control pullets revealed no 
grossly visible right gonadal tissue, whereas hypertrophied 
tissue was observed at the site of the right gonad in each 
-experimental bird. However, when tissues from control 
o <-and treated birds were examined histologically, it was 
found that the right gonads of both groups were inhibited 
and were indistinguishable from each other. The hyper- 
-trophied tissue which had been observed grossly in 
pullets treated with ‘Nilevar’ consisted of enlarged 
-Wolffian bodies. These were estimated to be from three 
to four times the size of those in controls and the tubules 
were markedly larger and hyperplastic. 

(By £ inistrally ovariectomized pullets (poulards). Twenty- 
four pullets were ovariectomized at the age of 21 days and 
eighteen of these received 0-4 mg of ‘Nilevar’ per 100 g 
body-weight beginning the day of operation and continuing 

for 8 weeks. Again, the combs of the birds receiving 
<- “Nilevar’ were greatly stimulated (57:0 em? as compared 
oe ith 19-5 em’, at the time of autopsy). 

- At the time of autopsy, the right gonads of untreated 

ey poulards were hypertrophied and averaged 85:8 mg. 

The average weight of the gonads from poulards treated 

= with ‘Nilevar’ was 53-9 mg, which does not differ signi- 
ficantly from that of controls. However, because the 

.. weights of the tissue from the experimental group include 

. the greatly enlarged Wolffian bodies, it is a reasonable 

eee “assumption that treatment with ‘Nilevar’ produced a 

significant retardation in the development of the right 
gonad, 

Histologically, the gonads of poulards treated with 
‘Nilevar’ showed considerable variability. In some, the 
general structure was similar to that of the inhibited 
right gonad of pullets although some proliferation of 
medullary tissue had occurred. The larger gonads were 

E less well differentiated, but otherwise resembled those of 

untreated poulards. 

These experiments failed to demonstrate any anti- 
oestrogenic effect of “Nilevar’ and the right gonads of 
treated pullets were inhibited to the same degree as those 
of untreated controls. 

The right gonads of poulards treated with ‘Nilevar’ were 

_ retarded in size and degree of differentiation when compared 
with those of controls. Undoubtedly, this resulted from 
the androgenicity of ‘Nilevar’, which even on a con- 
servative estimate must be about one-sixteenth as potent as 
testosterone Propionate: On the basis of this estimate, 
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our poulards received the equivalent of 25 ug of testo- 
sterone propionate daily, a dosage known to inhibit or 
retard the growth of the right gonad in poulards®. 
Evidence for the androgenicity of ‘Nilevar’ (comb 
stimulation and the hypertrophy of the androgen- -sensitive 
Wolffian body) was observed in both intact pullets and 
poulards. Kornfelc*, basing his conclusions entirely on 
gross observations, reported hypertrophied right gonads 
in pullets treated with ‘Nilevar’. Our observations show 
that the hypertrophied tissue observed by us and probably 
by Kornfeld was dwe to the hypertrophy of the Wolffian 
body and not to the hypertrophy of right ever tissue. 
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Plurivesicular Nerve Endings in the 
Pulmonary Artery 


Previous electron microscopie studies of blood vaadi 
have failed to reveal “nerve endings” or synaptic regions 
within the musculavis!~* although small bundles of mye- 
linated and unmyelinated axons have been clearly seen 
in the adventitia. The specific histological fluorescence 
method of Falck and Hillarp‘ for catecholamines has pro- 
vided morphologica evidence for the intraneuronal, vari-. 
cose distribution of the adrenergic transmitter in blood. 
vessels’. While electron microscopic details are available 
on the terminal autonomic innervation of non-vascular 
smooth muscle7~', the identification of comparable neuro- 
effector relationshipes in blood vessels is lacking, apart from 
the preliminary observations of de Robertis and de Iraldi™. 

In recent light mecroscopie observations of the isolated 
pulmonary artery-rerve preparation, in which there is 
direct, unequivocal evidence for postganglionic sym- 
pathetic vasoconstrictor innervation of the vascular 
smooth muscle!, Verity et al. demonstrated the existence 
of an unmyelinated nerve plexus of small diameter located 
primarily i in the adventitio-medial zone of the artery. l 

In view of the unequivocal pharmacological and physio- 
logical evidence for the existence of a motor system in 
this vessel, we atsempted to identify the adrenergic 
transmitter termina.. 

Pieces of tissue frem the regibn of the bifurcation of the 
pulmonary artery were rapidly excised from cats pre- 
viously anaesthetized with sodium pentobarbital. The 
tissue was washed in cold, phosphate buffered 3 per cent 
glutaraldehyde and prefixed for 1 h. Subsequent fixation 
was carried out in phosphate buffered 2 per cent osmium 
tetroxide" for 2 h, followed by dehydration in ice-cold 
ethanol and embecding in ‘Epon 812’. Sections were 
double stained with uranyl acetate and lead citrate and 
examined with a Hitachi HU-11 electron microscope. 

No axon-like profiles or synaptic regions were identified 
within the inner muscularis after examination of many 
grid squares, representative of twenty-eight “Epon’- 
embedded blocks. In general, the structure and arrange- 
ment of the smooth musculature was similar to that of the 
aortals.16 and will mot be considered further here. 
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Winding, varicose, unmyelinated axons of 0-2—-0-5y 
diameter were identified with some difficulty, presumably 
because of their low distribution density, in the adventitio- 
medial junction, and outer smooth muscle-elastic lamellae 
of the muscularis. Typical neurotubules were identified 
in the axoplasm'’:'*, Vesicle-containing ‘synaptic nerve 
endings” were noted in many preterminal axons. The 
predominant vesicular population was granular and 
composed of Type 1 and Type 3 vesicles (after Grillo and 
Palay**) with diameters of about 1000 A and 450 A 
respectively (Fig. 1). While typical agranular synaptic 
vesicles were occasionally observed, they never accounted 
for more than 15 per cent of the vesicular population in any 
one ending, and in many instances were considered to repre- 
sent inadequately stained Type 3 structures. Longitudinal 
fragments of the neurotubular system, 75 A in diameter, 
were present in some vesicular regions, accompanied by 
mitochondria and elongate granular (Type 1) and agranu- 
lar vesicles (Fig. 2). The plasma membranes of smooth 
muscle cells were never in close proximity to the nodose 
axon expansions. 

The identification of a plurivesicular “synaptic nerve 
ending” in the adventitio-medial zone of the pulmonary 
artery provides confirmatory evidence for the presence of 
an adrenergic neuroeffector system, previously suspected 
from in vitro pharmacological observations!®13, A 
plurivesicular component has been recognized in what 
are presumed to be adrenergic nerve endings innervating 
the pineal gland, in fine branches of the splenic nerve 
penetrating the adventitia of splenic blood vessels™ and 
in the anterior hypothalamus of the rat. Evidence for 
the association of granular vesicles with catecholamines is 
very strong. The plurivesicular endings of this study are 
unusual in containing a large number of granular (1000 
A in diameter) vesicles with very few synaptic (presumed 
cholinergic) vesicles. The mixed, heterogeneous nature 
of the granular vesicular population allows for the use of 
the term “‘plurivesicular”, as coined by de Robertis and 
Pellegrino de Iraldi™, but the relative lack of agranular 





Fig. 1. 

the mdio-adventitial zone of the pulmonary artery of the cat. Large 

(~1000 A diameter) light and dense osmiophilic granular vesicles 

surrounded by unit limiting membrane (Type 1) are interspersed with 

smaller granular vesicles (Type 3) with light osmiophilic cores. A, 

Adjacent, small-diametered axon with neurotubules (N). M, Smooth 
muscle, (xe. 21,000) 


Granular and agranular vesicle-containing axonic expansion in 


NATURE 


JuLy 30. 1966 


VOL. 211 





~'\ ‘kw 


Fig. 2. Preterminal vesicle-containing structure with numerous mitc- 
chondria (m). Neurotubules (arrows) approach the vesicle aggregation, 
some of which appear elongate. (xe. 33,750) 


vesicles is in marked contrast to their observations on the 
adrenergic axons and endings in the pineal gland and 
splenic nerve. Also of note was the complete lack of a 
junctional relationship between the adrenergic nerve 
endings and the smooth muscle membranes. 
This work was supported by the U.S. Public Health 
Service. 
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PHARMACOLOGY 


A New Class of Orally Effective 
Antifertility Agents with Hypocholesteraemic 
Activity 
THIs communication describes the synthesis and some 
of the relevant pharmacological properties of a typical 
member (I) of a new class of agents with potent antifer- 
tility and hypocholesteraemic effects in experimental 

animals, 
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(I) 
1-[2-[p-[a-( p-Methoxypheny])-f-nitrostyry!]-phenoxy] 
ethyl]pyrrolidine. 


A convenient synthesis of I from commercially available 
starting materials is illustrated by the following sequence 
of reactions: (A) Treatment of a mrxture of 6-bromo- 
phenetole and anisic acid with polyphosphoric acid at 
80° C gave a 97 per cent yield of crude p-(8-bromoethoxy)- 
p’-methoxybenzophenone (II) (melting point of 111-5°- 
113° (from methanol)). Analysis calculated for C,,H,;BrQ,: 
carbon, 57:33; hydrogen, 4:51; bromine, 23-84. Found: 
carbon, 57:28; hydrogen, 4:48; bromine, 23-57. (B) 
Treatment of IT with excess pyrrolidine for 4 h in a 
refluxing solution of tetrahydrofuran gave, after recrys- 
tallization of the crude product from aqueous methanol, 
an 87-5 per cent yield of pure p-methoxy-p’-[6-(1-pyrro- 
lidinyljethoxy|benzophenone (III) (melting point 97°- 
98-5° C). Analysis calculated for C,,H,,NO,: carbon, 
73°82; hydrogen, 7:12; nitrogen, 4:31. Found: carbon, 
73°95; hydrogen, 7-28; nitrogen, 4:18. (C) Reaction of 
ILI with the benzyl Grignard reagent gave a 78-86 per cent 
yield of 1-(p-methoxyphenyl)-2-phenyl-1-(p-[8-(1-pyrro- 
lidinyl)ethoxy ]phenyl)-ethanol (IV) (melting point 121°- 
122° C) from cyclohexane-ethyl acetate. Analysis cal- 
culated for C,,H,,NO,;: carbon, 77:66; hydrogen, 7:48; 
nitrogen, 3:36. Found: carbon, 77:61; hydrogen, 
7:42; nitrogen, 3:35. (D) Conversion of IV to I (free 
base) was effected in yields of 75-79 per cent by treating 
IV in glacial acetic acid with 2 equivalents of 90 per cent 
nitric acid at 25°-30° C for 1:5-2:0 h. Recrystallization 
of the resulting crude product from methanol gave pure 
I, despite the characteristically indefinite melting point; 
103°-106° C (softens) 120°C (liquid phase). Analysis 
calculated for C,,H,,N.0,: carbon, 72-95; hydrogen, 
6-35; nitrogen, 6:30. Found: carbon, 73:15; hydrogen, 
6-16; nitrogen, 6-27. The ultra-violet spectrum obtained 
in methanol was max (mu), 282, 239; Hi’, 348, 485. 
The nuclear magnetic resonance spectrum of this material 
showed it to be essentially a 50 : 50 mixture of two isomers. 
Separation of the isomers resulted by recrystallization from 
methanol: isomer A, melting point 136°-138° C, nuclear 
magnetic resonance methoxy hydrogen at 3-75 3; isomer 
B, melting point 117°-119° C, nuclear magnetie resonance 
methoxy hydrogen at 3-70 8.’ Optical crystallographic 
studies showed that I-A is orthorhombic and isomer I-B 
monoclinic. The variability in melting range of I may 
thus be attributed in part to the presence of two crystalline 
modifications, as well as to possible variability in isomeric 
composition. Both isomers possess identical hypocho- 
lesteraemic and antifertility activity. All the pharm 
cological data that follow refer to the m 
of the 50:50 isomer mixture. This 
prepared by mixing warm acetone 
anhydrous citric acid (5 per e 
crystalline I citrate that 
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suspension in 4 per zent aqueous acacia once daily for 7 
days by oral intubation led to plasma total cholesterol 
depressions of 26-52 per cent relative to the response of an 
equal number of consrol animals. 

Another controllel experiment in rats, in which I 
citrate was incorporsted in the diet at doses of 0-5 mg/kg 
to 10 mg/kg, gave 5&-67 per cent plasma total-cholesterol 
depressions at the end of a 104-day treatment period. 
Analysis of the liver sterol pattern in the 104-day treated 
animals by the mettod of Rodney et al.', with particular 
attention being paic to desmosterol (24-dehydrocholest- 
erol), showed that I is without significant effect on the 
sterol synthetic sequence in that organ. 

Administration of I citrate (60 mg/kg/day) by oral 
intubation to one mele and two female monkeys produced, 
by the end of the 30-day period of treatment, plasma 
cholesterol depressicns of 44-50 per cent relative to the 
pre-treatment control values. Oral treatment of one male 
and two female dogs with I citrate (20 mg/kg/day) for 
zhe same period produced depressions of 27—60 per cent, 
also relative to pre-treatment control-levels. Doses of 
this size in the monkey and dog exerted a slight (monkey) 
to moderate (dog) desmosterogenic effect on the liver 
sterol synthetic secuence in these species: in partial 
compensation, however, the plasma cholesterol depression 
produced by I in =he monkey was accompanied by a 
parallel depression cf all plasma sterols, so the net effect 
was not simply a shift in the desmosterol/cholesterol 
ratio. 

Species in which the antifertility activity of I has been 
demonstrated include the mouse, the rat, and the dog. 
In the prophylactic mouse test, a fertile male was intro- 
duced to mature female mice in groups of four who were 
being fed the drug continuously in a diet of ground grains 
and powdered milk. After 2 weeks, the male was withdrawn 
and the females were carried to term. The minimal 
effective dose for complete protection (ED ie) was about 
50 ug/kg/day. In the post-coital mouse test, the drug, 
suspended in 0:25 per cent methylcarboxycellulose, was 
administered in a smgle dose by gavage to females pre- 
viously caged with a fertile male for 72 h. A single dose 
of about 500 pg/kg was required to prevent pregnancy. 

In the rat, day 1 of pregnancy was established by the 
identification of sperm in the vaginal smear. On day 8, 
the females were klled and the uteri examined for im- 
plantation sites. Administration of compound I orally 
by gavage at 25 ug/xg daily was 100 per cent effective in 
inhibiting implantation. A single oral dose of 500 ug/kg 
on post-insemination day 1, 2 or 3 was equally effective. 
The #.D.,9, of I in the dog lies between 250 and 500 ug/ 
kg/day when given orally by capsule continuously for 
15 days beginning on the day of the first of three alter- 
nate-day matings. The compound caused a weak utero- 
trophic response in the rat, but when given concomi- 
tantly with oestradiol, an anti-oestrogenic effect was 
observed. 

Acute toxicity stadies of I gave an oral L.D.sọ of 832 
+ 32 mg/kg in the mouse and 1,778 + 53 mg/kg m the rat. 
lerate chronic doses in the’ diet exceeding one 
the therapeutic] 
à po Values in the rat 
e and anti-oestro- 
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Role of Catecholamines in the Amphetamine 
Excitatory Response 


WHETHER amphetamine exerts 1ts behavioural excitatory 
action in the brain directly or indirectly by interference 
or synergism with the catecholamines (noradrenaline and 
dopamine) is open to debate!?. The advent of «-methyl 
para-tyrosine® («-MPT), which inhibits the in vivo syn- 
thesis of 3,4-dihydroxyphenylalanine (DOPA)—the physio- 
logical precursor of the catecholamimes—offers a new 
way of investigating this problem. 

Spector et al.è showed that after treatment with «-MPT 
the content of noradrenaline in the brain and other organs 
gradually decreased, and after repeated doses it finally 
became impossible to detect noradrenaline. We found, 
using twelve rats, that even 3~5 h after one dose of 
a-MPT (75-200 mg/kg subcutaneously), amphetamine 
(3 mg/kg subcutaneously—referring to the d-amphetamine 
base) elicited little motor activity. The rats sat quietly 
and performed some grooming actions; with the lower 
doses, however, they also walked forwards. After re- 
peated doses of «-MPT, even 6 mg of amphetamine/kg 
given subcutaneously was antagonized (Table 1). 


Table 1. BEHAVIOURAL EFFECTS OF AMPHETAMINE AND /-DOPA IN Rams 
PRETREATED WITH REPEATED DOSES OF a-METHYL paraTYROSINE 


All rats received subcutaneously 100 mg/kg a-MPT 9, 6 and 8 h before 
treatment with amphetamine and DOPA 


No. of rats 


No. showing Level of 
Dose of stereotype motor 
(mg/kgs.c.} rats behaviour* activity 
Amphetamme 6 6 6/6 Low t 
Amphetamine 3 
+ -DOP 200 6 6/6 Hight 
DOPA 400 6 0/8 Low§ 


* Constant sniffing, licking or biting of cage netting wire. 


t Sat quietly most of the tıme. Performed some grooming and 50-70 min 
after amphetamime walked forward a little. Very little sniffing. 


t Vigorous sniffing and biting for more than 30 min, walked forwards, 
backwards and circled about, buf no grooming. 


§ Sat or lay quietly, grooming, very little sniffing. 


Amphetamine, when given alone, always produced 
marked hyperactivity and continuous, stereotype sniffing, 
licking or biting of the wire netting of the cage*-*5 (more 
than 200 rats were observed when doses of 1-5-30 mg/kg 
were given subcutaneously). With doses larger than 
3 mg/kg, forward walking was completely abolished for 
a while; the rats performed their stereotype activity 
without moving, or they only walked backwards?*. 
Grooming actions were not observed‘, 

The experimental results in Table 1 strongly suggest 
that the antagonistic effect of «-MPT on amphetamine is 
due to the inhibition of DOPA-synthesis and not to some 
other action of the drug. Doses of up to 400 mg 1-DOPA/ 
kg given subcutaneously (nine rats treated) also had little 
effect on the gross behaviour of rats which had not 
received any pretreatment. A larger dose of L-DOPA. 
(1,200 mg/kg given subcutaneously), however, produced 


hyperactivity and stereotype behaviour similar to thats 


seen after amphetamine (ten rats)’. 
As inhibition etami 
behaviour would s 
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Intraventricular Administration of Nalorphine 
to Mice implanted with Pellets of Morphine 


WHENEVER nalorphine is administered to white mice 
implanted with a pellet of morphine (base) an ‘abstinence 
syndrome’ is produced!. Its well-defined symptomatology 
and characteristics have been reported elsewhere?-4; 
the action of several drugs on the abstinence syndrome 
has also been tested'-?. However, its genesis is still not 
well understood. Because of this, ıt was thought of 
interest to determine whether nalorphine myected by the 
intraventricular route can elicit the abstinence syn- 
drome in tolerant mice. 

Male and female white mice weighing 25-30 g were 
divided into several groups of five animals each. Some 
groups were used as controls, while a morphine pellet was 
implanted ın each mouse of the other groups; the daily 
absorption ranged between 90 and 130 mg/kg (ref. 1). 
Drugs were dissolved in physiological saline and adminis- 
tered in volumes of 0-025 ml. Intraventricular injections 
were performed according to the method of Haley and 
McCormick’ as modified by Adier®. The correct location 
of the injected material was confirmed by (1) histological 
investigation after administration of indian ink; (2) by 
the appearance of the signs observed by Haley and 
McCormick immediately after a simple ventricular punc- 
ture or after the administration of saline and drugs 
(stupor, changes in the tail position. hyperexcitability 
and even slight convulsions)®. Observation of the mice 
was discontinued 15-20 min after the intraventricular 
injection. 

In control mice, intraventricular injection of nalorphine 
(25 and 50 ug/kg) produced immobuity or hypomotility 
during the first 5 min, followed by the appearance of 
exophthalmus, catatonia, and restlessness alternating 
with normal behaviour. The higher the dose, the more 
accentuated were the symptoms. Larger quantities 
(100 ug/kg) induced depression. Intraventricular injection 
of morphine (50 pg/kg) induced immobility in contro] 
mice; after 10 min some tail rigidity and restlessness 
were observed. Doses of 500 ug/kg elicited convulsions 
owed by a typical morphine syndrome. 
mice, an intraventricular injection of nalor- 
7-10 days after the implantation of 
priod was considered suitable for the 
tant degree of tolerance to and 
Ikaloid?. Doses ranging 
ed (Table 1). 3—4 min 
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ml., results were obtained comparable with those for 
similar doses in more dilute solution, but recovery began 
sooner. In any event, two points must be emphasized: 
(a) an intense abstinence syndrome was never observed; 
and (b) the weak abstinence syndrome presented by some 
groups always appeared with a delay of 10-15 min 
(Table 1). 


Table 1 


Time (in min) elapsed between the intraventricular 
injection of nalorphine and the appearance of signs 


Nalorphine, 
dose in ug/kg Dubious signs Weak abstinence Clear abstinence 
(1) (2) syndrome (3) syndrome (4) 
0 62 — — — 
1-25 — — — 
2 50 14 — — 
5 00 13 — — 
6-25 10 — — 
7-50 De pe ae 
9 30 10 — — 
10 00 — — — 
12°50 10-15 — — 
18 75 — — — 
22°50 — — — 
25 00 10 — — 
37°50 ~— — — 
50 00 15-20 — — 
75°00 8 — — 
100 00 15 — — 
150 00 10-15 — — 
200 00 — 13-15 — 
300 00 —_ 5-15 — 


(1) In this series doses were administered dissolved in 0 025 ml. of physio- 
logical saline 
(2), (3) and (4), see text. 


The results reported here are in striking contrast with 
those obtained when nalorphine was administered intra- 
peritoneally in mice implanted with morphine. In such 
cases, the manifestations of the abstinence syndrome were 
induced approximately 2 min after the administration of 
the drug; 3 min later, the symptoms increased signi- 
ficantly and m less than 10 min the abstinence syndrome 
actually reached a maximal intensity’*. In order to 
exclude the possibility that the abstinence syndrome 
might be masked or hindered by the intraventricular injec- 
tion of nalorphine, experiments were performed on various 
groups of mice: (a) 20 mm after the intraventricular injec- 
tion of nalorphine, 10 mg/kg of the drug was given intra- 
peritoneally to all the animals in the groups shown in 
Table 1. Typical and intense abstinence symptoms 
appeared swiftly after the intraperitoneal injection, or 
the existing weak signs were mntensified. (6) An intra- 
ventricular injection of saline was administered and im- 
, mediately afterwards mice received a dose of nalorphine 
(10 mg/kg) intraperitoneally. (c) Nalorphine was injected 
intraperitoneally first, and saline was then injected intra- 
ventricularly. In the last two groups, a typical and intense 
abstinence syndrome could be seen after the symptoms 
that characterize the intraventricular injection. 

Lockett and Davis!* have shown that nalorphine given 
intracisternally is much less effective in antagonizing 
morphine than when it is administered via the systemic 
route. Nevertheless, the absence of precocious and definite 
symptoms of abstinence m the experiment reported here, 
even with high doses of nalorphine, was astonishing. 
These results may be interpreted as evidence that nalor- 
phine itself is not the compound responsible for the 
production of the abstinence syndrome m mice that have 
recerved morphine chronically. The compound would 
trigger the abstinence syndrome if an ‘activation process’ 
were to occur. The ‘active compound’ may be derived 
from the injected nalorphine, from the morphine previously 
deposited in the animal or from some product that results 
from the chronic administration of morphine. This activa- 
tion process {or processes) would take place slowly or in- 
completely in the central nervous system; for this reason, 
no abstinence syndrome or a delayed and weak abstinence 
syndrome is observed when nalorphine is injected into 
the ventricles. On the other hand, the ‘activation 
process’ may be fulfilled outside the nervous tissue; thus, 
when nalorphine passes into the systemic circulation, the 
‘active molecule’ is set free and reaches the central 
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nervous system to induce the abstinence syndrome. 
These possibilities are not opposed; on the contrary, 
they may enhance zach other. 

This work was partially aided by a grant from the 
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VIROLOGY 


Heterogeneity of Rabbit Serum Interferons 


THERE js evidence that, in the rabbit, virus-induced 
interferon (VII) is induced differently from endotoxin- 
induced interferon (EII). The induction of VII is in- 
hibited by actinomycin D (ref. 1) and by puromycin’, while 
the induction of EI ıs not. Furthermore, Hallum et al.3 
demonstrated that,in the mouse, the molecular weight of 
EII is greater than. that of VII. In view of these differ- 
ences between EIT and VII, we decided to study the 
molecular sizes of rabbit serum interferons induced by 
virus and by endotcxin. 

VII was producel by injecting 5x 10° p.r.u. of Herts 
strain Newcastle Jisease virus (NDV) intravenously 
into albino rabbits weighing, on average, 3 lb. and col- 
lecting serum after 7 h (ref. 4). EII was obtained from 
serum 2 h after an intravenous injection of 20 ug of E. 
colt endotoxin prepered according to the Boivin method’. 

The molecular sizes of VII and EII were compared by 
the gel-filtration method, as already described’. In brief, 
samples with pherol red incorporated as an internal 
standard were over-ayed on a ‘Sephadex G-100’ column, 
then eluted with a phosphate buffered saline of pH 6-5. 
Fractions of constent volume were collected. The ab- 
sorbancy of each fraction was determined spectrophoto- 
metrically at 280 my wave-length. Interferon activity 
was measured by the reduction of vesicular stomatitis 
virus (VSV) plaques in rabbit embryo cell cultures. 

A typical set of results for VIL and EIT is presented 
in Figs. 1 and 2. As may be observed from Fig. 1, two 
major protein peaks were evident: one at fraction 18, the 
exclusion point of this column, the other at fraction 26-5, 
presumably globulir and albumin portions of the rabbit 
serum, respectively. Phenol red peaked at fraction 59-5. 

Some phenol red was found to bind with albumin and 
post-albumin protems which peaked at fraction 26-5 
(coincidental with she 280 my peak), thus forming a 
convenient visual insernal standard. 

The interferon acivity curve also showed two peaks, 
one being at the exclusion point, the other at fraction 29. 
Afterwards, fractions 14-22 were pooled, as were fractions 
23-37. Interferon assays of these pools showed that 
about 32 per cent ard 68 per cent of the total activity was 
associated with the heavy and light peaks, respectively. 
Repeated chromatography of VII produced by different 
individual rabbits showed that these peak positions were 
reproducible. Only the ratio of interferon activities 
distributed in the heavy and light peaks varied somewhat 
from sample to sample. 
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The results concerning EIT (Fig. 2) showed peak 
positions similar to those referring to VII, with the 
exception that the second interferon peak was at fraction 
25:0. Interferon assays of the pooled peaks indicated 
that approximately 36 per cent and 64 per cent of the 
total activity were associated with the heavy and light 
peaks, respectively. Repeated chromatography of EII 
produced by different individual rabbits also showed 
reproducible peak positions, varying only in the ratio of 
a activity distributed in the heavy and light 
peaks. 

When the lighter peaks of both VII and EII were 
separately pressure dialysed, and the concentrated 
materials afterwards mixed with normal rabbit serum, 
then re-chromatographed on the ‘Sephadex G-100’, no 
change of peak positions was observed. 

Because both heavier spécies of the interferons peaked 
at the exclusion point of the column, they were roughly 
estimated to have molecular weights of more than 100,0007. 
The lighter species of VII was estimated to have a mole- 
cular weight of 40,000, whereas that of ETI was 56,000°. 

The dual peak phenomenon observed here suggests 
that in the case of rabbit VII and EII, there are at least 
two molecular species of interferons. 

This molecular heterogeneity of rabbit VII and EII 
is strikingly different from results obtained in mice*. It is 
probably unlikely that the heavier species represents a 
simple reversible binding of the lighter species to the 
heavier proteins of the serum as no such binding was found 
when the lighter species was incubated with normal rabbit 
serum. One possible explanation of these results is that 
the incubation of either virus or endotoxin triggers off 
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more than one interferon-inducing mechanism each 
responsible for the production of a different molecular 
species; however, the predominant mechanism may 
vary. 
This work was supported by the National Institutes 
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A Simplified Course of Immunization for 
the Antirabies One-day-egg Vaccine 


ANTIRABIES vaccine produced from animal brains has 
been known to contain an encephalitogenic factor. 
Attempts have been made, therefore, to remove this 
factor from brain tissue vaccines by physicochemical 
means*, or to prepare vaccines from the brains of new- 
born animals‘—’, tissue cultures*-* or embryonated eggs}, 
Among these attempts, the use of chick embryos has 
incurred the difficulty of obtaining only a low virus yield 
in the embryo. However, it was discovered in our labora- 
tory that the viral yield in the chick embryo markedly 
varied, depending on the strain of virus?*, its grade of 
adaptation to eggs!* and the age of eggs inoculated}. 
Eventually we were able to adapt the rabbit-fixed Nishiga- 
hara strain of rabies virus to the l-day-old chick embryo 
to such an extent that the resulting strain (named ‘NOPM’) 
was able to yield a high concentration of virus in the 
embryo when inoculated into 1-day-old eggs'#. A þeta- 
propiolactone-inactivated vaccine prepared from this 
stimulated a good antibody response among volunteers 
who received it intradermally in 3-4 doses of 0-1 ml. 
spaced at 3-7 day intervals". 

The next question to be solved was whether this course 
of injection could be simplified without lowering the efficacy 
of this vaccine so as to make feasible a mass prophylaxy 
against rabies in a population facing the possible risk of 
being bitten by rabid animals. Thus, in an attempt to 
determine the simplest schedule for this vaccine to confer 
a satisfactory immunity, we undertook to vaccinate two 
groups of persons in different schedules. The volunteers 
were students of the Yokohama City University School of 
Medicine who had never previously received antirabies 
immunization. The vaccine was prepared by the standard 
method described earlier; its potency as expressed by 
the Habel indexi? was 4,900, and its nitrogen content 
was 520 y/ml. One group of volunteers received only one 
intradermal dose of 0-1 ral., while the other group received 
the same injection twice with a one-week interval. Bleed- 
ing was effected just before and 1, 2, 4and 6 weeks after 
the first immunization, and the test for neutralizing 
antibody was performed using mice in the manner recom- 
mended by the World Health Organization". 

As indicated in Table 1, the one-dose group showed weak 
antibody responses, and only four of sixteen subjects 
developed appreciable levels of antibody, which averaged 
about 1:10. In contrast, in the two-dose group, ten of 
sixteen volunteers developed antibody higher than 1 : 10, 
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Table 1. EFFECTS OF ONE-DOSE AND TWO-DOSE IMMUNIZATIONS WITH THE 
NOPM ONE-DAY EGG VACCINE 
Virus used in ; 
the serum Neutralizing antibody titre 


Sex neutraliza- at week 
tion test 0 1 2 4 6 


Group ‘Volunteers* 


One-dose LD, 
E.N. (24 and M 25 <2t <2 8 a <2 
0.S. (24) 
K.F. (22), M 25 <2 <2 <2 <2? <2 
H.T, (24), 
H.A. (23), 
K H. a 
T.H (24), M 25 <2 <2 <2 «<2 2 
Y.M. (23) 
Z.U. (24) M 25 <2 4 2 2 2 
K.O. (22), M 25 <2 <2 9 «<2 <2 
K.M (21), 
A.W. (28) 
S.K. (28) M 25 <2 < 48 10 88 
T.S. (23) M 25 <2 <2 2 2 <2 
S.I. (21) M 120 <2 48 il 17 12 
Two-dose 
S R, (22) M 20 <2 <2 128 64 24 
H.S (28) M 20 <2 <2 91 I1 18 
M.U. (24) M 20 <2 <2 2 2 2 
N.H. (23) M 20 <2 <2 <2 <2 <2 
JO (26) M 50 <2 <2 18 3 7 
K.M. (22) M 50 <2 <2 <2 8 4 
K.I. (24) M 50 <2 <2 32 32 14 
I.S. (23) M 50 <2 <2 43 18 8 
T.M. (23) M 90 <2 <2 52 2 2 
H.Y. (23) M 90 <2 <2 8 25 5 
N K., (23) M 90 <2 <2 47 16 11 
S.N. (23) M 120 <2 13 3 2 
Y.S. (243 M 600 <2 24 12 5 
T.S. (28) M 500 <2 36 11 13 
T.S. (23) MM 500 <2 <2 8 4 8 
S.S. (24) M 500 <2 <2 12 56 12 


* Age in vears in parentheses, l 
t Reciprocal of end point dilution in the final virns—serum rmuxture. 


and there was only one person who showed no antibody 
rise at all. Systemic reactions among these volunteers 
were not appreciable except in some of the two-dose 
group volunteers who complained of swelling and pam of 
the axillar lymph node following the second injection; 
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however, this conCcition disappeared within a couple of 
days, and in none cf them was a rise in body temperature 
observed to more than 37° C. As to local reactions, 
erythema averaginz 1-1 cm in diameter was seen at the 
injection site after she first immunization, and in the two- 
dose group the sezond injection caused erythema and 
induration measurmg on the -average 37 and 2-0 cm, 
respectively, on the next day, but all these reactions dis- 
appeared within a week. 

Another experim2nt was then undertaken to determine 
the effect of one-dese injection as a booster for eighteen 
persons, who had volunteered in the previous experiment 
carried out 21 months before in which the vaccine was 
given in three to Zour doses. As controls, twenty-five 
new volunteers, wno had not experienced any previous 
antirabies vaccination, were given one intradermal in- 
jection of the sams vaccine simultaneously in an equal 
amount of 0-1 ml The vaccine used showed a Habel 
index of 4,100, and contained 470 y/ml. of nitrogen. As 
can be seen from Table 2, it was again found that the 
one-dose injection was msufficient to stimulate an anti- 
body rise in the zroup of primary mmmunization, but 
the same dose of vaccine was enough to elevate the anti- 
body levels in the booster group. In the latter group, 
fairly high levels of antibody were reached within one 
week, and in most of the subjects the maximum levels 
were about equal to those reached previously in their 
primary vaccinaticn. The systemic and local reactions 
were similar to these in the primary vaccination group. 
Such a response is 2omparable with that usually obtained 
with the classical Srain-type vaccine, and therefore the 
NOPM one-day egz vaccine can be used for mass prophy!l- 
axy of a populatior against rabies. The most satisfactory 
results will be obtained by the two-dose immunization as 
the primary cour and giving one booster dose after 
every 2 years. 


Table 2. BOOSTER EFFECT OF THE NOP ONE-DAY EGG VACCINE ADMINSSTERED IN ONE DOSE 


Maximal antibody level 
Group Volunteers* Sex reached previously in 
the primary vaccination 
Booster HLS. (25) M 19t 
T.T. (27) M 70 
Y.S. (25) M > 512 
S.S. (24) M 178 
N.N. (24) M 64 
M.A. (25) M 220 
N.K. (25) M 64 
H G. (24) M 64 
M.S. (26) M 32 
H.S. (25) M 54 
N A. (25) M 190 
M.U. (25) F 512 
G.K. (26) M 106 
Y.U. (26) M 52 
Y.I. (24) M 300 
T.Y¥. (24) M 60 
K.F. (25) M 18 
H.A, (24) M 150 
(Control) primary K.K. (23), ¥.8. (23), M 

Y M. (28), K.E. (24) 
Y.T. (23) M 
F.K. (22) M 
E.Q. (34) M 
K.E. (22) M 
H.K. (22) M 
M.K. (28) M 
R T. (24) M 
K.U. (24) M 
S.Y. (23) M 
Y.N. (25) M 
H S. (22), HH. (24), M 

MT. (25), K.H. (24), 

Y.M. (28) 
MLY. (25) M 
S N. (24) M 
E.T. (24), N.G. (24), M 

YF. (25) 
K.T. (23) M 


* Age In years in parentheses, 
+ Reciprocal of end pomt dilution in the final virus—serum mixture. 
t Not tested. 


Virus used in the 
serum neutral- 


Neutralizing antibody titre at week 
ization test 1 2 4 


L.D. 
38 s-lf 420 210 m È — 
38 iS 80 100 ome — 
38 <£ 04 128 — — 
38 <£ 45 26 ~~ = 
38 <$ 23 78 oe = 
38 z3 280 260 < — 
38 t5 180 85 samene — 
38 <5 58 40 = — 
38 = 11 21 = — 
38 t5 26 128 none — 
38 = 38 32 = — 
38 Zr 150 230 mae — 
87 = 72 87 mamen — 
87 <£ 53 27 — — 
7 = 9 53 85 menan — 
87 = 150 78 — — 
87 n 12 8 “ne — 
87 <5 64 180 = — 
1860- ma <2 <2 <2 <2 
160 <z <2“, 2 <2 <2 
160 << <2 52 <2 <2 
12 <£ 28 11 ded 35 
12 <2 <2 26 3°3 <2 
12 <5 <2 10 4 2 
12 <“ <2 26 10 17 
12 <3 <2 <2 <2 <2 
12 <3 <2 <2 <2 3 
12 <3 <2 <2 <2 2°8 
12 <2 <2 <2 <2 2 
38 <2 <2 <2 <2 <2 
38 < <2 28 31 <2 
210 <= <2 20 11 8 
/210 < <2 <2 <2 <2 
210 <3 2-5 2 27 <2 
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A Specific Midventral Gland in Gerbils 


MAMMALIAN skin is rich in specific glands which perform 
various functions. Dambach! found a specific midventral 
gland in Meriones unguiculatus and gave a histological 
description of it. Other references exist in which attention 
is directed to the presence of such a gland in Rhombomys 
opimus*; however, its structure was not studied. The 
presence of simular glands m other gerbil species also 
remained uncertain, and thus we endeavoured to bridge 
this gap. Unfortunately, these glands cannot be dis- 
tinguished in dry (museum) preparations, so that either 
living or alcoho! and formalin-fixed animals were required. 
(Part of the material was placed at our disposal by the 
Zoological Museums of the Zoological Institute of the 
U.S.S.R. Academy of Sciences and of the University of 
Moscow, and by Mr. V. 8. Lobachev (University of Mos- 
cow), whom we thank.) 

As can be seen from Tables 1 and 2, the midventral 
gland was found in almost all the males inspected and 
also in many females; furthermore, the gland occurs in 
both adult and young animals (a well-developed gland 
was found in a 23-day-old male). 

The gland is situated on the mid-line of the body, 
almost in the middle of the abdomen. In appearance it is 
a small thickening of the skin—two to three times greater 
than neighbouring areas (Table 3), and many~ducts 
empty into this region (in Rhombomys opimus there are 
from forty to sixty-seven). The glandular field is irregu- 
larly oval, and elongated along the mid-line of the abdo- 
men. The dimensions of the gland are presented in Table 
2 {measurements were made from the internal surface of 
the skin). 

As can be seen from Table 2, the glands in males are 
larger than those in females. It is of interest here that in 


Table 1. GERBIL SPECIES INVESTIGATED AND NUMBER OF ANIMALS WITH 


THE MIDVENTRAL GLAND 
No of animals No. of animals with the 
Species mspected midventral gland 
Males Females Males emales 

Meriones tristrami 4 6 4 <2 
M. persius 3 2 1 yd 
M. meridianus 11 14 11 T 
M. erythrourus 4 n 4 2 1 
M. tamariscinus 2 2 2 2 
M. unguiculatus L 1 1 1 
Rhombomys opimug 20 9 20 6 
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Table 2. DIMENSIONS OF THE MIDVENTRAL GLAND (IN ALM) 


No, of 
Species Sex gerbils Dimensions of the gland 
inspected Length Width 
Aferzones eryth: ourus g $ 21-83 3 "ie 29 6-7, A 7 
M. tamariscinus 8 2 24-35 8-7 
Q 2 14-17 3-4 
M. tristrami 3 1 25 g 
2 1 21 6 
M persicus 3 1 19 6 
Q i 13 3 
M. merdianus 8 7 11-14; M13 3-7; M5 
Q 8 ; M7 23, M27 
Rhombomys oprmus g 7 17-27; M 22 6-10, M7 
$ 6 14-18; M15 8-6, M4 


Rhombomys opimus—the species of larger animals com- 
pared with other species—it turned out that the glands 
were even smaller than those in other gerbil species. 

The midventral gland can easily be distinguished from 
the outside as the hair in the region is much shorter and, 
together with the surrounding hair, a dirty-white colour. 
When pressed, a dense white secretion with an odour of 
burnt horn exudes from the ducts. 

A. histological investigation of the midventral gland 
was undertaken. The gland was embedded in celloidin 
and cut along its longitudinal axis. Sections were stained 
with haematoxylin-eosin. Histologically, the structure 
of the gland was the same in all species of gerbils studied : 
the gland is formed by a complex of closely adjoining 
complicated alveolar glands with a holocrine type of 
secretion, The glands are considerably larger (in Khom- 
bomys opimus: 0-38 x 1:10; 0-27 x 1:21; 0-88 x 3-41; 
0-71 x 1:87 mm) than normal sebaceous glands in the 
hair sacs (in Rhombomys opimus the size of sebaceous 
glands is: 17 x 28, 46 x 52u). (It is probable that the 
glands of the midventral glandular field developed from 
normal sebaceous glands.) The lobes of an individual 
gland (the size of these lobes differing widely) empty 
into a common duct which is widened at its base and 
which serves as some sort of reservoir for the secretion. 
In its upper regions, the duct narrows and empties into a 
small orifice at the surface of the skin. Each duct is 
situated laterally from the hair sac, but the size of the 
large duct and that of the tiny hair are so disproportionate 
that it is impossible to say whether or not the ducts 
empty into the hair sacs. It would be better to consider 
that the hair sac is an appendage of the duct. 

The epidermis and its corneous layer in the region of 
the glandular field attain a somewhat greater thickness 
than in adjoining areas (Table 3). 

The reticulate layer of the dermis in the region of the 
glandular field has in general a structure similar to normal 
skin, although it tends to be somewhat thinner (Table 3). 
The papillary layer formed by almost continuous aggre- 
gation of sebaceous glands is much thicker in the region 
of the glandular field than in normal skin. 

The presence of the midventral gland enables us to 
suggest a new systematic character for the representatives 
of the sub-family Gerbillinae. However, a midventral 
gland resembling that of gerbils in its structure is also 
found in other animals systematically very remote from 
the gerbils (Blarina, Neotoma, Cricetus, Peromyscus, 
Cricetulus, Masocricetus, Phodopus, Sigmodon, Martes 
zibellina, Rattus exulans*-*), This finding indicates a con- 
vergence in the evolution of these glandular formations in 
various mammalian species. This character should 
therefore be applied with care in any elucidation of the 
relationship between such mammals—as was pointed out 
by Quay and Tomich. 


Table 3. MEASUREMENTS OF THE SKIN AND OF THE GLANDULAR FIELD IN 
Rhombomys opwmus (MEAN DATA) 


Thickness (4) 
No of ‘Reticulate 
Sample Sex anunals Skin Epidermis layer of 
studied e dermis 
Midventral gland 3 7 997 29 36 
Q 648 21 4l 
Adjacent skin 3 5 343 21 150 
Q 2 214 20 74 
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The biological function of the midventral gland seems 
to be to demarcate territory. In the wild, Rhombomys 
opimus can often be seen to rub its abdomen against the 
soil. The presence of the gland in both sexes and in very 
young animals, as well as the fact that the gland functions 
throughout the year (observations were carried out on 
Rhombomys opimus maintained in the laboratory), indicates 
that it plays no part in the sexual function of gerbils. 

W. SokoLov 


Department of Vertebrate Zoology, L. SKURAT 


University of Moscow. 
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Water Content in the Tissues of Desert 
Animals 


WHEN studying Gerbillus piramidum and Jaculus jaculus, 
Khalil and Abdel-Messeih? claimed that the tissues of 
desert mammals contained less water than did those of 
non-desert ones. Several other workers (for example, the 
Schmidt-Nielsens?) found that desert animals lost less 
water through their skins. The data obtained by Khalil 
and Abdel-Messeih? suggest that the low water content 
in the tissues of desert animals (including the skin) con- 
tributes to the decreased loss in water and thus represents 
an important adaptation of animals to the environmental 
conditions of the desert. 

I endeavoured to study the water content of the tissues 
of wild Rhombomys opimus, Meriones meridianus, Spermo- 
philopsis leptodactylus and Lepus tolai in the Kara-Kumy 
desert. Samples were taken from freshly killed adults in 
winter (January) and in summer (June), excluding 
Rhombomys opimus. Samples of the skin (thoracie back 
without its hair), of the bone (femur) and of muscles 
(thigh muscles) were taken. Dehydration was performed 
in vials in a thermostat at 103° C and the water content 
of the tissues was calculated for the initial weight. The 
results of these analyses are given in Table 1. 

The data obtained reveal a regularity noticed by all 
previous workers: the bones contained the least amount 
of water while the muscles contained the greatest. I was 
unable to confirm the data of Khalil and Abdel-Messeih* 
concerning the lower water content in the tissues of 
desert animals. A comparison of desert animals with 
non-desert ones shows that the water content of their skin 
and muscle is almost the same (see Table 1); however, 
the water content of bones of desert animals is somewhat 
less. 


Table 1, WATER CONTENT IN THE TISSUES OF SOME MAMMALS 
(The mean date in per cent) 
No. 
Species Season ofspeci- Percentage of water content in 
mens Skin Bones Muscles 
Rhombomys opimus Summer 5 65-2 28°6 79-1 
Rhombomys opimus Winter 10 56 9 38 7 767 
Meriones meridvanus Winter 3 61-3 288 74-1 
Spermophuopsrs Summer 8 65 7 29 1 808 
leptodactylus | 
Sphermophlopsis Winter 7 616 16:9 7568 
leptodactylus 

Lepus tolar Summer 4 65 6 om 75:8 
Lepus tolai Winter 2 66 2 — 75-9 
Gerbillus piramidum* — 10 89 3 27-1 74:9 
Jaculus jaculus* _ 6 48 7 288 74-8 
Cow, sheep, pig* —— emea oe — 78-79 
Dog* — _ 55-77 3 68 68-87 3 
Albino rat* — — 68 1-647 — 744—768 5 
Rabbit* — — 75 — 80 
Monkey* — — 70 61 79 
Man* — — 58 9-72 50-65 75-78 


* Data are taken from refs. 1 and 3-18, 
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No significant seasonal differences were revealed when 
winter and summer animals of the same species were 
It is of interest here that a 
somewhat higher water content was found in both the 
muscles and skin of Rhombomys opimus and Spermo- 
phylopsis leptodactylus in summer. 

These findings suggest that small water losses through 
the skin in desert arimals taken for investigation cannot be 
explained by a difference in their water content from that 
of non-desert animals. Histological investigations'* show 
that no morphological adaptations are present in the skin 
of desert animals fr decreasing their water losses. On 
the basis of these deta, it can be concluded that decreased 
water loss through the skin in desert animals is related 
to peculiarities in their endocrine and biochemical systems. 


W. Soxotov 
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Phenomenon of Swarming in Nematodes 


Tue phenomenon of swarming has been observed by one 
of us? in thirteen species of plant-parasitic and free-living 
nematodes embracing all sub-classes of the class Nematoda. 
Additional reports o? swarming of plant parasitic species 
have come from Germany?, Kenya?4, and Florida‘, 
Staniland’s original use of the term “swarming’’® for 
massing of a Khabdiics sp. in response to light has priority. 
However, in view of the unique character and general 
nature of the pheromenon investigated at Louisiana 
State University Lakoratories’—', it is proposed to retain 
for it the term “swarming” and to refer to Staniland’s 
“swarming” as Staniand’s phenomenon. 

Work on swarming is being continued in our laboratory, 
and this communicetion presents evidence for the in- 
duction and specificity of swarming in the genus T’ylen- 
chorhynchus (Tylenchida). 

Dependence of swarming induction in Tylenchorhynchus 
martini Fielding 1956 on rapid and abundant host plant 
development?*® was cenfirmed by results of nutrient-sand 
culture experiments with rice. Swarming, after 60-75 
days, occurred only where host plants were supplied with 
inorganic nutrient solutions containing all essential 
elements. Under thəse conditions, the use of organic 
supplements—asparagine, glutamine and amino-acids 
from acid-hydrolysec casein—had no effect on the in- 
duction of swarminz, although development of rice 
plants was stimulated. Inasmuch as induction of the 
anabiotic state in rematodes occurs in unfavourable 
environments!!, thes» results reaffirm the distinctions 
between swarming amd anabiosis. The basic outwardly 
visible distinction besween the two phenomena is that 
swarmers must pull apart at a point of contact in directions 
perpendicular to the plane of contact; anabionts can 
separate by gliding motions parallel to the plane of 
contact. 

Further evidence on specificity of swarming reactions 
comes from the demonstration that T. martini and 
T. claytoni Steiner 1633 swarm together. These results, 
combined. with the facs that T. martini and an undescribed 
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species of Z'ylenchorhynchus from sugar-cane at Grand 
Isle, Louisiana, swarmed separately in mixtures*®, indicate 
that both species and sub-generic (group or section) 
specificity of the swarming reaction exist in the genus 
Tylenchorhynchus. Morphologically, T. martini and 
T. claytoni are close relatives, whereas the Grand Isle 
Tylenchorhynchus is distinct from these species. The 
combined evidence suggests that swarming specificity 
lies at the sub-generic group level of morphological 
distinctions. 

JERE M. MoBRIDE 

JOHN P. Horus 
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Picrolonic Acid as a Hatching Agent for the 
Potato Cyst Nematode, Heterodera rosto- 
chiensis Woll. 


Calam, Todd and Waring! reported that almost as many 
eggs of the potato cyst-nematode, Heterodera rostochiensis, 
were stimulated to hatch by a 3 mM aqueous solution of 
anhydrotetronic acid as by potato root diffusate; other 
tetronic acid derivatives they synthesized did not stimu- 
late hatching. Marrian, Russell and Todd? synthesized 
various compounds based on an _ a-arylidene-Aé-y- 
butenolide skeleton and reported that two of these, 
«-(p-hydroxybenzylidene)-y-methyl- Af-y-butenolide and 
a -(3-methoxy-4-hydroxybenzylidene) -y-methyl- A-Y- bu- 
tenolide, ‘‘showed definite activity” at a concentration of 
0-1-0-5 mM, whereas the rest were inactive or only slightly 
active. That anhydrotetronic acid is a good synthetic 
hatching agent has been confirmed‘, and in our tests, at 
3 mM concentration, its hatch rating? was 90 (potato 
root diffusate = 100, water = 0), whereas 0-1--0:05 mM 
o~(p-hydroxybenzylidene)-y-methyl- Af:y-butenolide was 
only slightly active (hatch rating 7). 

Fenwick? and Doliwa?! reported, respectively, that 
picric acid and potassium permanganate hatched eggs of 
H. rostochiensis. We tested these but found that picric 
acid was inactive (hatch rating 4) and potassium per- 
manganate hatched only few eggs (hatch rating 9), whereas 
both hatched eggs of the beet cyst nematode, H. schachti, 
well (hatch ratings > 200 and 86, respectively)’. 

We tested the ability of more than four hundred 
compounds to hatch eggs of H. rostochiensis, using 
techniques already described**»®, and, except for an- 
hydrotetronic acid, found only one compound, picrolonic 
acid! (4-nitro-3-methyl-1-p-nitrophenylpyrazolone), which, 
at concentrations of 0-4-4 mM, hatches eggs as effectively 
as potato root diffusate (hatch rating 102). By comparison, 
zinc salts, which hatch eggs of several Heterodera spp.’, 
have a hatch rating of 50 for H. rostochiensis. Other 


Table 1, 
Dictynidas Agelenidae 
Ciniflo Agelena Meta 
simis labyrinthica segmentala 
Blackwall Clerck Clerck 
Substrates 
§-Bromoindoxyl acetate + + + 
a-Naphbthyl acetate 
-+ fast blue non det + + 
+fast garnet non det non det + 
Acetylthuocholine iodide + + + 
Butyrylthiocholine iodide ? ? + 


NATURE 


Jury 30, 1966 


VOL. 211 


tetronic acid derivatives, pyrazolones and closely related 
compounds were inactive. - 

Picrolonic acid, like anhydrotetronic acid, is formed of 
two linked rings and has an acidic, enolic group as part 
of a potentially tautomeric system of two polarizable 
atoms separated by an extended chain. 

Picrolonic acid also hatched many eggs of the soybean 
cyst-nematode, H. glycines, and some of the tobacco 
cyst-nematode, H. tabacum, but none of the cabbage 
cyst-nematode, H. cruciferae. We also confirmed that 
anhydrotetronic acid does not hatch H. cruciferae®. 

Unlike anhydrotetronic acid, picrolonic acid is a com- 
mercial product, so it is the first easily obtainable, efficient, 
synthetic hatching agent for H. rostochiensis. By contrast, 
more than fifty such compounds are known to hatch eggs 
of H. schachti. 

A. J. CLARKE 
AUDREY M. SHEPHERD 
Rothamsted Experimental Stazion, 
Harpenden, Hertfordshire. 
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Esterase Activity in the Arachnida 


Desrire the immense amount of work which has been 
carried out on the physiology of the insects, there is little 
comparative information available for the Arachnida. 
The present note is a report on current studies of the 
comparative biochemistry of these animals. 

Using polyacrylamide gel electrophoresis the esterase 
activity of eight species belonging to seven genera of 
Arachnida has been investigated. Following homo- 
genization, supernatants containing 300y protein/0:05 ml. 
were run for 24 min at a constant current of 5 m.amp 
per tube. The tubes were made of soda-glass and were 
65 mm long with an internal diameter of 5 mm; the gels 
were prepared according to the method of Ornstein and 
Davis'. After electrophoresis, the gel columns were 
removed and incubated in the appropriate substrate 
media. 

The reaction mixtures used were those developed by 
Holt and Withers’, Laufer’, and Gomori‘. The distribution 
of protein bands was indicated by staining for 1 h in 
l per cent amido-black in acetic acid, followed by the 
standard de-staining procedure. The association between 
total esterase activity and the protein bands was demon- 
strated by incubation in 5-bromo indoxyl. acetate for 
2-4 h at 21°C; and also a-naphthy! acetate together 
with either fast blue RR, or fast garnet GBC, for 2 h at 
21° C. Incubation in solutions of acetylthiocholine iodide 
and butyrylthiocholine iodide demonstrated the presence 
of enzymes capable of hydrolysing these substrates, that 
is to say, specific and non-specific cholinesterases. Work 
is in progress in which selective inhibitors are being used 
to distinguish between these enzyme types. Table 1 
summarizes the results obtained for the eight species 


OCCURRENOE OF ESTERASE AOTIVITY IN MIGHT SPEOIES OF ARACHNIDA 


Argiopidae A Linyphudae Phalangida 
Meta Araneus Zygiella Linyphia Mitopus 
meriande diadematus a-notata irangularis morw 

Scop Clerck Clerck Clerck Fab 

+ + -+ + + 

+ + + + + 

+ + + + + 

+ + + + + 

+ ? + + ? 
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gee Mechanism of the Pasteur Effect 
_ Tue increase in rate of carbohydrate breakdown in peas 
in anoxia was earlier associated with decreases in adeno- 
sine triphosphate (ATP), oxidized diphosphopyridine 
nucleotide, 3-phosphoglyceric acid (3-PGA) and phospho- 
nolpyruvate (PEP) and with increases in adenosine 
hosphate (ADP) and fructose-1,6-diphosphate (FDP)! 
‘he decreases in 3-PGA and PEP were attributed to an 
acceleration of the metabolism of these compounds 
initially in anoxia; in consequence a faster rate of pro- 
uction of “glycolytic? ATP was inferred. We suggested 
that the sugar phosphorylating and glycolytic enzymes 
vere located in an organized structure, which was effec- 
ively more permeable to ADP thanto ATP. With such a 
structure the faster production of “glycolytic” ATP, 
mentioned above, should result in faster phosphorylations 
f both glucose and F6P than under aerobic conditions 
d so glycolysis would be hastened. Moreover, evidence 
uite different in nature from that just outlined, that is a 
discrimination, in the use of ATP in air and in anoxia, 
could also be explained in terms of a glycolytic structure. 
The occurrence of various important cellular processes 
specialized structures, such as the nucleus, the chloro- 
plast, the mitochondrion and the ribosome, provides a 
general argument for the existence of a glycolytic struc- 
ture. The reason why a glycolytic organelle has not as 
öt been identified unequivocally could be that the struc- 
ture is both smaller, and more easily disorganized by 
grinding, than, for example, the mitochondrion. In fact 
the glycolytic enzymes have hitherto been generally 
accepted as being “soluble” and located in the cytoplasm. 
deed in 1964 there was little evidence of the occurrence 
fa glycolytic organelle, but now data are accumulating 
hich indicate that a glycolytic structure may exist. 
Thus in “dried” yeast the glycolytic enzymes were not 
soluble” but seemed to be located in an organized struc- 
re% The enzyme carboxylase and about 25 per cent 
of the protein content was extracted by adding water, but 
the glycolytic enzymes were only extracted if the “dried” 
yeast was first homogenized by grinding. Moreover, the 
glycolytic activity of the “dried” yeast amounted to 
about 50 per cent of that of fresh yeast. 
In other work yeast cells were ground in a mixer with 
_ glass beads and the glycolytic activity was found in frac- 
_ tions sedimenting at between 1,000g and 10,000g; no 
___ glycolytic activity was found in the supernatant solution’. 
_ But an active particulate fraction was obtained only from 
one strain of yeast cultured in a special manner. 
tred blood cells and yeast the complete glycolytic 
system (including the sugar phosphorylating enzymes) 
was thought to exist in, or on, an organized structure, 
hich was believed to be associated with the “membrane” 
hese cells‘*. With the procedures used the glycolytic 
zymes were found both in the particulate and soluble 
actions. Nevertheless, the view was favoured that the 
olytic enzymes existed in vivo in or on an organelle 
"were, in part, released during the prepa- 
ulate fraction’. The “membrane” 
ed with an electron microscope’. 
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Recently a fraction wes obtained from yeast, sedimenting 
at 9,000g, which retamed more than 50 per cent of the 
original glycolytic acsivity of the preparation of frag- 
mented cells?5, ae 
Thus our theory that the mechanism of the Pasteur 
effect was associated with a glycolytic structure is now _ 
supported by this evidence for red blood cells and yeast. 
Moreover, in yeast®, rhododendron leaves!®2, ‘apples 
and potatoes¥ and pea segments'*:4, PEP decreased in = 
anoxia, so that with these tissues, too, the mechanism of = =- 
the Pasteur effect might be that described above. With 
brain in anoxia, however, when glycolysis increased from 
4- to 7-fold, PEP dic not decrease but rose by $ oa ae 
fold, that is, proportionately less than for glycolysis! 
Buekwheat seedlings, which do not appear to develop a 0 
Pasteur effect in anoxia!*1’, nevertheless showed ‘the 
changes in phosphate compounds', already mentioned as. 
characteristic of various plant tissues in anaerobiosis. This 
anomaly could be expiained if buckwheat seedlings do no 
contain a glycolytic structure. aa 
With animal tissues. the Pasteur effect has been attri 
ted to the activation ef hexokinase (HK) and of phospho 
fructokinase (PFK) in anoxia!.19-*4 (in ref. 20 the tissue. 
was treated with serotonin, which hastens glycolysis). 
Thus extracts of HK are inhibited by G6P (ref. 25). 
while PFK is inhibited by ATP and citrate?*, but seti- 
vated by inorganic phosphorus, adenosine monophos 
phate, ADP, FDP and other compounds?s-21.28,27,28, 
The Pasteur effect is thus attributed to the influence 
on HK and PFK of these various activators and. 
inhibitors. ss 
In the activation : ixhibition theory, just mentioned, th 
observation that G6P decreases and FDP increases i 
anoxia is accepted as evidence that HK and PFK ar 
activated in anoxia’.®-21, But other explanations ean be 
given for the inverse changes in G6P and FDP in bot 
plant and animal tissues in anoxia. Thus the high conten 
of G6P in aerobiosis has been visualized as related to th 
high content of ATP in or near to the mitochondria?®-31, 
With the decrease of “mitochondrial” ATP in anoxia a 
large decrease in G6F would be expected. The increase’ 
of FDP in anoxia has been attributed to a higher content. 
of reduced diphosphopyridine nucleotide, this Increase | 
holding back the txiosephosphate dehydrogenase and- 
aldolase reactions®??. Thus the addition of acetaldehyde’ 
to yeast, before anoxia, decreased the rise of FDP in. 
anaerobiosis®:**, Moreover, in potatoes, FDP did not. 
increase for 2 days of anoxia, while in apples this com 
pound remained unchanged for 2 days of anoxia with on 
variety, but increased in a second variety; yet in both 
potatoes and apples the Pasteur effect developed during. 
the first day of anoxia}, ae 
The time-relations ef the observed changes in phosphate 
compounds are particularly important in relation to the 
mechanism of the Pasteur effect. Thus in peas the Pasteur 
effect was fully developed after 15 min or less of anoxia? - 
and the contents of ADP, 3-PGA and PEP had decreased ooe 
to new steady values in this periodi; in contrast G6P o o5. 
did not change initially in anoxia in one experiment and __ 









































may even have increased in another experiment. In 
rhododendron leaves™:"! G6P increased for some 2 h ine? 


anoxia to about double the aerobic value so that in both | 
peas and rhododendren leaves the acceleration of the HK 
reaction in anoxia may not be due to a decrease in G6P 
removing the inhibitien of this enzyme by G6P, as postu. 
lated for animal tissues. Se 
Other evidence against the validity of the activation: 
inhibition theory is given separately, i 
Thus for plant tissues the available evidence appears to 
indicate in general that the Pasteur effect cannot ‘be 
explained by the activation : inhibition theory. However, 
because the evidence 2onsists mainly of determinations of 
the total cellular contents of certain phosphate compounds, _ 
we must emphasize that both the contents and changes of 
the relevant substances at the enzymatic surfaces may -o =i 
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. differ greatly from the total cellular amounts**:**; con- 


clusions, based on such determinations, either for or 
against the validity of the activation : inhibition theory, 
must therefore be viewed with caution. 

A puzzling festure of the Pasteur effect is that the rate 
of phosphorylation of sugar must be faster in anoxia than 
in air, although the cellular content of adenosine triphos- 
phate is generally lower under ansaerobiosist:®!, But this 
anomaly can be explained by the glycolytic structure 
theory, as an essential postulate is that the content of 
ATP is higher in the structure in anoxia than in air'*?. 
In contrast, according to the activation : inhibition theory, 
ATP would be lower in anoxia than in air, so that sugar 
phosphorylation would be retarded. This anomaly is 
generally not mentioned in descriptions of the activation : 
inhibition theory. 

In bananas the climacteric increase in rate of respira- 
tion is associated with increases in the contents of G6P, 
FDP, pyruvate, «-ketoglutarate and oxaloacetate but 
with a decrease in the content of PEP**:*?. Thus here, as 
in anoxia, the increase in respiration rate may be related 
to a faster rate of metabolism of PEP giving a faster rate 
of formation of “glytolytic’’ ATP. 

We thank Dr. T. ap Rees, Dr. D. H. Northcote and 


Prof. S. L. Ranson for advice. J. BARKER 
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Antifungal Compounds in Apple Fruit 
infected with Sclerotinia fructigena 


RECENTLY, Swinburne! reported the infection of apple 
fruits (var. ‘Bramley’s Seedling’) by Nectria galligena and 
suggested that the production of an antifungal material 
after infection could account for an observed inhibition 
of the pathogen. During our investigations with fruits of 
a number of apple varieties we found, in agreement with 
Byrde?®, that the variety ‘Edward VII’ possesses resistance 
to infection by the brown rot organism, Sclerotinia 
fructigena. We have established that, when such fruits 
become infected with brown rot, antifungal compounds 
are produced which can be readily detected by biological 
and chemical tests. 

When disks of S. fructigena-infected tissue from the 
1963 crop were placed on potato dextrose agar, seeded 
with the conidia of Alternaria brassicicola, zones of 
inhibited fungal growth were found after incubation, 
Disks from healthy fruits gave no similar zones of in- 
hibition (Fig. 1). 








DS HS 
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Fig. 1. Inhibiting effect against Alternaria brassicicola of diseased apple 
tissue (DT) and the syrup obtained from it (DS) compared with healthy 
tissue (HT) and its syrup (77S) 


These observations were confirmed in experiments with 
apples harvested in 1964. “Edward VII’ apples (5 kg), 
visibly free from disease, obtained from trees which 
had not received fungicidal sprays, were wounded by 
sticking pins 2 mm long, at random, into their skins. 
They were then immersed momentarily in a suspension 
of conidia of S. fructigena. The inoculated fruits were 
kept in a humid atmosphere for eight days, by which time 
brown rot was well advanced and new conidial pustules 
were developing. After seeds and core tissue had been 
removed the fruits were macerated and the macerate 
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Fig. 2. Antifungal activity of successive ether extractions from 100 ml. 


of syrup from healthy (H) and diseased (D) apple. The residue from 
0-05 mi. of each 200 ml. ether extraction was tested against Botrytis 
cinerea in 0-2 ml. of 0-2 per cent sucrose solution 
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2 Table 1. EXAMINATION OF ANTIFUNGAL MATERIALS 4 AND B FROM DISEASED 
APPLE BY PAPER CHROMATOGRAPHY ON WHATMAN NO. 1 PAPER WITH 
a n-BUTANOL/PYRIDINE/WATER (1 : 1:1) 


Colour of spot 


Chromogenic reagent (ref. 3) pa A Material B 


tp= 0-72 Rp=0-26 
Diazotized p-nitroaniline Red None 
Amm*niacal silver nitrate Brown White* 
Potassium permanganate White White t 
Bromophenol green Pink Pink t 


_ * On a grey background. 
t On a magenta background, 
į On a green background. 


was filtered. The resulting liquid (about 4 1.) was rapidly 
< concentrated to 400 ml. by evaporation under reduced 
` | pressure at 20°-25° C. The amber-coloured residual syrup 
=i (œl ml.) was placed in a cavity (1 em in diameter) in a 
¿standard potato—dextrose agar plate seeded with the 
-conidia of A. brassicicola and incubated. The antifungal 
effect is recorded in Fig. 1. Negligible antifungal effect 
was observed with the corresponding syrup obtained from 
healthy tissue. 
Equal portions of the ether extract of the syrup from 
-diseased apples completely inhibited the germination of 
pores of Botrytis cinerea while aliquots of the corre- 
~ sponding ether extracts from healthy apple syrup allowed 
_ germination (Fig. 2). 
> Qn shaking the active ether extract with sodium 
bicarbonate solution, most of the antifungal activity 
passed into the aqueous phase. This was acidified to 
-pH 2-5 and re-extracted with ether. Malic acid, which 
possesses some antifungal activity, remained in the 
_ aqueous layer. The ether extract was dried over mag- 
= nesium sulphate, filtered and evaporated to dryness under 
vacuum at 20° C. The pale yellow, tacky solid (0-75 g of 
. crude material from 5 kg of apples) had an ED,, of 
about 60 pg/ml. against A. brassicicola. It was subjected 
¿> to column chromatography on acidified silica gel in 
< benzene/ether (1:1) and two antifungal materials were 
separated. 
_.. The chromogenic reactions (Table 1) and the infra-red 
=o spectra obtained with these materials indicate that A is 
= @ phenolie acid and B is an unsaturated aliphatic acid. 
-These substances are readily detected by paper chromato- 
= graphy of ether extracts of the juice from diseased apples, 
but they are not detectable in the corresponding extracts 
- from healthy apples. Further chemical investigations of 
these acids are now being made. 
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GENETICS 


{Kleine Liebling’ a Haploid Cultivar of 
ean Pelargonium 

In the course of a comprehensive investigation of the 
hromosome constitution of Pelargonium species and 
Itivars, it has been discovered that the horticultural 
‘ariety ‘Kleine Liebling’ is a true haploid with only nine 
matic chromosomes. Kimber and Riley? list many 
ecords of the sporadic occurrences of haploids, both under 
natural conditions and in experiment, but this is the first 
time that the haploid condition has been so successful as 
to result in a vigorous and attractive cultivar which, 
although inevitably sterile, seems to lack any deleterious 
recessive genes which would naturally be exposed in a 
flowering plant possessing only a single set of chromo- 
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Fig. 1. Hapoid root tip mitosis {x 2,000) 


Pelargonium varietses are propagated almost 
by taking stem cutt:ngs, 


variation by the conscious or 
of mutants. For this reason, following the initial dis- 
covery of haploidy in one stock of ‘Kleine Liebling’, more 
chromosome determirations were 


The chromosome counts were also made from various ` 
parts of the plants such as roots, stem apices, and 
developing petals. 


could be entirely haploid, haploid/diploid chimeras, or 
purely diploid, and eash of these three types of root could 


occur on @ single cutting. (Table 1 indicates the genetic = 
constitution of both rcot and shoot systems for each plant 
This suggests that the variety is a haploid/ 0. 
diploid chimera, but it would be a strange chimera indeed — 


examined.) 


if one of the genetically different tissues were consistently 
confined to the subterranean parts. If the plants were 
periclinal chromosome chimeras, evidence of this would 
be seen in the shoot apice squashes, which reveal the 
chromosome constituxion of the L I, L II and L MI 
layers; all, however, are haploid. For the same reason 
there is no evidence to suggest that the plants are meri- 


clinal or sectorial ckimeras in the generally accepted. gin 
sense. There remains the possibility that the diploid cells = = 2; 
initiated by = 


are preduced afresh when new plants are 
stem cuttings. Wher the cuttings were grown in water 
culture, it was observed that roots developed freely from 
the nodes. AH suck roots were found to be entirely 
haploid, but it is provable that under horticultural con- 


ditions callus tissue will form at the.cut surfaces of the 


Table 1. OCCURRENCES ce Hapnoipy AND DIPLOIDY IN INDIVIDUAL 
PLANTS 
Root system Shoot system 
Source n nj2n* 2n Total n nj2n 2n Total 
plants plants 
Non-variegated 
Kew, Royal Botanic Gardens 8 3 3 14 200 — = 20 
Telston Nurseries e t — 1 | — 1 
Clifton Nurseries _ 1 — 1 a 1 
Greybridge Nurseries ee i 1 il = ne 1 
Variegated 
Telston Nurseries 5 seo H 1 bes ees 1 
Clifton Nurseries wet 1 1 i See e 1 
Oxford Univ. Parks =< i oo — 1 1 — — 1 
Oxford Genet, Garden Loo — 1 Do ina a 1 
Totals 19 6 5 21 27 = 27 


* Included here are plants having both haploid and diploid roots, and also 
individuals with roots that are haploid/diploid chimeras. 





entirely 
but the constant vegetative 
increase of plants carries with it the possibility of genetic - 
unconscious perpetuation ` 


made of plants from _ : | 
various sources and of the variegated form of this variety. 


It was found that whereas the aerial n 
portions of the plants were invariably haploid, roots . 
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stem, and it may well be that it is from this that the 
diploid roots arise. 

Morphologically, ‘Kleine Liebling’ is characterized by 
the size of the leaves and flowers, which are distinctly 
smaller than in any other ‘Zonal’ Pelargonium; a factor 
that may well be attributable to the haploid condition. 
The origins of this cultivar have yet to be traced, but 
because pelargoniums are generally propagated by 
cuttings, it seems likely that all present-day plants have 
been derived from the same source, probably from a 
single genotype, initiated either as a bud mutation or 
through haploid parthenogenesis; its selection then being 
favoured by breeders on account of its miniature charac- 
teristics. The existence of a variegated form indicates 
that some gene or plastid mutation has occurred in the 
later development of this variety. 

Further work is now in progress in an attempt to 
explain more fully the genetic constitution of this cultivar, 
but for the present it can be stated that there is little 
doubt that ‘Kleine Liebling’ owes its diminutive charac- 
teristics to the prevalence of a haploid condition which, 
in contrast to other monoploids, is highly successful. 

M. G. DAKER 
Jodrell Laboratory, 
Royal Botanic Gardens, 
Kew, Surrey. 
i Kimber, G., and Riley, R., Bot. Rev., 29, 480 (1963), 


SOIL SCIENCE 


An Improved Method of demonstrating the 
Distribution of Sulphides in Peat Soils 


YDROGEN sulphide is produced under certain conditions 
soils and may be an important factor in governing the 
distribution of higher plant species in the field'. Burgeff? 
describes a simple method of demonstrating the presence 
f sulphides in peat soils. He obtained a visual measure 
of the distribution with depth from the formation of silver 
sulphide on silver-plated brass rods. Clymo* used polished 
silver wires for a similar purpose. Work at this research 
station on changes in redox potentials in depth and time 
at four peat bog sites has required better definition of 
sulphide distribution than either of these methods provides. 
The degree of discoloration of polished silver ranges from 
pale gold through brown to black, and it is difficult to 
observe the lighter end of the colour scale on a curved 
surface. Furthermore, there are often considerable 
horizontal variations in sulphide occurrence in the field 
and a large number of wires would be necessary to measure 
such variations. By using silver plates these difficulties 
can be overcome. 

Polished copper sheets electroplated with silver (Johnson 
Matthey and Co., Ltd.), 30 em square and 1-59 mm (ae in.) 
thick, were obtained. They were pushed vertically 
down into the soft peat after the surface mat of vege- 
tation and roots had been sliced with a sharp knife. 
Before withdrawing, by, a wire hooked through the two 
eorner holes, the peat surface level was marked on them. 
Any material adhering to their surfaces was then carefully 
washed away and they were dried with soft paper tissues. 

The images which formed on the plates were photo- 
copied on to ‘Ilfoprint’ Contact Paper by exposure for 
4-5 sec in a Dalcopier photocopy machine, and positives 
were prepared from these. This provided a permanent 
record of the distribution of sulphides at each site 
every month. The photocopies have the further advantage 
of eliminating the mirror effect of the plates and are con- 
sequently easier to examine. Two examples are shown 
in Fig. 1A and B. 

Fig. 14 was from a Sphagnum cuspidatum pool on 
Striber’s Moss, a relatively undisturbed estuarine raised 
bog in North Lancashire, and Fig. 1B was from the 
adjacent Deer Dike Moss. Deer Dike Moss has been 
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Fig. 1. Distribution of sulphide in the surface layers of an undrained (A 
and a drained (B) raised bog peat profile. The profile surface is mark 
at the top of each figure 


extensively drained and burned, with the result that the 
surface is now dry and devoid of Sphagnum. Both 
plates were left in the peat for 1 h 30 min on July 9, 1965. 

A striking feature of Fig. 1A is the silhouette of an 
Eriophorum angustifolium plant against which the plate 
had been deliberately placed. It is also apparent that 
large quantities of sulphides were present in this 
profile. Æ. angustifolium, however, would seem to be a 
plant species which is not inhibited by the sulphide. 
Armstrong found that oxygen diffused rapidly from the 
roots of this species, and the silhouette may indicate that 
oxygen was diffusing from the entire plant surface, and 
had locally prevented the formation of silver sulphide. 

The irregular sulphide-free areas with intensely marked 
outlines on Fig. 14 are similar to those described by 
Burgeff? and probably arise from gas bubbles in the peat. 

Fig. 1B illustrates the greater depth and very sparse 
local distribution of sulphide at Deer Dike Moss, 

I thank Mr. A. J. P. Gore for his helpful advice and dis- 
cussion. 

C. URQUHART 
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Grange-over-Sands, 

Lancashire. 


1 Webster, J. R., J. Ecol., 50, 619 (1962). 

8 Burgefi, aan Mikrobiologie des Hochmoors (Gustav Fischer Verlag—Stutt- 
gart, . 

* Clymo, R. S., Bryologist, 67, 427 (1964). 

‘ Armstrong, W., Nature, 204, 801 (1964). 


l % 


we 


JuLy 30, 1966 


No 5048 


APPOINTMENTS VACANT 


: 
APPLICATIONS are invited for the following appointments on or before the 
dates mentioned: | 

LECTURERS IN BIOCHEMISTRY (one in general biochemistry and one in 
biochemistry in relation ito veterinary studies)-The Secretary of the 
University Court, The University, Glasgow (August 4). ~ 

ASSISTANT LECTURER or, LEOTURER IN THE DEPARTMENT OF VETERINARY 
“ue Registrar, The University, Liverpool, quoting Ref. CV/145/N 

ugust 5). 

ASSISTANT LIBRARIAN (with a good honours degree and preferably with a 
higher degree, professional |diplomas and library experience)-—The Registrar, 
Aneen Bey College (University of London), Mile End Road, London, E.1 

ugust 5). 

RESEAROH ASSISTANT IN AERONAUTICS to take part In the work directed 
towards the development of apparatus for a new high-speed aerodynamics 
laboratory, or alternatively, in the development of experiments on zero- 
gravity environmental studies—The Secretary of the University Court, The 
University, Glasgow (August 5). 

HEAD (preferably interested in the inter-relationship between the mineral 
nutrition of plants and the feeding value of the forage produced) oF THE 
SOms DEPARTMENT—The Secretary, Grassland Research titute, Hurley, 
Maidenhead, Berkshire (August 8). 

LEOTURER or ASSISTANT LECTURER (preferably with research experience 
in fields other than soils or dairying, for example, food or taxonomy) IN THE 
SECTION OF FOOD AND AGRIOULTURAL BACTERIOLOGY IN THE DEPARTMENT 
OF AGRICULTURE—The Registrar, The University, Leeds, 2 (August &). 

RESEAROH ASSISTANTS (with a degree or equivalent in biochemistry or 
chemistry} IN THE DEPARTMENT OF BIOCHEMISTRY for work on research 
projects in the following flelds: muscle biochemistry, development and use of 
automation in amino-acid, analysis, biochemical aspects of photosynthesis, 
and the metabolism of insect flight muscle—The Aasistant Registrar (Science 
re Bnpincering), P.O. Box 383, University of Birmingham, Birmi m, 15 

ugus . 

PHYSICAL CHEMIST or BIOCHEMIST (with a good honours degree in chemistry 
or biochemistry) IN THE N.E.R.C. MARINE Broroey Unrt to investigate 
Boer associated with the settlement of marine organisms—-The Registrar, 

niversity College of North Wales, Bangor, North Wales (August 10). 

RESEARCH ASSISTANT (Non-medical) (with a B.Sc. with biochemistry as a 
main subject) IN THE UNIVERSITY DEPARTMENT OF PATHOLOGY, Western 

ry, Glasgow, for research work on human autoimmunity and will 
consist largely of fractionation of tissues and serum proteins—Secretary of 
the University Court, The University, Glasgow (August 10). 

ASSISTANT (with an honours degree in agricultural chemts or bio- 
chemistry, and preferably postgraduate experience in agricultural chemistry 
IN THE CHEMISTRY DEPARTMENT at Auchincruive for advisory investigation 
teaching duties—The Haddad West of Scotland Agricultural College, 6 
Biythswood Square, Glasgow, C.2 (August 12). 

LEOTURER (preferably with experience in microbiological chemistry, 
microbial genetics or an applied field of microbiology) IN BACTERIOLOGY at 
Doene aa Secretary. University of St. Andrews, Queen’s College, 

undee (Au ; 

SYSTEMS ANALYST (preferably with a degree or professional qualification 
and a knowledge of accountancy procedures) to develop new data processing 
systems for the University’s administration and lbrary--The Deputy 
Secretary, The University, Southampton (August 15). 

COMPUTER PROGRAMMER (Technical Officer) (graduate with an ordinary 
degree in mathematics, computing and/or statistics an advantage) IN THE 
DEPARTMENT OF PUBLIC HEALTH AND SOCIAL MEDICINE for work which will 
be concerned with building up a suitable library of programmes fn all aspects 
of medical research—The Secretary, University of St. Andrews, Queen’s 
College, Dundee (August 19). 

EXPERIMENTAL OFFICER and a TECHNICIAN (preferably with experience in 
mass spectrometry and/or electronics) to assist In the running of a unit for 
isotope geology being set un at the Reactor Centre—The Director, Scottish 
Research Reactor Centre, East Kilbride, Glasgow (August 20), 

LECTURER or SENIOR LECTURER IN BOTANY at Fourah Bay College, The 
University College of Sierra Leone—The Inter-University Council, 33 Bed- 
ford Place, London, W C 1 (August 24), 

ASSISTANT ADVISER (qualified man aged at least 45 with substantial 
practical experience of improving animal health and the livestock industries 
overseas, particularly in tropical conditions) based at the Ministry of Over- 
seas Development London ec a Sele but duties will involve travel to 
overseas countries to which H.M. Government furnishes assistance in the 
feld of animal health—The Civil Service Commission, 23 Savile Row, Lon- 
don, W.1, quoting Ref. 6469/U (August 25), 

COMPUTING ASSISTANT (with a good honours degree in mathematics or in a 
pure or applied science and preferably an interest in statistics and/or opera- 
tional research)—The Secretary, The University, Leeds, 2 (August 26). 

LEOCTURER/SENIOR LECTURER (with an interest and experience in one or 
more of the following fields: non-numerical computations, the use of com- 


puters in operations research, or the use of computers for control) IN THR. 


BASSER COMPUTING DEPARTMENT, School of Physics, University of Sydney, 

Australia—The Association of Commonwealth Universities (Branch Offices), 

rece House, Pall Mall, London, 8.W.1 (Australia and London, 
ugus : 

LEOTURER IN PHYSICAL or INORGANIO CHEMISTRY-——The Assistant 
Registrar (Science and Engineering), P.O. Box 363, The University of 
Birmingham, Birmingham 15 (August 27). 

PROFESSOR IN THE DEPARTMENT OF ZOOLOGY at the University of Ibadan, 
(eee Inter-University Council, 38 Bedford Place, London, W.G.1 

ugus ; i 

LEOTURER (able to teach plant physiology to first-, second- and third-year 
students and supervise research for higher degrees) IN THE DEPARTMENT OF 
BOTANY; and a LECTURER IN CONTROL SYSTEMS IN THRE DEPARTMENT OF 
ELECTRICAL ENGINEERING at University College, Nairobi (University of 
East Africa)—The Inter-University Council, 33 Bedford Place, London, 
W.C.1 (August 28). 

LECTURER or ASSISTANT LECTURER (preferably with an interest in solid 
state physics or holography) IN PHYSICS at Queen’s College—The Secretary, 
University of St. Andrews, Queen’s College, Dundee (August 29). 

SENIOR LECTURERS, LECTURERS, or ASSISTANT LEOTURERS IN CHEMISTRY: 
a SENIOR LECTURER, LECTURER or ASSISTANT LECTURER (preferably with a 
special interest in applied mathematics) IN MATHEMATICS: and a SENIOR 
LECTURER or LECTURER (preferably qualified to advise on research design 
and on the use of computers) IN STATISTIOS at the University of Zambia— 
The Inter-University Council, 33 Bedford Place, London, W.C.1 (August $0). 

DIRECTOR OF THE INSTITUTE OF EDUCATION, University of Zambia—The 
Inter-University Council, 33 Bedford Place, London, W.C.1 (August 31). 
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LBOFURHa/ ASSISTANT LEOTURER {graduate y vith teaching euler ane 
experience crometeorolory, environmen ysics or co i 
P a niversity of Nottingham, 
Nottingham (August 31). l 

LEOTURER (member of the Royal College of Veterinary Surgeons) IN THE 
DEPARTMENT OF HUSBANDRY AND VETERINARY PREVENTIVE 
Terre aa Secretary of :he University Court, The University, Glasgow 

u A 

LAOTURER or ASSISTANT LEOTURER IN MIOROBIOLOGY IN THE DEPART- 
MENT OF BoTANY—The Rezistrar, Queen Mary College (University of 
London), Mile End Road, Lordon, H.1 (August 31). 

READER (medically qualified) IN IMMUNOLOGY at the Institute of Cancer 
Research—The Academic Rezistrar, University of London, Senate House, 
London, W.C.1 (August 31). 

READER or SENIOR LECTULER (with a registrable medical qualification, a 
higher degree or other higher -jualification) IN MEDICINE at the University of 
Adelaide, - Australia—The association of Commonwealth Universities 
Ferrera a Marlborougt House, Pall Mall, London, S.W.1 (Australia, 

a j > 7 

ASSISTANT Lrorurer {witt special qualifications and research interests in 

etrology, geochemistry or economic geology) IN THE DEPARTMENT OF 

POLOGY—The Registrar, The University, Nottingham (September 1). 

CHAIR OF PHARMACOLOGY et Chelsea College of Science and Technology— 
The Academic Registrar, University of London, Senate House, London, 
W.C.1 (September 1). f 

ÅSSOOLATE PROFBSSOR OF PSYCHOLOGY (in the field of abnormal and 
clinical psychology) at the Uriversity of Sydney, Australia—The Association 
of Commonwealth Universities (Branch Office), Marlborough House, Pall 
Mall, London, S.W.1 (Australas and London, September 5). 

CHAIR OF PSYOROLOGY and HEAD OF THE DEPARTMENT OF PHILOSOPHY 
AND Psycnonogy at the University of Hong Kong—The Association oJ 
Commonwealth Universities (Branch Office), Marlborough House, Pall Mall, 
London, S.W.1 (Hong Kong and London, September 15) : 

SENIOR LECTURER IN Soc oLOGY—The Registrar, University College of 
South Wales and Monmouthchire, Cathays Park, Cardiff (September 15). 

CRAIR or MATHEMATIOS (Data Analysis) at the University of Canterbury, 
Christchurch, New Zealand—The Association of Commonwealth Universities 
(Branch Office), Marlborough House, Pall Mall, London, 8.W.1 (New Zealand 
and London, September 18). 

LEOTURER or SENIOR LEHTURER IN THE DEPARTMENT OF STATISTICS, 
University of Melbourne, Australia—The Assoclation of Commonwealth 
Universities (Branch Office), Marlborough House, Pall Mall; London, 5.W.1 
(Australia and London, September 23}. 

LECTURER/SERIOR LECTULER IN VETERINARY MICROBIOLOGY IN THE 
DEPARTMENT OF VETERINARY PARACEINICAL SCIENCES, University of Mel- 
bourne, Australia—The Assoziation of Commonwealth Universities (Branch 
pce borona House, Eall Mall, London, S.W.1 (Australia and London, 

etober 1). 

RESBAROH ASSISTANT (gracuate (or equivalent) in physics, engineering, or 
textile technology) IN THE DSPARTMENT OF TEXTILE TECHNOLOGY, to work 
on the oe loken, of woven, knitted and other fabrics—The Registrar, 
University of Manchester Institute of Science and Technology, Sackville 
Street, Manchester, 1, quoting Ref. W.F. (October 1). . 

LECTURER/SENIOR LECTURER (with considerable chemical experience) IN 
PHARMACOLOGY at the University of Sydney, Australla—The Association of 
Commonwealth Universities ‘Branch Office), Marlborough House, Pall Mall, ~ 
London, 8.W.1 (Australia anc. London, October 14). ; 

R&ESRAROH ASSISTANT (gracuate (or equivalent) in physics, engineering, or 
textile technology) IN THR DSPARTMENT OF TEXTILE TECHNOLOGY, to work 
on unconventional weaving machinery—The Registrar, University of Man- 
dein a of Science and Technology, Sackville Street, Manchester, 1 

ctober 15), 

BroonEmist (B.Sc. or A.B._.C.) in the Group Department of Biochemistry 

-The Hospital Secretary, Chase Farm Hospital, The Ridgeway, Enfleld, 
Middlesex, quoting Ref. 191-66. 
GEOLOGISTS ‘preferably wth experience of structural investigation and 
drilling supervision or the ccmputations of quantities) for coal Ni pacha 
in the United Kingdom—-The Staff Manager, National Coal Board, Opencas 
Bromtive, Coal House, Lyon Road, Harrow, Middlesex, quoting Ref. S.V. 

4) Ld 


HEMATIOLANS to work cn a wide range of problems arising from research 
into the utilization and distrioution of electricity (topics include: arc physics 
electro chemical reaction kinetics, solid state devices, magnetism, electrica 
distribution systems, heat transfer, and the application of mathematics to life 
science)}-—D. ©. Page, Head of Personnel Services, The Electricity Council 
Research Centre, Capenhursf, Chester, quoting Ref. N/29. 

ORGANIC CHEMIST (experisnced in the synthesis and use of compounds 
labelled with radioactive isotopes) for the Chemical Research Team which is 
studying certain chemical sspects connected with tobacco smoking and 
human health-—The Personne] Officer, Tobacco Research Council Labora- 
tories, Harlow Hill, Harroga.e, Yorkshire. 

Post- or PRE-DOCTORAL R&SHARCH ASSISTANT to assist in an investigation 
of Ziegler-Natta catalysed polymerization using radio-active isotopes—The 
Secretary, Queen Blizabeth College (University of London), Campden Hill 
Road, London, W.8. 7 

RESEARCH ASSISTANT (preferably with experience in one of the following 
flelds: gas dynamics, electrical discharges, combustion) IN ELECTRODYNAMIO 
GENERATION OF PowER—Dr. J. Lawton, Chemical Engineering and Chemical 
Technology Department, Imverial College, London, 8.W.1. 

RESPAROH ASSISTANT (science graduate with a knowledge of microscopy) 
for laboratory work related tw coronary thrombosis—The Secretary, Institute 
of Cardiology (University of London), 35 Wimpole Street, London, W.1. 

RESHAROH ASSISTANT to take part in a study of the oxidation of organic 
compounds by high oxidation state transition metal halides and oxyhalides; 
and a RESPAROH STUDENT to participate in studies of free radical reactions 
of organic compounds—The Vice-Principal, Kingston College of Technology, 
Penrhyn Road, Kingston upcn Thames, Surrey. 3 

RESEARCH STUDENTS (with a good honours degree in physics) IN PHYSICS 
~The Registrar, The University, Sheffield. 

RESREAROH STUDENTS (witE a good honours degree or equivalent in physics 
or mathematics) IN THEORETIOAL NUOLEAR Puysics—Prof. L. R. B. Elton, 
Department of Physics, Battersea College of Technology, London, S.W.11. 

SENIOR LECTURER In BOcHEMISTRY: 
PHYSIOLOGY; and a Lrorvrer IN 
Regional College of Technoiczy, 

SENIOR LECTURER (with 
chemistry) IN BroonEansg 
Bromley, Kent. 

Senion Tee 
the new Re 
House G 













BIOLOGY—The Principal, Barking 

ge Road, Dagenham, Essex. 

n microbiological peices /bio- 
, Bromley Technical College, 


hemical patholosy} to work in 
with the Medical Unit—The 
, London, W.2. 
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Great Britain and Ireland 


University of Nottingham. Report of the School of Agriculture 1965. 
Pp 148 (Sutton Bonington, Loughborough: University of Nottingham 
School of Agriculture, 1966 } [315 

A Mathematician Looks at Operational Research. By Prof. S Vajda. 
(An Inaugural Lecture delivered in the University of Bırmımmgham on 3rd 
March 1966) Pp. 15. 2s. 6d. The True and Fabulous History of Nova 
Albion By Prof. John A. Hawgood. (An Inaugural Lecture delivered in 
the University of Birmingham on 6th May 1966.) . 82. 2s 6d (Birming- 
ham: The University, 1966 ) [315 
_ British Broadcasting Corporation. BBC Engineering Division Monograph 
No. 62 (April, 1966): Automatic Monitoring. By F. A. Peachey. Pp. 18. 
(London: British Broadcasting Corporation. 1966 ) 5s. [315 

The Evaluation of Risks from Radiation. (A report prepared for Commit- 
tee J of the International Commission on Radiological Protection and received 
by the Committee on April 20th, 1965. ICRP publication No 8) Pp.iv+60. 
(London and New York. Pergamon Press, 1966. Published for the Inter- 
national Commission on Radiologica! Protection) 12s 6d.; 2 dollars [26 

Ambassade de France, Service de Presse et d'Information. Education in 
France Pp 18. (london. Ambassade de France, Service de Presse et 
d'Information, 1966.) [26 

Council for the Preservation of Rural England, Sheffield and Peak District 
Branch. Annual Report 1966. Pp 26. (Sheffield: Council for the Preserva- 
tion of Rural England, Sheffield and Peak District Branch, 1986 ) [26 

Council for Sefentific z onog. Report on Science Policy. Pp. vi+ 27. 
(Cmnd 3007.) (London. H.M. Stationery Office, 1966) 32. net. 26 

National Institute of Oceanography. Collected Reprnts, Vol. 13. 
oe ee (Wormley, Godalming: National Institute of sear cs 
Taphy, , 26 

The British Non-Ferrous Metals Research Association. Annual Report 
1965. Pp. 44 (London: The British Non-errous Metals Research Asso- 
ciation, 1966.) (36 

Fabian Society. Fabian Research Series No. 258: New Public Enter- 
prise. By Michael Posner and Richard Pryke Pp 24. (London: Fabian 
Society, 1966.) 3s. [36 

University of Cambridge. Report cf the Head of the Department of 
ee for the year 1984-65. Pp 17.” (Cambridge: The Valve 


Fourth Congress of the European Federation of Chemical Engineering 
15-16 June, 1966, London. Preprints ef papers. 1: Process Pe velopment 
and Evaluation. Pp., 72., 2: Cost Reduction in the Design Phase. Pp 56. 
3° Cost Control of Projects Pp.44 4: Cost versus Performance in Equip- 
ment Used in Unit Operations. Pp. 80. 5: Control and Improvement of 
Fiants in Operation. re: 32. 6: Developments in the Movement and 
Storage of Raw Materials and Products. Pp. 68. (London: The Institu- 
tion of Chemical Engineers, 1966 ) 


[36 
i a Esso in Britain’ An Introduction to Esso Petroleum Company, Limited, 
_@and its Affiliated Companies in the U.K. Pp.32 (London: Esso Petroleum 


Company, Ltd., 1966 ) 68 
The Overseas Development Institute, Ltd. Technology for Developing 
By Sir John Cockeroft. (A lecture delivered in London on 


Ltd., 1966 ) 

Science Museum, London. Science Library Bibliographical Series No 
791: Some References on Marine Corrosion of Metals, 1960-1965. Pp. 7. 
(London: Sclence Museum, 1966 ) , 66 

Radiation Protection Principles of Environmental Monitoring related 
to the Handling of Radioactive Materials--a Report by Committee 4 of the 
International Commission on Radiological Protection. (CRP Publication 7.) 
Pp.iv+11. (London and New York: Pergamon Press, 1966. Published for 
ane International Commission on Radiological Protection.) 688. 6d.; tdo 

ollars. 

University of London. Queen Mary College: Nuclear Engineering Depart- 
ment. Proceedings of Conference on Dust Cooling, 21 and 22 December 
1988) Vol. 1: Pp. 96. Vol. 2: Pp. 88 (London: Queen Mary PIE 

Admiralty Marine Science Publication, No. 9. Bathymetric Magnetic and 
Gravity Investigations, H.M S. Owen, 1962-1963. art 1: Text. 
19+7 figures. Part 2 : 2+profiles 1-30 (International Indian Ocean 
Pr paaition:) (London: Hydrographic Department, Ministry of a 


Biochemistry in Industry. Edited by G. A. Snow. Pp. 42. (London: The 
Biochemical Society, 1966) 2s 6d. 76 

Ministry of Transport. Road Research Laboratory. RRL Report No. 8: 
Safety Cars; Principles Governing the Design of Cars and Safety Devices. 
By G. Grime. Pp. ii+44. (Harmondsworth, Middx.: Road Research 
Laboratory, 1966 ) [76 

Ministry of Housing and Local Government; Scottish Development 
Department; Welsh Office. Alkall, etc., Works Regulation Act, 1906 and 
Alkali, ete., Works Orders, 1928-1963. Alkali, etc., Works Regulation 
(Scotland) Act, 1906 and 1951, and Alkali, ete , Works (Scotland) Orders, 
1952 and 1958 One Hundred and Second Annual Report on Alkah, etc., 
Works by the Chief Inspectors, 1965: Pp. vi+82. (London: H.M. Stationery 
Office, 1966} 7s. 6d net. {96 


Other Countries 


World Health Organization. Technical Report Series. No 324: WHO 
Expert Committee on Malaria—Twelfth Report. Pp 48 3 Sw francs; 5s.; 
1 dollar No. $25: Human Viral and Rickettsial Vaccines—Report of a 
WHO Scientific Group Pp. 80. 4 Sw francs; 6s 8d, 1.25 dollars No 
828: Planning of Radiotherapy Factlities——Report of a Joint TABA/WHO 
Meeting. Pp 44. 8 Sw. frances; 5s.; 1 dollar. (Geneva: World Health 
Organization; London: HM Stationery Office, es [55 

Report. of-the-South_African Museum for the period 1st April, 1963-31st 
March, 1964. Pp. 11+ 2577 (c=2-Town: South African Museum, 1966) [55 

Journal of Macromolecular Chen Vol. 1, No. 1 (January 1966). Exs- 
cutive Editor: George E. Ham. P \ quarterly. Pp 1-196. Annual 
subseription: 35 dollars; 250s. arcel Dekker, Inc.; London: 
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Edward Arnold (Publishers), Ltd. [65 

World Meteorological Organizs, sa No. 70. The Circu- 
lation in the Stratosphere, Meso here. By R J. 
Murgatroyd, F. K. Hare, B . Kochanski. 
Pp. x+206. (Geneva: Wor] )} 18 Sw. 
francs. [65 
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Colony of Mauritius. Meteorological Observations and Climatological 
Summaries October, 1964, Pp 86 November, 1964. Pp 36 December, 
1964 Pp 39. (Port Lows Government Printer, 1965 and 1966 ) [665 

Smithsonian Miscellaneous Collections. Vol. 149, No 5: Display Patterns 
of Tropical American ‘“Nine-Primaried” Songbirds. . The Yellow- 
Rumped Tanager. By M Moynihan. Pp.34 (Publication 4644) Vol. 149, 
No. 7. Silicified Ordovician Brachiopods from East-Central Alaska. By 
Reuben James Ross, Jr, and J Thomas Dutro, Jr. Pp 2248 plates. 
(Publication 4654.) Vol. 149, No. 8 Bartolomé Bermejo's ‘Episcopal 
Saint”’—-a Study in Medieval Spanish Symbolism By Herbert Fnedmann. 
Pp 21 (11 plates) (Publication 4658) (Washington, D C.: Smithsonian 
Institution, 1966 ) [95 

Netherlands Organization for the Advancement of Pure Research (Z W O }. 
Current Research in the Netherlands—Buiology 1966 Pp 161. (The Hague: 
Netherlands Organization for the Advancement of Pure Research, 1966.) [95 

The Rockefeller Foundation President’s Review~-1965. Pp 114. 
sone the Annual Report.) (New York. The Rockefeller Eoman 

CECLES-ELDO (European Space Vehicle Launcher Development Organ- 
ization) Report to the Council of Europe 1965. Pp 94 Paris: CECLES- 
ELDO, 1986 ) z {96 

Smithsonian Miscellaneous Collections. Vol. 148, No. 7: An Account of 
the Astrophysical Observatory of the Smithsonian Institution, 1904-1958. 
By © G. Abbot. Pp 16 (Publication 4656) Vol. 148, No 8. Forecasting 
from Harmonic Periods in Precipitation By C G@ Abbot. Pp 16. (Pubh- 
cation 4659.) (Washington, D.C : Smithsonian Institution. 1966 ) [96 

Geological Survey of Western Australia 1,250,000 Geological Series-— 
Explanatory Notes Port Hedland, Western Australia, Sheet SF/50~-4. 
Compiled by G. H. Low. Pp 14 Annual Report for the year 1963. Pp. 
ig a A plates. (Perth: Geological Survey of Western Australia, ener te 


. 105 
Organization for Economic Co-operation and Development. Ministerial 
Meeting on Science Fundamenta) Research and the Policies of Govern- 
ments. Pp. 72. 6 franes, 93.; 1.50 dollars Government and Allocation of 
Resources to Science Pp 66 4 francs; 63.; 1 dollar. The social Sciences 
and the Policies of Governments. Pp. 102 6 francs; 9s.; 1.50 dollara. 
Government and Technical Innovation. Pp 60. 4 francs; 6s; 1 dollar. 
The Research and Development in Western Europe, North America and the 
Soviet Union’ An Expermental International Comparison of Research 
Expenditures and Manpower in 1962. By C. Freeman and A Young Pp. 
152 10 francs, 15s.; 250 dollars. (Paris: Organization for Economic 
ee and Development; London: HM. Stationery Office, ett 
an ; 

United States Department of the Interior: Geological Survey. Water- 
Supply Paper 1808-T: Hydrology of the Alluvium of the Arkansas River, 
Muskogee, Oklahoma, to Forth Smith, Arkansas. By Harry H Tanaka and 
J. R. Hollowell. With a section on Chemical Quality of the Water by John J. 
Murphy. Pp.iv+42+plates1-—3. (Washington, D.C.: Government Printing 
Office, 1988 ) , ; [125 

UNESCO. Scientific Institutions and Scientists in Latin America Mexico 
(Instituciones), Fasciculo TV. Pp. vu+280 Directorio de Instituciones 
Cientificas y Cientificos del Uruguay. Pp 374+24. (Montevideo: Centro 
de Cooperacion Cientifica de la Unesco para America Latina en colaboracion 
con la Organizacion de los Estados Americanos, 1966 ) {186 

United States Department of the Interior: Geological Survey. Water- 
Supply Paper_1803: Ground-Water Levels in the United States, 1959-63. 
Southeastern States. Prepared under the direction of O. M Hackett Pp. 
Merce (Washington, D.C.: Government Printing Office, 1065) 

Q ar. 

Mitteilungen aus der Biologischen Bundesanstalt fiir Land- und Forst- 
wirtschaft, Berlin-Dahlem. Heft 118 (Februar 1966). Beitrage zur Nema- 
todenforschung—Vortrage gehalten auf der 2. Arbeitsatagung uber Gegen- 
wartsfragen der Nematodenforschung vom 23 Bis25. Marz 1965in Munster 
(Westf.). Pp. 137. (Berlin-Dahlem: Biologisch Bundesanstalt fur Land- 
und Forstwirtschaft, 1966) 30DM. | [135 

East African Common Services Organization. Annual Report ofthe East 
African Marine Fisheries Research Organization 1654. Pp.il+24 (Zanzibar: 
East African Marine Fishenes Research Organization, P O. Box 668, ere 
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Hydrologique, Charlottenlund Slot, Danemark. ICES Oceanographic Data 
Jasts, 1957, No.7. Pp. xin+ 114 (Copenhague: Andr Fred. Hest et Fils, 
1966 ) 20 kr. i ; {165 

Bulletin of the Florida State Museum—Biological Sciences Vo] 10, No.5: 
The Carpus of Land Tortoises (Testudininae) By Walter Auffenberg. 
Pp 159-192 55 cents Vol 10,No 6° Sphaercdactylus (Gekkonidae) in the 
Greater Puerto Rico Region. By Richard Thomas and Albert Schwartz. 
ie 90 cents. (Gainesville, Florida. Florida State Museu 
18 

Fiskeridirektoratets Skrifter Serie Havunderrekelser, Vol 14, No 1: 
Norwegian Fisheries Research By Gunnar Bollefsen Fp 1-26. (Bergen. 
Directorate of Fisheries, 1966 ) 165 

The Rockefeller Foundation Quarterly Report, First Quarter 1¢€6 Pp 
14. (New York: The Rockefeller Foundation, 1966 ) [36 

The Museums Trustees of Kenya. Report of the National Museum, 
Nairobi, for the period 1st July 1964 to 30th June 1965. Pp. 44 (Nairobi: 
ee eee National Museum Centre for Prehistory and ia 
ology, 

Tnetitut Royal Météorologigue de Belgique. Bulletin Mensuel Observa- 
tions Ionosphériques, Avril 1966 Pp 26. (Bruxelles. Institut Po 
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SHOESTRING RESEARCH 


| 

Thm tale of recent events at the British Food Manu- 
facturing Industries Research Association on page 561 
is not intended as entertainment. Those who hear 
of it will sympathize with all the parties concerned, 
the Council of the Association, the members of the 
Association, the laboratory staff and, most especially, 
the Director until October 11, Dr. C. L. Cutting. 
Most probably there have been mistakes on all sides. 
It remains unclear precisely how the future of the 
Research Association will work out, especially because 
a re-organization is having to be worked out at a time 
when British industrialists are scarcely likely to want 
to dig deeper into their pockets for a larger subscrip- 
tion. No doubt the Council will consider that it does 
not at this stage need to be embarrassed by unsolicited 
advice from outside. Though the Research Association 
may be comparatively small, its affairs raise issues of 
some importance. 

The first thing to be said concerns the job of directing 
research in a laboratory of any size—in industry, 
government or a university. In one way or another, 
administration is an inescapable part of the job. The 
staff has to be kept happy, by being given a sense of 
purpose and in much more humdrum ways as well. 
Those who pay for the research have to be told what 
they are getting for their money—and persuaded to 
pay for more. Those who could make use of the work 
have to be shown how to do so. Then the broad 
strategy of the research programme has to be embodied 
in a host of small and apparently tedious decisions 
about the best kind of spectrometer to buy for the 
laboratory, or whether to send the laboratory assist- 
ants out for extra training. A director can, of course, 
be helped enormously by good advice, but in the 
last resort decisions must be his. To the extent that 
the Council hoped that they could operate a different 
system, it is to blame for what has happened. That, 
it is to be hoped, will be a comparatively easy lesson 
to learn. ; 

It is much harder to see how the more enduring 
anomalies in the Association’s organization are to be 
dealt with. Perpetual near-penury is a bad sign, and 

- one that marks some other co-operative industrial 
` research associations in Britain. Ironically, however, 
_ the food manufacturing industry is one of the largest, 
| with a turnover of something like £5,000 million a 
; year. Why is its co-operative research laboratory able 
to raise only a derisory fraction of this sum by subscrip- 
' tion from food manufacturers? And how can the 
y Association hold its head high when some individual 
member companies spend ten times as much in a year 
on their own food manufacturing research ? 
As at present organized, the Association is plainly 


j 


trying to do too much with its meagre resources. The 
result is that it car neither command the respect of the 
big food manufactcrers nor satisfy the diverse demands 
of the small members. And in trying to satisfy the 
needs of those whe would pickle gherkins without loss 
of colour, and thote concerned with the seeds in rasp- 
berry jam, the Association does not seem to have been 
able to pay as much attention as it should have done 
to the common aad urgent problems of food manu- 
facturers—the problems of hygiene and adulteration 
about which sociesy is rightly becoming increasingly 
concerned. The best of all outcomes from the trouble 
at Leatherhead would be a determination by the food 
industry to see that it is not respectable to keep its 
research associaticn so starved of funds that it is 
incapable of doing any job properly. The minimum 
subscription, at present fixed at a little more than 
£25, is, of course, derisory. It ought promptly 


to be multiplied by a factor between four and . 


ten. If the result should be that some companies 
decide to cancel their membership altogether, nobody 
should worry. 


but some of the fcod manufacturers appear to think 
that their association is just a way of getting research 
on the cheap. 

The implications of what has happened at Leather- 
head for research essociations elsewhere cannot easily 
be spelled out. Tae signs are that the Food Manu- 
facturing Industries Research Association is excep- 
tional. Certainly the research associations concerned 
with iron and steel, or welding, have all the flair and 
freedom that good laboratories should possess. Scale 
is not crucial, for some quite small research associations 
are among the most. effective. Yet the favits which are 
concentrated in the Food ManufacturJ§ Industries 
Research Associaticn are also those whidmiend to give 
the research assodations as a whole a somewhat 
colourless and unattractive air. Members do often 
regard the associations as a complete substitute for 
research on their behalf, with the result that research 
programmes are needlessly fragmented. Councils do 
often exert too close a control on programmes of 
research, or keep tco tight a hold on the moneybags. 
And staff tends to de down-trodden. Nobody should 
be surprised that the research associations—with some 
exceptions—find tke recruitment of good people a 
perpetual headache. This is especially unfortunate in 
Britain at this time, for the associations are so well 
connected with indastry that they should be able to 
do more than most organizations to help with the 
modernization of British industry. 





The doctrine of the co-operative- 
research association is that the pooling of resources | 
should make possible a more effective effort in research, ` : 


à 
” 
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TEACHING CHEMISTRY 


Tar Royal Institute of Chemistry has a splendid 
record in education. For several years it has worked 
hard on schemes to introduce modern ideas to teachers 
of chemistry in the schools. A year ago it broke new 
ground with a series of conferences for teachers, and if 
these were less successful than more permanent arrange- 
ments for teacher training would have been, the 
Institute is not the organization to blame for that. 
A measure of the Institute’s educational ambitions is 
the fact that it is trying to raise £100,000 to finance 
a number of educational projects. One of the first 
things to be attempted is a study of the relationship 
between undergraduate and postgraduate courses at 
British universities, and this will provide an important 
part of the background to a conference on university 
education in chemistry due to be held in Manchester 
next January. That promises to be a valuable exer- 
cise. 

With all this evidence of virtue, it is surprising that 
the Institute has so far done very little to remove the 
anomalous impediments to the transfer of bright young 
men and women from British schools to departments 
of chemistry at the universities. These are peculiarly 
British problems, and consequences of the bizarre 
practice of specialization in the schools. Like many 
other organizations, the Institute has been worried 
about them for some time. The most alarming symp- 
tom of what is wrong is the stagnation of so many of 
those who leave school at eighteen with a qualification 
in chemistry. In circumstances in which senior pupils 
must usually specialize in three subjects, chemistry 
has suffered more than physics, biology and mathe- 
matics from the attractiveness of newer studies such 
as economics. Yet British universities remain curiously 
inflexible in what they ask of intending entrants to 
chemistry departments. At most British universities, 
those with their eyes on a career in chemistry must 
present themselves with examination qualifications in 
mathematics, physics and chemistry. One immediate 
absurdity is that only a tiny handful of British gradu- 
ates in chemistry have ever studied biology except 
at an elementary level. A more insidious evil is that 
young peopgminevitably suppose the rigidity of the 
regulations tor entering a chemistry department to 
be a sign that chemistry itself is a kind of strait- 
jacket. By requiring that young people wishing to 
take up chemistry at tniversity should so resolve at 
sixteen, the same rigidity probably ensures that many 
potential chemists finish up in other disciplines. 

These tendencies are probably a sufficient explana- 
tion of why chemistry has been lagging behind other 
scientific studies in the interchange between British 
schools and universities. All the Institute’s work on 
the in-service training of teachers, and its willingness 
to spend liberally from its limited resources, can only 
be a palliative. It is like trying to cure measles by 
painting out the spots. Sooner or later there will have 
to be a direct attack on the problem of the demands 
made by the universities on would-be entrants to 
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chemistry departments. As things are, ilie honis 
are outdone in conservatism only by the mathemati- 
cians. The universities will have to recognize that 
they cannot rely indefinitely on the schools to supply 
them with stereotyped young chemists. If the alterna- 
tive should be a fourth year at university, the ia 
should not shrink from saying so. 
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SOBER SOCIAL SCIENCE 


THosz who may with justice have been afraid that the | 


creation of the Social Science Research Council would 
be a device for subsidizing and perpetuating second- 
rate academic work at the universities should now be 
comforted. The first list of grants awarded by the 
Council is as respectable as anybody could ask. Alto- 
gether the Council has allotted £150,000 to eighteen 
projects. The recipients are as distinguished as they 
are well known. There is some straightforward social 
anthropology in Western Nepal and a study of kinship 
and support in pregnancy. Economics does well, 
and the study of the making of decisions in public 
enterprises which Prof. R. L. Meek is undertaking 
should be useful as well as interesting. The Council 
has done well to find a project on the development of 
cognitive skills in children, for too little work of that 
kind is being carried out in Britain, and there is a 
useful list of projects in what may properly be called 
industrial anthropology—the consequences of re- 
dundancy among the workers in a factory in South 
Wales, for example. It is particularly welcome that 
the Council should be supporting a study of the experi- 
ment at the Fairfields Shipyard in Glasgow whose 
ownership has been transferred to the British Govern- 
ment and certain trade unions. 

Why, then, have academics been afraid of what the 
Social Science Research Council would attempt ? And 
can they now relax, putting their trust ii Dr. Michael 
Young and his committee ? The difficulty, of course, is 
to know what is meant by social science. The several 
recent authorities on the subject, and particularly 
the Heyworth Committee, have been deplorably 
vague, with the result that too much attention has 
been drawn to pronouncements tending to suggest that 
any ill-considered set of concepts can be turned into 
a piece of science by a sufficient array of numerical 
information and a few applications of the chi-squared 
test. More seriously, except in fields such as economies, 
it is still uncommonly difficult to extract general con- 
clusions from the kinds of studies to which social 
scientists appear prone. Having asked the wives of 
miners in Yorkshire how they spend their housekeeping 


money, there is often nothing to do but to put the . 


same questions to miners’ wives in Nottingham. 


~——, 
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Avoiding repetitious projects of this kind will be a , 


constant headache. 
will be great. The Social Science Research Council 


has begun well, but it will be helped by being watched ' 


closely. 


The temptation to lower standards . 
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Vienna Safeguards 


Tue International Atomic Energy ined seems to 
have taken a still firmer grip on the problem of safe- 
guarding the uses to which nuclear fuels are put. In 
the past few months it has been working out a procedure 
for extending the existing safeguards regulations, 
finally approved a year ago, to apply to reprocessing 
plants as well as nuclear reactors. The working group 
responsible for the original system was re-convened in 
February this year, and extensions to the safeguards 
system were approved by the Board of the Agency in 
June. This step, described in the annual report of the 
Board of Governors for the year ending on June 30, 
1966, will go a long way to meet the criticisms of those 
who have argued that the control of re-processing plants 
is more important than the control of nuclear reactors 
in preventing the misuse of fissionable material. 

An impressive number of nuclear installations now 
comes under the umbrella. By the beginning of 1967, 
it is expected that seventy-five installations with an 
electrical capacity of 4,500 MW will be concerned. 
The Agency is also planning to develop automatic 
monitoring devices which may make it possible for 
inspectors to follow some of the physical operations at 
reactors without being on the spot. Of the fifty-four 
reactors subject to safeguards at the end of June 
1966, only seven were power reactors capable of 
producing more than 20 MW of electricity. The cost 
to the Agency of these activities is still relatively 
modest, and is expected to amount to just under half 
a million dollars in 1967. 

The complete budget is a reminder that the Agency is 
still a relatively small organization. The total staff, 


. from the doorman to the Director-General, will number 


729 in the coming year. The estimate for 1967 of 
$11-9 million is actually somewhat less than for the 
preceding year. More than three-quarters of this sum 
will be spent on administration, but there is also room 
for some scientific work. The Vienna laboratory will 
take $200,000, and the International Centre for 
Theoretical Physics at Trieste a little more. The 
Monaco Laboratory will use $45,000, and the pro- 
gramme of technical assistance and training will cost 
nearly $2 million. Asa whole, the record of good works 
is so respectable that it is all too easy to forget the 
troubles which attended the Agency’s formation a 
decade ago, and which may yet break about its head. 


Farmers’ Weather 


Tax hope of a more trusting relationship between 
farmers and meteorologists was clearly to be inferred 
from a conference sponsored by Unesco and held last 
week at the University of Reading. It was the first 
international symposium on “Methods in Agroclimato- 
logy” and was attended by more than 120 people from 
thirty-six nations—meteorologists, agronomists, horti- 


' culturalists, foresters and even physicists. The purpose 


of the meeting was to survey the present contribution 
of meteorologists to agronomy, and to see what further 
benefits can be obtained. 

' It is not, of course, surprising that links between 
meteorology and agriculture are difficult to create. At 
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Reading it was cear that efforts are now needed in 
almost diametricacly opposed directions. First, there 
is a need to examine meteorological processes on the 
micro-scale so as to study the effect of the environment 
on the growth of plants, the productivity of animals 
and the epidemiclogy of pests and diseases. But, 
at the same time, there is also an urgent need for 
practical surveys on a macro-scale. Work of the 
second kind is indeed one of the essential needs of 
agricultural planners, particularly in developing coun- 
tries where the rapid development of agriculture has 
to be guided by pure reason and not by the accumula- 
tion of unformuated tradition which determines 
agricultural practize in well-developed countries. Yet 
it was also plain, from the papers read at Reading, 
that experienced countries such as Japan and Great 
Britain have much to gain from the full exploitation of 
climatic potential. There was, for example, a detailed 
survey showing how more fruit could be grown in 
western counties oT England. 

A proof of the saccess of macro-surveys was the set 
of papers describing the surveys carried out by agencies 
of the United Nations, principally Unesco, FAO and 
WMO, in semi-aric areas. The general feeling at the 
symposium was that these surveys were a good begin- 
ning, and greatly to the credit of those who had 
carried them out. At the same time, it was now neces- 
sary to fill in soms of the details of the relationship 
between climate and agricultural potential, particu- 
larly in the Levant and south of the Sahara. 

The conference was also concerned with the modifica- 
tions of the relationship between climate and agricul- 
ture which may be brought about artificially by irriga- 
tion and the provision of shelter, for example. There 
was also some speculation about different trends of 
climate. The conference was reminded that com- 
paratively small ckanges of climate have in the past 
contributed to the downfall of nations, particularly 
around the Mediterranean, and that future plans for 
the development o? land may be vitiated by similar 
alterations of the Lmits on agricultural practice. At 
the symposium there were also some suggestions as to 


how agriculturalists might codify their perpetual ` 


game with the weazher along the lines spelled out by 
the games-theorists. Throughout, the mood of the 
conference was oppcsed to the view that it will be easy 
to make full agricultural use of climatic potential. 


Fuel Enough 


Tax O.E.C.D. has zaken a cautious but cheerful line 
in its most recent report on the balance between the 
supply of energy and the demand for it. The calcula- 
tions and extrapolations of the group of officials 
responsible for the report suggest that between now 
and 1980 “resources are largely adequate to cover any 
foreseeable demanc”. More cheerfully still, it is 
thought probable taat this comfortable balance can 
be achieved without moving too far from the present 
cost of energy. 

Within the O.E.C.D. area as a whole, which includes 
North America anc Japan as well as Europe, the 
increasing competitiveness of nuclear energy and of 
natural gas are given as the principal sources of price 
stability in the decace or so ahead. Nuclear energy, in 
particular, is said to be on the way to being “fully 
competitive in the rear future’. The authors of the 
report consider that nuclear energy will tend to set a 
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ceiling to the price at which fossil fuels can be sold for 
power production in the seventies. 
The projections in the report are based on the assump- 


. ` tion that the industrial production of the 0.E.C.D. 


area will continue to grow without significant interrup- 
tion. The demand for energy will march in step. It is 
expected that total consumption in the 0.E.C.D. area 
will increase from the equivalent of 2,200 million tons 
of oil (in 1964) to 4,300 million tons of oil by 1980. 
One novel feature of these forward estimates, however, 
is a levelling tendency, for the rate of increase of 
demand is expected to be smallest in those countries 
in which energy is at present used most intensively— 
principally the United States. By 1980 it is reckoned 
that the United States will account for 60 per cent of 
the demand for energy within O.E.C.D., Europe for 
30 per cent and Japan for the remaining 10 per cent. 
The total demand for energy in Eastern Europe and 
the Chinese Republic is expected to amount to 2,800 
million tons of oil equivalent in 1980, or roughly 65 per 
cent of the then demand within O.E.C.D. The corre- 
sponding ratio in 1960 was roughly 51 per cent. 

The forward projections for nuclear energy are 
more optimistic than previous forecasts by the O.E.C.D. 
By the mid-eighties nuclear power may account for 
35 per cent of all electricity production in North 
America, and as much as 40 per cent in Europe. Then 
natural gas from the North Sea suggests at least the 
possibility that what has already happened in North 
America may also happen in Europe. The report says 
that this is an exciting prospect, and then goes on to 
suggest how individual nations should frame their 
policies so as to take advantage of the flexibility 
provided by a diversity of sources of supply. In 
passing, even the operators of coalfields can glean some 
comfort, for there is a solemn passage about the great 
size of the reserves of fossil fuel. This is a report to 
please everybody. 


Who Needs Support ? 


Līgu foundations elsewhere, the Alfred P. Sloan 
Foundation of New York is hard at work trying to 
devise ways of keeping ahead of government support 
for science and for education. In his report for 1965, 
the President of the Foundation, Mr. Everett Case, 
says that the increased support from the U.S. Federal 
Government for scientific research at the universities 
and for students at college “has involved it in fields 
once largely the province of private initiative”. Point- 
ing to the scale on which the U.S. Government is at 
present supporting scientific research and education, 
Mr. Case says that “it is futile for private philanthropy 
to compete against the. government”. The report says 
that the federal government has not yet taken to 
supporting undergraduates and scientists in the early 
stages of their careers in precisely the way in which the 
foundation is anxious to do so, but clearly Mr. Case 
thinks it is only a matter of time before the government 
catches up. He is evidently hoping that a systematic 
appraisal of the outcome of the Foundation’s grants 
in recent years may make possible an objective review 
of foundation policy, and then throw up suggestions of 
new fields for philanthropy to conquer. 

Grants worth $13 million were awarded in 1965, 
mostly in scientific research and education. The 
Sloan-Kettering Institute is still high on the list of 
beneficiaries. The Foundation also seems to derive 
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continued pleasure from open-ended grant-giving. 
Thus it has given $5 million to Stanford University 
as an expendable fund for research in the physical 
sciences, and has continued the programme by which 
university scientists, usually at the post-doctoral 
stage, are awarded fellowships detached from particular 
programmes of research. This is in line with the 
Foundation’s view that too rigid a link between univer- 
sity research and the award of grants and contracts 
from outside may interfere with academic freedom. 
The Foundation also allocated $500,000 during 1965 
to an imaginative scheme for supporting Negro male 
students at ten predominantly Negro colleges in the 
United States. The foundation stands out by its 
willingness to support schemes for the popularization 
of science, and is supporting the Scientists’ Institute 
for Public Information and also the work of the Council 
for the Advancement of Science Writing in running 
training courses in science journalism. 


Smithsonian 1965 


THE annual report of the Smithsonian Institution for 
the year ended June 30, 1965, shows an appropriation 
of $15-54 million, of which $5-84 million was for the 
United States National Museum, $1-25 million for the 
Astrophysical Observatory, $319,601 for the National 
Air Museum, $179,640 for the Canal Zone Biological 
Area, $114,648 for the Bureau of American Ethnology, 
and $113,330 for the International Exchange Service. 
In his covering statement the Secretary, Dr. 8. Dillon 
Ripley, refers to the establishment of an Office of 
Special Projects on the bicentenary of the birth of 
James Smithson, the founder, and says that one of the 
objects of that office is to examine the nature of know- 
ledge and creative discovery as understood to-day. 

The Museum of Natural History had a busy year. 
Members of its staff discovered the presence on 
Dominica of the snail Planolina glabrata (Say), the 
intermediate host of schistosomiasis. The close rela- 
tion between agave and yucca has been proved beyond 
doubt in a study of yucca moths. An ancient connexion 
has been found between the fauna of Repa (in the mid- 
Pacific) and those of Australia, New Zealand and South 
Africa, and preliminary research in the Valley of 
Oaxaca, Southern Mexico, has verified the presence in 


many caves and rock shelters of abundant perishable- 


remains of human occupation and shown that the corn 
cobs, cactus fruits and other associated artefacts came 
from the period 6500-2500 B.c. 


« 


¥ 


The Radiation Biology Laboratory has developed 


instruments to measure the spectral quality of sunlight, 
in 100 my bands, from sunrise to sunset throughout the 
year. Further information was acquired on the, 
chemical structure of polyphosphate compounds in’ 
marine organisms and algae. The Prairie network of 
automatic cameras for the simultaneous photography of 
very bright meteors went into full operation and the 
sensitivity and accuracy of the Harvard-Smithsonian 
Meteor Radar Network has been improved. New 
measurements have been made of radioactive and 
stable isotopes in meteorites and in dust samples from 
the Greenland Icecap and elsewhere. 


Drop More Names 


Have the bad old days when it was only possible to 
get on by knowing the right people gone for good ? 


i 
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, Alas, no. An instrument recently introduced requires 

| just this kind of intellectual nepotism, yet without the 
necessary personal acquaintance. Given a subject, a 
handful of top names and a library stocked with 
complete runs of some 20,000 top science journals, the 
A-Ž of the subject is potentially at hand. The funda- 
mental idea behind the Science Citation Index, of which 
the first quarterly volumes for 1966 have now become 
available, can be summed up in the phrase: “What has 
happened since ?” In other words, what has a man 
published, and who, in what publication, in any 
scientific field, has cited any of his works since they 

} were published ? 

Each quarterly issue consists of three massive volumes, 

two for the citations and one for recent sources. The 
former provide under name (or journal if anonymous), 
patent number or corporate body, every citation during 
the quarter in more than 1,500 journals, together with 
the names of those responsible for the citation, where 
and when. The companion Source Index provides 
chapter and verse of all new sources published in the 
quarter, and gives names of authors, titles of articles, 
journal, volume and page number, etc. It is estimated 
that when the 1966 Index is complete, 3-4 million cited 
references will have been listed from 300,000 new 
source items. At an annual subscription of $1,250 
(educational rate) or $1,950 (all others), the Index 
is likely to be accessible only to those research institu- 
tions which already have, or are likely to obtain, a 
computer. Thus now that the searching technique 

| by way of citation is being widely accepted, the 
compilers of the |Indee—the Institute for Scientific 
Information, Philadelphia—should be investigating 
the possibilities of putting it on tape. 


| Better Writing. 


\ Tue report of the conference held earlier this year by 
i what is known as the “Presentation of Technical 
| Information Group” has now been published. The 

‘{ group seems to have recruited a company of speakers 
| willing to say that scientific writing is bad and ought to 

be improved. It was apparently less successful in 

‘| winning agreement about what should be done. Several 

|} speakers said that scientific appointments should go 

'\ only to those able to demonstrate some skill in writing, 

~but they were naturally somewhat reticent in suggesting 

\ how regulation should be imposed on the universities 

_ } and the laboratories. The benefits of formal courses in 

; language and writing for science undergraduates and 

' 4 postgraduates were extolled by some. Like most bodies 

, ¿that would change some aspect of society, the group 
{seemed to think that the schools should be doing more, 
: , but there seems to have been some uncertainty about 
{ ithe need to encourage writing for self-expression in 
| . the schools. One opinion sent in after the conference 
i . was that “less emphasis could well be placed on self- 

' expression and more on writing to supply information 

k; that somebody else needed to know”. 

‘ Copies of the report may be had at 6s. from Mr. 

*# A. K. Parker, Godolphin Cottage, Gog Magog Hills, 

‘st Babraham, Cambridge. 
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E Abstracts on Tape 


* Wuar can be done with abstracts of the literature 
f embodied on reels of magnetic tape? The Chemical 
me Society and the University of Nottingham are planning 
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a research programme to explore the usefulness in a 
British context of the abstract service based on a com- 
puter system whick is now being supplied by the 
American Chemical fociety. The intention is that mag- 
netic tapes from the Jnited States will be processed by 
a unit under Dr. Anthony Kent, previously a lecturer 
in zoology at Nottingham, who will be the director of 
what will be known as the Chemical Society Research 
Unit in Informaticn Dissemination and Retrieval. 
The title is evidently intended to suggest that both the 
Chemical Society ard the university have in mind a 
continuing programme of research and development, 
and a statement by the Society says that its aim is to 
provide in Britain a comprehensive and mechanized 
information service comparable in every way with 
that now becoming available in the United States. 

To begin with, at least, the Society is fmancing the 
project out of its own resources. By doing so it will put 
British chemists much where British medical research 
workers now find thomselves as a result of the experi- 
ments being conduczed from Newcastle as part of the 
MEDLARS programme. A related but necessarily 
more complicated programme of development is now 
being undertaken >y the Institution of Electrical 
Engineers, which is responsible for publishing Physics 
Abstracts. That programme, which is being carried 
out in close collaboration with the American Institute 
of Physics, is financed by a grant from the Office of 
Scientific and Technical Information. 


Virology Journal 


THE Society for General Microbiology is to produce, 
and the Cambridge University Press is to publish in 
January 1967, a new journal called the Journal of 
General Virology. I> will be edited by Dr. C. Kaplan 
of the Lister Institute of Preventive Medicine and 
Professor P. Wildy of the University of Birmingham. 
The Society for Ceneral Microbiology, which also 
publishes the Journal of General Microbiology, intends 
to divert virological papers to the new journal which 
will, however, not seek to publish clinical or epidemio- 
logical articles. 


Podzol Jubilee 


Dr. H. Kure of she Max Planck Institut fiir Lim- 
nologie writes on the twenty-fifth anniversary of the 
publication by P. W. Richards! of “Lowland Tropical 
Podsols and their Vegetation”: 

“Before Richards s paper, podzols had been recog- 
nized and described from areas with cool-humid climates 
in temperate regions and on tropical mountains. From 
tropical lowlands of Borneo, white or bleached sand 
soils with a coal black or dark brown layer at some 
depth had been reparted and the peculiar physiognomy 
and floristic difference of the vegetation from the sur- 
rounding normal ecuatorial rain forest mentioned?)3. 
Richards, however, was the first to realize that these 
soils are widespread -n tropical lowlands in the Guianas, 
the Amazon and ir. Malaya, where they are always 
associated with a plrysiognomically peculiar vegetation 
and with blackwater rivers. 

“Tropical podzob, being unsuited to profitable 
permanent agriculsure, are considered important 
to forestry* and have therefore attracted much interest. 
This is borne out >y the appearance of about four 
hundred publications concerning tropical podzols®, 
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most of which deal with the soils themselves. Some 
hundred deal with tropical podzol vegetation and the 
remainder are concerned with tropical blackwater— 
podzol relationships. Of the seventy papers which ap- 
peared before 1941, a dozen were quoted by Richards. 

“A considerable amount of information is now avail- 
able on the distribution pattern of tropical ground- 
water and well-drained podzols; but no estimate is yet 
possible of the area covered by these soils, which 
mostly occur as scattered small patches. They are 
known to exist along the east and west coasts of 
Africa, at a few places in the Congo, and on the islands 
of Mafia, Pemba and Madagascar. Their distribution 
is wide in tropical South-East Asia and in tropical and 
subtropical Australia. They cover extensive parts in 
Florida and in the Guianas, and are also found in 
patches in the Caribbean region and in the Amazon 
basin. Despite the wide distribution in the tropical 
rain forest area, the actual proportion of the land 
surface occupied in the areas is rather small. 

“Not all tropical bleached or white sands**® are 
true podzols characterized by clay destruction’, but 
immature soils on white sand deposits, occasionally 
overlying buried soils’, or top layers of soils character- 
ized by clay migration only. 

“In his study of the tropical podzol vegetation, 
Richards referred to caatinga forests of the Amazon 
basin, Wallaba forests and Muri bush of the Guianas, 
heath forests (kerangas), padangs or mattangs of the 
Malayan region and noted that the forest types in the 
different regions were more closely related to each 
other than to the native mixed tropical rain forest. 
Podzols are now known to exist under grassy vegeta- 
tion (Amazonian wet campos), campina forests of the 
Amazon, restinga forests of eastern Brazil, and coastal 
savannas of Africa. A feature of these more open 
plant communities is that they may include plant 
species of the genera Drosera, Sphagnum and Cladonia 
which also occur on temperate podzols. 

“Richards saw the primary cause of podzolization, 
within the region of perhumid climate of the equatorial 
lowlands, in the low content of the parent material of 
bases and clay-forming materials. As a consequence, 
base-deficient soils develop on which, owing to this 
deficiency, raw bumus accumulates. Raw humus 
accumulation is well known as a prerequisite for subse- 
quent podzolization, so that the occurrence of this 
process in the tropical lowlands could be explained in 
this way. MRichards’s view has since been confirmed. 
The parent material on which tropical podzols pre- 
dominantly develop are loose and consolidated sands. 
That these are mainly of marine origin would explain 
the frequent association of these soils with coastal 
plains, or fluviatic sands of river basins or outwash 
materials, or finally also acid voleanic rocks. Tropical 
podzols, however, have also been found to develop 
from latosolic parent soils!” 

1 Richards, P. W., Nature, 148, 129 (1941), 

* Beccari, O., Wanderings in the Great Forests of Borneo (London, 1904). 

* Diels, L., and Hackenberg, G., Bot. Jahrb., 60, 293 (1926). 

‘Brinig, E. F., Allg. Forst- u, Jagdetg., 128, 156 (1957). 

+ Kiinge, H., Report on Tromcal Podzols (Paris, Unesco, 1965). 

t Lang, È, Jh. Ver. Vaterl. Naturk, Wirtt., 71, 115 (1915). 

*Mohr, E. J C., The Sous of Equatorial Regions, translated by Pendleton, 
R. L. (Ann Arbor, 1944). 

s ee C. G. G. J., Tijdschr. K. Ned Aardrijksk. Genoot., 52,25and 171 

: es E., Entstehung, Eigenschaften und Systematik der Boden der 
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Parliament in Britain 


In reply to questions in the House of Commons on 
July 28 regarding progress in establishing a University 
of the Air, the Parliamentary Under-Secretary of 
State for Education and Science, Miss Jennie Lee, 
said that the preliminary survey, including costs and 
television channels, had been completed. The figures 
were extremely encouraging and she considered that 
more could be done for more people at less cost in 
higher education once the project was under way than 
in any other part of the education field. The proposals 
would most certainly not be shelved: an open univer- 
sity had become an urgent necessity in Britain’s cir- 
cumstances to-day. 


In the House of Commons on July 26, Mr. H. Jenkins 
was given leave to introduce, under the Ten Minute ` 
Rule, a Bill “to restrain nuisance by aircraft noise; 
to restore freedom to pursue actions against aircraft 
owners and operators for nuisance by noise and vibra- 
tion; to empower the President of the Board of Trade 
more effectively to limit and to restrain aircraft noise; 
and to empower the Parliamentary Commissioner 
to enquire into and report on all such questions’. The 
Bill would seek to reduce the permitted level of noise 
from the present 110 perceived noise decibels by day 
and 102 decibels by night, to 100 noise decibels immedi- 
ately and then to 90 noise decibels over 5 years. The 
Bill would also provide a defence against any actions 
against aircraft owners and operators if it could be 
proved that a noise level of no more than 100 decibels 
was being produced at the time. 


In a written answer in the House of Commons on July 
18, the Minister of Technology, Mr. A. Wedgwood Benn, 
stated that, during the three years to March 1966, his 
department had spent £12,000, £6,000 and £77,000 
towards the development of fuel cells. The National 
Research Development Corporation had spent £18,000 
up to May 1966, and British Rail and the Gas and 
Electricity Councils were also giving attention to fuel 
cells as part of their research programmes. The 
Minister intended to seek better arrangements for 
co-ordinating this work. There was much to be done 
before manufacture of an economic working system 
became possible. f 


In the House of Commons on July 28 the Tees Valley 
and Cleveland Water Bill was given a third reading 
after an amendment, moved by Mr. M. Kimball, had 
been rejected by 112 to 82 votes. The Bill, which 
authorizes the Tees Valley and Cleveland Water 
Board to construct a reservoir in the Cow Green Area, 
is strongly opposed by the Nature Conservancy and 
the National Parks Commission. The scientific argu- 
ment, which was put forcibly by Mr. Kimball, Mr. A. 
Blenkinsop, Sir John Eden and Sir David Renton, 
was not met by the supporters of the Bill, nor has it 
been by spokesmen for Imperial Chemical Industries, 
Ltd. The Minister of Land and Natural Resources, 
Mr. F. Willey, who had already given reluctant approval 
to the proposal, admitted frankly that an area of 
unique scientific interest would be prejudiced or 
damaged, but chose to accept the advice of the Water 
Resources Board rather than that of the Nature Con- 
servancy and to spend another £12 million over 60 4 
years. x 
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In reply to questions in the House of Lords on July 25, 
the Minister of Defence for the Royal Air Force, Lord 
Shackleton, said that the functions and powers envis- 
aged for a National Council for Oceanic Resources 
were already vested in the Natural Environment 
Research Council, which was responsible for supporting 
and co-ordinating research in this field. The Council 
had set up two specialist sub-committees, for oceano- 
graphy and fisheries and for geology and geophysics. 
Exploration for oil and gas was carried out under 
licences granted by the Minister of Power, and informa- 
tion obtained by the licensees in the course of their 
operations must be made available to the Natural 
Environment Research Council’s Institute of Geological 
Sciences. Lord Shackleton said that the Council’s 
Oceanography and Fisheries Committee included the 
Fisheries Departments, and also representatives of 
the Hydrographer, the Admiralty Research Labora- 
tories, the British Ship Research Association, and the 
Ministry of Overseas Development. It was very strong 
indeed on the marine biological side, and real pro- 
gress had been made. There was also much inter- 
national co-operation in this field. The International 
Council for the Exploration of the Sea was mainly 
concerned with the North-east Atlantic and there was 
also the Inter-governmental Oceanographic Commission 
of Unesco as well as other special agencies, and Lord 
Shackleton was very encouraged by the progress being 
made. 


IN reply to questions in the House of Lords on July 28 
about the National Reference Library of Science and 
Invention, Lord Hilton of Upton said that a Working 
Party of officials was set up early this year to determine 
the requirements of the Library. When these had 
been settled, which it was hoped would be before the 
end of 1966, detailed planning of the new building 
would begin. The recent decision to move the Patent 
Office out of London had affected the scheme, neces- 
sitating a revision of building plans, and had led to 
renewed discussions with the Greater London Council 
over the lease of the South Bank site. The Minister 
of Education and Science was well aware of the impor- 
tance of obtaining a suitable site as soon as possible. 


University News: Cambridge 


FoLLOWING the appointment of Prof. F. P. Bowden to the 
chair of surface physics, the name of the laboratory he is 
directing, which was formerly Physics and Chemistry of 
Solids, has been changed to Surface Physics, Sub-Depart- 
ment of the Cavendish Laboratory, Free School Lane, 
Cambridge. i 


Edinburgh 


Dr. P. M. B. WALKER has been appointed to the chair 
of natural history in the Department of Zoology. The 
following have been appointed to personal chairs: Dr. 
M. Pickford (physiology); Dr. J. A. Strong (medicine); 
Dr. J. R. Greening (medical physics). 


Liverpool 


Mr. G. H. Lawson has been appointed to the newly 
established chair of business studies. Mr. J. A. Proudlove 
has been appointed to the newly established chair of 
transport studies. Dr. J. Stringer has been appointed to 
the chair of physical metallurgy in succession to Prof. D. 
Hull, who was recently transferred to the Henry Bell 
Wortley chair of metallurgy. 
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London 


Pror. R. W. H. Szreaent has been appointed to the 
Courtaulds chair of zhemical engineering, tenable at the 
Imperial College of Szience and Technology. Dr. W. L. L. 
Rees has been appomted to the chair of psychiatry, 
tenable at St. Bartkolomew’s Hospital Medical College. 


Newcastle upon Tyne 


Mr. J. R. O’CaLLagaan has been appointed to the chair 
of agricultural engineering. The following have been 
appointed to perscnal professorships: Mr. J. Shaw 
(zoology); Mr. D. N. Walder (surgical science). 


Swansea 


Pror. P. M. Davipson has been appointed head of the 
Department of Physics for the session 1966-67. Dr. J. 
Dutton has been appointed to a chair of physics. Mr. 
H. W. Gosling has been appointed to a second chair of 
electrical engineering. 


Appointments 


THE new director of the Tata Institute of Fundamental 
Research, Bombay, is to be Prof. M. G. K. Menon. He 
is primarily known for his contributions to cosmic ray 
research, and indeed worked in the cosmic ray group under 
Prof. C. F. Powell at Bristol University between 1949 and 
1955. Prof. Menon <oined the Tata Institute in 1955 and 
became senior professor and deputy director (physics) in 
1964. 


Tax following havə been appointed to the Medical 
Research Council: Prof. D. A. K. Black, University 
Department of Medicine, The Royal Infirmary, Man- 
chester; Prof. W. T. J. Morgan, Department of Bio- 
chemistry, Lister Institute of Preventive Medicine. These 
members have been appointed in succession to Prof. 
G. M. Bull and Prof A. Neuberger. Prof. W. 8. Feldberg 
has been appointed head of a new Laboratory of Neuro- 
pharmacology at the National Institute for Medical 
Research. 


Mr. R. F. TORNBULL, a senior principal research scientist 
in the C.S.LR.O. [Civision of Forest Products, has been 
appointed Australian chief scientific liaison officer and 
scientific adviser to the Australian High Commissioner in 
London, in succession to Mr. W. Hartley. 


Announcements 


UnprER the auspices of the International Union of Pure 
and Applied Chemiszry, the University of Michigan is now 
making publicly aveilable the Bulletin of Thermodynamics 
and Thermochemistry—an unusual kind of abstracting 
publication. The Bulletin breaks new ground by printing 
lists, frequently accompanied by short summaries, of 
articles in the process of being published by the journais. 
It also includes a comprehensive bibliography of papers 
in thermodynamics and thermochemistry published in 
the past year (196€). The volume of the Bulletin now 
available is the nicth to have been produced, but the 
first to have been published. Because of increasing size 
and rising costs, the Bulletin has had to seek support 
from the National Science Foundation, which has pro- 
vided capital to launch the enterprise. 


Tue Association of Ecientific Workers in Britain has taken 
a stand against the British Government’s incomes policy. 
In a statement issued at the end of July, the Association 
says that it has consistently opposed the Governments 
policy and that it will “oppose with even greater vigour” 
the proposal that thsre should now be a “‘freeze”’ on wages 
in Britain. The stasement says that the Association con- 
siders “the relative technological backwardness of some 
sections of industry, the need to expand rapidly in 
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education, health and housing and the need to increase 
' exports’ cannot be solved by a restraint on wages and 
salaries. 


Tax Ministry of Defence (Royal Navy) says that the time 
signal service, which since January 1, 1966, has been 
provided by Criggion VLF station (GBZ) on 19:6 ke/s 
while the Rugby station was modernized, will revert to 
Rugby (GBR) on.16 kejs, as from 0001Z on September 
1, 1966. 


Ir is planned to have early in 1967 a special issue of Radio 
Science devoted to the subject of the propagation of long 
radio waves. Experimental and theoretical workers in 
this field are invited to submit manuscripts for considera- 
tion, and further information can be obtained from the 
Editor, Radio Science, Environmental Science Services 
Admumustration, Boulder, Colorado 80302. 


Pror. F. SonpHEmeER, who since 1964 has been holding 
a Royal Society research professorship at the University 
of Cambridge in the University Chemical Laboratory, 
will, from October 1, 1967, be holding his appointment in 
the Department of Chemistry at University College, 
London. The University has conferred the title of pro- 
fessor of chemistry on Prof. Sondheimer in respect of his 
appointment. 


THe Canadian Society for Cell Biology was formed at a 
meeting held in the Queen’s University, Kingston, 
Ontario, during May 19-20, with an executive consisting 
of: President, Dr. H. F. Stich (McMaster University); 
President-Elect, Dr. L. Siminovitch (University of 
Toronto); Secretary, Dr. S. T. Bayley (National Research 
Council, Ottawa); Treasurer, Dr. G. Setterfield (Carleton 
University); Directors, Dr. 8. J. Webb (University of 
Saskatchewan); Dr. J. G. Lafontaine (Laval University); 
Dr. M. Barr (University of Western Ontario); Dr. P. 
Ford (University of British Columbia). 


Tue third international Congress of Nephrology will be 
held in Washington, D.C., during September 25—30. 
Further information can be obtained from the Secretariat 
of the Congress, 9650 Wisconsin Avenue, Washington, 
D.C. 


A CONFERENCE on’ “Hazards in Foundries”, organized by 
the British Occupational Hygiene Society, will be held in 
the University of Birmingham during September 13-14. 
Further information can be obtained from Mr. D. C. 
Murphy, Medical Department, Esso Petroleum Co., Ltd., 
Esso Refinery, Fawley, Southampton. 


THe sixth international symposium on “Gas Chromato- 
graphy and Associated Techniques”, organized by the Gas 
Chromatography Discussion Group of the Institute of 
Petroleum, will be held in Rome during September 20-23. 
Further information can be obtained from the Institute 
of Petroleum, 61 New Cavendish Street, London, W.1. 


A SYMPOSIUM on “Gastrointestinal Radiation Injury” 
will be held in Richland, Washington, during September 
25-28. Further information can be obtaimed from Dr. 
M. F. Sullivan, Biology Department, Battelle-Northwest, 
P.O. Box 999, Richland, Washington. 


Tue third international meeting on “Organic Geochem- 
istry” will be held at the Imperial College of Science and 
Technology during September 26-28. Further information 
can be obtained from Dr. G. D. Hobson, Department of 
Geology, Imperial College of Science and Technology, 
London, S.W.7. 


A GENERAL discussion of the Faraday Society on ‘Colloid 
Stability in Aqueous and Non-Aqueous Media” will be 
held in the Universiwwy of Nottingham during September 
26-28. Further information can be obtained from the 
Assistant Secretary of the Faraday Society, 6 Gray’s Inn 
Square, London, W.C.1. 
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A SYMPOSIUM on “Bionic Models of the Animal Sonar 
System’’, sponsored jointly by NATO and the Office of 
Scientific Research of the United States Navy, will be 
held in Frascati during September 26—October 3. Further 
information can be obtained from Dr. R. G. Busnel, 
Laboratoire de Physiologie Acoustique, Domaine de 
Vilvert, Jouy-en-Josas, S. et O. * 


A OONFERENCE on “Energy Beams and their Uses”, 
arranged by the Electronics Group of the Institute of 
Physics and the Physical Society, will be held in the 
University of York during September 28-30. Further 
information can be obtained from the Meetings Officer, 
the Institute of Physics and the Physical Society, 47 Bel- 
grave Square, London, 8.W.1. 


A. RESIDENTIAL conference on ‘Integrated Process Control 

Applications in Industry”, arranged by the Institution of 

Electrical Engineers, will be held atthe Manchester Institute 

of Science and Technology during September 26~29. 

Further information can be obtained from the Secretary, 

-e of Electrical Engineers, Savoy Place, London, 
0.2. 


EgraTUM. Dr. B. G. Gowenlock has been appointed to 
succeed Prof. F. Bell to the chair of chemistry in the 
Heriot-Watt University, and not Dr. B. Glover as stated 
on p. 225 of the July 16 issue of Nature. 


CORRESPONDENCE 


Unpublished Literature 


SR, — Your trenchant criticism of the proposed Physics 
Information Exchange Seheme (PIE) (Nature, July 23, 
1966) rather suggests that you do not find much wrong 
with the present system of publishing the results of 
scientific research. I do not share your Candide-lke 
attitude. 

In the first place publication is often far too slow. 

Secondly, the practice of selection by referee 1s open to 
considerable objection. Many people have had the 
experience of having a paper rejected, or worse still re- 
written in an unacceptable form, by one journal, and 
subsequently promptly accepted by another. Moreover, 
though it does not happen often and has certainly never 
happened to me, there do appear to be instances in which 
a refereo has abused his privilege and started work based 
on an idea gained from a paper sent by a journal for his 
opinion. before the article was published. 

Thirdly, in order to keep abreast of progress even in one 
limited field it may be necessary to see regularly several 
dozen journals. 

The Immunopathology Exchange Group (IEG), of which 
T am a member and which seems to be very non-exclusive, 
is to me of enormous value and I am most delighted both to 
read and to contributo to 1ts scientific memos. Of course 
TEG has its critics and no doubt there is room for improve- 
ment in regard to distribution and perhaps in other ways, 
but it does represent a new approach to the quick dissemin- 
ation of scientafic information which goes far to overcome 
the disadvantages of conventional publication, some of 
which I have listed above. I know little about high 
energy physics, and nothing about PIE beyond the inform- 
ation in your editorial, but the scheme sounds as if it 
might help physicists in the way that IEG helps immunolo- 
gists. One would hope that a journal of such high standing 
as Nature would have adopted a less timid and more 
constructive attitude to such an important experiment. 


Yours faithfully, 
MICHAEL WOODRUFF 


Professor of Surgical Science, 
University of Edinburgh. 


= * - G 4 
« - . P = ‘ 
ft t r ae? . ro ` P Oe 


+ ~ - - bad 
~~ + - ù 7 A i ý È q > Ht 
ta 
> am. > 
h $ < . Fi 


No. 5049 *AUGUST 6, 1966 


4 
we 


~~ 


NATURE 


4 Pi Fal e -= - 
= = 47 = Oe «ft ‘! "ya,: 
~ 
~ “es a ~ 
- 


ORGANIZATION OF A RESEARCH ASSOCIATION 


RESIGNATIONS AT THE BRITISH FOOD MANUFACTURING INDUSTRIES RESEARCH ASSOCIATION 


A PERIOD of dispute and misunderstanding about the 
management of the British Food Manufacturing Industries 
Research Association culminated on July 11 with the 
resignation of the Director of Research, Dr. C. L. Cutting, 
and the Secretary, Mr. D. H. Martin. For some months a 
firm of management consultants, Urwick Orr and Partners, 
has also been surveying the work of the organization, 
which is sited near a number of other co-operative 
industrial research associations at Leatherhead, Surrey. 

Dr. Cutting has a distinguished record of work in the 
handling and processing of food. A physical chemist by 
training, he joined the Department of Scientific and 
Industrial Research in 1937 and worked at the Torry 
Research Station, Aberdeen. During this period he 
worked on the development of a mechanical kiln for the 
smoking of fish, and that device has since been widely used 
as the Torry Kiln. Dr. Cutting moved to the Humber in 
. 1952, where he was responsible for building up a new 
laboratory concerned with fish technology, and where he 
also carried out a series of measurements of the tempera- 
tures at which fish were to be found at various stages of 
their journey from the North Sea to the fishmongers’ 
slabs. Dr. Cutting became director of the British Food 
Manufacturing ‘Industries Research Association on 
February 1, 1962. 

A part of the cause of the disputes of the past four years 
seems to be the arrangements made for the management 
of the Research Association from the time of Dr. Cutting’s 
arrival. It appears to have been decided that the new 
director should have as much time as possible to direct the 
scientific research of the Association, and that certain 
administrative responsibilities should be shouldered by 
the secretary of the Association. 

These arrangements, designed though they may have 
been to assist the smooth running of the laboratory, 
seem to have been a source of friction. Sometimes it 
appears to have been difficult to decide whether the 
secretary of the association was responsible to the director 
of research or to the Council of the Association, possibly 
through the Finance and General Purposes Committee and 
its various sub-committees. Proposals for the purchase of 
new equipment had to be costed in such great detail that 
the director got the mpression that he was not master in 
his own house. Though the director was responsible to 
the Finance and General Purposes Committee for recom- 
mending individual salary increases for his staff, he was 
not always present when decisions were made on matters 
like these. 

The general level of salaries for research workers at the 
Association appears to have been another bone of con- 
tention. In 1962, the cost of salaries, superannuation and 
national insurance for the then staff of eighty-seven, 
thirty-seven of whom were scientifically qualified, amoun- 
ted to £85,000. Since then there have been improve- 
ments in both salary and pension rights, and the most 
recent development is that the Association has adopted the 
salary scales of the Scientific Civil Service as a basis for the 
payment of its own research staff, with certain reservations 
concerning matters such as the timing of salary increases. 
Because of the proposal to increase salaries, the Associa- 
tion expects that mcome will not cover expenditure 
during 1966. Even so, the discontent of the staff seems 
not to have been fully allayed, at least in part because they 


were not fully informed about the reservations attached 
to the decision thaf the salary scale of the Scientific Civil 
Service should be adopted at Leatherhead. For one 
thing, the issue of salaries at the Food Manufacturing 
Industries Researca Association has been taken to the 
Ministry of Labour by the Association of Scientific 
Workers, which claims the membership of a majority of 
the staff at Leath=rhead. Another sign of continuing 
discontent is that the loss of staff from the laboratory 
during 1965 amounted to thirty-six (compared with fifteen 
in the previous year), or rather more than a third of the 
total staff. 

These events have taken place in what seems to have 
been an atmosphere of impoverishment going back at least 
to the foundation of the Association in 1946 by the amal- 
gamation of the British Association of Research for the 
Cocoa, Chocolate, Sugar Confectionery and Jam Trades 
and the British Fooi Manufacturers Research Association. 
Over the years the membership of the Association has 
steadily grown, ani now amounts to close on 700, yet 
income by way of subseriptions lies between £90,000 and 
£100,000. The subseriptions of individual member com- 
panies range from £25 to £1,500. The Government, 
through the Ministry of Technology, contributed £47,000 
in 1965—calculated as half the value of the subscription 
revenue from British companies. One of Dr. Cutting’s 
contributions to tke work at Leatherhead has been to 
increase the contr.butions from contract research for 
public authorities m Britain and elsewhere. The, Asso- 
ciation’s work on cctton-seed oil and meat under contract 
with the U.S. Department of Agriculture was worth close 
on £12,000 in 196€. Work of this character for public 
authorities in Britain often ranked for grant from the 
Ministry of Technobgy. 

The other outstanding feature of the work of the 
Research Association is the diversity of its scientific 
research. Inevitakly the balance of effort reflects the 
interests of the subseribers, which means that confectionery 
and products made from meat and fish account for the 
greater part of the £ssociation’s effort. But it also attends 
to the problems of jam makers, picklers, bakers wishing 
to use materials suca as ready-made icing, and food manu- 
facturers concerned. with edible oils. In its meat research, 
the Association has made some valuable contributions to 
the understanding and the control of bacterial contam- 
ination. Its programme of research is now being co- 
ordinated closely w-th that of the Meat Research Institute 
at Bristol, financed by a statutory levy on the meat 
industry. 

In all the circumstances, it is more than probable that 
the Association wil find itself having to make a drastic 
re-alignment of its policies in the months ahead, and in the 
light of the eventizal report of the management consul- 
tants. A more secur> source of a larger revenue is obviously 
a first objective, and there is no doubt that other research 
associations will take the greatest interest in the attempts 
that will no doubt: be made to persuade member com- 
panies to pay larger subscriptions. It will also be surpris- 
ing if the Associatzon does not find itself looking for a 
more tightly-knit research programme. Getting staff— 
and keeping them-—-will not have been made easier by the 
events of the past few years. Going out of business cannot 
be altogether out ofthe question. 
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BIOLOGY OF SYNCHRONOUS FLASHING OF FIREFLIES 


By Dr JOHN BUCK and ELISABETH BUCK . 
Laboratory of Physieal Biology, National Institutes of Health, Bethesda, Maryland 


Reports of synchronous rhythmic flashing by fireflies 
in South-East Asia have been appearing for more than 
two hundred years. Smuth’s' description of displays along 
the Chao Phraya (Meinam) River south of Bangkok will 
serve to introduce the phenomenon: “Imagine a tree 
thirty-five to forty feet high thickly covered with small 
ovate leaves, apparently with a firefly on every leaf and 
all the fireflies flashing in perfect unison at the rate of 
about three times in two seconds, the tree being in com- 
plete darkness between the flashes ... Imagine a tenth 
of a mile of river front with an unbroken line of Sonneratia 
trees with fireflies on every leaf flashing in unison, the 
insects on the trees at the ends of the line acting in perfect 
unison with those between. Then, if one’s imagination is 
sufficiently vivid, he may form some conception of this 
amazing spectacle.” The flashing, Smith continues, is 
confined to male fireflies and “f. . . occurs hour after hour, 
night after night, for weeks or even months...’’. 

This behaviour is strikingly different from that of most 
fireflies in other parts of the world: in fact, such large- 
scale, long-lasting, concerted rhythmic activity is seem- 
ingly unique in the animal kingdom. For this reason the 
phenomenon has been a perennial source of interest tinged 
with scepticism’. Yet the many accounts have not led 
to a consensus about certain important observational 
details of the synchrony, or to satisfying explanations of 
either the physiological mechanism of the mass flashing 
or of its biological significance. 

On the basis of a recent visit to Thailand? and Borneo‘ 
we have reported elsewhere’ some photographic and 
photometric measurements on a Thai species of firefly 
indicating that the synchrony of flashing varies less than 
16 msec in a cycle of 560 msec, and have described 
observations on the build-up of synchrony under labora- 
tory conditions which shed some light on the physiology 
of this firefly’s “sense of rhythm”. In this article we shall 
consider some more speculative aspects of Oriental con- 
certed flashing related to its distribution and possible 
function. Two general premises are involved. First, the 
whole behaviour pattern, since ıt represents the product 
of countless millenia of evolutionary selection, must have 
a definite and important function in the life of the par- 
ticipating firefly species. Secondly, Oriental mass syn- 
chronism is a complex of behaviours (congregation per se, 
congregation in trees, choice of trees near water, flashing, 
synchrony) which may or may not be functionally related 
and which probably have quite different relative 
Importances. 


Riverbank Firefly Congregations 


Morrisons” and Smith claimed that the male Thai 
fireflies fly out from the adjoining jungle each evening 
“. . . for the purpose of engaging in this nightly display’”. 
This statement implies that the trees are populated anew 
each evening, an idea which we believe to be incorrect. 
Not only were riverbank trees near Bangkok full of fire- 
flies in early evening, but we also found many of the 
insects present in mid-morning in a tree which we had 
studied the previous evening. Fireflies have also been 
seon by day in trees harbouring synchronizing swarms in 
New Britain’ and in non-synchronous trees in Jamaica’. 
In Sarawak we found the tree inhabitants still flashing at 
midnight and at 6 p.m., as did Haneda! in New Britain. 


Resident fireflies thus account for at least part of the 
successive evening congregations. Fireflies were indeed 
seen flying to communal trees in both Thailand and 
Sarawak, but at the same time some were also seen flying 
away. The possible significance of these flights will be 
discussed. later. 

Practically nothing is known about the longevity of 
fireflies in Nature, but even at carefully controlled 
humidities and temperatures captive adults of most 
species die in a few days. This suggests that congregations 
that maintain themselves for weeks or months must be 
replenished constantly. Because a West African firefly 
species has been found to breed throughout the year", 
and the adults of several species in Jamaica? and in 
New Britain’ are active in every month, tropical firefly 
trees could presumably be maintained for long periods, 
perhaps indefinitely, by recruits from a population in a 
more or less steady state of reproduction". 

So far as it is known, all adult fireflies come from pupae 
in the soil—the pupae come, in turn, from larvae that live 
on or in the soil, or in water. Haneda found mating pairs 
and larvae on the ground in the Botanical Garden at 
Rabaul near silk-cotton trees in which fireflies were flash- 
ing synchronously. However, the mangroves bordering 
the swamp rivers of Thailand and Borneo stand in mud 
that is scoured by tidal currents so swift that ıt seems 
impossible that larvae, even if aquatic, could survive on 
the riverbank. Thus the swarms of fireflies in the trees 
must migrate from the interior swamp. 

Good firefly trees were not common along the Chao 
Phraya River, but even in Sarawak, where the terrain is 
much closer to virgin swamp and firefly trees were more 
abundant, there were many mangroves of the same kind 
as those in which firefly swarms occurred, and similarly 
situated, which were completely free of the insects. The 
observed distribution of the firefly population therefore 
requires more than random flight from hinterland to the 
edge of a river. When watching male Thai fireflies in a 
darkroom we discovered that there is a period, before the 
flying specimens alight and synchronism begins to build 
up, when they are definitely attracted to each others’ 
light®, This positive phototaxis suggests that male fire- 
flies arriving at the fringe of riverbank trees would be 
attracted by flashing congregations there, or, if no previous 
swarm existed, might themselves form a nucleus by mutual 
photic attraction. Such assemblies might be expected to 
build up competitively, leading eventually to one or a few 
large swarms that had outdrawn nearby smaller centres 
because of higher mean light emission. Many potential 
display areas may therefore exist for each that develops 
to a spectacular level. The corollary that a good display 
tree would take some time to establish agrees with other 
indications that the assemblages are not renewed nightly. 

The fact that flashing behaviour changes (from rapid 
twinkling to a steady tempo of two per second) after the 


-m&le fireflies alight® is not a peculiarity of the particular 


Thai species or of the perching habit. Flash patterns in 
resting fireflies are usually quite different from those in 
flight!*. What is unusual in tree fireflies is the maintenance 
of steady spontaneous flashing while perched-——almost all 
roving fireflies flash irregularly, if at all, while at rest. 

In sum, riparian firefly trees may be viewed as quasi- 
permanent assemblies, formed by way of photic attraction 
and maintained by recruitment. 
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Congregation Trees 


An association of fireflies in South-Hast Asia with 
“certain”, “favourite” or “‘particular’’ trees, especially 
mangroves, is widely recognized. In New Guinea the 
so-called “firefly mangrove” is Sonneratia caseolaris (which 
includes the former S. obovata, S. acida and S. lanceolata)». 
The trees are well known to the natives and are said to be 
used in nocturnal navigation’®. Sonneratia is also the 
“exclusive”’ firefly mangrove in Thailand, according to 
Morrison and to Smith (but see later). In Malaysia, 
although Sonneratia is common, the genus Avicennia must 
be considered an important firefly perch as its Malay 
name, “api-api’’, is also a name for firey". 

In Sarawak we found riverbank fireflies congregated in 
Scyphiphora hydrophyllacea and Lumnitzera sp. (near 
Kampong Senan), Sonneratia alba (Paya Paloh and Bako 
Park), Avicennia marina (Bako Park) and Sonneratia 
caseolaris (Paya Paloh)*. It was not uncommon to find 
Sonneratia and Avicennia trees growing side by side, each 
harbouring fireflies. Flashing was also seen in trees 
identified by our guides as mango and sage. Around 
Bangkok most assembles were in Sonneratia, but one of 
our best displays in terms of population density and 
completeness of synchrony was in a small thorn bush 
(Acanthus ilicifolius). Synchrony was also seen in Ziziphus 
mauritiana and in another, unidentified, tree. The only 
instance of perch selection in either Thailand or Borneo 
was a negative one involving the ubiquitous nypa (nipa) 
palm (Nypa fruticans) on which it was rare to find even 
a single firefly. 

Numerous other trees have been mentioned as firefly 
perches (see particularly Millard+*), but even our own very 
limited experience is sufficient to show that there can be no 
causal relation between synchronous flashing, or even 
congregation, and particular kinds of trees. Nevertheless, 
the evidence confirms an essential involvement of trees in 
firefly behaviour. There has been no previous attempt to 
analyse this association aside from Morrison’s vague sug- 
gestion that there may be “. . . something in the sap... 
which attracts the animals’’. This particular possibility 
seems very unlikely in view of the variety of acceptable 
trees and the very long duration of the displays, but in 
any event our samples of branches from firefly trees did 
not give any indication that the insects were being 
attracted by flowers or fruit. Fireflies in a Jamaican 
swarm have been seen possibly drinking from palm fruit 
scars, but the same species also congregates on acacia’. 
Furthermore, it is generally believed that most fireflies do 
not feed during adult life. On the whole, therefore, the 
evidence is very strong that trees are not an objective in 
themselves but are involved incidentally to some other 
firefly activity. 


Aggregation and Mating 


Since it is firmly established that male and female of 
most, if not all, roving-type fireflies are brought together 
for mating by individual-to-individual photic signalling, 
it is natural to enquire whether the flashing congregations 
in. trees have any sexual significance. Both Morrison and 
Smith specifically denied this possibility but their stand 
was based on the misapprehension that female fireflies 
are always wingless and thus would be unable to reach 
the trees. The fact is that females of the riverbank species 
we studied in Thailand and Borneo are present in the 
trees, and in large numbers. The same situation was 
found in firefly trees in New Britain by Haneda. The 
females do not participate in synchronous flashing with 
the males, but this perhaps re-inforces the suspicion that 
they are in the trees for another purpose. 

In the Jamaican trees large numbers of coupling pairs 
were found and the suggestion was made that the aggregat- 
ing behaviour serves to promote mating’. Haneda similarly 
felt that the synchronous flashing of the New Britain male 
fireflies calls the females. In Thailand we unfortunately 
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concentrated so herd on observing and recording the 
various kinds of flaches in the trees® that it was not until 
we had returned to she United States that we realized the 
significance of possible non-luminous activity (most fire- 
flies cease flashing while mating). We did find a coupling 
pair on the gunwhsle of our canoe after we had beaten 
the foliage with our -nsect nets in making a mass collection, 
and we observed that such beatings always flushed out 
many more animale than we would have expected from 
the density of flasting. Thus mating presumably does 
occur in the firefly trees of Thailand as in Jamaica and 
New Britain. 

One further tenucus indication of mating habits comes 
from eye size. It ic fairly well established that in firefly 
genera in which a roving male seeks a sessile female the 
eyes of the male are_much larger than those of the female; 
but if the female taxes a mobile part in the courtship the 
eyes are more nearly equal in size. In all the species of 
riverbank fireflies we have examined the eyes of the males 
and females are abcut equal. This finding is compatible 
with the idea that females as well as males are attracted 
to the congregations. Nets placed around a small firefly 
tree might give evidence of the postulated two-way (but 
not necessarily lum-mous) traffic and might make it pos- 
sible to ascertain whether incoming females are primarily 
virgin and departing females mated’??. 


Possible Rationale of Mass Mating 


If fireflies do convene at the water’s edge for mating, 
the utility of trees as fixed and dry sites for assembly is 
obvious, particularl- since the insects do not mate on the 
wing. The assembly trees would presumably be selected 
by chance, and mangroves, being common, would be used 
often. However, is is not obvious why the riverbank 
should be chosen for assembly in the first place or why the 
fireflies in question. should have evolved indiscriminate 
centralized mating instead of the system of individual 
courtships, which is not only the more usual plan among 
fireflies but would appear to be more efficient in terms of 
dispersal of the species. 

In most species of roving firefly, males in an already 

widely distributed population search on the wing for 
stationary females. Recognition and homing depend on 
the pair being able to see each other nearly continuously 
in order to distingush the signal code of their own species 
from those of other species patrolling the same terrain. 
Our experience with American, Caribbean and upland 
Malayan?! forms imlicates, as might be expected, that 
roving fireflies are und primarily on open ground, such 
as meadows, forest glades, road clearings, savannah and 
jungle trails. 
_. There could scarcely be imagined a terrain less favour- 
able for line-of-sigEt recognition than the flat, tangled, 
mangrove-nypa swamps of South-East Asia in their virgin 
state. A firefly tree on a watercourse, however, might 
provide a sufficiently bright and large beacon, perhaps 
enhanced by reflex ons, to attract fireflies that wander 
out into the clear over the water, and might provide 
enough opportunities for mating to compensate for the 
(assumed) long fligrts required of the mated females for 
egg dispersal. We propose therefore that, in tropical 
swarpland, mass mating has evolved instead of pair 
courtship because sustained photic communication 
between individuals is impossible. 


Significance of Mass Synchrony 


As reported elsewnere®, not all the firefly trees which we 
saw in Thailand shcwed concerted flashing, and the trees 
we studied in Sarawak, where syachrony has been seen 
by professional biolgists**, showed only transitorily and 
incompletely co-ordinated flashing, We suspect that we 
failed to see well-developed synchrony in Sarawak because 
at the time of our visit the riverbank trees were harbour- 
ing approximately equal numbers of three species of fire- 
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flies (all of the genus Pteroptyx**), with consequent 
clashing of rhythms and breakdown of entrainment. Even 
in Thailand, where two other species of Pteroptyx were 
together in the trees, the synchrony of the dominant males 
only produced its wondrous effect because the numbers of 
the second species were very small. In Thailand we also 
felt that synchrony was more complete in more densely 
populated trees, in line with our “laboratory” finding that 
the visual feedback that brings two individuals into step 
operates only over relatively short distances’. It seems 
likely, therefore, that a species of firefly capable of flashing 
synchronously may produce displays ranging from 
apparently perfect unison to completely random sparkling 
depending on such factors as population density and 
purity. 

There is little indication that synchronization of flashing 
is essential for either development or maintenance of 
arboreal congregations of fireflies. However, if the insect 
eye reacts like the human eye there are two reasons why 
synchronous emission would be more effective than dis- 
ordered flashing as a beacon for assembly. An obvious 
effect would be to change a relatively continuous 
luminescence to an alternation of light and dark. (This 
principle is, of course, widely used in advertising signs 
in order to enhance their efficiency in catching attention.) 
The second advantage of coincidence of flashes would be 
to increase greatly the brightness of the tree, making it 
visible at greater distances. 


Geography of Firefly Tree Aggregations 


However reasonable the hypothetical rationale of river- 
bank aggregation and synchronous flashing may appear, 
it would be optimistic to suppose that observations made 
over a few evenings have settled major questions of 
communal behaviour of fireflies—even for the principal 
Thai species which we studied. For example, the basic 
postulate of mating in the trees still requires confirmation, 
as also do the proposed flights of male and female. 

First-hand accounts of mass synchronism in the Philip- 
pines, Malaysia, New Guinea, Indonesia, Thailand, Burma 
and tropical India outnumber those from the rest of the 
world by thirty to ten?. The Oriental displays conform in 
general to the kind seen in Thailand: huge, long-lasting 
congregations in riverbank trees, flashing in nearly exact 
coincidence. Most of the occidental reports involve dis- 
persed populations in flight, active for only short periods, 
and flashing in waves. The distribution of Oriental-type 
synchrony corresponds at least roughly with that of 
Oriental mangrove-nypa swampland, whereas the Western 
reports are almost all from open terrain. 

There is, therefore, reason to regard the congregation of 
fireflies on trees as being linked to a specific type of 
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topography. However, there is not a@ single display 
described in the literature that does not need further 
critical study of behaviour and habitat in specific relation 
to mating. Also, many more virgin Oriental swamplands 
will have to be sampled, as well as comparable areas in 
Africa and South America, before the nuptial device 
apparently used by Péteroptyx in Thailand can be con- 
sidered the principal one evolved for coping with swamp 
conditions*4, l 


* Smith, H. M., Science, 82, 151 (1935). 
* Buck, J. B., Quart. Rev, Biol.,18, 301 (1988). 


3 We thank the Amencan Philosophical Society and National Geographic 
Soclety for travel grants, and Professor Kloom Vajropala and Dr. 
Boonsong Lekagul for help in Thailand durmg October 11-20, 1965. 

t We thank Messrs. John Dunsmore, John Turner, R. B. J agat and Peter 
Ashton for innumerable favours and extensive assistance m Sarawak 
during September 25—October 1, 1965. 

5 Buck, J., and Buck, E., Science (in the press). 

* Morrison, T., F., J. Siam. Soc., Nat. Hist., Suppl. 7, 71 (1927). 

* Morrison, T. F., Scrence, 68, 400 (1929). 


°? Haneda, Y., in The Luminescence of Biological 8 stems, edit. by Johns 
F. F., 452 (Amer Assoc. Adv. Sci., Washington, 1955), y on 


° Buck, J. B., Nature, 139, 801 (1937). 
18 Kaufmann, T., Ann. Entomol. Soc. Amer., 68, 414 (1965). 


a2 ee ee F. A. and Buck, J. B., Trans. Amer. Entomol. Soc., 85, 1 


48 Dun, G. S. (personal communication). 


1 Moonlight 1s known to depress firefly activity (see also Smith (ref. 1) and 
Buck (ref. 9) ) so there may bea monthly cyclefof tree population density. 

” Seliger, H. H., Buck, J. B., Fastie, W, G., and McElroy, W. D., Biol. Bull. 
(Woods Hole), 127, 159 (1964). 


13 Backer, C, A., and Van Steenis, C., Flora Malasiana, Ser. 1, 4, 280 (1951). 
Brass, L. J., J. Arnold Arboretum, 19, 174 (1938), White, G. T., J. Arnold 
Arboretum, 10, 346 (1929). Rand, A, L., and Brass, L. J., Bull. Amer. 
Mus. Nat, Hrist., 77, 341 (1940). We thank Dr. L. J. Brass for help in 
explaming the nomenclature of tropical mangroves. 


1: Watson, J. G., Mangrove Forests of the Malay Peninsula, Malayan F t 
Records No. 6 (1928). me 


17 Burkhill, I. H., A Dictionary of the Economie Products of the Malay Penin- 
sula, 1, 273 (1935). 


18 Dr. B. C. Stone kindly identified the mangroves collected in Sarawak. 
1° Millard, W, S., J. Bombay Nat, Hist. Soc., 16, 520 (1905). 


2 Wynne-Edwards, Y. C., in Animal Dispersion in Relation to Social Behaviour 
(1962) has discussed firefly synchronism as a type of conventionalized 
“epldeictic” display or social aggregation aimed basically at population 
regulation rather than maximizing mating opportunity. Ifso, the firefly 
example would be unusual in being apparently a more or less steady-state 
affair rather than bemg confined to a breeding season. However, much 
more study of possible size limitation and spacing of swarms will be 
required before this interesting suggestion can be assessed. 


21 We thank Lord Medway for enabling us to collect at the Gombak Field 
Station of the University of Malaya, and Dr. John Bullock for arranging 
-our stay at Fraser’s Hill (Selangor). 


#8 Anderson, J, A. R., Dunsmore, John, and Lord Medway (personal com- 
munications). 


233 We thank the late Mr. F. A. McDermott for identifying our fireflies, 


z: A species of Colophoiia has been reported to be “the” synchronizing firefly 
of Thailand (Reimking, O. A., Science, 53, 485; 1921) and we have also 
geen a large sample of Luciola brahmina, said to have been collected in 
the spring along the Chao Phraya River, and also supposed to have been 
flashing synchronously. Observational errors may well be involved in 
both reports, but the possibility of more than one synchronizing firefly 
species in the same area raises some very interesting questions and 
cautions against generalizations from limited geographical and seasonal 
experience, 
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For the convenience of readers, the following extracts are reprinted from Dr. Buck’s communication “Flashing 
of Fireflies in Jamaica” (Nature, May 8, 1937, and ref. 9 above): 


“DURING the past summer, the members of the Seventh 
Botanical Expedition of the Johns Hopkins University 
witnessed. displays of firefly activity in the British West 
Indies as spectacular in their way as any reported from 
the Orient. - 

‘In front of the expedition’s laboratory at Chestervale, 
in the Blue Mountains of Jamaica, there was a thatch 
palm whieh bore below its whorl of leaves an inflorescence 
a metre in diameter. For about a week in June, and 
again a month later, this inflorescence was transformed 
nightly into a sphere of seething flame by the flashes of 
thousands of fireflies which gathered there. Later, other 
displays were discovered, particularly on two large acacia 
trees overhanging the Clyde Valley which harboured such 
prodigious swarms of fireflies that the nebulous glow was 
visible half a mile away. i 

“AH the fireflies on these trees were of one species, 
Photinus pallens, andi the females outnumbered the males 


in the ratio of 4:3. Each firefly flashed regularly about 
twice a second while walking along the twigs, and entirely 
independently of any other individual. There was no 
sign of synchronism or of response between any 
individuais or between different trees. The flashing was 
not inhibited by heavy rain, by lightning, or by the beam 
of a powerful flashlight, but did not occur on moonlight 
nights. 

“Whatever the cause of the aggregation, it serves an 
important function in bringing the sexes together for 
mating, and many coupling pairs were observed on the 
palm tendrils. The mating, however, appears to be due 
entirely to accidental contact of the sexes during their 
peregrinations on the branches. The aggregation habit 
thus seems to take the place of the accurate systems of 
flashing signals which serve to bring male and female 
together in some species of firefly.” 

Joun B. Buck 
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BOOK REVIEWS 


| 
REMAINS OF THE REVOLUTION 


Industrial Archaeology 

An Introduction. By Kenneth Hudson. 
Paperbacks.) Pp. 183+ 59 plates. 
and Co., Ltd., 1965.) 18s, net. 


THE term “industrial archaeology” is little more than ten 
years old, yet the ideas behind it and the activities 
associated with it have acquired a remarkable popularity. 
Mr. Hudson’s handbook, first published in 1963 and now 
appearing in a paperback edition, is a useful and inter- 
esting guide, which also includes a bibliography and a 
gazetteer. The last important chapter on the documenta- 
tion and recording of industrial archaeology is of great 
practical value in itself. 

The first chapter, on ““What is Industrial Archaeology ?”’, 
is somewhat over-preoccupied with terminology. Clearly 
industrial archaeology, as it has developed, is not so much 
a “‘subject” as a “field”. Many of its practitioners would 
have got by in the past as economic and social historians, 
and large sections of subsequent chapters are straight 
economic and social history. At the same time, the term 
includes the history of technology——still a neglected sub- 
ject and one which 1s certainly not exclusively dependent 
on an archaeological approach—and a sizable element 
both of architectural history (particularly the history of 
the “functional” tradition) and of historical geography. 
It also pulls together the work of railway and canal his- 
torians—a well-established and flourishing body—and of 
people interested in “houses” (“furniture historians” are 
a more recent group). Yet another element incorporated 
into the term is “pictorial history” of the kind developed 
so imaginatively by Hoskins and his school, although 
“archaeology” ‘is only one side of this, and interest in 
industry—at least so far as Hoskins’s own work is con- 
cerned—is only one aspect of an extended and more 
systematic interest in local history, examining landscape 
and environment as much as “things’’. 

Hudson is anxious that “industrial archaeology” should 
be treated as a “subject” rather than that an archaeo- 
logical approach should be used along with other 
approaches in inter-disciplinary work on the history 
(including the recent history) of industry. His healthy 
enthusiasm seems to me to lead him astray at this point, 
and he tilts at too many wmdmills. Who are the “‘econ- 
omists, historians and archaeologists” who denigrate 
industrial archaeology “partly for reasons of sheer 
conservatism, partly from resentment against an up- 
-start’?? As. for those who have “serious and genuine 
doubts that industrial archaeology can be made into a 
satisfactory academic discipline’, one at least is more 
-worried about what the term “a satisfactory academic 
discipline” means than about the name “‘industrial 
archaeology” which, so long as it attracts added interest 
and stimulates more thorough scholarship, is at least as 
good as any other term. 

There seem to be various reasons for the very genuine 
interest. Britain’s industrial past is being re-scrutinized 
from many angles, in the middle of the twentieth century, 
and references to the “industrial revolution” are becoming 
as frequent and as varied as American references have 
long been to the Wild West or to the “open frontier”. 
Some critics have detected nostalgia in this, others the 
search for myth: at a more mundane level, the interest 
in old steam engines may be not all that different from 


(University 
(London: Methuen 


an interest ın vintage cars. It is not only the character 
or the range of the field, however, which attracts. The 
method 1tself—getring outside and around, digging (where 
relevant), measuring, photographing, keeping logs and 
record cards—is a source of attraction: it is a method 
which lends itself also to group activity, and it is not 
surprising that the growth of interest has been associated 
with extra-mural education. Some practitioners—and 
many of their friends and well-wishers—have also been 
inspired by a sense of urgency. ‘““Things” are being rapidly 
destroyed—the theme of Hudson’s second chapter. Can 
they be kept or, if they are not kept, can a full record of 
them be made? Hudson is a forceful and persuasive 
advocate of realistic proposals to ‘‘protect” Britain’s 
industrial legacy, snd he catalogues the various attempts 
already being mad> to maintain and develop records and 
to prevent both neglect and total destruction. His book 
is in places a manifesto as much as a handbook, and he 
is particularly and rightly concerned to get his “message” 
over to industrial firms. He quotes with approval, for 
example, an article by Maurice Barley in the Journal of 
British Industry, a publication where one would hope the 
lesson would striks home: ‘Only the most enlightened 
management realises that to preserve specimens of past 
machinery and prcducts may create prestige, rather than 
damage the image of industrial enterprise”. 

Seven of the eleven chapters deal with particular 
aspects of the incustrial legacy—a general background 
chapter on “the pace and pattern of the mdustral 
revolution” and chapters (of varying length and depth) 
on coal and metals; power; textiles, pottery, glass, 
brewing and distilling (an oddly assorted group); ran- 
ways, inland waterways and roads; building materials; 
and farm buildings. He does not have space to go into 
detail about disappearing evidence relating to more recent 
technology, althouzh he has a section on cement and two 
interesting pictures (supplied by Shell-Mex and B.P., 
Ltd.) of a nineteenth-century ‘petrol filling pomt” (not 
located) and the oldest surviving railway tank wagon for 
petroleum, now kept at the Museum of British Transport, 
Clapham. Certair aspects of post-industrial revolution 
technology, to use conventional terminology, are of 
immense interest, and when archaeological methods are 
relevant or necessary to their study they should be 
encouraged and dsveloped. Knowledge of the present 
shifting into the future is invaluable in this context. 
Just as Mare Blocn said that the master gift of the his- 
torian was to understand the living and that if you could 
not understand the living you could not understand the 
dead, so the most interesting: “industrial archaeology” 
will be that which shrows light on past technologies or on 
past societies so that both the technologies and the 
societies “live” aggin. In these terms, the archaeological 
approach is clearly relevant to much else which is modern 
besides industry. Urban studies are also beginning to 
boom, and there is ample scope for an archaeology of the 
Victorian city. The difficulty and fascination always come 
from the intelligent relating of the archaeological approach 
to other approaches. Very seldom do we have to rely on 
archaeological evicence alone. 

For all other kicds of evidence and for understanding 


‘the relationships between the different kinds, industrial 


archaeologists, like others, will still have to rely on his- 
torians, historians with no qualifying adjective. 
Asa Briecs 
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WILD NATURE 


Conservation of Natural Resources 

Edited by Guy-Harold Smith. Third edition. Pp. 
xi +533. (New York and London: John Wiley and Sons, 
Inc., 1965.) 758. 


RayMonpD Dasmann’s Environmental Conservation (1960) 
is probably the most useful text-book yet available on 
resource conservation viewed ecologically. Although con- 
cerned in the main with American situations, Dasmann’s 
wide coverage provides not only a satisfactory basic 
appraisal of the subject for students—in a form suitable 
for elaboration by teachers—but also it presents clearly 
and concisely a readily understandable introduction to 
conservation acceptable to the general reader. 

Guy-Harold Smith’s Conservation of Natural Resources 
is concerned entirely with the United States. It is 
another, but very different, text, the usefulness of which 
for reference is well established. The first edition was 
published in 1950, the second appeared in 1958, and now 
we have this third and largely re-written. edition of 1966. 
Both because its facts and figures have once again been 
brought almost entirely up to date and because it has 
sought to keep abreast of advances in conservation 
thinking and application, it will undoubtedly in the 
United States be a helpful complement to Environmental 
Conservation for university purposes. In Britain, how- 
ever, it will be used mainly as a source of reliable factual 
information, and for an understanding of the American 
approach. 

The book comprises twenty-three chapters, written by 
nineteen authorities, almost all of whom are university 
professors; it is arranged in eight parts. The first deals 
with conservation in the United States, with the public 
domain, and with economics and conservation; the 
second is concerned with soils, soil use and soil con- 
servation, irrigation and wetland reclamation, grassland 
resources and agricultural land use. The five succeeding 
sections cover a variety of aspects of forest, water, 
mineral, wildlife and recreational resources, and the 
conservation of man; the final part summarizes the 
situation with regard to state and local planning, and 
national planning and the conservation of resources. 
There are numerous photographs, figures, tables and 
maps interspersed in the text, and each chapter is amply 
referenced. There is an adequate index. 

Because of its immediate relevance to the situation in 
Britain, and perhaps particularly in Scotland, the fol- 
lowing extract from the chapter on recreational resources 
may be quoted: “There are great opportunities for greater 
public use of private land for recreation. After all, more 
than two thirds of all land in the United States is privately 
owned and much of it has a large recreation potential. 
The large amount of the probable future demand for out- 
door recreation makes it probable that public areas will 
not expand fast enough to satisfy the demand. Recreation 
could well develop as the dominant use for some private 
areas or as One use among several on larger areas’. Partly 
militating against such development in the United States, 
as also in Britain, is the fact that so many public recreation 
areas are open without charge or for a very low fee. 
“Although the private providers often charge primarily 
for the service they render, rather than for their resources 
as such, the competition from public areas is certainly a 
factor. The American public, or at least a large part of 
it, has become accustomed to free or low-cost outdoor 
recreation and does not realize the value of the resources 
it so obtains.” Surely, there is food for thought here. 

Although it is entirely laudable that in a book of this 
nature controversies should be neither ignored nor 
dramatized, it is nevertheless remarkable that nowhere in 
it is there any reference either to Rachel Carson or to 
Robert L. Rudd’s Pesticides and the Living Landscape 
(1964). It is notable that the word ‘pesticides’ occurs 
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only once, coupled with ‘insecticides’. The latter word 
has four index references but only twice in the text and 
in one caption is there any mention—and that, as it were, 
in passing——of the threats inherent, in the form of side- 
effects, in the widespread use of so many persistent killer 
chemicals—leading to accumulations of toxic levels. 

W. J. EGGELING 


A SUMMARY OF BEGINNINGS 


Cybernetics and Development 

By Michael J. Apter. (International Series of Mono- 
graphs in Pure and Applied Biology. Division: Zoology, 
Vol. 29.) Pp. xi+188. (London and New York: Per- 
gamon Press, Ltd., 1966.) 50s. net. 


Bro.oaists interested in the theory of development have, 
in the past few years, had their expectations raised by the 
news that the physical and mathematical sciences are 
developing new bodies of theory concerned with processes 
of control and organization. These go under a variety of 
names, such as systems theory, information theory and 
the like; perhaps “cybernetics’’ is the most generally 
accepted way of referring to the whole range of these new 
developments. 

Dr. Apter’s short monograph is a summary of these 
recent developments in so far as they have been applied, 
or seem capable of application, to problems of biological 
development. In it can be found short accounts of most 
of the recent cybernetical work in this field, such as 
Turing’s work on patterns, the application of the Turing 
machine to macromolecular processing by Stahl and 
Goheen, Maruyama’s and Ulam’s work on the algorithmic 
generation of patterns, Goldacre’s model in terms of 
electrical circuits, discussions by Ashby, Pask, von Neu- 
mann and many others. This makes the work a valuable 
source-book for what might be called “new-fangled” 
approaches to developmental theory. As such it is to be 
welcomed and has a place on the shelves of anyone 
interested in theoretical biology. 

The sceptical biologist is, however, likely to ask just 
what these new mathematical approaches really amount 
to. Have they produced definitely proved theorems and, 
if so, can these theorems be applied to biological entities ? 
One is not very encouraged by some of the franker 
remarks in Apter’s book. On page 2 we read: “It is 
difficult to say what cybernetics is. . . . There appear to 
be genuine differences of opinion among cyberneticians 
themselves as to what cybernetics is and what it should 
be’. Or again, on page 71, “A developing system 1s 
closed to information, although not of course to energy, 
. . . (of course energy can also be said to possess in- 
formation; indeed, information can be referred to almost 
anything .. .)’’. 

The biologist, accustomed for a long time to analysing 
organisms into cells and such concepts as stimulus and 
response, knows already something of the weaknesses as 
well as the strengths of such an approach. When con- 
fronted with a mathematician who talks impressively 
about “axiomatization’’ which “‘means this: we assume 
that the elements have certain well defined, outside, fune- 
tional characteristics; that is, they are to be treated as 
‘black boxes’ ’’, he is tempted to reply: “Yes, fine, as 
far as it goes but now go on and say something new”. 
After all, what Apter calls ““Wiener’s major insight that 
organisms can be discussed . . . in terms of ‘homeostasis’ 
and ‘negative feedback’ ™ had actually been applied by 
embryologists to developmental processes long before 
Weiner appeared on the scene; for example in ideas of 
the canalization of development. What one hopes for 
from the mathematicians is a clear-cut body of theory 
about the manner in which the individual processes are 
organized so as to result in homeostatic systems. Such a 
body of theory certainly exists in certain special systems, 
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such as electrical circuits, but does it exist in relation to 
the fundamental processes of embryonic development, 
such as gene activation, protein synthesis and the like ? 
If.it does, I do not think that any cybernetician has yet 
expressed it in a way that makes its relevance to embryo- 
logy clear. Certainly Apter does not do so. His book is 
@ summary of beginnings which always seem to be 
promising to lead to something important but have, as 
yet, scarcely done so. C. H. WADDINGTON 


| 
TREES IN BORNEO 


Manual of the Dipterocarp Trees of Brunei State | 
By P. S. Ashton. Pp. xii+242+58 plates. (London: 
Oxford University Press, 1964.) 63s. net. 


ONE of the major economic products of Borneo is timber, 
and this is largely produced by trees belonging to the 
family Dipterocarpaceae. It is therefore of considerable 
importance that this group should be well studied 
taxonomically. Many of the trees concerned are forest 
giants some 150-200 ft. high, so any taxonomic work 
based solely on herbarium specimens (often accompanied 
by inadequate field-notes) is obviously likely to be un- 
satisfactory. This applies especially to the Diptero- 
carpaceae, where considerable variation occurs between 
the vegetative characters of juvenile and mature leaves, 
and consequently a lack of suitable field-experience has 
led to misinterpretations of the differences between 
herbarium specimens, thus leading to wrong taxonomic 
decisions. The ideal circumstances for a taxonomist 
working on this group is for him to have first-hand know- 
ledge of all the species in the field. This ideal has been 
achieved by Dr! Ashton in his investigations of the 
Dipterocarpaceae of Brunet. The major geographical 
centre of this family is Borneo, where more than half the 
species occur. Therefore, in spite of the small size of the 
State of Brunei the number of species which occur there 
is more than 150, which is just about the number of those 
which occur in the much larger area of Malaya. Nine 
genera are represented i in Brunei, the largest being Shorea 
with 75 species; Dipterocarpus, Hopea and Vatica each 
have 20 or more species. Dr. Ashton was able to examine 
a total of some 1,500 Dipterocarp collections from Brunei, 
nearly half of which he collected himself. All this, in 
addition to his thorough knowledge of the trees them- 
selves and their ecology, has provided the secure founda- 
tion of this excellent book. Its main purpose, as stated 
by the author, is to provide foresters with a work which 
will enable them to recognize all the species in the field, 
thus leading to a stable vernacular and trade terminology. 
This manual, furthermore, is intended as a basis for a 
complete revision of Bornean Dipterocarps. 

Field-keys and systematic keys are provided both to 
the genera or main field-groups and to the species. The 
systematic keys include flower and fruit characters. As 
Symington’s Foresters Manual of Dipierocarps is still 
widely used in Brunei and comprehensive generic descrip- 
tions were provided in it, these have not been repeated 
in this new publication, but full diagnostic characters of 
the genera are provided. The treatment of each species 
gives the synonymy, vernacular names, separate field and 
herbarium descriptions as well as notes on uses, distribu- 
tion and regeneration. Herbarium specimens are also 
cited. The herbarium descriptions are very full and give 
much useful detail including seedling and sapling char- 
acters. Many of the species are illustrated by line-drawings 
of the leaves and fruits; there are also many photographs 
of trees, showing especially the appearance of their bark. 
In view of the number and diversity of species of Shorea 
involved, this genus receives a somewhat different treat- 
ment. Nine sections are recognized and some of these are 
further subdivided. The systematic key includes all the 
species occurring in Brunei. The treatment of the species 
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is divided up into the four field-groups, each provided. 
with a separate field-key; the species in each field-group 
are numbered sepacately, which is a disadvantage to the 
taxonomist, who wll want to use this book as well as the 
forester. (The species in the complete systematic key are 
unnumbered.) It i noteworthy that although S. albida 
belongs to section Anthoshorea, which constitutes the 
White Meranti field-group, on gross field-characters it is a 
Red Meranti. A similar situation occurs in Hopea, where 
there are both four botanical groups and four field-groups, 
but these do not ertirely correspond with one another. 
Although intended primarily for foresters, the keys and 
detailed descriptions will also make this work most useful 
to taxonomists. ‘This important book, which has been 
printed in Singapore, has been attractively and well 
produced. L. L. FORMAN 


GRASSHOPPERS IN RUSSIA 


Locusts and Grasshoppers (Catantopinae) 
By L. L. Mishchenko. (Fauna of the U.S.S.R.: Orthop- 
tera, Vol. 4, No. 2.) Translated from the Russian by 


B. Munitz. Pp. xii+ 560. (Jerusalem: Israel Program 
for Scientific Translations; London: Oldbourne Press, 
1965.) 135s. 


A TAXONOMIC worx published in 1952 and translated 
14 years later cannot be expected to provide up-to-date 
information on the Tauna. of large parts of two continents, 
but its English version will be welcomed by specialists in 
this group of insects. They should, however, bear in mind 
the somewhat vagte definition of the area covered, the 
author merely saying that he disregarded “‘species inhabit- 
ing western Europe, the Mediterranean region, southern 
Iran, Afghanistan, India, China and Japan, which are not 
found in U.S.8.R.7. These limitations, moreover, are 
applied inconsistently, since the book includes the 
Mediterranean Trapidopola longicornis, Pezotettax ana- 
tolica, Sphenophymc rugulosa (and even a new subspecies 
of Miramella from Albania), Tibetan genera, Indopodisma 
and Kengdonella, Indian Pachyacris and Patanga, some 
species from southern Iran and Fruhstoferiola of south-east 
China. This would be less objectionable, were it not that 
other genera and spscies from the same areas are omitted ; 
thus, several species of Kabulia from Quetta are left out, 
but a Conophyma from that locality is included; two 
species of Dericorys from Baluchistan are in the book, 
but a third is not. two Iranian genera, Lyrotylus and 
Dabba, are mentioned in an introductory chapter, but 
ignored in the text. 

The introductory chapters dealing with the morphology, 
development and ecology of Acrididae are brief. Anatomy 
is not even mentioned, except for a rough sketch of the 
male copulatory apparatus of Conophyma; this character 
has been used by taxonomists long before 1952, but it is 
ignored in keys and descriptions. A fairly long chapter 
deals with the geographical distribution of Catantopinae, 
but mainly in the form of long lists of tribes (illustrated 
by maps) and gen2ra supposed to be characteristic of 
various regions; the fauna of the Palaearctic region and 
of the U.S.S.R. are dealt with in more detail, but in the 
same uninspired manner. 

The bibliography is in two parts—-papers in Russian, 
with their titles bath transliterated and translated, and 
those in other languages. 

The classification is still that of Brunner-Wattenwyl 
(1893), with a few recent modifications, but the author 
himself has introduced hardly any improvements. His 
main original contcibution is a key to small apterous 
grasshoppers of th> genus Conophyma. This is repre- 
sented by sixty-eight species in the high mountains of 
Central Asia providmg a remarkable example of speciation 
by isolation; most of the species have been described by 
‘Mishchenko’ himself. They alone make up half the 
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section on U.S.S.R. fauna, which comprises 126 species 
of Catantopinae; --the remaining 107 -species dealt with 
in the book are from adjoining countries. 

' The initiative of the Israel Program for Scientific 
Translations is>very welcome, but much greater care is 
essential: in>*translating ‘and editing highly specialized 
books than has been shown in this case.’ To begin with, 
the author’s name is transliterated by himself in a paper 
published abroad (reference on page-50) as Mistshenko, 
not Mishchenko. When the English text is compared 
with the original, serious mustranslations can be found, 
such as “exoskeleton” instead of “armature” (page 10); 
tribe Podismini 1s “‘divided” into several genera, when the 
original says that it was considered to consist of a single 
genus Podisma (page 32). In the original it is said that 
there are no endemic forms in western Siberia, while 
there are many in the eastern, but the translation reads 
“In Siberia endemic forms are conspicuously absent” 
(page 35). In some cases the translator has invented new 
words, like “‘xeréthermation” and “‘multiformity”. Most 
ludicrous are his attempts to translate, instead of trans- 
literating, popular Russian names for the insects. The 
Russian name for grasshopper is Kobylka which literally 
means “‘filly’’, in allusion to the resemblance of the 
head profile to that of a horse; the translator, following 
the dictionary, renders the name polyarnaya kobylka as 
“polar young mare grasshopper’; what is, in Russian, 
a “tree grasshopper’ becomes ‘‘wooden young mare 
grasshopper”. For some of these faults the responsibility 
falls on the editor who, although a specialist taxonomist, 
apparently had no knowledge of the original language; 
bilingual specialists in this group exist in Israel. 

A very strange feature of the book is that the indexes 
at the end give references to the pages in the Russian 
edition (inserted on the margins of pages of the transla- 
tion); this is mentioned, but in very small type, in a 
footnote, so that readers are likely -to suffer annoyance 
before they discover the secret. The price of the book, 
even at present rates, is very high. Boris UVAROV 
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REGULATION OF ADRENAL 
FUNCTION 


The Neuroendocrine Control of Adaptation 

By K. Lissák and E. Endröczi. (International Series of 
Monographs in Pure and Applied Biology. Division: 
Modern Trends in Physiological Sciences, Vol. 25.) Pp. 
xii + 180. (London and New York: Pergamon Press, Ltd., 
1965.) 706. net. 


TRE main aim of The Neuroendocrine Control of Adapta- 
tion is to provide an account of the way in which the 
central nervous system controls the endocrine organs, 
and in particular the adrenal glands, concerned with 
the adaptation of the animal to its environment. The 
subject-matter may be divided into two main sections. 
The first half of the book deals with the regulation of the 
secretion of adrenocortical hormones by the pituitary, 
and in the second part the control of the production of 
adrenocorticotrophic hormone by the hypothalamus is 
discussed. Sections are also included on adrenocortical 
regulation during development and in relation to gonadal 
function. 

This book was origmally published in 1960 under the 
title Die neuroendokrine Steuerung der Adaptationstatigkeit 
by Verlag der Ungarischen Akademie der Wissenschaften, 
Budapest. The present edition, which is in English, 
represents a slightly revised version of the original work. 
However, the literature survey has not been brought up to 
date and the majority of the references quoted were pub- 
lished before 1960. For this reason, no account can be 
taken of the recent work in the general area of neuro- 
endocrmology, much of which is germane to the subject- 
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matter considered. Thus, recent studies involving the 
corticotrophin releasing factor, the use of synthetic 
adrenocorticotrophic hormone preparations, and new 
techniques for the estimation of adrenocorticotrophic 
hormone and of corticosteroids and their metabolites are 
not discussed. The book is therefore of little value in 
providing an up-to-date account of neuroendocrinology 
to workers in this field. However, a proportion of the 
references quoted are taken from journals such as the 
Acta Physiologica of the Hungarian Academy of Science 
and the Bulletin of the U.S.S.R. Academy of Science. 
Because of this, the international coverage of literature 
published between 1950 and 1960 which is presented 1s 
likely to be of value to investigators who do not normally 
have access to Eastern European and Russian journals. 

In their survey of published work, the authors have n 
many instances presented conflicting results. Unfor- 
tunately, an assessment of the relative.merits of the data 
described is not always given. It is therefore likely that a 
reader who has only a general knowledge of endocrinology 
may find this book rather indecisive. Summaries of the 
contents of each chapter are not provided and, particu- 
larly in the latter half of the book, subheadings in indi- 
vidual chapters have not been used. This means that, in 
order to use the-book as a reference work, extensive use 
must be made of the subject index. However, this is 
unduly short, comprising only 2 per cent of the length of 
the book, while the index of authors represents 7 per cent. 
Two of the main omissions in the subject index are the 
absence of any reference to steroid hormones, such as 
hydrocortisone and corticosterone, referred to in Chapters 
2 and 3, and to various animal species used in the exper- 
ments described in the second half of the book. _ 

In spite of its limitations, this book is likely to be 
a useful ‘addition to departmental rather than to general 
libraries, The main aims are certainly achieved and 
in particular a fairly readable account of some of the 
historical aspects of the subject is provided. Experiments 
in various animal species, as well as in humans, are 
described and care is taken to indicate the species dif- 
ferences which may occur in the study of the inter- 
relationship between the hypothalamus, pituitary and 
adrenal glands. The book, which is printed on paper of 
high quality, is well laid out and the tables and diagrams 
are generally clearly presented. E. Trevor BELL 


ZONE ELECTROPHORESIS 


Methods in Zone Electrophoresis 
By John R. Sargent. Pp. 107. (Poole, Dorset: The British 
Drug Houses, Ltd., 1965.) 8s. 6d. 


ZONE electrophoresis ıs a method extensively used for the 
investigation of substances of biological importance, but 
the worker is frequently faced with the problem of 
knowing the forms and conditions available and of 
evaluating which of them is the most suited for his 
particular problem. This book-is therefore greatly to be 
welcomed, as it provides us with a much needed and 
up-to-date book covering with full working details the 
whole range of materials and conditions available for zone 
electrophoresis. 

The book opens with a short chapter on general 
theoretical considerations and this is followed by chapters 
on electrophoresis on paper (low and high voltage), 
cellulose acetate, starch gel, agar gel and polyacrylamide. 
There is a chapter on block electrophoresis and the book 
closes with a useful section on the choice of media. The 
great merit of the book is that the abundance of informa- 
tion given is presented in an extremely concise manner 
and is divided into appropriate sections enabling details 
to be found at a glance. For example, for each medium 
discussed there is a description of the procedure, the types 
of apparatus which may be used, a selection of suitable 
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buffers and full details of staining for each type of sub- 
stance. Where applicable, the author has described 
separately conditions for the electrophoresis of different 
classes of substances, such as proteins, ammo-acids, 
carbohydrates and nucleotides. Although an empirical 
approach must generally be taken in establishing the 
best conditions for the analysis of a particular mixture 
of substances, especially with proteins, the author does 
suggest how this may best be done. There are numerous 
diagrams and plates to illustrate details of apparatus and 
types of pattern obtained, and a full bibliography is given 
for each method. It is perhaps unfortunate that there 
was a long. delay in publishing (the bibliography extends 
only to September 1963) with the result that some 
developments before publication were excluded. Thus, 
there is only a brief mention of the thin-layer methods 
which are valuable in conjunction with chromatography 
for obtainmg “fingerprints” of peptides. However, tech- 
niques used for-proteins, carbohydrates and amino-acids 
have undergone relatively little modification since the 
book was prepared. 

While the author points out some of the problems that 
arise in the interpretation of results, his book is essentially 
concerned with the practical aspects of the subjects 
and as such will be of great value not only to the novice 
but also to the experienced worker in this field. 

E. R. SKINNER 


NOT A HANDBOOK 


Semiconductor Junctions and Devices 

Theory and Practice. By William B. Burford, HI, and 
H. Grey Verner. Pp. xx+328. (New York: McGraw- 
Hill Book Company, Inc.; Maidenhead: McGraw-Hill 
Publishing Company, Ltd., 1965.) $12; 96s. 


Durie the period 1950-60, when developments in semi- 
conductor devices were rapid and often entirely novel, 
books on the subject quickly became, in part at least, 
out of date. There was, indeed, the risk that everyone 
interested in the devices would become so accustomed to 
frequent and major changes that they would continue to 
see them, potentially at least, in every small development. 
But although the effort devoted to research and develop- 
ment on the design, technology, characterization and appli- 
eations of the devices continued to expand, the years since 
1960 have been marked much more by evolution and 
consolidation, as witness much of the work on integrated 
circuits, which leans so heavily on the basic planar tech- 
niques. Important advances have still been made, such 
as the insulated-gate field effect transistor, the semi- 
conductor laser and the Gunn effect oscillator, but these 
devices have supplemented rather than displaced earlier 
types. 

Some consolidation must be welcomed by authors and 
teachers, for it will allow time to assess the relative 
importance of different parts of the subject, both in 
academic and industrial terms. It presents an opportunity 
for attempting the writing of a handbook which could be 
widely accepted for a few years. The subject has certainly 
become so big, both in coverage and in the number of 
scientists, technologists and engineers engaged in it, to 
offer enough incentive for several such attempts. Even 
if the subject were to break loose at its roots again, the 
time constant for large-scale industrial change has now 
lengthened to several years; new ideas must show a very 
clear-cut advantage in some important feature, while 
matching older ideas in other respects, before being 
quickly adopted. 

Mention of a handbook hak is misleading, for this 
book cannot be considered as such despite the claims of 
the publisher that it is a “comprehensive modern survey” 
whose pages of “hard-packed logically arranged informa- 
tion cover everything from general principles . . . to 
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specialized processes of two-junction ‘transistor syn- 
thesis’. The authers are, however, more realistic as to the 
purpose of the bock and its likely use. It is based on a 
teaching course, of considerable coverage, but was largely 
written during 1930-1 with re-editing during 1963. It 
seeks to cut across the boundaries separating university 
disciplines, in order to bring together physicists, electrical 
engineers and materials scientists, but it makes many 
concessions in doing so; anyone with a basic training in 
a sub-division of the subject will find some sections 
unduly elementarr. 

The order of presentation is sensible, with the first 
eight chapters running through the physical principles 
underlying junction behaviour to the structure and per- 
formance of devices with one, two or more junctions. 
Serious analysis cr abstract ideas are restricted to a 
chapter on Fermi statistics; otherwise the writing is 
largely descriptive and will present no difficulties to 
engineers who are rot mathematically minded. Some basic 
ideas are not, however, put over very well. In particular, 
the finite lifetime of minority carriers is insufficiently 
emphasized and tre capacitance of a biased junction is 
based on Q/V rather than dQ/d V; the transport of carriers 
across the base region of-a transistor, and the dependence 
of carrier density on position in that region, are not 
sufficiently explained. 

The next four cnapters describe, in a very elementary 
way, applications of transistors to amplifiers, generally 
using the simples+ of equivalent circuits; they do not 
provide a basis fo? circuit design. The next chapter, on 
commercial transiscor specifications, looks at first sight to 
be quite out of lozical order, even assuming it has any 
place at allin the kook. However, it is a serious attempt to 
explain to newcomers how device manufacturers express 
ratings and performance, but the parameters prominent 
in the previous chapters are largely missing. A descriptive 
chapter on switchng applications follows. It is out of 
touch with modern practice and ignores both the classic 
analysis of Ebers and Moll and the charge control approach 
of Beaufoy and Sparkes. From this point onwards the 
book degenerates into a collection of descriptions, some- 
times of devices lomg relegated to near oblivion; the com- 
mentary lacks any critical element. A chapter on metal- 
semiconductor contacts recognizes that these often form 
part of devices and makes the reader aware of the com- 
plications they cam introduce, but the following chapter 
on point contact devices has little value to-day. The final 
chapter is largely devoted to device reliability, and the 
authors have usefully covered much ground in about 
twenty pages; th> data they present may now be far 
from representativa, but illustrate the subject adequately. 

It is, frankly, difficult to see for whom, and for how 
long, this book wil be a primary guide. It needs modern- 
izing, much condemsing and a sharpening up if it is to be 
even a substitute for the handbook which someone must 
surely by now be attempting. J. R. TILEMAN 


Annual Review o- Nuclear Science 

Vol. 15. Edited 2y Emilio Segré, in association with 
Gerhart Friedlancer and H.’ Pierre Noyes. Pp. 502. 
(Palo Alto, California: Annual Reviews, Ine., 1965.) 
58.50. 


OvER the years, the Annual Review of Nuclear Science 
has established a pattern of authoritative and up-to- 
date review articles, about half of which are on nuclear 
physics while the remainder range over the whole wide 
field embraced by the term ‘nuclear science’. Volume 
15 is no exception With such diversity, a reviewer can. 
serve little purpose beyond indicating the subjects covered 
so that the reader ean decide what may be in the mixture 
for him. 

Probably the most noteworthy, and certainly the longest, 
article is that by Lee and/Wu on weak interactions. This 
volume contains only tho first part of the full review and 
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includes a comprehensive survey of the theory and that 
part of the section on experiments and phenomenological 
analysis covering B-decay, y-decay, u-capture and r- 
decay. The leptonic and non-leptonic decay of kaons 
and hyperons and parity-violating reactions will be in- 
cluded in next year’s instalment. Other articles primarily 
of interest to those concerned with nuclear physics are 
those on photonuclear reactions, by Danos and Fuller; 
on the measurement of the masses of particles which 
undergo weak and electromagnetic decay and also of the 
mass of the antiproton, by Barkas; on non-spherical 
nuclei, by Rogers; on reactions between complex nuclei, 
by Greider; and on spin and parity determination of 
elementary particles, by Tripp. 

Articles of more general interest are by Fleischer, Price 
and Walker, on particle track formation in solids and the 
use of solid-state detectors in nuclear science and geo- 
physics; by Harbottle, on the chemical effects of nuclear 
transformations in inorganic solids; by Hart, on the 
radiation chemistry of aqueous solutions; by Blomeke 
and Roberts, on radioactive waste management, parti- 
cularly that associated with reactor fuel processing; by 
Comar, on the movement of fallout radionuclides through 
the biosphere and man; and by Mole, on dose response 
relationships in mammalian radiobiology. J. E. TERRY 


Information and Communication Theory 

By A. M. Rosie. (Electronic User Series.) Pp. xii+ 
175. (London and Glasgow: Blackie and Son, Ltd., 
1966.) 32s. 6d. net. 


Tis volume is one in a series ostensibly written for 
“qualified scientists and engineers for whom electronics 
is & fringe activity”. The text is based on lectures given 
in final-year and postgraduate courses in a school of 
electrical engineering and is, therefore, potentially useful 
to those for whom electronics is much more than a ‘‘fringe 
activity”. The author has tried to restrict the range of 
mathematical ideas used in presenting the theory and in 
two chapters has given brief introductions to such topics 
as the Fourier transform and probability theory. Never- 
theless, the book is suitable for only two types of reader— 
those for whom these introductory chapters can serve as 
revision and those able to absorb new mathematical 
ideas quickly. 

About two-thirds of the book is concerned with develop- 
ing the ideas of information theory and applying them in 
the study of communication systems. The material is 
presented clearly and the examples and illustrations are 
well chosen. The chapters on “Sources and Channels” 
and “Ideal Communication Systems” are particularly 
good and these and two following sections—concerned 
with engineering applications of the theory—will be 
useful to undergraduates reading for degrees in electrical 
engineering. 

The final chapter is concerned with the uses of informa- 
tion theory in biology, neurophysiology and psychology 
and with pattern recognition. This chapter is not up to 
the standard of the remainder of the text and the problems 
it attempts to treat cannot be dealt with in the space 
available. i J. T. ALLANSON 


The Plastic\ Methods of Structural Analysis 

By B. G. Nealx Second edition. Pp. xtii+ 358. (London: 
Science Paperbatiks and Chapman and Hall, Ltd., 1965.) 
258. 


Tre Steel Structures 


Research Committee published its 
design in 1936, and this date 
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formalization of the theoretical basis of the method; 
the theorems of the mathematical theory of plasticity 
were applied to the problem of the building frame, and 
immediate advances were made. For example, the power- 
ful technique of combination of mechanisms was developed, 


with which Prof. Neal’s name is associated. This period 


- closed in 1956 with the publication by Baker et al. of 


The Steel Skeleton II; in the same year Neal’s book was 
published (second edition 1963, now reprinted as a paper- 
back). Since 1956 detailed problems of the design of 
structural elements have been investigated, but the main 
advance during the past ten years lies perhaps in the 
slow assimilation of plastic methods into the vocabulary of 
the designer. Plastic theory offers a completely different 
way of approaching the structural problem, and it is this 
new approach which may prove to be of the most lasting 
importance, Measured against this beckground, Neal’s 
book betrays that it was first written 10 years ago. The 
first four chapters, laying the foundations of the theory, 
are clearly and elegantly written; written to-day, however, 
the first chapter (on stress distributions) would largely 
disappear, and virtual work would be introduced earher 
than Chapter 3. The four chapters forming the second 
half of the book deal with particular topics such as deflex- 
ions, minimum weight design, and shakedown, this last 
reflecting one of Prof. Neal’s own research interests. The 
book as a whole gives the impression of being slightly 
old-fashioned; the first half is not quite incisive enough 
in its treatment of the basic theory, and the second 1s 
too detailed in its treatment of topics which are seen now 
to be not of prime importance. Overall, however, the 
book is probably still the best introduction a student 
could have to the plastic design of steel frames. 


The Habit of Authority 

Paternalism in British History. By A. P. Thornton. 
Pp. 402. (London: George Allen and Unwin, Ltd., 
1966.) 45s. net. 


In spite of an early reference to Wullham Whewell, Prof. 
Thornton’s study of paternalism in British history comes 
no nearer than Prof. Hogben’s Science in Authority 
to examining the rival claims of authority and of 
intellectual initiative. The book might be descrnbed 
as an exposition of Governor Morris’s observation to 
Washington that the exercise of authority depends on 
personal character, but while Prof. Thornton seems to 
accept the view that expertise of any kind is ancillary 
to the tradition of authority and in itself gives none, he 
never urges the scientist to accept office and ıs little 
concerned with how the scientist or other expert can 
qualify himself to exercise leadership or authority. To 
that extent the book disappoints, and it lacks the interest 
for the scientist or technologist that its opening might 
suggest. Prof. Thornton describes with perspicuity and 
candour the tradition of successful paternalism which 
characterizes British history. and the pragmatism which 
pervades the book suggests that Prof. Thornton himself 
is well qualified to expand this into a badly needed 
analysis of the personal aspects of the place of the scientist 
in the task of government. That task is not attempted: 
there are occasional pointers or warnings but it is left to 
the scientist himself to make the analysis. Accordingly, 
while the book is entertaining as well as instructive, its 
scientific interest is slight. The title alone points to the 
existence of a problem central and inescapable for our 
times, whether we approach it primarily from the political 
side or from the kind of consideration which prompted 
Prof. R. S. Kuhn to discuss the structure of scientific 
revolutions. Nevertheless, in these seven chapters, 
discussing in succession what Prof. Thornton terms the 
colonization of England, the Estates of the realm, English 
authority overseas, the dislocation of society, the survival 
of the ascendancy, Bonar Law’s dynasty, and agents and 
patients, any one who attempts that task will find much 
that is instructive and suggestive. R. BRIGETMAN 
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THe annual conference of the Mathematical Association 
was held in the University of Keele during April 13-16. 

During the business meeting it was made clear that the 
Association, now with more than 6,000 members, is playing 
a full part in the present development of mathematical 
education in Britain and in the world as a whole: this 
has been achieved at no small cost to the Association, 
as the deficit of £3,000 on the year’s working shows. 
Worthy of special comment is the fact, however, that 
members of the Association are anxious not only that 
the work should continue but also that it should be ex- 
tended at additional cost to themselves, including an 
increased subscription. 

Mr. J. T. Combridge, reporting generally on “‘Current 
Affairs”, referred to the recent report of the Joint Mathe- 
matical Council on In-Service Training for Teachers of 
Mathematics and Science. It appears that mathematics 
is the only discipline which has put forward a blueprint 
indicating the costs of schemes for such training with its 
emphasis on local (school-based) mathematics centres. 
The Schools and Industry Committee of the Association 
continues to be influential and the part played by the 
Association in this field is recognized by and supported 
by other members of the Joint Mathematical Council. 
Of the Association’s work in the past few years, Mr. 
Combridge said| that the Association had followed its 
proper course, which is not one of sovereignty or slavery, 
but one of service: indicative of this was the support 
given by the Association to the Joint Mathematical Council 
and the Institute of Mathematics and Its Applications 
and the influence of members of the Association in many 
of the newer teaching projects. The meeting approved 
a change of rule which will allow overseas mathematical 
associations to become affihated to the Mathematical 
Association. Such associations will continue to enjoy 
the facilities of the Gazette and other publications of the 
Association, but will also be assisted by an interchange of 
literature, thereby encouraging the development of such 
associations. 

In her presidential address, Mrs. E. M. Williams, 
formerly principal of Whitelands College of Education, 
commented that it was only the fourth time a woman 
had been president of the Association, and recalled that 
in the more limited conditions of the nineteenth century 
at least two women demonstrated that new mathematical 
thinking was not alien to the feminine mind. Before the 
century closed, Maria Edgeworth at the beginning of the 
century and Mary Boole (wife of the founder of Boolean 
algebra) were foreshadowing some of the modern develop- 
ments in the teaching of mathematics. Maria had given 
a hint of the concept of a set and recommended an approach 
through the handling of cubes; Mary had emphasized the 
logical basis of arithmetic as it should be taught to children 
and recommended the use of non-numerical situations to 
bring out the logical structures. Mrs. Williams considered 
that there were grounds for present optimism in the 
evidence of the lively interest among women teachers, 
particularly those in primary schools, ın the more logical 
and structural approach to mathematics. Among all 
pupils there was a preference either for the kind of mathe- 
matics that could be seen to be useful or for those forms 
that gave satisfying patterns of thinking. In primary 
school experiments now being carried out it was recognized 
that children’s own investigations were the material from 
which mental images and logical thinking emerged. The 
important task for a teacher was to lead pupils on from the 
intuitions derived from experience to the mental patterns 


NATURE 


571 


which enabled them to understand the world around 
and to solve proklems that occurred in new situations. 
If mathematics is supposed to concern. patterns, structures 
and the building up of visual and symbolic imagery, 
varied practical experiences must be provided from which 
pupils can develog the power to relate the mental images 
with which their minds are stored. The essential role of 
mathematics for children in general seems to be the 
provision of a store of patterns of form and thought which 
enable an individual to recognize and to respond effectively 
to the scientific, aesthetic and social relations discoverable 
in their surroundmgs. 

The Mathematical Association, with its 95 years of 
fostering improvements in the teaching of mathematics, 
had done much to help the present movement at home and 
overseas and will continue to do so. Mrs. Williams 
emphasized that the fact that the re-appraisal of school 
mathematics was world-wide drew attention to the nature 
of the subject itself. It was the outcome of man’s systema- 
tized thinking during many centuries with contributions 
from all the grest cultures. Through such thinking, 
developing now with great rapidity, man’s scientific 
mastery continued to grow. New mathematics should 
represent not a break with the past but an enlargement in 
scope and depth. In this way mathematics could fulfil 
its true educational role of enabling each individual to 
enlarge his capacity for understanding and thinking about 
his complex world 

The first discussion of the conference was on the 
Joint Mathematical Council’s report on the In-Service 
Training for Teachers of Mathematics, with the chair 
taken by Prof. W- A. C. Stewart, professor of education, 
University of Keele, a member of the Schools Council 
and Vice-Chancellcr designate (1967) of the University of 
Keele. The discussion leaders were Prof. J. Wrigley, 
professor of education, University of Southampton, Mr. 
D. G. Crawforth, Dr. Challenor’s Grammar School, Amer- 
sham, and Mr. W. M. Brookes, Department of Education, 
University of Southampton, all of whom were members, 
under Prof. Wrigley’s chairmanship, of the working 
party responsible for drawing up the report on in-service 
training. 

Prof. Stewart, in introducing the speakers, considered 
that the most pressing and important problem in the 
teaching of mathematics is that of those who teach and 
how they equip thamselves. Prof. Wrigley described the 
report as almost _nevitable: in this changing world of 
new syllabuses anc new ideas, many of our previous pro- 
cedures have been found wanting, if the needs of all 
teachers were to bs served. The proposed Local Mathe- 
matics Centres heve become an urgent necessity. In 
Prof. Wrigley’s viw it is imperative that the idea of 
class teaching as cne teacher confined with thirty people 
should be dispelled. He spoke of much more team teach- 
ing, more use of gids, much more co-operation between 
different sorts of teachers, for example primary and 
secondary. A vertical interchange of teachers, he con- 
sidered, was important. 

Mr. Crawforth ccnsidered that there are a large number 
of children who are not effectively taught, however 
conscientious and dedicated the teacher may be. He 
described the efforts which he and his colleagues in the 
Amersham school end district have made to overcome this 
difficulty by the introduction of team teaching. Colleagues 
became used to working together in the same room and 
discussing work afterwards. They soon realized the mesh 
of activity ın a corventional classroom situation of which 
they had previousky been unaware or had ignored. The 
children also came io feel that there was something impor- 
tant to talk abous in the mathematics of a situation: 
in time the children felt free to join the discussion when 
appropriate. Exoerienced teachers were discovering 
for the first time that children could perceive and generate 
mathematics out cf their own awareness and their own 
strength in a way =hat had never been conceived possible 
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previously. Mr. Crawforth acknowledged the difficulties 
ahead, including the difficulties of head teachers with the 
many external and internal pressures on them, but said 
that in his view the children must be put first. The kind 
of activity which generates a neighbourhood of living 
and growing teachers in contact with living and growing 
children holds out the most hopeful prospect for effective 
mathematics learning that has been evolved so far. 

Turning to the quality of the profession, Mr. Brookes, 
speaking of the present often self-imposed isolation of 
teachers, felt that, although the numbers of teachers 
are increasing, the quality is not sufficiently high to keep 
the mathematical body healthy. We may be faced with a 
redeployment of our mathematical skills. The present 
prejudices which exist between work. at the levels of the 
university, the departments of education, the colleges, the 
schools (primary, modern comprehensive, layered, etc.), 
must be removed. Isolation will ensure that such pre- 
judices are not removed. 

After a useful floor discussion, Prof. Stewart spoke of 
similar problems to those of mathematics existing for all 
who are in any way concerned with teaching. He spoke 
of the complexity of the overall problem and the difficulty 
of disentangling the complexity to make it in any way 
manageable and yet of avoiding the setting up of little 
empires. 


Modern Mathematics Projects 


The second discussion of the conference dealt with 
modern mathematics projects, and took the form of a 
‘brains trust’. The members of the panel were selected 
as representative of different projects and consisted of 
Prof. J. D. Weston (University College, Swansea; Swansea 
Scheme), Mr. D. A. Quadling (Marlborough College; 
Schools Mathematics Project), Dr. G. Matthews (director, 
Nuffield Foundation Junior Mathematics Project) and 
Mr. A. J. Moakes (St. Paul’s School; Mathematics in 
Education and Industry Project), together with Mr. F. J. 
Budden, Royal Grammar School, Newcastle upon Tyne, 
who represented the point of view of those not committed 
to any project or associated with any scheme. The 
questions ranged over the use of desk calculators, axio- 
matics, concepts vis-a-vis problems, the age for introducing 
sets, the needs of university science and engineering 
departments, and the place of group theory in school 
mathematics. The final question to the team was: “What 
do the members of the panel expect to find on Mount 
Ararat when the floods of modern mathematics subside ?”’ 
The replies were summarized by the President, who likened 
the problem to the arrival of the ark with its preserva- 
tion of all the valuable species. She hoped that all the 
essential mathematical ideas, which have always survived, 
would still be there on the top of Ararat when the ark 
has come to rest. But the arrival time was not a period 
of rest: it was the beginning of a developing culture and 
this was what could be looked forward to as, from this 
present stress and excitement, the new ideas were absorbed 
and, with their refertilization, school mathematics was 
taken forward along the expanding path of mathematics 
as a whole. 


General Lectures 


Prof. A. P.-Robertson, professor of mathematics in the 
University of Keele, speaking on ‘““Mathematics at Keele’, 
said that postgraduate experience showed that Keele 
students could more than hold their own in the postgrad- 
uate field in mathematics, despite the somewhat wider 
base of their degrees. A questioner from the floor thought 
that the average of two mathematics graduates per year 
entering teaching was not a healthy sign. To this Prof. 
Robertson suggested that school teaching must be made a 
profession which attracts. 

Dr. G. A. Garreau of the City University, London, 
who is in charge of the Association’s Problem Bureau, 
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described the work of the Bureau which mainly deals 
with problems at the university entrance scholarship 
level. Prof. E. C. Zeeman, professor of mathematics 
in the University of Warwick, spoke on “A Topological 
Theory of the Brain”. Mr. G. Edgecombe, of Plymstock 
Comprehensive School, illustrated his lecture on Moiré 
Bands with carefully prepared patterns and drawings 
which illustrated the appearance of these bands in the very 
simplest of two-dimeénsional intersections of two sets of 
straight lines—up to three-dimensional effects. He men- 
tioned many of the materials and conditions-which lend 
themselves to Moiré effects and indicated the-requirements 
which must be satisfied if a definite and strong pattern 
is to be produced. The final lecture of the conference 
was on “Gas Bearings: a Mathematical Problem in 
Engineering”, and was given by Dr. M. D. Wood, director 
of engineering studies in the University of Cambridge. 
Dr. Wood used his lecture to illustrate how mathematics 
can and often must be used to solve engineering problems 
that have proved intractable to an empirical approach; 
and that engineering is a satisfactory and worth-while 
career for mathematical specialists from sixth forms. 
R. G. Cross 


STRONTIUM METABOLISM 


THE study of strontium metabolism illustrates the axiom 
that scientific’ progress creates more problems than it 
solves. A field of endeavour which was almost unknown 
20 years ago is now the scene of persistent and growing 
effort by workers of diverse interests, including physicians, 
biochemists, veterinary scientists and physicists in many 
countries. A symposium was held at Chapeleross, Seot- 
land, durmg May 5-6, which reviewed a variety of experi- 
mental enquiries, illuminating successes and—more often 
—failures in providing answers to the many Important 
questions made topical by continuing interest in the 
biological consequences of radioactive fall-out from nuclear 
explosions, past and future. The symposium was spon- 
sored jointly by the Medical Research Council and the 
United Kingdom Atomic Energy Authority. 

_ The main areas of discussion were (a) the uptake and 
incorporation into body tissues of radioactive strontium 
present in food; (b) the somatic hazards of radioactive 
strontium; (e) the possibility of modifying the uptake 
and metabolism of radioactive strontium by the action 
of drugs. Progress in each of these areas-is influenced 
by the diffieulty of measurements based on the strontium- 
90 which occurs in‘fall-out. 

-The somatic hazards of radioactive strontium are 
difficult ‘to assess because, at‘present levels of dietary 
and skeletal contamination, they are so small in relation 
to the notoriously elusive effects of ionizing radiation 
from the natural background or even from diagnostic 
radiology. Extrapolation from animal experiments is 
uncertain, partly because the dosage levels of strontium-90 
commonly used are greater (by a factor of 10° or more) 
than those encountered in the human subject, and partly 
because of dietary and physiological differences between 
man and other animals. 

The average personal daily take of strontium-90 in 
Britain at the present time is about 25 pe. and the total 
amount of this nuclide contained in the body of a typical 
adult is no more than 2,000 pe. Because only §-radiation 
is emitted, it is not possible to obtain a numerical estimate 
of this contamination by external measurements—or, 
indeed, by internal measurements either. The investi- 
gator who is concerned with the human subject has three 
possibilities. 

First, he may measure the strontium-90 concentration 
in bone samples obtained post mortem. In Britain, about 
500 samples are analysed every year and similar pro- 
grammes are under way in several other countries. Work 
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of this kind provides the bulk of our nformation about 
strontium uptake in children. In studying the processes 
involved in the passage of strontium-90 from atmospheric 
dust (or rain) into human bone it is useful also to examine 
the contamination of milk and other foodstuffs. Simple 
models allow reasonably accurate prediction (a) of dietary, 
levels of strontium-90 and of radiation dose commitment 
(in terms of fall-out deposition on the ground) and (6) of 
strontium-90 levels in children’s bones (in terms of dietary 
contamination). Using fall-out and dietary measure- 
ments, J. F. Loutit (Medical Research Council Radio- 
biological Research Unit, Harwell) found evidence of 
rapid turnover of skeletal strontium in childhood. During 
each of the first 9 years of life, about half of the existing 
body burden of strontium-90 is apparently lost. 

Secondly, it is possible to measure the strontium-90 
in urine, thus obtaining an indication of the metabolism 
of the nuclide in the living subject. At the Chapelcross 
meeting, Janet M. Warren (Regional Physics Department, 
Western Regional Hospital Board, Glasgow) reported 
studies on children in two age groups. In those less than 
-3 months old, living on an all-milk diet, the concentration 
of strontium-90 (expressed as pc. strontium-90/g calcium) 
was about the same in the urine as in the diet. For older 
children in the age range 2-13 years enjoying a normal 
mixed diet, the concentration of strontium-90 in the 
urine was about half the corresponding figure for the diet. 
C. L. Comar (Cornell University) observed that the ratio 
of urinary to dietary strontium is correlated with the daily 
output of calcium in the urine. In general, he advised, 

~it is desirable to obtain data on both elements in simul- 
taneous or parallel experiments. Earlier belief in the 
close similarity of calcium and strontium metabolism has 
been modified in the light of more refined experimental 
evidence now available, but the metabolism of strontium 
(stable or radioactive) is regulated more markedly by 
calcium levels in the body than by stable strontium levels. 

Thirdly the experimenter may use radioactive isotopes 
of calcium and strontium in tracer experiments to illum- 
inate metabolic processes. Useful information is still 
being extracted from an investigation begun at Harwell 
in 1962, when five adult male volunteers lived for periods 
of 3 or 4 weeks on a special diet consisting mainly of bread. 
and milk. The bread was made from grain contaming a 
relatively high concentration of strontium-90 and the 
milk came from a cow which had received an intravenous 
dose of strontium-85. Measurements of both isotopes 
were made in urine and faeces; the total retention of 
strontium-85 was estimated. with a whole-body counter. 

From this and similar studies it seems that the move- 
ment of strontium in the body may be described by a 
three-compartment model. Absorption through the gut 
supplies the first compartment, containing 64 per cent of 
the absorbed strontium. This freely exchangeable pool 
includes plasma, extra-cellular fluid and bone surfaces; 
the effective half-life of the strontium here is 2-7 days. 
The second compartment contains 18 per cent of the 
absorbed fraction and represents strontium more closely 
bound to the apatite crystals of bone, with an effective 
half-life of 19 days. The third, of the same size as the 
second, includes strontium attached to the apatite crystal 
lattice, from which it is released only by resorption of bone. 
The effective half-life of this portion of the bodily stron- 
tium is 750 days. 

J. Shimmins (Regional Physics Department) described 
excretion and retention studies after administration of 
ealcium-45 and strontium-85 over periods of several weeks, 
at various levels of dietary calcium. The skeletal retention 
of strontium-85 was less than that of caleium-45 at all 
levels of dietary calcium intake. Measurements on 
simultaneous plasma and urine samples showed the 
urinary excretion of strontium-85 to be more than three 
times that of caleium-45. It is not clear whether this 
discrimination arises at the glomerular filtration stage 
(because of a difference in the extent to which calerum 
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and strontium are bound to plasma proteins) or at the 
tubular reabsorption stage. Nor is it clear whether the 
apparent differenc® in skeletal uptake between calcium 
and strontium denotes a genuine difference in mineral 
transfer rates at tae bone surface—or is merely a conse- 
quence of the andoubted, discrimination (favouring 


‘ excretion of strontium) at the gut and the kidney. 


In a review o? this work, A. Catsch (Technische 
Hochschule, Karlsruhe) reported that no convincing 
successes had been obtained by methods so diverse as 
isotopic dilution (through addition of stable strontium to 
the diet), demineralization of bone (for example, by 
administration of parathyroid hormone or ammonium 
chloride), blocking of tubular reabsorption in the kidney 
(by administration of various diuretics) or chelation. 
Supporting evidenze came from Herta Spencer (Veterans 
Administration Hospital, Hines, Ilinois), who described 
extensive studies m human subjects in a metabolic ward, 
using calcium-45 and strontium-85 as tracers. When 
glycerophosphate vas added to the diet, raising the daily 
intake of phosphorus from 600 mg/day to 1,600 mg/day, 
the absorption of strontium (as inferred from measure- 
ment of plasma levels of strontium-85) was reduced. 
Addition of calcium to the diet gave inconclusive results 
but administration of stable strontium, even in quite 
large amounts, appeared to increase the absorption of 
strontium-85. 

Experiments wizh young animals have suggested that 
the absorption of both calcium and strontium from the 
small intestine is enhanced by the presence in the diet 
of certain carbohydrates (such as lactose) and amino 
acids (such as lysne); Spencer found no such effect in 
adult human subjects. Other substances, including 
oestrogens and corzicosteroids, known to influence calcium 
metabolism in maa, were also found to be without effect 
on the retention of strontium. 

Naturally-oceurzing polyuronic acids are capable of 
complexing with &r++ ions in vive, so preventing transfer 
across the intestiral mucosa. Deirdre Waldron-Edward 
(McGill University) reported that the skeletal retention 
(in rats) of strontium-89 from a single dose was reduced 
(in some instances by a factor of five) when sodium 
alginate was administered with the strontium. Large 
variations in effecciveness were found among samples of 
alginate, whether obtained commercially or prepared in 
the laboratory from different species and varieties of 
seaweed; of the common seaweeds, Laminaria digitata 
was the most successful in this regard and Fucus 
vesiculosis the least successful. 

This work is significant in the study of strontium 
metabolism, though its practical applications are limited. 
R. Hesp (U.K.AH.A., Windscale) found that sodium 
alginate administsred 2 min before a tracer dose of 
strontium-85 inhibited almost completely the uptake 
of the radiostrontium in the human subject; a smaller 
effect was observed if the alginate was given 20 min after 
the strontium-85. There is at present no method for 
reducing the body burden of strontium-90 acquired 
(from fall-out) over a period of time. 

An unexpected. association, between strontium and 
fluorine was suggested by V. A. Knizhnikov (Institute of 
the Biophysical Ministry of U.S.S.R., Moscow), who 
reported that the 2zoncentration of radioactive and stable 
strontium in human teeth was lower in towns where the 
natural fluorine ccntent of drinking water was relatively 
high. Animal experiments indicated that reduction in 
the bodily retentien of strontium occurred also when the 
fluorine content was artificially enhanced. The skeletal 
uptake of calcium was not affected by the fluorine level 
in drinking water. Knizhnikov’s observations were 
based on, experience in several pairs of towns with differing 
levels of fluorine “but not of other mineral elements) in 
drinking water, bat no substantial differences in dietary 
strontium mtake, whether stable or radioaciive. 

J. M. A. LENIHAN 
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ORIGIN OF THE MICROWAVE RADIO BACKGROUND 


By Pror. P. J. E. PEEBLES and Pror R. H. DICKE 


Palmer Fhysical Laboratory, Princeton, New Jersey 


ReceNTtLY, Miss Kaufman stated! that the newly dis- 
covered microwave radio background? at 7:3 cm wave- 
length may be emission from ionized intergalactic hydrogen, 
rather than primordial fireball radiation from the big 
bang’. In this new picture the intergalactic hydrogen 
would have a temperature of about 10° °K, and a 
present density of 2x 10-*° g/em’. It is assumed in the 
calculation that as the universe expanded the hydrogen 
temperature remained constant, at least as far back in 
time as we can see at 7-3 cm wave-length. In our opinion 
this assumption is not tenable; it requires that the inter- 
galactic hydrogen temperature remains constant while the 
hydrogen has expanded by a factor of 10!” in volume. To 
keep the hydrogen temperature constant as it expands 
by this enormous factor would require a large amount of 
energy (2°5 x 10'* ergs/g), and much of this energy must 
be provided in a period of a few years. The power require- 
ment to keep the gas hot while the universe expands is as 
great as 2:8 x 10° ergs/sec g, 1-4x 10° times the energy 
production rate of the Sun. No reasonable energy source 
would be adequate to prevent an adiabatic cooling of the 
medium during the rapid expansion of the early universe. 

For any set of reasonable assumptions (p< 2x 10-7? 
g/em’, Z’> 10,000 °K) there would be negligible micro- 
wave emission due to bremsstrahlung radiation (free—free 
transitions) in intergalactic ionized hydrogen in the present 
state of the universe. Thus, the question of whether or 
not the present universe contains any appreciable amount 
of ionized intergalactic hydrogen‘ is not relevant to the 
explanation of the microwave radio background. Contrary 
to Kaufman’s arguments!, we believe that the observed 
microwave background does not provide any appreciable 
observational restriction on intergalactic matter in the 
present universe. On the other hand, if ionized inter- 
galactic hydrogen is present, the hydrogen must have 
been heated up at some time in the past, the energy 
source presumably being emission from galaxies, and we 
know that this heating could not have occurred at an 
arbitrarily early phase in the expansion of the universe. 
Otherwise, we could trace the expanding, adiabatically 
cooling universe back in time, to densities and tempera- 
tures so high that the material would have been opaque, 
and so in thermal equilibrium with radiation. 

To estimate the emission from an intergalactic plasma 
we can use the approximate formula for the opacity due 
to free-free transitions: 


x ~ 2 x 10-9922 T3/2 - () 


where C.G.S. units are used, and we have ignored the Gaunt 
correction. Here N is the number density of the inter- 
galactic protons, T is the temperature of the plasma, and 
à is the wave-length of the radiation. 

We can neglect synchrotron emission processes in the 
plasma, because at the assumed temperature of 10° °K 
the electrons are non-relativistic, and so would radiate 
almost exclusively at the cyclotron frequency. The optical 
depth in the plasma is the integral of relation (1) along 
a line of sight, where we have to take accodnt of the 
cosmological red-shift, so that A varies difectly as the 
expansion parameter a(t), and Na a. While-the results 
do not depend sensitively on the details of the cosmology 


used, we have assumed for definiteness a matter-filled 
space with the present value of the acceleration parameter 
being g=4. We then have a « ti and the optical depth 
from a time £, in the past to the present is: 


t 
t =fxedtz L2 x 10- et XN? 7-3/2 + Ze 1] 
te 
ZLI x 10-7 93 Zsi2 p-s (2) 


In this equation 7 is the present age of the universe, 
rand N are evaluated in the present epoch of the universe, 
and Z is the value of the red-shift Ad/a suffered by a 
photon in the time interval from t, to ¢. In the integration 
the temperature T is assumed constant. However, the 
main contribution to this integral occurs near the lower 
limit (¢)) and the physically significant assumption is that 
the temperature be constant during these early times. 
In the second line we have set N= 1-2 x 10-§ em~, follow- 
ing Kaufman!, we have taken t=% H-"=6-6x10* yr, 
where H is Hubble’s constant, and we have assumed 
Zol. 

We can see back in time, and into the plasma, to about 
unit optical depth, that is, back to a red-shift: 


Z z 6x102 T315 9-465 (3) 


Almost all radiation observed at present would have had 
its origin during these early times. Consequently, assum- 
ing that the hydrogen temperature has been constant, 
the radiation temperature T, observed now at wave- 
length ) is 


Tra Le UT x 10a ee ere (4) 


Adopting a plasma temperature T = 1x 10°, we find from 
equation (4) that at A=7-3 cm: 


T,22°K (4) 


in agreement with the value 2Z',=3:7 °K given by 
Kaufman. For ,1=7-3 em, equation (3) gives: 


Z,25 x 108 * (5) 


In this calculation we have followed Kaufman! in 
ignoring energy transfer from matter to radiation due to 
scattering by free electrons. Yor electrons at temporature 
T the average energy transfer to a low-energy photon in 
each scattering is about 8#/H = 4k1/mc*. At a red-shift 
Z=5x 10° (equation (5)) in the past the maximum energy 
transfer to a low-energy photon in a characteristic expan- 
sion time of the universe is: 


SEJE = 4 kT o Ne (aja) jme? 


1-8 x 10-14 (Z -4 1): (6) 
= 3x 108 


Ne 


In computing the rate of the reactions we have ignored 
the correction for stimulated emission. Hubble’s constant, 


aja, is assumed to be larger than the present value by 
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the factor (Z+ 1)5/?. The energy density in radiation does 
not introduce a significant error here, because the mass 
density in radiation for a black-body spectrum at 10% °K 
would be only a factor of 10 larger than the assumed 
total mattor density at this epoch. It is seen from equation 
(6) that energy transfer to the radiation due to free electron 
scattering is important until the red-shift has decreased 
to Z=1x10'. The effect is to move radiation quanta 
from lower energies to energies approaching kT. However, 
for the spectrum (4) the available number of low-energy 
quanta is so small that this could not substantially 
increase the radiation intensity at higher frequencies. 
This means that the red-shift required to explain the 
observed microwave background on the basis of this 
model could not be substantially less than the value 
given in equation (5). 

According to equation (5), we would be receiving radia- 
tion emitted when the mean density in the universe was 
10!” times larger than it is now. Evidently the present 
condition of the intergalactic material is of no interest for 
the radio background. One important question is whether 
the temperature could have been constant during the 
epoch in the past when emission from the plasma would 
have been appreciable. 

It is a well-known result of relativistic cosmology that 
in the absence of internal energy sources a gas uniformly 
filing the space cools adiabatically with the expansion 
of the universe. Furthermore, this result does not even 
require relativity for its demonstration. 

To discuss this problem it is convenient to limit our 
view at this early epoch to a small spherical volume V. 
We suppose that the hydrogen is expanding with the 
general expansion of the universe, and that V is expanding 
at the same rate, so that the mass within V remains con- 
stant. Assuming that the radius # of the sphere is much 
less than cH-, where Hy) is the value of Hubble’s 


constant, the sphere would be expanding at a rate R= HR 
much less than the velocity of light. Thus, we can discuss 
the energy content of V in strictly classical, Newtonian 
termsë. In particular, the over-all structure of the universe 
appears to be isotropic, and this symmetry implies that the 
matter outside V cannot contribute to the gravitational 
field within V. 

It is assumed that the material within the volume is 
expanding with the general expansion. The ordinary 
kinetic pressure resulting from the gas at the surface 
of V is 2NKT', so that the material within the system is 
doing work at the.rate: 


-U = pV =2NVkTVIV 
= 6 NVkT aja (7) 


If the temperature within V is to remain constant this 
work must be supplied by some energy source other than 
the thermal energy of the material. The only available 
sources are nuclear burning and the energy release accom- 
panying the localized gravitational collapse of bodies 
inside F. 

It is easy to see that nuclear burning in any known star 
could not be an appreciable energy source. It is concervable 
that the most massive stars achieve 1 per cent conversion 
of mass to energy in a life-time of 10° years. This is a mass 
to energy conversion ratio of 3x 10-7? in a characteristic 
expansion time of the univorse (H-1=30 yr). However, 
from equation (7) the energy requirement per unit mass 
of gas in the characteristic expansion time would be 
6 kT /mpc*= 5 x 10-7 if the temperature is T= 1 x 106 °K. 
Here m, is the mass of a proton. Thus, for any reasonable 
assumption about the amount of material burned in such 
massive stars, this energy sourco is inadequate to keep the 
hydrogen temperature constant. 

Energy is also released if,material is collapsing to form 
bound systems. The most efficient established way to 
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obtain energy in tkis way would be to form massive stars, 
with central temperature Ty = 3 x 107°K. The temperature 
hmit is set by tha requirement that the nuclear energy 
release be sufficienzly slow that the star does not explode. 
If the mass of suck a star is M,, we know that the energy 
which is radiated Curing the formation of the star is given 
by the formula: 


Uzl6kT, M,./m, (8) 


The numerical factor follows from a polytropic model 
with polytropic index n in the range 2-3. If the rate of 


transformation of mass to stars within V is M, the rate 
of energy release die to collapse is: 


U = MU/M, = 1-647, Mimp (9) 


Comparing equaticns (7) and (9), we obtain the required 
rate of transformation of mass to bound systems: 


(10) 


if 7=1x 10% °K. Note that the result is independent of 
the mass M* of the condensation. In order to preserve 
a constant temperature, stars or other more massive 
condensations mus have been forming at a rate in excess 
of 10 per cent of the total mass available in hydrogen 
during each characteristic expansion time of the universe 
(about 20 years at this epoch). Notice also that the mean 
density here is 19? times the mean density within a 
galaxy now, so that the galaxies could not have existod 
in their present ferms. In this model an unreasonably 
large fraction of all the hydrogen in the universe would 
have been consumed before the galaxies could have formed. 

It is concluded tnat the energy which would be required 
to hold the hydrogen temperature constant would not be 
avaiable on any reasonably satisfactory picture for energy 
generation in the early universe. Apparently it is prefer- 
able to suppose thas in the early, highly contracted universe 
matter and radiation were in thermal equilibrium’. When 
the temperature dropped to 4,000 °K the hydrogen 
would have recombined, and further expansion would 
have cooled any uniformly expanding hydrogen below 
the black-body raciation temperature. There is reason to 
suppose that the galaxies would have started to form at 
this epoch*. Later energy radiated from the galaxies 
might have heated up any remaining intergalactic 
hydrogen, but we have emphasized that this ionized 
hydrogen could not lead to any appreciable microwave 
background. 

A direct experimental test of the model proposed by 
Kaufman! has beem provided by the Princeton microwave 
experiment at 3-2 cm wave-length which has been per- 
formed by our collzagues D. T. Wilkinson and P. G. Roll’. 
According to equation (4) the radiation temperature would 
vary approximately as 14/5, while if the background is the 
primordial fireball, the temperature is, of course, independ- 
ent of wave-length. It seems that the Princeton and Bell 
Laboratories’ experiments are compatible with the black- 
body radiation spectrum but not with the spectrum 
predicted by equation (4). 

This research was supported in part by the National 
Science Foundation and the Office of Naval Research 
of the U.S. Navy. 
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INTERPRETING THE COSMIC MICROWAVE BACKGROUND 
By Pror. DAVID LAYZER 


Harvard College Observatory, Harvard, Massachusetts 


THE observation by Penzias and Wilson! of an isotropic 
microwave background, later confirmed by Roll and 
Wilkinson’, has received two conflicting interpretations. 
Dicke, Peebles, Roll and Wilkinson® postulate a universe 
of the type considered by Gamow‘, in which the energy 
density of radiation exceeds that of matter near the 
beginning of the expansion, and interpret the observed 
radiation field as a remnant of the initial ‘flash’. According 
to the second interpretation, the observed radiation was 
emitted between 10 and 105 years after the beginning of 
the expansion by ionized hydrogen at a nearly constant 
temperature in the range 104-10°°K. Miss Kaufman’ 
has shown that this model® is consistent with the ob- 
servations of Penzias and Wilson and of Roll and Wilkinson 
as well as with measurement of the radio-noise background 
between 10 and 400 Me/s. At millimetre wave-lengths, 
where no measurements have as yet been made, the 
constant-temperature model predicts a much lower value 
of the background temperature than the model of Dicke 
and Peebles. The total energy density of radiation is also 
several orders of magnitude smaller in the constant- 
temperature model than in the model of Dicke and 
Peebles’. 

In the preceding article, Dicke and Peebles criticize 
the constant-temperature model, which they consider to 
be inconsistent with the cosmological energy equation: 

3 


d ds 
q (eS*) + Pu” 0 (1) 


Here S 1s the cosmic scale factor, e is the internal-energy 
density, and p is the cosmic pressure. In a perfect gas of 
uniform density e and p are both positive and are related 
by the usual equation of state. This is the situation en- 
visaged by Dicke and Peebles. The constant-temperature 
model, however, describes a universe in which, owing to 
local non-uniformities in the distribution of matter, the 
internal energy is negative and the pressure is nearly 
zero. Thus the internal energy of a co-expanding volume 
element remains approximately constant in time. 

Let us consider a statistically homogeneous and iso- 
tropic, but non-uniform, distribution of matter. The 
fluctuating part of the density field gives rise to short- 
range gravitational forces analogous to the screened 
Coulomb forces in a macroscopically neutral plasma. 
These forces are derived from a potential 9 related to the 
fluctuating component of the density, 6 = e — [pe], 
through Poisson’s equation V°9 = 4nGp. (Brackets 
[ ] are herein used to denote ensemble averages.. The 
ergodic theorem of Birkhoff and Khinchin ensures that 
these coincide with spatial averages if the scale of the 
local irregularities is finite.) 

If the particle velocities are non-relativistic, the internal- 
energy density and the cosmic pressure may each be 
written as the sum of a kinetic, a gravitational, and & 
radiative contribution®:®: 


E = er + ey + er, P= Pet Po + Pr (2) 

where 
ce = iPr = Fev], es = Po = deg], er = Spr (3) 
Here v denotes the velocity of a particle relative to its 


instantaneous locally inertial frame of reference. It is 
given explicitly by the formula: 


dx 

= S(t) 7 (4) 
where the components of x are ‘co-moving’ spatial co- 
ordinates. Energy exchange between the radiation field 

and the matter is described by the equation: 
d ds 
ap (erS*) + pra, = ar) (5) 
where q and r represent, respectively, the mean rates of 


emission and absorption of radiant energy per unit volume. 
On inserting equations (2) and (5) in (1), we obtain: 


d dg? 
g eS) + Pa = (-g + rS? (6) 
where 


t 


E = te + & P = prk + Dg (7) 
Radiative processes always act to diminish the quantity 
e'S*, because in an expanding universe photons lose 
energy in flight. (The right-hand side of equation (6) 
may, however, assume positive as well as negative values. 
That is, the mechanical part of the internal energy of a 
co-expanding volume element may decrease less rapidly 
with the expansion than it would in the absence of 
radiation.) 

The gravitational contribution to the internal-energy 
density may be expressed in the form? »?° 

eg = —2nG[e]ata? (8) 

where 


[s 6: 
P= e | eet nF arar x15) O 
0 
The quantities « and à measure, respectively, the ampli- 
tude and the scale of the local density fluctuations. From 
equation (8) and the relation py = gg it follows that the 
gravitational contribution to the cosmic pressure is always 
negative. Thus, we cannot immediately conclude that the 
internal energy of a co-expanding volume element must 
decrease in the absence of energy sources. The cosmic 
expansion tends to decrease the kinetic contribution to 
the internal energy and to increase the (negative) gravi- 
tational contribution. The sum of the two contributions 
may increase, decrease, or remain constant. 
Observational evidence strongly suggests that at the 
present time the part of the internal-energy density of 
the universe associated with structure of galactic and 
supergalactic scale is negative. (The part of the internal 
energy associated with stellar structure is not relevant 
to the present discussion.) The actual value of this part 
of e’/[p] is difficult to estimate because we have no reliable 
information about the density or temperature of inter- 
galactic matter, but it may perhaps lie in the range 
— 10 to —10 ergs/g. The corresponding range of 
kinetic temperatures is: 


104 < Ty < 108 °K (10) 


It has been shown elsewhere?! that p’ ~ 0 provided 
that (i) € <0, and (ii) +<#, where vis a relaxation time 
associated with the density fluctuations. Under these 
conditions equation (6) reduces to: 

d S3) = 


(—q + 7r)S? <0 (11) 


d 
au 
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Thus the non-radiative part of the internal energy of a 
co-expanding volume element diminishes monotonically 
with time. It follows that the quantity cx/[p], which is 
proportional to the kinetic temperature of the distribution, 
increases monotonically with time, and that the amplitude 
a of the density fluctuations increases at least as fast 
as S1/2, However, the temperature of the gas cannot have 
been appreciably smaller than 104 °K at any time during 
the period when p’ ~ 0, for at significantly lower tempera- 
tures the gas would have been so little ionized that radia- 
tive energy losses would have been negligible. The kinetic 
temperature would then have remained constant, and its 
present value would have been less than the lower limit 
given by equation (10). Considerations of the rate of 
energy loss by radiation suggest that the kinetic tempera- 
ture of the gas would in fact have remained near 104 °K 
until galaxies began to separate out. 

The preceding remarks may serve to indicate how 
certain properties of the present-day cosmic distribution 
of matter can. be‘related to the kinetic temperature of the 
pre-galactic distribution. A deductive cosmogonical 
theory should relate this temperature ım turn to the 
initial conditions of the universe. This problem has been 
briefly discussed elsewhere’! and will be treated more 
fully in a forthcoming paper. The main point of the 
discussion is that the initial thermodynamic temperature 
of the universe must be assumed to be very low if the 
internal energy is ever to become negative. The simplest 
assumption is that the initial state of the universe is one 
of thermodynamic equilibrium at zero temperature. 
Such a universe would be matter-dominated throughout 
and would not possess a ‘fossil’ radiation field of the kind 
postulated by Dicke and Peebles. 

The objections raised by Dicke and Peebles tò the 
constant-temperature model seem to be based in part on 
their classical interpretation of equation (1). This inter- 
pretation encounters certain well-known conceptual 
difficulties. For example, the equation (but not the 
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physical argument. used to derive it) applies to a wholly 
collisionless gas. Again, the symmetry of the cosmic 
distribution would seem to ensure that one part of it 
cannot do work on another. It may perhaps be more 
satisfactory to interpret equation (1) as expressing non- 
conservation of enargy resulting from the use of a non- 
inertial co-ordinate system. The quantities e and p are 
defined in terms of particle velocities and momenta 
calculated with respect to the instantaneous locally 
inertial frames of reference of the individual particles 
(see equation (4)). With the help of Einstein’s formula 
for the composition of velocities in special relativity, 
it can easily be shown!* that the momentum of a test 
particle moving iù a uniform and isotropic universe 
varies like S-1. From this purely kinematic result it is 
possible to deduce. the cosmological energy equation (1) 
for a uniform, isotropic, and collisionless distribution of 
gravitating particbs, as well as the classical formula 
v æ S-? for the frequency of a photon in a uniform and 
isotropic universe. The additional effects described by 
the cosmological enargy equation whéri density fluctuations 
are present also acmit a purely kinematic interpretation 
of an obvious kind. 

This work has b3en supported in part by the National 
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TANIFUJI-BUTLER MODEL FOR DEUTERON STRIPPING REACTIONS 
O By Dr C. Av PEARSON” ` 


Australian Atomic Energy Commission, Lucas Heights, Australia, 
and The Neils Bohr Institute, Copenhagen, Denmark ` 
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A MODEL which has been referred to as the ‘snapshot’ 
or ‘sudden approximation’ model has been B 
proposed by Tanifuji* and Butler? for analysing (d,p) 
stripping reactions. 

’ These authors emphasize ihat ie deuteron is a large 
and weakly bound system. Such a system should stretch 
and dissociate as it encounters the surface of the target 
nucleus. To the extent that it does ‘not properly take 
account of such stretching and dissociation, the- con- 
ventional distorted wave Born approximation provides 
an unsatisfactory description ,of (d,p) stripping reactions. 

The idea that the weak binding of the deuteron should 
be emphasized is not new. It was basic to-the original 
Butler model’. The new feature in the ‘snapshot’ model 
is the use of the ‘sudden approximation’ to take account 
of this weak binding. 

Although it may be desirable to develop a model of 
(d,p) stripping reactions which retains the emphasis of 
the original Butler model, we must point out that the use 
of the ‘sudden approximation’ is not justified. : 


The Neils Bohr Institute, Copenhagen, Denmark 


We shall show in this article that the ‘sudden approxi- 
mation’ cannot be used for the (d,p) stripping reaction, 
since it contains no mechanism by which the neutron can 
propagate into the bound final state. The exact ‘sudden 
approximation’ amplitude is zero. The non-zero amplitude 
of the ‘snapshot model’ results from a further ‘approx- 
mation’. This fursher ‘approximation’ is artificial, and 
the stripping mechanism which results from it is un- 
physical. 

Let us consider a (d,p) stripping reaction in the bary- 
centric frame. We make the usual assumption that the 
residual nucleus contains a neutron bound to the unexcited 
target nucleus ‘core’. We denote by H the total Hamil- 
tonian, Æ the total energy of the system, and Hy the 
target Hamiltonian. We represent by Va.Vp and Vap 
the neutron-targes, proton-target, and neutron-proton 
interactions, respectively. 

The exact ampltude for the (dp) stripping reaction 
can be written: 

Tr =<, | Vie | wor > (1) 


578 
where Y is the total wave function satisfying: 
(H—-E)Y¥Y =0 (2) 
- The final state wave function pp which describes a 


proton scattered from the target nucleus ‘core’ satisfies: 


l 
P TE E EN- S E S 3 
f d E—Km~—Kp—- Fa— Haie vee l ) 


where 
0;=exp (2 kp fp) Birn;%) (4) 


where kp’ is the momentum of the outgomg proton, 
and Birn, E) the wave function of the residual nucleus. 
From equation (3), we see that the wave function Y~ 
is an eigenfunction of the Hamiltonian: 


Hs=Kn+Kpt+ Hat Vat Vo (5) 


To obtain the ‘sudden approximation’ to the total wave 
function Y we neglect the effects of the deuteron binding 
force once the deuteron interacts with the target nucleus. 
The ‘sudden approximation’ wave function Va) is then 
given by: 


Pal = fdkpG(kp ka)onp (kn kp,Tn,1p,6) (6) 


where onp satisfies: 


1 {d * 
Pnp H z È + ba Do: { F, -+ Vp) |AolE otto verta Ta (7) 
with 
Ean = fi! (kp? + ktm?) (8) 
np 5) p m 


and we have chosen the energy of the ground state 
A (č) of the target nucleus to be zero. 
The wave function pnp in the expression (7) satisfies: 


(Hs — Enp) Pap =0 (9) 


Tt describes two free nucleons scattering from the target 
nucleus. The ‘sudden approximation’ (6) for the total 
wave function contains only scattering states of the 
Hamiltonian Hz, and no states in which the neutron is 
bound to the target nucleus. It is therefore orthogonal 
to the final state vs. 

We follow the method of Butler? and write the exact 
amplitude (1): 

T= <40 | E~H, | YO > (10) 

We then replace & with the wave function (6) to 
obtain: 

T p= JdkgG(kep,ka) <p | E— Enp | Qnp > (11) 
Because bs, np are eigenfunctions of the same 
Hamiltonian, Hy corresponding to the different energies 
E, Enp respectively, the amplitude (11) is zero. 

The ‘snapshot’ amplitude can be obtained from the 
amplitude (11) by introducing ‘approximate’ optical model 
wave functions. We replace r with the wave function: 


pA (nst p6) = Xe (Trp )U (ra)Agl&) (12) 


where A (č) is the ground state of the target nucleus, 
U(rn) the bound state of the captured neutron, and 
Zp (rp, kp’) an optical model distorted wave function 
which corresponds to the free proton momentum kp. The 
wave function (12) satisfies: 


[Ha +Ka+Kp+ Unt Vel? = Egra (13) 


NATURE 


AUGUST 6, 1966 


VOL. 211 


where Un is a real shell model neutron potential, us a 


complex optical model potential for the proton. We 
replace Ẹnpt) with the wave function: 
Papá = Xp (Kp, rp) Xn" (kn, tn) Ag(§) (14) 


where xp’, and yn‘? represent optical model proton and 
neutron distorted wave functions, The wave function 
(14) satisfies : 


[HatKn+Kpt Vat VolenpA®=Enponps (15) 
where 1/, is a complex optical model potential for the 


neutron. 
The ‘snapshot’ model amplitude is then 


T fS = [dk pG (kp, ka) < Xp | Xp > 
<U (rn) | E— Enp | Xa (knyrn) > (16) 


This amplitude is not zero because the Hamiltonians 
which appear on the left of equations (13) and (15) are 
no longer identical, so that the wave functions Ura), 
An (knn) are not orthogonal. 

If the ‘snapshot’ model has any validity, there must 
be some physical grounds for preferring the ‘approxi- 
mate’ elastic scattering wave functions ;4~,onp4™ to 
the ‘exact’ many-particle wave functions $s~,onp in 
the ‘sudden approximation’ amplitude. These grounds 
have not been mentioned in the literature, although they 
must form the whole basis of the ‘snapshot’ model. 

To discuss the physical content of the ‘snapshot’ 
amplitude we first consider a simple model reaction in 
which a deuteron impinges on a real nucleon potential. 
Intentively, we imagine that this model reaction contains 
the essential features of the real reaction. For this model 
reaction we see: 


Pnp = onpA 


so that the amplitudes (16) and (11) are identical. The 
‘snapshot’ result implies that the neutron is never captured 
when the deuteron is stripped. 

Therefore we believe that the ‘snapshot’ model does 
not represent the physical stripping mechanism. The 
essential physical features have been lost in making the 
‘sudden approximation’ which leads to the vanishing 
amplitude (11). 

The main difficulties of the ‘snapshot’ model are 
illustrated in the neutron capture amplitude: 


<U (rn) | E— Enp | xn (ra, kn) > 


In order to be non-zero, this amplitude does not conserve 
energy. Thus, the mechanism for the neutron capture is 
somewhat artificial. 

We have seen that the ‘sudden approximation’ replaces 
the total wave function with a packet of free neutron— 
proton pairs. In each pair the neutron and proton scatter 
from the target nucleus but do not interact with each other. 
Strictly the neutron cannot transfer energy to the proton 
and thus cannot lodge in a bound state without exciting 
the target nucleus ‘core’. 

The introduction of the optical model wave function 
in the capture amplitude (17) provides an artificial means 
for the incident neutron to shed its energy. We thus 
conclude that the ‘snapshot’ model does not represent 
the proper nature of the physical stripping mechanism. 
It has been shown elsewhere® that its predictions are in 
poor agreement with experiment. 


(17) 
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SOME ENGINEERING ASPECTS OF NON-NEWTONIAN FLOW 
| By Dr. J. HARRIS 


Department of Mechanical Engineering, Queen’s College, Dundee 


THE subject of non-Newtonian flow is of acknowledged 
complexity. Treatment of it in engineering and other 
fields is frequently of an empirical nature representing 
a convenient means of correlating experimental data, 
probably for design and scaling procedures. Such treat- 
ment may not be of permanent value and subject to 
replacement by alternatives as the physical phenomena 
become better understood and further experimental 
data become available. 

The following comments on (1) the measurement of 
normal stress in laminar viscoelastic flow, (2) dynamic 
similarity in non-Newtonian flow through a pipe, and (3) 
turbulent velocity profiles, are presented in the hope that 
they will assist in clarifying some of the confusing points 
to be found in the literature at the present time. 


(1) Pitot Tube in Viscoelastic Flow 


The simple theory treating the pitot tube technique 
for measuring velocity profiles is based on the Bernoulli 
equation, for incompressible flow: 


Pı Uy Pe uz 
gg ot oes (1) 
l 

which is essentially a statement of the conservation of 
energy for a unit mass of material flowing from a point 
upstream of the pitot tube entrance in the undisturbed 
region (denoted by suffix 1) to the stagnation point at 
the tube entry (denoted by suffix 2). In equation (1) 
p is the fluid pressure, p is the (constant) density, u is 
the velocity and Ez is the energy transformed into heat 
between 1 and 2., 

Neglecting the term Ez and noting that the velocity at 
the stagnation point is zero the well-known expression 
for the upstream velocity is obtained: 


ne NR (2) 
P 


It is satisfactory to neglect the Er term at the axis of 
flow in laminar flow through a duct or more generally 
where the pathline to the stagnation point is a line con- 
necting points of zero deformation rate. There is an error 
in using equation (2) for other pathlines, but a discussion 
of this would be out of context here. 

Recently there has been a proposal that a pitot tube, 
used in the same way as for velocity profile measurement, 
is capable of measuring the axial stress known to be gener- 
ated in laminar viscoelastic flow through a duct”. In 
contrast to the treatment for velocity profile measurement 
which is based on the conservation of energy, here the 
treatment is based on the conservation of momentum. 

A suitable form for the steady state expression of con- 
servation of linear momentum is, for an arbitrary fix 
surface in the flow (sometimes termed the control surface), 


| Tido =4ọ f uuivjdo  , (3) 
A A 


where T* is the surface force tensor per unit area, ut (uj) is 
the velocity vector, and v; is the unit normal vector at the 
surface area element dco. The density is assumed constant 
and the integrals are taken over the complete surface. 
The surface force tensor is related to the stress tensor by: 


Ti = qij Vj (4) 


Suppose a cylincrical control surface is chosen now 
which is the same radius as the ‘impact’ opening of the 
pitot tube (r’) and extends upstream a distance z’ into 
the region of flow where disturbances due to the intro- 
duction of the pitos tube are just undetectable. In the 
cylindrical co-ordinate system (r, 9, z) the velocity com- 
ponents at a point are (v, w, u). Assuming that with small 
error the w component of velocity may be neglected, then 
(3) may be rewritten as: 


’ ¢ Ld 


r f 2 
| Béx(ryrar — | alr)rar + 7? [ead 
0 0 


’ 


z’ r 
= to (r | w(r’,2)o(r’s2) dz — | wit(r)rdr ) (5) 
0 0 
The quantity measured by the manometer attached to 
the impact opening is: 
3 
| Balrirar = 4 (r)? pad g( Ah) (6) 
0 
where od is the density difference of the two fluids in the 
manometer limbs and Ah is the difference in fluid levels. 
By putting p,=2%,, p,.=222, neglecting the integrals 
z’ z’ 
7’ [aaz | uvdz (or assuming their equivalence) and 
0 0 
assuming no variation of any of the quantities Zè, 2z, and 
u with r the equation (2) may be retrieved from (5). It 
has previously been mentioned that the energy approach 


to the derivation of (2) involves the neglect of viscous 
dissipation of energy so for consistency the neglect of 


+ 


Z 


, 


zZ 


| uvdz is implied in ‘5). 
0 

If the flow is viscoelastic and the integrals [ae, 
z 0 
| waz are similarly neglected, then there arises the 


0 


possibility of sensing the upstream stress in the direction 
of flow by using (5) if u is known, as was discussed by 
Savins’. However, while the neglect of the shear stress z7 
may be acceptable in the rapid flow of substances of small 
viscosity because: 


Ld 7 


2 f 
r | aaz Lo | wsrar (7) 
0 0 


it is likely that the fiow rate would have to be exceedingly 
rapid for the same ussumption in the case of viscoelastic 
materials because they are often quite viscous. 

As is the case for inelastic flow it is possible to consider 
the application of the conservation of energy to a particle 
moving from a point upstream to the stagnation point 
in front of the pitot tube opening, assuming that at this 
point it relaxes completely, then: 
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Ep, + Bu + 4 emt = “+ Er (8) 

Here Hp, and Hz, are the pressure and elastic energy 
per unit mass respectively at a point upstream of the 
pitot opening. The other symbols are as previously 
defined for equation (1). There are considerable difficulties 
in using equation (8) to measure normal stress; not only 
would Hz, in general be finite but the expression for 
Ep, + Ep, as a function of 22, is unknown. From Savins’ 
treatment: 


Zz, = Ep, + Er, (9) 


which may be true in isolated cases, but of course is not an 
acceptable general hypothesis. 

There are other reasons why a pitot tube would be 
unsatisfactory for normal stress measurement such as 
the bending of the streamlines around the pitot tube 
entrance which could introduce aberrations into the stress 
measurement theres, 

In conclusion it may be stated therefore that the pitot 
tube is less likely to be as useful as other available methods 
for sensing the stress in the direction of flow’. 


(2) Dynamic Similarity 
In Newtonian flow the familiar Reynolds number has 

proved an invaluable means for correlating experimental 
data and it is natural to search for a corresponding ex- 
pression for non-Newtonian flow; however, it may be 
stated that although numerous attempts have been made, 
no generally acceptable similarity group has yet emerged. 
It may be expected that no single dynamic similarity 
group will be entirely adequate for non-Newtonian fluids 
since in turbulent flow the fluid elements are subjected 
to unsteady motion and it is doubtful whether any non- 
Newtonian fluid is purely viscous in its response to this 
type of motion. It is known for example that even 
suspensions of hard particles may show both in-phase and 
quadrature components of stress (and higher harmonics) 
in oscillatory experiments®, which may arise not only from 
elastic effects but also from the effects of finite diffusion 
coefficients. None of the rheological formulae such as 
the ‘power-law’*: 

t= Kyn (10) 
where + is the shear stress, K is a constant coefficient, y is 
the shear rate and 7 is a constant index, or the Bingham 
equation: 

T— ty = Up (11) 
where ty is the yield stress, up is the plastic viscosity, or 
the Casson equation: 


at — w=} (12) 


where c is a constant (to list only a few of those proposed), 
is satisfactory for unsteady motion and could scarcely 
serve as a basis for tubulent flow studies. 

In Newtonian flow the Reynolds number for flow 
through a tube, diametor D, at a mean velocity of. um 
1S: 





D 
Nps n (13) 
u 
or 
_ pUmD (8um/D) 
Npr = AE (14) 


where tr, is the wall shear stress if the flow was laminar 
(even though the flow may in fact be turbulent). It may 
be noted that the friction factor: 


C= Tw 22 16 
T= Loum? Npr 


* There are also difficulties in the invariant form Py = 2c(ey e)(A-4) ey, 
(ey(6 J) are the covariant (contravariant) components of the strain rate and 
Py is the (extra) stress tensor which has been proposed (ref. 10) In osel- 
latory motion the viscosity can also here become infinitely large and there 
will be both odd and even harmonics in the stress wave. 


(15) 
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is automatically obtained from equation (14) in the laminar 
régime and a graph of log Cy against log Npr is a plot of 


1 
log z against log which is bound to have a slope of — 1. 


Thus there is no new information to be gained, as has 
previously been pointed out?, and experimental data here 
cannot be taken as demonstrating the utility of a particular 
dynamic similarity group. 

If a steady laminar shearing motion the experimental 
data can be fitted by equation (10) then for flow through 
a tube: 





_ grr (8Um)" 
tw = K Dd (16) 
where 
Re as g Sut ln (17) 


4n 


and by substituting equation (16) into equation (14) 
the Reynolds number is: 


tim? De 
Ne = aE 
as derived by Dodge and Metzner*-. 

Now equation (10) cannot be expected to apply under 
the conditions prevailing in turbulent flow and thus the 
similarity group (18) may, at the most, apply only in 
steady laminar shearing motion. 

If the experimental data cannot be fitted by equation 
(10) even in steady laminar motion it has been proposed 
to replace K’ and n in equation (16) by their point values 
at the value of 8%n/D (or tpz) under consideration. In 
other words, the tangent to the log tpg against log (8%m/D) 
curve at a certain point is the curve of the equivalent 
‘power-law’ fluid which would have the same Reynolds 
number (equation (18)), that is it would have dynamic 
similarity. But a dynamic similarity group based on a 
‘power-law’ is of dubious value in turbulent flow and it is 
not surprising that other authors? have pointed out the 
failure of equation (18) to correlate experimental data. 

For design and sealing procedures, it is satisfactory to 
have the relevant correlation of data for a particular fluid ; 
it appears from the work of Bowen? that this is possible for 
a number of different types of non-Newtonian fluids and 
although a universal friction factor—Reynolds number 
curve is not achieved this is no serious disadvantage. 
The empirical correlating equation 1s: 


(18) 


Dt ty = Iu” (19) 


where x, y and L are constants. 


(3) Turbulent Velocity Profile 


Some time ago, by a dimensional analysis and by match- 
ing the velocity profile in the zone near to the pipe wall 
(where both viscosity and turbulent fluctuations are im- 
portant with that in the fully turbulent core where vis- 
cosity is of minor importance), Millikan produced in an 
elegant manner the well-known logarithmic form for the 
Newtonian turbulent velocity profile. 

An identical approach was used by Dodge? to formulate 
the logarithmic form for the non-Newtonian turbulent 
velocity profile utilizing the ‘power-law’ (equation (10)) 
which yields: 

ut = A(n) Iny* + Bin) (20) 


where ut is the dimensionless (time-average) velocity, 
y+ is the dimensionless distance from the boundary, 
A and B are constants for a given value of n. The profile 
(20) has since been published again! with a small correction 
factor which is a function of Npr. 

It is now obvious that both the original and corrected 
forms are based on an unacceptable hypothesis (10) for 


turbulent flow. 


It is possible, however, to derive an expression for the 
turbulent velocity profile based on Bowen’s empirical 
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correlation and a diameter independence hypothesis 
such as is used in Newtonian flow to find the 1/7 power 
law velocity profile. It is hoped to publish this derivation 
in due course. 


1 EEY, Ca pad Metzner, A. B., Indust. and Eng. Chem. (Fundamentals), 
2 Bowen, Le R., Chem. Eng., 243, June 12; 127, June 26; 147, July 10; 
143, July 24, 129, Aug. 7: 119, Aug. 21; 131, Sept. 4 (1061). 
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CRYSTALLOGRAPHIC?SHEAR AND DIFFUSION PATES IN CERTAIN HIGHER 
OXIDES OF NIOBIUM, TUNGSTEN, MOLYBDENJM AND TITANIUM 


By Dr. STEN ANDERSSON# and Dr. A. D. WADSLEY 
C.S.LR.O. Division of Mineral Chemistry, Melbourne, Australia 


Ir is well known that the ease with which solids interact 
largely depends on the ready availability of suitable 
diffusion paths for the ions, and it is-our purpose to show 
that the part played by a specific kind of defect, the 
crystallographic ‘shear plane’!, may be of vital significance. 
The existence of closely spaced families of phases is now 
well established in most transition metal solid-state 
systems. Niobium oxides of this kind are formed by 
substituting Tı, Nb4* or W&+ for Nb5+ (refs. 2 and 3), or 
alternatively by replacing O*- with F- in high-temperature 
niobium pentoxide‘. Similar families of partly reduced 
tungsten or mixed tungsten—molybdenum oxides®, and 
of reduced titanium oxides? represented as ‘homologous 
series’ with formulae W,rOgn-,,  (Mo,W)nOsn- and 
TinOQen-:, respectively, are also readily synthesized. 
Although the structural inter-relationships within each 
family have been investigated by crystallographic methods 
it is becoming increasingly important to understand the 
physico-chemical principles by which these groups of 
phases form. We therefore propose a model for a simple 
diffusion process involving the formation and the subse- 
quent migration of a series of parallel shear planes within 
a crystal, which can occur rapidly and without drastic 
local changes of structure. 

A shear is defined as a regular defect arising from the 
compression of a simple structure along certain planes, 
where the co-ordination polyhedra condense in a different 
way'. Fig. la represents the structure of NbO.F (ReO,- 
type), and any one octahedron has corners common to 
the six adjacent octahedra. Nb,O,F (Fig. 16 and c) is 
related to it, but contains parallel shear planes with every 
third octahedron in a particular row sharing edges with 
each of the two nearest octahedra and corners with the 
next five’. Nb,O.F, therefore, contains blocks similar 
to NbO.F extending infinitely through the crystal in 
two dimensions, but with a finite width of three octahedra. 
The niobium, tungsten or titanium families of oxides 
each contain characteristic shear planes, and the members 
of one family differ only.in the size of the block of the 
simple parent structure they contain. Their presence 
diminishes the oxygen-to-metal ratio of the parent phase. 

NbO,F rapidly decomposes at 750° C (ref. 8) according 
to the equation: 


4NbO.F — Nb,O,F + NbOF, ¢ 


The loss of the volatile phase NbOF, at the crystal boun- 
daries is followed by the transport of equal numbers of 
Nb*+ and OQ? or F- ions to empty spaces within the crystal. 
Migrating metal or non-metal ions move into the nearest 
interstitial position through a barrier of anions which, 
with their large amplitudes of thermal oscillation, need 


* Permanent address: Research Institute of National Defence, Depa rtm 
4, Stockholm, Sweden. 


scarcely be pushed aside from their mean positions. In 
Fig. 1b and c, the arrows show the movement of the ions, 
proceeding by way of the longest O-O distance (3°07 A) 
and thereby meeting least resistance. 

Any one empty square in Figs. la and 2a bounded by 
four octahedra represents the projected view of a row in 
interstitial positions: the atoms migrating from the surface 
change it into a row of octahedra. In Fig. 2a and b 1s 
illustrated the second postulate of our model, the co- 
operative transformation in the same way of adjacent 
rows of empty sites by the movement of the Nb and O 
atoms in the octahedra labelled 1, 2, 3 and 4. The migra- 
tion now continues as in Fig. 2b and c with the atoms 
5, 6, 7 and 8, and then in Fig. 2e and d with 9, 10, 11 and 
12. The atoms advance into the next row of interstitial 
positions of NbO,F and leave this same structure behind, 
the net effect being the movement of a shear plane um- 
dimensionally throughout the crystal. More planes form 
in the same way, and when the reactian is completed, they 
are frozen into the regular equilibrium positions of the 
phase Nb,O,F (Fig. 1b and c). 

This mechanism is less disruptive than the proposal 
by Gadó?’ for the closely related WO,-W,,.0,, reversible 
transformation. He postulated the extensive formation 
of vacant anion pos:tions, but his detailed analysis of the 
diffraction data applies equally well to our model. The 
shear planes of WO; are also composed of octahedra 
sharing edges and corners, but differ from those in Nb,;O, 
by adopting anoth=r crystallographic orientation (Fig. 
3a and b). These also move in unison through the erystal, 
the metals (plus oxygen) marked 2, 4, 6 and 8 in one 
direction, while the atoms 9 move the other way, and the 
whole structure takes up a regular periodicity at the 
conclusion of the reaction. There is no known tungsten 
oxide W,0, the exact counterpart of Nb,O,F and the 
detailed structure of W,,0;3, which is formed instead, 
evidently reflects the loss of oxygen atoms alone, from 
the edges of the crystal. The oxidation of W. Os. to 
WO, could be initiated by the migration of the shear 
planes to the surfaces, where oxygen from the environment 
is captured, and the octahedral co-ordination for tungsten 
completed. The closely related members of the homo- 
logous series of compounds (Mo,W)n”Qsn_, (ref. 6) may 
result from the loss of some of the more volatile molyb- 
denum as oxide, the particular member of the series which 
forms thereby depending on the percentage of tungsten 
it contains. 

The proposed diffusion mechanism is not confined solely 
to substances with the ReO, arrangement of atoms— 
these are comparazively rare in oxide systems. Com- 
pounds more commonly contain fragments of this 
particular structure present only as blocks of limited size, 
and the family of phases centred around Nb,O, affords 
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Fig. 1. a@, Structure of NbO,¥ in projection. Each hatched square repre- 
sents an octahedron, with a niobium and an oxygen atom at the centre, 
and oxygens (or fluorime) at the corners. b and c, Two projected views of 
Nb,0,F (non-idealized) showing the relationship to NbO,F. The shear 
planes are denoted by the octahedra sharing edges. The migrating 
mobium and oxygen (or fluorine) atoms move from the octahedra in the 
directions of the arrows to the interstitial positions (empty squares), 
which are consequently transformed into octahedra 





(c) (d) 


Fig. 2. a-d, The formation of a shear plane in NbO,F and its subsequent 
migration. Note the resemblance to zone refinement of impure crystals 
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fa) (b) 


Fig. 8. a and b, The movement of shear planes in W,,.0,,, formed by the 
reduction of WO, 


many examples of this type. Each oxide contaming 
Nb5+ with a substituent metal of higher or lower valency, 
or with F- replacing O*-, is distinguished from the others 
in organization as well as in the size of the blocks?)?. 
Each is the ReO, structure containing two parallel but 
criss-crossing sets of shear planes forming the boundaries 
of the blocks, and tetrahedrally co-ordinated atoms are 
often present at their intersections. The tetrahedral atoms 
do not represent impenetrable barriers to the diffusion 
of metal or oxygen, as they can move unrestrained 
to any of four equally probable octahedral positions 
forming the immediate environment!*. Thus, atoms are 
unaccompanied by migrating oxygens, and diffusion now 
involves the movement of one non-metal for every two 
metal ions. 

Fig. 4a represents the structure of high-temperature 
Nb,O, (ref. 10); and Fig. 4b, TiINb,,0,, or Nb., Og. (ref. 2). 
The tetrahedral atom 7 in the former moves to an octa- 
hedral position in the latter, octahedral Nb 10 to a tetra- 
hedral site, while the niobium and oxygen atoms 8 and 
9 move to adjoining positions of the same kind as those 
they previously occupied. The movements of atoms 
10, 11 and 12 in Fig. 4b to octahedral sites and of 13 to 
tetrahedral give the structure of Nb,,0., (ref. 10). The 
re-oxidation at low temperatures of Nb,,O,, and Nb,;0,. 
to new forms of Nb,O, involves little change in the X-ray 
powder patterns. Evidently the shear planes do not 
move, and the gross structure remains intact. But the 
tetrahedral atoms are free to migrate in the 6 directions 
of both phases (out of the plane of the paper) by way of 
the alternate filled and empty tetrahedral positions 
present in these structures*?°, and form a film of new 
oxide on reaching the surface. When the temperature of 
oxidation is raised, the oxygen atoms, and therefore the 
shear planes, move and follow the reverse paths of Figs. 
4a and b, giving high-temperature Nb,O,; as the end- 
product. 

It is noteworthy that the many perovskite compounds 
ABO, where BO, is the ReO,-type host structure con- 
taining A ions in the holes, do not form related shear 
structures. We have repeatedly, and without success, 
attempted to synthesize ‘defect’ perovskites of this kind, 
and evidently diffusion cannot occur when the holes are 
filled. Unless the structure is deficient in A, there is no 
way for the shear planes to form, and unless these ions 
are largely absent, there is no way for the planes to 
propagate, unless they too move and are lost, either as a 
volatile compound or as a new foreign solid phase. Authen- 
tic anion-deficient perovskites are unknown and alternative 
structures form instead!*-#4, 

Shear planes are also present in the TinOan-, phases. 
Here the terminal octahedra of adjacent blocks 
of rutile (TiO,) structure share faces!®, and not edges and 
corners (Fig. 5). The unreduced rutile structure contains 
interstitial octahedral positions, and in the reduced 
phases these are filled by some of the metal atoms be- 
longing to the adjacent block!-15. A diffusion mechanism 
for the formation of the planes by the reduction of rutile 
involves the transport of planes of metal ions into the 
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Fig. 4 a and b, Formation of Nb3,04, and Nb,,0,; from Nb,O, by the movement of a shear plane. g, Structure of high temperature Nb,O,. 


b, Structure of Nb,;O¢o. 


The small black circles numbered 7 in a are tetrahedral metal ions which move (arrows) and form octahedra as in b. 
Niobium 10 moves from octahedral co-ordination in @ to tetrahedral in b. 


The additional migrations indicated in b result in the structure of 


Nb,;,0,.. Niobium 18 becomes tetrahedral in this latter structure and niobium 10 chanzes from tetrahedral te octahedral 





Fig. 6. Structure of Ti,0,. @, Titanium; O, oxygen. The five fitaniun 
atoms joined by a thick Ime constitute a biock of the rutile (TiO,) 
structure, and the terminal octahedra share faces with those in the next 
block. The movement of the titanium atoms indicated by the arrows 
results in a block six titanium atoms long, which 1s characteristic of the 
next phase TiO, in the series TinOQgn-,;. The oxygens remain intact 


next row of empty positions, each metal ion moving 
through a triangle of oxygens (an octahedral face) (Fig. 
5) and no oxygen migration is possible. By close control 
of conditions, the oxidation of TiO, (n = 4 of the series 


Tign-1) to TiO, shculd result ın the formation of each 
higher homologue ‘n = 5, 6, 7, etc.) in turn, and the 
inference that the shear planes have a high mobilhty in 
the solid is supported by the remarkable ciné films of 
reduced titanium dioxide, made by Eikum and Smallman 
in the electron microscope’. 

It is becoming increasingly evident that shear planes 
are a common feature in the higher oxides of the metals 
of Groups IV, V amd VI. We believe that the properties 
of the phases in waich they occur may well depend on 
their nature and mobility. 
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Elachistosuchus, A TRIASSIC RHYNCHOCEPHALIAN FROM GERMANY 
By Dr. A. D. WALKER 


Department of Geology, University of Newcastle upon Tyne 


Elachistosuchus huenei, a very small reptile with a skull 
some 26 mm long, from the late Keuper of Halberstadt 
near Magdeburg, was allocated to the Pseudosuchia by 
Janensch}, on the grounds that it possesses a preorbital 
opening in a diapsid skull and thoracic vertebrae with 
““spectacle-shaped”’ rib articulations—this in spite of 
the acrodont dentition, large post-temporal fossae and 
lack of a mandibular fenestra. Elachistosuchus has been 
made the sole representative of a family and superfamily 


of the Pseudosuchia by Hoffstetter? and von Huene’, 
the latter regarding it as a modified descendant of the 
Lower Triassic Proterosuchidae. It will be shown, 
however, that Hlacustosuchus can be interpreted with 
greater probability as a rhynchocephalian, closely allied 
to the living Sphencdon. 

Obviously the mæt important point to be established 
is the nature of the “‘preorbital opening”. In Hlachisto- 
suchus (Fig. 1) a substantial part of the maxilla lies 
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Fig. 1. 


Elachistosuchus huenet Janensch Left side of skull, x c. 2, 
after Janensch'. The posterior portion of the skull has been pushed down- 
ward and backward; the more heavily hatched area is a stain on the 
matrix representing the rear border of the Jateral temporal fossa, Ab- 


breviations for this and succeeding figures as in Romer’, with the addition 
of ltf: lateral temporal fossa; stf: supratemporal fossa; ‘pre’: preorbital 
opening of Janensch, herein identified as the lachrymal foramen 


below the large orbit, and the bone ends posteriorly below 
the postorbital bar. This is quite unlike the situation in 
any pseudosuchian. Even in Chasmatosaurus, to which 
(among others) Hlachistosuchus is compared by Janensch 
because of the acrodont dentition, the greater proportion 
of the maxilla lies below and in front of the preorbital 
fossa, this being the usual condition in the Pseudosuchia. 
In fact, the orbit of Hlachistosuchus is rather like a pseudo- 
suchian preorbital fossa, especially in the contribution 
made by the jugal, and I at first attempted a re-inter- 
pretation along these lines, but the arrangement of the 
more posterior openings in the skull makes such an 
explanation impossible. 





Fig. 2. Sphenodon. Left lateral Manis skull, simplified from Romer‘, 
x C. 


It is suggested that the key to the understanding of 
the skull of Hlachzstosuchus is supplied by the curious 
nature of the prefrontal in Sphenodon’. In this animal 
(Fig. 2) the lachrymal is missing and the prefrontal de- 
scends to the palate, passing medially within the anterior 
wall of the orbit and touching the palatine. In its lower 
course it encloses a large foramen (“‘canalis maxillare’’® or 
lachrymal canal) between it and the ascending process 
of the maxilla.. This arrangement is not homologous 
with the archosaurian preorbital fossa, the latter being 
bounded by the maxilla and lachrymal, with the jugal 
forming only a small part at the posterior inferior corner, 
and the prefrontal not entering at all. It is virtually 
certain that the so-called “‘preorbital fossa”? of Hlachis- 
tosuchus is really the lachrymal canal, since its relation- 
ships are practically identical with those in Sphenodon: 
a descending process from the skull roof at the position of 
the prefrontal forms its posterior border, and it is bounded 
in front by the ascending process of the maxilla (Fig. 3). 
Janensch’s assumption that the right side shows this 
aperture more accurately is probably incorrect, since the 
left side of the skull is less distorted, the right having 
been pushed backward, according to that author. Thus it 
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seems to have been a much smaller opening than is the 
case in most preorbital fossae, though nevertheless appar- 
ently larger than the lachrymal foramen in living Spheno- 
don. However, a posteroventral compression of the 
anterior part of the skull roof might account for the en- 
largement of the foramen and the difference in ‘attitude 
of the prefrontal as compared with that of Sphenodon. 

In Sphenodon again the jugal has a long anterior process 
lying in the floor of the orbit, concealed by the maxilla 
in side view, and reaching to within 2 mm of the prefrontal. 
Exactly such an arrangement occurs on the right side of 
the skull of Elachistosuchus (Fig. 3), but an anterior process 
of this type does not occur in Pseudosuchia, nor probably 
in any archosaur. The sutures between the jugal, maxilla 
and postorbital are, in fact, closely similar in Sphenodon 
and Hlachistosuchus. 





Fig 3. Hlachistostichus. Right side of racial part of skull, after Janensch, 
x €. 


Other features which are anomalous for a pseudosuchian, 
but apt for a rhynchocephalian, may be dealt with briefly. 
These are: (a) the numerous acrodont, isodont teeth; 
(b) the very large post-temporal fossae and narrow 
supraoccipital (Fig. 4); (c) lack of a mandibular fossa 
(unusual in an Upper Triassic pseudosuchian); (d) low 
position of the paroccipital process, wall below the upper 
temporal arch; (e) weak coronoid process (although 
stated by Janensch to be absent); (f) presence of a 
notch for the external naris at the anterior margin of the 
maxilla (Fig. 3)—ın pseudosuchians the naris is either 
further forward or the maxilla curves smoothly upwards. 
Janensch (ref. 1, p. 227) also refers to a “bent down’”’ 
fragment of the upper jaw at the anterior tip of the skull 
on the right side, which he suggests may represent the 
premaxilla. This would seem highly likely to be a rhyn- 
chocephalian ‘“‘beak’”’. The relatively short humerus 
with its strongly expanded extremities set almost at 
right angles to each other recalls the primitive “twist” 
retained in Sphenodon; the entepicondyle is very welt 
developed. The lack of dermal ossifications is not con- 
clusive, since they are not ubiquitous in the Pseudosuchia. 





Fig. 4. Occipital views ofa Sphenodon, after Romer, x c. 1; b: Elachis- 
tosuchus, after Janensch, x re. 2 


There remain to be considered the vertebrae and their 
articulations with the ribs. Intercentra are present 
throughout the presacral series in Sphenodon, and though 
absent in the preserved vertebrae of Hlachistosuchus, 

























Brachyrhinodon’ from the Upper Trias of Elgin, 


cotland. The elongated, distinctly curved “cervical” 
bs described by Janensch are more probably thoracic 
bs, and his “block IT” is thought more likely to succeed, 
ther than precede, “block IIT’ because of the nature 
the rib articulations; it does not necessarily follow that 
e vertebrae increase in size towards the sacrum, as they 
_ normally do in the Pseudosuchia, hence the preserved 
= vertebrae probably include only the more posterior 
` cervicals. The double rib-facets of Elachistesuchus, 
furthermore, are not strictly comparable to the ‘‘spectacle- 
shaped” articular areas seen in some pseudosuchians®, 
or in Ornithosuchus®, for when in the posterior thoracies 
the rib-facets become confluent (due to the gradual 
reduction in length of the diapophyses), they also come to 
ie almost on the same level, whereas in Hlachistosuchus 
“parapophysis is distinctly below the diapophysis, 
though the two processes are virtually the same length. 
he most complete vertebra illustrated by Janensch 
ef. 1, Figs. 6-8), which is probably the most anterior 
preserved, has, in fact, rib-facets which are very like those 
of the eighth cervical vertebra of Sphenodon (ref. 6, 
1g, 19). 
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| Fig. 5. Suggested restoration of the skull of Elachistosuchus, x c. 2. 
-On the whole the restoration by Janensch? has been followed, but the 
quadrate and snout regions have been modified; no attempt has been 
-made to correct for possible distortion of the prefrontal. The jaw has 
-been moved back slightly on the ground that the coronoid process should 
- pass up behind the lower Jopoa bar; this also gives a better fit with 
oe the premaxilla 
Inasmuch as the lower temporal bar is not demonstrably 
mplete in Llachistosuchus, due to the loss of the quadrato- 
gal in the fossil, the possibility of lacertilian relation- 
ps cannot be excluded. In lizards also the prefrontal 
cends to the palatine, the lachrymal may be lost 
10ugh this is a relatively modern specialization; 
uehneosaurua”, from the Upper Keuper, for example, 
as a large lachrymal), the post-temporal fossae are 
frequently large, and the jugal may have a long anterior 
process below the orbit (but visible in this case from the 
ni side), see Iguana, for example. The large number (twenty- 
eight) of small cylindrical teeth in Elachistosuchus is 
also rather lizard-like. On the other hand there is no reason 
_.. to doubt that the lower arcade was originally complete, 
especially as the missing portion is extremely short. The 
_acrodont implantation is suggestive, but not conclusive, 
_ of rhynchocephalian affinities. In particular the arrange- 
ent of the prefrontal, maxilla and jugal with respect 
ie orbit is extremely like that of Sphenodon and, in 
iil, unlike any lizard; the occiput is closer to that of 
odon, even the form of the foramen magnum (Fig. 
eing quite similar. When to these points is added the 
pital nature of the posterior cervical and/or anterior 
| ribs, the form of the humerus and the possibility 
“beak”, little doubt can remain of the rhyncho- 
wn nature of Hlachistosuchus. 
amily Elachistosuchoidea may thus, with 
m, be discarded, for Elachistosuchus 
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odontid from the Upper Jurassic?, It displays features ol “skull and ve 
the trunk region, and so probably undescribed or imperfectly revealed in the f 





may certainly be pla 














































genera which are available. These include | 
extension of the prefrontal, the probable los 
lachrymal, the relationships of the jugal with 
bouring bones, and the construction of the occiput 
details have survived with virtually no cha 
Upper Triassic times and add further emph 
already well known conservatism of the living Sph 

Von Huene? civided the Sphenodontidae 
subfamilies Brachyrhinodontinae (Triassic), 
suchinae (Jurassic) and Sphenodontinae ( 
Recent), placing Yomoeosaurus, however, as the t 
a separate family. Elachistosuchus differs from Sphe 
and resembles Hemoeosaurus", Polysphenodon- 
Middle Keuper mear Hannover?*, and Brack 
in that the parietals form a flat surface between th 
temporal fossae, taeir breadth here equalling or ex 
that between the orbits. It appears, therefore, 
narrow parietal crest of the living form is, aso 
expect, a relatively modern specialization. The l 
had probably been lost in Polysphenodon, and 
also in Brachyrhiaodon. My present work indica 
these two are extremely closely related, if not; 
congeneric; von. Huene? paradoxically rever 
previous opinion’? and placed Polysphenodon 
Rhynchosauridae, in spite of its paired, terminal 
nares and other cifferences. Hlachistosuchus diffe 
these two genera in the more posterior position 
orbit, the less flattened and more lightly built sk 
more numerous teeth, and the lack of a marked ¢ 
process. Other Triassic genera are too imperfectly 
at present for prefitable comparison, the teeth of | 
saurus™, and Palccrodon"', evidently being very dif 
Although lacking intercentra in the thoracic. 
Elachistosuchus is considered to be best placed. 
subfamily Sphencdontinae, because of the close 
blance of the skull to that of Sphenodon itself. Ja 
regarded the dentition as being of an unspecialize 
suitable for dealing with “small animals, arth 
worms, ete.” and also plant food. The relativel 
area between the supratemporal fossae, and th 
coronoid process, may reasonably be viewed as pi 
features retained from a late Permian or early 
eosuchian ancesto” in connexion with a likewise wn 
ized jaw musculature. Hence Elachistosuchus pres 
represents an extremely primitive rhynchoce 
stock, while the approximately contemporaneou: 
rhinodontinae are a slightly more specialized sid 
Furthermore, if, es is possible, the premaxillary 
Elachistosuchus were similar to those of the max 
is, it lacked the typical rhynchocephalian develo 
and, like Polysphenodon! and Brachyrhinodon 
were rows of teeth on the pterygoid as well as 
palatine, then we would have here a form stru 
close to the common ancestry of Rhynchocepha 
Squamata. me 
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KINETICS AND MECHANISM OF ALBUMIN DENATURATION 


By THOMAS G. FERRIS 
Rear Admiral George W. Calver's Physical Chemistry Research Laboratory, U.S. Naval Medical School 


AND 


SAM KATZ* 


Naval Medical Research Institute, National Naval Medical Center, Bethesda, Maryland 


THe ability of acrylamide gel zone electrophoresis to 
resolve protein sub-species which differ only in respect 
of charge, molecular weight and, possibly, conformation’, 
coupled with the ability to quantitate the resultant 
patterns with aspecially designed densitometer*, prompted 
us to investigate the denaturation of bovine serum albumin 
(BSA) by urea. The objective was to investigate the 
kineties of the denaturation process, and then to relate 
the various mechanisms to the structural determinants 
which define the geometry of the macromolecule in a 
given medium. 

The denaturation procedure was conventional, using 
10 mg of BSA (Armour and Co.) dissolved in 0-25 ml. of 
urea solution prepared from recrystallized urea (Mallin- 
krodt)*. Acrylamide gel zone electrophoresis was carried 
out on a vertical electrophoresis cell (Model 500, Arden 
Instruments, Inc., Rockville, Maryland) capable of the 
simultaneous analysis of thirty samples, using the gel 
slab technique. Sample volumes ranged from 10-50 ul. 
The supporting medium was 5 per cent ‘Cyanogum 41° 
(American Cyanamid Co.) prepared with a tris-EDTA- 
borie acid buffer, pH 8-3, which also served as the electro- 
lyte for electrophoresis‘. Reversibility experiments in- 
volved the addition of 2 volumes of water to the de- 
naturation system to stop the reaction. The urea was then 
removed by thin-film dialysis for 24 h against several 
changes of water. Evidence that the electrophoretic 
patterns produced by the denatured BSA were not arte- 
facts was supported by the reproducibility of the results 
obtained using either the standard buffer or the buffer 
containing 3 M urea as the electrolyte for electrophoresis. 

The effect of varying time and urea concentration is 
typified by the following systems in which BSA was 
exposed to 1-9 M urea at room temperature for 4 min 
and for 24 h before electrophoresis (see Figs. 1-4). A 
fast reaction occurs within 4 min at urea concentrations 
greater than or equal to 5 M, which produces a series of 
components, S;, characterized by electrophoretic mobilities 
ranging from 0-30 per cent of that of the fastest component, 
A, (Fig. 1). The formation of the S; fractions is associated 
with a concomitant decrease in the A, component (Fig. 
3). With an increase in time and urea concentration there 
is a reduction in the S, fractions and the appearance of 
a new set of fractions, J} with mobilities intermediate 
to the A, and S, compongnts (Figs. 2 and 4). The pre- 
dominant species present in the system containing BSA 
exposed to 9 M urea for 24 h is a fraction with a mobility 
almost identical to A,, a constituent found in the BSA 
before urea denaturation. Reversibility experiments 
using BSA exposed to 8 M urea for periods of time ex- 
tending from 4 min — 24 h showed a linear relationship 
between the amount of water-insoluble protein produced 
with the length of urea contact time. During the course of 
dialysis the S; fractions initially present disappeared 
with the appearance of the J; fractions. The temperature 
dependence for denaturation was positive. The rate at 
37° C was about ten-fold greater than that observed at 
4° C. The pH rate dependence resembled a skewed 


* Present address: Department of Biochemistry, School of Medicine, 
University of West Virginia, Morgantown. 
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Fig. 1. Electrophoretic patterns of 4 per cent BSA exposed to varying 

concentrations of urea in 0-05 M acetate buffer, pH 5-0 for 4 min. 

Electrophoresis was carried out using 5 per cent acrylamide gel, pH 
8:3 buffer at 200 V for 4h 
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Fig. 2. Eleetrophoretic patterns of 4 per cent BSA exposed to varying 

concentrations of urea in 0-05 M acetate buffer, pH 5-0 for 24 h. Electro- 

phoresis was carried out using 5 per cent acrylamide gel, pH 8-3 buffer 
at 200 V for 4h 
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Fig. 3. Densitometer scans of the electrophoretic patterns shown in Fig. 1. The irregular line 
below each pattern is the integration pen tracing 
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Fig. 4. Densitometer scans of the electrophoretic patterns shown in Fig. 2. The irregular 
line below each pattern is the integration pen tracing 





geometric function with the maximal rate in the alkaline 
region; at pH 1:7 the rate was about five times as great 
as that found at neutrality, while at pH 10 it was greater 
by at least two orders of magnitude. The products pro- 
duced by these systems were electrophoretically indis- 
tinguishable from each other. This was in contrast to the 
acid or alkali denatured BSA (exposed to 0-1 M reagents) 
the patterns of which differed in a characteristic way from 
each other and from the urea-denatured albumin. 

A. detailed discussion of the kinetics and reaction 
mechanisms will not be attempted, but a few of the salient 
features will be mentioned. Urea denaturation is mitiated 
by a fast reaction involving conformational changes with 
the appearance of the S; fractions. This is followed by a 
decrease in the S; fractions which is due either to their 
conversion to components with zero mobility or to their 
transformation to the I; fractions (Figs. 2 and 4). There 
is evidence that certain of the J; fractions can be produced 
directly without passage through the intermediate or 
short-lived S; state. On the basis of the distinctive electro- 
phoretic patterns and reaction rates it is evident that the 








mechanisms for urea, acid, alkal and heat denaturation 
must differ substantially from each other. 

The characteriszic mobilities observed for the several 
species of denatured albumin can be attributed to any or 
a combination of the following factors. The values for 
the prototropic dissociation constants of the protein 
can be altered by the change in the macromolecular 
conformation or by the increase of the dielectric constant 
of the system on the addition of urea*, thus producing 
a shift in the net charge on the protein and in its affinity 
for buffer ions. Tne transformation of albumin from the 
native globular form to a random configuration with an 
mereased axial rano results in a commensurate increase 
of frictional resistance to transport processes and in the 
subsequent reduction in electrophoretic mobility®. Another 
contributing facter is the slow time-dependent poly- 
merization process that occurs during denaturation and 
produces substanzial changes in both the molecular 
geometry and charge’. 

We hope to isplate, characterize, and establish the 
structural features that determine the electrophoretic 
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properties of the various fractions resolved by this 
technique. 

We thank R. E. Easterling, K. J. Nelson and R. E. 
Budd for their invaluable technical assistance. 
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IONIC COMPLEXES OF THIOUREA 


By Dr. J. C. A. BOEYENS and Pror. F. H. HERBSTEIN* 


Chemical Physics Group of the National Physical and Chemical Research Laboratories, Council for Scientific 
and Industrial Research, Pretoria 


THIOUREA is one of the most versatile complexing agents 
yet discovered. It forms the well-known inclusion com- 
plexes with branched-chain hydrocarbons! and also has 
the ability to complex with various other organic sub- 
stances* and with some salts of virtually every metal. 

This latter property is largely a result of the formation 
of covalent sulphur-to-metal bonds*. However, thiourea 
has also been reported to form stable complexes with 
salts of elements which do not form covalent bonds to 
co-ordinated ligands. Another explanation must be 
sought for the existence of these complexes. 

The prototype of these thiourea complexes is 
NH,Br.4TU (TU, thiourea), first described by Reynolds 
in 18884. The isostructural series Includes the complexes 
formed with some halides of potassium, rubidium and 
caesium, with many ammonium and thallium (I) salts 
and with some lead (IT) salts. These are all stoichiometric 
complexes and, depending on the oxidation number of 
both cation and anion, they have the general formulae: 


MX.4TU 
‘we 


M,X.8 TU 
: MX.6 TU 

The nature of this family of complexes has now been 
established by a correlated chemical and crystallographic 
investigation. The preparations reported in the literature 
have been repeated and checked and some new complexes 
have been prepared. All the complexes have been examined 
by single-crystal or powder X-ray diffraction techniques 
and the unit-cell dimensions, space group and density 
(of single crystals only) determined. This has enabled 
some thirty-odd related complexes to be further sub- 
divided into groups of isomorphous or nearly isomorphous 
structures. Representative complexes from each group 
were then chosen for structural analysis, thus enabling 
the relationship between the groups to be established. 
Some measure of disorder appears to be a feature of many 
of the structures at room temperature. While this has 
prevented determination of all the details of the structures, 
their main outlines have been settled. A broad survey 
and general description of the results obtained will be 
given in this article, to be followed by a series of more 
detailed papers now in preparation. 


Classification of the Complexes 


Morphologically the solid complexes are usually fibrous 
masses and only in some cases could single crystals suitable 
for crystallographic work be obtained. Well-defined 
X-ray powder patterns have, however, always been 
obtained. 

The unit-cell dimensions and space groups show that 
the complexes fall into a number of well-defined groups. 


* Present address: Department of Chemistry, Technion—Israel Institute 
of Technology, Haifa, Israel. 
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The largest of these includes the 1 : 4 complexes of alkali 
bromides and iodides, thallium (I) bromide, iodide and 
perchlorate. These crystals are all tetragonal with 
a~20 A, c~83 A and space group P4/mnc. Closely 
related to these is a smaller group of complexes, including 
the thallium (I) nitrate, and sulphate (1: 8) complexes, 
which have a~10 A, c~8-3 A, space group P4/mcc. A 
Weissenberg photograph of the TINO,;.4 TU complex 
at — 160° C showed that at this tempereture this complex 
had a ~ 20 A, c~ 8-3 A and space group P4/mnc. Thus the 
smaller unit cell appears to be a partially_ disordered 
version of the larger ordered cell; this was established in 
detail by determining the structures of TICIO,.4 TU and 
TINO;.4 TU at room temperature (the super-lattice 
reflexions of the latter are too weak even at —160° C to 
allow reliable determination of the differences between the 
partially disordered and the ordered version of this 
structure). Two other ordered structures have been 
obtained. In one of these a~b~14 A, c~8-3 A, while in 
the other a~ 2b~21 A, c~8-2 A. These structures, which 
have not been determined, would be expected to differ 
in detail only from that of TICIO,.4 TU. 

Another group is formed by the complexes of the alkali 
and thallium (I) chlorides, which have a~ $2 A, b~13 A, 
c~8-5 A and space group Bbam (chis is the orientation 
most convenient for comparison with the other complexes). 
These complexes have only been obtained in polycrystal- 
line (fibrous) form but one fluoride complex, CsF.4 TU. 
2 H.O has cell dimensions {a ~ 17-0 A,b~12-5 Å, c ~ 8-45 A, 
space group Ibam, four formula units per unit cell) which 
are closely related to those of the chloride complexes. 
Single crystals of this fluoride complex have only been 
obtained recently and its structure has not yet been 
determined. 

All the complexes discussed until now have been of 
thiourea with salts of monovalent metals, but two related 
complexes of divalent lead salts have also been reported: 
these are Pb(NO,)..6 TU® and Pb(C1O,),.6 TU*. Crystallo- 
graphic investigations have shown that these two com- 
plexes also belong to this general family despite the 
difference in the ratio of cations to thiourea molecules. 
Both complexes have partially disordered structures 
(of different types) at room temperature, but X-ray 
structure analysis has revealed the general outlines of 
their structures and in particular has shown how a cation : 
thiourea ratio of 1 : 6 is possible. 

The structural results will now be described in more 
detail. Some of the structures have been analysed by 
three-dimensional methods and some by two-dimensional 
methods; intensities were measured visually from Weissen- 
berg photographs taken with copper Ka radiation. The 
structures were generally solved by Patterson methods 
and refined by Fourier and least-square techniques. 
The R-factors are all below 12 per cent and there are no 
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1 The erystal structure of the TINO,;.4 TU complex shown 1p 


molecules the same distance above it 


outstanding discrepancies between observed and calcu- 
lated structure factors. 


Structure of TINO3.4 TU 


These crystals have a= 10-34 A, c= 8-29 A, space group 
P4j/mce, two formula units per unit cell. The results of 
the crystal-structure analysis are summarized in Fig. 1. 
The essential feature of this structure type, and the 
family as a whole, is the existence of separated cations 
and anions bridged by polar thiourea molecules. Hach 
cation is surrounded by eight sulphur atoms at the 
corners of a distorted cube centring on the cation site 
(Fig. 1, right). The average thallium-sulphur distance is 
3:43 A, which is considerably longer than the separation 
between sulphur atoms of co-ordinated ligands and metal 
atoms. Indeed, the sum of the atomic radii of thallium 
and sulphur is about 2:7 A whereas the sum of their ionic 
radii is about 3:3 A. Thus it is clear that these are ionic 
complexes and that the major cohesive interactions in 
the crystals are ion-dipole interactions. The arrangement 
shown in Fig. 1 can be described as a linear chain of metal 
ions surrounded by neutral but polar thiourea molecules 
with the sulphur atoms of a set of thiourea molecules 
bridging successive cations. The separation between neigh- 
bouring cations in a chain is 0-5 c, or approximately 4-1 A. 

The thiourea molecules point away from the arrays 
of cations situated along the four [001] edges of the unit 
cell and in this way they enclose a cylindrical channel 
with its axis along [442]. The anions are in these channels 
and in an idealized structure would lie along the cylinder 
axis which is also a crystallographic four-fold axis. In 
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Fig rojection down 
[001] and [010]. On the right the arrangement of sulphur atoms and thallium ions in 
one of the chains along [001] is shown. In the projection down [001] the atoms repre- 
sented by full circles he in the plane of the paper while those represented by open 
circles are in the mirror plane lying ¢/2 above or below the plane of the paper ‘In the 
[910] projection the full-circle molecules lie about a/4 below the plane of the paper 
whe those with open circles lie the same distance above it. The horizontally shaded 
molecules are about a/2 below the plane of the paper and the vertically shaded 
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the crystals that have been mvestigated 
tne anions have lower symmetry and 
rence are disordered positionally. This 
type of structure is not directly com- 
parable with the channel structures of the 
taiourea-hydrocarbon complexes since 
tae thiourea molecules are not connected 
tarough 8...H—N hydrogen bonds. 

The structures of a number of crystals 
ace known in which similar, approxim- 
asely cubic arrangements of sulphur 
asoms about potassium and ammonium 
icas are found (for review see Wells’), 
while another close comparison can be 
made with the arrangement in thalloso- 
thallic sulphide, T1,""S,.T18 (refs. 8, 9, 
aso ref. 7, pp. 900-901). The thallium 
(IIT) atoms in this structure are linked by 
sulphur atoms (d(S-TE") ~ 2-6 A) to form 
chains of tetrahedra sharing opposite 
edges, while the thallium (I) atoms he 
between the chains with eight sulphurs 
around them (d(S-TF)~ 3-3 A). The inter- 
actions between the sulphur and thallium 
(T) atoms appear to be ionic interactions 
scmewhat similar to those found in the 
present family of complexes (however, 10n- 
dipole forces are unlikely to be important 
in TIS). 


Ordered Structure as found in 
TIClO4.4 TU 


These crystals have a@=21-07 A, c= 
8-28 A, space group P4/mnc, eight 
formula units per unit cell. Their struc- 
ture, which is characteristic of the 
majority of these complexes, differs from 
ths TINQ,.4 TU structure in that two 
neighbouring cation-thiourea chains are 
nc crystallographically equivalent but 
arə rotated to a small extent relative to 
ons another and have slightly different 
(~0-05 A) thallium positions; the doubling of the a 
axis is a consequence of these differences. The space 
group no longer requires the anions to lie on the axis of 
the cylindrical chennel. 

The structural details of the TICIO, and TINO, com- 
plexes provide the key to most of the general crystallo- 
graphic properties. of the ionic thiourea complexes. In 
particular an explanation is provided for the fact that 
most of the complexes crystallize with a unit cell having 
a~20 A while the strongest refloxions define a sub-cell 
with a~10A. If cnly the sub-cell is considered, both the 
cations and anions will be arranged in a lmear chain with 
periodicity c/2. This is possible only if the distances 
between neighbouring cations and neighbouring anions 
are fortuitously th> same. In the general case, therefore, 
the anionic arrangement is non-linear. This causes slight 
distortion of the cylindrical anionic channel of the sub- 
cell and the appearance of the superstructure. In the 
nitrate complex tha deviation of the anionic chain from 
linearity is either masked by rotational disorder or else 
is so slight that it is beyond the limits of detection, but in 
the TICIO,.4 TU structure the perchlorate tetrahedra are 
in an ordered array and displaced off the cylinder axis. 


Complexes of Divalent Metal Salts 


The complexes cf this family formed by the salts of 
divalent metals (lead is the only known example) are 
essentially isostructbural with the complexes of mono- 
valent metal salts. The 1:6 ratio encountered in these 
complexes can aris? in one of two ways, exemplified by 
the structures of tha Pb(NO,), and Pb(ClO,), complexes. 
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Structure of the Pb(NO3)2.6 TU Complex 


This complex caused some controversy in the past. It 
was described first by Rosenheim and Meyer‘, who assigned 
to it the formula 2Pb(NO,),..11 TU. The analytical work 
of Mahr and Ohle* supported the 2:11 ratio, but Bri 
et al.t° concluded from crystallographic considerations 
that the most probable formula was 6 Pb(NO,)..32 TU. 
However, the experimental crystal density of 2-03 g/em? 
is in good agreement with the 1:6 ratio deduced by 
Haworth and Mann”! from their analytical results, but 
not with the densities calculated on the basis of the other 
proposed compositions. We have therefore used the 1: 6 
formulation. It should be emphasized that the crystal 
structure at room temperature is such that the Pb(NQ,), : 
thiourea ratio is not determined by space group considera- 
tions (in contrast, for example, to the 1:4 ratio in the 
TINO, complex) and is not necessarily rational. The 
value used is an experimental value derived from chemical 
analyses and density measurements. 

The complex has the space group P4/mcc characteristic 
of the TINO,.4 TU structure type. It has also a= 10-3 A, 
but c= 24-6 A, which is three times the c-axis of the other 
structures. There are four formula units per unit cell. 
Oscillation photographs about [001] show additional 
diffuse layer lines which indicate that there is considerable 
disorder in the structure. This has not been explained in 
detail. The electron-density projection down [001] is 
very similar to that obtained for TINO;.4 TU and this 
shows that the atomic arrangement must be essentially 
the same in both complexes. The suggestion of Brú! 
that this structure consists of an ordered framework of 
thiourea molecules which has tubular cavities in which 
lead nitrate molecules are contained is not correct. 


Structure of the Pb(C1O,)2.6 TU Complexes 


The Pb(Cl10,)2.6 TU crystals have a= 18-6 A, c=7-92 A, 
space group P4/mcc, four formula units per unit cell. 
The structure is based on that of the TICIO,.4 TU complex, 
there being similar cation—thiourea chains along the cell 
edges and the central axis of the cell. The anion arrange- 
ments are also very similar. However, the cation sites 
along [042] and [40z] are entirely vacant and these regions 
of the crystal contain half as many thiourea molecules 
as are in a cation—thiourea chain. 

Water molecules can diffuse into these relatively open 
channels to give the hydrated complex Pb(C1O,),.6 TU. 
2 H,O. The cell dimensions remain essentially unchanged 
when water is taken up in the structure, but the space 
group changes from P4/mce to 14/mem. A Fourier pro- 
jection down [001] shows that the water and thiourea 
molecules in the regions about the empty channels are 
unresolved and it seems probable that what order there 
was in the positions of these thiourea molecules in the 
anhydrous crystals has become disrupted by the intruding 
water molecules. 


Comparison of Structures of | :4 and | : 6 Complexes 


In the TINO;.4 TU complex there are two nitrate 
ions in each channel for each repeat distance of 8-2 A 
along [001]; these ions do not completely fill the available 
space. In the Pb(NO,),.6 TU complex there are eight 
nitrate ions in each channel for-each repeat distance of 
24-6 A, or 22 per 8-2 A. The available space in the 
channel is now completely filed. The requirements of 
stoichiometry result ın there being four Pbtt ions to be 
distributed among the six cation sites of the one indepen- 
dent cation-molecule chain in each unit cell. Vacant 
cation sites result, the occurrence of diffuse scattering 
suggesting that these are not randomly arranged. The 
alternative of filling all cation sites in one set of chains 
and one-third of the cation sites inasecond, non-equivalent, 
set is not used in this complex, presumably for both 
energetic and entropy reasons. 
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In the Pb(ClO,),.6 TU complex quite a different means 
of compensating for the bivalent nature of the cations is 
used. The density of packing of perchlorate ions is much 
the same in the TICIO, and Pb(ClO,), complexes. In 
the TIC1O,.4 TU structure there are four Tl+ ions for the 
two pairs of cation sites in the two crystallographically 
independent cation—molecule chains in the unit cell, but in 
a hypothetical Pb(C]1O,), complex of the same structure 
there would be only two Pbt* ions for the four cation 
sites. Instead of half-filling all the sites in both chains, 
all the sites in one chain are filled and the other cham 
disappears. In its place one finds two thiourea molecules 
per unit cell (for the anhydrous complex) or two thiourea 
molecules and two water molecules (for the hydrated 
complex). These molecules do not appear to have any 
structural role in the crystals other than to fill space in 
the channels that exist in the loosely-bound framework 
formed by the cation—molecule chains and perchlorate 
ions. The differences in the two structures therefore 
stem from the different sizes of the nitrate and perchlorate 
ions. 


Relationship of Other Complexes = 


The structures of a number of other complexes are 
known where a polar molecule forms a bridge between 
separated cations and anions. The greatest resemblance 
to the ionic thiourea complexes is shown by the ionic 
complexes NaJ.3(CH;),NCHO”¥, NalI.3(CH,),CO* and 
NaI.3CH,OH™. These complexes all crystallize in hexa- 
gonal crystals and have similar structures. In the acetone 
complex, for example, there are chains of composition 
(Nat+.3CH,),CO running up the [00.1] axis. The iodide 
ions are in ordered positions in the channels between the 
hexagonally-arranged chains. Within a chain each Nat 
ion is surrounded by an octahedral arrangement of oxygen 
atoms of the carbonyl group while the methyl groups 
form the walls of the anion channel. 

The approximately cubice and octahedral arrangements 
of sulphur and oxygen atoms about the cations of their 
respective complexes are in agreement with previous 
crystal-chemical results and can be explained in terms of 
the ratio of the radii of the ions involved (Pauling’s** 
first rule). If comparable thiourea complexes of sodium 
salts can be prepared, then they will be expected to have 
an octahedral arrangement of sulphurs about sodium and 
thus will not belong to the present family of thiourea 
complexes. Similarly, complexes of oxygen-containing 
molecules with cations other than lithium and sodium 
will be expected to favour a cubic and not an octahedral 
arrangement of oxygen about the cations and thus 
differ from the complexes investigated by Piret et al.*. 
The fact that the crystals of the oxygen-containing mole- 
cules with sodium iodide favour hexagonal symmetry 
and those of the present thiourea complexes tetragonal 


“symmetry follows from the respective octahedral and 


cubic arrangements in their cation—molecule chains. 
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ELECTROPHORETIC MOBILITIES OF PEPTIDES ON PAPER AND THEIR USE IN 
THE DETERMINATION OF AMIDE GROUPS 


By R. E. OFFORD 
Medica] Research Council Laboratory of Molecular Biology, Hi ls Road, Cambridge 


A siImpxex model for the electrophoretic migration of 
molecules is of a sphere in an infinite medium impelled 
by electrostatic attraction and retarded by viscosity. 
It will then reach a terminal velocity, v, given by Stokes’s 
law, and it can be shown (for example, ref. 1) that in 
this case, if the net electrostatic charge is g, the radius of 
the molecule is r, the viscosity of the medium is ņ and the 
intensity of the electrostatic field is —X, then: - 
eX 
-r (1) 


The mobility, m, relative to some standard molecule 
run under identical conditions might then be given by a 
relation of the form: 

m = keM-18 (2) 
where k 1s a constant and M is the mass of the molecule, 
the dimensional equivalent of 7°. 

There are several difficulties in applying this model to 
practical situations. This is so for paper electrophoresis 
even after it has been noted that a correction is necessary 
due to the fact that the tortuous path taken by the 
molecule around the fibres of the paper makes the true 
potential gradient less than that which would be obtained 
by dividing the applied voltage by the straight line distance 
between the electrodes*. If, for example, the medium were 
not to be effectively infinite, a new treatment would 
be called for. In the limitimg case, let it be supposed that 
the molecules were always very close to the fibres, or that 
retardation were to occur because the ionic atmosphere, 
being of opposite charge and solvated, causes a backward 
flow of solvent in the immediate vicinity of the migrating 
molecule. The retarding force could then be considered 
as the result of shear across a small element of liquid 
close to the migrating molecule. This would then be 
some function of the effective surface area of the molecule, 
in which case one might write: 


m = k’eM-3/ (3) 


as area is dimensionally equivalent to (mass)?/*. 

A number of important factors are neglected in both 
these models, in particular the possible contribution of 
the ionic atmosphere to the effective mass, and factors 
due to shape. They are simply mentioned as examples 
of the type of approach which might be adopted in order 
to rationalize actual experimental results without seeking 
a complete analysis of this very complex situation. Both 
types of model are examined with great mathematical 
rigour by Meuller®. Nevertheless, in an attempt to see 
if either of these crude models gave an answer near to the 
truth, relative mobilities were calculated for a large 
number of peptides. The experimental data came partly 
from records of preparative electrophoreses carried out 
in the course of sequential analysis of the coat protein of 
tobacco rattle virus (Offord, to be published), but also 
from similar and more extensive records obtained over 
some years by other workers in this laboratory (see 
final paragraph). These related to the determination of 
amino-acid sequences in chymotrypsin, elastase, cyto- 
chrome bss insulin from various animals, some Bence- 





Jones proteins, myosin, and glyceraldehyde phosphate 
dehydrogenase. The peptides contained only the usual 
L amino-acids exsept for the fact that cysteine and cystine 
had been converted to cysteic acid before running and 
that methionine was occasionally in the form MetSQ,. 

The buffer syssem selected for investigation was pyri- 
dine-—acetic acid—-vater 25 : 1 : 225 by volume (ionic strength 
about 0-07) and the paper, which hung vertically in an 
apparatus similar. to that of Michl*, was cooled by toluene- 
pyridine 23:2 (7/v). This arrangement corresponds to 
a pH of about 3:5 at which most groups that can be 
ionized—except the imidazoyl of histidine—would be 
expected either to be fully charged or fully discharged. 

It was found taat all records included reference to the 
migration of marker substances (usually the free amino- 
acids). An attempt was therefore made to correct for 
differences in mobility due to variations in ambient 
temperature and any other conditions by expressing all 
results relative to the mobility of free aspartic acid during 
the same run. Even if, as was occasionally the case, m 
had first to be expressed in terms of some other marker 
and then normalized, the values obtained have been shown 
to be repeatable to about +65 per cent over the range 
of temperatures (10°-40° C) experienced here. The position 
of the origin did not greatly matter, particularly as any 
disturbance in the mobility of a fast-moving spot on 
approaching the alectrode troughs was usually matched 
to some extent by asimilar effect on a marker. Endosmosis 
is quite considereble in this system (1-2 em toward the 
cathode after 1 h at 3 kV) and the point of zero mobility 
was taken to be the mid-point of the free neutral amino- 
acid spot. Such a-precaution is essential as peptides which 
are Clearly neutral have sometimes been described as 
cationic, and anidnic peptides as neutral (for example, 
ref. 5). The position of the leading edge of a migrating 
spot is the one bast recorded; experiment shows that it 
is far less affected by overloading than that of the mid- 
point. Where possible, this was kept in mind when the 
relative mobilities discussed here were calculated. 

Fig. 1 is a log-log plot of m versus molecular weight for 
all peptides of wkich details were available with the ex- 
ception of peptides containing histidine and cysteic acid. 
The sign ofm was tgnored. Itis seen that a series of straight 
lines is obtained -with a slope of almost exactly — 2/3. 
The values of s assigned to the various lines on this plot 
are those which ths peptides composing them were believed 
to have on other evidence before this graph was drawn. 
The slope of the lines and the approximately linear de- 
pendence of m on. ¢ when M is held constant correspond 
to equation (3). It may therefore be that the crude 
model discussed ir connexion with this equation has some 
elements of truth. Such a plot has a very practical appli- 
cation. The amino-acid compositions of peptides and 
proteins are obtasned after acid hydrolysis sufficiently 
strong to convert esparagine to aspartic acid and glutamine 
to glutamic acid respectively. The distinction between 
these two groups cf amino-acids is thus lost although their 
influence on the biological function of proteins must be 
very different. E ectrophoretic mobility has often been 
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Fig. 1. A logarithmic plot of electrophoretic moviy (at pH 6-5, relative 
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to aspartic acid) versus molecular weight for peptides without histidine 
or cysteic acid. ‘The alignments which are observed correspond (in order 
of ther distance from the molecular weigh; axis) to s= 1, 2, 3 and 4 


used qualitatively (for example, among many others*’) 
to distinguish between the two possibilities, but it has 
been found useful to use Fig. 1 to extend the method to 
cases where ib is necessary to distinguish between, say, 
a charge excess of one and two. Thus, if a peptide with a 
composition after hydrolysis of Asp,Glu, has m =1-05, 
the net charge is clearly —2—presumably indicating a 
terminal carboxyl group, a terminal amino group, two 
side chain carboxyls free and one amidated. The scatter 
of the points is such that it may be expected that pep- 
tides with ambiguous mobilities may be found, but the 
lines, at least up toe = +3, are sufficiently far apart for 
1b to be unlikely that a result could be obtained which 
would actually be misleading, especially if certain con- 
siderations, outlined later, are taken into account. 

The plot can also be used either to predict the position 
of a peptide or in certain circumstances to estimate 
molecular weight. The spread of points is such as to 
recommend caution in these cases, especially the latter. 
While a peptide of composition Asp: Leu::1:1 and 
m = 065 is clearly Asp,Leu, and not Asp,Leu, or 
Asp,;Asn,Leue, there are cases where the results are 
ambiguous. The plot has, however, been found useful 
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as a means of showing up errors in amino-acid analyses 
and other data. 

The reservations referred to relate to the fact that s 

is not always integral at pH 6-5. The range of pK for 
the imidazoyl side chains of histidine in peptides is about 
5-8-7-5 and such peptides are thus unlikely to behave 
predictably at pH 6-5. None is included in Fig. 1, but some 
idea of the pK of this side chain in a particular peptide 
could presumably be obtained from its position between 
the lines on the plot. 
- Suspicions that s may not be integral are not confined 
to the case of histidine peptides. The pK of the NH, 
group of some peptides may be quite close to 6'5 and it 
would have been preferable to have collected the data 
for a slightly lower pH, 6-0 for example. Many peptides 
run poorly at this pH as compared with 6-5, however, and 
the lower pH has never been adopted here for the routine 
preparative work that produced the mobility data. One 
class of peptides showing a low pK effect are certain of 
those in which basic residues (especially arginine), as- 
paragine, serine and threonine are N-terminal. There 
appears in these cases to be a difference of at most 10 per 
cent in the mobility from that which would have been 
expected. These peptides are included in Fig. 1 and 
contribute a great deal of the scatter of the points. Anionic 
peptides of this class have their mobility enhanced and 
lie above the average line for their nominal net charge, 
while cationic peptides have their mobility reduced and 
lie below the line. Nominally neutral peptides of this 
type have a slight anionic mobility (m = 0-1). This 
effect becomes serious at pH 7, but Fig. 1 shows that it 
is still within manageable proportions at pH 6-5 for 
peptides without cysteic acid. 

The possession of cysteic acid is observed to cause the 
peptide to lie nearer the anode, even if this residue is not 
N-terminal (Fig. 2a). This effect is possibly due to the 
same reason as that already discussed and is seen in Fig. 
2b to be particularly pronounced in cases where cysteic 
acid is N-terminal and where there are no other charged 
side chains. It is possible to devise explanations for the 
failure to observe such a strong enhancement by N- 
terminal cysteic acid in the presence of side chain carboxy- 
lic groups, but it would be preferable to wait for moro 
data to be collected. 

MetSO, may exert a similar effect to cysteic acid when 
it is N-terminal. Tho only peptide in the present collection 
of data in which this occurs also contains cysteic acid. 
It shows the enhanced anionic mobility normally charac- 
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a, A plot, simular to Fig. 1, showing the effect of cysteic acid in positions other than N-terminal (at pH 6 5). The diagonal lines indicate the 


positions of the lines of equal charge in Fig. 1. Certain points have the line on which they should he inaieated by an arrow. b, A simular plot showing the 
effect of cysteic acid in N-terminal positions (at pH 6 5). +, 2 cyster acid residues, one N terminal; x, 1 cysteic acid residue, metSO, N-terminal 
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the lines. One interest: DAG 
lines in this case sugges ntermedi: 
expressed by equation (2) and ‘that ty cain 
ionic strength mey be the determining facto. 
Plots have alsc been made for “‘dansyl’ pepti 
for serine phosphste peptides’. It was hoped ir 
case that the plat would assist sequential inv 
at the radioactivo level, but the influence of tl 
phosphate group on the pK of other charg 
considerably complicated matters. For such 
have been of any use beyond the stage of interp 
preliminary resu'ts, considerably more infon 
mobilities of peptides in this class would h 
required. | 
In conclusion, although the plot of ele 
mobility against molecular weight shown in 
been used extensively by workers in this | 
no clear indication of net charge given by it he 
500 1,000 5,000 disproved. The use of this plot for any other 
3 Molecular weight this and the examination of different model 
‘Fig. 8. A logarithmic plot of electrophoretic mobility (at pH 1-9, relative phoretic migraticn is to be viewed with so 
to serine) versus. molecular weight for peptides without eysteic acid The more comp ex circumstances applying 
eristic of N-terminal cysteic acid (Fig. 2b). There is and 3 also call for care in interpretation, as 
ome possibility that the sulphone group may suppress for plots involving substituted peptide deri 
he ionization of the terminal carboxyl when MetSO, is I thank R. F. Ambler, B. 8. Hartley 
the carboxyl terminus, as such peptides, when nominally R. N. Perham, L. F. Smith and A. G. Weeds 
utral, show in fact a slight cationic mobility at pH 6-5, me with measurements and other observatic 
useful indication that one is dealing with a peptide of mobility and for aseful discussions on their i int 
yhich the «NH, is suppressed may be obtained by staining Dr. J. I. Harris and Dr. F. Sanger for t 
on paper with the ninhydrin-cadmium reagent of Bar- and encouragement, and the Medical Resear 
‘rolier*. Such peptides are very frequently those which for a scholarship. e 
“give a yellow, orange or brown colour as opposed to the [Enlarged copes of the figures can be obti 
normal red. The principal exceptions are peptides with request from the author.] 
-N-terminal glycine which give a yellow colour but have : piock, R. J., Durrum: E. L., and Zweig, G., A Manual of Pa 
ormal pKs, and peptides with basic residues N-terminal graphy and Pape” Electrophoresis, second ed. (Academi 

















































: which give a red colour even when they have an abnormal eer Sager Tisdins, A., J. Gen. Physiol., 85, 8 80 (1981). 
pk, * Meuller, H., in Proteins, Amino Acids and. Pep , cha 
A plot of the type described here has also been pre- gon I E. J., and Edsall, J. T. (Reinhold Fabiishing € Com 
7 è ee ork, 1943). 
ared for use at pH 1-9 (Fig. 3). The ionic strength ofthe «Michl, H., Mh. Chem. 82, 480 (1951). 
-2 per cent formic—8 per cent acetic acid ‘buffer’ is about * Fischer, E. H., Graves, D. J., Synder Crittenden, E. R., and: E 


: 0-01. It is, of course, not possible to distinguish between  , Saher ee Chem, Bb 1608 O Kitaj, R., Biochem. J., 5 


; amidated and non-amidated side chains at this pH, > Ambler, R. P., Bioclom. J., 88, 349 (1963). 
-but it has been of some use in looking for N-acetyl groups * Barrolier, J., Z. Physiol, Chem., 309, 219 (1957). 7 
“and as a general check on amino-acid analyses of peptides. ‘Gray, W. R., thesis, Univ. Cambridge (1964). : 


ae : to 
-pH 1-9 is dangerously close to the pK of some carboxyl ey. Milstein, C., Offord, R. E., and Sanger, F. (unpu ey 





ON SUDAN BLACK POSITIVE MATERIAL IN CONNECTIVE TISSUE 


By Dr. A. H. MELCHER 


Department of Dental Science, Royal College of Surgeons of England, London, W.C.2 


s Bimexpavn = has described histological staining of black B (Hopkin and Williams, Batch No 
bound substances, possibly lipids, by Sudan black B dissolved in 70 per cent alcohol, either at roor 
dissolved in acetone. This method sometimes stains perature for 2 a or by Berenbaum’ s burnt m 
|. reticulin? and material associated with collagen fibres?-4. in Sudan black 3 dissolved in acetone for 6 h at Pe 
_. Calcifying sites can be stained by Sudan black dissolved in haematoxylin and eosin; by silver impregnation, 
-in 70 per cent alcohol, but only if the positive substance using the methods of Gömöri for connective tissue fibres 
unmasked before decalcification’. Fibroblasts are known and von Késsa for calcium deposits; and by the dic 
‘synthesize lipids*. These findings suggest that Sudan acid-Schiff reaztion, All sections were dehy: 5 
black positive material may be associated with the cleared in xylene and mounted in Canada balsam 
formation of hard and soft connective tissues. This those stained at room temperature in Sudan b 
possibility was tested in the investigation reported here. in 70 per cent alcohol, which were mounted | 
Distal halves of growing tails of 9-11 day 42G albino jelly. Although mouse tail contains a wide. 
mice were examined. The tails were frozen in solid carbon tissues and is most useful for comparative s 
oxide immediately after resection. Longitudinal sections observations arə restricted to dermis, tendo 
the unfixed, undecalcified tails were cut at about 82 fibrosus, endochondral cartilage and developin; 
-eryostat and thawed on clean slides at room temper- Tissues were regarded as being positively st 
3 were post-fixed for 1 h in Baker’s formol- Sudan black orly if coloured jet black’. Wher 
1ed by the following methods: in Sudan by Sudan black/acetone (Fig. la), a 
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intercellular material was sometimes seen in the ‘base- 
ment membranes’ of the skin, and in the dermis and 
tendons. By contrast, positive intercellular material was 
seen in most sections in the annulus fibrosus and in parts 
of the cartilage, namely the intercellular substance of the 
basal layers and areas continuous with tendons, and in 
calcified cartilage identified from sections processed by 
the von Késsa method. Newly formed bone of the peri- 
chondral collar was also strongly stained in parts. The 
intercellular substance of maturing cartilage and the 
fibrous layer of the perichondrium and periosteum 
were rarely stained. The material coloured by Sudan 
black/acetone was not stained by either of the Sudan 
black/alcohol methods. 





Longitudinal sections through developing tail of mouse, a, 
Control; b, after extraction in chloroform : methanol : hydrochloric acid 


Fig. 1. 


: 1: 1/800 v/v/v) at room temperature for 24 h. Æ, Epithelium ; D, 
AGM ka bate follicle; FV, vertebra; JV, intervertebral disk, (Sudan 
black/acetone. x 40) 


Collagen fibres were coloured black, red-black or red- 
brown, or golden by Géméri’s silver impregnation method. 
There seemed to be some correlation between the location 
of areas coloured a red-black hue by silver impregnation 
and black by Sudan black/acetone. . 

Unfixed cold microtome sections were extracted in a 
mixture of chloroform : methanol (2; 1 v/v) or in absolute 
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acetone, either at room temperature or boiling-point, 
for varying periods up to 48 h. Sections were post-fixed 
in formol-calcium, stained by the Sudan black methods 
and compared with non-extracted adjacent sections 
stained simultaneously. After extraction in these reagents 
at room temperature, sections stained in Sudan black/ 
acetone showed reduction of “background staining” but 
increased sudanophilia in some areas, particularly in the 
annulus fibrosus and the intercellular substance of carti- 
lage described above. These areas were not stained by the 
Sudan black/aleohol methods. Little or no material in 
dermis and tendon was stained by Sudan black/acetone 
after 24 h extraction in boiling chloroform : methanol or 
acetone, and the positive material in the annulus fibrosus 
was gradually removed. However, sudanophilic material 
in the intercellular substance of the basal attachment 
and calcified areas of the cartilage, but not usually of the 
bone of the perichondral collar, was increased. Forty- 
eight hours’ extraction rarely removed all this stainable 
material from the calcified tissues, but frequently removed 
it from uncalcified cartilage. 

It is known that some compound lipids can be isolated 
from neural tissue only by extraction in chloroform : 
methanol containing hydrochloric acid (see ref. 8). To 
determine whether further Sudan black positive material in 
connective tissue could so be disclosed, additional un- 
fixed sections were extracted in chloroform : methanol: 
concentrated hydrochloric acid (2:1: 1/300 v/v/v). Room 
temperature extraction resulted in intense staining by 
Sudan black/acetone (Fig. 16), but not by Sudan black/ 
alcohol, of material associated with both hard and soft 
connective tissues. Strongly sudanophiliec material was 
seen to be associated with the “basement membranes” of 
the skin, the connective tissue fibres of dermis, tendon, 
annulus fibrosus, perichondrium and periosteum, inter- 
cellular substance of basal and attachment areas of 
endochondral cartilage, calcifying cartilage and bone of 
endochondral collar, but only rarely with the intercellular 
substance of maturing cartilage. Staining of areas con- 
taining sudanophilie material in unextracted sections was 
intensified by extraction. Maximum staining was obtained 
after room temperature extraction for 1-48 h, the time 
varying between specimens. Thereafter, no noticeable 
increase in intensity occurred, and eventually there was 
gradual disappearance of stained material. Staining of 
calcified cartilage and bone of perichondral collar was more 
persistent but was prevented by extraction for 130 hours, 
which often caused hydrolysis of tissues. Extraction 
in boiling reagent removed all stainable material, some- 
times within 24 h. 

Some sections containing large quantities of material 
positively stained after extraction in chloroform: 
methanol : hydrochloric acid were demounted by soaking 
in xylene, and then rinsed in absolute alcohol. Subsequent 
transfer to chloroform: methanol (2:1 v/v) at room 
temperature removed the stain from soft connective tissue 
in 1 min or less, but stained material was still present 
in calcified cartilage and bone after 1 h. Attempts to 
restain the sections in Sudan black/acetone were largely 
unsuecessful. Periodic acid—Schiff positive material in 
sections extracted by the methods already described 
did not behave like the Sudan black-positive material. 

In a further experiment, healthy skin and 8 mm punch 
wounds healing up to 25 days in the dorso-lateral skin of 
three Macaca irus monkeys aged about 5-5 years were 
examined by the methods already described. The monkeys 
had been fed a high carbohydrate-containing cariogenie 
diet for at least 4-5 years. Material, positively stained 
by Sudan black/acetone but not by the Sudan black/ 
alcohol methods, and extractable by chloroform : methanol 
and by acetone, was found in healthy excised skin. It is 
not yet known whether this finding was in any way 
related to the animals’ diet. This material seemed to be 
located in areas corresponding to those coloured red- 
black in adjacent sections impregnated by Gömöri’s 
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silver. method. Extraction at room temperature in chloro- 
form: methanol : hydrochloric acid markedly increased 
-othe quantity of Sudan black/acetone stainable mater ial 
`- associated with the collagen fibres. 

Sudan black/acetone stained material was also found 
in relation to unextracted collagen fibres laid down in 
- the healing wounds, again m areas apparently correspond- 

ing with those of a red-black hue in adjacent silver im- 
pregnated sections. The amount of material in the healing 
connective tissue stained by Sudan black/acetone after 
extraction in chloroform : methanol: hydrochloric acid 
at room temperature appeared to be related to the quantity 
of mature collagen fibres present in the wound. The 
intercellular substance of the connective tissue of the 
adjacent. skin was always more heavily stained than the 

= developing connective tissue of the wounds. 

coc. he material stained by Sudan black/acetone in un- 

o extracted sections in the foregoing experiments was never 
“stained by either of the Sudan black/aleohol methods, 

oo but it could be extracted from soft connective tissues by 
| acetone or chlor oform : methanol. These findings suggest 

at These eget are not 


MEN calves 
Sudan. black/acetone-stained material was seen in 
alcified. cartilage, the sudanophilia of which has been 
stablished by Irving’ using a different technique, and 
also in mineralized bone. However, the solubility of these 
substances is different from those in soft connective tissue, 
and this investigation has contributed little to their 
identification. 
Bound lipids can be unmasked in vitro to histochemical 
reactions (see refs. 2 and 9). Some extracellular bound 
_ Hipid-like substances in the connective tissues examined 
here have been unmasked and stained by Sudan black/ 
acetone alone; others have been unmasked to Sudan 
lack/acetone only after extraction, particularly by 
: chloroform : : methanol: hydrochloric acid. In this con- 
- nexion, it is of interest that some protein-bound phos- 
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pholipids ean be extracted f m brai ‘pa tly by a 
and wholly by acicified chloroform : methanol’. P: 
encoun the extraztion of bound lipids appo to disrupt- 


making the lipids accessible to staining Fongentet a ough | 
prolonged extract:on removes them entirely. Th : 
with which sudan »philic material can be unmasked and 
extracted probably reflects its degree of binding ` in the 
tissues. iy 
The use of extraction procedures indicated the presence. 
of far greater quaatities of sudanophilic material in these- 
connective tissues tan has hitherto been donee eo: 


















The ee cf unextracted Seas of f soft ¢ cor 
tissues was variable, and it is suggested that this 
“in vivo unmasking” of bound lipid- like substance 
may represent a stage in their i incorpor ation into 
ing connective tissue and perhaps in their di 
from resorbing connective tissue. These possib 
now being investigated. poe 
This investigatzon was carried out during the 
of a Leverhulme research fellowship. I thank D: 
Sloane-Stanley and Dr. J. E. Eastoe for helpful 
sion of the problem. 
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BOVINE INTERVERTEBRAL DISKS 


By Dr. D. A. LOWTHER and ELSMAREE BAXTER 


Department of Biochemistry, Monash University, Clay-on, Victoria 


oo. Tae intervertebral disk is a flattened cylindrical structure 
= consisting of two distinct regions, an outer fibrocarti- 
Jaginous ring or annulus and an inner gelatinous portion, 
the nucleus pulposus'. Several workers have shown the 
-> presence of acid mucopolysaccharides in both the nucleus 
and annulus in stained histological sections®*; these 
have been isolated and identified as keratosulphatet and 
ehondroitin-6-sulphate®, Marked changes im the propor- 
tions of these polysaccharides and their total amount in 
=. relation to the collagen content of the disk have been 
=o noted during ageing’. 
In. most of these investigations the mucopolysac- 
harides were isolated by methods involving the destruc- 
ion of tissue protein. However, Malawista and Schubert’ 
--showed that a more complex molecule containing muco- 
~ polysaccharide covalently bound to protein could be 
=- extracted from bovine nasal cartilage by homogenizing 
this tissue in water at 0° C. Further examination of the 
extracted molecule showed the presence of both chondroi- 
-o tin sulphate and keratosulphate bound to proteins? 
<= and it has been suggested that both mucopolysaccharides 
So are bound to the same proteinë, 
















Evidence for vhe presence of a similar mucopolysac- 
charide protein complex in bovine intervertebral disk ds 
presented in this article. : 

Ninety grams >f fresh bovine tervetel aal ere. 
minced in a power mincer at 0° C and then homoge: x 
in 1,500 ml. of distilled water as described by Mala 
and Schubert’. “The procedure was repeated u 
nitrogen and hexosamine in*the final extract we 
than 5 per cent of that in the first extract. Ther } 
was then furthe> extracted with molar sodium chloride. 
in a similar marmer. The pooled extracts were dialysed. 
and the content of acid mucopolysaccharide determined. 
in a portion of tae extracts by proteolytic digestion. with 
papain and iso-ation of the mucopolysaccharides. as. 
deseribed by Scost}*. It was found that 87 per cent. of the 
acid mucopolysazcharide in the tissue could be extrac ed 
under these concitions as determined by the hexosa 
content of the quaternary ammonium precipitated mate al. 

Treatment of she dialysed extracts from disks with the 
quaternary ammonium salt, cetyl trimethyl ammonium 
bromide (CTAB*, resulted in the precipitation of a crude 
mucopolysacchatide protein complex. After washing 
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Table 1. ANALYSIS OF MUCOPOLYSACCHARIDE PROTEIN COMPLEXES ISOLATED FROM BOVINE INTERVERTEBRAL DISKS AND NASAL SEPTA 


Percentage of composition in g/100 g dry weight 


Protein Galactosamine Uronic acid 


Glucosamine Galactose Sulphate Ratio of 
(a)* (b) (c) (d) (e) (f) KS/CSA (4/b) 
Intervertebral disk complex 22:0 14-7 15-4 11-4 11-9 10-4 
Nasal cartilage complex 15-0 20-0 19-8 3-7 4-32 13-1 
Molar ratio of components—calculated from total hexosamine as 1-0 
Intervertebral disk complex - 0-56 0-62 0-44 O51 1-08 0:79 
Nasal cartilage complex 0:83 0:77 0-17 0-18 1-02 0-205 


i s Methods of analysis: (a) Lowry, O. H., Rosebrough, N. J., Farr, A. L., and Randall, R. J., J. Biol. Chem., 193, 265 (1951). (b) Cessi, C., and Seraphini- 
Cessi, F., Biochem. J., 88, 132 (1963). (c) Bitter, T., and Muir, H., Anal. Biochem., 4, 330 (1962). (d) Cessi, C., and Piliego, F., Biochem. J.. 77, 508 (1960) 


(e) Trevelyan W. E., and Harrison, J. 5., Biochem. J., 50, 298 (1952). 


the precipitate with water, the quaternary ammonium 
1on was removed by shaking the precipitate with a satur- 
ated solution of potassium thiocyanate in ethyl alcohol 
at room temperature. This procedure was repeated three 
times and the product finally dissolved in distilled water. 
High-speed centrifugation for 2 h at 45,000 r.p.m. (Spinco 
model L No. 50 head) resulted in the separation of a small 
amount of gel similar to that found in preparations from 
bovine nasal cartilage", 

Further purification of the dissolved mucopolysac- 
charide protein complex was achieved by passing the 
solution through a column of ‘Ecteola’ ion exchange 
resin in the chloride form. This treatment removed some 
protein, but 75 per cent of the mucopolysaccharide protein 
complex was present in the effluent. The eluate was 
dialysed and dried from the frozen state. The low capacity 
of the ‘Ecteola’ resin for the mucopolysaccharide protein 
complex makes this a useful method for separating the 
complex from free acid mucopolysaccharide. The capacity 
of the resin for mucopolysaccharide when isolated from the 
mucopolysaccharide protein complex is at least sixty 
times greater than that for the parent complex. 


Il 
40 
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Percentage of alcohol in 0-3 per cent barium acetate 
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Fig. 1. Elution of keratosulphate (W) and chondroitin sulphate ({()) 
from cellulose column with decreasing concentrations of ethanol 


° 

An analysis of the isolated mucopolysaccharide protein 
is Shown in Table 1. The molar equivalence of galactos- 
amine and uronic acid (1) and glucosamine and hexose 
(2) suggested the presence of both chondroitin sulphate 
and keratosulphate. This was confirmed by digestion 
with papain and the separation of the two mucopoly- 
saccharides on a cellulose column (Fig. 1) as described 
by Gardell'*. The protein content was similar to that 
found in the complex isolated from bovine nasal cartilage, 
but the ratio of keratosulphate to chondroitin sulphate 
was considerably higher (Table 1). 

An examination of the sedimentation behaviour in the 
Spinco model Æ analytical ultracentrifuge showed that 
the preparation was apparently homogeneous (Fig. 2). 


(f) Dodgson, K. 8., and Price, R. G.. Biochem. J.. 84. 106 (1962). 


A small quantity of a faster component was also present, 
but this could not account for more than 5 per cent of the 
dry weight of the material. Further purification did not 
remove it. The molecule remained at the origin when 
electrophoresis was carried out on starch or acrylamide 
gels, but moved as a single symmetrical peak in free 
boundary electrophoresis, at pH 5-0 in an acetate buffer, 
and at pH 6-4 in a phosphate buffer (J = 0-2) (see Fig. 3). 
A preliminary examination of the protein component 
showed it to contain little or no hydroxyproline, which 





-< 


Fig. 2. Sedimentation velocity pattern of mucopolysaccharide protein 

complex. Sedimentation in 0-005 M phosphate buffer pH 7-8 containing 

015 M potassium chloride. Mucopolysaccharide concentration 
0-4 2/100 in! 





Fig. 3. Electrophoretic pattern of mucopolysaccharide protein complex 

pH 6-5 in germ ope buffer (Z =0:2). Photograph taken after 60 min at 

a potential gradient of 6-1 V/cm’. 4, Ascending limb; B, descending 
limb 
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Fig. 4. Paper electrophoresis of the mucopolysaccharide protein 
com and the derived mucopol des. 5 sl. spots containing 
y of renee were applied to strips of tman 3MM paper 
(25x3 em). ape ae was carried out in an Eel apparatus in 
0-1 M acetate buffer pH 5-0, containing 6 M urea, for 5 h at 4 V/cm 
The were with a us toluidine blue. a, Untreated 
de protein complex; ò, treated polysaccharide protein 

e protein complex; d, poly- 


tures. of polysaccharide protein complex and 
polysaccharide can be completely. resolved under these conditions 


indicated that collagen was absent, and it did not give 
any precipitation lines with antibovine serum preparations 
when examined by the method devised by Ouchterlony". 
Thus the protein does not seem to be either a serum com- 
ponent or collagen. 

Muir!* showed that the polysaccharide protein complex 
from pig tracheal cartilage was labile to alkali releasing 
free polysaccharide. Treatment of the intervertebral disk 
preparation with 0-5 N sodium hydroxide released material 
which on electrophoresis had the same mobility as chon- 
- droitin sulphate (Fig. 4). This alkali lability would 
account for the suggestion by Bernardi et al.'® that 
material extracted from human nucleus pulposus with 
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l per cent potassiam carbonate containing 30 per cent 
potassium chloride (pH 10-5) contained a mixture of a 
mucoprotein and mucopolysaccharide. Treatment of 
purified mucopolysaccharide protein complex from bovine 
disks with the posassium carbonate/potassium ‘chloride 
mixture for 60 h at room temperature resulted in a partial 
degradation as shown in Fig. 4. 

We could not find any evidence for the presence of free 
mucopolysaccharid> in our extracted material, thus 
87 per cent of the total mucopolysaccharide in the tissue 
was extracted anc shown to be present in a com plex 
molecule containing chondroitin sulphate, keratosulphate 
and protein. 

This investigation was supported by a grant from the 
Australian National Health and Medical Research 
Council. The free boundary electrophoresis was kindly 
performed by Dr. M. Gillespie of the C.S.I.R.O. Wool 
Research Division on a Tiselius apparatus, using i 
optics. The Ouchterlony diffusion test was undertaken by 
Dr. P. Ironside of the Department of Pathology, Monash 
University. 
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DIMINUTION IN APPARENT ORGANIC PEROXIDE (“PRO-BLUE”) 
IN MICE GIVEN AN ORAL CONTRACEPTIVE 


By V. J. HORGAN and J. St. L. PHILFOT 
Medical Research Council Radiobiological Research Unit, Harwell, Didcot, Berkshire 


THE term “apparent organie peroxide” used here refers 
to what we have called “pro-blue’*, an unknown 
substance or group of substances extractable by n-butanol 
from biological material and capable of oxidizing leuco- 
brilliant cresyl blue in the absence of air. We suspect, 
without proof, that pro-blue usually consists of hydro- 
peroxides of unsaturated lipids formed by the chain 
reaction known as autoxidation. We have shown that 
pro-blue is increased not only by irradiation** but by 
alarm‘, and that some of the increase is in the fat surround- 
ing sex organs? (ovaries in female, epididymis in male). 
The fact that deficiency of the natural antioxidant toco- 
pherol causes sterility suggests that sterility may result 
from the autoxidation of ovarian or epididymal fat, even 
though tocopherol-deficient animals do not show an overall 
increase of pro-blue*. If this conjecture were true, the 
sterilizing effect of an unsuitable social environment in 
some animals could be a result of neurogenic autoxidation 
induced by frequent mild alarm. Neurogenic autoxi- 
dation could also explain the allegedly high incidence of 
arterial disease (including thrombosis) in business execu- 
tives and others exposed to mental stress, as arterial 
disease is widely thought to be related in some unknown 
way to deficiency of unsaturated lipids, which could result 
(in addition to the production of toxic peroxides) from 
neurogenic autoxidation. Thus, neurogenic autoxidation 


may provide a link between neurogenic sterility and neuro- 
genic arterial disease. 

Pharmacogeniec sterility has become of great social im- 
portance with the advent of progestin-like oral contra- 
ceptives. The suggestion that they may increase the 
incidence of thrombosis has been discussed*, but evidence 
for it is weak or non-existent. Nevertheless it suggests, 
by analogy, the possible existence of pharmacogenic 
autoxidation as a common cause of sterility and throm- 
bosis as in the partly hypothetical neurogenic case. A 
pharmacogenic rise in pro-blue is easily looked for in 
mice by our standard procedure, and we have done so. 

The experimenzss were done with albino hairless mice 
(hr hr), individua.s being selected at random and treated 
or not in randorr. order. The contraceptives, in powder 
form (1-5 mg), were mixed with a paste of ‘Horlicks Malted 
Milk’ in water ancl given daily for 2 days to each experi- 
mental mouse. The control mice were given a similar 
amount of ‘Horlicks’ without the contraceptives. The 
precautions against alarm were as described in previous 
papers!**, The peroxide estimation was as already 
described? with the following modifications. 

Cadmium filings were made by filing a cadmium bar 
with a rough rasp. The filings were washed consecutively 
with dilute acetie acid, distilled water and acetone, and 
then dried in air. Copper powder was sieved and the 





3°28 
Control mice Mice fed ‘Ovulen’ 

5-16 5-00 

6°33 3-17 

4-00 2°83 

766 4-87 

2-00 3°33 

4-00 417 

Mean 4-86 3-86 


Tabie 2 
Mice fed ‘Ovulen’ 


Micromoles of peroxide Phase of 
(“pro-blne”’) per mouse oestrus 


Control mice 


| oles Of peroxide Phase of 
ue”) per mouse oestrus 
















09 Met 7:83 Met 
Di 4-83 Met 
Met 4:66 Met 
Met. 417 Met 
= 4-33 Di 
Met 4-66 Met 
Pro 4-33 Mot 
QGestrus 3-56 Met 

i 3-70 Met 
Di 3-70 Met 
Met 3:83 Met. 
Oestrus 4-49 Met 

1-50 


on between 40 and 80 mesh per in. was used. The 
er was washed consecutively with acetic acid, acetate 
(pH 5), distilled water and acetone, and then dried 


in air. An 8x 10-* M solution of brilliant cresyl blue 
(molecular weight of hydrochloride, 245) was made in 
- 05M 2 : 6 lutidine plus 0-25 M acetic acid, all in n-butanol. 


was diluted with 9 volumes of n-butanol for use. 
x 10-3 M solution of A.R. hydrated cupric chloride was 


DN 





éin 0-1 M lithium bromide plus 0-02 M lithium acetate, 
n-butanol. 
he first experiment, the results of which are shown in 
, two contraceptives were tested, ‘Enavid’ and 
~ (kindly supplied by G. D. Searle and Co., Ltd.). 
trol and six experimental mice, 6 weeks old, were 
th each. 
urther experiment (Table 2) with 12 control and 12 
imental mice was done using ‘Ovulen’ only. The mice 
13. weeks old and therefore fully mature. ‘Ovulen’ 
wder form (1-5 mg) was given daily for 5 days to 
xperimental mouse. A vaginal lave was taken from 
each mouse immediately after it was killed with nitrogen, 
to determine the phase of oestrus. 
‘For the experiment in Table 3, mice 13 weeks old were 
used without contraceptives. After being killed with 











Means of columns 


nitrogen the phase of oestrus of each mouse was determ- 
ined. When six mice in any particular phase had been 
used, further mice found in that phase were rejected so 
that the work of pro-blue estimation could be concentrated 
where it was most needed. 

The result in Table 2, which confirms the preliminary 
result in Table 1, has revealed a new phenomenon, the 
reverse of what was expected, in that the contraceptive 
‘Ovulen’ has produced a statistically significant diminu- 
tion in total pro-blue, and the preliminary results (Table 1) 
suggest that ‘Enavid’ may behave similarly. The observed 
differences in means shown in Table 1 would occur by «= 
chance about I in 6 and 1 in 4 times respectively and are | 
therefore not significant. The pooled differences of means _ 
(‘Ovulen’ plus ‘Enavid’) are also not significant, but the 
pooled means of differences between treated and un- < 
treated mice examined at approximately the same time 
are signifieant (P<0-02), which suggests that a slow 
drift with time accounts for some of the large variance. — 
The difference of means in Table 2 is significant with or 
without elimination of time. 

We tried to explain the diminution in pro-blue by looking So 
without success for an antioxidant action of ‘Ovulen’ in ce 
vitro. We also thought that the pro-blue level might vary 
with the oestrus cycle which might be blocked by ‘Ovulen’ ooo 
in a low-peroxide phase. Actually, ‘Ovulen’ was found ~~ 
(Table 2) to block in the metoestrus phase (an unexpected = 
and possibly new observation), but the mean pro-blue = 
in metoestrus in control mice was no lower than in oestrus => 
though a statistically insignificant fall (P=0-33) was 
observed in pro-oestrus (Table 3). In Table 3, the means. 
of rows, which are in chronological order, show an obvious 
effect of time. This was found by analysis of variance to- 
be significant (P< 0-01); but even when it was allowed — - 
for, the pro-oestrus column was not significantly different 
from the other two. | 

The chief result of the present work is thus the discovery 
of an unexplained new phenomenon, low pro-blue in 
‘Ovulen’-treated mice. The explanation, when it comes, 
may throw some light on the means by which ovulation is 
regulated both naturally and artificially. 
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5-HYDROXYTRYPTOPHAN UPTAKE BY DOG THYROID ‘C’ CELLS, AND ITS 
POSSIBLE SIGNIFICANCE IN POLYPEPTIDE HORMONE PRODUCTION 


By Pror. A. G. E. PEARSE 








7 cells of the dog thyroid have been shown to be 
cal with the argyrophil parafollicular cells described 
at animal by Nonidez!?. As indicated in earlier 
3%3, these cells are sensitive to physiological changes 
yum calcium-levels and they respond to high calcium- 
levels; of short duration, by discharging their contents. 

It has been postulated that the secretion product of the 








Department of Histochemistry, Postgraduate Medical School of London, Ducane Road, London, W.12 


C cells is calcitonin (thyrocalcitonin)—the calcium- 
regulating hormone in the serum??. N 
Evidence was recently provided by Hargis et al.4, - 
who used an immunofluorescent technique on pig thyroid, 
that thyrocalcitonin “‘must be synthesized or stored in 
the same cells that elaborate thyroglobulin”. These are 
indisputably the acinar (‘A’) eells. Notwithstandin 
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Fig. 1. Dog pancreas exhibiting 5-HT fluorescence in the B-cells after 
administration of 5-HTP. (x 420) 
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An interesting property of the C cells is their ability to 
concentrate injected 5-hydroxytryptophan (5-HTP) and, 
possibly, to convert this to 5-hydroxytryptamine (5-HT). 
Both can readily be shown by the fluorescent amine 
technique*:?. Pupp es and young dogs were given 5-HTP 
(25 mg/kg) intraperitoneally and killed after 4-6 h. 
Control animals o° similar weight and sex were also 
examined. Selectec tissues were freeze-dried for 6—8 h at 
— 40° Cina thermoelectric dryer*. They were then treated 
with formaldehyde vapour at 50° C for 1 h (28 per cent 
humidity). As indicated by Falck and Hellman?’ for the 
pancreas of the guinea-pig, specific 5-HT fluorescence was 
found in the B-cells of the islets. In the control dogs, how- 
ever, it was only faintly visible and in a small proportion of 
the cells. After 5-HTP injection, the 5-HT fluorescence 
of the B-cells in the islets was greatly increased (Fig. 1). 





Fig. 3. As Fig. 2. Characteristic autofluorescence in Golgi region of the 
A cells and indueed 5-HT fluorescence of the C cells. (= 510) 


A slight augmentation of 5-HT fluorescence was also 
observed in the anserior pituitary corticotrophs and in the 


Fig, 2. Dog thyroid showing 5-HT fluorescence in the C cells after 
administration of 5-HTP. (x 180) 


melanotrophs of the pars intermedia. As shown by Pearse 
and MacGregor” for pig, rat and man, the normal cortico- 
trophs have a moderately intense 5-HT fluorescence 
after freeze-drying and formaldehyde vapour treatment. 
The melanotrophe of pig, rat and dog wers found to be 
positive; those of rabbit and guinea-pig were negative. 
Of all the dog tissues examined, however, the strongest 
new 5-HT or 5-HTP fluorescence was shown by the parafoli- 


Bussolati and Pearse’ have reported that when it is not 
subjected to the diffusing effect of “‘fixation’’ in solvent 
(acetone), calcitonin, in the pig thyroid, can be shown by 
immunofluorescence to be present in the C cells and 
possibly in the vascular pericytes. As yet it has not been 
proved that this indicates synthesis of calcitonin by the 


C cells as well as storage. 


Organ and cell 


Table 1. 


Supposed origin 


Product and mol. wt. 


High 5-HTP uptake 


cular C-cells (Figs. 2 and 3). In all species so far examined 
(rat, rabbit, guinea-pig, dog, man), these cells have shown 


COMMON CYTOCHEMICAL PROPERTIES OF 5-HTP AND 5-HT CELLS 


High esterase (E) 


Normal] 5-HT oontent or cholinesterase 


High a-GPD* content 


(ChE) 
Adrenal medulla Neuroectoderm Noradrenaline ° 
chromaffin Adrenaline Yes No Moderate ChE 
ë. 180 
Intestine, (1) Neuroectoderm 5-HT Yes" Yes! Moderate E 
enterochromaffin (2) Entoderm 175 
Mast cell Mesoderm Heparin Yes” Yes’ No Chioracetyl E 
Histamine (rat, mouse) 
Pituitary, Entoderm ACTH Yes Yes™ Yes E 
corticotroph (Rathke) ¢. 3,000 
Pituitary, Entoderm MSH Yes Yes™ Moderate E 
melanotroph (Rathke) ¢. 3,000 
Pancreas Entoderm Insulin Yes" No Yes'* Low 
islet B-cell (Duet) c. 6,000 (minimal) 
Thyroid Entoderm 
C-cell (possibly ultimo- Calcitonin Yes No Yes ChE 


branchial) 


¢, 8,000 


* Mitochondrial a-glycerophosphate dehydrogenase, 











shes it from that of 5-HT. 





aphic technique with *H- 5-HTP. _They found that 
er was initially accumulated 


‘synthesis’. 
approximated the ‘ 











= Elects ‘amine pattern’’ found after 


injection of “C-5-HT. Here storage was particularly in- 
the adrenal medulla, the thyroid, the islets of Langerhans... 





- bone marrow, spleen, hing, mast cells and enterochromaffin 



























ANENE the principal cell types which are now 
be. inyolved in 5-HTP uptake and conversion 
medullary. cells, enterochromaffin cells, mast 
itary corticotrophs and melanotrophs, pancreatic 
ls, thyroid C cells) it may be significant that in 
seven cases the apparent principal product is a 
e hormone. It has already been suggested? 
producing polypeptide hormones may have 
tochemical and electron microscopic properties. 
tical, features common to the seven cell types are 
‘able 1. No account is taken of species differences, 
“often considerable, but most items refer to 
rabbit, or pig. The four cells of supposed ento- 
origin fall into one group and the non-entodermal 
atives into a second group. This division is not 
ly clear, however, as the enterochromaffin cells 
usually regarded as entodermal derivatives and 
ble that the thyroid C cells are non-entodermal 
todermal). In some species these cells are not 
nd in the thyroid but also in other regions (para- 
-thyroglossal duct), which suggests a common 
roid, non-parathyroid origin. Of two possibilities 
yranchial bodies, neural crest.) the first is the more 
A neural crest origin for the pituitary corticotroph 
the pancreatic islet B-cell also seems basically 








In i is” probable that Freidrick Arnold was the first to 

“describe the circular venosus iridis in man!. Careful 

“anatomical dissections later showed that this vascular 
re struc ture was the larger of two arterial circuits formed 
| „anastomoses of the long posterior ciliary arteries 
forating branches of the anterior ciliary arteries. 
g posterior and anterior ciliary arteries are branches 
phthalmiec artery. Light microscopy has shown 
he major circuit is lined by a single row of flattened 
lial cells; the internal elastic lamina contains 
iumbers of fibrils, the media consists only of two 
of smooth muscle cells with meandering fibres 
an the contractile elements, the external elastic 
rane is absent, and there are only a few fibroblasts 
and Mary R. Markle Foundation Scholar in Academic Medicine. 





Agi- region. of the A cells. The pares of this 
cence, and the fact that it does not fade, dis- 


ake of 5-HTP by the parafollicular cells was’ first 
in the mouse, by Ritzen et al.1!, who used an auto-. 


r “in the, exocrine | 
cand other organs characterized by a rapid 
After. 4 h the pattern of. storage 


EXTRUSION OF ATPase ACTIVITY FROM PINOCYTOTIC VESICLES 
OF ABUTTING ENDOTHELIUM AND SMOOTH MUSCLE TO THE 
=- INTERNAL ELASTIC MEMBRANE OF THE MAJOR ARTERIAL 
CIRCLE OF THE IRIS OF RABBITS 


By Dr. CHARLES A. SANTOS-BUCH* 


Department of Pathology, Emory University, School of Medicine, Atlanta, Georgia 


C-cell enzyme ‘reacts as a specific ‘acetyloholinesterass | 
The common denominator in the four polypeptid 
producing | cells may be the lipid-bound vesicles, averaging 
2000 A in diameter, which can be observed with an electron 
microscope. The specific product of the cells is apparently See 
stored in the vesicles in a form available for immediate =” 
secretion. If in the latter process the vesicles are consumed, 
then high phospholipid synthesis will be required. 
Whatever their precise origin, the details presented = < 
here suggest that pituitary corticotrophs, pituitary melano- o0 
trophs, pancreatic islet B-cells and thyroid C-cells develop = 
from a common ancestral type. Their uptake of 5-HTP. =. 
and its conversion to 5-HT may then be a demonstration : 
of a no longer utilized ancestral function. It is not easy. 
to postulate the use of 5-HTP as a tryptophan precursor ` 
for peptide synthesis. If this were the case the pancreatic» 
islet «-cells (glucagon), with their high need for tryptophan 
would surely manifest high uptake. A possible function 
of 5-HT might be in connexion with capillary permeability 
and facilitation of the passage of the polypeptide ae : 
through the vessel wall. 
Clearly, at the present time, no unifying concept is 
possible, but re-investigation of the developmental 
embryology of the four cell types, by cytochemical. 
methods, is certainly indicated. | 
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and loose collagen fibres in the adventitia. The major > 
arterial circuit of the iris, therefore, is structurally very | 
similar to equally sized arteries of the brain. The iris, ike. - 
the brain, is largely derived from ectoderm, for even the. 
sphincter muscles, like the erector pili muscles of the skiny = 
have that embryonic origin’. The iris, too, is a limiting. = 
organ to the flux of the humour of the anterior chamber —_ 
of the eye and, in disorders of lipid metabolism, it is the 
site of a lesion known as arcus senilis. These consider 
tions have suggested a high degree of metabolic activi 
in the iris. 

Accordingly, a study of the cytochemical ERTE 
ATPase activity in the major arterial circuit of the 
of albino rabbits was undertaken. The major art 
circuit is readily visualized in the white iris of al 
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Eas d ‘ mt? 


Fig. 1. Electron micropho 


ph ofa 
of the iris of a normal rabbit which was facubeted in 1:25 x 10> M ATP for 0-5 hat ; ete 
room temperature (see text). Note the accumulation of reaction producs (lead phosphate) ? 


at endothelial junctions (arrows) and the greater number in close proximity to the fa s 
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plasma membranes of the endothelium (e) and smooth muscle layer (sm) borderi ) ies 
the internal elastic lamina (i). Note that no reaction product is present in the lumina 


pinocytotic vesicles of the endothelium or in the pi 
e that are not in close proximity to the internal e 


totic vesices of the emooth 
tic lamine. The cyto 


ofan adventitia fibroblast (f) contains minute granules of reaction preduct. (x ¢. 6,000) 


Fig. la. Higher magnification of the upper right-hand corner of Fig. 1, Note reaction 

product deep within pinocytotic vesicles of the endothelial and smooth muscle membranes 

abutting the internal elastic lamina. In some instances reaction product partly extrudes 

into the interfibrillary spaces of the internal elastic lamina (arrows). Note the accumula- 

tion of reaction product beneath the desmosome at the endothelial junction in the lower 
left-hand corner of the photograph. (x e. 25,000) i 


rabbits. The irises were fixed by isobaric perfusion of 
each of the common carotid arteries of several rabbits 
with 300 ml. of cold 1-5 per cent steam-distilled glutar- 
aldehyde buffered with 0-025 M s-collidine-hydrochloric 
acid at pH 7-4 for a period of 30 min. The fixative con- 
tained 0-015 M magnesium chloride and 0-015 M calcium 
chloride. Some of the cations were probably chelated by 
partially charged aldehydic groups and iso-osmolarity 
was achieved and controlled with complementary amounts 
of sucrose. The osmolar values of the fixative are given 
in Table 1. After perfusion, the irises were removed and 
narrow longitudinal blocks containing segments of the 
arterial circuit were washed three times for 4-6 h in the 
cold in iso-osmolar sucrose with 0-03 M magnesium 
chloride in 0-025 M s-collidine—hydrochlorie acid buffer 
(pH 7-4). Cross-sections of the segments of the arterial 
circuit were then cut about 50u thick by means of a 
MelIlwain’s tissue chopper? and placed in the test sub- 
strates for 30 min at room temperature. The incubating 
media were similar to those used by Marchesi and Barr- 
nett* except that s-collidine—hydrochloric acid buffer was 
used throughout. The filtered substrate solutions were 
saturated with lead nitrate as the trapping agent and 
contained 1:25 x 10-* M ATP (Nutritional Biochemical 
Corporation), 0-01 M magnesium chloride, and 0-08 M 
s-collidine-hydrochlorie acid buffer at pH 7-0. Control 
studies included incubation of arterial segments in 
separate media each with equimolar concentrations of 


(a) adenylic acid (AMP) and (b) $-glycerophosphate as 
well as in (c) a solution without substrate. The tissues 
were then washec with buffered sucrose for 15 min and 
fixed for 0-5 h in she cold in 1 per cent osmic tetroxide in 
veronal buffer‘. The tissues were then dehydrated in 
graded alcohols and embedded in ‘Maraglas’*. The 
cross-sections of tae arteries were properly oriented in the 
capsules by careful microdissection in partly pol 
plastic. Sections were made by means of a Porter-Blum 
microtome with € dismond knife, mounted on 200-mesh 
copper grids, and stained with lead hydroxide. Electron- 
microphotographs were taken with an R.C.A. EMU 3G 
electron microscooe operating at 50 kV. 

None of the imses incubated in control media showed 
any reaction procuct when examined under the electron 
microscope. The substructure of the components of the 


Table 1, OSMOLAR VALUES OF FIXATIVE 


l. 
Theoretic ketal 
0-025 M s-collidine-hyGrochloric acid Luffer (4H 7-4) 50 


0-015 M magnesium choride 45 

0:015 M calcium chloride 45 275+ 

1-5 per cent glutaraldeayde 163* 

0-035 M sucrose 35 35 
338 310 


* This osmolarity was used in all preparations of fixative. 
t This value was decermined peparatery. About 28 l. were “lost” 
possibly by chelation cf cations by partially charged aldehydic groups. 
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setron-dense reaction product are present infcul- 

de-sac beneath a m y: onp fold and desmosome of two adjoining 

endothelial cells. Reaction product is also present in interstices of the 

internal elastic lamina and abutting pinocytotie vesicles. Tissue incu- 
bated in ATP media (see text), (x c. 31,500) 


Fig. 2. Granules of el 


iris was well preserved. The arterial circuit was lincd by 
sometimes overlapping endothelial cells that were inter- 
connected by desmosomes. The endothelium was closely 
applied to the internal elastic lamina which was formed by 
a limited number of elastic fibres and contained numerous 
interfibrillary spaces. The subjacent media was formed 
by two rows of smooth muscle cells which were not closely 
applied to each other and elastic fibres were found coursing 
between these cells. No external elastic membrane was 
identified and the adventitia consisted of loose collagen 
fibres and scattered fibroblasts. Pinocytotie vesicles were 
numerous in the endothelium and smooth muscle. These 
vesicles seemed, in some instances, to be most numerous 
in the endothelial and smooth muscle membranes border- 
ing the internal elastic lamina. Cytoplasmic filaments 
and glycogen-like granules were present in endothelial 
cells as well as in smooth muscle. Coarser osmophilic 
granules were rarely present in the endothelium and 
smooth muscle close to the nucleus, mitochondria, endo- 
plasmic reticulum or the Golgi apparatus. 

ATPase activity was demonstrated in the major 
arterial circuit of the iris. Reaction product (lead 
phosphate) was distributed in the internal elastic lamina 
and lined endothelium and smooth muscle (Figs. 1 and 
la). High magnification studies showed the accumulation 
of reaction product beneath desmosomes between endo- 
thelial cells (Figs. 2 and 3). At times, minute particles 
of reaction product were found deep within pinocytotic 
vesicles of abutting endothelium and smooth muscle: 
in other instances, the amount of reaction product was 
greater and partly extruded from these vesicles into the 
adjacent interfibrillar spaces of the internal elastic 
lamina. Many sections showed that there was a greater 
accumulation of granules of reaction product on either 
side of the internal elastic lamina immediately adjacent to 
the plasma membranes of the endothelial and smooth 
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Fig. 3. Cul-de-sac beneath marginal fold and desmosome as well as the 

area of the internal elastic membrane and pinocytotie vesicles of abutting 

plasma membranes do not show reaction product in artery after 
incubation in media without ATP substrate. (x e. 24,900) 


muscle cells than in the centre of the internal elastic 
lamina. No significant amount of reaction product was 
found in (a) luminal pinocytotic vesicles of the endo- 
thelial cells, or in (b) pinocytotic vesicles of the smooth 
muscle that were not in close proximity to the internal 
elastic membrane. 

These findings suggest that both the endothelial and 
smooth muscle cells play a significant part in the main- 
tenance of ATPase activity in the space subjacent to 
endothelial desomosomes and in the interfibrillary spaces 
of the internal elastic lamina of the major arterial circuit 
of the iris. ATPase activity seems to be highly selective 
in its localization in this arterial cireuit. Activity of 
this enzyme appears to be greater just beneath desmo- 
somes of the endothelium and in cytoplasmic pinocytotie 
vesicles of endothelial and smooth muscle cells abutting 
the internal elastic lamina. These observations suggest 
that ATPase is extruded into these extracellular spaces 
by way of selective pinocytotic activity of the endothelium 
and first layer of smooth muscle that border the internal 
elastic lamina. It is possible that a degree of commensality 
exists between these two different cellular elements with 
higher requirements for the release of high-energy phos- 
phate bonds for transport of nutrients or other substances 
across the interface of the internal elastic lamina. In 
this respect, it is noteworthy that no ATPase activity 
was demonstrated in the luminal pinocytotic vesicles of 
the lining endothelium nor in the pinoeytotic vesicles of 
smooth muscle which were not in close proximity to the 
internal elastic lamina. 

I thank J. R. Guzman-Rivero, C. Calloway and B. O. 
Spurlock for technical assistance in this work, which was 
supported by U.S. Public Health Service grants. 
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A METHOD FOR ESTIMATING FREE ASPARAGINE AND GLUTAMINE IN 
BIOLOGICAL FLUIDS AS TRINITROPHENYL DERIVATIVES 


By Dr. J. D. BROOME 


Cancer Research Unit, University of Alberta, Edmonton, Canada, and 
Department of Pathology, New York University Medical Center, New York* 


Tus article describes a method for the separate measure- 
ment of free asparagine and glutamine in small quantities 
of biological fluids containing 0-5-100 ug of each. It has 


* Present address. 


proved equally suitable for extracts of animal tissues and 
for 0-5-1-0 ml. samples of blood or plasma. In simplicity 
and sensitivity the method has considerable advantages 
over others that are available at present'. 
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Fig. 1. Rates of trinitrophenylation of L-asparagine and L-glutamine. 
Incubation mixtures (39° C) consisted of chromatographically homo- 


us L-as ne 0-4 «moles in 5 ml., 1-5 M phosphate buffer (pH 
#8) 0-2 mi., spe seat c acid (Nutritional Biochemisals Corporation, 
Ce Ob mA N hyi Dehio ne 


ni 
mi.; 05 ml, aliquots added at intervals shown 
0: $ ydrochloric acid to terminate the reaction (ref. 5). Water 
(5 ml.) added before making O.D. readings at 340 mu. With L-glutamine 
(chromatogra ly homogeneous) a similar procedure was followed, 
but 0-2 ml. portions of the reaction mixture were used 


In initial experiments, dinitrophenyl derivatives of 
asparagine and glutamine were prepared, but under con- 
ditions necessary for full derivatization large amounts of 
dinitrophenol accumulated which proved tedious to re- 
move. To avoid this difficulty an alternative method was 
found in the preparation of 2,4,6-trinitrophenyl deriva- 
tives (TNP) using picryl sulphonic acid, according to a 
reaction recently described by Okuyama and Satake’. 


Asparagine 


Glutamine 


Phenol red 





Fig. 2. Chromatography of amino-acid derivatives from tissue extract. 

Thymuses of 6 C57/ BL mice (total weight 245 mg) homogenized in 13 ml. 

picric acid. A 5 mil. portion treated as described in text. Known 

samples of TNP derivatives of L-asparagine and L-glutamine run in 
parallel. (Whatman No. 4) 
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It is possible to seoarate out TNP derivatives of asparagine 
and glutamine by one-dimensional chromatography 
using tert-amyl eleohol saturated with phthalate buffer 
at pH 7-5, mocifying the system of Blackburn and 
Lowther‘. 

The stages of tae procedure were as follows: 

(1) Protein precipitation with picric acid. 0-5-1-0 ml. 
blood, plasma or serum was mixed with a 1 per cent 
solution of picric acid to a final volume of 6 ml., and the 
protein precipitate removed by centrifugation. Tissue 
samples weighing 50-800 mg were homogenized with 
13 ml. picric acad solution in a Lourdes ‘Omnimix’ at 
16,000 r.p.m. for 2 min. Filtration of the homogenate 
was preferable te centrifugation, owing to the tendency 
of fat-containing material to form a surface scum. 


0-900 
0-800 
ces GLUTAMINE 
0-600 
0:500 


0-400 


Optical density 


ney ASPARAGINE 


0:200 


0-100 


b: 
- 
= 
Pp 


10 

pg 
Fig. 3. Quantitation of TNP derivative formation from known amounts 
of L-asparagine monohydrate and L-glutamine added to samples of 


horse serum (1 ml. jand treated as described in the text. Eluates from 
chromatograms in 1 ml. water 


(2) Removal o excess picric acid. 5 ml. quantities of 
protein-free supernatant were placed in stoppered test- 
tubes and acidified with one drop of 10 N hydrochloric 
acid. 5 ml. of ethyl acetate was then added and the layers 
gently mixed, avoiding the formation of an emulsion. 
After 2 washes picric acid was almost completely ex- 
tracted from the aqueous layer. The remaining picric 
acid end dissolved ethyl acetate were removed by two 
extractions with 5-10 ml. ether, the residues of which 
were then removed at 37° C under reduced pressure. 

(3) Trinitrophenylation. One drop of 0-17 per cent 
phenol red was added to the sample, followed by 0-2 ml. 
1-0 M phosphate ouffer and sufficient 1 N sodium hydroxide 
to make the colour of the indicator cherry-red, that is, 
pH. 7-7. 1 ml. of 0-04 per cent picryl sulphonic acid was 
then added and the mixture incubated at 40° C for 3 h, 
which brought about complete trinitrophenylation (Fig. 
1). As TNP derivatives of amino-acids are light- 
sensitive, this ard further procedures were conducted as 
much as possib in the dark. It was found convenient 
to cover reaction tubes in aluminium foil. 

(4) Extraction of TNP derivatives of amino-acids. 
After cooling the reaction mixture to room temperature 





ibe “The. oxtract was dried at “35° T: in a 
air. 
hromatography. ane ee extract of TN P amino- 











que AR ter t-amyl aho saturated with oe 
; over- seine Sones run was e found bi 


ts than more highly purified preparations with 
re was a tendency for streaking to occur. With 
als, however, the addition of 0-5 per cent pyrid- 
. improved the resolution. The pH of the 
buffer was also critical. At normally used pH 
+-6-5)°, aspar agine and glutamine derivatives did 
e, but at pH 7-5, when phthalate had very little 
ctivity for alkali, excellent separation was 





ion from chromatograms. When the chromato- 
| been dried, asparagine and glutamine spots 
ly located and marked under long-wave ultra- 
. They were eluted in 0-5-2-0 ml. distilled water. 
ing areas behind the amino-acid spots were 
r blanks. Optical density measurements were 
0 mu in the Zeiss PMQ II spectrophotometer. 
shows the separation that can be obtained be- 
tamine and asparagine in an extract from mouse 
ue. Rp values of TNP derivatives are as 
sparagine, 0-16; glutamine, 0-23; glutamic 
“aspartic acid, 0-01; cystine, 0:20 and 0-56; 
(GSH), 0-12. 

paragine appears in a perfectly distinct spot 
ther substance has been found to occupy its 
-eystine derivative, however, does not always 
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sibility that aberrant O-methylation in cate- 
ne metabolism is significant in the aetiology 
rophrenia was suggested by the pharmacological 
of a number of para-O-methylated catechol- 
-3 and by the detection of an abnormal-O- 
_ methylated catecholamine “metabolite in the urine of 
phrenics. Friedhoff and Van Winkle+ë were the first 
port that 3,4-dimethoxyphenethylamine was ex- 
‘in the urine of a majority of schizophrenics but 
normal individuals. Later, they presented data 
from in vivo and in vitro studies to show that the 
thylated analogue is of endogenous origin®. Several 
ators’-* confirmed the original observation of 
10ff and Van Winkle on the unique occurrence of 
nethoxyphenethylamine in the urine of schizo- 
- but they reported significantly lower per- 
of positive detections in the schizophrenic 
This discrepancy might arise from the varying 
ages of acute and chronie schizophrenics in the 































A FURTHER STUDY OF CATECHOLAMINE O-METHYLATION 
IN SCHIZOPHRENIA 


ARTHUR F. WAGNER, VINCENT J. CIRILLO, Dr. M. A. P. MEISINGER, ROBERT E. ORMOND, 


Merck Sharp and Dohme Research Laboratories, Rahway, New Jersey 






for both asparagine and” PREN BA concentr ations; T 
blank should be prepared by incubating an aliquot o 
protein-free and pieric acid-free filtrate (stage 2) wit 
0-2 ml. dialysed guinea-pig serum (L-esparaginase) and. 
0-1 ml. of ghutaminase preparation? at pH 7-5 and 38° © 
for 1 h. The enzymes are then precipitated with an excess. a 
(100 mg) of picric acid, and the remaining procedures | aS 
followed. ee 
Fig. 3 shows the relationship between known amounts 
of glutamine and asparagine added to horse serum and =. 
the optical densities of eluates from the chromatograms. — 
Recoveries are 101 + 3 per cent of those that can be. o3 
obtai: ed from simple aqueous solutions of the amino. = — 
acids. The asparagine derivative prepared as now de=- 
seribed gives an apparent molar extinction coefficient 
of 1-173 x 104, the glutamine derivative 1018 x 104. 
Such values ere similar to those obtained by Okuyama: 
and Satake for other amino-acids’. aa 
The method described has proved valuable in investi 
gating changes in amino-acid levels of animals treated. 
with L-aspsraginase—an enzyme causing powerful and: 
apparently specifie inhibition of a number of trans 
planted tumours’-*. 
I thank Mrs. E. Ramsamooj j and Mr. H. Baez for thei: 
technical assistance in this work, which was supported 
by grants from the National Cancer Institute of Canada 
and the National Cancer Institute, U.S. Public Health. 
Service. 
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several test groups. Others have reported reer re 
data which suggest that the di-O-methvlated derivative 
is not unique to schizophrenics and is probably of dietary. 
origin’*-3, That such derivatives are not unique to schizo. 
phrenia may also be inferred from a recent publication? 
describing the induction of akinesia in animals by di-O 
methylated catecholamines, and associating these deri-. 
vatives with the akinesia of Parkinson’s disease. In this è č 
article and the succeeding one, data are also presented => 
to suggest that abnormal O-methylation of catecholamines. — 
may not be a significant biochemical lesion in schizo- 2 
phrenia. - 

For the following in vitro investigations of catechol 
amine metabolism, autopsy specimens of liver and brair 
from normal and schizophrenic subjects were prompti 
frozen and stored in dry ice. Enzyme preparations we 
routinely made from a 10-g portion of liver or a 20 
portion of brain by homogenization at 4° C in 40 mi 
isotonic potassium chloride. After centrifugation 
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10 min at 8,000g, the supernatant phase was decanted 
through coarse cheesecloth to remove the lipid layer. 

For these metabolism investigations, a standard in- 
cubation procedure’ 15 was modified to the extent that 
each vessel contained 1-0 ml. of 0:5 M sodium phosphate 
buffer (pH 7-9), 0-5 ml. of ‘Catron’ (a-methylphen- 
ethylhydrazine, 5-6 mg/0-5 ml.), 0-2 ml. of S-adenosyl- 
L-methionine-methyl-“C (10 moles, 10 pe./ml.), 0-2 ml. 
of dopamine (10 umoles/ml.), 2:0 ml. of the filtrate, 
and 0-1 ml. of 0-5 M magnesium chloride. The pH of the 
incubation mixture was 7-6. Controls lacking dopamine 
were included in each series of determinations. The 
reaction vessels were flushed with nitrogen, stoppered, and 
incubated for 1-5 h at 37° C. The pH remained constant 
throughout the incubation. 

At the end of incubation, 2 ml. of 0-5 M sodium borate 
buffer (pH 10) was added to the reaction mixture which 
was then adjusted to pH 10 with one drop of 10 N sodium 
hydroxide. The mixture was extracted! with three 4-ml. 
volumes of isoamyl alcohol-toluene (3:2). The organic 
phase was extracted with three 3-ml. volumes of 0-1 N 
sodium hydroxide to remove mono-O-methyl] derivatives 
of dopamine, and then with three 1-ml. volumes of 0-05 N 
hydrochloric acid to remove di-O-methyl derivatives of 
dopamine. The acidic aqueous extract was reduced to 
dryness under a stream of nitrogen. The residue was 
dissolved in one drop of methanol and applied to a 20 em 
x 20 cm thin layer of silica gel (‘Silica gel G’, E. Merck). 
The sample was flanked by 10 ug markers of the mono- 
and dimethoxy-phenethylamine analogues, and developed 
in butanol-ethyl acetate—15 N aqueous ammonia (3:1: 1). 
The markers were sprayed with 0-2 per cent ninhydrin in 
pyridine—acetic acid~acetone (1:4:95), and the plate 
was heated at 100° C until the marker colours developed. 
The sample area, was not sprayed because of the quenching 
effect of ninhydrin. 

Fifteen consecutive 1 cm x 2:5 cm sections were marked 
in the sample area between the origin and the solvent 
front. The adsorbent in each section was scraped into 
a glass counting vial containing 20 ml. of a 4 per cent 
(w/v) ‘Cab-O-Sil’—toluene scintillation solution consist- 
ing of 3-0 g of 2,5,diphenyloxazole and 100 mg of 1,4- 
bis(4-methyl-5-phenyloxazol-2-yl)-benzene per litre of 
toluene!” 18, 

Radioactive counting of the contents of these vials for 
10 min in a Packard model 3002 ‘Tri-Carb’ liquid sein- 
tillation spectrometer gave a measure of enzymatic di-Q- 
methylation. For a measure of catechol-O-methyl- 
transferase (COMT) activity, a portion of the 0-1 N sodium 
hydroxide extract of the incubation mixture was counted 
in a toluene scintillation solution containing 30 per 
cent absolute ethanol. 


Table 1. RESULTS OF in vitro STUDIES WITH HUMAN LIVER TISSUE 
Post- 


Speci- Diag- Age mortem 8-OCH;-4-OH 3,4-Di-OCH, 
men nosis (yr) Sex autopsy phenethyl- phenethyl- 
interval amine (c p.m.) amine (c p.m.) 

1 Normal 2 5h 1,057,820 844 

2 Normal 26 E 4h 504,167 498 

3 Normal 3h 957,956 81 

1 Schizo 4,859 41 

2 Schizo 3,269 0 

3 Schizo 77 F 40h 411,732 38 

4 Schizo 78 F 8-5 h 50,273 36 

5 Schizo 75 M 6 days 11,819 0 

6 Schizo 89 F 3 days 262,232 2 





Age 


Speci- Diag- 
(yr) 


men nosis Sex 


3 Schizo, $4 
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For the complete procedure, the efficiency of recovery 
of 2-(3,4-dimethoxypheny]l)ethylamine-1-14C hydrochloride 
was established ae 40 per cent and the limit of its detection 
as 50 ng by standard techniques. 

The results of the in vitro investigations are summarized 
in Tables 1 and 2. Although only one set of data is 
reported for each specimen, most were tested on at least 
three occasions amd gave similar data within experimental 
error. On the bas:s of these data, liver tissue preparations 
from six schizophrenic and three normal individuals and 
brain tissue preparations from four schizophrenic and 
one normal individual failed to convert dopamine to 
3,4-dimethoxypherethylamine. That such inactivity 
might be attributed to a loss of enzyme.activity in necrotic 
tissue is readily conceded, but it is suggested that the 
relatively high COMT activity exhibited by these speci- 
mens is a valid indication of normal enzyme integrity. 

At the conclusicn of our in vitro investigations, we were 
informed of an independent investigation at Rockland 
State Hospital, Crangeburg, N.Y., in which 100 ue. of 
3,4-dihydroxyphemylalanine-2-“C was administered to 
two chronic sehizcphrenic patients. Though the courtesy 
of Dr. W. Sacks of that institution we were given a 24 h 
urine collection from each of these patients; equal portions 
of these specimens were subjected to extraction and two- 
dimensional thindayer chromatography® to determine 
the levels of 3,4-dimethoxyphenethylamine and were 
examined for 3,4<limethoxyphenylacetic acid'*. Appro- 
propriate sections of adsorbents were scraped from the 
plates, eluted and counted as already described. 

The în vivo data summarized in Table 3 suggest that 
3,4-dimethoxypheaethylamine and 3,4-dimethoxyphenyl- 
acetic acid are nct metabolites of 3,4-dihydroxyphenyl- 
alanine in the chrenic schizophrenic. 


Table 3. RESULTS OF HUMAN in vive STUDIES 


8-O°H,- 3,4-Di- 8-OCH;- 3,4-Die 
4-CH 3 4-0H OCH, 
Patient Diag- phen: thyl- phenethyl- phenyl- phenyl- 
nosis andne amine acetic acid acetic acid 
(c.pan.) (¢.p.m.) (c.p m.) (¢.p.m.) 
A Schizo 48,000 0 88,000 0 
B Schizo 332,C06 i8 71,009 40 


We thank Dr. H. E. Himwich of Galesburg State 
Research Hospital, Dr. W. Strutton of Rockland State 
Hospital, and Dr F. Wemburg and Dr. S. Merlis of 
Central Islip State Hospital for the liver specimens. We 
also thank Dr. J. ¥. Auditore of Meharry Medical College 
for the brain specimens, and Dr. W. Sacks and Dr. P. 
Harper of Rockland State Hospital for the urine collec- 
tions from two patients treated with 3,4-dihydroxy- 
phenylalanme-2-4C. 
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OCCURRENCE OF 3,4-DIMETHOXYPHENYLACETIC ACID IN URINES 
OF NORMAL AND SCHIZOPHRENIC INDIVIDUALS 


By Dr. FREDERICK A. KUEHL, jun., ROBERT E. ORMOND and W. J. A. VANDENHEUVEL 


Merck Sharp and Dohme Research Laboratories, Rahway, New Jersey 


DERANGEMENTS of amino-acid metabolism have been 
implicated in a variety of mental disorders*. In particular, 
recent investigations have directed our attention to a 
possible aberrant para-O-methylation of 3,4-dihydroxy- 
phenethylamine (dopamine) in schizophrema. Friedhoff 
and Van Winkle? reported that 3,4-dimethoxyphenethy]l- 
amine was present in the urine of a majority of the 
schizophrenic patients studied, but was not excreted by 
normal subjects. Sen and McGeer’, using a combined 
paper strip-gas chromatographic method, were able to 
detect the amine in urines of eleven of twenty-two schizo- 
phrenics, but no normal subjects were examined. In an 
extensive clinical study, Bourdillon et al.4, using a shght 
modification of the Friedhoff technique, were able to 
detect a 3,4-dimethoxyphenethylamine-like component in 
the urine of many schizophrenics. On the other hand. 
some recent publications’ record the failure to detect this 
amine in urines of schizophrenic patients. Friedhoff and 
Van Winkle! have reported that di-O-methylation of 
dopamine occurs in vitro when the substrate is incubated 
with a liver biopsy homogenate obtained from a schizo- 
phrenic patient known to excrete 3,4-dimethoxyphen- 
ethylamine, and that di-O-methylation of administered 
labelled dopamine can be demonstrated in vivo; however, 
others have been unable to confirm this observation’. 
Indeed, the identity of the urinary amine (the “pink spot”, 
as it has been called‘) has not been determined un- 
equivocally, and the relationship of 3,4-dimethoxyphen- 
ethylamine to schizophrenia remains controversial. 

We were unable satisfactorily to measure 3,4-dimethoxy- 
phenethylamine in urines of schizophrenics by the Fried- 
hoff paper strip technique, but using an 10n exchange 
resin two-dimensional thin-layer chromatographic method! 
were able to demonstrate the presence of a compound 
indistinguishable from it in seven of twelve urine specimens 
from schizophrenic patients, whereas none was found in 
urines of ten normal subjects examined. The amounts 
measured, however, were low—3-10 ug/day, compared 
with the 20-50-ug value reported by Friedhoff. 

The major metabolic end-products of the catechol- 
amines are the corresponding acids resulting from de- 
amination and oxidation—the vanilmandelic acid content 
of urine is normally considered to represent a major 
portion of metabolized epinephrine and norepinephrine. 


Evidence has been presented that. administered. 3,4- 170°C; 13 Ib./in.*. 
dimethoxyphenethylamine® follows the same métaboli¢™ 


pathway when administered to humans. This was also 
shown to be true with rats; animals treated with this 
C-labelled amine excreted 3,4-dimethoxyphenylacetic 
acid® almost exclusively, but with a small portion of the 
parent amine unless a monoamine oxidase inhibitor was 
administered. Thus it is apparent that a mety j 
to determine 3,4-dimethoxyphenylacetic 
would permit an indirect estimation o 
article describes such a method ang 
from investigations of urine speci 










amount of 3,4-dimethoxyphenylacetic acid isolated.) 
When the chloroform layer had been washed with a small 
volume of water it was made alkaline by the addition of 
2:5 ml. of 0-04 N sodium hydroxide and concentrated 
in vacuo to 5-10 ml. The aqueous layer was removed and 
combined with two additional aqueous extracts of the 
chloroform layer. The acids were separated from the 
aqueous solution by re-extraction into chloroform at 
pH 1-5-2-0. The residue obtained by evaporation of the 
chloroform extract under a nitrogen stream was redissolved 
in a small volume of that solvent and applied to a 
20 x 20-cm silica gel G thin-layer plate. After development 
with the upper phase of a solvent mixture consisting of 
glacial acetic acid, benzene and water (3:2:1) in an 
atmosphere saturated with the lower phase, the 3,4- 
dimethoxyphenylacetic acid zone was located by visualiza- 
tion of guide spots of the acid (introduced initially adjacent 
to the urinary extract zones) with ultra-violet light, or by 
spraying with alkalne permanganate. The appropriate 
area, was scraped mto a small column containing a plug of 
glass wool and the 3,4-dimethoxyphenylacetic acid zone 
eluted with 6 ml. of chloroform containing acetic acid (5 per 
cent); the solvent was removed under a nitrogen stream. 

The analysis of urmary aromatic acids (as their methyl 
esters) by gas chromatography is well established?®. In 
order to increase confidence in the identification of methyl 
3,4-dimethoxyphenylacetate two stationary phases of 
different chemical nature were used routinely—the polar 
polyester neopentylglycol adipate (NGA)™" and the 
relatively non-polar two-component phase F'-60-Z (ref. 12). 
(In the early stages of this investigation, when only one 
gas chromatography column was used and before the 
thin-layer chromatography conditions had been optimized, 
it was observed with several samples that, following 
acetylation, a major decrease in peak size (gas chromato- 
gram) occurred, indicating that before acetylation an 
acylable compound was eluted at the same rate as methyl 
3,4-dimethoxyphenylacetate. Under the final established 
set of experimental conditions this phenomenon was not 
encountered.) A second more polar polyester, ethylene- 
glycol succinate (EGS)!4, was used in selected instances. 
(Gas chromatographic conditions, NGA: 8 per cent NGA 
on 80—100-mesh ‘Gas Chrom P’ prepared according to the 
method of Horning et al.13; 6 ft. x 4 mm glass U-tube; 
Gas chromatographic conditions, 
F-60-Z: a mixture of 4:9 per cent F-60 (a methylpoly- 
siloxane polymer containing a low percentage of p-chloro- 
phenyl groups; Dow Corning Corp.) and 0-9 per cent 
EGSS-Z (a copolymer from ethylene glycol, succinic acid 
and a methylphenyl-siloxane monomer; Applied Science 
Labs.. Inc.) on 80-100-mesh ‘Gas Chrom P’ prepared 
x 4mm glass U-tube; 150° C; 9 Ib./in.?. 
sc conditions, EGS: 8 per cent ethyl- 
100-mesh ‘Gas Chrom P’ pre- 
glass U-tube; 185° C; 
thyl 3,4-dimethoxy- 
FRA. Z- 
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Fix. 1, Relationship between response of argon ionization detector 
(peak height m cm) and sample size (ug et 3,4-dimethoxyphenyl- 
acetate) with an F-60-—Z column 
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Fig. 2. A, Analysis by gas chromatograph of 020 yg of methyl 3,4- 
dimethoxyphenylacetate. B, Analysis by gas chromatograph (following 
esterification with diazomethane) of the 3,4-dimethoxyphenylacetic 
acid zone from the thin-layer chromatography of the urine of an acute 
schizophrenic individual This sample is equivalent to 5 ml. of urine, 
one two-hundred and fiftieth of a 24 h urmary output See text for 
column conditions 
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stream of nitrogen) some homovanillic acid, a normal 
constituent of urine, might be converted to methyl 3,4- 
dimethoxyphenylacetate was ruled out on the following 
grounds. Homovanillic acid was well separated from 
3,4-dimethoxyphenylacetic acid by thin-layer chromato- 
graphy, and in the few mstances when methyl homo- 
vanillate was observed on the gas chromatograms 
(retention time relative to methyl 3,4-dimethoxyphenyl- 
acetate: F-60-Z, 0:92; NGA, 1-32) the quantities were 
too small to account for more than a mmor fraction of the 
methyl 3,4-dimethoxyphenylacetate peak, since under the 
conditions of methylation less than 1 per cent of homo- 
vanillic acid could be converted to methyl 3,4-dimethoxy- 
phenylacetate. 

The linearity of response of the argon ionization detec- 
tion system (800 V) to methyl 3,4-dimethoxyphenyl- 
acetate was determined by a dilution procedure. Fig. 1 
shows a plot of peak height (cm) versus sample size (ug), 
and the relationship found for the system indicates that 
mass linearity existed at the level of sample size of interest 
for our work. In order to allow for slight day-to-day 
changes in the sensitivity of the detector and the operating 
conditions of the gas chromatograph, the detector response 
for known amounts of methyl 3,4-dimethoxyphenylacetate 
was determined during each series of sample analyses; the 
amount of the ester present in the urinary sample was 
then read from the plot. The reproducibility of detector 
response was excellent; for example, three consecutive 
injections of 0-15 ug of methyl 3,4-dimethoxyphenylacetate 
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value was 23 ug/g creatinine. 
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Table 1. 3,4-DINETHOXYPHENYLACETIO ACID CONTENT OF URINES FROM 
NORMAL AND THREE TYPES OF SCHIZOPHRENIC INDIVEOUATS 
(ug/g creatinine) . . 
Normal Acute Sub-acute Chronic 

26 32 20 27 

22, 31 19 2* 

19 23 13 Q* 
10 23* 12 
g* 12 12 
5* Q* 10* 
4* Neg. 10 
Neg 10 
Neg. 9 
6* 


= ugji 


gave an average peak height of 6-78+0-05 cm. Repro- 
ducibility of data concerning the 3,4-dimethoxypheny]l- 
acetic acid content of urinary fractions was also satis- 
factory. After ar interval of several days a sample which 
had exhibited a 3,4-dimethoxyphenylacetic acid level of 
22 ug/g creatinineon EGS (19 on F-60-Z) was re-submitted 
for analysis on ESS on a double blind basis; the second. 
(In general, values found 
with the different: columns agreed to a satisfactory extent. 
One urinary sample, analysed on each of the three columns, 
gave values of 31 ug/g creatinine (F-60-Z), 31 ug/g 
creatinine (NGA) and 29 ug/g creatinine (EGS). The 
necessity for the vse of multiple columns is well illustrated 
by the case of one urine which exhibited a high value 


- (greater than 100 ug/g creatinine) on F-60-Z, but proved 


to be negative on NGA.) 

The specificity and accuracy of the procedure were 
established by adding known quantities of 3,4-dimethoxy- 
phenylacetic acid to distilled water or urine. Thus the 
addition of 3-0 ug of acid to 100 ml. of water gave a 
recovery of greater than 90 per cent, and the addition of 
3 ug of acid to 100 ml. of a urine, previously shown to 
contain 3 ug acid/100 ml., led to a new value of 5-8 ug/ 
100 ml. 

Additional evidence for the identification of 3,4- 
dimethoxyphenylecetic acid was obtained by examinmg 
samples from the urine of a sub-acute schizophrenic and 
a normal individual on an LKB model 9000 gas chromato- 
graph mass spectrometer using the molecular separator 
of Ryhage™ developed at the Mass Spectrometry Labora- 
tory of the Karo-inska Institute, Stockholm. In both 
cases the peak in the gas chromatogram corresponding to 
methyl 3,4-dimethoxyphenylacetate was found to possess 
mje values for the molecular ion (210) and for fragmenta- 
tion products (for example, 151 and 121) in agreement 
with those of an authentic specimen of the compound. 

As can be seen in Table 1, 3,4-dimethoxyphenylacetic 
acid was found tə be present at levels of 10-30 ug/g 
creatinine equivalent in a large number of the urines 
examined. (It has been reported" that, under conditions 
allowing the detection of 300 ug/g creatinine. no 3,4- 
dimethoxyphenylazetic acid was found in normal urine.) 
No truly significant difference could be detected between 
the schizophrenic and normal urines investigated. In 
addition to the sukjects detailed in Table 1, an additional 
fifty-six individuals were examined on a qualitative or 
semi-quantitative basis for their urinary excretion of 
3,4-dimethoxypherrylacetic acid—here also no significant 
difference could be detected between the schizophrenic 
and normal group. 

The identity of tne urinary excretion product described 
in this article as 3,4-dimethoxyphenylacetic acid is 
suggested by chemizal properties and thin-layer chromato- 
graphy, strengthened by gas chromatography on a variety 
of columns and confirmed by mass spectrometry. In 
addition, the quanzitative nature of the method ıs well 
established by accepted methods. (For a brief discussion 
of the need for reliable methodology in this field see 
ref. 15.) Therefore, consideration of these data requires 
some qualifications concerning the suggestion that 3,4- 
dimethoxyphenethylamine is a compound unique to the 
urines of schizophrenics. Although the presence of this 
amine in urine of schizophrenic patients has been indicated 
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by some investigations?-**§, including our own, the 
identity of the compound is based mainly on migration 
rates on paper or thin-layer plates, and thus cannot be 
considered to be rigorously established. Jt may well be 
noted here that a number of urine specimens examined 
in our present investigations for the acid metabolite were 
also studied for the presence of 3,4-dimethoxyphenethy]l- 
amine by the method previously described’, all with 
negative results. Thus our initial interpretation of the 
observation that the amine is present in urines of five of 
twelve acute and two of ten chronic schizophrenic patients 
‘must be altered in the direction of non-correlation of the 
occurrence of the amine with schizophrenia. It should be 
noted, however, that in the present investigations less 
excessively acute patients were available for study. The 
possibility that, under conditions of hyperexcitability, not 
necessarily related to schizophrenia, the di-O-methylated 
amine could be produced by normal COMT occurred to 
us as an explanation of the occurrence of the amine. 
Accordingly, we studied the soluble catechol-O-methyl 
transferase! of rat liver for the ability to di-O-methylate 
dopamine under a variety of conditions including large 
excesses of enzyme and S-adenosyl-methionine as well as 
varied amounts of the dopamine substrate. In no case was 
3,4-dimethoxyphenethylamine detected although the 
normal mono-O-methyl derivatives of dopamine were 
formed in abundance based on the incorporation of label 
from S-adenosyl-methionine-methyl-“C. The possibility 
that the recently described!" microsomal catechol-O- 
methyl-transferase could account for the formation of 
3,4-dimethoxyphenethylamine was similarly investigated, 
but again with negative results. The observation by 
Barbeau eż al.!8 that urine of individuals suffering from 
Parkinson’s disease contains large quantities of 3,4- 
dimethoxyphenethylamine is of interest and further 
questions the validity of the concept that the occurrence 
of 3,4-dimethoxyphenethylamine as a urinary metabolite 
is unique to schizophrenia. From this observation it can 
be speculated that the abnormal methylation in Parkin- 
sonians causes a diminution of basic dopamine-levels and 
could explain the favourable response of such individuals 
to administration of dihydroxyphenylalanine. We are 
at present examining the urines of patients with Parkin- 
son’s disease for the presence of 3,4-dimethoxyphenylacetic 
acid. 

The possibility that urine levels of 3,4-dimethoxy- 
phenylacetic acid bear no relationship to amine-levels is 
remote, assuming no fault in monoamine oxidase activity 
in schizophrenics, as it has been established that in both 
human subjects and rats* administered 3,4-dimethoxy- 
phenethylamine is largely excreted as the acid. Indeed, 
the endogenous nature of the amine has been questioned; 
some suggest it to be of exogenous origin’. We also feel 
that the endogenous nature of the metabolite is open to 
question, because our studies with urine samples from a 
chronic schizophrenia patient who had received labelled 
dihydroxyphenylalanine failed to indicate the presence 
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of either “C-labelled 3,4-dimethoxyphenethylamine or 
the corresponding 3,4- dimethoxyphenylacetic acid, al- 
though gas chromatography of the eluted area on the 
thin-layer plate revealed the presence of ‘normal’ amounts 
of the unlabelled acid, 

In summary, we have developed e sensitive method for 
determining 3,4-dimethoxyphenylacetic acid in urine. 
Because no significant differences could be detected in the 
amount of acid present in urines of schizophrenic or 
normal individuals, we must conclude either that the 
excretion of 3,4- dimethoxyphenes chylamine is not charac- 
teristic of schizophrenia or that the amount of 3.4- 
dimethoxyphenylacetic acid present in urine is not a true 
reflexion of the amount of 3,4-dimethoxyphenethylamine 
present. On the basis of evidence at present available we 
prefer the former interpretation. 

We thank Dr. 8. Arthur Sugarman of New Jersey 
Neuropsychiatric Center; Dr. Hans Freymuth, Dr. Shaw 
Perry and Dr. Walter Hill of Trenton State Hospital; 
Dr. W. Sacks, Dr. Nathan Kline and Dr. A. Esser of 
Rockland State Hospital; and Dr. Arnold Friedhoff of 
New York University School of Medicine for urine 
specimens used in these studies. We also thank Prof. R. 
Paoletti and Mr. O. Holmström for making the LAB 
model 9000 gas chromatograph mass spectrometer avail- 
able to us for the analysis of samples during the Second 
International Course on Methods for Lipid Research, 
Milan, Italy, in September 1965; Mr. K. Wikstrom for 
carrying out the analyses; and Drs. P. Capella, J. 
McCloskey and J. Sjévall for their help in interpreting 
the spectra. 


3 soe T T. en Biochemistry of Mental Disease (Harper and Row, New 

or 

2? Friedhoff, va J., and Van Winkie, E., Nature, 184, 897 (1962). 

s io N ig and McGeer, P. L., Brochem. Biophys. Res. Commun., 14, 227 

t+ Bourdillon, R. E., Clarke, C. A., Ridges, A. P., and Sheppard, P. M., 
Nature, 308, 453 (1965). 

5 Takesada, M., Kakimoto, Y., Sano, I., and Kaneko, Z., Nature, 199, 203 
(1963). Perry, T. L, Hansen S., and MacIntyre, Ts Nature, 202, 519 
(194)6. Nishimura, Ñ., and Gjessing, L. R., Naura, 206, 963 (1965), 

¢ Friedhoff, A. J., and Van Winkle, E , Nature, 199, 1271 (1963). 

7 Wagner, A. F., ‘Cirillo, V, J., Meisinger, M. A. P., Ormond, R. E., Kuehl, 
F. A., and Brink, N.G. (preceding article). 

* Kuehl, F. A., Hichens, M., Ormond, R. E., Meisinger, M. A. P., Gale, P., 
Cirillo, V. J. and Bunk, N. G., Nature, 203, 154 (1964). 

* Kuehl, F. A., in Amine Metabolism i in Schizophrenia, report of a symposium 
held in Atlantic City, New Jersey, April, 1965 (in the press). Schweitzer, 
J. W., and Friedhoff, A. J., Brochim. Biophys. Acta, 111, 326 (1865). 

10 Williams, C. M., and Sweeley, C. C., n Biomedical Apphcealions of Gas 
Chromatography, edit. by Szymanski, H . A, (Plenum Press, New York, 

u Haahti, E. O. A., VandenHeuvel, W. J. A., and Horning, E. C., J. Org. 
Chem., 28, 626 (1961). 

12 Holmstedt, B., VandenHeuvel, W. J. A., Gardiner, W. L., and Horning, 

. 0., Anal, ’ Biochem., 8, 151 (1964). 

» Horning, E. C., Vanden Heuvel, W. J. A., and Creech, B. G., Methods of 

ao ‘Analysis, edit. by Glick, D., 11 (Interscience, New York, 


u“ Ryhage, R., Anal. Chem., 36, 769 (1964). 

8 Howorth, P. J. N., Lancet, 1, 202 (1966). 

18 Axelrod, nee Rog Tomehick, R., J. Biel. Chem., 283, 702 (1958). 

ei rsh om cay + Daly, J., and ‘Axelrod, Ja Buochem. Pharmacol., 14, 1257 

18 Barbeau, Ar deGroot, J., Joly, J., Raymond-Tremblay, D., and Donaldson, 
Js; Canad. Biol., 99. 469 (1963). 


DIFFUSION-EXCHANGE RESPIROMETER USING THE CARBON DIOXIDE 
ELECTRODE 


By Dr. CREIGHTON R. JENSEN and Dr. S. D. VAN GUNDY 


Department of Nematology 
AND 
Dr. L. H. STOLZY 


Department of Soils and Plant Nutrition, University of California, Riverside 


Tyres of respirometers may be classed as either open or 
closed systems. The latter, such as the Warburg respiro- 
meter, generally measure the change with time of pressure, 
volume, or some other variable from which the rate of 
oxygen uptake (or carbon dioxide output) is deduced. 


The open-system respirometer, however, can be designed 
to indicate uptake or output rates directly by measuring 
the change in concentration of oxygen or carbon dioxide 
in air flowing through the respirometer at a known, 
constant rate. Nevertheless, the more extensive apparatus 
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Fig. 1. A diffusion-exchange microrespirometer 


required to produce, regulate and monitor the air stream 
has placed the open-system respirometer at a dis- 
advantage compared with the simpler closed-system types. 
The possibility of exchanging air in an open-system 
respirometer by the process of diffusion rather than mass 
flow has not apparently been considered previously, 
although Connelly et al.1 measured the respiration of 
peripheral nerve with an oxygen cathode by a method 
based on the relationship of oxygen concentration, uptake 
and diffusion in the nerve trunk. Using a Severinghaus 
type of potentiometric carbon dioxide electrode? and 
diffusion exchange, we have devised a new type of open- 
system respirometer that measures carbon dioxide 
evolution and has the simplicity of closed-system types. 
Essentially, the respirometer (Fig. 1) consists of a 
chamber containing the respiring material, an electrode to 
monitor the partial pressure of carbon dioxide within the 
chamber, and a porous plug in the chamber wall. Gas 
exchange with the external atmosphere occurs by diffusion 
through the porous plug in response to concentration 
differences. Additionally, the total pressure is kept 
atmospheric by equilibration through the porous plug. 
As will be shown, the partial pressure of carbon dioxide in 
the chamber under steady-state conditions is proportional 
to the rate of carbon dioxide evolution (respiration rate). 
The rate of change of the quantity of gaseous carbon 
dioxide within the chamber at any instant is equal to the 
rate of carbon dioxide evolution by the respiring material 
minus the rate of loss by diffusion out through the porous 
plug, that is: 
| dp/dé = (rM/V—J)/v (1) 
where p is the density of carbon dioxide in the chamber in 
g/ul. of gas volume, ¢ is time in min, r is the rate of carbon 
dioxide evolution in N.T.P. ul./min, M is the molar weight 
of carbon dioxide, V is the molar volume (22-41 1./mole), 
v is the gas volume of the chamber in yl. and J is the rate 
of diffusion of carbon dioxide out of the chamber in g/min. 
If p does not change too rapidly: 


J = h(o— po) (2) 
where p, is the density of carbon dioxide in the external 
atmosphere and A is the permeability coefficient in 
ul./min of the porous plug for carbon dioxide. Equations 
(1) and (2) combined are: 


rM/V —h(e— pa) 


dojdt = > 


(3) 
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Equation (3) car be written in terms of the partial pres- 
sure p (in mm of mercury) of carbon dioxide by utilizing 
the ideal gas law: 
p = pRT|/M 
where F is the gas constant (62-36 1. mm deg- mole) 
and 7 is the temperature (°K). Equation (3) then 1s: 
RLV —h(p — 
cpjat = ALE RE po) (4) 

where p, is the partial pressure of carbon dioxide in the 
external atmosp2ere. 

Integration of squation (4), assuming that r is constant, 
yields: 

p = (Pet+rRT/hV) (1—e-Mi?) + pio hiv (5) 
where p=p, at i=0. The exponential terms become zero 
as the steady-sate is approached and equation (5), 
solved for 7, ther is: 

(6) 


r =hV(p—p RT = k(p— po) 
where k=hV/RI. Thus p— p, is proportional to r in the 
steady-state and may be used as a measure of r if h can 
be evaluated. 

Determination of A may be readily done by flushing the 
empty chamber with carbon dioxide, then closing it and 
recording p as the carbon dioxide diffuses out through the 
porous plug. Equation (5) with r=0 applies to this case; 
in logarithmic form it is: 

In'p— Po) = In(p1— Po) — ht/v (7) 
Solving for h, 
h = 2303v(logl p: — po] — log p — o))/t (8) 

For air, p»~ 0-2 mm and is negligible in equation (8) 
if p and p, are large. The carbon dioxide electrode potential 
varies linearly wth log p (for p>15 mm); and, since A is 
constant, the posential should, according to equation (8), 
decrease linearly with time as the carbon dioxide diffuses 
out of the charrber. We verified this linearity experi- 
mentally as shown in Fig. 2. The slope of the line B is 
— (logip,;—p,.|—bg[p—p,))/t. By weighing the chamber 
before and after filling with water, v may be determined, 
end h and k ther calculated. 

For (p— p.) <15 mm, the electrode potential (curve A) 
in Fig. 2 departs from the linear relationship (B) of 
equation (8). THis departure results partly from p, being 
significant at low p, but it is largely a characteristic of the 
electrode observed previously’. After the porous plug has 
been calibrated, it is better to make respiration measure- 
ments in this low2r range of p to avoid any effects of higher 
carbon dioxide evels on the respiring material. Con- 
sequently, the e-ectrode reading must be corrected and 
the curves in Fig. 2 may be used as a convenient nomo- 
gram for this purdose. The steady-state electrode potential 
from a respiration measurement is first located on the 
curve A, The point on the line B at the same abscissa 
then is that for log(p—p,), and p—p, thus determined 
may be used in equation (6) to calculate r. Or, for a 
particular porous plug and temperature (k value), Fig. 2 
could be sealed to read r directly. 

In using Fig. Z to obtain p — Po Po is assumed to be the 
same as when the curve was determined. Fluctuations of 
Po if not extreme, will introduce very small errors because 
Po itself is small for air. A porous plug with h too large 
(or a chamber with v too small) should not be used to 
obtain calibration curves as in Fig. 2, because the slope 
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Fig. 2. Relative clectrode potential and log(y—,) for an empty 


respirometer as a function of hme following flushing with carbon dioxide 
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will then be great enough that a significant error from lag 
of the electrode response will be introduced. 

A correction of the electrode potential for drift should 
be made occasionally by calibration with a gas of known 
carbon dioxide level (greater than or equal to 2 per cent to 
be in the region where 4 and B coincide in Fig. 2). 

Fig. 1 shows a stender preparation dish converted to a 
respirometer which we have used for soil respiration 
measurements. Two holes were drilled in the lid, one for 
the porous plug and the other for the electrode. The rim 
of the dish was sealed with grease when a measurement 
was made. The soil was incubated in the same dish with 
an ordinary lid (ungreased) prior to measurement and was 
oven-dried and weighed in the same dish following 
measurement. The electrodes we used were temperature- 
compensated and kindly provided by Dr. G. Matsuyama, 
-Beckman Instruments, Inc., Fullerton, California. Elec- 
‘trode potential was measured by a Beckman model 76 pH 
meter with an attached recorder. A special adaptor box 
between the electrode and pH meter contained temperature 
compensation circuitry. 

Fig. 3 is a typical respiration measurement curve 
showing the approach to a steady-state carbon dioxide 
partial pressure in accordance with equation (5). The 
respiring material was Yolo silt loam with added sucrose. 
The time required to reach a steady state is 1-2 h. This 
long time is a disadvantage of the method. However, 
respiration rates that change slowly may be followed 
continuously with good accuracy once the steady state 
is approximated. Equation (5) indicates that the approach 
to a steady state may be hastened by increasing A and 
decreasing v. But increasing h reduces the steady-state 
value of p with a concomitant loss of sensitivity. Prefer- 
ably, v should be reduced by filling the chamber as full as 
possible with the respiring material. 

We made porous plugs as follows: 12 per cent by 
weight of solder glass (Code 7570, 325 mesh, from Corning 
Glass Works, Corning, New York) was mixed with 
50u-diameter glass beads (‘Superbrite 660-5005’, from 
Minnesota Mining and Manufacturing Co., Saint Paul, 
Minnesota) and poured into a length of 4-mm-inner- 
diameter glass tubing which served as a mould. On 
heating to ~ 600° C, the solder glass melted and formed 
capillary films at the contact points of the glass beads, 
thus cementing the beads into a porous solid when slowly 
cooled. The plugs were cut to length, removed from the 
glass tubing and inserted in tight rubber tubing so that 
only the ends were exposed. The dimensions of a plug 
for a given value of h could be approximately pre- 
determined since h varies directly with the cross-sectional 
area and inversely with the length of the plug. The range 
of the respirometer can be prescribed by using a plug of 
appropriate value (see equation (6)) and a chamber of 
such volume v as to give a suitable equilibration time 
according to equation (5). 

The diffusion coefficient of carbon dioxide into air is 
nearly proportional to J? (ref. 4). Hence h should vary 
linearly with T? and k should vary linearly with T. 
For example, for a porous plug with k= 0-287 ul./min/mm 
at 25°C we obtained a_lifiear temperature coefficient 
from 14° to 33° C of.0:00228 ul./min/mm/°C. The departure 
of curve A froni line B in Fig. 2 is also temperature 
dependent.-For the electrodes we used, a single calibration 
curve could be used over a range of 5° without significant 
error. 
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Fig. 3. Approach to steady-state (p — po) and electrode potential with 
tıme after closure of a respirometer containing respiring soil. k=0 291 
\ #./minj/mm 
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Fig. 4. Percentage error of r resulting from ınass flow as a function of the 
respiratory quotient 


Movement of the external air can also affect k by chang- 
ing the thickness of the diffusive air layer at the outer end 
of the porous plug. For example, for a porous plug at 
26-5° C, k was 4:5 per cent greater in a plant growth 
chamber with rapid air circulation than in a still room. 
Hence, average air movement during measurements should 
be similar to that during calibration of the plug. 

If the respiratory quotient differs from unity, a total 
pressure change will develop within the chamber and 
produce a mass flow of air into or out of the chamber 
depending on whether the quotient is less than or greater 
than one. The mass flow of carbon dioxide may be 
approximately accounted for in the steady state (dp/dé= 0) 
by adding a term to equation (4): 


7602 (r — 
0 = (@RT/V) — hp—p.) - “S's, RQ>1 (9) 
0 = (RLV) — p-p) - pas” 


——373gp Po RQ<1 (10) 


where x is the rate of oxygen uptake in N.T.P. ul./min, P is 
the total (atmospheric) pressure in mm of mercury, and 
RQ (=7/x) is the respiratory quotient. If equations (9) 
and (10) are re-arranged and compared with equation (6), 
the error due to mass flow will be seen to be approximately : 
760 V(r—2)p/273RP~0-0013(r—az)p, RQ>1 
760 V(r —x)p,/273 RP ~0-0013(r—2z)p,, RQ<1 
The percentage error is obtained by multiplying by 100/r. 
Percentage error = 0:13(1—[z/r])p, RQ>1 (11) 
Percentage error = 0:13(1—[2/r])p,, RQ<1 (12) 
Plots of equations (11) and (12) in Fig. 4 show that the 
mass flow error is less than 1 per cent for the usual range 
of RQ. z 
One advantage of the method is that v does not appear in 
equation (6). Therefore, once calıbrated, using a chamber 
of known v, the porous plug may be used with other 
chambers of unknown volume. Also, no correction need 
be made for the volume of the respiring material; this is 
advantageous for material such as soil the volume of which 
cannot be measured directly. This fact, together with the 
fact that the interior of the chamber is at atmospheric 
pressure, makes convenient forms of the respirometer in 


--~which-only an intact portion of an organism, for example, 


plant roots, can be sealed into the chamber and its carbon 
dioxide output measured. 

Both h and p— p, can be determined to three significant 
figures with careful measurements, thus determinations of 
r to within 1 per cent should be possible for RQ values 
near unity. 

This work is supported by a grant from the U.S. National 
Science Foundation. 
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PLANETARY SCIENCE 


Sediment Transport by the Antarctic 
Bottom Current on the Bermuda Rise 


Tne basic pattern of bottom water circulation in the 
Atlantic Ocean was well described in the reports of the 
Meteor Expedition’. On the basis of dynamic topography, 

_ Waist? calculated average current velocities of 2-15 cm/sec 
for the axis of the northward flowing Antarctic Bottom 
Current in the South Atlantic. These velocities, con- 
sidered high by some workers, met with some scepticism’, 
but recent. direct current measurements in similar current 
systems. indicate velocities of the same magnitude’. In 
uth Atlantic, a good correlation is observed’ 
en the occurrence of ripple and scour marks and the 
i of the Antarctic Bottom Current as determined 
f- - Recently, Heezen, Hollister and Ruddiman® 
ved strong scour and other effects of bottom currents® 
he continental rise and Blake-Bahama Outer Ridge’. 
ey inferred® that geostrophic ‘contour’ currents in the 
p sea are not, only effective in transporting sediments, 
but constitute one of the principal agents in the shaping 
of the great sediment bodies of the continental margins’. 





































oriented bottom photographs, sediment cores and echo- 
grams. We have extended this study to the Antarctic 
. Bottom Current and its effects on the Bermuda Rise. 
| In November 1965, on a cruise of the Duke University 
- R.V. Eastward, a series of bottom photographs were taken 
_ between Cape Hatteras and Bermuda (‘Table 1 and Fig. 1). 
One of the stations on the continental rise beneath the 
“Western Boundary Undercurrent®!° showed identical 
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“These conclusions were based on an investigation of 


Transport by 


Current Structures Observed. in Sea Ficor Photographs 
PA current Scour ® Smoothing -+ Murky O Tranquil Bottom 
with Compass Direction without Lineation Water with Tracks and Mounds 


Antarctic Bottom Current Inferred from Potential Botton Temperature Se 
eee Boundary Undercurrent Inferred from Inclination cf 


Fig. 1. Sediment transport in the western North Atlantic (ref. 6). 
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Station Degth No. of magnitude 
No. Location (m) photo- and shown in photographs.. 
graphs direction AETS EN 

3479 33 06 N. 5,354 21 Moderate Sea pens bent over 

70 04 W. (no ċom- size mounds : 

pass) and trails 

3480 32 48 N. 5,145 26 Weak N.E. Numerous. pa k. 

68 04 W $ 


3482 32 32 N. 4,986 16 Moderate iang 
66 29 W. N.E, ules: ea i 
and various: 
sea pens. 
 down-curré 
3488 31 58 N. 4,188 18 Tranquil Numerous sm 
64 49 W. with barro 
3500 33 02 N, 5,355 2) Weak N.E. Generally smo 
69 20 W with many situ 
and a fe 
nodules oco <yn 
3501 33 00 N. 5,575 16 Moderate Smooth 
70 32 W. N.E, sponge, 3 
eids ben 
Tracks and 
amati me 
Cola’ bottle 
coating of sedi 
3502 32 50 N. 5,€72 15 Tranquil Very smooth. bo 
7135 W various sized 
2 burrows and tra 
3503 33 00 N. 5,361 9 Very weak Very murky ki 
72 33 W bottom H 


mounds . 
Moderate to Large sediment Pte 
strong very soft botto 
S.W. mounds with 
and faeces: 


4017 14 


scour to that reported by Heezen, Hollister and Ru 
and, as predicted by them, the direction of 
features was south-west, parallel to the eontor 
photograph  stat-on from the lower continental 
showed smoothing without recognizable texture an 
water was noticeably murky. s 
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Physiegraphic diagram (ref. 7) 
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Fig. 2, Sponge and crinoid deflected to the north-east by the Antarctic 
Bottom Current. Compass 8 cm in diameter. Sponge has scribed a 
circular mark on the bottom from the north-west to the north-east 
suggesting that greater velocities sometimes bend the sponge to the sea 
floor and that the current varies y C iai from N.W., to NE. Station 





Fig. 3. The north-east fabric lineations result from the action of the 

Antarctic Bottom Current. Sea pen is strongly bent down-current. 

Note sediment streamers behine a ane manganese nodules, 
tion 


The Antarctic Bottom Current, as mapped by potential 
bottom temperature, is known to flow along the western 
flank of the Bermuda Rise"™-'*, The principal object of 
this series of photographic stations was to explore the 
effects of current on the bottom underneath this current. 
Five photograph stations on the bottom showed weaker 
current scour than was detected on the continental rise 
off Cape Hatteras, but the current was no less definite. 
The water appeared clearer and life was more abundant 
than observed under the muddy'* Western Boundary 
Undercurrent. This latter fact led to the dramatic 
photographs of current-defected sponges and sea pens 
which were clearly bent with the current (Figs. 2 and 3). 
Manganese nodules were observed scattered over the 
bottom at several stations. Depositional tails of sediment 
on the lee side of these objécts were often marked. 

Evidence of the current was seen in the photographs 
taken on the eastern side of the Hatteras Abyssal Plain 
and on the Bermuda Rise. At all stations at which the 
pictures were compass-oriented, currents toward the 
north-east were indicated by the down-current deflexion 
of attached animals and the elongation of sediment 
streamers. These indicated a current parallel to the 
general contours of the area. The bottom photographs 
showed variations in the amount of scour and current 
evidence, but no quantitative estimates of current 
velocities could be made. 

The sediments on the western Bermuda Rise lie near 
the boundary between red clay (more than 30 per cent 
carbonate) and globigerina ooze (less than 30 per cent 


ot 
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carbonate)'*, The actual range of carbonate contents is 
25-35 per cent. The cores higher up on the Rise and 
those on the Bermuda Pedestal have a notably higher 
carbonate content. Most of the cores are thin-bedded. 
This is shown by variations of colours between manganese- 
rich and manganese-poor zones. Most of the dry cores 
split or break into beds along exceedingly thin laminae of 
very fine silt. The depth at which cold Pleistocene 
foraminifera give way to warm recent forms has been 
used to estimate abnormally high sedimentation rates for 
low carbonate pelagic lutites of the western Bermuda 
Rise. A post-glacial rate of approximately 3 cm/1,000 yr 
was inferred. As the penultimate interglacial was not 
recorded, late glacial rates could not be determined but 
were at least twice as high. 

The Bermuda Rise is distinguished by smoothed low 
rolling hills. Seismic studies'* indicate that its basement 
is covered by a relatively uniform mantle of nearly 
unstratified sediments 1-2 km thick. 

The Antarctic Bottom Current may be a principal 
controlling factor determining the topography and 
sediment distribution of the Bermuda Rise. Its effects 
are less dramatic than the Western Boundary Under- 
current as it lacks a significant continental sediment 
source north of the equator. Its principal effects are in 
the redistribution of the slowly accumulating pelagic 
lutites. Since the Antarctic Bottom Current ceases to 
exist north of the Bermuda Rise, controlled deposition 
during its final dissipation may be responsible for the 
broad, thick, almost unstratified mantle of sediment which 
covers most of the Bermuda Rise. 

We thank Prof. R. J. Menzes for the use of the R.V. 
Eastward, and J. Cason. This research was supported in 
part by the U.S. National Science Foundation. 
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A Major East-north-east Dislocation Zone in 
Central Malawi 


Work by the Geological Survey of Zambia':* has revealed 
the presence of a number of major E.N.E.-trending 
transcurrent dislocation zones in the Pre-Cambrian rocks 
of that country. Such zones are characterized by intense 
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partly fault-bounded 


shearing, refoliation, blastomylonites and silicified gneisses. 
The best-defined is the Mwembeshi zone which can be 
aced discontinuously for some 500 miles eastwards from 
umbwa and is inferred? to enter Malawi at about the 
45’ S. parallel (Fig. 1). 
ooper’s small-scale geological map of Malawi? shows @ 
major fracture in the inferred position, separating rocks 
of Middle Pre-Cambrian age to the south from those 
of Upper Pre-Cambrian age to the north. Subsequent 
reconnaissance work has confirmed the existence of this 
fracture, and Chapusa* has traced a mile-wide band of 
 mylonite for at least 20 miles along the crest of the 
Chimaliro escarpment (Fig. 1): the rocks to the north 
are high-grade psammitic gneisses containing garnet and 
manite and, to the south, biotite-gneisses and phvilo- 
ites, contrasting lithologies but not of proved different 
ages. Peters’ has mapped crushed quartzites, trending 
between N.E. and N.N.E., along the Zambia border 
between the 12° 45’ S. and 12° 30’ S. parallels and will 
ave completed the mapping of the whole length of the 
facture by the end of 1966. 
‘Likoma and Chizumulu islands, which lie in Lake 
awi just off the Mozambique shore, have recently been 
n to consist largely of graphie biotite-granite con- 


enoliths of pelitie schist and (apparently) 



















Fig. 1. The E.N.E. dislocation zone in central Malawi, The shaded bands represent probable extensions of the zone 


7 Fig. 2. The Mwembeshi-Chimaliro zone, ‘The stippled areas are karroo sedimentary basins, 
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intruded by gabbros and mi 
he granites are strongly sh 
E.N.E. lines, a direction also 
e number of major faults.. 
socks, although thermally alte 
eataclastic and the relativ 
atest shearing movement. 
apparent. -— a 

It is suggested that L 
Shizumulu lie on the eastern. 
ef the Mwembeshi-Chimalire 
sone, which thus trends E 
ast 600 miles from western 
she eastern shores of Lake © 
shown in Fig. 2. Kazali hot. 
she western lake-shore also he on 

Further to the east, in northert 
bique and south-eastern Tat 
major dislocation is known, bt 
may be represented by the 
faults of large karroo sedimer 
in this area® and, still farthe 
north-east, it raay swing to follow the Tanza 
line”. ie 

Although the Mwembeshi zone in Zambia fe 
old line of weakness, its continuation in Mal 
sented, in part, oy a mylonite band and a lon: 
and must be of comparatively recent age. R 
possibly by normal faulting, seems likely. F 
three other E.N E. lines of weakness, apparen ed 
to those noted so far in Zambia, have been foun eross 
Malawi. One i followed by a line of infracrustal ring- 
complexes of Pre-Cambrian’ age? and the othe ro 
associated with Lower Cretaceous plutonie acti 

The relationship of the Mwembeshi—Chimalir 
the rift faulte bordering Lake Malawi mer 
consideration. In Zambia the zone shows strong. 
drag)? but, if 4 is to be regarded as responsible 
apparent offse. of the rift faults, movemen 
opposite sense would be expected. An expla 
this may lie in the fact that the dislocation is 
a transform faalt as recently defined by Tuzo 
The parallel rift faults could have cut acro 
E.N.E. line of weakness and the offset of the 
sides is not a normal transcurrent displaceme 
rather to a sinistral transform fracture as shov 
If this is so, it provides added support to Wilsor 
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d odification of the Model for Internal 
tructures in Graded Beds to include a 
p Dune Division 


portant recent advance in our understanding of 
ntation in flyseh basins is the discovery that the 
u structures of most graded sandstones and lime- 
follow a fixed sequence. Proceeding upwards 
ded bed, the model-sequence described by Bouma! 
of five structures: (A) graded division; (B) 
wer division of horizontal lamination; (C) division of 
current ripple lamination, often deformed into convolute 

ł 


and limestones in many flysch basins in North 
a and Europe. 

sr? correlates these internal structures with bed 
ations observed in flume experiments using 
‘sand (Simons and Richardson’; Table 1). The 
of internal structures in graded beds reflects 
igurations that progressively develop as a current 
onfiguration of the dune bed that characterizes 
pper part of the lower flow régime in flume studies 
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Fig. 1, Sequence of internal structures in graded sandstones and lime- 
stones, Sequence after Bouma (ref. 1) eft} and modification to inchide 
dune structure (right) 


has not previously been reported for either graded sand- 
stones or limestones. The dune structure does oceur, 
however, for example in about 20 per cent of the graded 
limestones in a limestone flysch in the Upper Ordovician 
Whitehouse Formation in the Girvan District, south. 
west Ayrshire, Scotland. This limestone flysch section- 
although faulted is at least 165 ft. thick, and consists of- 
65 per cent graded, sandy limestone beds, 8 per cent 
graded sandstones, 24 per cent silty micaceous green 
shale interbeds, and 3 per cent imtraformational flate 
pebble conglomerates (Table 2). The cross-bedded dunes _ 
in the limestones have wave-lengths of 15-20 ft. and 
amplitudes of 5-8 in. A CDE sequence of current ripples, ` 
horizontal lamination, and pelite overlies the dunes in > 
each bed. The current ripples are occasionally deformed ~~ 
into convolute lamination whereas the dunes do not show 
deformed laminae. The CDE sequence is commonly 
slightly thicker than the basal dune structure. 

The large wave forms in the Whitehouse graded lime- 
stones are dunes but not antidunes. In flume experiments?, 


Table 1, CORRELATION BETWEEN BED CONFIGURATIONS OBSERVED IN 
FLUMES AND INTERNAL STRUCTURES IN GRADED LIMESTONE AND BAND- 
o ~ STONE BEDS (AFTER WALKER) (REF. 2) 


Bed configurations 
(Simons and Richardson (ref. 3)) 


Lower flow régime 

(1) Plane bed without movement Æ. Pelite division. Mud settles out from 
current — : 

D., Upper division cf horizontal lamina- 
tion, Mud and silt settle out through 
laminar boundary laver 

C. Division of current ripple lamination 

Dunes 


Internal structures 


(2) Ripples 

(3) Dunes with ripples superim- 
posed, and 

(4) Dunes 

Transition (bed roughness ranges from dunes to plane bed or standing waves) a 

Upper flow régime er 

(5) Plane bed with movement B. mi division cf horizontal lamina=« 
ion a 

A. Graded division. No specific bed con 
figuration preserved p 


(6) Standing waves, and 
(7) Antidunes 
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Graded limestones (65 per p 


ness Dune- ABCDE BCDE CDE DË AB C Total 
ün) CDE 
0-05 — —- — — 1 — 3 4 
O5-1  — ~ — 6 3 a 9 
1-200 == — _ 12 4 ~ ~ 16 
2-4 1 4 2 8 — — _ 15 
4-8 5 4 1 2 — 2 — 4 
B16 8 7 3 = — ce 18 
16-32. 7 7 2 — = 1 -= 17 
(32-64 — 4 2 a — — —- 6 
B4128 — 1 — — — -— 1 
Total 21 27 10 28 6 3 3 100 
- antidunes are structureless to crudely cross-laminated, 





h the. cross-laminae inclined “upstream” at low 
angles. The dunes in the Whitehouse limestones 
st show distinct cross-lamination varying in 
1 5°-31°, averaging 17°. The cross-laminae are 
ined uniformly down-current to the south-east in 
© same direction as the flutes on the limestone soles. 
Furthermore, the dunes in the limestones always occur 
di y below the current ripple division known to form 
n the lower flow régime. 
he more complete sequences of internal structures 
tend to occur in the thicker graded limestones and sand- 
“stones of the Whitehouse Formation (Table 2). The 
<: dune-CDE, ABCDE, and BCDE sequences are common 
- in beds that exceed 1 ft. in thickness. The graded division 
> is commonly very thin, whereas the lower zone of hori- 
<.. zontal lamination is thicker and simultaneously graded and 
laminated. In 1-2 in. beds, C, CDE, and DE sequences 
predominate. Flute casts occur sparingly on a few thicker 
<- and coarser limestones and sandstones implying, for each 
- bed, that the same current both scoured the flutes and 
deposited the bed. 

I have occasionally seen dune structures in graded 
sandstones in the Schlieren and Waggital flysch sections 
of the External Prealps, Switzerland, and in the Lower 
. Westphalian beds of North Devon. However, the reason 
_ | for the common absence of a dune structure beneath the 

»-eurrent ripple division in graded beds is not definitely 
established. Walker? suggests that either the water- 
sediment mixture lacks sufficient vertical thickness for 
dunes to form, or deposition was too rapid to allow time 

-o for dunes to develop. Perhaps a better lead for further 

... investigation is that the dense, muddy current may 

~ inherently suppress development of dunes as suggested 
— by flume experiments? in which, as more mud is added to 
> sand, the dunes increase in wave-length and decrease 
= in height. 

< Fhe occurrence of a dune structure in the graded lime- 
stones of the Whitehouse Formation shows that such a 
tructure should be incorporated below the current ripple 
division of the ideal model of a graded bed. 


I thank Dr. E. K. Walton for directing my attention 

to the Girvan District. The University of Edinburgh 

provided. office and laboratory facilities during my 

< sabbatical leave (1964-65) from the University of Missouri. 

_ A grant from the University of Missouri Research Council 

paid for field expenses incurred. I also thank Dr. W. D. 

Keller for his help in preparing this communication. 
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Table 2. WHITEHOUSE LIMESTONE FLYSCH SECTION, WHITEHOUSS FORMATION 











Graded sandstones (3 per erty) shale formati 


ABCDE BCDE CDE BC E Total (24 per breccia 
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Glauconite in the Subathu Beds (Eocene) of — 
the Simla Hills of India ne 


Aupen? described the geology of the Pre-Tertiary and. 
Tertiary formatiors of the Simla Hills and mentioned in. 
passing the occurrence of glauconite in the Subathu beds.. 
No detailed study of the mineral has so far been ma 
A petrographical nvestigation of the Subathu rocks ot 
the type area (lat. 30° 58’ N., long. 77° E.) whieh is: 
still in progress, has revealed that there are several- 
glauconitic horizons in the Subathu Series. In the type 
area, the Subathus have thicknesses of about 2,500 ft. and 
are lithologically comprised of limestones, including: 
eoquinites, caleareous sandstones and shales which are. 
carbonaceous at fhe base. Glauconite has so far been. 
found to occur ir the limestones and calcareous. sand- 
stones. These are fine to medium grained rocks, greyish 
in colour and at >laces traversed by secondary veins of- 
calcite. Under the microscope they show variable amounts. 
of clastic constituents—quartz, feldspars, rock fragments- 
(limestones and quartzite) and accessories like glauconite, 
rutile, zircon, tourmaline, pyrite, chlorite, micas and tron 
oxides embedded in a calcareous matrix. Among the 
organic constituents, microfossils (tests of foraminifera) 
are quite abundant. : n 
From an investigation of thin sections, two modes of 
occurrence of glauconite in the limestones and calcareous 
sandstones have been recognized: oe 
(1) Fillings of chambers of foraminiferal tests. : 
chambers of the foraminiferal tests are filled with glau-- 
conite, although the number of chambers filled ve | 
from shell to shet. It is clearly a case of replaceme 
the original caleium carbonate of the chambers by — 
glauconite. In some cases the replaced substance (calcite) 
is seen recrystalazed, forming clusters within the shell 
(Fig. 1). It is inzeresting to note that glauconite occurs 
in the ehambers of the broken tests only. On the other 
hand, the chambers of the intact tests are either colourless | 
or are filled witk a brownish isotropic substance: which 
contains inclusions of calcite and quartz. It differ m 
the glauconite seen in the same slide both in colo 
in its behaviour ander erossed nicols. 




















































(2) 
ann 
irregular outline and varies in size ae : 
A few grains are oblong te rounded and correspond in. 





shape and size tc the chambers of the foraminiferal tes 5 
evidently they have come from the broken tests. Isolated 


grains of glauconite can also be seen in the fragments of 


limestone embedded in the matrix, indicating ‘that 
glauconitization has taken place after deposition. In- 


clusions of calcite in the glauconite and pseudomorphs of 
glauconite after the rhombohedra of calcite are occasion- 








Fig. 1. Photomicrograph of calcareous sandstone showing chambers of a 

broken foraminiferal test filled with glauconite. The replaced carbonate 

has recrystallized as calcite (0), viy clusters within the test. Ordinary 
ght. (xe. 50) 





Fig. 2. Photomicrograph showing rings of glauconite round calcite (0) 
in the matrix of calcareous sandstone. Crossed nicols, (xe. 50) 


ally seen. Continuous peripheral rings of glauconite 
around calcite are also observed (Fig. 2). 

Glauconite forms less than 5 per cent by volume of the 
rocks as a whole. It has, therefore, not contributed sig- 
nificantly to the colour of the rocks. 

As the mineral is soluble in hydrochloric acid, its 
separation from the matrix by treatment of the rock with 
hydrochloric acid was not undertaken. Optical investi- 
gations were made only in thin sections. Under the 
microscope the mineral has a yellow-green to light-green 
colour and is weakly pleochroic. A few grains show a 
tendency to limonitization. Cleavage is distinct in several 
grains. At times it is widely separated and in a few cases 
it is bent due to deformation. Extinction is nearly straight, 
but wavy extinction and aggregate polarization are fre- 
quently seen. Birefringence is low; grains are nearly 
isotropic. This may indicate a low content of iron in the 
mineral’. Detailed optical determinations are difficult 
due to the small size of the grains. 

The following modes of origin have been ascribed to 
glauconite in sediments‘: 

Autochthonous glauconite: (A) of direct origin formed 
during sedimentation from colloidal matter, clays or 
alteration of biotite; (B) of replacement origin, involving 
matrix, microfossils, ete. 

Allochthonous glauconite: of detrital origin. 

The Subathu glauconite obviously originated by autoch- 
thonous replacement. A part of the glauconite of the 
matrix forming oblong to rounded grains may be regarded 
as allochthonous in the sense that it represents re-worked 
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fillings of foraminifera. Evidence for replacement is found 
in the oceurrence of inclusions of ealeite in the glauconite 
grains, rings of glauconite around calcite and pseudo- 
morphs of glauconite after calcite. Replacement has 
affected not only the foraminiferal chambers but also the 
matrix. In the case of the chambers, however, there is 
evidence that, in the first place, the original calcium 
carbonate was replaced by a brownish clayey material 
which subsequently altered into glauconite. The clayey 
material might be similar to the protoglauconite of 
Teodorovich (in ref. 5). Rhombohedra of calcite replaced 
by glauconite show that glauconite is younger than the 
diagenetic phase of early carbonate crystallization. 
Absence of glauconite from the veins of calcite indicates 
that the mineral was formed earlier than the veins. 

Glauconite is an unusual mineral in sedimentary rocks 
and has gained much geological importance in recent 
years. The consensus of opinion is that a marine milieu 
is necessary for its formation in sedimentary rocks. This 
is borne out in the present case by the presence of glau- 
conite in the Subathu beds of undoubted marine origin. 
Its occurrence in the calcareous sandstones and limestones 
and its association with foraminifera and pyrite lend 
support to the view that a slow rate of sedimentation and 
weakly oxidizing environmental conditions favour the 
formation of glauconite. It will be possible to throw light 
on the role of other factors like temperature, depth, 
salinity, ete., in its formation after the investigation of 
the Subathus is complete. 

I thank Prof. I. C. Pande, of the Department of Geology, 
Panjab University, and Mr. Kedar Narain, State Geologist, 
Panjab, for a critical study of the manuscript. I also 
thank Mr, V. K. Gairola for assisting in the preparation 
of photomicrographs. 
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Composition of the Earth 


RECENTLY, Birch! reported data on the density and 
composition of the mantle and core. He wrote: “The 
resulting densities in the lower mantle are found to be in 
good agreement with shock-wave measurements on rocks 
having FeO contents in the range 10+ 2% by weight... 
except for iron oxide, the chemical composition of the 
mantle is indeterminate. The density of the outer core is 
lower than that of iron by about 10%”. 

Of the two major groups of chondritic meteorites, the 
olivine-bronzite and olivine-hypersthene chondrites, the 
average composition of the bronzite chondrites? is close 
to Birch’s initial requirement. Table 1 shows an FeO 
content of 9-7 per cent, equivalent to 12-6 per cent FeO 
in the silicate fraction (76-04 per cent of the meteorite 
matter). The average composition of the hypersthene 
chondrites is 14-70 per cent FeO, equivalent to 17-0 per 
cent FeO in the silicate fraction, which is much beyond 
Birch’s requirement of 10+2 per cent FeO. It therefore 
seems reasonable to use the average composition of the 
bronzite chondrites to derive a composition for the mantle 
(plus crust), the core, and for the Earth as a whole. 

Birch provided two solutions for the density distribution 
within the Earth, which for the present purpose differ 
only slightly. Using his solution II, we have a mantle 
plus crust making up 67-6 per cent and a core 32-4 per 
cent of the mass of the Earth. The calculation of the 
composition (Table 2) is based on the following assump- 
tions: (1) the composition of mantle plus crust is the same 
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Table i. AVERAGE COMPOSITION IN WEIGHT PERCENTAGES OF OLIVINE- 
BRONZITE CHONDRITES (REF, 2 
A B 
Sid, 38 57 0 33-24 
MgO 23-69 Fe 27 79 
FeO 9°67 Si 17:10 
Al,O; 2 30 Mg 14°29 
CaO 1:77 1:93 
Na,O0 0-86 Ni 1 64 
CrO, $ 42, > Ca 1 27 
0 33 Al 1 22 
P.0; 0-26 Na 0-64 
š 0-10 Cr 0 29 
TO 910 Mn 0 25 
Fe 186 80 P 01i 
Ni 1-64 Co 0 09 
Co 009 K 0-08 
FeS 5 30 Ti 0 06 
100 06 100 06 


A, Expressed as oxides, nickel-iron, and FeS; B, expressed as elements 


as the oxidic material (silicates plus small amounts of 
phosphates and oxides) of the bronzite chondrites; (2) 
the 5-3 per cent of troilite in the bronzite chondrites is 
incorporated in the core, the remainder of which (27-1 
per cent) is nickel-iron of the same composition as in the 
bronzite chondrites. 


Table 2. CALCULATION OF THE BULK COMPOSITION OF THE EARTH 

Metal Troilite Silicate Total 

Fe 24 58 3 37 8 68 34 83 
Ni 2-39 2°39 
Co 0-13 018 
S 1-93 193 
O 20 53 29 53 
Si 15-20 15-20 
12 76 12 76 

Ca L138 118 
Al 1-09 1-09 
Na 0°57 0 57 
Cr 0-28 0-26 
Mn 0-22 0 22 
P 0-10 010 
K 0 07 0 07 
Ti 0°05 0 05 
27°10 5 80 67-60 100 00 


Mass of core equals 32 4 per cent mass of Earth, mass of mantle plus crust 
equals 67-6 per cont mass of Earth (ref. 1); core assumed to consist of mekel- 
iron of composition of average chondrite plus 5:3 per cent troilite, mantle and 
crust assumed to have composition of silicate material of average chondrite. 


These assumptions are certainly oversimplifications. 
For example, all nickel is assumed to be in the core, 
whereas terrestrial olivine always contains nickel. (That 
from peridotite inclusions in basalt usually has 0+2—0-3 
per cent nickel.) Some nickel is certainly combined in 
mantle silicates. Again, the assumption that all the iron 
sulphide is incorporated in the core is clearly at best an 
approximation, because some sulphide is certainly present 
in the mantle and crust. However, the incorporation of 
iron sulphide into the core rather neatly meets Birch’s 
second requirement, that the density of the outer core is 
less than that of iron by about 10 per cent. If 27-1 per cent 
of nickel-iron, density 7-90, is mixed with 5-3 per cent 
troilite, density 4:80, the resulting mixture will have a 
density at zero pressure of 7-15, thereby meeting this 
requirement quite closely. This obviates the necessity of 
supposing silicon to be in the core, as has been suggested. 
by Ringwood? and MacDonald and Knopoff‘. A nickel- 
iron core with free ‘silicon is also incompatible with a 
mantle containing appreciable amounts of FeO, if mantle 
and core are in chemical equilibrium. 

A. comparison of the elemental composition of the mantle 
plus crust with that of the crust reveals some interesting 
fractionations. The mass of the crust (the solid material 
above the Mohorovičić discontinuity) is 0-024 x 10? g, 
that of the mantle 4-016 x 1027 g, so the mass of the crust 
is only 0-6 per cent that of the mantle. Table 3 shows 
that the major elements oxygen and silicon and the minor 
elements manganese and phosphorus show no marked 
fractionation between mantle and crust. In the crust 
magnesium is much diminished, relative to the mantle; 
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chromium is alsc strongly diminished, as the average 
in the crust is abowt 0-02 per cent; iron, on the other hand, 
is only slightly lees concentrated in the crust than in the 
mantle. Aluminicm and potassium are strongly enriched 
in the crust, sodium and calcium to a lesser extent—in 
terms of phase composition the differentiation of crust 
from mantle has lergely been the accumulation of feldspar 
in the crust. One notable feature, if the figures in Table 3 
are reliable, is the remarkable enrichment of titanium 
in the crust, almost as great as that shown by potassium. 
There is no apparent geochemical reason for this enrich- 
ment; in fact, titanium might be expected to remain in 
the mantle as FeTiO, or in substitution in the pyroxene 
structure. 


Table 3. ELEMENTAL COMPOSITION, IN WEIGHT PER CENT, OF (4) CORE, 
(B) MANTLE PLUS ORUCT, (C) Crust (A AND B FROM TABLE 2, Č FROM 


REF. 6) 
A B C 

0 43°7 45 4 
Si 22°5 25-8 
Mg 188 31 
Fe 86-3 988 6-5 
Ca 1-67 66 
Al 1°60 8-1 
Na 0°84 2-2 
Cr 0-38 

Mn 0 33 0-2 
P 0-14 oi 
K 0-11 16 
Ti 0 08 1:0 
Nı 728 

Co 0°40 

S$ 5 96 


Green and Ringwood’! recently discussed the composition 
of the mantle, and decided that it could probably best be 
represented by a tunite-basalt mixture, arguing that the 
partial melting cf such a mixture would provide the 
basaltic magma so copiously injected into and through 
the Earth’s crust, and leaving an upper mantle of dunitic 
composition. They decided the probable proportions 
of basalt and durite were 1:3, and on this basis arrived 
at the composition of the mantle given in Table 4, where 
it is compared with the present estimate from chondritic 
composition. 


Table 4. ESTIMATED Eh OF (A) MANTLE ie CRUST (THIS PAPER} 
AND 


B) MANTLE (REF, 6 
A B 

S0: 48 08 43-06 
O 31 16 39°32 
F20 12°71 6-66 
¥F3,03 1°66 
A10; 3 3 99 
Cad 2°32 2-65 
a0 113 0 61 
c.0, 0 55 0 42 
MnO 0 43 0-13 
F.0; 0-34 0 08 
Ee) 0-13 0-22 
TO, 0-13 0-58 
MO 039 
C20 0 02 
E0 + 0-21 
100-00 100 00 


When we conser that these two estimates-have been 
made from completely different basic data, the general 
correspondence is quite remarkable. There are, however, 
numerous differeaces in detail. The calculated mineral 
composition is similar, with abo it 80 per cent olivine 
plus pyroxene and 13 per cent plegioclase, but the propor- 
tions of olivine and pyroxene différ in the two compositions, 
olivine greatly exceeding pyroxene i in the Green—Ringwood 
composition as & result of ther choosing dunite as a 
principal componsnt. In their Gomposition the total iron 
oxides correspond to 8+] per cent FeO, just within the 
lower limit postulated by Birch, whereas the 12-71 per 
cent FeO in the present estimate slightly exceeds Birch’s 
upper limit for £20. He Green—Ringwood composition 
takes account of the Mickel which is certainly present in 
the mantle, and alsó allows for a small amount of water, 
which is reasonable. With their figure for titania, the 
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titanium enrichment in the crust commented on previously 
becomes much less marked, although still significant. 
(It is possible that Poldervaart’s estimate’ of titanium 
in the Earth’s crust is excessive.) The two estimates in 
Table 4 for the composition of the mantle show a marked 
degree of convergence, and suggest that the information 
now available does suffice to reach a fair approximation 
of the chemical composition of the inaccessible parts of 
our planet below the crust. 


Brian Mason 


Division of Meteorites, 

U.S. National Museum, 

Washington, D.C. 
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Independent Fission-fields of Caesium-134 


THE radionuclide caesium-134 has a half-life of 2-1 years 
and is reported to exist in the Harth’s atmosphere and 
biosphere including man?. The caesium-134 activities 
measured in air, foods and man are in the range of 0-1- 
2 per cent of the caesium-134 activity?*. 

The process responsible for the formation of caesium-134 
has been a subject for speculation, but no definite explana- 
tion seems to have been offered. One obvious suggestion 
is the creation of caesium-134 in fission nuclear bombs, 
but no yield has been reported for the production of 
caesium-134 in the fission of uranium or plutonium. Other 
processes in connexion with nuclear bomb devices are 
neutron capture in inert caesium-133, and neutron-induced. 
reactions such as (n,p), (n,a) and multiple neutron capture 
in fission products or elements in the environment. 

In the present investigation an attempt has been made 
to ascertain the magnitude of the possible direct fission- 
yield of caesium-134 by thermal neutron fission of uranium- 
235. In a reactor, caesium-134 is also produced by neutron 
activation of the stable fission-product caesium-133. 
In order to interpret the formation of caesium-134 in the 
light of these two reaction mechanisms, enriched uranium 
samples were irradiated for different periods of time. Thus 
with a short period of irradiation the caesrum-134 activity 
should originate mainly from the fission process. Con- 
versely, the caesium-134 activity should be ascribed 
mainly to the (n,y) activation process of caesium-133 when 
long exposure to irradiation is used. 

The accurate determination of low activities of caesium- 
134 together with strong activities of caesium-137 has 
previously been connected with certain difficulties, owing 
to an msufficient resolution of the photo-peaks of these 
two nuclides with a sodium-iodine crystal. However, 
recently developed germanium semiconductor detectors 
revealing a high degree of resolution allow accurate analysis 
of this kmd N, 

Enriched 5-1 g samples of uranium (90 per cent 
uranium-235) were irvadiated in the #2 reactor, Studsvik, 
with a thermal neutrin flux of ~2 x 1018 njem? sec (fast 
flax: ~4x 10! n/om?‘sec) for periods of 2-5 h, 1 day, 
3 days, 8-8 days and 2801 days. 

The samples were dissolved in nitric acid (1:1) con- 
taining a few drops of hydrofluoric acid. Caesium carrier 
was added as well as a fow mg of citric acid. The solution 
was evaporated to dryness and the residue dissolved in 
diluted hydrochloric acid. The solution was neutralized, 
and the bulk of the fission products were then separated 
from the caesium-134 and caesiNm-137 activities through 
sorption on an anion exchangexy in the form of the 
hydroxide® and also by precipitation of barium sulphate. 

The semiconductor detector was a lithium-drifted 
germanium diode with 2 mm depleted depth and 2-8 cm? 
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Fig. 1. Gamma-ray spectrum of caesium-134 and caesium-137 separated 


from the bulk of fission products, obtained by germanium semiconductor 
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area. The gamma-ray spectrum of the separated caesium 
sample (irradiated for 28-1 days) obtained by this detector, 
which was connected to a 512-channel pulse height ana- 
lyser (Nuclear Data), is shown in Fig. 1. Small remaining 
activities, probably due to zirconium-95-—niobium-95, . 
are observed between the caesium-137 : 0-667 MeV peak 
and the caesium-134 : 0-797 + 0-802 MeV peak. 

Table 1 gives the measured caesium-134/caesium-137 
disintegration rate ratio for the five samples investigated. 
Corrections have been made for differences in gamma- 
yields as well for the efficiencies of the full energy peaks 
corresponding to caesrum-137 : 0-667 MeV and caesium- 
134 : 0:797+4 0-802 MeV. In the table are also given the 
caesium-134/caesium-137 ratios based on activation of 
casium-133, data from the compilation of Blomeke and 
Todd’ being used ın this connexion. 


Table 1 
; Caesium-184/caesium-137 Caesium-134/caesium-137 
Irradiation time disintegration rate disintegration rate 
ratio measured ratio calculated 
25h <4 x 10-4 <10-* = 
t d <4 x 104 <10> 
3 d <5 x 10-4 (8 + 2) xio“ 
88d Sean pier ee (7 + 2) x 10-4 
281d (35 + 9) x 1079 {50 + 10) x 10-4 


* Error is given as three times standard deviation. 


In three samples irradiated for periods of 2-5 h, 1 day 
and 3 days respectively, caesium-134 could not be observed. 
Assuming the full energy peak of 0-797+4 0-802 MeV 
from this nuclide to be less than three times the standard 
deviation in the background in the peak region, an upper 
limit of 8x 10-5 per cent is obtained for the thermal- 
fission yield of caesium-134. 

For the samples irradiated for 8-8 and 28-1 days, 
respectively, the measured and calculated caesium-134/ 
caesium-137 ratios were in reasonable agreement, as was 
expected. 

The conclusion is that the direct formation of caesium- 
134 in fission is a process that may be ruled out as a 
possible explanation of the occurrence of caesium-134 
in fallout. The caesium-134/caesium-137 disintegration 
rate ratio of 1-6 per cent measured in reindeer in the north 
of Sweden during March 19611 means that the yield of 
caesium-134 should have an order of magnitude of 107 
percent. This is a factor of more than one hundred times 
the upper limit determined in the present experiment. 

This result is consistent with that reported by Baerg, 
Bartholomew and Betts’, who found an upper limit 
of 1:4x10-> per cent for the mdependent yield of 
caesium-134m in fission. The hypothesis of equal charge 
displacement indicates, moreover, that the yield of 
caesium-134 should be of the order of magnitude of 
5 x 10-* per cent*. This value is also consistent with the 
result obtained in the present experiment. 

Other processes that might produce the caesium-134 
found in fallout are now being investigated. 


AUGUST 6, 1966 


We thank Miss Lena Lindevall for skilful technical 
assistance. 
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THE SOLID STATE 


Zinc Mica from Franklin Furnace, New 
Jersey 


Puary crystals of a dark mica occur in hancockite-bearmg 
rocks from Franklin Furnace, New Jersey, and electron- 
probe analysis shows that the mica has high zine (19-8 per 
cent) and manganese {12:5 per cent) oxide contents, 
corresponding to about 40 and 30 per cent respectively of 
the zine and manganese end-members. So far as we are 
aware, no description of such a mineral has previously 
been published. This communication reports analytical, 
optical and X-ray data for two samples of the mica, one 
from the collection of the Department of Mineralogy and 
Petrology, Cambridge, the other from a hancockite— 
axinite rock presented by Prof. C. Frondel. 


Table 1. ANALYTICAL DATA FOR TWO SAMPLES OF ZINO MICA 


1 2 3 

S10. 319 = Sı 54d Lo. 
[any 2 35 b8 06 

Fe,0, | “49 50 Fe 0 63 | 

TÔ, 0 35 0 53 Ti 004 | 5.99 

MnO 12:5 149 Mn 1 80 | 

ZnO 19 8 169 Zn 2 47 | 

MgO 27 me Meg 0 69 

LLO 004 0-04 Li 0 03 } 

Na.0 0-1 aa Na 0 08 

K,0 86 = K 1:87 $1-95 

CaO 0 02 a Ca 000 

BaO 03 = Ba 0 02 

H,0+, F 3 95 = (OH,F) 41 

20- 0 95 ss 
Total 98 6 


1, Harvard mica, analysed by B. W. Evans; 2, Cambridge mica, analysed. 
by R. G. J. Strens; 3, analysis of Harvard mica recast on basis of 24(0,0H,F). 
Total iron has been expressed as Fe,0;, total manganese as MnO. 

The Cambridge sample (195037) contains large amounts 
of a yellow spandite garnet, with mica, franklinite, 
hancockite and axinite in moderate amounts, and some 
later chlorite. The Harvard sample was too small to 
section, but minerals identified in grain mounts and under 
the probe included major manganoan axinite and mica, 
with minor franklinite and hancockite. 


Table 2. OPTICAL PROPERTIES OF ZINC Mica (HARVARD) 


a 1598 {y-a) 0-062 
B 1 658 aiz —6° 
y 1/660 2Va 8° 


Pleochroism a et yellow 
B=y light chestnut brown 
Absorption (D) y=B>a 
Dispersion r<, slight 
With the exception. of lithium, which was determined by 
R. Allen using optical emission spectrography, and 
(H,O++F), determined by heating a 75-mg sample of 
Harvard mica in air, all the constituents were determined 
on the electron probe, a systematic search being made 
for all elements with atomic numbers from 11 to 92. 
The following standards were used: biotite with average 


Table 3. Unit CELL DIACRNSIONS OF Zrno Mioa (HARVARD) 
a &B44 B 99 9° 
b 9-312 Y 5055 A? 
c 10329 Deate 3 30 g/om? 


Polytype 1M 
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atomic number comparable with that of the zinc mica 
(magnesium, alunanium, silicon, tron), spessartine (man- 
ganese), sphalerize (zinc) and benitoite (titanium). 
Absorption, fluorescence and atomic number corrections 
were applied using procedures current in these laboratories. 
All iron has been stated as FeO., in view of the presence 
of MnO, in hanccckite associated with the mica. A small 
fragment of the mica gave no red coloration when dis- 
solved in a mixture of hydrofluoric and sulphuric acids, 
indicating that litəle if any Mn,O, was present, and man- 
ganese has therefcre been stated as MnO. The analysis in 
terms of oxides, and recast to 24(0,0OH,F), is given in 
Table 1. The formula of a trioctahedral mica is readily 
apparent, though Doth alkalis and octahedral ions show a 
slight deficiency. Both samples have similar (MnO + ZnO) 
contents, but varr significantly in manganese : zinc ratio. 

Single crystal protographs show the mica to be the 1 M 
polytype, in whica respect it resembles manganophyllite 
rather than biotif. Powder photographs and diffracto- 
meter traces of the Harvard and Cambridge samples are 
identical, and the spacings and intensities are similar to 
those of manganodhyllite. 

The optical proderties of the two samples are identical, 
presumably reflecsing the similar (MnO + ZnO) contents, 
and indicating tLat manganese and zinc have similar 
effects on both optical properties (Table 2) and unit cell 
dimensions (Table 3). 

B. W. Evans 
Department of Geology and Geophysics, 
University of Caliornia, Berkeley. 

R. G. J. STRENS 


Department of Mmeralogy and Petrology, 
Downing Place, Cambridge. 


Apparatus for Continuous Dielectric-medium 
Separation of Mineral Grains 


THE usual methais for concentration of minerals from 
rocks by means >f magnetic separation, heavy liquids, 
etc., do not alwars give satisfactory results. In some of 
these cases it is snown that a good separation can be 
obtained using d&ferences in the dielectric properties of 
muinerals!}*, Briefy, the separation is based on the prin- 
ciple that, in a ron-homogeneous electric field, particles 
with a higher diel-ctric constant than that of the medium 
in which they are immersed tend to migrate from a zone 
of low field strength into a zone of high field strength. 
Likewise, particles of lower dielectric constant than the 
medium are repelEd into a zone of low field strength. 

An apparatus has been developed at this laboratory 
for the continuoas separation of mineral grains with 
different dielectric constants by applying a homogeneous 
electric field. In -his case, the separation is based on the 
fact that a substance with a higher dielectrie constant 
tends to replace s substance with a lower dielectric con- 
stant between the plates of a capacitor held at constant 
potential. Essertially, the apparatus consists of two 
parallel flat electrodes at a distance of 3 mm, the lower 
electrode consistmg in part of a 0-75 mm sieve (see 
Fig. 1). Both electrodes are immersed in a liquid inter- 
mediate in dielectric constant between the minerals to be 
separated. The dectrodes are connected to a 50 c/s a.c. 
source which can be varied continuously from 0 to 2,000 
V. The source ccnsists of a transformer with a variable 
transformer in ths primary circuit. A 100 m.amp fuse is 
placed in the primary circuit and a resistance of 1 MQ 
in the secondary -circuit. The mixture of minerals is 
introduced between the electrodes by means of a vibrating 
feeder, and the dectrodes are vibrated by a second vi- 
brator. The intensity of vibration of both vibrators is 
variable. 

If a liquid wita an appropriate dielectric constant is 
chosen, minerals with a dielectric constant higher than the 
liquid form ‘“‘strirgs” between the electrodes, while those 
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Fig. 1. Diagram of the separator. (1) Varlable vibrator (the vibrator of the feeder is not shown), (2) vibrator-base (rigid polyvinyl chloride), 

(3) separator-body (‘Perspex’), (4) separator-funnel (‘Perspex’), (5) upper electrode (copper), (6) sieve-electrode (0-75 mm copper sieve partially 

soldered up), (7) clamping plate (‘Perspex’), (8) chute (‘Mylar’), (9) na a (10) insulating-fo1l (‘Mylar’), (11) bushing (‘Teflon’), (12) ring 
‘Teflon’ 


with a lower dielectric constant fall through the sieve- 
electrode. Short-circuiting caused by conductive minerals 
is prevented by placing an insulating sheet of “Mylar’ 
underneath the upper electrode. The electrodes are given 
a forward slope so that the strings move towards the lower 
end of the electrodes, where they escape the electric field 
and consequently break down to loose particles. 

The minerals falling through the sieve-electrode and 
those escaping the electric field at the lower end of the 
electrodes are collected in two small glass beakers placed 
in the liquid. 

The apparatus was successfully applied to two mixtures 
of minerals difficult to separate by other methods: (1) 
nigerite, cassiterite and columbite-tantalite (from cas- 
siterite-bearing albite pegmatites of Northern Portugal, 
supplied by Dr. C. Maijer).? and (2) biotite and astro- 
phyllite (from riebeckite-gneisses in north-western Spain, 
kindly provided by P. Floor, Univ. Leyden), both con- 
taining minor amounts of other minerals. The former 
mixture contained roughly 65 per cent nigerite, 14 per 
cent cassiterite and 20 per cent columbite-tantalite with 
small amounts of tourmaline, zircon, chrysoberyl and 
gahnite. This mixture of minerals proved ideal for the 
development of the apparatus, because of their widely 
differing dielectric constants and the visual contrast 
between the red nigerite and the dark cassiterite and 
columbite-tantalite (the dielectric constant of nigerite 
seems to differ little from that of chloroform, as it is neither 
attracted nor repelled at 25° C and 50 c/s in a non-homo- 
geneous electric field between two needle-shaped elec- 
trodes in this liquid. The, dielectric constant of chloro- 
form at 25° C and zero c/s is 4:7 according to Landolt- 
Bérnstein. The dielectric constant of cassiterite at 10! 
c/s is about 24 according to Landolt-Bérnstein. According 
to Milner the dielectric constant of cassiterite is 50-0. 
Cassiterite is attracted in a non-homogeneous electric 
field at 25° C and 50 c/s in nitro-benzene with a dielectric 
constant of 34-67 at 25° C and zero cfs according to Landolt- 
Bornstein). Di-n-butyl-phthalate was chosen empirically 
as the dielectric medium (the dielectric constant of di-n- 
butyl-phthalate at 25°C and 107 c/s is 6-1 according to 
Landolt-Bornstein). 

Nigerite, having a lower dielectric constant than the 
di-n-butyl-phthalate, fell through the sieve electrode; 
cassiterite, columbite-tantalite and intergrowths of nige- 


rite with cassiterite and columbite-tantalite formed 
the strings. In this case two sieve fractions (+ 88-125 
and +125-250u) yielded an almost pure nigerite con- 
centrate after successive separations at 1,000 and 2,000 V. 
The first separation with the lower voltage gave a less 
pure concentrate but was required in order to prevent 
clogging of the space between the electrodes. 

For the separation of a mixture of roughly 50 per 
cent biotite and 50 per cent astrophyllite with minor 
amounts of riebeckite, a mixture of butyl aleohol and 
kerosene was used in proportions of approximately 
2:3, in order to create a suitable dielectric medium 
(the dielectric constant of butyl alcohol at 25°C and 
zero cjs is 17-7 according to Landolt-Bornstein. That of 
kerosene is 2:0 according to Milner). In this case, the 
astrophyllite and the riebeckite fell through the sieve- 
electrode, biotite forming the strings. Separation of this 
mixture of minerals proved to be less easy than that of the 
mixture of nigerite, cassiterite and columbite-tantalite, 
due to the apparent closeness of the dielectric constant 
of the minerals and to a gradual decrease of the dielectric 
constant of the liquid caused by evaporation of butyl 
alcohol. The index of refraction (1-4200 at 23° C) was 
used to control the composition. After repeated separa- 
tions an almost pure biotite fraction was obtained. The 
astrophyllite fraction contained approximately 95 per 
cent astrophyllite. ; 

We thank the staff and technicians of the Laboratory 
for Isotope Geology, in particular Dr. H. N. A. Priem 
for critically reading the manuscript, and Dr. E. H. 
Hebeda, Dr. N. A. I. M. Boelrijk and Mr. E. A. T. Verdur- 
men for helpful suggestions. This work forms part of 
the research programme of the “Stichting voor Isotopen- 
Geologisch Onderzoek”, supported by the Netherlands 
Organization for the Advancement of Pure Research 


(Z.W.Q.). R. H. VERSCHURE 
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Paramagnetic Resonance Centres in Amethyst 


and Citrine Quartz 


RECENT investigations? have shown that the colour 
and paramagnetic resonance (PMR) centres of violet 
amethyst quartz are related to one another in a rather 
complex way. This communication reports paramagnetic 
resonance lnes in both amethyst and citrine (which 
is related to amethyst by heat treatment) not analysed 
previously, and the behaviour of these lines with heat 
treatment. 

In all samples of natural citrine, a broad isotropic PMR 
line, about 100g ın width, is observed (Fig. 1); its intensity 
is proportional to the depth of the yellow-brown colour. 
Both this line and the colour reach maximum intensity 
for annealing temperatures in the range 600°-700° C, 
and anneal out together at about 1,000° C. When natural 
amethyst is annealed at about 540° C, the violet areas 
turn yellow-brown; the appearance resembles that of 
citrine; and the broad isotropic PMR line appears. The 
colour of citrine has previously? been postulated as due 
to a yellow ferric compound (colloidal hydrous oxide); 
we suggest that the PMR line is due to Fe** ın amorphous 
surroundings‘. 





10 12 14 16 
kgauss 


Fig. 1. 8mm wave-length PMR spectra of: (a) Citrine, with Bx a-axis. 

The lines labelled e belong to the Fe™ sites investigated by Hutton!'; 

dashes denote sites with z-axes along the remaining a-axes The energy 

leveis have been numbered in order of increasing righ (6) Amethyst; 
Bn x-axis of a site with S=3/2 


We have also observed that most samples of amethyst 
have three additional weakly populated sites for the 
Fe®+ centres previously analysed’. These sites have 
magnetic axes related to those of the strongly populated 
sites by a rotation of 60° about the c-axis. On heat- 
treatment to temperatures greater than the «- to B-phase 
transition temperature, the line strengths for the two sets 
of sites become nearly equal, due presumably to diffusion 
either of Fe*t+ ions or the alkali precursors’. Typically, 
for one sample of amethyst, the ratio of the line intensities 
of the strong sites and the weak sites fell from 400 before 
annealing, to 100 after annealing at 500° C for 15 h, and 
to 1-3 after annealing at 700° C for 15 h. 

We have also found two further PMR centres in 
amethyst, for which the magnetic axes are not related in 
any simple way to the crystallographic axes (Fig. 2). 
‘The observed three lines associated with these centres can 
be fitted with a spin-Hamiltonian 


= gB B.S+ 1/3 DO + E 0} 


where the or are spin operators®, S=3/2, g=2-004, 
D=4-24 Ge/s, and (#/D) = 0-33 (doublet zero-field splitting, 
9-8 Gejs). The z-axis for a site is defined as the axis making 
{#/D) a maximum. It was thought at first that these 
PMR lines might have been the stronger lines from a 
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Fig. 2. Stereographice projection showing the relation of the magnetic 
axes of the Fe®+ centres (ref 1) (q, y, z) and the centres with S$=3/2 
(x3, 3tc.) to the crystallographic axes 


centre with S=5'2 (corresponding to Fe*t); however, 
a careful search cid not reveal the expected lines. No 
certain identificasion for this centre, which ıs not 
characteristic of al samples of amethyst, was possible. 

Further work is planned on the correlations between 
changes in the optical absorption bands and changes in 
the PMR spectra produced by heat treatment. 


D. R. HUTTON 
Department of Pirysics, 
University of Canrerbury, 
Christchurch, New Zealand. 
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Monash Universit~, 
Victoria, Australie. 
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Effect of F-equency on Texture-induced 
Ultrasonic Wave Birefringence in Metals 


AN ultrasonic shear (transverse) wave entering a stressed 
solid body splits irto two components travelling at slightly 
different velocities depending on the relevant elastic 
‘constants’ which. are slightly different along the two 
principal stress exes normal to the wave propagation 
direction. ‘Thus the velocity difference between the two 
orthogonally polarized shear waves propagated normal to, 
and polarized parallel and perpendicular to, a principal 
stress axis should be stress dependent because of this 
effect of ‘acoust)-elasticity’ or ‘sonoelasticity’. This 
shear wave birefrmgence has been used in recent years to 
detect internal stresses in polycrystalline metallic speci- 
mens?-?, but the interpretation of the results was difficult 
because the prefsrred grain orientation (texture) had 
identical effects to the internal stress. In the work 
described here, atsempts were made with some success to 
separate the effeczs of stress and grain orientation on the 
ultrasonic shear wave birefringence. 

Measurements Lave been made of the effect of ultrasonic 
wave frequency om the shear wave birefringence in a stain- 
less steel sample. The stainless steel {F V-535) bar selected 
for the purpose hes a relatively large amount of preferred 
orientation paralel to the major axis of the bar. The 
ultrasonic shear wave velocity differences (birefringence) 
are small, but can be measured accurately by electronic 
techniques. The shear waves were generated by lead 
zirconate titanate (PZT-5) crystals mounted in a pressure- 
coupled transducer? and propagated across the centre of 
the stainless steel bar held in a hydraulic press. 
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The changes in the difference of the transit times of the 
shear waves propagating normal to the axis, with polar- 
ization parallel to and perpendicular to the major axis, 
were measured by noting the shift m the zero crossing of a 
selected cycle of a selected echo, as the transducer was 
rotated from the first (parallel) to the second (perpendicu- 
lar) position. 

Measurements of the change in the time of transit of the 
shear waves in the frequency range 2-5 Mc/s were made m 
a stress-free condition and with an applied stress of 10,000 
lb.fin.2. The results of the measurement are shown in 
Fig. 1, where the differences in transit time are plotted as 
a function of frequency. It can be seen that, within the 
limits of measuring precision, there is a linear relationship 
between shear wave birefringence due to grain orientation 
and frequency, and stress has equal effect at each 
frequency. Thus the birefringence due to stress alone is 
independent of frequency. The latter result conforms 
with the observations of Rollins? on alummium at two 
frequencies, 2 and 5 Me/s. 
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Fig 1. Difference in time of transit plotted against frequency in stainless 
steel 125 in. thick Tê, 19 usec for “return trip’. @, Stress-free, 
A, stress of 10,000 Ib /in.? 


The total fractional velocity difference (Sf J could. 


be represented by the expression 
Ar) = Ee (5 y 
( V /T y J = Y 
where (sf ) is the birefringence due to orientation alone, 
% 


and (=), is the birefringence due to stress alone. As 


cahbration graphs could be plotted for the frequency 
dependence of (Sr) , as done in the present work, and 
0 


stress dependence of ( T7: already done by a number of 


workers, the above expression could be written as 
AV AV 

7). ), a (De 
(Fh = F- + aa 


where f, is the frequency at which the texture causes no 
birefringence, and the coefficient of (f—f,) is the constant 
slope of Pig. 1. 


(S— So) 
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Thus: . (ay) (AY) 
8 = [a> ay oa ag 


Effects similar to these were observed in samples of mild 
steel, aluminium and copper with different degrees of 
preferred orientation. A qualitative explanation of the 
results would be in terms of interaction of dislocations and 
ultrasonic vibrations. Future work will be done on 
samples having lesser degrees of texture and other types of 
steels and metals. 

I thank Dr. D. I. Crecraft for suggesting this work, and 
Rolls-Royce, Ltd., for financing the project on residual 
stress analysis of which this work formed a part. 
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Three-dimensional View of Phase Separation in 
Glass Ceramics 


NUCLEATION and controlled crystallization of glass are 
now receiving considerable attention because of their 
importance in the manufacture of glass ceramics!. These 
materials are prepared by melting a glass batch con- 
taining a suitable nucleating agent and formed into a 
solid glass article by any conventional glass-making 
technique. The glass is later heat-treated in such a way 
that devitrification proceeds in a controlled manner and 
the article 1s converted into a glass-ceramic which 1s 
extremely fine-grained and nearly void-free. 

As a result of extensive work? on this subject during 
the past decade, it is now believed that in many cases 
the first step in the formation of glass-ceramics 1s separa- 
tion’ of the melt into two metastable amorphous phases. 
Recently, Cahn and Charles® postulated that phase 
separation in glass can occur either by a nucleation and 
growth-mechanism or by spinodal decomposition. 

In the past, electron microscope transmission pictures, 
taken on very finely powdered samples or on ultra-thin 
(200-600 A) sections or replicas of freshly fractured sur- 
faces (often suitably etched), formed the main basis of 
discussion on phase separation and nucleus formation in 
heat-treated glasses. Owing to the small depth of focus 
of the transmission electron microscope, however, these 
photographs only showed the three-dimensional nature of 
phase separation to a very limited extent. Information 
regarding the geometry and the distribution of the 
separated particles is, of course, vital if the operative 
mechanism in phase separation is to be successfully 
explained. 

It has already been demonstrated® that even with very 
fine grained solids such as set Portland cement, the 
scanning electron microscope (Stereoscan) offers certain 
advantages in this respect. It was, therefore, thought 
worth while to undertake some exploratory investigations 
of the nucleation processes in glass-ceramics with this 
instrument. 

Two complex aluminosilicate glasses prepared from an 
industrial waste material were examined. Fig. la is a 
photomicrograph of the freshly fractured surface of the 
original glass. The surface appears to be uniformly homo- 
geneous at the magnification used. The white lines in 
the photograph are ridges caused by conchoidal fracture. 
In the preparation of the glass, small amounts of nucleating 
agents, titanium dioxide and chromic sesquioxide, were 
added to the melt. Figs. lb-e are photographs of the 
freshly fractured surface of the glass heat-treated at 
725° C (it 13 believed that this is the optimum nucleating 
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Fig. 1. Photomicrograph of a fractured surface of: a, the original glass; 
Ar 


b-e, glass heat-treated at: 725° C for 15 min (b); 725° C for 30 min (e); 
728 C for 1 h (d); 725° C for 2 h (e) 


temperature) for varying periods of time. As can be seen 
in Fig. 16, phas separation began after only 15 min 
heating, and even at this early stage the spherical particles 
generated show random distribution in size and position 
in the matrix, which suggests that nucleation and growth 
are operative mechanisms’. The progress of phase separa- 
tion with time is clearly illustrated in Figs. le-e. The 
number of the spherical partjcles increased rapidly, and 
after heating for 1-2 h larger spheres are produced by 
coalescence of smaller ones. Thus the assumption that 
each small sphere acts as a nucleation centre for the 
formation of one crystal may not be valid. Another 
interesting feature of the advanced stage of phase separa- 
tion appears to be the arrangement of small spheres into 
geometrical patterns which suggest some kind of dense 
packing before eventual fusion into larger spheres occurs. 

An illustration of this dense packing can be seen in 
Fig. 2, which is a photomicrograph of the fracture surface 
of the second glass heat-treated at 725° C for 16 h. In 
this case, no external nucleating agent was added, but it 
is conceivable that minor components of the industrial 
waste material ceuld have acted as such. The smallest 
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Fig. 2. Photomicrograph of a second glass heat-treated at 725° C for 
16 h showing densely packed soe particles resulting from phase 
separation 


sphere discernible in Figs. 1 and 2 has an apparent 
diameter of about 600 : Without knowledge of the 
thickness of the metallic coating layer (in this instance 
gold—palladium alloy*), which is deposited on the specimen 
to facilitate thermal conduction and to prevent the speci- 
men from becoming electrically charged, it is not possible 
to be more precise. 

These preliminary results indicate that the scanning 
electron microscope may well provide a direct method of 
studying the nucleation mechanisms which operate in the 
production of glass-ceramics. Furthermore, it may now 
be possible to estimate the density of nuclei at different 
stages of heat-treatment with greater accuracy than 
heretofore and thereby to furnish useful data related to 
nucleation kinetics. Research into these aspects of glass 
devitrification is in progress. 

The photographs were taken at the Research Laboratory 
of the Central Electricity Generating Board at Leather- 
head, Surrey, and we thank Dr. C. Baker for his co- 


operation and assistance. 
A. J. MAJUMDAR 


R. W. NURSE 
Building Research Station, 
Garston, Watford, Hertfordshire. 
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PHYSICS 


Liquid Drop Model and Asymmetric Nuclear 
Fission 
Ryce has recently directed attention?! to the resemblance 
between curves representing the division of electrically 
charged liquid drops and mass yield curves for nuclear 
fission. He points out that the set of curves obtained from 
liquid drop considerations are similar to the fission yield 
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Fig. 1. Fractional energy change, Ey, plotted against the fractional 
volume change, Vy, for the division of charged drop where Qœ R° 


curves (ref. 1, Fig. 1 left) obtained by Gibson? for fission 
of plutonium-239 induced by bombardment with deuterons 
of various energies. In the former, Ryce' has plotted the 
fractional energy change, Hs, versus the fractional volume 
change, Vy, for the division of a surface-charged drop. 
A Vy value of 0-5 corresponds to symmetric division. 
The parameter y is defined as: 


Q: 
16r RT 


? = 


where Q is the charge on the drop, R the radius and T is 
the surface tension. 
There is a superficial resemblance between the two 
sets of curves in a small range of values for y, and the 
relationship assumed seems to exist between the abscissae 
(drop volume and mass number) and the ordinates (excess 
energy and cross-section), although not necessarily linear 
in the entire energy range of the bombarding particle. 
We doubt whether the asymmetry of nuclear fission can 
be accounted for so simply by this model of surface- 
charged drop. Apart from the neglect of some vitally 
important variables which enter the mechanism of nuclear 
fission, we find that the similarity between the two sets of 
curves is misleading, as demonstrated in the following. 
In the article by Ryce and Wyman? calculations were 
made for the volume-charged drops as well as for surface- 
charged drops. The corresponding curves for the volume- 
charged drop, an assumption more akin to a nucleus, bear 
no resemblance to Fig. 1 in Ryce’s communication, in 
that they have no asymmetry whatsoever. It would be 
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incorrect to interpret this result giving much significance to 
the surface-charged drop model for nuclear fission, merely 
because of the similarity of the first two sets of curves 
in a very limited range. Calculations reveal that the form 
of the curves obtained does not depend in any way on 
how the charge density distribution is related to the radius. 
The only factor on which it does depend is how the total 
charge of a drop is related to the radius. The boundary 
conditions here considered are then QR for the surface- 
charged drop and Q œ R? for the volume-charged drop. 
For nuclei in thé whole range of mass numbers, Q a RP, 
where 2<9<3. This conclusion is reached from a plot of 
Z and R for different nuclei (Z is the charge number and E 
the radius of the nucleus). In order to demonstrate that 
the similarity obtained with Qo FR is not truly significant, 
we obtained the corresponding set of curves for Q œ R°? 
shown in Fig. 1. 

Our set of curves also corresponds to Ryce’s Fig. 1, 
in a limited range of values of y between 0°32 and 0-60. 
Because a number of important variables have been 
ignored in this consideration, the match with nuclear 
fission yield cannot be expected to be better. 

We believe that a liquid drop model with more sim- 
plifying assumptions and less stringent conditions than 
the Bohr and Wheeler* model is not likely to give results 
of much significance. Energy arising from deformation, 
activation energy, shell structure of nucleus, and nuclear 
binding energy should play a vital part in any calculation 
pertaining to nuclear fission. 

We thank Frank Thomas, director of laboratories, for 
his help in the computational work involved. 


S. P. Morris 
R. C. SHARMA 
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Sir George Williams University, 

Montreal. 
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Anomalous Reflectivity of Shock Waves 


EXPERIMENTAL and theoretical data on the reflexion of 
light from shock waves have given conflicting results. 
Hornig et al.1-3 have proposed that, because the shock 
front separates two regions of different density, Fresnel- 
type reflexions should occur. Further, they have demon- 
strated that such reflexions can be observed from shock 
fronts propagating in dry atmospheres in shock tubes. 
Mallory’ has observed a reflexion of a ruby laser beam 
from the vicinity of a shock front produced by an explosive 
detonation in air. He found the intensity of the reflected 
light was three or four orders of magnitude greater than 
that which could be explained on the basis of a Fresnel 
reflexion. It seemed that a different phenomenon was 
giving rise to such reflexions. 

There are obvious limitations to the amount of infor- 
mation which can be obtained from the type of experi- 
ment carried out on explosions in the atmosphere. (1) 
It is not possible to control the atmospheric environ- 
ment. (2) Because of limited accuracy, it is not possible 
to determine the exact location of the reflecting region. 
Therefore, it is possible that the reflexion could have 
originated before, at, or behind the front. (3) The resolu- 
tion of the equipment used in the explosive experiments 
is not such that any conclusion can be reached as to 
whether the reflexions came from a plane or from an 
extended volume. (4) It is not possible to determine 
the effect of usmg a laser instead of a broad-band inco- 


- herent source. 


It appears that the best method of clarifying previous 
data is to examine shock waves propagating in shock 
tubes for reflexions other than those of the Fresnel type. 
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_An experimenta. configuration was used which was 
similar to that described by Cowan and Hornig’. Ilumi- 
nation was by means of a helium-neon gas laser and the 
shock tube was fitted with a means for controlling the 
humidity. No refisxions were observed when the shock 
tube was operated in a normal manner (the sensitivity 
was insufficient to enable us to observe Fresnel reflexions). 
In one experiment the driver section of the shock tube 
was evacuated rather than pressurized. When the dia- 
phragm was punctured, an expansion wave was initially 
propagated down she shock tube. Scattering was then 
observed when, ard only when, the propagation media 
contained moisturs. Furthermore, as the shock wave 
and the expansion wave reverberated in the tube owing 
to reflexions from the closed ends, the moisture alter- 
nately condensed end re-evaporated. 

These results led us to examine the pressure history 
of the shock waves under investigation. When the shock 
tube was operated in its normal mode, the pressure never 
dropped below its ambient value. However, the pressure 
dropped to less than the ambient when the shock tube 
was operated so that scattering was observed. In fact, 
the periodic appearance of scattering could be directly 
correlated with the fall of pressure below ambient. 

These experiments suggest that the reflexions observed 
from the explosively generated shock waves may also 
have been scattering from water droplets which are 
condensed in the expansion phase which follows the 
shock front. Hydrodynamic equations were used to 
calculate the low2st pressure and temperature reached 
during this expansion phase. This temperature was below 
the dew point as the time the explosive experiments 
were made. Furthermore, the intensity of the observed 
reflexions was consistent with the assumption that the 
phenomenon was. scattering from particles with radii 
of 0-1-5 um. 

It was recently Drought to our attention that the forma- 
tion of clouds observed in nuclear explosions had been 
explained by a similar mechanism’. The effect has pro- 
bably not been previously observed with small explosions 
because the region in which the “cloud”? forms is close 
to the explosion end the droplets are quickly evaporated 
by absorbing heat from the fireball. Scattering from the 
droplets is insuffic ent to make them observable in shadow- 
graphic photograrhs of explosions. 

Anomalously high reflectivities have also been reported 
from regions of tre atmosphere. It has been suggested 
that these reflexicns come from regions of clear air turbu- 
lence. Munick® hes shown that it is not possible to detect 
Fresnel reflexions from the interface between regions of 
different density. However, it seems possible that air 
turbulence can produce conditions where local regions 
of the atmosphere expand adiabatically and are cooled 
to below the dew point. The condensed water droplets 
(or ice particles) may be responsible for the observed 
phenomenon. 

This work was supported by a U.S. Air Force con- 
tract. We thark Dr. Henry Nagamatsu and others 
at the General Electric Research and Development 
Center for their essistance in the use of the linear shock 
tube facilities. W> also thank Tom L. Sly for his technical 
assistance. 


Ian N. Court 
WILLIAM R. MALLORY 
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A Simple Device for the Scintillation 
Counting of Aqueous Solutions of Calcium-45 
and other f-Emitting Isotopes 


THE methods at present available for counting calerum-45 
by conventional liquid scintillation techniques, such as 
those of Carr and Parsons}, Sarnat and Jeffay? and Hum- 
phreys*, make it possible to count large quantities of low 
specific activity calcium at efficiencies of 50 per cent or 
more. However, these methods are laborious and time- 
consuming because of the lengthy chemical processing 
required to produce a calcium salt which will dissolve in 
the toluene-based scintillator mixture. Methods involving 
the use of hyamine for the direct solution of tissues or 
aqueous solutions in toluene*-* are much quicker, but are 
only capable of counting very small quantities of calcium 
at lower efficiency; they are also subject to quenching 
errors. The use of plastic scintillator fibres or beads and 
anthracene crystals by Steinberg?-* made it possible to 
count directly colourless aqueous solutions of calcium-45 ; 
however, the efficiency, except with anthracene, was low, 
and the sample and scintillator materials could only be 
recovered with difficulty. Plastic scintillator systems con- 
sisting of a vial!’ and a flow cell!!! are capable of counting 
calcium-45 ın aqueous solutions without any corrections 
for quenching, but their capacity is 1 ml. or less and 
their efficiency only of the order of 6 per cent. 

In many applications it would be useful to be able to 
count calcium-45 directly ın larger volumes of aqueous 
solutions without quenching corrections, even if at low 
efficiency. An apparatus designed for this purpose which 
has proved useful m this laboratory is shown in Fig. 1. 
It consists of an array of sixty plastic scintillator filaments 
(NE 102A, Nuclear Enterprises, Edinburgh), diameter 
1 mm, length 4 cm, spaced at intervals of 2 mm between 
centres in a ‘Perspex’ disk. The filaments pierce the disk 
and their ends are ground and polished flush with its base. 
The disk 1s fitted to the bottom of a ‘Perspex’ cylinder, 
the whole forming a container of volume 8 ml. The 
“brush”? counter, as we have called it, is suitable for 
counting aqueous, dilute acid or dilute alkali solutions of 
8-emitting isotopes in a liquid scintillation counter with a 
single photo-multiplier. If the filaments are covered with 
a depth of liquid greater than the range of the 6-particles 
being counted, it is not necessary to measure the volume 
of solution counted; the count-rate is proportional to the 
specific activity of the solution. The counter has the 
following efficiencies: 


Isotope Eñciency (per cent) 
Phosphorus-32 40 
Calcium-15 2 
Carbon-14 07 


The background count rate Is about 1/sec. 


The counter can easily be modified to count samples 
larger than 8 ml. The Ekco N6648 liquid-scintillation 
counter used in this laboratory would accommodate a 
similar counter of maximum volume 20 ml. It can also 
be modified in design to make its construction simpler if 
only high-energy ß- emitting isotopes are being counted. 
For example, only six filaments in a brush counter are 
needed to count phosphorus-32 with an efficiency of 
8 per cent. 

The brush counter can be compared in its mode of 
operation and usefulness with the M6H Geiger—Miiller 
hquid counting tube. The M6H counts phosphorus-32 
with an efficiency of about 7 per cent and a background 
of 0-25/sec, but has zero efficiency for both calecium-45 


(count)? 
hackeround test, the 
brush counter could achieve comparable counting statistics 
for phosphorus-32 in an eighth of the time, and it is also 
useful for the weak 8-emitting isotopes. The brush 
counter is therefore more versatile than the M6H tube 
and, compared with liquid scintillation techniques, it has 


and carbon-l4. Using the simple 
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Fig. 1. Side elevation and plan of “brush” counter ( x 1) 


the advantages of great simplicity of sample preparation 
and it is not necessary to make corrections for any 
quenching effects. 
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Changes in Loss Tangent of Polythene 
subjected to Partial Discharge 


In determining the resistance of materials to partial dis- 
charges, two distinct types of measurement tend to be 
used. In one, the time to breakdown is measured for film 
or sheet material mounted between rod/plane, needle/ 
plane or hemisphere/plane electrodes. In the other, 
relatively large areas of sheet are subjected to discharge 
between plane/plane electrodes so that degradation after 
periods of exposure can be measured by following changes 
in conductivity, loss tangent, mechanical strength, etc. 
Because these properties change progressively with 
duration of exposure, the impression is being gained that 
the changes in the material which cause them are the 
same as those taking place in the breakdown process. 
This assumption leads to suggestions like that of Boeck? 
that impinging electrons become trapped in the material, 
forming a space charge and enhance the conductivity, 
the layer becoming ever deeper as fresh charge carriers 
are supplied. 
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We believe that, in general, the assumption 1s not 
justified, and that measurements on samples exposed 
to discharge between large plane electrodes can be muis- 
leading. Indeed, we suggest that the mechanisms leading 
to gross changes in measured conductivity are not the 
same as those leading to breakdown; the following 
experiment demonstrates this. 

Films of low density polythene (MFI.7) 0-01 cm thick 
were subjected to discharges in a hemisphere/plane elec- 
trode system’. The gap between the hemisphere and 
upper film surface was 0:03 cm. Discharge was produced 
by applying 4 kV root mean square 600 c/s to the elec- 
trodes. On removing the film from the exposure rig after 
about 1 h and measuring the loss tangent at 500 c/s using 
plane/plane electrodes 1-76 cm in diameter, we found that 
the loss angle had indeed increased from its original value. 
The increase depended on the time of exposure, and at 
times just less than the time to breakdown (5-6 h) 
reached values in the range 0-04-0-5. During exposure to 
discharge an opaque white ring, 1:5 em in diameter and 
0-1 cm wide, was formed and by scanning the surface 
with a flat-ended rod electrode 0-3 em in diameter, the 
high loss tangent was found to be confined to the material 
under the ring. Here the loss tangent reached 0:56; else- 
where, including the region immediately under the sphere, 
where breakdown invariably occurs, the loss tangent was 
less than 0-001 which was the limit of sensitivity. The 
ring was a surface deposit and could be wiped off with a 
dry cloth or better with ether, reducing the loss tangent 
to the original value. The deposit was not analysed, but 
oxalic acid and oxalates have been reported in similar 
deposits by other workers’. 

Interrupting the tests to wipe off the ring of deposit 
did not materially affect the time to breakdown. Break- 
down frequently occurred soon after wiping when the loss 
tangent was low. 
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CHEMISTRY 


A Lower Transition Point for Polymethy! 
Methacrylate at 30°-32° C 


In view of the use of polymethyl methacrylate (PMMA) 
for the production of surgical and dental prostheses, its 
properties at body temperature and those encountered in 
the mouth are of particular importance. Furthermore, 
the necessity for the incorporation of metal inserts and 
porcelain teeth makes its thermal properties of unusual 
interest. The thermal expansion of both commercial 
PMMA. (‘Perspex’) and samples prepared by dental tech- 
niques was examined by means of a specially constructed 
dilatometer. Increase in length was recorded by means of 
a dial gauge reading to 0-0005 mm, and temperatures were 
measured at three points along 70 mm specimens by 
means of a Leeds and Northrup potentiometer. Specimens 
were arranged in a silica vessel which in later experiments 
was filled with water to determine the effect of water 
absorption on the thermal properties of PMMA. Increase 
in length was plotted against rise in temperature between 
20° and 40° C. The resulting graphs showed a change 
in upward slope between 30°-32° ©. The thermal 
properties were studied daily for periods up to 35 days 
with the specimens immersed in water and for similar 
periods with the same specimen drying out. Graphs 
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prepared as before showed no alteration in the position 
at which an upward change in slope occurred, although 
the thermal expansion was greater for saturated specimens 
than for dry ones. Several second-order phase transition 
points have been recorded? for PMMA, but so far as we 
can ascertain, no reference to one in the temperature 
range of 30°~32° G has previously been reported. 

It is considered that this observation is important mm 
relation to the test-ng of the material for compliance with 
the appropriate standards, and it is suggested that the 
temperatures at which testing is now done may require 
review. 

This work was supported in part by the National 
Health and Medicel Research Council of Australia. 
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Molecular nd Crystal Structure of a 5- 
Covalent Iron (IH) Complex with Spin, 
$=3/2 


THE magnetic properties of mononuclear compounds 
of tervalent iron (configuration 3d°) conform to the pre- 
dictions of ligand feld theory. Both high-spin °A, (tef = 
59 Bohr magnetcns (B.M.)) and low-spin F, (vey = 
2:3 B.M.) ground states are observed for complexes with 
octahedral microsymmetry. Quartet ground states 
(S = 3/2) are specifically excluded by the theory, so that 
the successful isoletion of a new class of such compounds 
is of special interest. 

We find that treatment with concentrated hydrohalic 
acids of a benzene solution of tris(dialkyldithiocarbamato)- 
iron (IIT) results ir the immediate separation of crystalline 
compounds of the- general type (Fe (S,C-NR,),X), where 
X = Cl, Br, lana R = Me, Et, Pr‘, and Buc, Typical 
of the series is the dark green crystalline compound, 
(Fe(8,C-NEt,),Cl), which melts at 250°-255° C with 
decomposition anc is monomeric in freezing nitrobenzene 
(at 1:5 x 10- M, molecular weight = 386 + 10; calcu- 
lated 388). The magnetic susceptibility of the powdered 
solid follows Curie’s law between 130°-300° K with 
uer = 3°98 B.M., close to the spin-only value of 3°88 B.M. 
for S = 3/2. In shloroform solution (3:1 x 10-? M) at 
room temperature, the value 3:88 B.M. is obtained. The 
infra-red spectrum resembles that found for dithio- 
carbamates which are chelated to iron by way of two 
sulphur atoms. The iron-chlorine and _ iron-sulphur 
stretching modes cccur at 309 and 353 cm-, and the high 
carbon—nitrogen stretching frequency in the region of. 
1,500 cm~! suggests that delocalization of the -cloud 
about the CS,-gro.p includes the adjoining nitrogen atom. 

This evidence fr a quartet ground state of an iron 
(III) cornmpound is unambiguous, and to our knowledge is 
paralleled only by that for iron (III) phthalocyanine 
chloride as reported by Griffith1. A stereochemistry based 
on five-co-ordinated iron is suggested, but the data do not 
differentiate between the square pyramidal (dy: — y: 8p?) 
and the trigonal Dipyramidal (dz: sp?) geometries. How- 
ever, this ambiguity is resolved by X-ray methods using 
single crystals of the diethyl! derivative. 

The crystal dats for the ethyl compound are as follows: 
C,,H.2.N,5,Clke, VM = 387-8, monoclinic, a= 16-43, 
b = 9-42, c = 12-35 Å, B = 120-5°, U = 1713 A’, Dm = 
1-52 (by flotation), Z = 4, De = 1:60 g cm~, space 
group P2.jc, (C%; No. 14); co-radiation (unfiltered), 
single crystal oscillation and equi-inclination Weissenberg 
photographs, u = 107 em~. 
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The co-ordinates of the iron, sulphur, and chlorine 
atoms were obtained from a three-dimensional Patterson 
synthesis calculated using 1,440 independent reflexions. 
The carbon and nitrogen atoms were located in subsequent 
three-dimensional electron-density distributions. The 
structure is being refined by the method of least squares 
applying individual isotropic temperature factors. At 
present, the R-value, based on the observed reflexions 
only, is 0-16. 

The structure consists of discrete molecules of com- 
position (Fe(S,C-NEt,).Cl). Each molecule is separated 
from its neighbours at the normal van der Waals dis- 
tances. The iron atoms are covalently bonded to four 
sulphur atoms and a chlorine atom at the corners of a 
somewhat distorted square pyramid (see Fig. 1). The 
Fe-Cl and the average Fe-S bond lengths of 2-27 A and 
2-32 A, respectively, are normal. The four sulphur atoms 
are coplanar and the iron and chlorine atoms lie along a 
line which is almost exactly normal to this plane; the 
iron atom is, however, 0-63 A above the plane. Apart 
from the terminal methyl groups, each of the ligand 
groups is planar and the iron atom is coplanar with both 
dithiocarbamate groups. The dihedral angle between the 
two planes through each of the groups 1s 50°. 


Table 1 
Distance of metal atom 
Compound above basal plane Ref. 

Co($,C:-NMe,),NO 0-54 A 3 
Ni(6-Cl-SALen-NEt,), 6°38 4 
Co(OAsMePh,),(ClO,), 0-32 5,6 
VO{acac), 0-56 7 
fe aiH,O O34 8 
Fe(S,0-NEt,),Cl 0-63 this work 


There are no significant differences ın the dimensions 
of the two independent ligand groups. The average carbon- 
nitrogen bond length of 1-36 A is considerably shorter 
than the carbon-nitrogen single bond distance? of 1-472 A. 
This together with the planarity of the ligand is consistent 
with the infra-red evidence indicating marked delocaliza- 
tion of the m-electrons in the co-ordinated dithiocarbamate 
group. 

-It is interesting to note that relatively few molecules 
with the tetragonal pyramidal stereochemistry for tran- 
sition metal complexes have been established by X-ray 
methods. Nitroso(dimethyl-dithiocarbamato)cobalt pro- 
vided the first example’, and quite recently this novel 
stereochemistry has been reported for the N-8-diethyl- 
amineethyl-5-chlorosalicylaldimine derivatives of nickel 
(II) and cobalt (IT)*, as well as for monoperchlorato- 
tetrakis-(diphenylmethylarsine oxide) cobalt (II) per- 
chlorate>*. A dominant feature of these and related 
structures, based on a rectangular-based pyramid, 1s that 
the metal atom lies a considerable distance above the 
basal plane (see Table 1). 

In addition to the mononuclear compounds listed in 
Table 1, many complexes of divalent copper have struc- 
tures which involve dimeric or polymeric aggregates of 
approximately square pyramidal nature. Not infrequently 
the copper atom is found to lie above the basal plane. 
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It seems likely that this distortion from the regular 
geometry is a compromise between the condition of 
maximum o-overlap with sulphur which requires the metal 
atom to lie in the planes of the chelating ligands and of 
steric expediency determined by the repulsive forces 
between the five ligands. 

We thank Dr. A. D. Wadsley and Mr. W. F. Donovan, 
who undertook a preliminary investigation of the crystals 
and provided us with some of the intensity photographs. 
We also thank Dr. J. C. B. White for considerable help 
with the computations and for the use of his programmes. 
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Gas Chromatographic Determination of 
Non-linear Adsorption Isotherms at Low 
Concentrations 


In the course of an investigation of solid support effects 
in gas chromatography’, it was necessary to determine 
the adsorption and distribution isotherms for a polar 
solute on an active support, both coated and uncoated. 
Because the concentrations of the sample in the gaseous 
phase were very low in this investigation, it was necessary 
to determine the isotherms for partial pressures in the 
range 0-5-10 mm. 

There are three common methods for the gas chromato- 
graphie determination of adsorption isotherms. One 
involves the determination of the retention volume of a 
given concentration of sample by suddenly switching a 


mixture of sample and carrier gas into a clean column . 


and measuring the retention volume of the sample front. 
This retention volume is equal to the quotient Q/C (ref. 2) 
Another method is the tracer pulse technique proposed by 
Helfferich?. However, the most common method is to 
calculate the isotherm from the shape of the diffuse rear 
boundary of an elution peak* or a desorption curve’. The 
mathematical basis for this technique was derived by 
Gluckauf*. 

Measurement of the Q/C values from sample fronts, or 
breakthrough curves, requires a separate experiment for 
each point on the isotherm, and one is restricted to rather 
large concentrations of solute. Rigid control of experi- 
mental conditions is required. For surface-active supports 
the most difficult experimental condition is the reproduc- 
tion of the surface between runs. 

The tracer pulse technique requires elaborate equip- 
ment for counting the radioactivity of the tagged sample 
and the method is restricted to samples that can be tagged 
with radioactive isotopes. In this case also, an experiment 
must be run for each point on the isotherm. 

The saturation technique of Gluckauf has the advantages 
that the entire isotherm can be determined from a single 
experiment and it can be used at low concentrations. 
However, this method requires a knowledge of the area 
under the tailing portion of the chromatogram and thus 
cannot be used for small concentrations of polar solutes 
on an active support where the tailing portion of the curve 
approaches the baseline asymptotically. 
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A combination of the sample front method and 
Gluckauf’s method 1s the basis of the new technique. It 
has all the advantages of the Gluckauf method but does 
not require a measurement of the total area under the 
tailing portion of the chromatogram’. 

The small concentrations necessary for the sample in 
the carrier gas were obtained by bleeding a mixture of 
sample, nitrogen and carrier gas into the main carrier gas 
stream from a stainless steel tank with a capacity of 
about 1,000 in.? (ref. 1). The nitrogen is used to give an 
air peak. This experimental arrangement is a distinct 
improvement over a liquid saturator or a constant-drive 
syringe. It gives better control at lower concentrations 
than either of these two arrangements and is much 
simpler. 

The proposed method of determining the isotherm from 
an adsorption—desorption chromatogram is illustrated in 
Fig. 1. The retention volume of the sample front gives 
one point on the isotherm at the maximum concentration 
Cı; Mass balance requires that the area C, V, be equal to 
the total area under the tailing portion of the desorption 
chromatogram. Measurement of C, V, removes the neces- 
sity of measuring the area under the tail. Only the area 
designated as Afu] has to be measured, and this can be 
accomplished accurately down to the concentration at 
which the tail approaches the baseline. 


From the initial saturation: Qı = OV: (1) 
From the tailing portion®: Q = [+ V: (2) 
By mass balance: Q = Q,- AQ (3) 
Where AQ = Alu]+ FLAC (4) 
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Substituting equations (1) and (4) into equation (3): 


Q = 0, V, —{ V01- 0) + Alu} (5) 


Where C is the concentration of sample in the gas 
phase (ml./ml.), Q is the amount of sample adsorbed on 
the solid support smml./g), V is the volume of carrier gas 
measured from the air peak (ml./g), [u]e is the area under 
the diffuse rear portion of the chromatogram (ml./g), and 
Af] is the area under the curve as defined in Fig. 1 
(ml./g). 

Fig. 2 illustrates the distribution isotherm for acetone 
on a column of 20 rer cent squalane coated on acid-washed 
firebrick. This isotherm was determined using equation 
(5). On the same graph a series of isotherm points 
determined using the sample front method alone are 
plotted to show ths reliability of the new method. 

This investigation was supported by a grant from the 
National Science Foundation. The gas chromatographic 
instrument used was obtained through a separate grant 
from the National Science Foundation. 
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Primary Organic Radical formed in the 
Radiolysis of Aliphatic Alcohols 


In view of contemporary interest in the transient species 
formed in the radiolysis of aliphatic alcohols, it may be of 
value to consider the evidence regarding the nature of 
the primary organic radical-precursor of vic-glycol and 
possibly aldehyde 

Recent investigations by the pulse radiolysis method}? 
have shown the existence of solvated electrons in 
irradiated ethanol, and other studies*-5 indicate that 
these electrons ard hydrogen atoms are the precursors 
of scavengeable hydrogen; the relative yield being 
Gy/Ge-aie, œ% 2. The primary reactions can be denoted 
as follows: 


ROE —~~—> ROH* + e- (1) 
ROE —~~> ROH* (2) 
ROH+ +e- —> ROH# (3) 
ROE* | zR-0- + H (4) 
ROE: [A&R OH + H (5) 


it is the purpose of this communication to assess the 
relative importance of processes (4) and (5). Although 
reactions involving the parent ion or the solvated electron 
can also lead to the formatidn of these radicals, it is 
proposed here to 2onsider only those reactions involving 
the decomposition of electronically excited molecules 
(whether formed directly or as the result of the neutral- 
ization reaction). 

Possibly the most direct identification of the radical 
precursor of vic-glycol has been accomplished by high- 
speed spectrophatometry following pulse radiolysis?:*. 
The identificatioc made with liquid ethanol was the 
hydroxy-ethyl racical, but as the formation curve for the 
radical was not observed it could not be established 
whether this was, in fact, the primary radical produced. 

The hydroxy-ethyl radical has also been considered to 
be the primary species in work? concerned with the iso- 
topic composition. of hydrogen produced in the radiolyses 
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of ethanol and various deutero-ethanols. The results have 
been interpreted in terms of the following reactions: 


C,H,0H —> CH,.CH.OH + H (6) 
H “+ C,H,OH — C.H,.0. + H, (7) 


However, 16 will be shown that these results are capable 
of another interpretation. 

Finally, electron spin resonance spectra of irradiated 
alcohol glasses also favour the acceptance of the hydroxy- 
alkyl radical as the primary organic species. Early 
determinations’ assigned the resonance in irradiated 
ethanol to the radical ion C,H,+, but in later work?! the 
hydroxy-ethyl radical has been preferred. Nevertheless, 
some doubt must exist as to whether the primary and 
subsequent events are the same in glasses as they are in 
liquids or vapours. In glassy® and gaseous’? methanol 
irradiated with ultra-violet light, for example, there 
would seem to be considerable differences in the reaction 
mechanism. 

The evidence in favour of the primary production of 
the «-hydroxyalkyl radical (R’.OH) having been con- 
sidered, let us now consider the case for primary pro- 
duction of the alkoxyl radical (R.O.) arising from 
reaction (4). 

Photochemical evidence in favour of reaction (4). Early 
works by Phibbs and Darwent™ on the mercury sensitized 
photolysis of CHOD reported that the C—H bond was 
broken, but later work by Porter and Noyes?! was mter- 
preted to show that the initial cleavage was of the O—D 
bond. Recently, the mercury sensitized photolysis of 
CD,0H and (CD): Hg at low pressures in a flow system 
has shown}? that CD,O. is formed and not CD,OH. As 
the result of this work it has been suggested that the 
early work reporting C-——H cleavage was confused by the 
reactivity of the methoxyl radical. This radical has been 
shown to abstract hydrogen readily from suitable donors 
and it is thought!* that the energy of activation for 
reaction (8) will be quite small: 


CH,O. + CH,OH > CH,OH + CH,0H (8) 
(R.O + R.OH > R.OH + R'OH) 


The result is that in systems where reaction (8) can occur 
the hydroxymethyl radical will be observed. This inter- 
pretation has been confirmed™ in the mercury-sensitized 
photolysis of ethanol in the presence of NO in which 
ethyl nitmte was found as a product. 

‘ Radiation chemical evidence in favour of reaction (4). In 
a recent investigation, the abstraction of hydrogen from 
ethanol by hydrogen atoms has been studied in the 
radiolysis of aqueous ethanol solutions. These investi- 
gations conclusively show that, although a small amount 
of abstraction from the $-position occurs, it is from the 
w-carbon atom that the major part of the hydrogen is 
abstracted with very little contribution from the hydroxyl 
hydrogen. In the light of this evidence, Burr’s results’ 
may be re-examined and interpreted to show primary 
cleavage of the O—H bond. This work clearly shows that 
the hydrogen atom formed in the original rupture and 
that which is later abstracted originate from different 
sites—for example, radiolysis of CH,CH,OD leads to the 
predomination of HD in the total hydrogen yield. Taking 
the data on abstraction into account, this is consistent 
with a mechanism involving reaction (4) as the primary 
step followed by reaction (9): 


H + C,.H,OH — CH,CHOH + H, (9) 


Furthermore, recent evidence’ has shown that, although 
reaction (8) readily occurs in irradiated ethyl alcohol, 
suitable scavengers can compete successfully leading to 
the formation of products characteristic of the ethoxyl 
radical. Such a scavenger is carbon monoxide which, in 
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addition to reducing the yield of 2-3 butane-diol, leads to 
the production of ethyl formate which can be explained 
on the basis of the followmg reactions: 


CH,.CH,..0 + CO — CH,.CH,.0.CO (10) 


CH,.CH,.0.CO + CH,CH,OH —> 
CH,CH,OCHO + CH,CHOH (11) 


General. A mechanism involving reaction (4) as the 
primary step followed by reactions (8) and (9) is com- 
patible with the bond energies involved?*, Hydrogen 
atoms and ethoxyl radicals should abstract hydrogen 
preferentially from the «-carbon (C—H 90 keal/mole) 
rather than from the hydroxyl group (O—H 101 keal/ 
mole). The possibility of abstraction from the stronger 
bond would exist in the case of steric hindrances, but the 
structure of ethanol suggests that these will not play a 
part. With the hydrogen atom abstracting, the further 
possibility exists that 11 might be formed with excess 
kinetie energy (that is, a “hob” atom) and thus easily 
undergo the more difficult abstraction. The fact, however, 
that hydrogen is readily scavenged’ indicates that this 
is largely untrue and that the existence of the major 
proportion of hydrogen atoms in a “hot” condition cannot 
be accepted. 

It is believed that these arguments strongly imdicate 
that in the vapour and liquid phases the electronically 
excited states, produced by irradiation of the alcohols 
with ultra-violet light or gamma-rays, decompose to 
yield the alkoxyl radical. This conclusion does not neces- 
sarily contradict data from electron spin resonance, which 
may not be applicable to liquid or gas phase irradiations. 
Nor is 1t contradictory to the pulse radiolysis experiments 
which can, in fact, be interpreted as verifying the reactivity 
of the ethoxy] radical. Furthermore, it is not the purpose 
of this communication to gainsay the role of the hydroxy- 
alkyl radical as the immediate precursor of vie-glycol and 
possibly of aldehyde. In fact, chemical evidence, in the 
case of ethanol, is strongly in favour of these products 
being formed by dimerization or disproportionation of 
this radical. 


CH,CHOH 
| eee | (12) 
AORO \ CH,CHOH 
“y 
CH,CHO + C,H,OH (13) 


This, of course, 1s not sufficient evidence in favour of 
C,H,OH being formed initially; the same end-result 
would be obtained if reaction (12) were preceded by 
reactions (4) and (8). It does seem strange, however, that 
products attributable to CH,CH,O (for example, di-ethyl- 
peroxide) are not formed in appreciable yields in irradiated 
liquid ethanol. The major reason for this probably lies in 
the reactivity of ethoxyl so that reaction (4) competes 
very favourably with inter-radical reactions. Further- 
more, it has been shown?’ that even under favourable 
conditions the reaction: 


2CH,O0 ——> CH,0OCH, (14) 


is very slow and that disproportionation is favoured. 
Unfortunately, this disproportionation reaction (15) can- 
not be distinguished from that of hydroxyethyl radicals 
(13) as both lead to the formation of acetaldehyde: 


2CH,CH,O > CH,CHO + C,H,OH (15) 


The presence of ethoxy! is, however, clearly shown in the 
reaction with carbon monoxide (10 and 11) and by the 
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fact that, in the irradiation of the pure liquid, small 
amounts of CH,OC,H, and C,H,OC.H, are formed*’. 
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Adsorption of Caesium Tetraphenylborate 
from Aqueous Solutions on Glass, Poly- 
ethylene and Polytetrafluoroethylene 


It has previously been shown'!-‘ that polyethylene (PE) 
and polytetrafluoroethylene (PTFE), unlike glass, do not 
act as cation exchangers. The adsorption of caesium from 
aqueous solutions on hydrophobic surfaces of PE and 
PTFE was negligible. This suggests a possible mechanism 
for such adsorption. PE and PTFE surfaces in aqueous 
solution acquire negative charge owing to adsorption 
of hydroxyl ions. These adsorbed ions may then attract 
caesium ions by electrostatic forces. In accordance with 
this hypothesis the adsorption values and the surface 
charge increase with pH. Comparing the adsorption 
values for caesium, thallium and silver ions on PE and 
PTFE‘ provides further evidence for a correlation between 
the adsorbability and the affinity of corresponding ions 
to hydroxyl groups. 

In order to elucidate the mechanism of ion adsorption 
on hydrophobic non-ionogenic surfaces it was of interest 
to investigate the mfluence of other anions. 

The present communication reports results of an 
investigation of the adsorption of caesium tetraphenyl- 
borate. It is known that the tetraphenylborate anion 
can selectively precipitate potassium, rubidium, ammon- 
ium, caesium, silver, tantalum and mercury ions in the 
presence of lithium, sodium and various di- and tri-valent 
ions®. Caesium can also be extracted selectively from 
aqueous solutions into organic solvents with high di- 
electric constants’. 

Let us now consider the data on the adsorption of 
caesium. The experiments were performed in 1 N sodium 
nitrate solution at varying concentrations of sodium 
tetraphonyl borate. The caesium concentration was 
approximately 1x10 M. The adsorption values were 
measured using caesium-137. The content of caesium-133 
in the initial radioactive preparations was determined 
by the mass-spectrometric method of isotopic dilution’. 
Glass, PE and PTFE disks, 3 cm in diameter and 1 mm 
thick, were used to investigate the adsorption. The ad- 
sorption values were expressed as the ratio of caesium- 
137/em? of adsorbing target to the activity of 1 ml. of 
solution under equilibrium conditions. The walls of glass 
vessels containing bathing solutions were first saturated 
with caesium ions until the radioactivity of the solution 
ceased to change. Adsorption on the targets scarcely 


NATURE 


631 


affected the radioacavity of the solution, because the 
volumes of the bathing solutions were always much more 
than the surface capacity of all disks. The activity of 
the caesium-137 was measured by a scintillation spectro- 
meter. 

Table 1 shows thet addition of sodium nitrate in the 
absence of sodium tetraphenyl borate strongly decreased 
the adsorption of caesium on all kinds of adsorbents. 
The adsorption coecficient (distribution coefficient) in- 
creases in the order: PTFE<PH<glass. The hydro- 
phility of these adsor>ents increases in the same direction. 
As the wettability is determined primarily by the inter- 
action of water hydroxyl ions with surface atomic groups, 
the caesium adsorption correlates with the wettability of 
the adsorbents. On glass, ion-exchange adsorption may 
also take place at lcw concentrations of sodium nitrate. 
The addition of sodium tetraphenylborate to the solution 
containing microquentities of caesium in 1 N sodium 
nitrate results in a ssrong increase of caesium adsorption 
and at the same time reverses the order of affinity of 
caesium ions to the surfaces investigated. The adsorption 
values are dependent on the concentration of tetraphenyl- 
borate and on adsarbability of this ion on surfaces of 
different natures. 


Table 1. ADSORPTION OF DARSIUM FROM AQUEOUS SOLUTIONS OF SODIUM 
TETRAPHENYLBORATE ON LASS, POLYETHYLENE AND POLYTETRAFLUORO- 
RTHYLENE SURFACES 


Adsorption coefficients (x 104) 


Composition of the bathing Glass Polyethylene Polytetra- 
solutions fluocroethylene 
Water 22,400 + 2,100 2,100 + 200 2,000 + 150 
0 02 N sodium nitrate 610 + 55 378 + 25 187 + 15 
0 2 N sodium nitrate 60 + 20 165 + 30 73 + 22 
05 N sodium nitrate 20 + 10 149 + 25 25 + 10 
1-0 N sodium nitrate —_ 53 + 25 144+ 8 
1-0 N sodium nitrate 
+ 215x107 N sodium 
tetraphenylborate 58 + 10 240 + 40 400 + 55 
+ 3-40 x 10 N sodium 
tetraphenylborate 258 + 50 986 + 124 1,570 + 255 
+ 4-70 x 10° N sodium 
tetraphenylborate 220 + 35 3,300 + 195 9,400 + 750 
+ 11x10? N sodium 
tetraphenylborate 630 + 75 5,900 + 450 25.400 + 3,200 
+ 20x10- N sodium 
tetraphenylborate 1,000 + 160 9,000 + 1,200 14,000 + 2,500 
+ 4:8x10-* N sodium 
tetraphenylborate 490 + 210 6,920 + 1,100 27,500 + 3,500 
+ 10x10- N sodium 
tetraphenylborate 790 + 145 32,800 + 5,200 146,100 + 21,000 


At low concentretions of sodium tetraphenylborate, 
the major part of tre caesium occurs in the ionic form‘. 
The adsorption of caesium tetraphenylborate consists 
apparently of the fcllowing steps: (a) attraction of tetra- 
phenylborate to surfaces by the van der Waals forces 
and/or hydrogen bcnding; (b) selective attraction of the 
caesium ions by tke adsorbed tetraphenylborate anions 
resulting in the formation of complexes on the given 
surface. With increasing concentrations of sodium 
tetraphenylborate considerable amounts of caesium can 
form the caesium tetraphenylborate complex directly 
in solution, with subsequent adsorption of this complex 
on the surfaces. As a result of adsorption, there are always 
non-charged complexes on the PE and PTFE surfaces 
because they have no ion-exchange groups in their 
structure’. Similar processes apparently occur on the 
glass in the case when the ion exchange adsorption 1s 
suppressed by higa concentrations of sodium nitrate. 
In the range of caesium and sodium tetraphenylborate 
concentrations investigated, the solubility product of 
caesium tetraphenylborate was not reached’. Therefore 
the differences in adsorption values observed for glass, 
PE and PTFE are determined to a large extent by the 
molecular propert-es of the surfaces and adsorbate 
complexes. The ebility of caesium tetraphenylborate 
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to selective adsorption was reported to occur at the oil/ 
water interfaces’, 
I. A. SxkvoL’skKn 
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Nomenclature of Metallic Elements 


SINCE the discovery of the transuranic elements, a con- 
sistent method of naming the newly discovered metallic 
elements has been adopted. Al these new elements have 
been given names ending in ‘“‘-ium’’. It seems pertinent 
now that systematic changes are evident both in scientific 
nomenclature and in measuring units to discuss some 
aspects of the naming of metallic elements. 

Of all the known metals, the following do not have 
names ending in “‘-ium’’: 


Antimony Lanthanum Platinum 
Bismuth Lead Silver 
Cobalt Manganese Tantalum 
Copper Mercury 

Go Molybdenum Tungsten 
Tron Nickel Zinc 


Some effort ıs needed to introduce a revision of the names 
of the metallic elements in terms of the suitably consistent 
ending “-ium”°. Several degrees of consistency (least, 
moderate, and total) are now suggested. 

Least consisiency. In Europe, and perhaps in the United 
States, there is now little doubt that the name “niobium”’ 
is preferred to “columbium”. Similarly, the name 
“aluminium” is accepted everywhere except in the 
United States. The names of the following four elements 
might be spelled with the ‘-ium” ending, introducing 
only the minimal amount of novelty: Janthanium; 
molybdenium ; platinium ; tantalium. These changes would 
dispose of the only four ‘‘-um” endings. Why this latter 
ending was first introduced when these four elements were 
discovered is not understdod. 

Moderate consistency. Several elements have consistent 
Latin names from which the chemical symbols for these 
elements are derived, an example being gold—Au(rium). 
However, the names of some metals are so well estab- 
lished that it would be almost pointless to change them, 
unless one insisted on total consistency. Examples of 
these are copper, silver; gold, iron, mercury, and tin. 
Nevertheless, it would seem a simple process to learn to 
accept the modified Latin names for antimony and lead, 
namely, “stibium’’ and “plumbium’’. For moderate con- 
sistency these changes plus the changes suggested for 
least consistency are desirable. 

Total consistency. The following new names would be 
required if total consistency were mandatory: 


Argentium Cuprium Nickelium 
Aurium Ferrium Stannium 
Bismuthium Hydrargyrium Tungstenium 
Cobaltium Manganium Zincium 


The element helium, a gas at normal temperature, has, 
with respect to the present discussion, an inconsistent 
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ending to its name. The name “helion” is suggested as a 
replacement for its present confusing name. 

It seems surprising that something so basic as the 
naming of the elements proceeded for so long without 
complete systematic care. In this scientific age it is time 
that the English-speaking scientists reached international 
agreement on the systematic naming of at least the 
metallic elements and perhaps all the chemical elements. 
This communication was written with the intention of 
provoking some thought and discussion on the subject. 

This work was sponsored by the U.S. Atomic Energy 
Commission under contract with the Union Carbide 
Corporation. 


A. WOLFENDEN 
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BIOPHYSICS 


Viscometry of Human Blood for Shear Rates 
of 0-100,000 sec”! 


Charm and Kurland! recently suggested that Casson’s 
equation is applicable to the investigation of the viscosity 
of human blood for shear rates of 0-100,000 per sec. 

I believe this statement to be only partially true. 
First, the physical interpretation given which supposes 
that the disaggregation of red cells proceeds in the range 
of rates of shear up to 100,000 per sec is quite wrong if 
the rates of shear refer to conditions in rotational visco- 
meters. While some aggregates of red cells would be 
conceivable in axial flow in pipes (or vessels) even at very 
high rates of shear, the complete disaggregation? of red 
cells occurs already in the range of 10-60 sec"! under 
conditions of homogeneous velocity gradient. 

Any further decrease in the viscosity of blood, at 
progressively increasing rates of shear, is due not to the 
disaggregation of red cells, but to a gradual decrease 
in the internal viscosity of the red cell. Each red cell is in 
itself a complex rheological matter, both the interior 
and the membrane of the red cell forming a non-Newtonian 
system§, 

The viscosity of red cells, whether measured individually 
or as packed cells, will decrease progressively with increas- 
ing rates of shear. This phenomenon accounts for the 
experimental data and equations obtained by Charm and 
Kurland. In respect of rates of shear close to zero, from 
0-001 to 10 per sec, the slope of the rheological curve 
(if correctly measured) is quite different from the one 
obtained at high rates of shear and is, indeed, due to the 
reversible aggregation of the red cells. 

Although, by now, the statement of Charm and Kur- 
land appears to be elaborated, other parameters un- 
fortunately enter into the picture and make the final 
solution far from simple. 

While the normal red cell (Hb AA), at its usual pH 
(about 7-4}, will conform to the behaviour described, 
this is not necessarily true either for red cells containing 
abnormal haemoglobin or for red cells at abnormal 
(lower or higher) pH. A distinct possibility exists, although 
it has not yet been proved satisfactorily, that under some 
conditions the flowing blood might exhibit dilatant 
instead of thixotropic or shear-thinning properties. 

In addition it is dangerous to deduce molecular or 
colloidal events from Casson’s equation. The concept 
of critical yield stress might be especially misleading. 
It has been shown‘ that this concept has its place only 
as an arbitrary value. The critical yield stress is not a 
unique value of stress, but is a function of the time 
of application of this stress, and as such is represented by 
& curve if plotted as stress against time. A sensible (if 
arbitrary) concept of critical yield stress involves a state. 












he titre sheslogeal® interpretation, as they make it 

latively easy to account for the contributions of sub- 

phases or phases of blood to the blood viscosity. 

_ This work is being supported by the National Heart 

oundation of Australia. 
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ssion of Virus and Protein under Electron 
Bombardment 


fins bean reported! that, provided threshold bombarding 
nergies and current densities are achieved, it is possible 
transfer metallic films deposited on an anode to a 
hode in vacuo by electron bombardment (a thin film 
mionic emitter was used as a detector). The mechan- 
of release can be considered to arise from (a) an 
gy conversion yielding thermal evaporation over areas 
tomic dimensions of the surface layer, or (6) an in- 
b one involving ionization in situ and the breaking 
metallic bonds of a fraction of the surface atoms. 
Recently, a gas-contaminated fine tungsten point was 
sed to detect singly charged positive gas ions between a 
hode and an anode?; about 400 impacts per sec 
re recorded at a pressure of 10-* mm mercury. This 
rk has now been extended to detect the fission into 
mplex atom groups and single atoms as a result of 
barding with electrons, virus and protein material 
ced on the anode. Pseudomonas bacteriophage was 
xd at a concentration of 7 x 10? virus particles per e.c. 
is no a priori reason why the mechanism of detach- 
t in an insulator should differ from that in a metal if 
impact is a ‘correct’ one. To reduce impacts arising 
2 any residual gas, the anode system consisted of a 
idrical box of copper—nickel 20 mm in diameter, 15 mm 
ig and with a central 3-mm hole through which a tuft 
four thoriated tungsten wires projected for a distance of 
nm; these were insulated from the box, and faced a 
y etched thoriated tungsten point detector, 1 cm away. 

: The method tiyed i in ne experiment was to connect the 


olios for gas A if the iade was made 20 per 
nt negative to the tufts, it reduced the number of single 
pacts arising from any gas to very small value--some- 
ing in the order of 20 per sec. An inspection of some 
0 oscillograph traces showed the usual recovery time 
orm of the current variations—-about 1 msec and 
er cent, respectively; examples are shown in Figs. la 
b. When the tufts were coated with the bacteriophage 
üt 100 virus particles), there was a time lag of 1-3 
before impacts were detected at the ‘threshold’, but 
ady increase of single impacts up to 300 per sec 
came apparent. This effect is shown in Fig. 2a 
licates that the bonds in the virus and protein 
on the tufts had been broken. In actual fact, the 
3 with the detector for the disintegration 
bombarded, gives a curve such as is 





PEEN 







































Fig. 1. Single impulses. arising owin ” the presence of g * 38 
a, Anode; tufts ee 
0-3 msec 
4 
ü 
& 
Fige. Ka fission producta; e, 8 


a, Single impacts Sag 
mpat 


shown in Fig. 26, where the current variation isi 
cent. The extremely small reaction time couple 
excessive variations in current are never recorde 
gaseous ions, but it is probable that they arise fr 
fission of the virus and protein material. A 
interpretation of curve 1b is that the initial portior 
arises through the cutting off of the beam as the p 
proceed towards the detector; this region thus rep 
the transit time. Subsequent disturbance on the sur 
produces the 500 per cent current increase, B-C. O 
basis that the average recovery time varies inveé) 
the square root of tnae mass, the portion ABC rep 
fission product of about 400A diameter. Su 
peaks indicate unusual complexes with masses o 
times that of the cxygen atom. The striking st 
of single ions which originate at a localized poin 
Fig. 2c, nearly alweys occur in spasmodic burs 
stage of the bombardment; this results in th 
activity at the detector. l 
The layer on the sufts is polarized by the field, anc 
be some 1000 A theck. This is easily penetrated b 
3~4-kV electrons; the secondary electrons sho 
sufficient energy tc escape, but they are preven 
doing so because there are no fields in the right dire 
Thus such electrors pass on their energy to the lati 
and help in breakng the bonds of some of the. at 
penetrated, An ap: proximate calculation shows that. e 
primary electron režeases 1/10% of the atoms in the coat 
I thank Dr. Bell of the Department of Microbiology 
supplying me with the solution of Pseudomonas b èt 
phage for these experiments. 
L. J 
Department of Natural Philosophy, on 
University of Strataclyde, 
Glasgow, C.1. 
1 Jacob, F., Nature, 157, 286 (1946). 
? Jacob, L., Nature, 198, 774 (1963). 
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Effects of Cold Stress on Serum Protein 
Fractions of the Prairie Meadow Mouse 


THE reaction of an animal to cold stress varies with the 
species and with the degree of stress imposed on the 
animal. Shields, Platner and Neubeiser! have shown that 
the albino laboratory rat reacts to a cold stress (4-0° + 
2° C for 20 days) with a marked decrease in serum 
albumin. They regarded catabolism of albumin as the 
prime factor responsible for its fall in serum. 

The present investigation was undertaken to test 
the effects of cold stress on the distribution of serum 
protein fractions of a wild species of rodent, the prairie 
meadow mouse, Microtus ochrogaster, and compare its 
response with that of the rat. The meadow mouse, com- 
mon throughout Missouri, was obtained from a stock 
raised in the laboratory. These animals do well in captivity 
and can be obtained in large numbers. 

Twenty-four virgin females of the same age were 
divided into two equal groups. The control group was 
held at 22° C room temperature while the experimental 
group was placed in a cold room with a temperature of 
5° C + 15° C. Both rooms were on a timed 12-h light 
cycle. Each mouse was individually caged with water and 
feed ad libitum. The food was ‘Purina’ laboratory rat 
chow, identical to that used by Shields et al.‘ in their 
experiments on the rat. 

After 20 days, the mice were bled by heart puncture. 
The blood was allowed to clot and the serum obtained 
was stripped on electrophoresis paper and migrated in the 
‘Beckman/Spinco Model R’ cell with barbiturate (Veronal) 
buffer, pH 8-6, ionic strength 0-075. The paper strips 
were stained with bromophenol blue dye and scanned on 
the ‘Beckman/Spinco Analytrol’ equipped with the B-3 
cam. Total protein was measured with a Goldberg 
refractometer (American Optical Co.). 


Table 1, MEAN VALUES AS PERCENTAGE OF SERUM PROTEIN FRACTIONS 
OF MICE BEFORE AND AFTER EXPOSURE TO COLD 
Controls Cold-exposed 
Weight change (g) +837 +078 (12) +28+069 (12) 
Total protein (g) 5:2 +053 (7) 52+018 (8) 
bumin 67-1 1-50 (11) 70:7 +0-57* (10) 
a-1 globulin 46+ 0°47 (11 49+029 (10 
a-2 eeoeln 10:2 + 0°30 (11 90063 (10 
8 globulin 15-0 + 1-08 (11) 13-4 +0°57 ie 
y globulin 2:7 + 0-23 (11) 2:1+0-164(10) 
* P<0-02. 
+ P<0-05. 


Number of animals shown in parentheses. 


The results are shown in Table 1. The gain in weight 
was not significantly different between the two groups. 
Nor was the total serum protein changed by the cold 
exposure. This observation agrees with previous reports’. 
The constituent serum proteins did, however, display a 
significant change by a rise in serum albumin and a drop 
in the serum gamma globulin fraction in the cold-exposed 
group. Such a rise in the albumin fraction of the prairie 
meadow mouse is not consistent with the findings reported 
for the laboratory rat. Apparently this species of mouse 
is able to meet its energy needs without resorting to 
catabolism of albumin. Hts energy needs are apparently 
supplied adequately from non-protein sources. The sig- 
nificantly elevated albumin levels further imply an in- 
creased osmotic effect associated with serum proteins. A 
fall in serum y-globulin is suggestive of an increased rate 
of antibody turnover and a decreased rate of antibody 
production by animals exposed to cold. Trapani‘ found 
similar results with rabbits exposed to cold. A comparison 
of control serum protein fractions of the meadow mouse 
shows that they are of the same order of magnitude as 

e data reported by Moore* for the rat, but they disagree 
with Shields’s rat data. As total protein was not measured 
by tke latter authors, the low control albumin values 
(31 per cent) raise a question regarding the 

of their rats. 
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Additional similar investigations should be performed 
on other wild species to ascertain their response to cold 
stress. It is possible that the laboratory rat is unique in 
using albumin as an energy source when exposed to cold. 


J. R. BOPP 
W. 8. PLATNER 


Department of Physiology, 
University of Missouri, 
School of Medicine, 
Columbia. 


* Shields, J. L., Platner, W. S., and Neubeiser, R. E., Amer. J. Physiol., 199, 
942 (1960). 


* Moore, D. H., J. Biol. Chem., 161, 21 (1945). 
* Baker, D, G., and Sellers, E. A., Canad. J. Biochem. Physiol., 35, 631 (1957). 
* Trapani, I, L., Fed. Proc., 19, Suppl. No. 5, 109 (1960). 


Decreased Lysosome Fragili 
to Wounding in the Skin an 
of the Mouse 


DuRING a comparative histochemical investigation of 
repair in the skin and oral mucosa of the mouse, a marked 
change in the distribution of acid phosphatase activity in 
response to wounding was noted in the epithelial cells. 

The Gomori lead nitrate technique, with all solutions 
made isotonic, was used to demonstrate enzyme activity 
in unfixed cold microtome sections. In the epithelium of 
normal skin and oral mucosa after incubation for 1-5 h, 
sites of enzyme activity were marked by particulate 
deposits of lead sulphide and by a diffuse cytoplasmic 
staining in the cells of the basal layers. Within 5 min 
of wounding (a single incision) the diffuse cytoplasmic 
staining was lost not only from the epithelial cells bordering 
the wound, but also from those some distance away from 
the wound margin (Fig. 1). The particulate deposits of 
lead sulphide persisted. Re-epithelialization occurred 
after 4 days, but the diffuse cytoplasmic staining did not 
re-appear until 7 days after wounding. 

It is now generally agreed that sites of acid phosphatase 
activity in cells are confined to lysosomes or lysosome-like 
structures. Bitensky' has shown that the lysosome mem- 
brane has a given degree of fragility in the Gomori 
incubating medium, and that this varies not only for 
different tissues but also for the same tissue under differing 
experimental conditions. The diffuse and particulate de- 
position of lead sulphide obtained in this investigation 
indicates over-incubation and this was confirmed when a 
section of normal tissue was incubated for 1 h. In this 
case only a particulate deposition of lead sulphide marked 
sites of enzyme activity. However, as all the experimental 


in Response 
Oral Mucosa 





Fig. 1. Section through the skin surface of mouse lower lip 15 min 

after wounding. The wound margin is at the top left-hand corner of the 

photomicrograph. The epithelium adjoining the wound shows no diffuse 

deposition of lead sulphide, pce iS 5 nitrate method. Incubation 
per 5 
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was incubated for 1-5 h, the observed loss of 
toplasmic staining must represent a cellular 
yonse to wounding. : | 
It was concluded that in both skin and mucosa there 
as a decreased lysosome fragility in the epithelial cells 
on both sides of the wound. This conclusion was tested 
by incubating an experimental section for 3 h and, as 
expected, there was a combined particulate and diffuse 
deposition of lead sulphide in the epithelium bordering 
the wound. 
. The functional significance of this decreased epithelial 
lysosome fragility in response to wounding is by no means 
‘< clear, especially as Bitensky has demonstrated an increased 
fragility of lysosomes in damaged cells of other tissues. 
One can only speculate that the demonstrated decreased 
— lysosome fragility indicates the cessation of some epithelial 

activity involving lysosomal enzymes, possibly keratin- 

ation, during the repair period. 
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tensky, L., in Lysosomes, 362, edit. by de Ruck, A. V. S., and Cameron, 
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Resistance to Shearing of Heat-denatured 
Muscle in Relation to Shortening 


Ir an excised beef muscle is exposed to a temperature of 
0°-10° C soon after death, a shortening of considerable 
‘magnitude occurs during the subsequent 1-5 ht. Both the 
xtent and the rate of shortening are less with higher 
‘temperature in this range, and also with longer delay 
“before exposure to the cold environment. By appropriate 
‘selection of temperature and delay, therefore, shortening 
values ranging from nothing to more than 60 per cent of 
the initial length can be obtained. 
During an attempt to account for this cold-shortening 
phenomenon we observed an effect of possible relevance 
o investigations of muscle structure. Strips of sterno- 
mandibularis muscle from beef animals, obtained within a 
few minutes of slaughter, were made to become shorter 
by a variety of methods: (a) exposure to air at 2°C, 
after storage at 15° C for 1-24 h; (6) storage from 1 h to 
48 h post mortem at several temperatures within the 
ange 0°-15°C; (c) immersion in ice-water for 0-24 h 
fore freezing in solid carbon dioxide-aleohol; and 
thawing muscles at different rates after freezing in 
lid carbon dioxide-alcohol in a pre-rigor condition. 
je unfrozen or thawed strips were sealed in plastic film, 
ter the completion of normal rigor or thaw rigor changes, 
ind heated in a water-bath to an internal temperature of 
80°C, The force (F, arbitrary units) required to shear the 
1eat-denatured fibres with a blunt metal wedge was then 
determined’. 





¿oo o Only relatively low forces (Fmin) were needed to shear 
those samples which had shortened (before heat treatment) 
OOO by less than about 20 per cent of the initial length. 
Beyond this point, however, the force requirement rapidly 
-o inereased with further shortening, in some cases doubling 
with an additional change in length equal to only 4-5 per 
-cent of the initial length. Maximum force values (F'max); 
which always occurred in those strips which had become 
shortened by about 35-40 per cent, were two to four times 
-the initial value, and there is evidence to suggest that this 
ratio (Fmax/Fmin) would have been even higher if the 
muscle selected for study had had a lower connective 
tissue content, and thus a lower shearing force requirement 
in the unshortened state. 
cle strips which had shortened by more 
er cent, the force required to shear the 
id to decrease with further shortening, 













NATURE 


635 — 


100 


Shearing force required 


50 





0 @ 40 60 
Percentage of shortening 










Fig. 1. The effect of degree of shortening on the force required to she 
across the fibres of the teat-denatured muscle. Shortening produced I 
method (a) ©; (b) A; fe): id) x shag 


and at a considerasle rate. The plot of force against 
shortening in the 4¢-60 per cent range, in fact, approxi- — 
mates to a mirror mage of that in the 20-40 per i 
range. The few results obtained from strips which 
shortened by 60-65 per cent suggest that the force r 
ment remains low n this considerably shortened : 
and about equal te that in the relatively unshortened 
condition. M 
The relationship between shortening and shearing _ 
force is illustrated in Fig. 1, which includes the results of _ 
one experiment for each of the four methods (a-d) already 
described to produce a range of shortening values. Ow 
full results have revealed no exception in forty-twe 


experiments which provided 530 points. ou 
: bas 














In this investigation, all shortening values were 
on the initial length, that is, on the length of the 
lying unrestrained for up to 1 h after excision, 
than on the true resting length of the muscle withi 
animal. If shortening had occurred as a result of ex < 
and trimming’, and before measurement of the initial — 
length, then our critical shortening values of 20, 4 Ad 
60 per cent would de too low. Despite this uncertainty — 
which results from: the absence of an absolute initial- 
length, it is obvious from the magnitude of the changes: 
in shearing force requirement that major structural 
changes have been detected at three distinet degrees of 
shortening. i 

The feature of this work most relevant to muscular 
contraction is the attainment of a peak force requirement 
at a certain shortening, followed by a reversal to low values | 
with still further shortening. The effect would seem to be- 
consistent with the sliding-filament theory of contrac- ~ 
tion?; the inter-dig tating filaments present a resistance 
to perpendicular cleavage which is continuous along the 
structure (and therefore strong) at one degree of shor 
ing, but regularly ciscontinuous {and thus more rea eS 
cleaved) on either side of it. It may also be significant: 
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| onse of Alpha Motoneurones to Direct 
ctrical Stimulation during Desynchronized 
Sleep 


mmonymous monosynaptic reflex, as well as the 
aptic reflex, elicited by single-shock stimulation 
wimary afferents of a muscular nerve is tonically 
ssed during desynchronized sleep in the cat!. The 
sion of these reflexes, however, is not complete. 
sic enhancement of inhibition frequently occurs in 
o the rapid eye movements during deep sleep!. 
alysis was made of the mechanisms responsible 
tonic and phasic inhibitory influences impinging 
pinal cord during desynchronized sleep by taking 
iyographical recordings of the recurrent discharge 
-~motoneurones in deafferented limbs of unanaes- 
» free-moving cats’. It was found that this response 
ressed throughout desynchronized sleep, but that 
her reduction of the recurrent discharge occurs 
he bursts of rapid eye movements*. A more direct 
wvaluating the excitability of the «-motoneurones 
cord their response to direct electrical stimulation. 
st method would be, of course, to inject the testing 
nt through an intracellular microelectrode. Because 
nique cannot be adopted in experiments on free- 
-unanaesthetized cats, an attempt was made 
ate extracellularly the pools of motoneurones 
entral horn. 
olley produced by direct electrical stimulation of 
neuronal pool was recorded from the tibial 
“or the deep peroneal (flexor) nerve in the 
ed hindleg. Single shocks were applied uni- 
o the ventral horns through a stainless steel micro- 
le (100,000-600,000 Q). This electrode‘, as well 
e electrodes for the electroencephalographic record- 
the electromyographic recordings of the posterior 
cal muscles, and for recording the ocular movements, 
planted chronically under ‘Nembutal’ anaesthesia. 
‘xperiments started 1-2 days after the operation, 
ed when the effects of the anaesthesia had disappeared. 
_ Rectangular negative pulses (0-05 msec at 1-5-2/sec) 
: were used at a strength of*1-2—1-8 times the threshold for 
the peripheral response. Because the dorsal roots had been 
es e. volley produced in the muscular nerve could only 
sen from impulses propagating orthodromically 
fferent fibres. Measurements of conduction velocity 
ted that the discharge recorded travelled along 

























fferent fibres. The size of the nerve action potential 





ken as a measure of the number of «-motoneurones 
d by the stimulus. 

rthodromic response of the motor fibres to direct 
ation of the motoneuronal pool elicited in either 
bial or the deep peroneal nerve was not modified 
1g transition from relaxed wakefulness to synchronized 
Furthermore, during synchronized sleep no signifi- 
cant difference was observed between spindle periods 
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desynchronized sleep; B, soon after A , Showing an episode of desynchron- 
the end of the episode o 

reappearance of the neck 
muscular activity ne 


and interspindle lulls. The response of the «-motoneurones 
to direct stimulation was, however, tonically depresse 
during desynchronized sleep (Fig. 1). The decrease of t} 
action potential was of the order of 20-30 per cent an 
lasted throughout the episode of desynchronized slee 
No phasic depression of motoneuronal excitability co 
ee detected during the large bursts of rapid eye moveme 
(Fig. 1). | 
These observations are in general agreement with tho: 
made on the recurrent discharge of o-motoneuro 
Both these methods of sampling the state of excitabil 
of the «-motoneurones during physiological sle 
wakefulness lead to the conclusion that an inerease 













mbrane ocours during. 
, which is likely 
tory postsynaptic potentials, would 
onie depression of the monosynaptic 
ynaptic reflexes which occur during desynchro- 
eep 
ther mechanism must be postulated, therefore, to 
ount for the striking phasic depression of the same 


































10 





ces that one sees in conjunction with the bursts of 
pid eye movements’. The following evidence indicates 
at presynaptic inhibition, acting on the central endings 
of primary afferents, may cause the phasic depression of 
the spinal reflexes at the time of the rapid eye movements. 
No further depression of the response of the motoneurones 
to antidromic® or direct stimulation (this report) was 
_ observed to parallel the bursts of rapid eye movements. 
In addition, during the bursts of ocular movements 
here is a phasic enhancement of the group I a antidromic 
s tested in both flexor and extensor nerves 
Wall’s method’. 
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Central Effects of 8-N-Oxalyl-x,8-diamino- 
‘propionic Acid and other Lathyrus Factors 
ALTHOUGH an association between §-aminopropionitrile 
lerivatives and osteolathyrism of experimental animals 
ms well established!, there is less certainty concerning 
nature of toxic substances present in Lathyrus species 
onsible for human neurolathyrism?. Acute neurologi- 
manifestations are produced in some laboratory 
imals by L-«,y-diaminobutyric acid (present in numerous 
whyrus species, but not in L. sativus)®4, by B-cyano- 
anine (present in Vicia sativa and V. angustifolia, 
ssible contaminants of L. sativus)’ and by $-N-oxalyl- 
8-diaminopropionic acid (recently isolated from L. 
wus)’. The degree of susceptibility to these toxic 
agents varies between different animal species, and it has 
= yet to be demonstrated whether these substances do, 
in fact, produce human lathyrism. Nevertheless, in view 
of the potent effects of many relatively simple amino- 
acids on mammalian central neurones’, these lathyrus 
_ factors are of considerable interest. Consequently an 
investigation has been made of the action of these and 
related compounds on single nerve cells of cats anaes- 
ietized with pentobarbitone. 
ction potentials were recorded extracellularly from 
nal interneurones and Betz cells by means of the centre 
rel of five-barrel glass micropipettes of overall tip 
meter 4-5y, while the compounds under investigation 
re administered electrophoretically into the immediate 
racellular environment of single neurones from the other 
ls”. Previously this technique has been used to 
nstrate that certain acidic amino-acids related to 
acid are excitants of nerve cells, whereas struc- 
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turally similar neutral amir 
acid group are depressants 
and y-cyano-L-a-anm:nobutyric acid neither ex 
depressed spinal icterneurones when administere 
cations from aqueous solutions of pH 28-34: V 
similarly administered, L-«,y-diaminobutyrie aci 
pressed the synaptic responses of these cells, but 
a much weaker action than y-aminobutyric acid 
alanine’. In marked contrast, however, B-N 
L-a,8-diaminopropionic acid, administered as @ 
from a pH 7-5 solution of the sodium salt, was & 
excitant of spinal interneurones and Betz ee 
substance was more potent than D,L-homocyste 
and was only slightly less active than N-methyl- 
acid, the strongest amino-acid excitant of fe 
cells yet reported’. When injected intravent 
into 4-week-old mice, 8-N-oxalyl-1-«,6-diaminop 
acid caused flexor convulsions and hyperact 
doses of 25-50 ug. Related amino-acids, y-N-ox 
diaminobutyric acid, N-oxalylglycine and N 
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alanine were without effect on spinal interneuron 
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3-N-Oxalyl-t-«,8-ciaminopropionic acid is thus 
most powerful excitant L-amino-acid yet ed. 











tempting to speculate that a direct action on ¢ 
neurones accounts for the effects which follow 
peritoneal administration to immature chiekens 
that the lack of action on mice and rats® is a 
with the failure of the amino-acid to penetrate the 
brain barrier. If this barrier is relatively imperme 
adult animals, then difficulties may arise in 6 
the relationship between the oxalyl derivative and 
lathyrism, unless cf course the diffusional ba 
altered by severe tutritional deficiencies. Pres 
the toxic effects produced by 6§-eyano-L-alanin 
L-a,y-diaminobutyrie acid? are not produced by a` 
action on nerve cels, and may be associated wit 
turbances of the mesabolism of t-glutamie acid, y-am 
butyric acid and related substances. a 
We thank Dr. C. Ressler for samples of cyano- 
acids, Prof. P. S. Sarma for a sample of natural 
oxalyl-L-«,8-diaminopropionic acid and some syn 
oxalyl derivatives of amino-acids, and Dr. D. R. 
bringing the recent work of Prof. Sarma and his.co 
to our attention. i 
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Fate of Intracisternally Injected | 
5-Hydroxytryptamine in the Rat Brai 

Tur uptake of 5-kydroxytryptamine (5-HT) by 
tissue in vitro and ia vivo has been investigated by 
workers'-*. The present experiments investigate the 
of 5-HT in the brain tissue after administration 
cerebrospinal fluid. oe 













in in the brain and it is almost complete after 80 min. = 





To obtain bloodless brain, the animals were bled with 
ultaneous intravenous infusion of saline until the 
o @Hivent was almost colourless. After decapitation, the 
`- cerebral ventricles were opened, the arachnoid was cut 
-with a razor blade and the whole brain was washed with 
running saline to remove cerebrospinal fluid. In this way, 

all 5-OH indoles outside the brain tissue are probably 
removed. The animals were killed in this way at various 
intervals after injection. The whole brains were homo- 

genized with 0-1 N hydrochloric acid. After precipitating 
the proteins with 10 per cent zinc sulphate and 10 per 
cent sodium hydroxide, portions were taken for spectro- 
fluorimetric determination of total 5-OH indoles§, 
< S-hydroxyindoleacetic acid (5-HIAA)® and 5-HT’. 
he results are shown in Fig. 1. It is clear that 5-HT 
strates into the brain very easily. The maximal level 
chieved 10 min after injection. There is a rapid 
cline in 5-HT content from 20 to 40 min. A progressive 
tless rapid fall in 5-HT is manifested from 40 to 80 min. 













40 


Time after injection of 5-HT (min) 
ig. 1, Amount of 5-HT, 5-HIAA and total 5-OH indoles in the rat brain 
je) at various intervals after intracisternal (cisterna magna) injection 
DHE (0-1 mz/100 g body-weight). Each point representa mean of five 
xperiments, x -—--~--- x, HT; @-—@, 5-HIAA: A——A, 
aS total 6-OH indoles 








~The content of 5-HIAA, main metabolite of 5-HT, 
increases continuously up to 40 min. Thereafter it 
remains almost unchanged. 

_ The amount of total 5-OH indoles oscillates, depending 
on the levels of 5-HT and 5-HIAA. 

Surprisingly, the rapid decrease of 5-HT from 20 to 
40 min is not followed by an adequate increase of 5-HIAA. 
This discrepancy could be explained in many ways: 
5-HIAA rapidly leaves the brain; 5-HT is not completely 
metabolized via 5-HIAA; 5-HT leaves the brain partly 
unchanged. 

Comparing the results from our previous work? with 
those described, it is evident that 5-HT penetrates from 
sbrospinal fluid into the brain in a far greater amount 
n from blood. There are many possible reasons for 
‘phenomenon. (1) 5-HT may be rapidly taken up by 
sd platelets. (2) 5-HT may be carried by blood in the 

erent tissues and metabolized. (3) 5-HT may be very 
iluted when given intravenously, the volume of the 
od being greater than that of the cerebrospinal fluid. 
Summarizing the results of our experiment, it can be 
--eoncluded that intracisternally administered 5-H'T pene- 
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the brain easily. Its metabolism is very rapid 
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PHARMACOLOGY 


Effect of Methylhydrazine Derivatives on the i a 
Survival of Second-set Skin Homografts a 


METHYLHYDRAZINE derivatives were originally introduced. 
as a new class of anti-tumour agents'. Since then, as witl 
other cytotoxic drugs, immunosuppressive effects have © 
also been demonstrated? *. In an investigation of the = 
pharmacological susceptibility of the primary skin homo- 
graft reaction, it became increasingly clear that the E 
methylhydrazine derivatives were among the few agents e 
which provided a definite prolongation of graft survival = ` 
in micet. The present experiments were carried out to 
determine the effect of these eompounds on the survival 
of second-set skin homografts. : 
Inbred strains of mice were used. Skin grafting was done 
by the method of Billingham end Medawar’. Grafts were 
taken from the general body skin of donors. The. 
dressings were removed on the sixth day and the grafts 
were inspected daily thereafter. The survival times were’ 
taken as end points, that is, until complete graft breakdown ~ oe 
was evident. ‘White grafts’, when present, were lost ooo 
shortly after the removal of the dressing and were then 
classified as surviving 6 days. i 
First-set homografts had been applied to the contra- 
lateral side of the backs of the mice 3-5 weeks before the 
second transplant. The donor and recipient animals - 
were both of the same sex. a 
Two methylhydrazine derivatives were used for treat- 
ment: Ro 4-6467/1 (= 1-methyl-2-p-(isopropylearbamoy]) - 
benzylhydrazine hydrochloride) and Ro 4-6824 (= Pe oo 
methyl-2-p-allophanoylbenzyl = hydrazine hydrobromide). 
In addition, cyclophosphamide and azathioprine were 
included in the strain combination C57BR<—CBA. The cio: 
drugs were applied daily subcutaneously, beginning om TESS 
the day of transplantation or 12 days beforehand. Two. 
doses were used for each compound. According to pre- 
liminary trials, they were of approximately equal toxicity 
during administration over a period of several weeks. 
Table 1 shows the prolongation of the survival of second- 
set skin homograft, provided by Ro 4—-6467/1 and Ro 
4-6824 in mice. Definite prolongations in comparison 
with the untreated control groups were obtained in two 
donor/recipient combinations. In the first, transplants 
from F, hybrids between two strains with ‘strong’ — 
histocompatibility differences were placed on a parent 
strain (C57BL<—(CBA x CS7BL)F,). Fig. 1 represents 
the respective individual graft survival times. The second 
combination (C57BR<CBA), as characterized by its 
first-set skin homograft survival time of 9-6 days‘ be- 
haved like one with ‘strong’ antigenic differences and DA 
H-2 locus disparity. In these two combinations, with an 
effective drug regimen, the prolongation of the survival 
of the second-set graft was of the order of 50-70 per cent. 
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Fig. 1. Prolongation of (CBA x C57BL)F, second-set skin homograft 
survival in C57BL mice given Ro 4-6467/1 and Ro 4-6824 daily (150 
mg/kg, from day ~12). See also Table 1. ©, Mice died before the 
rejection of the graft was completed 





































contrast, cyclophosphamide and azathioprine did not 

antly retard the rejection of CBA grafts on COTBR 
~ Small but statistically significant extension of 

urvival was caused by the methylhydrazines in the 
binations C3H<-C- and CBA<-A. As twenty-four 
ity-five control grafts were already rejected at the 
t evaluation, inspection on day 5 rather than on day 
night have led to somewhat more pronounced results. 
When the two methylhydrazine derivatives are compared, 
it is clear that although they have practically equal 
immunosuppressive activity, Ro 4-6824 is less toxic in 
mice. Treatment of the hosts before grafting was more 
effective than treatment from the day of transplantation 
‘onwards. These two observations confirm earlier findings 
made with first-set skin homografts**. 
The second-set homograft reaction is considered highly 
sistant towards modification by radiation or drugs. 
‘o our knowledge, no drugs have been successful when 
\pplied to this purpose. In temporarily successful organ 
ansplantation, as with kidneys, a constant antigenic 
imulation is likely to occur. Therefore, immune states 
might develop which resemble the situation in second-set 
‘transplants. Drugs which affect the second-set model 
might consequently, besides facilitating the acceptance 
‘of primary transplants, also be indicated to control 
‘such phenomena in clinical organ transplantation as the 














=o Table 1, SUMMARY OF SECOND-SET SKIN HOMOGRAFT SURVIVAL TIMES 


eatin, . Mortality 
NO. Start Median Range of Change of mice 
oono Treatment Dose (graft survival survival against before 
a (mg/ day time (days) controls completed 
kg) 0) (days) (%) rejection 
oe = C57 BR<CBA 
L Controls* 6:3 B~T 
o Ro 4-6824 F 150 ~12 10-6) 7-17 + 69 0/8 
T. Ro 4-8824 150 Q 6° 6-7 -3 0/7 
7. Ro 4-6467/1F 150 -12 9-43 8-15 +49 6/17 
< Ro 4-6467/1 150 0 7-91 7-9 +25 0/7 
: Ro 4-6467/1 BOOS O 10-1} 8-22 +61 3/15 
Cyclophosphamide 12  —12 7-0 7-10 +l O/11 
Cyclophosphamide 20 ~12 T5 6--10 +19 0/6 
5 Cyclophosphamide 20 0 60 6 -5 Oğ 
ol Gyelophosphamide 30 0 6-6 8-8 +5 0/11 
nta Azathioprine f 4 -12 4 B7 +2 6/10 
= Azathioprine 4 0 67 8-7 +8 0/5 
Azathioprine 6 0 6:2 7 ~~ 0/6 
ER CST BL<(CBA x CBT BDF, 
oP Controls 6-7 6-8 
eee TO Ro 4-6824 150 —12 10-14 6-17 + §1 0/10 
Soo PO Re 4-8467/1 150 -12 ipj 6-22 +70 2/10 
ep ae C3H<-C- 
Ee Controls 6-2 8-9 
oo 20> Ro 4-6824 150 —12 7-08 6-13 +13 0/20 
-48 Ro 4-0467/1 150 ~12 8°31] &-12 +34 1/18 
CBA<A 
nee Controls 6-0 6 
~. 7 Re 46824 150 — 12 TO 8-9 217 0/7 
>07- Ro 4-8824 300 Q 6-6 6-7 +10 0/7 
“9 Re 4-6467/1 150 -12 688 6-9 +13 0/9 
Re 4-6467/1 300 0 -ë 6-7 +10 0/7 


*0-1 ml. saline/10 g/day subcutaneously. 

+ By courtesy of Dr. W. Bollag (F. Hoffmann-LaRoche and Co. 4 G). 

+ By courtesy of Dr. R. S. F. Hennessey (Wellcome Research Laboratories). 
100 mg/kg from day + 15 onwards. 

“| P< 0-05, 

oP P=O05, 
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late ‘acute rejection crises’, which are considered as 
attempts of the hos: to destroy primarily accepted organ- 
homografts. pan 
The biological mechanism by which the methylhydra- 
zine derivatives exert their action is not yet fully — 
understood. The marked and clinically predominant — 
effect of Ro 4-6467;1 in malignant lymphoma*.” seems to. _ 
indicate a specific vulnerability of lymphoid tissue. The- 
intensively prolifereting lymphoid cells which character-._ 
ize the secondary mmune response to homografts areo- 
likely to be an equally sensitive target for these drugs. 
We have also found a relatively pronounced effect of 
the methylhydrazine derivatives on transplantation 
immunity in experments now in progress using skin 
homografts in rabbiss. The use of these agents m clinical — 
organ transplantation, particularly with adequate pre- 
treatment, should bs more thoroughly assessed. ` 
I thank Miss Maryan Richner for skilful t 
assistance. n 
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BIOCHEMISTRY 


Direct Effect ef Vitamin A on Boar Testis 
ABOUT 40 years ago the effect of vitamin A deficiency 
male sexual organs was investigated in rats by Wolbac 
Howe! and Gross’, and in guinea-pigs by Wolbach- 
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Howe?. Later the induence of this vitamin on reproduction —_ 
was investigated in various species of domestic animals, 
for example, in buls by Hodgson et al.4 and Madsen et 
al.®6, and in rams by Lindley et al.?, but until I reported | 
my investigations*, $È would seem that boars had not been. 
examined. Terminasion-—or a marked reduction—-of the 
spermatogenesis as a consequence of the A-avitaminosis 
characterized all findings in the species of animal examined. 
It was demonstrated in these experiments that the ad-_ 
ministration of vitamin A to an A-avitaminotic boar- 
resulted in complece normalization of the spermato- 
genesis within 3 moaths. Pee a 
Investigations were continued with the view of elu 
dating whether vitamin A acted directly on the spe 
genetic epithelium ər whether a hormonal factor 
involved. as 
As with previoas experiments, Danish Landrace 5 
boars were used, ard from the age of 6 weeks were fed 
a diet deficient in véamin A. The vitamin A status was 
controlled by analysis of liver biopsies which, together 
with the markedi* increased cerebrospinal pressure, 
formed the basis by which it was checked that the animals 
(at the age of 4-5 months) were depleted of vitamin A. 
At this stage, daily doses of vitamin A acid were supplied 
to some of the boars, the clinical condition of which 
remained normal bat in which a vitamin A deficiency — 
was manifest in the spermatogenetic tissue. This feature 
was investigated earlier in boars (unpublished data), 
and is in accordance with findings of Thompson et al.? in 
rats. About a montt later, vitamin A alcohol or vitamin A 
aldehyde in peanut oil containing small quantities of 
indian ink was injected into one of the testicles. The 
doses of vitamin A alcohol injected varied between 6,000 














and 8,000 1.U., and vitamin A aldehyde between 0-6 and i ERA 
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Testis from vitamin A-deficient boar, The septula testis, which 


Fig. 1. 

contains vacuoles and grains of indian ink, separates normal spermato- 

genetic tubules (right) from degenerating tubules (left). (Stained with 
haematoxylin-eosin, x 60) 


1-6 mg. In a few boars, both preparations were applied 
to the same testicle, one preparation being injected at 
a distal, the other at a proximal site. At intervals of 3-4 
weeks this treatment was repeated on four or five occasions 
after which the animals were killed. 

The weight of the testicles was found to be much lower 
in all experimental boars than in their normal litter- 
mates; members of the former group were about a third 
or a half the normal weight. There was no characteristic 
difference in weight between treated and non-treated 
testicles. Histological examination of the testes, however, 
revealed a distinct difference between the testicular areas 
into which the vitamin had been injected and the sur- 
rounding tissue and the non-treated testicle. In some 
boars spermatogenesis was found to be normal at the 
site of application (Fig. 1), yet at the same time there was 
total degeneration of the spermatogenetic epithelium in 
the surrounding tissue and the non-treated testis as the 
tubules were found to contain only Sertoli’s cells and a 
few inactive spermatogonia. Generally the areas treated 
with vitamin A were well defined, and radial septa of 
testicular connective tissue separated the vitamin A-rich 
from the vitamin A-deficient areas (Fig. 1). Besides the 
normal spermatogenesis in the former areas, grains of 
indian ink could be seen embedded in the interstitial 
tissue which also contained some circular or oval vacuoles 
of somewhat variable sizes. These vacuoles represented 
the ‘negative picture’ of the vitamin A-containing peanut 
oil used for the injection, and fat-staining of frozen 
sections of the testicles with Sudan III gave a positive 
result. Vitamin A alcohol and vitamin A aldehyde thus 
seem to have similar direct effect on the spermatogenetic 
tissue, with the exception that vitamin A aldehyde seems 
to result in a more well-defined demarcation between the 
active, vitamin-treated and the vitamin-deficient testi- 
cular tissues. 

As already mentioned, the way in which the vitamin A 
deficiency provokes the oharacteristic testicular changes 
remains unknown. An explanation which immediately 
suggests itself is that it might be a matter of hormonal 
interference, and for this reason interest has been focused 
primarily on the gonadotropic hormones of the pituitary. 
The results obtained in investigations using experimental 
as well as domestic animals have been most contradictory. 
Whereas Mason and Wolfe!’ found that the content of 
gonadotropins in the pituitary increases in vitamin 
A-deficient rats, Van Os" and Mayer and Goddard 
considered that supplies of gonadotropic hormones would 
counteract the degenerative influence on the sexual organs 
otherwise involved in such vitamin deficiency. Hodgson 
et al.* and Gunn et al.! (the former group used A-avita- 
minotie bulls, while the latter group used rams) found that 
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the spermatogenesis was accelerated after administration 
of pregnant mare serum; however, Lindley etal.” in more 
comprehensive experiments with rams showed that supplies 
of pregnant mare serum failed to prevent the development 
of A-avitaminotic, testicular changes. 

As early as in 1952 Fell and Mellanby" demonstrated 
in tissue cultures that high dosages of vitamin A might 
be responsible for a cellular A-hypervitaminosis and that 
consequently they might be considered to act directly 
on cells in vitro. Numerous experiments carried out by 
Fell substantiated this finding, not merely in A-hyper- 
vitaminosis but also in A-hypovitaminosis. 

Thus our findings show that the degenerative changes 
of the spermatogenetic tissue caused by A-avitaminosis 
are not indirectly provoked by changes—arising from the 
avitaminosis—in the hormonal regulation, but instead 
that they are of a direct nature. That is to say, they can 
be attributed to a disturbed function of the spermato- 
genetic tissue brought about by the vitamin A deficiency, 
and thus can be counteracted by direct application of 
vitamin A alcohol or vitamin A aldehyde to the tissue, 
but not by application of vitamin A acid. 
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Separation of Connective Tissue 
Mucopolysaccharide-Protein Complexes 
from Unrelated Proteins 


Iv is now generally accepted that most, if not all, of the 
mucopolysaccharides (MPS) in connective tissues are 
bound to small amounts of protein or peptide. Recent 
estimates indicate that this protein content may be as 
little as 2 per cent for hyaluronic acid and as much as 
15-20 per cent for cartilage protein—polysaccharide com- 
plexes’. Crude extracts of connective tissue always 
contain large amounts of protein not associated with the 
MPS. Therefore, in almost all procedures for isolating 
the MPS components, deproteinization is an essential 
first step before purification. It is usually assumed that 
the variety of proteolytic enzymes used, such as pronase, 
papain or trypsin, specifically degrade the “unrelated” 
protein but do not attack that complexed to the MPS. 
Although this is probably true there is, nevertheless, little 
direct experimental evidence to support this assumption. 
Other methods commonly used to deproteinize crude 
tissue extracts are adsorption on kaolin, Lloyd’s reagent, 
shaking with chloroform-isoamyl alcohol (Sevag’s pro- 
cedure) and dialysis against a cationic resin?. Besides 
the possibility of degradation, these procedures generally 
result in great losses of material. 

It seemed desirable to find milder methods for the 
deproteinization of crude extracts, especially those 
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amounts. of MPS. 
: ranks procedure in which 
of protein and uronic acid can be reduced from 
as little as 5/1 by passing crude tissue extracts 
through columns of CM- or SH-‘Sephadex’. Besides 
the rapidity and simplicity of this procedure, it has the 
iditional advantage of causing little loss of MPS. These 
strongly acidic substances, being repelled by the fixed 
gative charges of the gel, pass quantitatively through 
ie colurmn while most of the proteins are retained on the 
f el. At this stage, when only relatively little protein 
remains, most of it can be removed by the addition of 
55 per cent ammonium sulphate. 
The CM- and SH-‘Sephadex’, A-50 Medium (Pharmacia) 
_ were washed first with 0-5 N hydrochloric acid and after- 
_ wards with buffer; the latter step is a very critical one 
since it was found that maximum adsorption of protein 
could be achieved only under carefully controlled con- 
ns. Whereas relatively little protein is retained on 
lumn when phosphate buffer, pH 6-5~7:0, is used, 
um. adsorption can be attained with citrate- 
ate buffer at pH 5-2~-5-5. The ionic strength of 
starting buffer is not critical; buffers ranging from 
05 M to 0-02 M were found to be equally effective. 
gugh the CM-‘Sephadex’ requires a considerable 
nber of washings before equilibrium is reached’, 
Sephadex’ was found to equilibrate very rapidly. 
oth are equally effective in adsorbing proteins. Columns 
-3 em in diameter and 30-50 cm in height were used in 
lithe experiments. Tissue extracts were dialysed against 
wo changes of starting buffer. Any residue which formed 
as removed by centrifugation and the dialysed super- 
atant solutions were then applied directly to the column. 
The results of two typical experiments are summarized 
Table 1. The initial ratio of protein/uronic acid in an 
ract of bovine cornea was 42/1; after two passages 
ough CM-‘Sephadex’ this ratio had dropped to 6-2/1. 
similar fall in the ratio of protein/uronic acid was 
bserved in preparations obtained from cattle retina‘. 
largest amount of protein which can be applied to a 
umn of this size is about 250 mg. Samples containing 
uantities greater than this are best chromatographed 
: batches. 































































Table 1. PURIFICATION OF CONNECTIVE TISSUE EXTRACTS 


Tissue Protein* Uronicacidt Protein’ 
wn img) {mg} uronic acid 
erneal extract 

iitial preparation 1760 4°22 42-0 
irst CS Ae eer 461 3:86 120 
econd CM-‘Sephadex’ — 21-4 3:44 6-2 
After ammonium sulphate 4-3 3-30 13 
nal extract 
uitial preparation 192-0 2-76 69-0 
irst C Mf-‘Sephadex’ 47:5 2°60 18-3 
‘Second CM-‘Sephadex’ 13-0 2-40 5-4 
After ammonium sulphate 1-82 2-31 0:3 


Assayed according to the method of Lowry et al. (ref. 5). 


pe = ie to a modification (ref. 6) of the carbazole method of 
‘he (ref. 7}, 


It should be noted that passage through CM- or SE- 
‘Sephadex’ did not completely remove all the protein 
-initially present. Moreover, additional chromatography 
did not cause any further drop in the ratio of protein/ 
` uronie acid. However, it was afterwards found that at 
this stage the relatively small amount of protein remaining 
-eould be removed almost completely by precipitation 
‘with 55 per cent ammonium sulphate; almost no loss of 
nic acid-containing material resulted. Ammonium 
ulphate is apparently only effective at relatively low 
rotein concentrations. When added to the crude extracts, 
iderable loss of MPS resulted, due undoubtedly to 
precipitation of mucopolysaccharide—protein complexes 
yh the protein. 
sum up, the overall procedure outhned here results 
removal of about 98 per cent of the original protein 
reparations, while substances containing uronic 
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conditions used ur.doubtedly ensure the prese 
these complexes ir their native state, and th: 
suitable starting material for ultimate fractior 
purification. Because of the high recovery. 
acid-containing su >stances, this procedure is ¢ 
suitable for tissues with low MPS content. < 
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Anomalous Protein Binding of lodine- 13 
the Presence of lodate i 


As a preliminary step to some work which we wi 
undertake with insun labelled with iodine-131 
proteins, we have reeently compared some of th 
available for the separation of protein-bound to 
free iodine from mixsures of the two. l = 
In the course of this work we have stu 
behaviour of two mixtures, containing human se 
iodine-131 in the form of sodium iodide and 
addition of either inactive sodium iodide or iodate. 
presence of sodium iedide alone, it has proved pos 
effect virtually compeete separation of the iodide fr 
serum (as determined by distribution of radioactivity 
(i) trichloroacetic acid precipitation, (ii) zine hydro 
precipitation, (iii) separation on ion exchange resin 
(iv) gel filtration. In the presence of iodate, howe 
though the latter three methods gave results comp: 
with those found with iodide—precipitation wit 
chloroacetic acid gave completely anomalous resu 
74 per cent of the aetivity was found in the pr 
This is demonstrated quite clearly by the sunu 
results given in Table 1. os 
The mechanism for this precipitation of the acti 
not clear. The fact that the molecular sieving achiever 
the gel filtration ind-cates the activity to be asso 





Table 1 7 
. Percentage of total radioactivity. associat ed. 
Method of separation _ with protein in the presence of o 0o 

Sodium iodide Sodium iodate:i 

(i) Trichloroacetic acid 1-0 TLO SS 

(ii) Zine hydroxide 2-0 3-0 

iii) Gel filtration 1-0 2-0 

(iv) Ion exchange 1-0 40. 





Notes: (a) The mixtures <onsisted of 10 ml. of pooled human ‘geru 
which had been added approximately 2 pe. of iodine-131 and 5 mg of ei 
sodium iodide or lodate, O-€ ml. portions of these were used for all dete 





vith small molecules 
have been raised in the past with regard to the use of 
trichloroacetic acid as a precipitating agent for protein- 
bound iodines!? (on the grounds that inorganic iodine is 
oecluded in the precipitate) would appear to be only 
partially valid; in in vitro conditions at least, the 
phenomenon only occurs in the presence of iodate. 
. Though doubts have been cast on the accuracy of the 
method, the precipitation of protein-bound iodine by 
trichloroacetic acid in thyroid function tests is well 
established. The technique has also been used as a 
criterion of the degree of protein labelling achieved in 
methods in which iodinating mixtures containing iodide 
and iodate are used. Our findings suggest that results 
obtained by this method should be examined critically, 
as very different results can be obtained when other 
methods of separation are used. 
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ees -Actomyosin-like Protein from Crayfish 
© Nerve: a Possible Molecular Explanation 
= Of Permeability Changes during Excitation 


‘THE purpose of this communication is to show that a 
protein which resembles the contractile actomyosin of 
muscle (also an ATPase) is present in nerve membranes. 

_ A detailed hypothesis has been presented elsewhere!, 
together with supporting evidence, suggesting that the 
complex permeability of the membrane of excitable cells 
is controlled by an adenosine triphosphatase (ATPase) 
enzyme system, which is able to change its molecular 
configuration as a function of the supply of energy-rich 
Substrate. Changes in effective pore diameter and/or 
‘position of charged groups would produce a modification 
of selective cation-permeability. Such a ‘“mechanoenzyme”’ 
system? would correspond with that present in the mito- 
ndrial membrane? and would account for the changes 
con length‘ and in light scattering properties of the 
con membrane? which follow electrical stimulation. Its 
ymatic activity would also contribute to the observed 
nges in inorganic phosphate liberation which follow 

activity. 

fish (Astacus pallipes) nerve cords were homo- 








le Ouabain Initial 
OOND. 10-* gimi. reading 
1-5 mM 2-0 mM 
. 10” 5 10” Bt)’ 
{1} — A O84 0-204 0-272 
per cent li 45. 
ee + A 178 0-200 0-295 
ae per cent 2 66 
oul AB) ~ A 0254 0271 0-271 
os per cent fi 7 
+ A 0255 0286 0-286 
per cent 12 12 
Den — A 0-254 
© Fy per cent 
on ba, ih + a 0-190 
G per cent 
. 4 = A O-226 6-242 O-244 
A per cent 7 8 
-+ F. 0-288 0-254 0-410 
per cent 11 79 


At each successive addition of ATP, 


: Nat = 80 mM, tris = 80 mM. 














, the change in turbidity is also expressed as a percenta 
Spectrophotometer readings show ‘immediate "response at 10 see (10%) and after 86 min 
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nerve cords; this was equivalent to a final dilution of 


0-8-1-2 mg protein/ml. Determinations of enzyme > 
activity were made by incubation with ATP (tris-salt, =. 
Sigma) and the inorganic phosphorus (P;) liberated was 
measured by the method of Fiske and Subbarow?’. A 

The supernatant was found to possess ATPase activity, 
with both glycoside-sensitive and glycoside-insensitive 
fractions, as found in the membrane fragments of crab _ 
nerves’, eS 

When the preparation was placed in the speectrophoto- 
meter its absorbance was in the range 0-17--0-25, when ~~ 
compared with a distilled water blank. However, the _ 
absorbance and turbidity of the preparation proved to be. 
very sensitive to the effect of the addition of ATP. At- 
pH 7-3 and with an ionic concentration of Na+ = 80 mM, 
K+ = 120 mM, Mg** = 4 mM, the addition of ATP to 4 
final concentration of 2 mM produces an increase in - 
absorbance (approximately 50 per cent), but higher con- > 
centrations of ATP (4-6 mM) cause large absorbancy. 
changes. The action of ATP is clearly diphasic. On the x 
addition of ATP there is a large initial increase in absorb- oo 
ance, followed by a slow, steady increase, the rate of — 
which declines over the following 45 min. Small variations 
in the value of the absolute turbidity change were found, _ 
but typical results are illustrated in Table 1, experiments 
1-4. Essentially the same overall pattern of changes in 
absorbance was obtained when either the ATP was added 
at one time or in successive smaller quantities, although 
successive application produced a higher overall change 
(Table 1). The large initial changes at 4 and 6 mM ATP 
were clearly evident by eye. 

These changes in the absorbancy of the supernatant, 
are very sensitive to ionic concentration and pH and to ~ 
their interacting effects. For example, reducing the ionie <. 
concentration to Nat = 15 mM, K+ 5 mM, Mg = oes 
6 mM, tris 30 mM increased the magnitude of the absorb-  _ 
aney change produced when ATP was added. This effect - 
was accentuated still further by the removal of all eations. - 
except Mg?+ (6 mM). When the pH of the medium was 
reduced to 5-5 or 6-5, in the presence of 6 mM Mg*+ only, 
low concentrations of ATP (0-5-1-0 mM) were sufficient. 
to produce very large increases in turbidity. On the. 
other hand, the preparation was very much more stable 
in the presence of ATP when the pH was raised to 7-4 © 





arwana. 
— 










7 
and only small changes in absorbancy were recorded. _ 

These results concerning the superprecipitation pro- 
duced by ATP, and the effects of ionie concentration and- 
pH, are characteristic of actomyosin-like proteins? and- 
provide evidence for the presence of a similar contractile. 
system in the nerve membrane. Two fractions of ATPase. os 
activity are known to be present in the excitable mem. 0 


Table 1, ATP-INDUCED CHANGES IN TURBIDITY OF SUPERNATANT, AS MEASURED BY ABSORBANCY, A, AT 410 my 


ATP concentration 
25 mM 3-0 mM 3:5 mM 4-0 mM 6-0 mM 
10” 30’ 10” 30° 10° a0’ 10” 30’ 10° 30° 
0-622 1051 1130 1-587 
184 471 514 73% 
524 1-074 1:1838 1-545 
194 503 664 768 
0-420 0-598 
85 133 
0-316 0-387 
24 52 
0-740 1180 
289 521 
0-289 0-607 O714 1-088 
28 169 216 359 


0510 0-960 
123 317 


e of the initial absorbancy, | eens 
30’). pH = 7-3, 19°C. Tons, Mg* = 4 mM, K+ = 120 mM, 
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brane, one glycoside-sensitive and the other glycoside- 
nsensitive. The former is associated with the active 
tion pump*?*, and it is suggested’ that the latter 
controls the passive permeability of the membrane. 
Addition of the glycoside ouabain does not significantly 
alter. the superprecipitation effects produced by ATP 
(experiments 1 and 2, Table 1). However, the process of 
superprecipitation followed an approximately exponential 
time course over the 30 min period after addition of ATP, 
whereas parallel enzyme investigations showed that the 
rate of ATP hydrolysis at 19° C was low and followed a 
<o linear time-course. Furthermore, at the higher ATP 
~-eoncentrations the enzymatic activity of ATPases is 
-inhibited®.!", while in our experiments increased super- 
precipitation is observed at these substrate concentrations. 
The observation that the addition of ouabain has little 
effect on the process of superprecipitation does not, there- 
fore, necessarily exclude the possibility that the cation 
» is also associated with the activity of a contractile 
tein. The action of low pH in accelerating super- 
sipitation confirms the view that this phenomenon is 
ot directly related to enzyme activity. Either one or, 
re probably, both of the ATPase components could be 
protein able to change its molecular configuration on 
-addition of ATP. The results correspond with the 
-tomyosin-like protein which has been identified" in and 
olated!? from the mitochondrial membrane, and the 
results of experiments concerning the permeability of 
erythrocytes!" also strongly suggest that a comparable 
system that controls permeability is present in the 
erythrocyte membrane. 
= The concentrations of ions and ATP used in these 
experiments are either identical with or correspond very 
closely with®1° those used in many of the classical studies 
concerning the ATPase enzyme activity of nerve and 
erythrocyte membrane. The superprecipitation produced 
at 4 and 6 mM ATP might explain the substrate inhibition 
bserved in other experiments at concentrations of 
20-25 mM and greater® 1°, 
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~ New Assay of the Ribonuclease-reactivating 
_ Enzyme based on Disulphide Exchange 


oce Reoenrry, Straub and I described experiments which 
- suggested that the ribonuclease-reactivating enzyme 
isolated from pig pancreas probably acts through a 

ement of disulphide bridges of the substrate by 
phide-sulphydryl interchange*?. Further 

in favour of this hypothesis has been reported 





isolated 
3 igement 
means of disul 
_ evidence in far 
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by Givol et al.3. However, the action of this enzyme was 
followed in both laboratories by indirect methods, that 
is, by measuring the rate of appearance or disappearance 
of the activity of aaother enzyme (ribonuclease or ehymo- 
trypsin). This ecmmunication deseribes a convenient — 
assay method whien eliminates many uncertainties of the — 
indirect’ reactivaticn—inactivation tests and further sup- 
ports the proposed interchange mechanism. EY Aaa 

The substrate used in this assay was a randomly mixed 
disulphide, formed from radioactive cysteine and reduced 
ribonuclease. Reduced ribonuclease* (1 mg/ml.) and 





sulphur-35-labelled cysteine (20 ug/ml, 2 x 16° ¢.p.m./ml.) 
were allowed to oxidize spontaneously at pH 8-5 in 8 ) 
urea for 120 h. W : com 
mixture was filtered through ‘Sephadex G-25”. quis 
librated and eluted with 0-1 N acetic acid. The macro: 
molecular fraction which contained 9 per cent of the 
originally added redioactivity was lyophilized and dis- 
solved in a small vclume of 0-1 N acetic acid. When thi 









Radioactivity (¢.p.m. x 107%) 





19 20 30 40 50 
Time (min) 


Fig. 1. Time curve of the release of soluble radioactivity. Ineubation — 
mixture: 0-2 M pH 7-5 @is-hydrochloric acid; 10- M labelled substrate 
(3x 10* ¢.p.m.) in 1 ml, soume. ©, No addition; @, 5 x 107 M 2-m fe 
captoethanol added; @ 5.x 10-* M 2-mercaptoethanol added with 150 
ug enzyme. The measured radioactivities were calculated to the total © - 








incubation mixture and plotted against time 


Radioactivity (c.p.m. x 10-7) 





160 


40 80 120 


Enzeme concentration (u2/ml.) 


Fig. 2. Enzyme concentration curve. Incubation mixture: 0-2 M pH 

7-5 tris-hydrochloric acie; 10-* M labelled substrate (3 x 10* e.p.m.); 

5x10 M 2-mereaptoetEanol; plus varying amounts of the enzyme. 

Volume: I ml. Incubation time: 10 min. The control value (radio- 

activity released in the absence of enzyme) was subtracted from the 
measured radioactivities 
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substrate was incubated with the partially purified 
KNase-reactivating enzyme’, radioactivity was released 
from the protein. The assay was carried out as follows. 
The labelled substrate was incubated at 30° C in pH 7-5 
tris buffer in the presence of the enzyme and 2-mercapto- 
ethanol. At various intervals, 0-1 ml. portions of this 
mixture were pipetted into 2 ml. cold acid—acetone 
(acetone : 1 N hydrochloric acid, 39: 1). 0-05 ml. of 2 per 
cent serum albumin solution was added as carrier and the 
precipitated protein was removed by centrifugation. 
` Equal portions of the supernatant solutions were dried 
on alumina planchets and their radioactivities determined 
by means of a windowless gas-flow counter. 

Fig. 1 shows the increase of soluble radioactivity in the 
presence or absence of the enzyme. Fig. 2 demonstrates 
that during the initial stage of reaction the radioactivity 
released is proportional to the amount of enzyme present. 
It should be emphasized, however, that the concen- 
trations of mercaptoethanol and the enzyme in these 
experiments were lower than those used in our earlier 
assay method based on the measurement of ribonuclease 
activity’. Under the present conditions, the reactivation 
of RNase in the first 10 min of incubation was scarcely 
measurable. On the other hand, by elevating the mer- 
captoethanol and enzyme concentrations to levels where 
considerable reactivation occurs, the release of soluble 
radioactivity was practically complete within the first 
few minutes of incubation. 

It would seem that the assay method described here is 
much more sensitive than the reactivation test, and its 
sensitivity can be further increased by decreasing the 
concentration of mercaptoethanol, elevating the pH (the 
optimum lies between 8-2—8-4), or extending the time of 
incubation. I believe, moreover, that it offers better 
possibilities for investigating the detailed mechanism of 
action, specificity, and other enzymological properties of 
the enzyme. 
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Hormone-Enzyme Complex : Insulin- 
Hexokinase 


CORTISONE acetate dissolved in §-lipoprotein (isolated 
from blood plasma of normal animals) has been shown 
to inhibit the activity of yeast hexokinase, while on 
addition of insulin the inhibition is reversed, and the 
activity of the enzyme restored'. It has also been found 
that blocking of yeast hexokinase sulphydryl groups 
with parachlormercuribenzoate* or N-ethylmaleimide® 
failed to affect the activity of the enzyme. Consequently, 
it was obvious that sulphydryl groups of hexokinase 
played no part in catalysis*of the glucokinase reaction‘. 
The hexokinase inhibiting effect of cortisone may also 
be displayed when free sulphydryl groups of the enzyme 


Table 1. EFFECTS OF CORTISONE AND INSULIN ON YEAST HEXOKINASE 
ACTIVITY AFTER BINDING FREE SH-GROUPS OF THE ENZYME 


Hexokinase activity 


In the presence of 
Without inhibition N-ethylmaleimide 


Conditions of incubation 


(1 x 10-* M) 
vg P-ATP Inhibition »g P-ATP Inhibition 
(per cent) (per cent) 
No addition (control) 40 0 40 0 
Added cortisone 22 45 22 45 
Added insulin, followed by 
cortisone 0 = pA 
Added cortisone, followed by 
i 40 0 22 45 
Same + added cysteine excess -= — 40 0 
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Table 2, HEXOKINASE Aa ae ee ee eee 


activity 
Eluates from spots pg P-ATP Percentage 
Strip II 230 100 
Hexokinase 
Strip III 
1) Hexokinase 75 32-6 
2) Insulin 0 0 
3) Third component 145 63-0 
um ofl + 3 220 05-6 


are blocked, while insulin (preventing or reversing the 
inhibition) fails to have any effect after the sulphydryl 
groups become bound (Table 1). 

Fig. 1 shows electrophoretograms (with corresponding 
‘densitograms’) of crystalline insulin, crystalline hexo- 
kinase and of a mixture of them, incubated for 15 min at 
37° C. 

It can be seen in strip III that, in addition to the 
insulin and hexokinase spots, a third spot (as well as a 
third peak on the densitogram) has been revealed, repre- 
senting a component, which exhibits reduced mobility 
in the electric field, as compared with hexokinase, but 
greater mobility than insulin. 

Table 2 gives the results of an assay of hexokinase 
activity in eluates from the spots on strips II and IH 
(see Fig. 1). 








Fig. 1, Electrophoretogram (with ‘densi "). Electro- 
horesis was carried out on 1-5 can aaan S with oe A veronal 
ate > 8-6). (I) 200 ins 


; OD) 1 hexokinase; (IIT) 200 
in + 1 mg hexo lrig aok Eru fen thn ie = 
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Enzymatic activity, which is absent from the hexo- 
kinase spot, has been quantitatively recovered from the 
spot formed by a new, third component, resulting from- 
incubation of insulin with hexokinase (Fig. 1). 

The results of this experiment demonstrate the forma- 
tion of a new complex during incubation of insulin and 
hexokinase—a hormone-enzyme complex: insulin—hexo- 
kinase. The total hexokinase activity remained unchanged 
within the system. The appearance of such a complex 
would account for the capacity of insulin to prevent, or 
reverse, the inhibitory effect of cortisone on yeast hexo- 
kinase activity (Table 1). 

We suggest two alternative mterpretations for the 
mechanism of interaction between insulin and yeast 
hexokinase: (1) Formation of the hormone—enzyme 
complex insulin—hexokinase, through a disulphide bond 
between the -S-S-— group of the hormone (probably its 
oe) and the sulphydry] group of the enzyme (in- 

SH. 


a 
sulin + H§-hexokinase —> insulin—8S-S-hexokınase) 


S 

can be attributed to the action of an allosteric effector 
(insulin), which results in a change in the conformation 
of the enzymatic protem and thus its inability to interact 
with cortisone. (2) Fixation of insulin on the hexokinase 
molecule determines the capacity of the former to interact 
with glucocorticoid, which results in prevention of in- 
hibition, or in liberation of the ‘‘active centre” of the 
enzyme when inhibition of the enzyme by the gluco- 
corticoid occurs. 

The second interpretation would seem to be similar 
to G. Weber’s® views on the interaction between insulin 
and glucocorticoid—as revealed by its influence on hepatic 
glucose-6-phosphatase synthesis: repression, in the case 
of insulin, and reversal of the repression by glucocorticoid. 
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Preparation, Properties and Metabolism 
of lodinated Bromosulphthalein 


BROMOSULPHTHALEIN (phenoltetrabromophthalein disul- 
phonate sodium) is metabolized by organisms and forms a 
conjugate with glutathione’-*. Rose bengal (tetrachlor- 
tetraiodofluorescein), which resembles bromosulphthalein 
in structure, does not form similar conjugates but under- 
goes partial deiodination in the organism5-’. 

While studying derivatives similar to bromosulph- 
thalein and ther metabolism we became interested in 
the effects of iodinating bromosulphthalein. We assumed 
that iodine would link to the phenolic hydroxyl in the 
ortho-position as in rose bengal. 

In iodinated bromosulphthalein we expected two 
metabolic processes: conjugation with the sulphydryl 
(SH) group and deiodination. 

Tubis et al. have described the preparation and pro- 
perties of iodinated bromosulphthalein. They quote an 
iodine content of 5-3 and 7-9 per cent in the final prepara- 
tion, but this does not correspond with the required 
23-2 per cent for a disubstituent. They worked with a 
preparation which was not precisely defined and did not 
investigate its metabolism. We therefore set ourselves 
the task of elaborating a method for the preparation of 
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defined iodinated bromosulphthalein and of studying 
its metabolism. 

As the initial product for the preparation of iodinated 
bromosulphthalein we used bromosulphthalein as pre- 
pared by Merck, VEB, Berlin, and also some which 
we prepared ourselves. 100 mg of bromosulphthalein 
was dissolved in 1) ml. of methanol, and 0°05 ml. of 
iodine monochloride was added; the mixture was 
heated on a boiling water bath and later 10 ml. of 
distilled water was added. This solution was repeatedly 
extracted with 25ml. of petrol ether in order to remove the 
excess iodine monoachloride. The aqueous solution was 
then evaporated ta dryness on a water bath. The pre- 
paration was repeatedly recrystallized from methanol 
and dried for 48 h cver phosphorus pentoxide in a vacuum 
(15 mm) and at the temperature of boiling chloroform. 

The iodine content was estimated by the method 
developed by Schoniger’®; it proved to be 22-5 per cent, 
which is in keeping with the requirement of a disubstituted 
derivative such as C,.H,O,,Br,1,.8,Na,—23-2 per cent. 
The spectral absorption maximum of the preparation 
occurred at 600 mg and the molar extinction coefficient 
was 52,400. Readings were taken on a Unicam ‘SP 500’ 
apparatus. 

In a system of propanol, acetic acid and water? and 
in MecMillion’s system™ the preparation was found to be 
chromatographically homogeneous—the Ep in the pro- 
panol system was somewhat higher than the Ar of 
bromosulphthalein. When we attempted a similar 
preparation of the dibrominated derivative of bromo- 
sulphthalein, we obtained a chromatographically hetero- 
geneous preparation with similar properties to 1odinated 
bromosulphthalein. It is probable that partial desul- 
phonation had occurred as a result of the action of bromine 
(this is known to ageur on o-phenol sulphonic acids?*). 

When studying the metabolism of bromosulphthalein, 
5-5-5 mg/100 g boay-weight of our preparation (dissolved 
in water) was injected intrajugularly into 24 h fasted 
adult Wistar rats urder urethane anaesthesia. The animals 
were killed after 6 h by decapitation, and the small intes- 
tine was removed and divided into three equal parts, 
which were then rinsed in 5 ml. distilled water. The dye 
was only ever present in the proximal thifd part. 

For chromatography of the content of the proximal 

part, a system of propanol, acetic acid and water was used, 
and 0:2—0°8 ml. solutions were applied to the start. The 
chromatographic analysis revealed that apart from free 
iodinated bromosulphthalein two or three other metabolites 
were also present. The first metabolite was blue in colour 
(Er, 0°63) and occurred in the greatest concentration; the 
second was also bine (Rr, 0:47) but in much lower con- 
centration than the first; and the third violet metabolite 
(Rr, 0:42) was present only in trace amounts which 
could only be deteeted when very large quantities of the 
solution were applied at the start. The third metabolite 
had the same Rr as one of the bromosulphthalein meta- 
bolites. Free iodinated bromosulphthalein had an Rr 
of 0-78 and bromosulphthalein an Rr of 0-70. 
_ The iodinated bromosulphthalein prepared in our labor- 
atory correspondec, from its 1odime content, to a disub- 
stituent. Althougk evidence is not available to say for 
certain whether iodination occurred in the ortho-position 
in relation to the phenol groups, we assume by analogy 
with rose bengal that this is so. The bromination of 
tetrabromophenolphthalein also occurred in the ortho- 
position to the OH phenolic groups?*. An iodine bound in 
the meta-position would not be in line with the normal 
halogen substitution of the phenol nucleus which is en- 
countered in organic chemistry’. The substitution of 
bromine for iodine in the nucleus of phthalic acid is also 
unlikely as the iodine content would not correspond to 
23°2 per cent. 

The formation cf coloured metabolites from iodinated 
bromosulphthalein as with bromosulphthalein itself would 
suggest that conjuzates with glutathione are also formed 
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similarly as with bromosulphthalein. The finding of a 
violet derivative, though only in minute amounts, suggests 
that deiodination also occurs, as the loss of iodine In the 
iodinated bromosulphthalein molecule would mean that 
there is a shift of the blue colour back to violet. 
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Paradoxical Influence of Calcium lons on the 
Permeability of the Cell Membranes of the 
isolated Rat Heart 


In the course of an investigation of the specificity of 
acetoacetate which causes electromechanical dissociation? 
we found that pyruvate also inhibited contractility of the 
rat heart and dog heart, leaving electrical activity intact. 
Later we found that perfusion of the heart with sodium 
citrate caused essentially the same phenomenon. Although 
the inhibition of cardiac contraction by potassium 
citrate has already been demonstrated by Melrose et al.?, 
it is essential to use sodium citrate in order to demonstrate 
electromechanical dissociation, as high potasstum-levels 
per se inhibit electrical activity. 

The phenomenon of electromechanical dissociation 
by calcium-free solutes is well established’; we decided to 
investigate whether acetoacetate, pyruvate and citrate 
act by lowering the available calcıum. of the heart cell. 
This possibility was strongly supported by the finding 
that inhibition of contractile activity by acetoacetate, 
pyruvate or citrate could be abolished by raising the level 
of calcium zons in the perfusion medium (unpublished 
observations). 

It is well known that calcium plays an essential part 
in the ATP-dependent contraction-relaxation cycle of 
the actomyosin system; however, its influence on cell 
structures, such as the cell membrane, is not yet fully 
understood, 

In the course of our investigations, we found that 
alterations in the calcium concentration in the perfusate 
give rise to large changes of membrane permeability. 

This communication reports the details of our investi- 
gation. 

White rats, weighing between 200 and 250 g, were 
anaesthetized by an intraperitoneal injection of sodium 
pentobarbitone. After the rats had been heparinized, 
their hearts were removed and perfused at 37° C using 
Langendorff’s technique®. A total heart block was intro- 
duced by cutting through the bundle of His, and the 
hearts were electrically stimulated with a fixed frequency 
of 4:5 beats per sec. The procedure for simultaneous 
recording of the isotonic contractions and electrocardio- 
gram has been described by Meijler et al.*. All the hearts 
were perfused for 30 min with the normal solution before 
the experiments proper were started. The effluent fluid 
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from the hearts was collected at 1 min intervals, using a 
refrigerated ‘Buchler’-fraction collector. The absorbancy 
of the effluents at 260 my was continuously registered. 

The perfusion medium used was a modified Tyrode’s 
solution’. It contained in 1 l.: 7-5 g sodium chloride; 
0-35 g potassium chloride; 0-15 g calcium chloride; 1:7 g 
sodium bicarbonate; 0-05 g sodium dihydrogen phosphate; 
0-1 g magnesium chloride; 2:0 g glucose. After gassing 
with a mixture of 95 per cent oxygen and 5 per cent 
carbon dioxide, the pH of the solution at 37° C was found 
to be 7:4; the final osmolarity was 325 mOsm. The activity 
of creatine phosphokinase in samples of the effluent fluid 
was measured spectrophotometrically at 340 my in cuvettes 
of 1 em light path at 25° + 2° C. In addition to 0-02 ml. 
of the sample, they contained 250 mM glycine buffer 
(pH. 9-0), 4:2 mM magnesium chloride, 1-7 mM adenosine 
triphosphate (ATP), 0-13 mM _ phosphoenolpyruvate, 
0-10 mM reduced nicotinamide-adenine dinucleotide 
(NADH) (except in the control), 4 ug lactate dehydro- 
genase, 8 ug pyruvate kinase and finally 25 mM creatine 
after the NADH oxidation had been registered for 10 min, 
so that the creatine dependent NADH oxidation could 
be calculated. The final volume was 1-2 ml. The activity 
of lactate dehydrogenase was also determimed spectro- 
photometrically at 25° + 2° C in the effluent fluid at 
340 my in cuvettes containing in l ml.: 100 mM tris- 
hydrochloric acid (tris-HCl) buffer pH 7-6, 0-12 mM 
NADH (except in the control) and a sample of the heart 
effluent. The reaction was initiated by the addition of 
5 mM pyruvate. 

The enzyme activities were calculated on the basis of 
the inttial rates of the reactions and expressed in mU 
(each mu denoting 1 mumole of NADH oxidized/min). 
Potassium and calcium were measured by means of a 
flame-photometer. Adenosine diphosphate plus adenosine 
triphosphate were measured in some fractions by the 
method described by Slater*. Myoglobin in the effluent 
fluid was identified by its column chromatographical 
behaviour on “DEAH-Sephadex”® after dialysis against 
0-01 M éris-HCl-buffer (pH 8-6). Cytochrome c was 
eluted from such a column with 0:01 M étris-HCl, whereas 
the myoglobin and haemoglobin were retained at the top 
of the column. Myoglobin, in contrast to haemoglobin, 
was eluted by 0-05 M irts-HCl pH 8:6, 
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Fig. 1. Lactate dehydrogenase activity in the effluent fluid from isolated 
rat hearts after calcium-free perfusion for vamous periods of time 
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be seen from Fig. 1 that lactate dehydrogenase 
indeed leaves the heart muscle after the heart has 
been perfused by a calcium-free solution on chang- 
ing back to the calcium-containmg medium. It 
can also be seen that the magnitude of the loss 
of lactate dshydrogenase is strongly dependent 
on the time luring which the heart was perfused 
by the calcium-free medium. It is of interest to 
note that in this series of five rats, only the heart 
that had been perfused for 2 min with the calcium- 
free solution resumed its regular contractile activity 
after changmg back to the normal perfusate. 
Hearts perfused for longer periods with a calcium- 
free solution were found to be irreversibly damaged, 
although a faw initial contractions were observed. 
Fig. 2 shcws an experiment with a heart that 
had been perfused for 10 min with a calcium-free 
medium after it had been equilibrated for 30 min 
with normal medium. On returning to the normal 
perfusion madium, an almost immediate loss of 
lactate dehydrogenase, creatine phosphokinase, 
260 mp-absorbing material and potassium ions 
from the heart ensued. The correlation of these 
events is very striking. From the finding that 
the absorption at 280 my was about one-third 
of that at 2€0 my, 1t appeared likely that the con- 


z ==" tribution of protein to the material lost from the 

30 35 40 45 50 55 60 heart cells was relatively small. Indeed, estima- 

Min tion of energy-rich adenosine phosphates in the 

Fig. 2, Analysis of potassium- and calcium-ions, creatine phosphokinase (CPK), fractions with maximum 260 my. absorption 


lactate dehydrogenase (LDH) and 260 my-absorbing material in the effluent of an 
isolated rat heart during cardiac arrest by perfusion with a calcium-free medium 
and the subsequent period of perfusion with a medium contammeg 2:6 mequlv, 
The coronary flow was calculated from the effiuent fractions 
obtained at 1 min intervals, Total LDH activity was calculated by multiplication 


calum ions. 


of the flow in ml. by the LDH activity per ml. (lower two curves) 


During perfusion with a calcium-free solution it was 
found that contractility was abolished, but electrical 
activity was maintained. There was a definite increase 
in coronary flow. Returning to a normal perfusate after 
more than 2 min resulted in the disappearance of the 
electrocardiogram, and, after the heart had contracted a 
few times, these contractions passed off completely and 
contractile activity was not restored. The heart lost its 
colour and acquired a pale and mottled appearance. This 
phenomenon, whereby the heart maintained its red 
colour and electrical activity when the perfusion medium 
was changed from normal to calcium-free, but lost these 
properties on return to normal, we called the ‘calcium 
paradox”. We found that the extent of these changes 
strongly depended on the duration of the calcium-free 
perfusion. 

The bleaching of the hearts was accompanied by the 
loss of a brownish substance from the heart, which coloured 
the effiuent yellowish-brown. A loss of myoglobin was con- 
sidered to be the most likely explanation for this. This 
hypothesis was confirmed by measuring the absorption 
spectrum of the effluent. Clear peaks at 540 and 419 mu 
were obtained, suggesting the loss of a haemoprotein. A 
spectral shift occurred after addition of dithionite. 
Further proof for the presence of myoglobin was obtained 
by chromatographic identification of the product as de- 
scribed earlier. No cytochrome c could be detected in the 
effluent by this method. Because myoglobin (a protein 
of low molecular weight) was found in the effluent, it 
was necessarily concluded that the calcium shift gave 
rise to an increase in the permeability of the cell membrane, 
leading to a loss of this cytoplasmic constituent. It 
therefore seemed of interest to investigate whether, on 
changing the calcium-free perfusate back to a calcium- 
containing perfusate, other intracellular proteins of a 
higher molecular weight also passed through the mem- 
brane structures. Because lactate dehydrogenase and 
creatine phosphokinase activities are known to be high 
in heart muscle, we undertook to determine whether 
these proteins were also present in the perfusate. It can 


showed thaz at least one-third of the 260 my 
absorbing material resulted from the presence of 
these high-energy phosphate compounds. 

We conchide from these results that, after 
calcium-charge, the membrane of the cell is no 
longer capable of retaining intracellular constituents. 

We thank Prof. D. Durrer forshis interest and criticism 
and Miss H. M. Moerdijk for technical assistance. 

A. N. E. ZIMMERMAN 
Department of Cardiology and Clinical 
Physiology, 
Wilhelmina Gasthuis, 
University of Amsterdam. 
W. C. HULsmann* 
Department of Mecical Enzymology, 
Laboratory of Biocaemistry, 
Jan Swammerdam Institute, 
Amsterdam. 


* Present address: Devartment of Clinical Endocrinology and Diseases of 

Metabolism, University Eospital, Leyden. 

1Zummerman, A, N. E., Meijler, F. L., and Hulsmanno, W. C., Lancet, ii, 
757 (1962), 

2? Hulsmann, W. C., Beschouwingen over het metabolieme van het hart (Wolters, 
J. B., Groningen, 1682). 

2 Melrose, D. G., Dreyer, B., Bental, H. H., and Baker, J. B. E, Lancet, li, 
21 (1955), 

4 Mines, G. R., J. Physio., 48, 188 (1913). 

5 Langendorff, O., Pflugers Arch., 61, 291 (1895). 

e Meler, F. L., v. d. Bogaard, F., v. d. Tweel, L. H., and Durrer, D., Amer. 
J. Physiol., 202, 831 (1962). 

? Meiyler, F. L., thesis, Univ. Amsterdam (1960). 

® Slater, E. C., Biochem. <., 83, 157 (1958). 

®* Gondko, R., Schmidt, M., and Leyko, W., 
190 (1964). 


Biochim. Biophys. Acta, 88, 


BIOLOGY 


Distribution o? Labelled Indolyl-3-acetic Acid 
in Incact Cucumber Plants 


INDOLYL-3-ACETIO acid (LAA) applied to intact plants 
may induce specifiz morphogenetic changes, by affecting 
the differentiation of certain organs in those parts of the 
plants to which it :s transported. The causal relationship 
between endogenous and applied growth substances and 
the sex expressior of cucumber plants was extensively 
studied in this lakoratory?. The use of radioactive [AA 
makes possible am accurate determination of the dis- 
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Table 1. DISTRIBUTION OF [TAA-2-“C In VARIOUS PLANT ORGANS OF MONOECIOUS CUCUMBER PLANTS* 


Time interval between injection and harvest 


4h 50 h 
Expermment 1 Experiment 2 Experiment 1 Experment 2 
Plant organ Dry C.p.m./plant Dry C.p.m./plant Dry C.p.m./plant Dry C.p.m./plant _ 
weight (g) organ weight (g) organ weight (g) organ. weight (g) organ 
Apex 0-017 6,610 0015 9,165 0-020 23 0-020 34 
Third leaf 0-061 2,313 0-058 2,854 0 243 136 8-222 127 
Second leaf 0-392 1,662 6 35 205 0-638 6 719 126 
Second petiole (place 0-022 53,490 2 020 48,869 0 647 2,873 0-046 2,810 
of application) + oe : 

First leaf 0-462 65 0:450 30 0-552 13 0 600 18 
First petiole 0-034 222 0 033 165 0 045 24 0 053 65 
First internode 0 053 4,139 0-062 3,041 0 135 206 0-125 64 
Cotyledons 0:353 63 0 339 23 0-400 26 0-378 37 
Hypocotyl 0:145 226 0 120 144 0:178 56 0-181 33 
Roots 0 065 171 0-064 93 0-102 17 0-102 36 
Total 1:594 68,301 1-517 84,389 2-360 3,262 2-446 3,000 


* TAA-2-**C was injected into the petiole of the second leaf and harvested 4 or 50 h after application. Results are expressed im c.p.m. obtained in purified 


ether extract. 


tribution and in vivo degradation of applied IAA. The 
distribution of [AA-2-4C m monoecious cucumber plants 
was studied in order to provide data for the correlation 
of this distribution, with the morphogenetic effects caused 
by this growth substance. 

A considerable amount of information exists regarding 
the adsorption, translocation and destruction of [AA in 
plant sections, but little is known about these processes 
in intact plants. In the present investigation, radioactive 
IAA was applied by several means; for example, by 
droplets to leaf blades, by lanoline—or polyethylene 
glycol (‘Carbowax’)—pastes applied to petioles or on 
stem tips, and by injection. “The subsequent distribution 
of label was detected by autoradiographic and extraction 
techniques. Such tests were repeated under various 
environmental conditions and the auxin was applied to 
seedlings at different stages of development. The most 
uniform quantitative results were obtained when appli- 
cation was by means of injection. Results of a typical 
experiment are presented in Table 1. One ul. of solution 
containing 1 yg TAA-2-4C (specific activity 9-2 mce./ 
mmole) was injected into the second petiole of plants, 
which had developed two leaves. Ten plants were used 
in each treatment. After injection, the plants were left 
for either 4 or 50 h in the greenhouse and then appro- 
priately sectioned. The sections were immediately killed 
by treatment with liquid air, freeze-dried in a Virtis 
“‘Lyophilizator’ and the dried, pulverized material was 
extracted three times for 1 h at 0°-1° C with a total 
volume of 30 ml. peroxide-free diethyl-ether. The com- 
bined ether was reduced in vacuo to 10 ml. and washed 
with 15 ml. of 0:5 M sodium bicarbonate. The sodium 
bicarbonate solution was acidified to pH 3-0-3-5 with 
0-1 N hydrochloric acid and re-extracted with ether to 
yield the acid-neutral fraction. Radioactivity was 
measured by a liquid scintillation spectrometer and results 
were expressed in counts per minute (c.p.m.) for each 
plant organ. 

It can be seen from Table 1 that a relatively small 
amount of the injected [AA was translocated away from 
the site of application. This would indicate that a 
strong limitation of IAA transport occurs in intact 
plants, as has been also’ confirmed in the coleoptiles of 
Avena’. ‘ 

The greatest accumulation of radioactivity was found 
in the plant apex 4 h after IAA injection. Although the 
stem tip is the smallest organ on a weight basis, the 
highest absolute amount of label was translocated to it. 
A comparatively minute amount of radioactivity was 
found in the leaves. Only about 5 per cent of the total 
radioactive dose injected was detected in all the plant 
organs 50 h after injection. This disappearance is 
most probably due to in vivo destruction. Only about 
half the activity detected in the purified plant extract 
could be identified by paper and thin-layer chromato- 
graphy in the Rr region of IAA. 

This rapid disappearance of IAA from intact plants is 
in contrast with results obtained with carbon-14-labelled 


2,4-dichlorophenoxyacetic acid and other synthetic growth 
regulators used as herbicides*. It is assumed that the 
lack of successful recovery of TAA arises from enzymatic 
breakdown or conversion to other substances, most 
probably when growth occurs in light. It seems that 
endogenous IAA in the plant is much more resistant to 
degradation. It may be that combination with protein, 
with inhibitors or with other compounds provides this 
protection. The question as to how the application of IAA 
causes a marked effect on sex expression in cucumber 
plants* despite its apparent rapid degradation, however, 
remained unsolved. 

Studies are at present bemg carried out, using synthetic 
auxin also, to gain a better insight into the processes 
by which auxin accumulation induces morphogenetic 
changes in plants. 

This study was partially supported by the U.S. 
Department of Agriculture and carried out during the 
tenure of the Julius-Bar-Fellowship to one of us (J.-M. B.). 

We thank Miss Rachel Dror for her technical assistance 
in this work. 
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A Self-fertile Polyhaploid Plant in an 
Autotetraploid Variety. of Sugar Beet 


A POLYHAPLOID seedling with eighteen chromosomes 
has been found among the offspring of cytologically 
controlled tetraploid plants of sugar beet. The plant 
survived the winter months and developed a number of 
seed stalks in the following spring. At flowering time the 
plant was isolated in a greenhouse and, in addition, one 
branch was bagged. Despite the fact that the original 
diploid variety was classified as self-sterile, the new 
diploid (polyhaploid) plant set a number of seeds and 
proved to be partially fertile'. 
Polyhaploids in autotetraploid beets were reported by 
Fischer? and Kruse? during investigations of polyembryony 
in Beta vulgaris L. The frequency of polyhaploids in the 
tetraploid beets investigated here was about one plant 
per thousand. If a plant such as that described here 
grows undetected within a tetraploid variety the con- 
sequences are obvious. While a self-sterile diploid plant 
in a tetraploid variety only causes the production of a cer- 
tain number of triploid seeds, the self-fertile plant besides 
provoking aneuploidy also reproduces itself in chromo- 
some number. Within a few generations the tetraploid 
variety would be invaded by plants from different chromo- 
some levels. This emphasizes’ the necessity of repeated 
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cytological controls in autotetraploid varieties. It also 
indicates that polyploid material is hampered not only by 


chromosomal instability but also by changes at the’ 


genome level connected with unexpected genic changes. 
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Production of Pectic Enzymes by Phytophthora 
infestans 


Prctic enzymes have been shown to be produced in vitro 
by many plant pathogenic fungi, and evidence has been 
presented which suggests that they may play a part in the 
mechanisms of infection of the host plant?. Most work 
has been concerned with relatively non-specialized faculta- 
tive parasites. Little is known about obligate parasites, 
for which the only record is of polygalacturonase produc- 
tion by germinating uredospores of Puccinia graminis 
tritici”, and the difficulty of obtaining uredospore suspen- 
sions in axenic culture makes this work somewhat suspect. 
Phytophthora infestans shares certain features in common 
with obligate parasites, showing a high degree of host 
specificity’, has much more exacting nutritional require- 
ments in vitro than most facultative parasites, and forms 
haustoria®. The processes of germination in vitro appear 
similar to that of many obligate parasites, as zoospores 
readily germinate on a wide range of natural and synthetic 
media but do not readily continue growth to form actively 
growing colonies’. Thus the following observations on the 
ability of Phytophthora infestans to produce pectic enzymes 
may be of some interest. 

An isolate of race 4 was grown in a range of natural and 
synthetic media. The basal medium contained in g/l: 
potassium dihydrogen phosphate, 0-5; MgSO,.7H,O, 0-25; 
asparagine, 1:0; yeast extract, 5-0; thiamine, 0-001, and 
additions were made as shown in Table 1. The pH was 
adjusted to 5:5 before autoclaving. After 14 days’ growth, 
the culture filtrates were tested for pectin methyl esterase 
(PME), exo- and endo-polymethylgalacturonase, exo- and 
endo-polygalacturonase®®, and tissue macerating activity 
using potato tuber disks'*. The results are given in Table 1. 
A further seven isolates (two of race 4, one of race 1 and 
four of unknown race type) were grown in medium F and 
the culture filtrates tested for PME and macerating 
activity as before, and for polygalacturonase activity by 
the cup-plate technique4. Again PME was the only 
enzyme activity detected. 


Table 1. PEoTIC ENZYMES PRODUOED BY AN ISOLATE OF RACE 4 
Pectic enzymes 
Polygalact- 
Medium uronase Macerating 
complex activity 

A ‘Birds Eyo’ french beans + we = 

B Potato stems + ~ E 

O Potato tubers -+ ~ ae 

Synthetic media (basal medium with . 

additions as shown in g/l.) 

D Glucose 25 g + ~- = 

E Apple pectin 10 g + ~ : = 

F Glucose 25 g + apple pectin 10 g + = 


+, Enzyme activity demonstrated. —, No enzyme activity demonstrated. 


The failure to detect polygalacturonase activity of any 
kind conflicts with the results of Grossmann™, but it is 
possible that these are inducible enzymes only produced 
under conditions which were not provided in these 
experiments. The absence of macerating activity was not 
unexpected as the host’s tissue is not macerated in vivo. 
Tissue disks infiltrated with culture filtrates did not go 
brown, and were not killed because the cells could still be 
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plasmolysed and deplasmolysed, and so the toxicity 
usually associated with macerating activity was also not 
present}514, The only enzyme activity which could be 
demonstrated in any filtrate was PME. This was produced 
in media both with and without pectin, and so behaved as 
a constitutive enzyme. This would suggest that it may 
also be produced in vivo and play some part in the 
mechanisms of infection. 

I thank Prof. N. F. Robertson for his advice and the 
Department of Scientific and Industrial Research (now 
the Science Research Council) for a research studentship. 
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Mechanism of Fluid Exudation from 
Isoleted Maize Roots 


Ir is commonly believed that salts are secreted into the 
xylem vessels of isolated roots by some mechanism in- 
volving metabolic energy and that the concomitant water 
movement is driven by the osmotic pressure gradient 
between xylem sap and the external medium. In par- 
ticular, House and Findlay! have found quantitative 
support for this process in maize roots. These workers 
considered that the exudation from the basal ends of 
isolated roots was deseribed by: 

5 ip = L RTC & jiz C,°] + Ow? (1) 
where Jw (cem? exuded per em? of root surface area per 
sec) is the fluid exudation rate, D,RT(Ce# — C;°) is the 
net osmotic water flux from the external medium into the 
root and 9° is net water flux independent of any osmotic 
gradient. This latter water flow might possibly be 
analogous to that found in many animal epithelial pre- 
parations bathed in identical salines., In equation (1), 
Lp (em/see atm.) is the osmotic permeability or, more 
correctly, the hydraulic conductivity of the roots to 
transverse water flow, R the gas constant, T the absolute 
temperature, C,;% (mole/em’) the osmolarity of salt (for 
example, potassium chloride) in the exudate and Cs? the 
osmolarity of salt in the external medium. The observed 
difference in salt concentration (C;* — C?) is hkely to 
depend not only on the net salt flux into some compart- 
ment, like the xylem, but also on the rate of water entry 
into this region. 

Several investigators?-* have proposed essentially 
simular descriptions of water flow to equation (1), but 
apparently there has been no quantitative support for 
this relation under steady-state conditions apart from 
our investigations!. The purpose of the experiments 
reported here was to test equation (1) by examining the 
relationship betweer. Jw and Lp for isolated maize roots. 

Grains of maize ‘Zea mays, white horse tooth) were 
soaked and germinated as previously described’, Primary 
roots were excised from 4- or 5-day-old seedlings which 
had been pretreated with a solution, 7,, containing 0-1 mM 
calcium chloride and 1 mM/l. potassium chloride, for 
24 h b tae experiment. The basal end of each root 
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Fig. 1. The relation between the exudation rate and the estimated value 


of the hydraulic conductivity for isolated maize roots. Each pomt 

represents the results of an experiment on a single root. @ and © denote 

roots 5-7 cm and 9-186 cm long, respectively. The ordinate axis on the 
right of the figure expresses the exudation rate ım conventional units 


was inserted into an enlarged orifice in the end of an 
L-shaped glass capillary tube (internal diameter 0-05 cm) 
so that each root was immersed vertically in the medium. 
The fluid exudation rate was measured by observing the 
horizontal motion of the capillary meniscus with a 
Vernier microscope. The excised roots were 5-16 cm 
long and about 0-1 cm in diameter at the basal ends; the 
roots had no visible lateral roots or root hairs. All experi- 
ments were performed at 25° + 1° C and under conditions 
of continuous aeration. For the purpose of expressing 
the fluid exudation rate in yl./em? h (or cm?/cm? sec), the 
root surface area was assumed to be cylindrical. 

After an equilibration period of at least 1 h in the basic 
medium, mı the exudation rate, Jw”, was measured over 
six 5 min intervals. In every experiment, Ju”, was con- 
stant over this period and the external medium was later 
replaced by a solution, rs containing 0-1 mM calcium 
chloride and 50 mM/l. potassium chloride. A rapid 
decrease in the exudation rate was observed and within 
about 150 sec the exudation had reached a minimum 
rate, J”, Assuming that 9° and C;* remain constant 
during this experiment, it is possible to show that, in 
these circumstances: 


Lp = 1:02 x 104 (Jw*, — Jw,)/RT (cm/sec atm.) 


where AT is 2:5 x 104 cm? atm./mole and Jẹ”, and 
Jw, aré expressed in em'/em? sec. 

Fig. 1 shows the results of these experiments on twenty 
roots. The mean + S.E. value of Lp for roots 5-7 cm 
long (@ in Fig. 1) was (0-69 + 0-06) x 10-® cm/sec atm., 
while the corresponding value for roots 9-16 em long 
(O in Fig. 1) was (0-38 + 0-05) x 10-* em/sec atm. 
These values for Lp agree with other estimations! of this 
parameter for maize roots. Moreover, our estimates of 
Lp are in general agreement with those values cited by 
Bennet-Clark® for bean roots (calculated from Brouwer‘) 
and by other investigators’! for various plant cells and 
tissues. Nevertheless, a detailed discussion® of the experi- 
ments reported here suggests that this method of estim- 
ating Lp yields an underestimate of its actual magnitude. 

Although our experiments indicate that the water 
permeability of the isolated maize root is not a uniform 
property along its length, an examination of the data in 
Fig. 1 showed that the relation between Jw and Lp was 
linear and homogeneous for the two groups of roots. 
Equation (1) may be considered, therefore, an adequate 
quantitative description of the fluid exudation from 
isolated roots as Fig. 1 indicates that ọw° is non-zero; 
however, a satisfactory direct demonstration of the 
existence of Ọw? needs further investigation since there 
are alternative explanations!’ of our data. 

It is concluded that the water movement in isolated 
maize roots is produced by an osmotic mechanism with 
the additional possibility that a small component of the 
exudation is non-osmotic in origin. 
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GENETICS 


Does Vicia faba have Multi-stranded 
Chromosomes ? 


Tee broad bean, Vicia faba, has been extensively used 
for cytological investigations because, among others, it 
has the advantage of unusually large chromosomes. 
Several different kinds of investigation using this species 
have given results which suggest that its chromosomes 
are multi-stranded. These include autoradiographic 
investigations of chromosome replication!, investigations 
of meiosis and mitosis following X-irradiation? and, most 
recently, direct observation of the unravelling of chromo- 
somes following enzymatic digestion?. 

In the hemiptcran tribe Pentatomini, the occurrence 
of species which have a tetraploid number of autosomes 
but DNA values like diploids‘ suggests that the latter 
have twice as many strands per chromosome as the former. 
This example illustrates the value of studying species 
related to those which are thought to have multi-stranded 
chromosomes. 

We have investigated the karyotypes of Vicia faba 
and of five closely-related species of the section Euvicia 
of the genus Vicia’. We have modified the quantitative 
method for comparing karyotypes described by Martin 
and Hayman! in two ways. First, we have measured the 
percentage of the area of chromosome arms, rather than the 
percentage of their lengths, beeause this quantity seemed 
more appropriate for chromosomes which were small 
and, following colchicine treatment, highly contracted. 
Secondly, we have measured relative DNA values of 
mitotic root-tip nuclei isolated by the method of McLeish’. 

Vicia faba has been assigned a DNA value of 100 
arbitrary units. A group of two species had 16~-19 per cent 
of this value and a second group of three species had 
50-59 per cent. Fig. 1 shows these DNA values and 
derived karyotypes. The percentage of area is printed 
against each arm, but modified (except in V. faba) to 
allow for relative DNA values. Thus in all species the 
areas are in the same units and are directly comparable. 

The two species with low DNA values, V. sativa and 
V. amphicarpa, would seem to have four pairs of chromo- 
somes in common, that is those chromosomes connected 
by arrows have arm areas which do not differ at the level 
of probability P=0-05. In the second group, the three 
species do not seem to share any chromosomes; however, 
it is not possible to distinguish with certainty four pairs 
of chromosomes in V. hybrida so that these must be 
grouped for statistical tests. Five similar pairs in V. 
lutea must also be grouped. When comparisons are made 
between these two groups, the short arms do not differ 
(0:90 > P> 0-80) but the long arms do (0-02 > P>0-01), 
but real similarities may be obscured by tho artificial 


grouping. 
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Species and Relative 
chromosome DNA 
No. content 
Vicia sativa 18 6440 61 
2n=12 sió 
LO4 
Vicia 
amphicarpa 16 74 + 0-37 43 
2n = 10 I-19 
Vicia 
hybrida 50 93 +1 42 1-20 
2n=12 
385 
Vicia 
lutea 59-0641 71 1-53 
2n=14 
3-32 
Via 
Narbonensis 56°75 + 1-84 142 
2n=14 
300 
Vicia 
faba 100 (standard) 
2n=12 





1-54 1-54 1-54 

‘92 92 92 92 

340 310 310 310 
Ne ee ee 


60 34 -62 44 
630 6-46 5-97 6-37 


Fig. 1. Relative DNA contents and karyotypes of sıx species of Viera. Notes (1) DNA values were derived from fifty cells (root-tip prophase) of 

both the species named and of the standard species. (2) The values alongside chromosome arms are the mean percentage of areas from photo- 

graphs of twelve different cells at metaphase. Percentages are based on the diploid chromosome complement. The areas have been modifed 

to take account of relative DNA values so that the values in different species are directly comparable. (3) Interspecific comparisons which 

are not significantly different are indicated by arrows. (4) Ss enn sire Seas (5) Chromosomes which cannot be distinguished with 
certainty are brackete 


The differences between the three groups of species are 
great and many chromosome re-arrangements are evidently 
involved. Unless duplications associated with re-arrange- 
ments alone can account for the large inter-group differ- 
ences, it is necessary to consider the possibility that they 
differ in degree of polynemy. Differential polynemy 
has been discussed by Darlington’ and recently reviewed by 
Lewis and John’. 

It has been suggested’!® that the great interspecific 
variation in DNA content of angiosperm nuclei is related 
to different adaptive values of different cell sizes. When 
DNA content changes by polyploidy, aneuploidy, or 
duplication in association with re-arrangements, ad- 
vantages of changed cell size may be counteracted by 
disadvantages arising from reduced fertility or, except 
in the case of polyploidy, from genic imbalance. If 
changed cell size can also arise from changes in degree of 
polynemy, then genic imbalance should not occur; but 
if no disadvantages are to arise from reduced fertility, 
then meiosis must be able to procoed regularly. If V. fabra 
does indeed have multi-stranded chromosomes, then it is 
able to accomplish meiosis without changing the degree 
of polynemy. We have found that DNA values in meiotic 
prophase are twice those of the preceding interphase, 
four times those in newly-formed pollen grains and equal 
to those in mitotic prophase in root-tips. 

The disadvantages of multi-stranded chromosomes 
would be associated with hindering adaptive changes 
normally effected by mutation and selection. It 1s possibly 
significant that Rowlands" failed to detect any response 


to selection in V. jaba. If it can be shown that multi- 
stranded chromosames do occur in the genus Vicia, 
this may account for the comparative rareness of poly- 
ploidy ın the genus!*. Here the advantage of chromo- 
some duplication would have been gained through poly- 
nemy. 

The evidence discussed here suggests that different 
degrees of polynemzy exist within the gerius Vicia. One 
direct test of this would be to perform unravelling experi- 
ments similar to these of Trosko and Wolff*. These should 
reveal different numbers of strands in species from the 


three groups described. 
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Differential Response of Some Tomato Genes 
to Base-specific Mutagens — 


A NUMBER of chemicals are now known which affect 
specific bases of the DNA molecule?. These include the 
base analogues (such as fluorodeoxyuridine) and others 
like hydroxylamine and hydrazine which react mainly 
with cytosine and thymine respectively under particular 
conditions of treatment. The action of many of these 
chemicals on chromosomes and genes in higher organisms 
has not been tested extensively, but some reports are 
available which show that they induce localized damage 
in the nucleus?-4. We have observed a differential re- 
action of tomato chromosomes when pollen mother cells 
are treated with hydroxylamine®. The main finding was 
that a few of the chromosomes, particularly chromosome 
2, were much less damaged than other members of the 
complement. These experiments with hydroxylamine and 
a number of other chemicals and X-rays have now been 
extended to compare the spectrum of mutations induced 
by them; the present communication relates to some of the 
results obtained. 

The different treatments, details of which are presented 
in Table 1, were given to seeds (500 in each case) pre- 
soaked in water for various durations. The pH’s of the 
freshly-prepared solutions were adjusted imm a manner 
described elsewhere’. The observations on induced 
mutations were recorded mainly on seedlings which are 
easier to handle in large numbers. “Also, a number of 
gene mutations affecting seedling characters are known 
to give such characteristic phenotypes that the induced 
variation can easily be scored for them®. 

These observations make it clear that hydrazine and 
hydroxylamine induce mutations at a number of loci with 
very different frequencies. These loci, moreover, are not 
randomly distributed in the genome. A number of them 
(d, aw, wo) are known to be located on one particular 
chromosome (chromosome 2). It should be emphasized 
that although hydroxylamine failed to induce mutations 
at these loci, the overall mutation rate with this chemical 
was higher than that with hydrazine, as shown by the 
frequency of lethal seedlings and other variation not 
included here because ıt could not easily be classified in 
relation to any of the known genes. Also, for comparable 
concentrations, hydroxylamine is found to induce sig- 
nificantly greater chromosomal damage and reduce 
germination percentage to a much greater extent (see 
Table 1). Ethylmethanesulphonate, which is known to 
react with several bases’, differs from both in inducing 
chlorophyll deficiencies of various kinds, but apart from 
this, it appears to correspond in its action more to hydroxyl- 
amine than to hydrazine. 
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The observations, and the cytological analysis reported 
earlier, suggest that a number of loci, particularly on 
chromosome 2, may be characterized by an inhomogeneity 
in the distribution of adenine-thymine and guanine- 
cytosine base pairs in their DNA. Differences in base 
composition of this nature, if confirmed, may prove to be 
of considerable interest, for they may be of significance 
in relation to what Rick® has described as the asymmetrical 
distribution of genes on tomato chromosomes, with 
chromosome 2 having nearly 25 per cent of all the mapped 
genes located on it. No satisfactory explanation for this 
asymmetry has so far been available. Further analysis 
using techniques based on autoradiography and ultra- 
centrifugation is in progress. 

We thank Dr. M. S. Swaminathan for his kind interest 
in, this work. 
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CYTOLOGY 


Cytoplasmic Deoxyribonucleic Acid-containing 
Bodies in Amoebae 


Evipence has been presented, from investigations 
involving techniques of nuclear transfer and injections of 
cytoplasm, that certain cellular properties of Amoeba 
proteus and Amoeba discoides, such as nuclear diameter 
and sensitivity to streptomycin, are influenced by self- 
replicating cytoplasmic hereditary determinants. The 
finding of DNA- and RNA-containing bodies in the cyto- 
plasm of Amoeba proteus’-*, followed by the demonstration 
that these bodies are self-replicating within the cells? 
and that they show a certain degree of interaction with the 
nucleus of amoeba’, has stimulated interest in the posst- 
bility that they contain the physical basis of this cyto- 

lasmic imheritance®. 

Cells of the strain of Amoeba proteus, mıP, and the 
strain of Amoeba discoides, D, used in the nuclear transfer 


Table 1 
pi an of pizon dunes seedlings 
M, seed ercentage of M, seedlings 
Treatment germination Dwarfs Without d + aw* Woolly Chlorophyll Lethals+ 
{per cent) (d) aar i (wo) deficient 
> aw 
Hydrazine (pH 8 5) 
(i} 0-1 M, presoaked for 16 h, treated for 20 h 40-8 1:96 0 98 49 0 98 -~ 0 be 
(i) 01M, presoaked for 16 h, treated for 30 h 40-0 0-50 - 1-00 0-56 - 1 
mi 0-05 M, presoaked for 20 h, treated for 12h 63-0 0-95 0 95 0 68 0-63 ~ - 
(iv) 0-00 M, presoaked for n b, paa oia for 30 h 64°8 _ = = m m = 
ntro 
Hydroxylamuine (pH 7 0) 574 
(i) 0-05 M, presoaked for 16 h, treated for 20 h 17-4 - ~ = j > 3.87 
(ii) 0-625 M, presoaked for 20 h, treated for 12 b 46 4 - “~ = = = 3.36 
(iii) 0-012 M, presoaked for 20 h, treated for 30 h. 45-9 ~ = E = = 
(iv) 000M, presoaked for 16h, treated for 20 h 766 ~= > = a = = 
EMS (pH 7-0) (Control) 
Pp + 
(i) 0-03 M, presoaked for 16 h, treated for 20 h 47-6 ~ ~ ~ 0-42 0 84 5 He 
(ii) 008 M, presoaked for 16 h, treated for 30h 45 4 0 44 ~~ — 132 7 92 
(i 0 00 M, presoaked for 16 h, treated for 30h 80-8 — = a = 7 
(Control) 
Ane sary reds) 84-2 — ~ ~- — 0 21 
ai) 30,000 r. 53-8 = . ~ 028 = 0-82 
Control 86-2 ~ ~ ~ -~ - 


See Rick and Butler (ref. 6) for a description of the mutant phenotypes. Control mutant stocks for comparison were mads available by Dr L. Butler, 


whose gon rons gifts of seeds are gratefully acknowledged. 


* The simultaneous induction of these double mutants of linked genes is 


obviously of considerable significance. 


+ These variously deformed seedlings do not survive beyond the cotyledonary or 1-2 true leaf stage. A statistical analysis shows that hydroxylamine and 
hydrazine induce them with significantly different (1 per cent-level) freauencies. 
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experiments'-* were kindly provided by Dr. S. &. Hawkins. 
The cells were grown in a dilute salt solution?® at 18° C 
and fed daily on Tetrahymena geleii. Cells of both species 
were treated and examined in conjunction. Living cells 
were fixed either directly or after centrifugation at 10,000g 
for 20 min, digested with ribonuclease and stained with 
acridine orange’. Light microscope autoradiographs’ and 
electron microscope autoradiographs® were made of cells 
fixed directly or after centrifugation, which had been 
incubated for 36 h in amoeba medium supplemented with 
10 ye./ml. of tritiated thymidine (8,600 yc./umole) (ex- 
posure was for 71 days). Normal and centrifuged cells 
were also fixed and stained with basie fuchsin after 
treatment for 7 min at 4° C with 6 per cent perchloric 
acid. The specificity of dyes, and of label due to incor- 
porated tritiated thymidme, was controlled by deoxy- 
ribonuclease digestions (0-3 mg/ml. distilled water con- 
taining 10 M magnesium sulphate, adjusted to pH 7-0 
with sodium monohydrogen phosphate, 4 h, 38° C), 
ribonuclease digestions (0-3 mg/ml. distilled water, ad- 
justed to pH 7-0 with sodium monohydrogen phosphate, 
4 h, 38° ©) and treatment with 10 per cent trichloroacetic 
acid (TCA) at 90° C for 20 min. Controls of the digestions 
were prepared by incubating in similar media but with the 
enzymes omitted, and of the hot TCA by treatment with 
10 per cent TCA at 4° C for 20 min or distilled water, 
90° C for 20 min. 

Examination in the fluorescence microscope of amoebae 
digested in ribonuclease and stained with acridine orange 
revealed the presence of 0-5y-—0-8u yellowish-green bodies 
in the cytoplasm in the case.of A. discoides but not A. 
proteus. In centrifuged cells of A. discoides the bodies 
were found in the region of the nucleus as described 
previously™’. In cells stained with basic fuchsin, cyto- 
plasmic bodies were again seen only in A. discoides and 
corresponded in size and, in centrifuged cells, in position, 
to those seen under the fluorescence microscope. The 
yellowish-green fluorescence is sensitive to DNase and 
removed by hot TCA, and no bodies could be found if 
digestion with RNase or treatment with hot TCA pre- 
ceded basic fuchsin staining. In light microscope auto- 
radiographs, about 30 per cent of the A. proteus cells 
and about 60 per cent of the A. discoides cells examined 
showed nuclear label; but stratifiable, DNase-sensitive, 
acid-insoluble, cytoplasmic label was found only over cells 
of A. discoides. In the electron microscope cytoplasmic 
bodies simular to those described previously? were found 
only in A. discoides, and in electron microscope auto- 
radiographs these bodies were found to be the only entity 
that was significantly labelled. 

In order to explain all the results of the nuclear transfer 
and cytoplasm transfer experiments!-*, hereditary factors 
must be present in the cytoplasm of cells of both the strain 
of A. discoides and the strain of A. proteus used in these 
experiments. The present results rule out the possibility 
that at least in the cells of A. proteus the physical basis 
of the cytoplasmically determined differences in cell 
characteristics already noted is contained in the DNA- and 
RNA-containing bodies described by Rabinovitch, 
Wolstenholme and Plaut, or in similar bodies. 

Two other strains of A. proteus (PROT I, and K) 
which were examined by the ribonuclease-acridine orange 
technique, and by basic fuchsin staining, were found to be 
free from the cytoplasmic bodies. The finding of strains 
of A. proteus free from cytoplasmic bodies offers.a possible 
explanation for the single band observed in a caesium 
chloride gradient analysis of DNA extracted from starved 
amoebae!!. As the results indicate that the cytoplasmic 
bodies are not an essential entity of the cytoplasm of 
amoeba, their suggested origin from the nucleus of amoeba? 
seems unlikely. These results tend to support the alterna- 
tive hypothesis that the bodies are endosymbionts’. 
Evidence for nuclear control of the cytoplasmic bodies 
has already been presented® and, although the present 
results oppose the suggestion that the bodies are responsible 
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for the cytoplasmica.ly determined cell characterstics 
so far investigated, it is most probable that when present 
they do influence hereditary processes in the cell. As 
Lederberg has pointed out!*, and as has been found 
wherever such relatienships have been thoroughly in- 
vestigated, the contained organisms ‘‘comprise part of 
the genetic determinazion of the organic whole’’. 

I thank Dr. 8. E. Hawkins for cells of Amoeba 
proteus and Amoeba ciscoides, Dr. J. Griffin for Amoeba 
proteus (PROT I) and Tetrahymena geleii, and Dr. K. Holter 
for Amoeba proteus (K in the text). I also thank Dr. 
E. F. J. van Bruggen tor the use of his electron microscope 
facilities and Prof. W. Beermann and Prof. J. A. Beard- 
more for constructive: criticism of the text. 
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HAEMATOLOGY 


Binding of Narmal Serum Giobulins to 
Tanned Red Blood Ceils 


ACCORDING to Bregman and Kirsner! normal human serum 
globulins are not usually fixed to tanned red blood cells 
and this is in contrast to some pathological serum globulins 
which have a binding capacity for these cells. These 
conclusions were dra-vn from the observation that tanned 
red blood cells coated with normal sera were not usually 
agglutinated by antiglobulin serum, whereas their coating 
with some pathological sera resulted in & positrve Coombs’s 
test. The difference between normal and pathological 
sera was even.more evident when an anti-non-y-globulin 
serum was applied instead of antiglobulin serum. In 
the anti-non-y-globalin the anti-y-constituent of the 
Coombs’s serum is 2locked by previous addition of y- 
globulin, so that it reacts predominantly with the com- 
ponent of the non-y-globulin serum?. In the present in- 
vestigation, in which the same method. was applied, 
evidence was obtainad for the existence of an inhibitor 
in normal concentrsted sera which interferes with the 
binding of the non-y-globulin component to tanned red 
blood cells. - . 

Tanning of red blcod cells was effected according to the 
technique developed by Stavitsky* and a 1: 40,000 
dilution of tannic acid (Merck) in normal saline was 
used. 0-5 ml. of a £5 per cent suspension of tanned red 
blood cells and 1-5 :nl. of the test serum serially diluted 
in normal saline were incubated at room temperature for 
2 h. The tubes were centrifuged, and the sensitized 
tanned red. blood calls, were washed twice with normal 
saline and then resuspended in 0:5 ml. of normal saline. 

Three millilitres cf antiglobulin serum (Sevac, Prague) 
were repeatedly absorbed with 0-5 ml. of packed, tanned 
red blood cells at rom temperature for 30 min, until the 
spontaneous agglutination with antiglobulin serum had 
disappeared. Anti-non-y-globulin serum was prepared 
by mixing equal parts of absorbed antiglobulin serum 
and an 8 per cent sclution of human y-globulin .(Norge). 
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Fig. 1. Agglutination by anti-human globulin (AG) ( ) and anti- 


non-y-globulin (----} serum of tanned human red cells coated with 

human normal serum (average of 16 experiments). With the anti-non- 

y-globulin serum, in contrast to the antiglobulin serum, the agglutimation 

appears only in diluted sera and is then proportional to the dilution 

with a maximum at 1: 500. At all dilutions the agglutination is signifi- 

cantly lower with the anti-non-y-globulin than with the antiglobulin 
gerum (P< 0-001; at 1- 500, P=0 610-02) 


Mrxtures of 0-05 ml. of antiglobulin serum or anti- 
non-y-globulin serum and of 0-05 ml. of the suspension of 
sensitized tanned red blood cells were incubated for 60 
min at 37° C. The agglutination was read microscopically ; 
its degree ranged from one to four plus. These experi- 
ments were carried out on sixteen sera. 

Control experiments include: (1) tanned but uncoated 
red blood cells, treated with antiglobulin serum and 
anti-non-y-globulin serum; (2) tanned red blood cells 
coated with the serum to be tested, but only washed in 
two changes of normal saline. In the absorption experi- 
ments carried out on five sera, 3 ml. of serum and 0:5 ml. 
of packed tanned red blood cells were incubated at 20° C 
for 30 min. After~centrifugation the supernatant was 
separated. This procedure was repeated up to ten times. 

The results are shown in Fig. 1. Tanned red blood cells 
sensitized with normal sera agglutinate on addition of 
antiglobulin serum. The degree of agglutination is higher 
with diluted than with concentrated sera tested. Absorp- 
tion of the sera in advance by tanned red blood cells did 
not affect the agglutination (Table 1). Except for occasional 
agglutination with tanned red blood cells sensitized with 
concentrated sera and washed with normal saline, no 
agglutination was observed in other control experiments. 

In contrast, the addition of anti-non-y-globulin serum 
to sensitized tanned red blood cells resulted in an agglu- 
tination only with diluted sera. In concentrated sera, 
however, it occurred when these had been previously 
absorbed with tanned red blood cells (Table 1). 

These phenomena would justify the assumption that 
both normal serum globulins and their non-y-constituents 
have a binding capacity for tanned red blood cells. The 


Table 1. EFFECT OF PRIOR ABSORPTION BY TANNED RED CELLS OF A 


TEST SERUM ON THE DEGREE OF AGGLUTINATION 
1:2 1°8 1 32 1:125 1.500 
tet +t t+ tett $444 Htt 


Serum dilutions 


AG Unabsorbed 
serum test serum 


Absorbed . ers Sb: ee ao 
test serum 
ANGG Unabsorbed ~ — + + ++ +++ 
serum test serum 
Absorbed +++ ++ +++ + +++ ++ 
test serum 


NATURE 


AUGUST 6, 1966 voL 211! 
binding of the non-y-globulins, however, seems to be 
hindered by an inhibitor present in concentrated sera. 
Dilution of these sera, or their absorption with tanned 
red blood cells, would remove this inhibitor, the exact 
nature of which is as yet unknown. According to pre- 
liminary work in our laboratory it seems, however, that 
serum albumin might be mvolved in this inhibitory pheno- 
menon. 
JACQUELINE HOENIGOVÁ 
VorsEcH HOENIG 
First Department of Internal Medicine, 
Charles University, 
Prague. 
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IMMUNOLOGY 


Antibodies to Synthetic Corticotrophin 


ADRENOCORTICOTROPHIC hormone (ACTH) is a poly- 
peptide of particular interest as its structure is known, it 
has been synthesized, and the molecule has both biological 
and antigenic activities. In earlier publications! ? it was 
shown that antibodies to highly purified pig ACTH 
induced in the guinea-pig form a soluble complex with 
ACTH labelled with iodine-131, and that this binding is 
reversible. 

As synthetic ACTH and its biologically active or 
inactive fragments have become available, it was thought 
that it could be used as a model for the investigation of 
structural features on immunogenicity and antigen—anti- 
body interactions, and also on the relationship between 
biological and antigenic properties of the molecule. 

The synthetic preparations of ACTH-peptides used in 
this investigation were: (a) 8 1-39 ACTH, which corre- 
sponds to the natural pig full chain ACTH and has full 
biological activity*®; (b) B 1-24, a biologically active frag- 
ment*; (c) B 1-10; and (d) B 11-24, fragments derived 
from the preparation of 8 1-24 corticotrophin and without 
biological activity. We would like to thank Dr. R. 
Schwyzer, of the Department of Molecular Biology, 
Zurich, for the gift of these preparations. 

Four groups of six to eight guinea-pigs were injected 
with different preparations of ACTH, as described else- 
where?. The guinea-pigs received five doses of 1 mg of 
either natural A, ACTH (a gift from Prof. Tausk, Organon, 
Oss, Holland), or synthetic B 1-39 or B 1-24 ACTH. 
Controls were injected with Freund’s adjuvant alone. 

The strengths of the antisera produced were compared 
by their ability to bind 8 1-39-'"I in the radioimmuno- 
logical system deseribed previously?. The results shown 
in Fig. 1 indicate that 8 1-39 was as potent in eliciting 
antibody formation as was the preparation of natural 
origin, but B 1-24 was scarcely antigenic. No binding 
of B 1-24-15! by the sera from the guinea-pigs injected 
with B 1-24 could be detected, thus eliminating the 
possibility that such sera may contain specific antisera 
for B 1-24, which would not bind B 1-39-11}, 

Unlabelled ACTH and labelled ACTH compete for 
binding to antibodies against ACTH?!. This is the basis 
for a radioimmunoassay. The specificity of the antibodies 
for ACTH can thus be examined by comparing the 
binding of the labelled species in the presence or absence 
of different unlabelled species when the antibody is at 


Table 1. DISPLACEMENT OF ACTH-"""—JT FROM ANTIGEN-ANTIBODY COMPLEX 
BY 100 NG/ML. OF DIFFERENT PREPARATIONS OF ACTH OR FRAGMENTS 


or ACTH 
Percentage of 
Preparation displacement 
A, ACTH (natural, Organon) 100 
6 1-39 (synthetic) 200 
8 ET 15-33 (oee: 160) 
1~- 
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Fig. 1. Relative strengths of antisera produced by guinea-pigs against various ACTH 
eh peste yr The strengths of the antisera are expressed as the percentage bin 
ed quantity of p 1-39-'**1 by the same dilution (1/500) of antisera produced in a 


guinea-pigs by the injection o 
a were injected with saline in place of hormone 


such a limiting concentration that competition occurs. The 
results of such experiments are given in Table 1. It can 
be seen that 8 1-24 binds to the antibodies to 6 1-39, 
although it produces less displacement than the full 
chain ACTH. Smaller fragments 8 1-10 and 8 11-24 do 
not compete in any appreciable degree for the antibody 
sites. 

The best known and best studied of the biological 
effects of ACTH are the adrenotropic and peripheral lipo- 
lytic activities. Lebovitz and Engel have shown that 
the same minimum structure is necessary for both acti- 
vities. In order to verify that the binding of ACTH to 
its antibody corresponds to a loss of the biological 
activity of the hormone, it was decided to investigate the 
effect of ACTH antiserum on the in vitro lipolytie activity 
of 8 1-39 and B 1-24 synthetic corticotrophin. The method 
used was essentially that of Lebovitz and Engel‘, with the 
exception that glycerol was measured rather than FFA 
(free fatty acid), as glycerol is not recycled. After 1 h 
preincubation and 3 h incubation in 3 ml. Krebs-Ringer 


Table 2. LIPOLYTIC EFFECT OF SYNTHETIC / 1-39 


pmoles gìycerol/g 
on 


Additions to medium tissue/3 h incubat 


None 504+ 1-61 (6) 
25 ng/ml. 8 1-39 8:18 + 2-28 (6) 
100 ng/ml. # 1-39 10-53 + 2-08 (6) 


250 ng/ml. 8# 1-39 12-83 + 3-45 (6) 


Tissues were incubated for 3 h at 37° C in Krebs-Ringer bicarbonate 
medium containing 2 per cept beef serum albumin in an atmosphere of 95 
per cent oxygen : 5 per cent carbon dioxide. Results are expressed as the 

um cerol concentration after incubation per g tissue per 3 h of 
incubation and are given as mean+standard deviation. The figures in 
parentheses are number of observations. 


Table 3. EFFECT OF INCUBATION WITH ANTISERUM ON LIPOLYTIC ACTIVITY 
OF 8 1-39 AND fi 1-24 


wmoles glycerol/g 


Additions to medium tissue/3 h incubation 


(a) ĝ 1-39 
None 4:40 + 0-71 (6) 
100 ng/ml. 8 1-39 14°20 + 6-71 (6) 
100 ng/ml. 8 1-39 + antiserum 1/3,600 8:12 + 0-90 (8) 
Antiserum 1/3,600 4-59 + 1-25 (6) 

(b) B 1-24 
one 3:04 + 0-57 (5) 
100 neima. p 1-24 8-20 + 94 (8) 
100 ng/ml. 1-24 + antiserum 1/3,600 6:09 +069 (5) 
Antiserum 1/3,600 3-31 +014 (4) 


All media were allowed to stand at 4° C for 1 h before adding tissue. The 
tissue bad been pre-incubated for 1 h. Incubation iu the media was for 3 h. 
Results are as the medium glycerol concentration after incubation 
pre tissue 3 h incubation, and are given as mean + standard deviation. 
figures in parentheses are numbers of observations. 
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bicarbonate buffer containing 2 per cent 
albumin and the substances the effects 
of whch on lipolysis are to be tested, the 
extent of lipolysis was determined by 
measuring the medium glycerol concentra- 
tion in each flask by the method of 
Wieland’. The results (Table 2), which 
are expressed as micromoles glyeerol/g 
tissue’3 h incubation, indicate the de- 
pendency of the glycerol production of 
epididymal fat pads on the ACTH 
concentrations. 

The effects of antibodies on the biological 
activity of both the 1-39 and 1-24 poly- 
peptices are shown in Table 3. While 
non-specific effects of antisera were found 
at low dilution, this was not the case at 
the dilutions used in these experiments. 

a It is interesting to see that the antibodies 
=l- obtained from guinea-pigs injected with 
the £39 synthetic peptide block the 
activity not only of the complete poly- 
peptice but also of the 1-24 fragment. 
This finding establishes a relationship 
between activity inhibition and radio- 
immunological binding. 

To sum up, these experiments show that 
the synthetic full chain 8 1-39 ACTH is 
antigenic, whereas the 1-24 fragment 
has only little, if any. immunogenic activity. It behaves 
as a hapten and binds to antibodies produced against 
the complete ACTH chain. Binding to antibodies is 
followed by the loss of in vitro lipolytic activity of the 
full chain or the 1—24 frggment. 

This work was ie ty a grant from the Fonds 
National Suisse de la Recherche Scientifique. 
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HISTOLOGY 


Cells, Collagen Fibrils and Vessels in 
Dinosaur Bone 


COLLAGEN has been found in mummified human remains 
several thousand years old, and in mastodon bones 
preserved under permafrost conditions. It has been 
stated that bone fragments after glacier preservation had 
all the appearances of a fresh bone’. Studies on Pleistocene 
bones have demonstrated that it is also possible to observe 
collagen and other erganic materials in a fossil bone?’*. 
Electron micrographs of fossil bones of a deer-like animal 
from the Miocene (25 million years old) revealed collagen 
fibrils and the intact walls of canaliculit. There have 
also been reports of striated muscle fibres, epithelial 
cells and melanophores being found in tissues of speci- 
mens from the Eocene (40 million years old) deposits of 
Geiseltal (eastern Germany)*. Furthermore, electron 
microscope investigations of patches of almost completely 
demineralized bone ef a dinosaur from the Upper Trias 


E5G 


(200 million years old), and the dermal armour of Devonian 
ostracoderms, have revealed a fibrillar structure, while 
a further examination of the same material showed a 
mixture of mineral and collagen patterns’. Analysis of 
fishes from the Middle Devonian (380 million years old) 
has indicated that degradation products of collagen can 
still be recognized. Moro recently™’, it has been demon- 
strated that fossil dentine and bone-like tissues in Devon- 
ian ostracoderms can be decalcified and sectioned on a 
microtome. The presence in theso tissues of polysac- 
charides as well as collagen has been indicated. 

The specimen analysed and described in this communi- 
cation was the phalange bone of a dinosaur from the 
Upper Cretaceous (80 million years old) of the Gobi 
Desert, Southern Mongolia. It was collected during the 
Polish-Mongolian Palacontological Expedition in 1965°. 

Ground sections of the bone revealed the outlines of 
osteocytes, the lacunae of which were connected by 
numerously branched canaliculi. The lacunae were 
typical in shape of those present in normal bone, but 
varied according to the plane of cutting. By carefully 
decalcifying this bone material a suspension was obtained 
which after decantation showed elements akin to isolated 
osteocytes. In certain parts osteocytes were disposed 
longitudinally around the vessel just as in fresh bone 
tissue. 

The same sediment was washed in Sérensen’s buffer 
and water, and embedded in methacrylates. Sections 
l-u thick revealed the contents of the bone lacunae as 
well as the canaliculi together with their processes 
(Fig. 1). 

Electron microscope examinations of the material, 
using the microreplica technique, revealed the presence 
of collagenous material n the wall of the vessel (Fig. 2). 
At the point indicated by the arrow, cross-banding can be 
seen on the surface of the fibrils with a repetition estimated 
to be about one every 600 A. The electron micrograph 
a'so reveals the plaited texture of the fibrils. The specific 
pattern of collagen fibrils could only be determined 
in the wall of the vessel. This texture could not be 
distinguished in the fossilized element of the bone lamina, 
and for this reason it is assumed that the preservation of 





Fig. 1. Thin section (thickness ¢. 1#) of an isolated osteocyte 
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Fig. 2. Electron micrograph of the texture of collagen fibrils: the arrow 
shows the cross-banding. Two-step replica, evaporated with carbon 
and platinum. Zeiss D, electron microscope. ( x 22,600) 





Pig. 3. Fragment of the loop of an isolated vessel with a profile of an 
osteocyte. Extraction replica of the preparation. Zeiss D, electron 
microscope. ( x 2,000) 


the collagen fibre may be a consequence of ‘specific mum- 
mi‘cation’ arising from a separation of the vessel area by 
a border barrier—an occurrence well known to histologists 
concerned with bone tissue. A similar border barrier 
was probably also responsible for the preservation of the 
structural material of the osteocytes and their processes 
after decalcification. 

Fig. 3 shows a layer maceratecdin nitric acid and reveals 
a curved loop of a vessel and the profile of an osteocyte 
with numerous bone canaliculi penetrating into the 
vessel, 

We thank Prof. J. A. Ackermann and Dr. Z. Nowicki 
of the Institute of Histology of the Medical Academy 
in Kraków for the provision of facilities and help in the 
interpretation of the electron micrographs, also Prof. 



















































R. PAWLICKI 
A. KORBEL 


tory of Electron Microscopy, 
itute of Histology of tho Medical Academy, 
ków: 


H. KUBIAK 


Institute of Systematic Zoology of the 
Polish Academy of Sciences, 
Kraków. 


1. Bara, H. C., and Cook, 8. F., Science, 129, 465 (1959). 
NOE Es Wi G., and Doberenz, A. R., Proc. U.S. Nat. Acad. Sci., 58, 


ckoff, R. W. G., Wagner, E., Matter, IE, P., and Doberenz, A. R., Proc. 
S. Nat. Acad. Sci. 50, 215 (1963). 


le K., Kelly, M., and Courts, A., J. Bone and Joint Surg., 44, B, 503 


Bs Lehrb. d. Paldozool., Jena, 1, 109 (1957). 
: Little, 1 K, Currey, J. D., and Tarlo, L. B., Nature, 197, 192 


Trans. N.Y. Acad. Sei., Ser. 2,28, 495 (1961). 
-atid Mercer, J. R., Proc. Geol. Soe. London, 127, 1590 (1961). 
yas Z., Bull. Acad. Pol. Sei., Ser. biol., 4 (1966). 





MICROBIOLOGY 


anced Susceptibility of Thymectomized and 
: Samea Mice to Infection with 
=- > Mycobacterium leprae 


960 it has been established beyond doubt that a 
ad: infection. with the human leprosy bacillus, Myco- 
rium leprae, can be produced in the mouse foot-pad!*. 

tative analyses have shown that the multiplication 
yco. leprae is limited, is dependent on the size of the 
ium and is confined to the site of inoculation. For 
ple, inocula of 104 Myco. leprae yield 10° in 6-8 
hs, and although smaller inocula may eventually give 
same yield, larger ones give no. higher yields, and 
la of 10° or more fail to multiply significantly. Once 
bacterial population in the foot-pad has reached 
oximately 10°, it remains steady for many months 
ugh there is a gradual increase in the proportion of 
“bacilli?, An identical type of limited infection has 
obtained in the hamster ear and foot-pad?+. There- 
Ithough the long-awaited successful transmission of 
>. leprae to animals offers for the first time an oppor- 
iy for examining human leprosy experimentally, 
ress in this field is now being restricted by the limited 
of the infection. One of the most likely limiting 
rs is an immunological one resulting from the infec- 
This suggestion is strengthened by the observations 
pard' that prior vaccination with BCG given either 
ly in the foot-pad or at other sites in the body, more 
ss completely inhibits the multiplication of Myco. 

leprae inoculated later into the mouse foot-pad. Cortisone® 
-= and suramin’-*, compounds which have been shown to 
OR enhance significantly infection with other species of myco- 
bacteria, have no effect on infections with Myco. leprae in 
ne the mouse foot-pad®*, On the assumption that the 
imiting factor has an immunological basis, an attempt to 
nhance the infection by prior exposure of the mice to 
nectomy plus total-body irradiation was tried because 
ie known powerful immunological depressive effect of 
a combined procedures in the homograft reaction and 
body production. 

wo preliminary experiments have been undertaken 
‘twenty-four male CBA mice, twelve of which were 
nectomized and later X-irradiated and twelve kept as 
eated controls. Thymectomy was undertaken when 
were approximately 2 months old, and 16 days 
posed to 900 r. and immediately after- 
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“Goes strain and treatment . 


Experiment Le Phymect 
arvest Normal P* Normal CBA irradiatec 
time Yield Degenerate Yield Degenerate Yield De; 

(months) AFBtT AFB AFB AFB AFB 
(x10*) (per cent) (x10°) (percent) (x10°% (pe 
A i 0-8 (0/7) 2-1 (1/18) 20 
75 Bel Zt 6-0 56 167 
8 H+ 
9-5 2-5 (be 3°83 57 33-1 
10 0-9 (5/s) 
11-5 18 Te. 2-6 33°32 F 
12°5 1-2 (6/10) ae 
13 35°F: 
14-5 l 55 61 i l 
B 5 0-8 (0/*) 27i (0/23) rS 
-7 0-5 (1/8) 6-4 -52 11-7 
9 13 72 0-7 (9/16) 108-0 
11 58 43 26 (19/22) 261-77 
12 2-9 58 
12-5 1-8 63 583-67 
14°5 8-8 43 5T 54 304-8 


* One died at 3 months. 


+ AFB, Acid-fast bacilli. H, Sick mouse killed for histology. : of 
lated into the foot-pads of further mice, 


wards transfused wita bane marrow from CBA mi 
ratio of one donor te three recipients. Four week 
the right hind foot-pad of each mouse was inoculate 
104 Myco. leprae (counted as acid-fast bacilli). 
groups (normal CEA, thymectomized- irradiate 
and normal P strain. mice) of six mice each were 
each of two strains of Myco. leprae. The P stre 
were included because our previous studies wit 
leprae have been uncertaken with this strain of mice 
experiment A the mice were inoculated with a st 
Myco. leprae direct f-om man and in experiment: J 
first passage strain “rom a mouse foot-pad. On 
from each group in the two experiments was killed 
fifth month, and thereafter at about 2-monthly in 
and the foot-pads were homogenized to determine- 
yield of acid-fast bacilli. (The methods for ino 
and collecting material from the foot-pads have 8 
been described.) ‘The proportion of degenerate. (de 
Myco. leprae in the foot-pads at the time of barve 
determined by the method of Rees and Valentine” 
results of the two experiments are shown in Table 
Fig. 1. Comparable yields of bacilli were obtaine 
both strains of Myeco. leprae in the P and normal 
mice. In both expsriments the infection was enha 
in the thymectomized-irradiated CBA mice res 
significantly higher yields of bacilli which contin 
increase for a longer period with a lower proporti 
degenerate bacilli than in the normal CBA mic 
experiments A and 8 there were, respectively, abou 
and a hundred times greater yields of bacilli in the thy $ 


Experiments A Experiment. 5 


punk ead pom 
Q 2 Z 


Yield of Myco. leprae/foot-pad 
perk 
S 


2 4 6 © 1012 144 2 4 6 8 


‘Time {months} 


Fig. 1. Growth curves of Myco. leprae in the foot-pads of tnymeitatd y 

irradiated and normal CBA mice inoculated with 10* new (A) or passage 

(B) atrain of bacteria. ------ , Normal CBA; - = Aymone 
irradiated CBA 
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tomized-irradiated than in the normal CBA mice. On 
the other hand, there was no evidence of systemic spread 
of the infection in the thymectomized-irradiated mice as 
no acid-fast bacilli were seen in Ziehl-Neelsen stained 
impression smears from the livers and spleens, and only 
one inguinal lymph node showed a few bacilli. Bacilli 
recovered from thymectomized-irradiated mice (desig- 
nated “Z” in Table 1), when passaged to normal P or CBA 
strains of mice, reverted to infections yielding not more 
than 10° bacilli/foot-pad. Finally, while histological 
examination of the foot-pad of one thymectomized- 
irradiated mouse killed at 8 months revealed a large 
number of bacilli, the organisms were for the most found 
within striated muscle fibres, which is the characteristic 
distribution observed in norma! mice". 

It is reasonable to conelude from these preliminary 
investigations that at least one factor limiting multiplica- 
tion of Myco. leprae in the mouse foot-pad is the develop- 
ment of immunity during the course of infection. This 
conclusion is strengthened by the reports that bacterial"? 
and viral”? infections are enhanced by thymectomy in rats 
and mice, respectively. Furthermore, it has been demon- 
strated that the post-neonatal thymectomy wasting syn- 
drome is almost certainly based on an infectious aetiology 
since the syndrome does not occur in thymectomized germ- 
free animals'*. These studies have particular interest 
because they represent the first deliberate attempt to use 
thymectomy plus irradiation for increasing the suscepti- 
bility of animals to chronic infections. However, the 
impaired immune response following thymectomy plus 


irradiation still resulted in only limited multiplication of 


Myco. leprae, albeit at a ten to a hundred times higher 
level than obtained in normal mice, and there was no 
spread of infection beyond the foot-pad. Failure to 
obtain under these conditions a completely progressive 
infection with systemic spread may be comparable with 
the similar significant, but only partial, depression of the 
ability of thymectomized-irradiated mice to reject the 
more foreign skin grafts'*. In order to demonstrate beyond 
doubt an immunological basis for the enhanced infection 
following thymectomy plus irradiation, it will be necessary 
to show that the enhancement can be neutralized by 
lymphocyte replacement. Because only a partial enhance- 
ment of infection has been obtained it is not possible to 
exclude other limiting factors. 

Thus thymectomy plus irradiation already provides a 
means for significantly increasing the yield of Myco, leprae 
im. the mouse foot-pad infection. Further experiments 
must be undertaken to determine whether similar treat- 
ment will sufficiently diminish the resistance of animals to 
allow larger inocula (not less than 10° bacilli/foot-pad) to 
multiply or to allow intravenous inocula to multiply 
systemically. 

I thank Dr. R. B. Taylor for performing the thymec- 
tomies and for his advice and guidance. 
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Antagonism between Vegetative Cells and 
L-Forms of Bacillus licheniformis Strain 6346 


Landman and Halle’ showed that lysozyme or penicillin 
in suitable circumstances could cause mass conversion of 
vegetative cells of Bacillus subtilis strain 168 (indole) to 
L-forms. These L-forms could be sub-eultured on so- 
called “S.D.” medium which contains glucose salts, horse 
serum, sodium succinate and tryptophan, with 0-9 per 
cent agar. Prolonged incubation (5-10 days) on the 
normal medium (S8.D.) or short incubation (48 h) on 
media with an increased concentration of agar led to 
equally massive reversion of the L-forms back to bacteria. 
Later* the conversion to L-forms of both B. subtilis and 
B. licheniformis was shown to be accompanied by the 
extrusion of mesosomes. The authors comment that “Our 
data on the stimulation of reversion by physical agents 
have suggested .. . that membrane invagination may be 
the primary event”. 

In the present work L-forms of B. licheniformis strain 
6346 were made! with 500 ug/ml. benzylpenicillin (they 
could also be made with cyecloserine or methicillin). After 
conversion to L-forms a block of agar containing one 
colony was streaked on to S.D. medium containing 500 
ug/ml. benzylpenicillin. Ten successive sub-cultures were 
made on the same medivm and the L-forms were then 
transferred to medium not containing penicillin, and 100 
per cent reverted to the bacillary form during 48 h. All 
incubations were at 35° ©. After the thirtieth passage on 
penicillin media, however, the reversion in the absence of 
the antibiotic was lower and delayed and, starting from 
the thirtieth passage, sub-culture was made on penicillin- 
free media. After the fiftieth passage there was no detect- 
able reversion to bacterial forms, that is to say, the L 
strain appeared to be stable. When the agar concentra- 


i 
J 





Fig. 1. An S.D. agar plate was streaked in the vertical direction with 

L-forms and at right angles with decreasing (from top to bottom) 

amounts of an 5.0. liquid culture of vegetative cells of B. licheniformis 

6346. Clear zones of inhibition noe of bacterial and L-form growth can 
e sern 
















Ne. 5049 AUGUST 6, 1966 


on in the S.D. medium was increased to 2:5 per cent a 
msiderable number of revertants appeared after 48 h 
wth. The amount of growth of L-forms was con- 
erably less on this medium. It seemed that partial 
hibition of L-form growth occurred; if there were any 
ntagonism between growth of L-forms and of bacilli it 
ould well explain the more frequent emergence of 
evertant colonies. 
A plate of S.D. agar was first streaked in one direction 
‘with a block of agar cut from an L-form culture grown on 
‘the same medium, and then an overnight culture of the 
parent bacillus in fluid S.D. medium was streaked at 
right angles to the tracks of the block of agar containing 
` co the L-forms. The test was also made on other plates with 
© fluid cultures of ten revertants. The plates were incubated 
at 35° C for 24, 48 and 72 h. Zones of inhibition of the 
vegetative cells and of the L-forms were always seen. 
Fig. 1 is a photograph of a plate that had been incubated 
for 72 h; The antagonism demonstrated in Fig. 1 could 
unt for the failure to detect revertants on ordinary 
‘agar, when the good growth of L-forms would be 
ected to inhibit the emergence of colonies of revertant 
li. The higher agar concentration which depresses the 
‘th of the L-form may allow the growth of the rever- 
t bacteria into detectable colonies. 
Preliminary work has been done on the nature of the 
bition of the growth of L-forms by the bacilli. Cultures 
‘Bacillus licheniformis 6346, growing on S.D. agar 
medium, were extracted by freezing and thawing, and the 
xtract was shown to be inhibitory to the growth of 
.-forms. The substance is heat-labile and non-dialysable ; 
t could not be detected either in disrupted cells or in the 
-culture fluid from cultures of B. licheniformis 6346 grown 
-in fluid S.D. medium for 24h. 
ee M. Fopor* 
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+ Flagella-assisted Cell Fission in Escherichia coli 
-Hoffman and Frank! have recently described what they 
‘call “snapping movements” during division of Escherichia 
coli. The evidence presented consists of “‘a time-lapse 
“series of four photomicrographs . . . inadvertently obtained 
= from a microculture of E. coli during the snapping of a 
< 0 cell pair”. The whole snapping sequence appears to have 
“taken about one minute seventeen seconds, and is de- 
ribed as follows: ‘The sister cell on the right side of the 
photomicrograph (Fig. 2) exhibits a blurring interpreted 
“as owing to a vibrating motion of the cell with its proximal 
end acting as a moving pivot. The proximal end of the 
=o geeond cell is slightly blurred from movement as well, 
=> indicating cell flexion with the midpoint of the cells as the 
pivot. The right-hand cell at one point during these 
“movements seems to have paused in the long axis of its 
sister for an appreciable time, since its photographic 
image in this position is more fully developed than in any 
‘other. Fig. 3, photographed at one minute nine seconds 
from zero-time, indicates continued back and forth 
motion which was followed by a sudden large hinge 
movement of the cell in a counterclockwise direction, 
-Jand a consequent decrease in the obtuseness of the angle 
formed with its sister ...”’. 
<> The phenomenon described by Hoffman and Frank 
‘is not uncommon in Æ. coli, (“an organism not thought 
to be capable of this manoeuvre”) if the right strain is 
observed under appropriate conditions. During the 
course of several years study of division in E. coli (for 
‘methods see ref. 2) several strains were observed in 
continuous flow microculture which allowed the behaviour 
during division of motile strains to be clearly observed. 
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What occurs is exemplified by the following experiment 
within the Fredericq strain CA 18. 

The organism was. grown on nutrient agar for about. 
20 h at 37° C and seme of the growth washed off with 
0-5 ml. synthetic medium, mixed with about 5 ml. of 
synthetic medium and a droplet inoculated onto the 
prepared membrane of the continuous culture chamber 
through which a flow of synthetic medium was main- 
tained. Motility was not observed during the first 2-75 h. 
The inoculum cells settled onto the membrane and 
remained quite still antil the movements described. The 
division history of five cells (a-e) continuously observed. 
for 4 h was as follows. The membrane was inoculated at 
11.00 a.m.; at 11.30 a.m. cell a divided and the sister 
offspring (a, and a,) remained non-motile and continued 
to grow slowly. At 2.10 p.m. cell wall fission of one of 
these offspring, a,, appeared to be complete and at about 
the same time a rotery vibratory motion started at one 
end of the couplet (with the other apparently firmly 
adherent to the membrane), which continued intermittently 
for 3 min when the distal cell broke away abruptly and 
immediately swam vapidly out of the field of view. 
The cell remaining behind from this fission was motionless _ 
for about 15 min and then began vibrating in the way its- 
partner had done—the vibrating end was the newly 
formed “fission wall”. This would suggest that in this — 
strain the generation of functional flagella under the 
conditions of culture -equired 15 min. The first. generation: 
cell a, divided at 2..5 p.m. and one of the offspring, as 
before, commenced flagellar lashing at its extremity which 
proceeded actively with occasional pauses for ‘rest’ 
during the next 10 min. For the following 15 min lashing _ 
continued with dimirishing energy and longer pauses and — 
ceased altogether at 2.40 p.m. when the pair remained at- 
rest (in the relative positions shown in Fig. 1) up to the- 
termination of the experiment, at 3.00 p.m. It would 
seem that this cell ‘“‘burnt-out” its energy without achiev- 
ing a complete ‘‘break-away”’ from its partner (connected... 
probably by capsular material as the walls were obviously -= 
separate). oe 

Cell 6 divided at 11.50 a.m. and one partner moved 
dispiritedly during tre course of 5 min, the pair coming 
to rest side by side as shown in Fig. 1 with no further- 
movement and apparently no growth until 3.00. p i 
These cells were in all probability non-viable. Ce 
divided at 2.02 p.m. accompanied by flagellar lashing 
for 8 min when break-away was achieved. Similarly, 
cell d divided at 2.4) p.m. accompanied by lashing until — 
2.48 p.m., when the motile sister broke away and im- 
mediately swam hastily out of the field of observation. 
Cell e divided at 2.4 p.m. only 15 min before break-down. 
of the experiment wth weak lashing movement, but the- 
sisters were still apparently adherent when observation _ 
ceased. Sees 

In addition to these cell movements, from about 2.00 — 
p.m. motile cells were seen to swim actively across the — 
field of view. By 2.30 p.m. the number of motile cells had - 
significantly increased and by 2.45 p.m. about four cells- 
per minute were crossing the field of view. A high propor- . 
tion of the swimming cells were unseparated couplets 
which showed a distinctive mode of propulsion which 
provided the basis for belief that the movements de- 
scribed were caused >y flagella. Each couplet had a more 
or less static leading cell while the trailing propulsive 
cell showed vigorous rotary gyration in an anticlockwise 
sense viewed from she rear (Fig. 2), which caused the 
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Gi when they claim to ae worked eget a motile 
m and also state that the phenomenon was observed 
iyin the transitional zone of the micro-culture system 

a where there would be the necessary freedom of 
ovement. In my own experiments there was complete 
lity for free-swimming as there was no pressure between 
brane and cever-slip. Also, the four photomicro- 
aphs published might be misleading as problems of 
pth-of-focus would necessarily dictate that images were 
tained only in one plane so that rotary action could 
fot be recorded. Yet none of the recordings of these 
a authors contradict the findings made by direct continuous 
observation, and are, in fact, wholly compatible with them, 
en in regard to the periods of rest during lashing activity 
ch is recorded micrographically by the non-blurred 
age published in Fig. 4 of Hoffman and Frank’s paper. 
e reported observations would seem to indicate that 
agellation in this strain might be polar, yet Leifson? 
rts that of several dozen strains of E. coli examined 
ere peritrichously flagellate, although some had 
‘ew flagella; moreover, these observations on motility 
onfirm other well-established views (see Weibull’), 
6 have yet to understand how peritrichously arranged 
le could drive bacteria in the unidirectional manner 
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Hydrocarbons as Substrates for Yeasts 


kovetz and Kallio? pointed out that the assimilation 
drocarbons might be of value in the classification of 
ts. Komagata et al.? found that fifty-six of 498 yeast 
ins belonging to twenty-eight genera were able to 
y on kerosene as the sole source of carbon and energy. 
Strains except two belonged to the genus Candida. 
several species some strains grew well on kerosene, 
e others did not. No growth on kerosene was observed 
some species, which were able to assimilate pure 
-ocarbons of the kerosene fraction according to other 
rts, 
investigated whether the results for the assimilation 
-deeane and n-hexadecane by various yeast species 
spond with those on kerosene and, furthermore, 
ther the utilization of these hy drocarbons may be a 
cific property of the species. We tested 1,200 yeast 
rains of the culture collection of the Centraalbureau 
oor Sehimmelcultures. The 244 species represented 
. by these strains belonged to the following genera: 
Saccharomyces (thirty- seven), Hansenula (twenty-one), 
Pichia (thirty), Debaryomyces (ten), Candida (fifty-four), 
oo Porulopsis (fifty-two), Brettanomyces (seven), Kloeckera 
ce _ (eight), Cryptococcus (ten) and Rhodotorula (fifteen). 
“For the preliminary screening reported here the tech- 
jue of replica-plating was applied. Thirty cultures 
ere transferred to the initial plate, containing wort 
gar, and incubated at 25°C for 2 days. The basic 
edium for the tests was a mineral agar with B-vitamins‘. 
To the sterilized basal agar, in which 0-25 per cent 
urocholate was incorporated for better emulgation, 
per cent n-hexadecane (99 per cent pure, Fluka) was 
died. n-Decane (99 per cent pure, Fluka) and kerosene 
(normal Esso) were supplied as vapour. The plates were 
incubated at 25°C for 1 week. If strains of a species 























_n-hexadecane. Some strains, which grew well on kero 
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: decane 
* Pichia farinosa 22 2 22 Ag 
Pichia guilliermondii 37 37 37 33. 
* Pichia haplophila 2 2 2 mA 
* Pichia pastoris 2 2 2 2 
*Pichia polymorpha 3 3 3 2 
* Pichia robertsit 2 2 2 = 
* Pichia scolyti 5 1 1 i 
* Pichia vini 5 5 5 Be 
Debaryomyces hansenii 45 45 45 45° 
* Debaryomyces vanriji 4 4 4 a. 
*Torulopsis dattila 2 2 il ko 
*Torulopsis famata 12 12 12 P 
*Torulopsis haemulonii 2 2 2 
*Torulopsis saké 2 re l 
*Candida brumptii 6 8 5 
*Candida catenulata 5 5 5 
Candida intermedia 10 19 19 
Candida lipolytica 12 12 12 
*Candida melinit 4 1 H 
Candida parapsilosis 11 il 1h 
Candida pulcherrima. 17 16 16 
Candida reukaufii 7 7 5 
*Candida rhagit 4 4 3 
*Candida tenuis > 4 3 
Candida tropicalis 24 24 24 


* Species not previously known as hydrocarbon utilizers. 


grew both on n-decane and n-hexadecane as well ; 
kerosene, one of these strains was retested in sh 
cultures with 2 per cent of the same carbon sources. 

In the genus Kloeckera no n-decane, n-hexadecane 
kerosene assimilating strains were detected. A few o 
Hansenula, Brettanomyces and Cryptococcus strains: gr 
very weakly on n-hexadecane. In the genus Saccha 
myces only the two strains of Saccharomyces elongasp 
assimilated hydrocarbons readily, but the yeast di 
from the typical species of this genus by a slow fermi 
tion and the shape of the spores. In some Rhodot 
species n-decane-, n-hexadecane- and kerosene-util 
strains occurred, but growth was very slow or w 
negative strains were found in the same species. M 
strains, utilizing n-decane, n-hexadecane and kero: 
were detected in the genera Pichia, Debaryomyces, Car 
and Torulopsis. Some of the results are shown in Tak 
The species not previously known as hydrocarbon util 
are indicated by an asterisk. 

Generally, growth on kerosene vapour was weake tl 
on the pure n-alkanes; sometimes no growth on kero 
was observed with strains assimilating n-decane 





vapour, failed to grow in shaken cultures containing | 
sene. This suggests that the absence of growth ma 
due to an inhibitory effect of some components of 
ae rather than to the inability of the yeas 
ttack the n-alkanes. The results with the shaken cult 
ee n-decane and n-hexadecane paralleled. +t 
obtained on agar, but in liquid medium growth was of 
better with n-hexadecane. In many species all stra 
utilized the pure n-alkanes, indicating that this abil 
can be a characteristic feature of the species. Howev 
the assimilation of n-alkanes by the strains of one spec 
may vary from weak or latent to good. In species, whe 
only some strains were found to assimilate n- -alkanes, 
growth was generally poor. 3 
Additional strains utilizing n-alkanes could probabl 
be detected with test conditions more favourable’ t 
adaptation and selection. | 
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A Computer Programme for Automatic 
Scanning of Autoradiographs and Micro- 
radiographs of Bone Sections 


AUTORADIOGRAPHY of bone has played an important 
part in the investigation of the distribution of bone- 
seeking isotopes. A measure of the non- uniformity of this 
distribution is of paramount importance in determining 
local radiation doses in bone and adjacent soft tissues. 
< In addition, a comparison of autoradiographic and miero- 
-radiographie pictures can provide information about 
bone resorption and bone turnover. Until recently these 
_— measurements have been severely limited in scope because 
of the tedious and time-consuming nature of such analyses. 
< With advances in automatic densitometry and computers, 
these analyses have now become practicable on a much 
wider scale. 
This report outlines the use of an automatic scanner 
nder the control of a computer which is capable of 
nalysing the. distribution and area of blackening on a 
tographic film. The machine (named Chloe) was 
designed. and built for the analysis of spark chamber 
photographs! and pattern recognition of chromosomes’. 
In the present application, a spot of light from a cathode- 
ay tube is focused on to the autoradiographic plate and 
the light transmitted through the plate is viewed by a 
photomultiplier. This light spot (~ 5u in diameter) is 
driven in both the X and Y direction by two counting 
registers so as to scan a rectangular area on the plate, 
the extent of which is determined by the computer 
programme. The spot does not actually move, but appears 
none place for 1 psec, is blanked out for 3 usec, and 
reappears in the adjacent location for 1 usec. When the 
phpromultaplier detects less than a specified amount of 
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transmitted light, the contents of thë. registers are entered 
into the computer memory as the co-ordinates of tl 
point. The beam thea moves on until the photomultiplier 
again detects more tkan the given amount of light and tł 
co-ordinates of this second point are entered in memo 
These two points determine a line segment. Overlappin; ee 
line segments are later assembled into shapes by the a 
computer programms. a 
The calibration ard stabilization of beam intensity qe 
terms of photographie density are of the utmost importance = 
in the operation of the scanner as an automatic densito- 
meter. Calibration slates are therefore used to act as | 
calibrators both for area and for density. A step wedge ~ 
containing fifteen steps ranging in density from 0:05 to 
2-1 was constructed to fill the scanning area, which was = 
l in.? on the photographie plate. The portions of: this 
plate transmitting less light than that corresponding to. — 
a fixed photomultiplier discriminator setting were odis- 
played on a separate cathode-ray tube. Beam intensity 
values corresponding to each density level on the step 
wedge were determmed by increasing the cathode ray 
beam current in small discrete increments until the 
apparent area of each step was reduced by half. This 
information provided a table of beam intensity versu: 
density which was later fed into the computer memory 
All beam intensities are corrected for the backgrounc 
blackening of each plate by an automatic backgrouns 
measurement. 
A further calibration plate with two spots of. ‘known 
density and a third black spot of known area is insertec 
in the scanner before each data plate in order to correct. 
for any change in the operating conditions. The computer. 
measures these twc densities automatically, compare: 
them with their known values, computes a quadratic. 
correction function, and substitutes a corrected table of. 
net beam intensity wersus density into its memory. | 






























Fig. 1. Pictures, reconstituted from digital information using a Caleomp plotting device. Ivodensity lines are drawn to indicate 
BEERS: of the autoradiograph which fall above a certain level of photographic density. The sik pictures correspond to six different 


density levels in steps of 0-08 trom picture (1) corresponding to density 0-08 to ‘picture (€) corresponding to density 0-48 





Fig. 2. Autoradiograph of a cross-section of bene taken from the distal 
femur of an adult dog ore or pr uc./kg of calcium-45 and killed 
ays later 


So far, the computer has been programmed to read-out 
areas and shapes corresponding to different photographic 
densities. This information is stored on magnetic tape 
and the corresponding areas and densities are available 
in a print-out form. To test the procedure, the auto- 
radiograph can be reconstructed from computer memory 
to show isodensity lines in the form of pictures. These 
are shown in Fig. 1, the autoradiograph in Fig. 2. 

Other forms of output, such as read-out in terms of 
isotope concentration in microscopic areas on the auto- 
radiograph, can be obtained by inserting a calibration 
of the isotope in the form of a radiator on the same photo- 
graphic plate as the bone section. Investigation of micro- 
radiographs to obtain quantitative information such as 
bone porosity is also possible with the present programme. 

Other investigations for which this scanning equipment 
may prove useful are: (1) investigations of changing 
distribution of isotopes either as a function of time after 
administration in animal experiments or as altered by 
external factors such as drugs; (2) mineral density measure- 
ments using microradiography; (3) correlation of auto- 
radiographic and microradiographic pictures of the same 
bone section to give information on bone resorption. 
These are just a few of the possible applications of this 
automatic scanning device to problems associated with 
bone. However, the scanner described here has basically 
been designed as an automatic densitometer and it may 
prove useful in fields of research other than just those 
pertaining to bone. . 

This work was performed under the auspices of the U.S. 
Atomic Energy Commission. 
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Radiation Recovery Response of Mammalian 
Tumour Cells in vivo 


Since the original report by Elkind and Sutton! that 
mammalian cells are able to repair sublethal radiation 
damage in vitro, there have been several reports describing 
similar results in a variety of mammalian cell systems 
both in vitro and in vivo*, The P-388 murine lymphocytic 
leukaemia maintained as an ascites tumour in the DBA /2 
mouse is ideal material with which to investigate the 
recovery response of a malignant mammalian cell in 
vivo. Shortly after intraperitoneal transplantation of 
10° cells (24-48 h), the radiation response of this tumour is 
typical for that of an oxygenated population; after 6-7 
days of intraperitoneal growth, this tumour demonstrates 
anoxic radiation response*. Consequently, it is possible 
to investigate the radiation recovery response of oxy- 
genated and hypoxic cells depending on the age of the 
tumour at the time of the conditioning dose. Fig. 1 shows 
the survival response for 1-day tumours and 6-day tumours 
irradiated in vivo and assayed for tumour cell viability 
as previously described*. The dose modifying factor for 
6-day tumours with respect to 1-day tumours is ~3. 
In addition, while both curves have an initial shoulder, 
the extrapolation number for 1-day cells is significantly 
higher than that for 6-day cells. 
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Fig. 1. Survival curves for P-383 tumours irradiated and assayed in 

vivo. 1-day tumours (O) and 6-day tumours (W). n, Extrapolation 

number; Do, dose in roentgens required to reduce the surviving fraction 

to 1/e on the exponential portion of the curve. 6-day tumours are more 
radio-resistant by a factor of 3-7 


A series of experiments was undertaken designed 
to investigate the radiation recovery response of P-388 
tumour as a function of tumour-age at the time of 
the conditioning dose. Animals bearing 1-day or 6-day 
tumours were irradiated with whole-body air exposure 
doses of 500 r. or 1,500 r. respectively, at time 0. At 
intervals of time up to 14 h following this conditioning 
dose, a second, equal dose was delivered to the same 
animals. X-radiation was produced at 220 kV, 18 m.amp 
and 0-5 mm copper and 1-0 mm aluminium filtration 
(half value layer 1-33 mm copper), and this gave 212 
r./min at a target-surface distance of 25 cm. Immediately 
after the second dose, cells were removed from the abdomen 
and assayed for reproductive viability; recipient animals 
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Fig. 2. Recovery response of 6-day tumours (W) snd 1-day tumours 
(O). Recovery factor is the observed survival fraction to two-dose 
fractions relative to the total dose delivered in one exposure 


were inspected for tumour formation and such tumour 
production data were analysed as described by Belli and 
Andrews’, 

Net survival fractions to the fractionated dose were 
expressed relative to the survival fraction which resulted 
from the total dose without fractionation (recovery 
factor). A recovery factor of 1:0 indicates no recovery. 
These data are given in Fig. 2. Initial, rapid repair of 
sublethal damage is evident in tumours of either age. 
However, the rate of repair seems to be slower in 6-day 
(hypoxic) tumours. Initial repair appears to reach a 
maximum by 6 h following the conditioning dose in both 
tumours. A subsequent minimum is seen at 9 h which 
rises to a second maximum by 12 h in 1 -day tumours. 
In the hypoxic condition, however, this minimum appears 
to persist through 13 h. It 1s of interest to note that the 
maximum recovery factor for 1-day tumours (~15) and 
for 6-day tumours (~4) are of the same order of mag- 
nitude as the extrapolation numbers observed from the 
acute exposure survival curve for these tumours (ten and 
two respectively). 

The data reported here demonstrate that mammalian 
tumour cells are capable of repairing sublethal radiation 
damage in vivo regardiess of whether the cell is aerobic or 
hypoxic at the time of the first dose, but that the rate of 
repair 1s probably mfluenced by the state of oxygenation 
of the tumour cell population at the time of conditioning 
dose. These data are also compatible with the model 
first proposed by Elkind et al.‘ for the recovery kinetics 
of irradiated mammalian cells, and later developed by 
Elkind and Sinclair’. The model predicts that, concurrent 
with repair of sublethal damage, cells surviving the con- 
ditioning dose progress through the generation cycle into 
that portion of the cycle which is radiation sensitive and 
such cell progression, gives rise to the minimum observed 
in most two-dose recovery curves. 

Littbrand and Revesz? have reported that Ehrlich 
ascites tumour cells do not demonstrate recovery when 
irradiated in the anoxic state in vitro. It should be pointed 
out, however, that the challenge dose was delivered 18 h 
following the conditioning dose. No other time sequence 
was reported. Thus, little can be said concerning the 
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early recovery kinetics of this cell line. In addition, cells 
were not kept anoxic Detween the fractions and this may 
have influenced the recovery response. 

The differences in recovery kinetics demonstrated by 
l-day and 6-day P-338 tumours irradiated in vivo may 
result from the fact that 6-day tumours consist of a 
population of cells which have been allowed to grow into 
the hypoxic state. This may give rise to a different 
tumour cell populaticn age density distribution® which 
in turn would be expected to result in variation of the 
age response functior®. Such differences in population 
composition and kinetics can give rise to variation in the 
recovery responses of such populations. 

In summary, it has been demonstrated that malignant 
mammalian cells are capable of repairing sublethal radia- 
tion damage whether in the oxygenated or hypoxic 
state. The kinetics of the recovery response differ in that 
hypoxic tumour cells appear to repair sublethal damage 
at a slower rate than aerobic cells. 

This work was supported by grants from the National 
Cancer Institute, US. Public Health Service, and a 
contract with the U.S. Atomic Energy Commission. 
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VETERINARY SCIENCE 


‘Ewe x Side’ of Udder Interactions in Milk 
Yield in Relaticn to the Number of Lambs 
suckled 


ONE method used to estimate milk yield of ewes at pasture 
during the course of experiments at Armidale, New South 
Wales, in 1960, wes the oxytocin technique+, This 
involved injections of oxytocin to induce let-down, 
followed by an ‘‘encptying” milking and, 4 h later, a 
“measuring”? milking, milk yield being calculated as a 
rate (g/h). The good agreement found between this 
technique and lamb suckling has already been discussed®. 

A. ewe has only cne major gland on each side, and 
production from the supernumerary glands is very smal. 
In this study milk production of the two halves of the 
udder was recorded separately, and supernumerary glands, 
when present, were included with the main gland. It has 
been shown by numerous authors‘ that ewes are not 
fully extended in milk yield when they are suckling singles. 
The milk yield of each gland can then be regarded as the 
result of an interaction between its potential to produce 
milk and the suckirg stimulus of the lamb. A single 
lamb may equally stimulate each side of the udder, may 
consistently suck mare on one side of the udder than the 
other or may chang its preference from time to time. 
The stimulation of the two sides of the udder is likely to 
be more equal for twins than for singles because both 
sides will be more fully stimulated. 

To investigate thie point, analyses of variance (Table 1) 
on the milk yields of the two sides of the udder were 


. é 
> a 


„ Table 1. ANALYSES OF VARIANCE OF WEEKLY MILK YIRLDS FROM THE 
Two SIDES OF THE UDDER FOR MERINO EWES 


Milk yield (g/h) 
Medium-wool Peppin ewes Strong-wool ewes 
Source of Buexee ers “RONE r 
ariation wins singles W 8 
. . MS. D.F. M.S. D.F. M.S. F. M. 
Bides 1 18808 1 82 84 1 3°78 1 603-29 
Ewes xsides 5 102°53* 11 6554497 86 23 66% 13 40494Tt 
Weeks x sides 9 17 20° 9 15-87 9 11-16 8 4-79 
Residual 45 24°24 99 27-10 54 6-77 99 8-26 
*P<001. 
+ P<0 001. 


Table 2. VARIANCE COMPONENTS OF THE 'EWES x SIDES’ INTERACTIONS 
FOR THE FOUR ANALYSES OF TABLE i 


Medium-wool Poppin ewes Strong=wool ewes 


Suckling Suckhng Suckhng ~ Suckling 
twins singles twins singles 
Component opg 79 52-7 1-7 39-7 
95 per cent confi- 2:1-13-9 25°1-147°8 052-6 21-1109 4 
dence interval 


carried out for the first 10 weeks after parturition for six 
medium-wool Peppin and seven strong-wool Merino ewes 
suckling twins, and twelve Peppin and fourteen strong- 
wool ewes suckling singles. The main effects, ewes and 
weeks, and the ‘ewes x weeks’ interactions, which were 
very highly significant in all four analyses, are not shown. 
The ‘ewes x sides’ interactions are all highly significant, 
showing that, whether suckling twins or singles, some 
ewes produce more milk on the left and some more on the 
right. The variance components for these interactions, 
together with their 95 per cent confidence intervals, were 
calculated by Grayhill’s method®. The ‘ewe x sides’ 
interaction component 1s significantly greater for singles 
than for twins for both strains (Table 2). 

The significant ‘ewe x sides’ interaction, accompanied 
by a small and not significant ‘weeks x sides’ interaction, 
indicates an uneven stimulation of the sides which is 
consistent from week to week. If the ewe is fully stimu- 
lated by suckling twins, the unevenness can be interpreted 
as showing that the potential production for some ewes 
is greater on the left, and for others on the right. Because 
unevenness between sides is greater for single lambs than 
for twins it is likely that single lambs develop a consistent 
preference for the better side. 
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SOIL SCIENCE 
Hydrolysis of Soil Nitrogen by Strong Acids 


Numerous tests have been proposed for determining the 
“available” nitrogen in soils, but although they have 
proved successful under some conditions, they have not 
generally been reliable for predicting field crop response!-, 
Most of these methods are based on the estimation of 
nitrogen which can be readily hydrolysed by dilute 
acids! or mineralized by incubation over short periods of 
time’, It seems quite probable that nitrogen left in more 
resistant fractions of soil organic matter may also play a 
supporting part in supplying nitrogen that can be used 
by plants. Recent research at this Station indicates that 
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more vigorous acid hydrolysis and extraction of soil 
releases considerable nitrogen from resistant organic 
complexes, 

Soils from six plots at the Rhode Island Agricultural 
Experiment Station, which have a long history of treat- 
ment with various types of nitrogen fertilizer, were used 
in the investigation. The soil, classified as a Bridge- 
hampton silt loam, has received continuous fertilizer, 
lime and cropping treatment for more than 60 years. 
Table 1 presents data on these soils pertinent to their 
nitrogen status and for later use in comparison with the 
acid hydrolysis investigations. 


Table 1. CHEMICAL PROPERTIES OF THE SOILS 


0,-N 

Piot Org. © N C/N PAN (p p.m ) 
No. Treatment* pH (per (per ~ ratio Go i Pid 38 

cent) cent) Days 
87 NoN, lime 63 283 0-202 140 40 7 81 40 
60 Manure, lime 65 3872 0268 141 88 10 39 64 
61 Chemicals, lime 63 327 0259 126 65 9 84 57 
63 Cont corn, nocover 60 1:73 0-126 13-7 38 2 11 19 
71 Fertilizer, no lime 60 252 0185 136 55 3 21 30 
72 No fertilizer, no me 50 268 0183 14-6 50 4 13 22 


* Complete fertilizer except where otherwise indicated. 
t Potentially available nitrogen (ref. 1) - 
ł Incubation at 30° C (ref. 8). 


Hydrolysates were prepared by means of a modification 
of Bremner’s procedure‘. Soils were subjected to a series 
of sequential hydrolyses at 100° C using distilled water 
and 1, 3, and 6 N hydrochloric acid and sulphuric acid. 
A 4-in. round-bottom centrifuge tube containing 5 g of - 
soil and 20 ml. extracting solution was placed in a boiling 
water bath. An I1l-in. chromatographic tube containing 
a glass bead served as a condenser. After an hour, the 
tube was removed from the bath, allowed to cool and 
centrifuged. The hydrolysate was decanted and the 
residue washed with 10 ml. of fresh extractant by mixing 
well and centrifuging. The supernatant was decanted and 
combined with the previous hydrolysate. Twenty ml. 
of fresh solution was added to the residue and this mixture 
was again hydrolysed for a second hour. The same 
separation procedure was repeated. The residue was 
subjected to a similar hydrolysis for a final 2 h. This time 
the residue was washed with three 10-ml. portions of 
water. The residue was dried and saved for further 
analysis. The three acid hydrolysates (1 h, 2 h, and 4 h) 
were neutralized with sodium hydroxide (5 N and 0-5 N) 
to pH 6-5 + 0-1 and made up to 100 ml. Ten-ml. portions 
of the extracts were used for all determinations. 

Organic carbon was determined using a modification 
of the method devised by Tinsley*. Two grams of mercuric 
oxide were added to hydrolysates contaming chloride ion 
to prevent reduction of dichromate*. Total nitrogen and 
alpha-amino nitrogen were determined by the micro- 
Kjeldahl procedures developed by Bremner*. 

It was found that there was little difference in the 
percentages of carbon and nitrogen released from the six 
soils. This was to be expected, as previous work had in- 
dicated the similarity of acid hydrolysable soil organic 
matter independent of the origin of organic residues’), 
However, there were large variations in relation to acid 
treatments (Table 2). 

For carbon, an increase in the strength of either hydro- 
chloric acid or sulphuric acid beyond 3 N did not materially 
increase the amount hydrolysed. A comparison with 
the water extraction indicates the degree of decarboxyl- 
ation by acid hydrolysis. Nitrogen recoveries were 
directly related to increases in acid strength from 1 N to 
6 N, resulting in a narrowing of the carbon/nitrogen 
ratios in the hydrolysates and a sharp rise in the ratios 
of the residues (Table 3). The wider carbon/nitrogen 
ratios of the first-hour hydrolysates suggest that easily 
dissolved materials (for example, carbohydrates) and 
some amino-acids and amino sugars were being extracted. 
The narrow ratios in the second hour are suggestive of 
more effective extraction of compounds containing greater 
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Table 2 ORGANIC CARBON AND NITROGEN RECOVERIES BY HYDROLYSIS WITH 1, 3 AND 6 N ACIDS AND WATER AT 100° C= 


Carbon recovered (per cent) ji 
h 4h ue 


Extractant lh 2 Reai 
Hydrochloric acid 18-7 6-1 3'3 62 6 
Sulphuric acid 18 0 5-3 23 65 2 
Hydrochloric acid 22-9 8-1 286 56 6 
Sulphuric acid 21-8 71 3:8 57 3 
Hydrochloric acid 22:4 Tb 20 57-9 
Sulphuric acid 23 0 72, 3°3 50 7 
Water 1:0 03 0-2 95°0 
* Average of six soils. 


t Percentage of total carbon or nitrogen. 


Table 3. CARBON-NITROGEN RATIOS OF HYDROLYSATES WITH 1,3 AND8 N 
ACIDS AND WATER* 


Extractant ih 2h 4h Residue 

1 Normal 

Hydrochloric acid 88 78 3°6 17:9 

Sulphuric acid 87 6-3 4-6 17-2 
3 Normal 

Hydrochloric acid 77 5 9 4-7 22-6 

Sulphuric acid 8 6 57 55 20 1 
6 Normal 

Hydrochloric acid 6-6 5-1 4-4 27°5 

Swphuric acid 7-4 6:3 5-7 22°3 

Water 
Water 6-4 88 2°8 138-9 


* Average of sıx soils. 


percentages of nitrogen. In general, the narrowest ratios 
occurred in the fourth hour. This could arise from the 
presence of resistant compounds in the hydrolysate. 

The very wide carbon/nitrogen ratios of the residues 
might well indicate very resistant heterocyclic nitrogen 
compounds, such as humic substances. Felbeck® has 
proposed a possible structure for these compounds the 
carbon/nitrogen ratio of which (25/1) is similar to that 
found in several of the residues and particularly where 
hydrochloric acid is used. It has been shown by Stevenson!’ 
and Dubach and Mehta! that the optimum time for the 
liberation of hexosamines and amino-acids (non-humic 
substances) from soil, using 6 N hydrochloric acid, is 4 h. 
The data presented in Table 3 for alpha-amino mtrogen 
support these observations. It is suggested that a 4-h 
hydrolysis with 6 N hydrochloric acid extracts a large per- 
centage of non-humic substances leaving behind in the 
residue essentially humic materials. The 6 N sulphuric 
acid solution is considerably less effective in its extraction 
of non-humic materials than 6 N hydrochloric acid. In 
all cases the carbon/nitrogen ratios of the hydrochloric 
acid residues are wider than those from sulphuric acid. 
This is because of the more effective extraction using 
hydrochloric acid and probably greater decarboxylation 
with sulphuric acid. 

An appreciable fraction of the dissolved nitrogen in the 
hydrolysates was in the alpha-amino form (Table 4). 
The largest amounts were liberated in the first hour and 
decreased rapidly during the second- and fourth-hour 
periods. Amounts extracted were related directly to acid 
strength. At concentrations above 3 N, hydrochloric acid 
proved to be a much more effective extractant than 
sulphuric acid. 


Table 4. ALPHA-AMINO NITROGEN DISSOLVED BY HYDROLYSIS WITH 
1, 3 AND 6 N ACIDS (BASED ON TOTAL NITROGEN)* 


Percentage recovered Tf 
2h 4h 


Extractant Th Total 

1 Normal 

Hydrochloric acid 2-7 10 05 42 

Sulphuric acid 18 0-8 0-8 3°4 
3 Normal 

Hydrochloric acid 61 39 0-8 108 

Sulphuric acid 2-2 12 08 42 
6 Normal 

Hydrochloric acid 103 5 4 0'8 16-5 

Sulphuric acid 66 13 08 87 


* Average of six soils 
t Percentage of total nitrogen. 


The average of 16-5 per cent extracted with 6 N hydro- 
chioric acid is somewhat lower than others have 
reported}?)13, However, the 4-h hydrolysis used in this 
investigation is considerably less than that used by others. 
Bremner?!? found that maximum liberation of amino- 


Nitrogen da tia (per cent)t 


Total lh 2h esidue Total 
1 Normal 

90 7 29 2 14:1 98 47°9 101 0 

918 26 5 114 9:9 52 3 100-1 
3 Normal 

90-2 40:7 18 5 7-8 849 1017 

960-1 34°6 16-8 96 39 4 100-4 
6 Normal 

89 8 46-4 19 7 6-5 29 1 101 7 

84 2 41-8 18-4 78 316 99 6 

96°5 5 20 1-9 928 100:2 


acids could be attained in about 12 h and that prolonged 
hydrolysis caused tkeir destruction. It is believed that 
extending the time of hydrolysis would liberate a greater 
percentage of aminc-acid, but it is doubtful that these 
values would be muzh higher than that obtained during 
the 4-h period. It is concluded that the soils contain 
rather lmited quantities of alpha-amino nitrogen and 
essentially all this nisrogen is extracted in a few hours by 
acid hydrolysis. 


Table 5. a-AMINO NITROGEN DISSOLVED BY HYDROLYSIS WITH 1, 8 and 
6 N ACIDS (BASED ON HYDROLYSATE NITROGEN)* 
Percentage recovered f 
Extractant lh 2h 4h 
1 Normal 
Hydrochloric acid 91 73 5-5 
Sulphuric acid 6-6 7i 7-8 
3 Normal 
Hydrochloric acid 15-0 21:3 10-7 
Sulphuric acid 6-4 69 83 
6 Normal 
Hydrochloric acid 22 8 277 12-9 
Sulphuric acid 15-9 72 99 


* Average of six souls. 
+ Percentage of nitrogen :n hydrolysate. 


Table 5 shows tke amount of alpha-amino nitrogen 
dissolved based on she nitrogen released to the hydro- 
lysate. With increasing acid strength the hydrochloric 
acid extracts from the second hour contain the largest 
amount of alpha-amino nitrogen. This supports the 
carbon/nitrogen ratb data of Table 3, which show a 
narrowing carbon/nitrogen relationship in the second hour 
attributed to thesoludilization of nitrogen-rich compounds. 

Although the data presented here do not relate nitrogen 
extracted by strong acid hydrolysis to crop response, it 
is suggested that suci vigorous treatment and subsequent 
nitrogen measurement may be an approach to the esti- 
mation of nitrogen-supplying power of soils. 


JAMES G. QUINN 
MILTON SaLomon 


Agricultural Experiment Station, 
University of Rhode Island, 
Kingston, Rhode Island. 


1 Purvis, E. R , and Leo, M. W. M., Agric. Food Chem., 9, 15 (1961). 


* Richard, T. A., Attoe, O. <., Moskal, S., and Truog, E., Trans. Intern. Congr. 
Soil Sci Seventh Congr , 2, 28 (1960). 


* Stanford, G., and Hanwaz, J., Sow Sci. Soc. Amer. Proc., 18, 74 (1955). 
t Bremner, J. M., Methods of Analysis, Amer. Soc. Agron., 9, 1249 (1965). 
® Tinsley, J , Trans. Intern. Congr. Sou Ser., Fourth Congr., 1, 161 (1960). 
* Quinn, J, G., and Salomon, M., Soil Ser. Soc. Amer. Proc., 28, 456 (1964), 
? Salomon, M., Sow Sei. Sez. Amer. Proc., 26, 54 (1962). 
8 Salomon, M., Nature, 20C, 500 (1963). 
* Felbeck, jun., G. T., Sou Sci. Soe. Amer. Proc., 29, 48 (1965). 
20 Stevenson, F. J., Soil Ser. 88, 113 (1957). 
u Dubach, P., and Mehta, Sods and Feri., 26, 293 (1963). 
12 Bremner, J. M., J. Agric. Scl., $9, 183 (1949). 
3 Cheng, H., H., and Kurtz,-L. T., Soil Sex. Soc. Amer. Proc., 27, 312 (1968). 


Microbial Factor in Short-term Phosphate 
Uptake S-udies with Plant Roots 


Ix most investigations of the mechanisms of nutrient 
uptake by plant roots no attempt has been made to grow 
plants under sterile conditions. A prolific microflora 
develops on the rooz surface even in very young plants 
unless stringent precautions are taken to grow them 
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aseptically. It could be envisaged that such a population 
may affect the results of nutrient uptake experiments 
either by influencing plant metabolism or by adding its 
own uptake to that of the root. Krasil’nikov* has shown 
that rhizosphere organisms can affect the amino-acid 
composition of barley. 

Krasilnikov? cites an instance in which phosphate 
uptake over 17 days was doubled by the presence of 
micro-organisms on barley roots, but the reverse occurred 
with woody plants. However, in neither instance was 
uptake examined in relation to root growth which can be 
affected by micro-organisms’. The reported lower total 
ash contents of non-sterile red clover and sunflower 
compared with sterile plants*® were not examined in 
relation to root growth differences caused by the treat- 
ments. A recalculation of the data of Welte and Troll- 
denier* as total ash (mineral uptake) per g of root shows 
that non-sterile plants took up to 64 per cent more 
nutrients than sterile plants from nutrient culture solution 
over periods of approximately 30 days. Subba-Rao, 
Bidwell and Bailey? showed that in tomato plants, the 
roots of which were infested with Fusarium sp. or with 
Trichoderma viride, the tops contained less phosphorus-32, 
sulphur-35 and carbon-14 than sterile plant tops. This was 
after uptake periods of 48-72 h from nutrient solution 
containing radioactively labelled phosphate, sulphate and 
bicarbonate. However, total uptake was not studied and 
therefore the data refer only to translocation. As none of 
these authors have calculated the effects of micro-organ- 
isms on the efficiency of nutrient uptake, the present 
investigations were designed to investigate this using 
techniques commonly used by plant physiologists. 

Tomato seeds (Lycopersicon esculentum var. ‘Grosse 
Lisse’) and subterranean clover seeds (Trifolium subter- 
raneum var. ‘Bacchus Marsh’) were surface sterilized with 7 
per cent calcium hypochlorite solution, washed with sterile 
water and germinated on a nutrient agar to detect con- 
tamination. Sterile germinated seeds were transferred to 
a stainless-steel mesh above 30 ml. of Hoagland and 
Arnon plant nutrient solution’? in cotton-plugged test- 
tubes (3 x 20 cm) using three seeds per tube. Non-sterile 
treatments received 0:1 ml. of inoculum consisting of a 
1 per cent suspension of Urrbrae loam (a red-brown earth) 
to provide a wide spectrum of micro-organisms. After 
4-8 days’ growth in a glasshouse, plants were tested for 
sterility and harvested before extensive branching of roots 
had occurred. The roots of the intact plants were washed 
in tap water for 60 sec to remove excess plant nutrient 
solution, placed in 5x 10-* M calcium sulphate for 2 h 
and then transferred to 5x10-4 M calcium sulphate 
containing 6x 10-8 M potassium dihydrogen phosphate 
(pH 6-7) and phosphorus-32 as phosphate at 80 uc./l. (less 
than 10-8 M). After uptake periods ranging from 5-60 min 
the roots were washed in rapidly running water for 5 min 
and separated from the tops to estimate translocation. 
Twelve replicate plants were used for each treatment. 
Liquid scintillation counting was employed using a thixo- 
tropic base in which to suspend the plant material. 

Root and top data for 5-day-old tomato and for 8-day- 
old subterranean clover (Table 1) showed little difference 
between sterile and non-sterile plants in these experiments. 
No differences in root hair production between sterile and 
non-sterile plants were detected. Differences in phosphate 
uptake (Table 2) between these sterile and non-sterile 
plants can therefore be ascribed directly to the micro- 
organisms and not to differences in plant morphology. 


Table 1. Root AND Top GROWTH OF STERILE AND NON-STERILE PLANTS* 


Root length Root dry Shoot dry 
Plant Condition {em) weight (mg) weight (mg) 
Tomato Sterile 7-7 0-24 2-7 
Non-sterile t 77 0-24 3-0 
Subterranean Sterile 65 Vi 73 
clover Non-aterile } 6-1 Li 7-8 


* Means of 24 planta. 
+ Mean number of bacteria per root system: 4 2 x 10°. 
t Mean number of bacteria per root system: 1-7 x 10°. 
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NON-STERILE PLANTS 


Uptake Phos- Phosphate* 
Plant period Condition Total hate* translocated 
(min) uptake* n roots to tops 
Tomato 5 Sterile 131 114 9 
Non-sterile 2547 215 27 
20 Sterile 818 777 88 
$ Non-sterile 1,458 + 1,247 f 159$ 
Subterranean 5 Sterile 757 666 44 
clover Non-sterile 1,2148 1,188} 59 
20 Sterile 1,225 971 118 
Non-sterile 1,906 f 1,718 ł 125 


* Phosphate (10-3 moles) per plant. Means calculated from 12 plants after 
log transformation. 

Differences between sterile and non-sterile: + Significant at 5 per cent 
level; {significant at 1 per cent level; § significant at 0 1 per cent level. 


Calculations made from the data in Table 2 show 77-95 
per cent increases in uptake by non-sterile tomato and 
55-60 per cent increases by non-sterile clover. The varja- 
tion in uptake between replicate tomato and clover plants 
was great despite selection of apparently uniform plant 
material. In a 5-min uptake experiment with barley using 
twelve replicate plants, an 18 per cent increase in phos- 
phate uptake was not significant at the 5 per cent level. 
Variation between non-sterile plants was greater than 
that between sterile plants. 

In the absence of treatment/time interactions, uptakes 
over all time treatments were averaged in these experi- 
ments. Over the two time treatments for tomato, the 
increases in non-sterile plants in total upteke and root 
content of phosphorus-32 were significant at the 1 per cent 
level and the greater translocation in non-sterile plants 
was significant at the 0-1 per cent level. With clover data 
averaged over five time periods up to 60 min, the higher 
total uptake and root content of phosphorus-32 of non- 
sterile plants were significant at the 0-1 per cent level. 

Uptake was greater in the non-sterile tomato by 85 per 
cent and non-sterile clover by 45 per cent over all time 
treatments, although there was virtually no difference in 
root and shoot growth between sterile and non-sterile 
plants. It is therefore suggested that phosphate uptake 
may be grossly overestimated by neglecting the need for 
complete asepsis in growing test material used in short- 
term uptake experiments. This type of experiment has 
often been used to postulate mechanisms of uptake and to 
estimate kimetie ‘constants’? such as carrier concentra- 
tions*-°, The results refer especially to the use of low 
concentrations of phosphate; effects at higher concentra- 
tions and longer uptake times are under investigation. 

Phosphate translocated to the top by tomato in 20 min 
was 4-4 times greater in non-sterile plants (this was 
significant at the 0-1 per cent level). A strong trend in the 
same direction occurred with clover after 60 min. The 
much higher phosphorus-32 content of tops of non-sterile 
tomato plants demonstrates conclusively that the in- 
creased phosphate uptake by non-sterile plants cannot be 
attributed solely to absorption by the rhizoplane micro- 
flora. A direct effect of micro-organisms on the metabolism 
of the plant is indicated. 

-~-We thank Mr. K. M. Cellier, Division of Mathematical 
Statistics, C.S.I.R.O., for the statistical analyses. 
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APPOINTMENTS VACANT 


APPLICATIONS are mvited for the following appointments on or before the 
dates mentioned. 

ASSISTANT LECTURERS (2) (with an honours degree in pharmacology, 
physiology, biochemistry or zoology) IN THE DEPARTMENT OF PHARMACOLOGY 
—The Clerk to the Council, The School of Pharmacy, University of London, 
Brunswick Square, London, W.C.1 (August 10). 

RESEARCH ASSISTANT (with a good honours degree and preferably some 
research experience, but consideration will be given to applications from 
recent graduates) IN THE DEPARTMENT OF BIOLOGY, for work on the physi- 
ology of stomata—Prof. ©. D. Piggott, Department of Biology, The Uni- 
versity, St. Leonard’s House, Lancaster, Lancs (August 10). 

RESEARCH FELLOW (with a good honours degree in the social sciences and 
some research experience) IN SooIoLOGy—The Registrar, The University, 
Sheffield (August 10). 

LEOTURER (with an honours degree in pharmacology, physiology or bio- 
chemistry and also a higher degree or with evidence of orginal research 1n an 
appropriate field) IN PHARMACOLOGY—~The Clerk to the Council, School of 
rea Fea bas of London), 29/39 Brunswick Square, London, W.C.1 

ugus : 

SENIOR TECHNOLOGIST (male, with either a university degree mm science or 
tae A.J M.L.T. m bacteriology, and previous experience m microbiology) IN 

~THB DEPARTMENT OF BACTERIOLOGY—Prof. F. 5. Stewart, Department of 
Bacteriology, Trimity College (University of Dublin), Dublin 2, Republic of 
Treland (August 12). ; 

TEMPORARY DEMONSTRATOR or TEMPORARY ASSISTANT LECTURER (with 
specialist experience m soil bacteriology) IN Botany—The Registrar, The 

niversity, Liverpool 8, quoting Ref. 170/N (August 18). 

DEPUTY CHIEY REGIONAL PHYSICIST, CIPAL PHYSICIST GRADE (with 
wide experience 1n medical physics) IN THE REGIONAL MEDIOAL PuHysIcs 
DEPARTMENT—The Secretary, Sheffield Regional Hospital Board, Fulwood 
House, Old Fulwood Road, Sheffield, 10, quoting Ref. N3266/2 (August 15). 

JUNIOR/SENIOR RESEARCH ASSOCIATE (graduate in psychology with strong 
research interests) IN THE DEPARTMENT OF PSYOHOLOGY to work under the 
supervision of Dr Gerald H. Fisher on a research project concerned with 

- fundamental aspects of perception—The Registrar, The University, New- 
castle upon Tyne, 2 (August 15). 

RESRAROH STUDENT IN ASTRONOMY in St. Salvator’s College to undertake 
research in observational or theoretical astronomy at the University Observa- 
tory under the direction of Prof. D. W. N. Stibbs-—-The Secretary, University 
of St. Andrews, College Gate, St. Andrews, Fife (August 15). 

SENIOR LECTURER (medically qualified) IN THE DEPARTMENT OF BAG- 
TRRIOLOGY—The Registrar, The University, Liverpool, 3, quoting Ref. 
OV/169 (August 19). 

SENIOR SCIENTIFIC OFFIOER/SCIENTIBIO OFFICER (preferably ex-Service 
candidate, with an honours degree in agriculture, science or food science, 
preferably with postgraduate experience in bacteriology) IN THE AGRIOCUL- 
TURAL BAOTERIOLOGY DIVISION of the Ministry of Agriculture, to undertake 
research and investigational work in connexion mainly with the bacteriology 
of meat and meat products, and possibly to undertake some teaching duties 
in the Faculty of Agriculture, Queen’s University, Belfast—The Secretary, 
Civil Service Commission, Stormont, Belfast 4, Northern Ireland (August 19). 

ASSISTANT LECTURER or LEOTORER (with an honours degree in bio- 
chemistry, agricultural biochemistry, or some equivalent qualification) IN THE 
DIVISION OF AGRICULTURAL BIOOHEMISTRY, School of Agriculture, University 
of Aberdeen and North of Scotland College of Agriculture—The Secretary, 
The University, Aberdeen (August 20). 

ASSISTANT LECTURER (with special qualifications in Greek philosophy) IN 
Pom mess Registrar (Room 89, O.R.B.), The University, Reading 

ugus : 

LEOTURER or SENIOR LEOTURER IN HISTOLOGY OF NEURO-ANATOMY IN 
THE DEPARTMENT OF ANATOMY—The Secretary, University of Edinburgh, 
Old College, South Bridge, Edinburgh (August 20). 

RESRAROH ASSISTANTS (with an appropriate honours degree of a British 
university or exceptionally an equivalent qualification) IN MEORANICAL 
ENGINEERING; ELECTRIOAL ENGINEERING; CIVIL ENGINEERING; POLYMER 
CHEMISTRY (two posts); PHYSIOAL ORGANIO CHEMISTRY; PHYSICAL METAL- 
LURGY; MATHEMATICS; Prysics; Bionocy (Plant Physiology); and a 
RESEARCH ASSOCIATE IN ELEOTRICAL ENGINEERING—The cipal, Lan- 
chester College of Technology, Priory Street, Coventry (August 22). : 

TEMPORARY ASSISTANT LROTURER (preferably with a special interest in 
pole! and moral philosophy) IN PrHmosoPpHy—The Registrar, The 

niversity, Manchester 18, quoting Ref. 180/66 (August 24). 

CHAIR OF PRODUCTION ENGINEERING IN THE DEPARTMENT OF PRODUC- 
TION AND INDUSTRIAL ADMINISTRATION—The Registrar, The College of 
Aeronautics, Cranfield, Bedford (August 26). : 

ASSISTANT EDITOR (with experience of research and publication in medical 
or veterinary entomology, good critical faculty and ability to write lucid 
and concise Enghsh, and preferably a reading knowledge of other European 
languages) at the Commonwealth Institute of Entomology, London, 8.W.7, 
for duties which will inelude producing and editmg the Institute’s publi- 
cations—-The Secretary, Commonwealth Agricultural Bureaux, Farnham 
House, Farnham Royal, Slough, Bucks (August 31) 

ASSISTANT LEOTURER -IN AERONAUTICAL EINGINEERING——Prof. A. V, 
Stephens, The Queen’s University, Belfast, Northern Ireland (August 31). 

CURATOR VETERINARTAN ater ert veterinary surgeon) to be in charge of 
the Small Animal Breeding Station—The a University of Edinburgh, 
Old College, South Bridge, Edinburgh (August 31). ; 

LECTURER/SENIORN LECTURER (preferably with research activities in one of 
the following fields: ionization, discharge and plasma physics, solid state 
physics and ionospheric physics) IN Puystos at the University of New 

ngland, Armidale, New South Wales, Australia—The Assoclation of 
Commonwealth Unrversities (Branch Office), Marlborough House, Pall Mall, 

- London, 8.W.1 (Austraila and London, August 31). 

PosTpocTORAL RESEAROH FELLOW IN BIOOSEMISTRY/IMMUNOLOGY for 
work in connexion with a project under the joint direction of Dr. I. Q. Murrey 
and Dr. W. D. Brighton concerning the extraction and characterization of 
the antigens of organisms involved in farmer’s lung-—-The Personne! Officer, 
Central Public Health Laboratory, Colindale, London, N.W.9 (August $1). 

RESEAROH OFPIOER IN THE DEPARTMENT OF PHYSICS to investigate damage 
occurring in high-power laser systems—The Registrar, University of Essex, 
Wivenhoe Park, Colchester, Essex Fie et $1). 

SENIOR DEMONSTRATOR IN THE DEPARTMENT OF INORGANIO CHEMISTRY 
—The Registrar (Appointment E.55), The University of Melbourne, Parkville, 
N.2, Victoria, Australia (August 31). 

DEPARTMENTAL GRADUATE ASSISTANT IN THE DEPARTMENT OF MICRO- 
BIOLOGY to assist in the preparatory work for practical classes snd demonstra- 
tions—The Registrar, The University, Newcastle upon Tyne, 2 (September 1). 

SENIOR LECTURER or LECTURER IN BOTANY (Plant Physiology) at the 
University of Queensland, Australla—The Association of Commonwealth 
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Universities (Branch Office, Marlborough House, Pall Mall, London, 8.W.1 
(September 2). 

SENIOR LECTURER and s LECTURER or ASSISTANT LECTURER IN GEOLOGY 
at the University of Ife, N-gema-—~The Inter-University Council, 33 Bedford 
Place, London, W.C.1 (Sertember 8). 

LECTURER IN EXPERIMENTAL ZOOLOGY-——The Secretary, The Queen's 
University, Belfast, Northen Ireland (September 7). 

HOLBROOK GASKELL CHAIR oF Borany—The Registrar, The University, 
Liverpool (September 10). 

LECTURER or SENIOR LECTURER (with special interests in physical 
chemistry) IN THE DEPARTMENT OF CHEMISTRY, University of Tasmania, 
Australia—The Associatior. of Commonwealth Universities (Branch Offices), 
Marlborough House, Pall Mall, London, 8.W.1 (Australia and London, 
September 16). 

ECTURER (qualified ın one or more of the following fields: biometry, 
agricultural statistics, biomathematics, mathematical statistics, an agri- 
cultural or biological dischdline with supplementary experience in its mathe- 
matical or statistical aspects} IN BIOMETRY IN THE DEPARTMENT OF AGRI- 
OULTURAL BOTANY, University of Sydney, Australia-—-The Association of 
Commonwealth Universities (Branch Office), Marlborough House, Pal! Mall, 
London, 8.W.1 (Australia and London, September 18). 

READER or SENIOR LECTURER IN GEOGRAPHY at the Australian National 
University—-The Associatien of Commonwealth Universities (Branch Office), 
Marlborough House, Pall Mall, London, S.W.1 (Australia and London, 


September 16). S 

HARRISON CHAIR OF MECHANICAL ENGINEERING—The Registrar, The 
University, Liverpool (Sep ember 17). 

SECOND CHAIR OF CIVIL AND STRUCTURAL ENGINERRING—The Registrar, 
The University, Sheffield (September 17). 

SENIOR LECTURER/LEOZURER IN GEOGRAPHY at Rhodes University, 
Grahamstown, South Afric-—The Association of Commonwealth Universities 
(Branch Office), Mariboroush House, Pall Mali, London, 8.W.1 (South Africa 
and London, September 16). . i 

DIRECTOR (with a veterinary qualification, high scientific attainment in a 
relevant science, and preferably some experience of administration) OF THE 
INSTITUTE FOR RESEARCA ON ANIMAL DISEASES, Compton, Newbury, 
Berkshire—The Secretary, Agricultural Research Council, Cunard Building, 
15 Regent Street, London, 3.W.1 (September 19). 

LECTURER/ASSISTANT pee a pee DEMONSTRATOR (with special 
qualifications and Interestsin the field of biogeography) IN THE DEPARTMENT 
OF GEOGRAPHY, University of Melbourne, Australia-~-The Association of 
Commonwealth Universitie (Branch Office), Marlborough House, Pall Mall, 
London, S.W.1 (Australia, September 30). ; 

PLANT NEMATOLOGIST tewith a pood degree in the biclogica) sciences, 
experience in the identification of the nematode parasites of economically 
important crops, and an interest in taxonomy) IN THE COMMONWEALTH 
BUREAU OF HELMINTHOLCGY, St. Albans—The Secretary, Commonwealth 
co Bureaux, Farrham House, Farnham Royal, Bucks (September 


SENIOR LECTURER (witk an honours degree in electrical en ring (or 
mechanical and electrical engineering) with industrial and/or research 
experience in power syster analysis or electrical machines (specification of 
design) preferred) IN TH DEPARTMENT OF ELEOTRIOAL ENGINEERING, 
University of Melbourne, Australia—The Association of Commonwealth 
Universities (Branch Office), Marlborough House, Pall Mall, London, S.W.1 
(Australia and London, October 1). i , 

LECTURER (with a degre= in pure science or agricultural science) IN PLANT 
PATHOLOGY at Lincoln Codege (University of Canterbury), New Zealand— 
The Association of Commonwealth Universities (Branch Office), Marlborough 
House, Pall Mall, London, 3. W.1 (New Zealand and London, October 31). 

CHEMISTS Gvith a good honours B.Sc. degree, and preferably of Ph.D. 
standing} to work in flelds such as relation between structure and properties 
in Tone materials, modification of polymer properties by cross-linking 
and grafting, the application of reverse osmosis to the desalmation of water 
and to non-aqueous systems, applications of physico-chemical methods, such 
as light scattering, to determine molecular weights and biomedical applica- 
tions of new membranes- The Director, Arthur D. Little Research Institute, 
Inveresk, Musselburgh, Midlothian, 

HEAD OF THE DEPARTMENT OF MATHEMATICS AND PHYSICS; and HEAD 
OF THE DEPARTMENT OF MEOHANICAL ENGINERRING—The Secretary, 
Wolverhampton College of Technology, Wolverhampton. 

HISTOPATHOLOGIST (wita a medical or veterinary degree, postgraduate 
experience in histo-pathclogy, and preferably general research and/or 
specialized knowledge of Histo-chemistry) IN THE DEPARTMENT OF EXPERI- 
MENTAL PATHOLOGY, Chestar Beatty Research Institute, Fulham Road, S.W.3 
-—The Secretary, Institute of Cancer Research, Royal Cancer Hospital, 34 
Sumner Place, London, 8.°V.7, quoting Ref. 300/G/25. 

INSEOT PATHOLOGIST (microbiologist, preferably with experience in bac- 
teriology, mycology, virology, or protozoology) to study insect diseases and 
their possible utilization in-pest control—Division of Entomology, University 
of California, Berkeley, Catifornia 94720, U.S A. 

INSTRUMENT TECHNICIAN (with technical college training, some years of 
experience in instrumenta techniques related to chemistry, and fully con- 
versant with the operationof UV and IR equipment) IN THE DEPARTMENT OF 
CHEMISTRY to undertake routme NMR mass spectrometric, IR and UV 
spectrophotometric analyszs and to interpret simple spectra (training will be 
given in NMR and mass spectrometry)—Prof. A. Bourns, Chairman, Depart- 
ment of Chemistry, McMsster University, Hamilton, Ontario, Canada. 

LEOTURER or RESEARCE ASSOOIATE (with qualifications and/or experience 
in the fields of metallurgy or ceramics) IN THR DEPARTMENT OF PHYSIOS— 
The Registrar, University -f Bristol, Senate House, Bristol, 2. 

MioRoBIOLOGISsT (Ph.D. or equivalent} to supervise clinical microbiology 
and the Diagnostic Chemical Laboratory servicing 285 beds—The Assoc. 
Director of Research, Nawional Jewish Hospital, 3800 E. Colfax, Denver, 
Colorado 80206, U.S.A. 

ORGANIO CHEMIST (Postdoctoral) for structure elucidation studies on the 
pee constituents resp»nsible for the pigmentation of wheat bran—Prof. 

. J. Baisted, Science Research Institute, Oregon State University, Corvallis, 
Oregon 67331, U.S.A. 

PHYSIOLOGIST/BIO-PHYEIOCIST to study physiological response to controlled 
changes in environmental conditions—D. C. Page, Head of Personnel Ser- 
vices, The Electricity Courril, Research Centre, Capenhurat, Chester, quoting 

RESEARCH ASSISTANT (preferably with postgraduate blochemical 
experience) for investigafions on calcium metabolism-~Dr. M. R. Wills, 
Department of Chemica! Eathology, Royal Free Hospital, Gray’s Inn Road, 
London, W.C.1. 

RESBAROH PRLLOW IN CamMISTRY for work which will include the synthesis 
and the determination of paysical properties of heterocyclic boron compounds 
aam jerk Royal H-xlloway College (University of London), Englefield 

reen, Surrey. ‘ 
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RESEARCH HISTOPATHOLOGIST in the Paterson Laboratories, with responsi- 
biltty for the supervision of work on small animal pathology—The Director of 
Research, Paterson Laboratories, Christie Hospital and Holt Radium Insti- 
tute, Manchester, 20, quoting Ref. 5059. 

RESHARCH STUDENTS (honours graduates or others having equivalent 
qualifications in engineering, physics or mathematics) IN THE DEPARTMENT 
OF ELECTRONIC AND ELECTRIOAL ENGINEERING, to jom a group concerned 
with theoretical, computational and experimental aspects of the formation 
and noise properties of high-perveance electron beams—The Registrar, The 
University, Sheffield, 10. 

SCIENCE GRADUATE (preferably biochemist or chemist) to work on cholin- 
esterase isoenzymes—Dr. M. Whittaker, Department of Buochemustry, 
University of London, King’s College, Strand, London, W C.2. 

YOUNG POSTGRADUATE PHYSICISTS, MATERIALS SCIENTISTS, ELEOTRIOAL 
ENGINEERS, and MECHANICAL ENGINEERS to work on a new approach to the 
use of conducting, dielectric, and magnetic materials (also materials with 
compound properties) ın such applications as‘ cabling, wiring, switching (at 
distribution, industrial and domestic voltages), heat transfer, and electrical 
machines—D. C. Page, Head of Personnel Services, The Electricity Council 
Research Centre, Capenhurst, Nr. Chester, quoting Ref. N/35. 


REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 


Great Britain and Ireland 


Institute of Seaweed Research. Annual Report for 1965. Pp. 17. (In- 
veresk, Midlothian: Institute of Seaweed Research, 1966 ) ; 96 
Rothamsted Experimental Station Report for 1965 oi 375. (Harpen- 
den, Herts: Rothamsted Experimental Station, 1966) 20s. [96 
The Zoological Record. Vol. 100, Section 8 (1963): Bryozoa (Polyzoa). 
Compiled by Dr. Anna B Hastings Pp. 17. 12s. 6d.; 1.80 dollars. Vol. 
101, Section 18 (1964): Aves. Compiled by Susan Compton and Olga M. 
Theobald. (Russian Hterature by Prof. A I. Ivanov.) Pp. 174. 20s.; 
2.82 dollars. (London: The Zoclogical Society of London, 1966.) {96 
Northern Freland. Ministry of Agriculture. Leaflet No 109: The Cultiva- 
tion of Blackcurrants. Pp. 6. Leaflet No. 116: The Destruction of Rats and 
Mice. Pp. 6. (Belfast: Ministry of Agriculture, 1966.) [96 
Third Congress of the International Federation of Automatic Control, 
London, 20-25 June 1966—Abstracts. (Organized by the United Kingdom 
Automation Council with the co-operation of the Secretariat of IFAO and of 
its National Member Organizations.) Pp 98. (London: IFAC, 1966.) [96 
Office of Health Economics. Surveillance and Early Diagnosis in General 
Practice. (Proceedings of Colloquinm held at Magdalen College, Oxford, 
Wednesday, 7th July, 1965) Edited by George Teeling-Smith. Pp. 62. 
(London: Office of Health Economics, 1966) 7s. 6d. [96 
Climelans and Decisions. By Prof. Max Hamilton. (An Inaugural 
Lecture delivered in the University of Leeds on 22 February, 1965.) Pp. 18. 
(Leeds: Leeds University Press, 1966.) 28. 6d. 106 
Conferences on Plasma Physics and Nuclear Fusion Research. Compiled 
by L. 8. Francis. (A List of Conferences and Similar Meetings of Direct 
Relevance to Fusion Research, with Details of Publication Where Known.) 
Pp. 28. Ds aE Berks: U.K.A.E.A. Research Group, Culham tapon 
tory, 1066. 

National Vegetable Research Station. Sixteenth Annual Report 1965, 
Pp. x +100. (Wellesbourne, Warwick: British Society for the Promotion of 
Vegetable Research, National Vegetable Research Station, 1966 ) 85. 6d. [196 

Chemiosmotic Coupling in Oxidative and Photosynthetic Phosphorylation 
By Peter Mitchell. (Research Report 86/1.) Pp. 192. (Bodmin: Glynn 
Research, Lid , 1966.) 78.; 1 dollar. : {186 

Cruse Clubs (The Counselling Service for Widows and their Children.) 
Annual Report for the year ending 3ist October 1965. Pp. 20. (Richmond, 
Surrey: Cruse Clubs, 1966 } i [136 

Bulletin of the British Museum (Natural History). Entomology. Vol. 18, 
No. 3: Revisional Notes on African Charares (Lepidoptera: Nymphalidae), 
Part 3. By V. G. van Someren. Pp. 45-101+16 plates. 56s. Yol, 18, 
No. 4: Indo-Oriental Horagin! (Lepidoptera: Lycaenidae). By C. F. Cowan. 
Pp. 1038-14048 plates Zis. Vol. 18, No. 5: The Genus Rhipidocephala 
Dipte : Asilidae). By H. Oldroyd. Pp. 143-172. 12g. Geology. Vol.13, 
No. 1: Cheilostomatous Polyzoa from the Upper Bracklesham Beds (Eocene) 
of Sussex. By A. H. Cheetham. Pp. 1-115. 423. Historical Series. 
Vol 3, No. 4: Eggs of the Great Auk. By P. M L. and J. W. Tomkinson. 
Pp. fied plates. 552s. (London: British Museum (Natural History), 
1966. 


Other Countries 


Occasional Papers of the California Academy of Sciences. No. 51 (April 15, 
1868): Type Specimens in the California Academy of Sciences, Department 
of Invertebrate Zoology. By Charles R. Stasek. Pp. 38. No. 52 (April 15, 
1968). Harold Heath’s Type Solonogastors (Mollusca, Amphineura, Aplaco- 

hora) in the California Academy of Sciences, Department of Invertebrate 
acon. By Charles R. Stasek. .7. No 654 (April 15, 1966): A Review 
of the Genus Esselenia Hebard with the Description of a New Subspecies 
(Orthoptera: Acrididae). By David O. Rentz. Pp. 10. (San Francisco: 
California Academy of Sciences, 1966.) - {165 

Agricultural College of Sweden—a Descriptive Guide. Pp. 102. Lantbruk- 
shdégskolans Annaler—Annals of the Agricultural College of Sweden, Vol. 32 
Nr. 2: Studies on Factors in Adventitious Root Formation. By Tngevald 
Fernqvist. Pp. 109-244. (Uppsala: Uppsala Library of the Agricultural 
College of Sweden, 1966.) , K [165 

Metropolitan Life Insurance Company. Statistical Bulletin, Vol. 47 
ieebraaty. 1966): Death Claim Payments in 1965 Exceeded 740,000,000 

oliars. Fatal Accidents Among City Residents. Long-Term Changes in 
Pneumonia-Influenza Mortality. The Chances of Reaching Age 66. 
York: Metropolitan Life Insurance Company, 1966.) { 

Smithsonian Year 19685—Annual Report of the Smithsonian Institution for 
the year ended June 80, 1965, including the Financial Report of the Execu- 
tive Committee of the Board of Regents. Pp. 489. (Washington, D.C 
Smithsonian Institution, 1965.) [165 

Proceedings of the Hast African Academy, Vol. 2: Second Symposium 
held at the University College, Nairobi, June, 1964. Edited by Dr. W. B 
Banage. Pp. 156. (Nairobi: East African Publishing House, 1960) 


38. alhat Royal Météorologique de Belgique. Salotin Mensuel. Observa 
nstitu ya orologique de Px : - 
tions Tonosphériques, Mars 1966. Pp. 26. (Uccle-Bruxelles: Institut Royal 
Météorologique, 1966.) - [165 


(New 
185 


%, a 
kaa S 


NAT 


URE 


United States Department of the 
1203-D: Method-Dependent Values 


AuGusTt 6, 1966 


VoL. 211, 


rere reer apne auter, Bulletin 
{ , Grain, a 
Related to Observed Porosity. By G. Edward Manger. Prive gee ib 
ae Bulletin 1206: Geology of the Bridgewater Quadrangle, Aroostook 
pounty, Maine. By Louis Pavlides. With a Section on Geophysical Surveys 
y Andrew Griscom and Martin F. Kane. Pp. V+72+plates 1-3. (Washing- 
ton, D.C : Government Printing Office, 1966 and 1966.) [165 
seats States Department of the Interior’ Geological Survey. Bulletin 
Ate Rapid Modal Analysis of Some Felsic Rocks from Calibrated X-ray 
ffraction Patterns. By D. B. Tatlock. Pp. iv+41. 20 cents. Bulletin 
1222-A* Geology and Mineral Deposits of the Mosheim and Johnson Anti- 
clines, Greene County, ‘Tennesses. By Arnold L. Brokaw, John C. Dunlap 
and John Rodgers. Pp. iii+21+ plates 1 and 2. Bulletin 1222-D Jasper- 
ods of the Lake Valley Mining District, New Mexico. By E. J. Young and 
T. G, Lovering Pp.iv+27. 15 cents. Bulletin 1224-A: Changes in Strati- 
raphic Nomenclature by the U.S. Geological Survey 1964. By George V. 
ohee and Walter S. West. Pp. iv+77. 30 cents. Water-Su ply Paper 
1863: Bibliography of Hydrology of the United States 1963. Compiled by 
J. R Randolph and R. G. Deike. Pp. xvi+ 166. Water-Supply Paper 1946: 
Quality of Surface Waters for Irrigation, Western States, 1962. pared 
under the direction of S. K.. Love. Pp. vill+148+ plate 1. Professional 
Paper 341-F: Geology and Mineral Resources of the Pico de Itabirito District, 
Minas Gerais, Brazil. By Roberts M, Wallace. Pp. iv-+68+ plates 1~10. 
Professional Paper 422-H: River Meanders—Theory of Minimum Variance. 
By Walter B. Langbein and Luna B. Leopold. Pp. iv+15. 20 cents. 
Professional Paper 486-B: Throughfall for Summer Thunderstorms in a 
Juniper and Pinyon Woodland, Cibecue Ridge, Arizona. By M. R. Collings. 

-i114+18. 20 cents. Professional Paper 448-F: Low-Flow Characteristics 
of Streams in the Mississippi Embayment in Northern Arkansas and in 
Missouri. By Paul R. Speer, Marion S Hines, M. E. Janson, and others. 
With a Section on Quality of the Water by E. G. Jeffery. Pp. i+ 25-+ 
plates 1-3. Professional Paper 625: Geological Survey Research 1965, 
Chapter A. Pp. vin+376. 2.25 dollars. Professional Paper 637-D: Petro- 
graphy of the Lavas of the 1959-60 Eruption of Kilauea Voleano, Hawaii. 
By D. H. Richterand K J Murata Pp. ini+12. 20 cents. (Washington, 
D.C.: Government Printing Office, 1965 and 1966.) (165 

Studia Forestalia Suecica, Nr. 36: Cold Damage and Plant Mortality in 
Experimental Provenance Plantations with Scote Pine in Northern Swed 
By Vilhelms Eiche Pp. 218 (Stockholm: Svenska Skogsvardsforeningen, 
Box 16316, 1966.) 18 Sw kr. ni 

United States Department of the Intertor: Geological Survey. Profes- 
sional Paper 524-C: Interpretation of Cumberland Escarpment and High- 
land Rim, South-Central Tennessee and Northeast Alabama. By John T. 
ree io t ria 1. (Washington, D.C.: Government Pring 

6 

Central Statistical Office of the Polish People’s Republic. Concise Statis- 
tical Yearbook of Poland 1065. Pp xiv+229. Poland in Figures, 1944- 
1964. Pp. 122, (Warsaw: Central Statistical Office of the Polish People’s 
Republic, 1964 and 19665 ) [185 

Twenty Years of Poland’s Economic Development 1944-1964. Pp. 155. 
(Warsaw: Polonia Publishing House, 1964.) [185 

India’ Council of Scientific and Industrial Research. Indian Ocean Bio- 
logical Centre, Ernakulam (Cochin), S, India—Descriptive Brochure. Pp. 11. 
(New Delhi: Council of Scientific and Industrial Research, 1065 ) 

Indian Forest Bulletin No. 249 (New Serles, Timber Mechanics): Com- 
parative Studies on Mechanical Properties of Natural and Plantation Grown 
Terminalia myrocarpa (Hollock). By A ©. Sekhar and Radhey Shyam 
Sygate Pp 6. (Delhi. Manager of Publications, 1966.) 065 Rs.; ds. ae 

South African Council for Scientific and Industrial Research. ‘National 
Building Research Institute. CSIR Research Report No. 203. Ventilation 
and Thermal Considerations in School Building Design. J F, van 
Straaten, S. J, Richards, F J. Lotz and E. V. van Deventer. Pp vii+96. 
CSIR Research Report No. 220: Housecraft High Scho Recommend- 
ations of the Vocational School Buildings Committee. Pp. 19. CSIR Biblio- 
graphy Ad: er ay a ad of Laboratory Design. Pp. vii+27. CSIR Special 
Report BOU/12° Combustible Linings as a Factor in the Fire Risk of Rooms 
in Dwellings. By D. E. Dobson. Pp 13. CSIR Reference No. R/Bou 168: 
Natural Lighting of Industrial Buildings. By W. M. H. Rennhackkamp. 
Pp. 20+29 figures. CSIR Reference No. R/BOU 179: Plastic Pipelines. 
By F. J. vanden Berg and M. J. Nix. Pp.15. (Pretoria: South African 
Councilf or Scientific and Industrial Research, 1965 ) [186 

Year Book of the National Institute of Sciences of India 1966. Pp. xi+ 250. 
(New Delhi: National Institute of Sclences of India, 1966.) 16 Re. {196 

India: Council of Scientific and Industrial Research. Indian Scientific and 
Technical Publications 1960-1965" a Bibliography. Pp. xii+284. (New 
Hee ra Council of Scientific and Industrial Research, 1966.) Rs. 8; 36 

Ts. 
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THE Computer Board now established by the Secretary 
of State for Education and Science is an important 
innovation in the administration of academic research, 
at least in Britain. Though the questions which are 
being raised about the adequacy of the plans for 
providing universities with computers are real enough 
' they are in some ways less important than the issues of 
principle created by the existence of the Computer 
Board. For one thing, it is an organization that cuts 
‘ across the autonomous instincts of British universities. 
Still more remarkably, its decisions will cut across the 
boundaries between universities and that important 
sector of the scientific research which is at present 
undertaken directly by the research councils. Finally, 
its work in the next few years is certain to determine 
a pattern for the use of computers in scientific research 
for decades to come. In other words, it is a powerful 
body, and is almost certain to be influential as well. 
The first thing to be said is that the complaints now 

~ . being made about the immediate plans for installing 
computers are in one sense inevitable and in another 
irrelevant. The Working Group under Prof. Flowers 
(see p. 675 of this issue) was always clear that its 
five year plan would have to be re-modelled every year, 
and this point has apparently been accepted by the 
Government. Indeed, the chief task of the Computer 
Board is to bring the planning up to date. The first 
thing to be;done, now that the core of the membership 

of the board has been appointed, is to see whether the 
experience of the past few months is enough to justify 

a massive expenditure on multiple access computing 
machinery. Even though it would be a surprise to 
many people if that brave new world were already 
here, there is nothing in the constitution of the Com- 
puter Board to prevent it saying that the plans of a 
year ago are now old hat, and must be discarded. 
The fact that the work of the Board will cut across 

the autonomy of the universities is not as fearsome 

as it sounds. There are sound precedents for a collec- 
tive decision by the universities that important items 

of equipment should be acquired and managed col- 
lectively. The National Institute for Research in 
Nuclear Science, with its co-operative accelerators, is 
the most obvious example. But the decisions of the 
Computer Board may have wider implications. Some 
universities may, for example, be told that neighbour- 
ing institutions must have access as of right to their 

' computer installations. Others will find themselves 
^u being persuaded not to acquire the computer they 
would prefer to have but some other that will more 
easily fit into a national network. Although at first 
sight decisions like this seem to bristle with difficulties, 
universities as a whole are well aware that they will 
be better off with a balanced network of computers 
“spread through the country than with an extension of 
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the present systen of individual acquisition and 
management. Tha, at least, is the present mood. 
One of the tasks of the Computer Board will be to 
persuade the univezsities and the research establish- 
ments that future nstalments of the computer plan 
are as sensible as was the Flowers Report a year ago. 

The relationship between the Computer Board and 
the research councils is also important. Though the 
Computer Board may seem to the universities to be a 
kind of University Grants Committee with special 
responsibility for computers, to the public laboratories 
maintained by the research councils it will be an entirely 
novel creature. This is one of the -ways in which its 
work may be most rewarding, for the gulf between 
the universities and the public research laboratori 
has traditionally bæn too wide. All kinds of faci 
which might be shared are kept too much in ik 
The movement of people between the two 
institutions is similarly less fruitful than it mi 
So it is tempting to hope that if the Comput 
can establish close liaison over the admitted 
need of a better computing system, the pa 
that shot-gun marriage will recognize that 
common interest is really very much more exte 

It is also to be hoped that the good sense of th 
arrangements will soon be even more widely appr ~~ 
ciated. Although she Computer Board is to help,in 
formulating the forward planning of the public 
laboratories working under the research councils—the 
research councils Jor science, agriculture, medicine, 
the natural envirocment and, no doubt in time, social 
science—the public laboratories now under the wing 
of the Ministry of Technology will remain apart. One 
of the more obvious awkwardnesses of this arrangement 
is that institutions such as the Royal Radar Research 
Establishment, ths Royal Aircraft Establishment 
and the National Physical Laboratory are at once 
among the largest and most experienced of British 
users of computers, and similar to the universities in 
the character of their need. Fortunately the links 
between the Atcmic Energy Authority—another 
dependant of the Ministry of Technology—and the 
universities on conrputing machinery are close enough, 
and there is no reason why other establishments should 
not seek to develop in a similar way. In the long 
run some formal inzegration of the two parallel systems 
will be essential. 

Another defect în the present arrangement is that 
there is no means of restraining the demand of the 
universities for extra computing power. At this 
stage, of course, such a restraint would be unwise. 
British universities and research laboratories are not 
as well provided fr as they should be, and there is 
probably a need that the Computer Board, like the 
Flowers Group bef>re it, should do something to force 
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the pace. But it will not indefinitely be possible to 
meet an unrestrained demand. Sooner or later it will 
be necessary for those who use computers to work out 
more explicit arrangements for making the most 
economical use of them. One difficulty is that the 
diversity of the demand on computer power will make 
it harder to operate the kind of committee system which 
has proved successful in managing the big accelerating 
machines. In any case, it is hard to see how a com- 
mittee would ever be able to decide confidently between 
the merits of some complicated analysis in demography 
and a Monte Carlo calculation in nuclear physics. 

The question remains of how the Computer Board 
may serve as a model for the development of sectors 
of research in British universities. The first need, of 
course, 1s that the board should show that it can func- 
tion effectively. The special characteristics of com- 
puters, and the obvious need of integration within 
the system, also restrict the usefulness of comparison 
with other fields of research in which development is 
necessary. It is nevertheless tempting to wonder 
ther it will not turn out that the need for develop- 
in, say, molecular biology can best be met by 
pendent board given the means and the responsi- 
for seeing that developments at universities and 
search establishments are sensibly co-ordinated 
lessed with funds. Evidently the Computer 
is more important than the narrowness of its 
f interest would suggest. 










. WE WUZ ROBBED 


Taw World Cup which has recently been enacted in 
Britain may have been fun to watch, but there is no 
question that it was a thoroughly badly designed 
experiment. If the intention was to find out which 
football team is the best in the world, the organizers 
would have gone about their task quite differently. 
Just as the frequency of deaths from kicks by horses 
in those far-off but now classical stables of the Prussian 
Army are described by a Poisson distribution, so are 
the numbers of goals scored by the competing teams 
in the recent series of World Cup matches. Table 1 
. Shows the numbers of occasions during the series of 
thirty-two games (each involving two teams) on which 
specified numbers of goals were scored, together with 
the frequencies described by a Poisson distribution of 
the form P(n) = e%g"/n! with q = 1:234, or the mean 
of the observed scores. 


Table 1 
Numbers Calculated 
of goals Observed 65. P(n) 
0 18 18-4 
1 20 22-8 
2 15 14:0 
3 7 60 
4 2 1:8 
5 2 0-5 
More than 5 0 0-7 


In reality an even better agreement between fact and 
prediction can be obtained by taking q = 1-27, a value 
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which lies well within the standard deviation of the 
mean. 

The mere fact that a Poisson distribution can describe 
so well the distribution of scores by individual teams 
goes a long way to suggest that the teams were much‘ 
of a muchness in talent and their scores were inde- 
pendent of each other. From this point of view, the 
decision that the outcome of the whole competition 
should depend on the outcome of a single game between > 
the two so-called finalists was as much of a farce as a 
great many West German supporters already know it 
to have been. If it is assumed that the goal scoring 
potentiality of the two teams is equally well described | 
by the Poisson distribution already specified, the 
chance that the result will be a draw is a mere 0:27. , 
In other words, if two teams are equally matched, ! 
the chance that the result will be an active injustice 
to one of them will be 0-73. By the same token, a 
team which is slightly less skilled than its opponent 
can nevertheless expect a one in three chance of win- 
ning the deciding match. 

Chancy outcomes of individual games are given 


extraordinary importance by the overall design of the , 


World Cup competition, in which small groups of team | 
play an incestuous competition on their own beforc ’’ 
one team is sent on to another stage in the competition. ~ 
Obviously a properly randomized block design would 
be an improvement. But even within the framework 
of the existing competition, much could be done to 


reduce the gross sampling error under the present ’ 


arrangements. Replication of the crucial games by a 
series of identical trials is one obvious remedy, and the 
organizers of the World Series of baseball games in 
the United States have in this spirit arranged that the 
winner should be the one who wins the most of seven 
games. The ideal is that in future World Cup competi- 
tions, the organizers should fix a certain limit of 
confidence (say, P < 0-01) and then that they should 
require that the finalists go on playing against each 
other either until the superiority of one or the other 
of them is properly established, or until both parties 
agree to negotiate a draw. 

A more practicable alternative might be to redesign 
the parameters of the game of football in such a way 
that a respectable degree of confidence in the outcome 
of the competition can be acquired in a reasonable 
interval of time. If, for example, it were agreed that 
single cup finals should remain, but that no team 
should be declared the winner until its score exceeds 
that of its opponent by three standard deviations of 
Poisson distribution, it might be necessary to design 
the game of football so that it would be practicable 
for one side to score 100 goals or so within the limits of 
endurance of the spectators. This implies that the 
parameter g would have to be much greater than uu : . 
the present rules. Such a change could easi/~, 
brought about, possibly by widening the goal{ ..s or 
by abolishing goalkeepers. The precise method by 
which these matters are attended to is, of course, 
much less important than that they should be dealt - 
with quickly. The whole of South America knows that. 
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SNEWS AND VIEWS 


COMSAT’s High Hopes 


COMSAT, the United States Communications Satellite 
Corporation, may be pushing its luck too far. In four 
years, it has done better than anyone could have 
expected when Congress patched it together in a series 
of compromises between the advocates of public and 
' private ownership. (Half of COMSAT’s shares are 
owned by public shareholders, the other half by the 
American communications industry. ) Even COMSAT’s 
purpose was two-headed—the corporation was told to 
set up a global network of communications by satellite 
as soon as possible, and at the same time to enlist 
international partners willing to join in a system 
dominated by Americans. 

Yet all this has been done. And quickly too. At 
home the corporation is a constant favourite with 
small investors, to the surprise of experts in Wall 
Street, yet it keeps cordial relations with the American 
Telephone and Telegraph Company, its biggest corpor- 


‘ate shareholder. Abroad, it has set up the International 


Telecommunications Consortium which fifty-two coun- 


. tries have joined: the Philippines and Indonesia are 


recent recruits, and Yugoslavia is thinking about it— 
the first communist country todo so. (The consortium, 
INTELSAT, is ‘the actual owner of the Early Bird 
satelite; COMSAT is the manager.) Early Bird, 
while by no means working to full capacity, has been 
successful enough for the transatlantic rates to be 
reduced. By the end of this year, COMSAT will be 
able to offer satellite communication over most of the 
world, as it launches a bigger version of Harly Bird, 
capable of reaching ground stations in South America, 
and a satellite for the National Space and Aeronautics 
Administration which will provide circuits to the Far 
East. And by 1968, it will have put into orbit four 
advanced synchronous satellites for INTELSAT, 
making a full global network a reality. 

But COMSAT is not content to have built so-much 
on the ambiguities of the Communications Satellite 
Act of 1962. It is now arguing righteously to the 
Federal Communications Commission (FCC) that 
Congress gave it a mandate to have a monopoly over 
satellite communication at home as well as abroad. 
There is a rich prize at stake: the right to provide 
communication by satellites between the east and west 
coasts of the United States, and the country’s far- 
flung hinterlands as well. The issue was raised when 
the American Broadcasting Company, one of the 
United States three major television networks, asked 
the FCC for permission to put up its own satellite, so 
that it could relay its own programmes. (‘The three 
networks now pay the American Telephone and Tele- 
graph Company about $65 million a year from trans- 

‘itting their shows around the country.) Most likely 


-t “CC would not like to rule in favour of the crowded 


sk, ` with every newspaper, television network and 
wire services allowed to have its own satellite. But 
COMSAT"’s claim that Congress had domestic satellites 
in mind in 1962 is laughable. 

This has been politely pointed out by the Ford 
Foundation, in a brilliant brief prepared for the FCC 
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which says, in effect, that COMSAT has had enough 
favours from the Federal Government to satisfy any 
corporation and tkat it should stick to its international 
business. What tae foundation wants is an American 
satellite system to be run by a private—non-profit, non- 
governmental—corporation. That would relay Batman, 
Peyton Place and other staples for the commercial 
networks at a cheaper rate than they now pay; with 
its revenues, the corporation could provide, on five 
channels in each tme zone, a mixture of public affairs 
and education. 

There is no sigr that the ECC will be tempted by 
such an adventurs. The pressure from COMSAT is 
strong; it wants to be as powerful as possible by 1969 
when the internacional agreement which the consor- 
tium’s members have signed comes up for permanent 
ratification, so that its partners will not be tempted 
to join any rival systemi, and that hold-outs, notably 
the Soviet Union, will , e tempted in. The FCC is in 
an unenviable spct—it. must do what Congress could 
not do four years ago: make decisions about the 
future of a technology which is only just coming into 
existence. Along ¿with its utopian plan, the Ford 
Foundation gave sae FCC some wise advice: do not 
grant any hasty monopoly before the Carnegie Corpora- 
tion’s enquiry izto the future of non-commercial 
television in the United States comes out. 
could use the time to think whether the intern 
perspective that/it will need in 1969 to attract c 
ist partners into 2 permanent relationship 
helped by its’ aliance with American co mercial 
television. 
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Industrial Train-ng we 


Tus first clutch of the reports from the industrial 
training boards is an unsurprising demonstration that 
a lot will have to bə done before the Industrial Training 
Act of 1964 brings all the benefits that its sponsors 
were hoping for. In particular, it is plain that the 
boards have not ret moved far into the field where 
most is expected of them—the training of adults, as 
distinct from juvenile workers, in the techniques of 
modern industry. Indeed, the three reports which are 
available, for the engineering, iron and steel and ship- 
building industries (H.C. 122, 123 and 124 respectively, 
H.M.S8.0O., 1s. 9d.). show that the past year has been 
something of a rush for all of them, with the occupying 
of new premises and the recruitment of staff dominating 
everything. (The board for the engineering industry 
has also been able to run up an overdraft of close on 
half a million pourds.) 

The fourteen boards so far established have a right 
to collect a levy from all except the smallest industrial 
companies, and a duty to return some of what they 
collect to those companies with adequate training 
schemes. The funds thus available will enable the 
boards to arrange for training facilities for employees 
not otherwise cater=d for, either on premises of its own 
or elsewhere. It is also intended that each of the 
boards should recruit and train officers who will, in 
turn, help compan_es with their training plans. This 
is where the three boards whose reports have so far 
appeared seem to ave done most in the past twelve 
months. 

This, however, 13 only a beginning. The scale on 
which they will be operating in the future can be told 
from the estimate of the engineering training board— 
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admittedly the largest—that its annual levy, at a 
rate of 2-5 per cent of industrial turnover, will amount 
to £75 million—a sum not very different from the 
£130 million spent on British universities in a year. 

In the administration of this levy and the compen- 
sating grants to companies, the boards must neces- 
sarily act as judges of what is good practice. But 
how do they know what is good? The engineering 
board has taken a step in the right direction by adver- 
tising its willmgness to make grants for “research 
projects directed towards improving the effectiveness 
of training’. It will be interesting to see how soon 
such work can provide an objective evaluation of the 
benefits (or otherwise) of the industrial training, which 
has necessarily grown upin a somewhat empirical 
fashion. 


Ornithology in 1966 


Dr. D. W. Snow, of the British; Trust for Ornithology, 
writes: “The fourteenth Intertational Ornithological 
Congress, which took place at\Oxford during July 
24-30, was the largestever held, with some 900 members 
from forty-four countries. The 139 papers presented 
were ample proof that research in birds continues to 
make important advances in such diverse fields as 
systqmatics, behaviour, reproductive ‘physiology and 
popfagtion dynamics. This has indéed been so for 
the 25 years, as shown by such Looks as Mayr’s 
Sy cs and the Origin of Species, Tinbergen’s 
Study of Instinct, and Lack’s Natural Regulation of 
Animal Numbers, which draw more of their examples 
from virds than from any other group of animals. 
But the Congress also reflected some._newer trends in 
ornithological researeh. \ 

‘Most strikingly, ethology, in the restricted sense of 
the study of the causal analysis or motivation of 
behaviour, was not represented at all. Instead, most 
of the papers on behaviour dealt with the development 
and function of song and other vocalizations, a field in 
which rapid advances have been made in recent years 
thanks to the sound spectrograph. One paper in 
particular, by Prof. Niko Tinbergen, Secretary General 
of the Congress, stressed the adaptive significance of 
specific behaviour patterns in the context of the whole 
ecology of the species, an aspect of behaviour which 
has been rather neglected. 

“Evolutionary studies also showed a change of 
emphasis. Studies of geographical variation and 
speciation were rather few; in birds this is well-worn 
ground and the main established principles are not 
likely to alter. Instead, there were several papers 
dealing with evolution at the family level or higher, 
among them an account of Prof. Charles Sibley’s 
studies of avian haemoglobins and egg-white proteins 
These studies are likely to clear up many of the debated 
problems of the relationships between the various 
orders of birds, for which the evidence from morphology 
is equivocal. 

“The paper by the President of the Congress, Dr. 
David Lack, opened the eyes of many ornithologists 
to the wider significance of aspects of bird behaviour 
and ecology which have often been studied in isolation 
from each other. Entitled “Inter-relationships in 
Breeding Adaptations”, it aimed to show that the type 
of nesting dispersion (colonial or widely spaced, for 
example), the nature of the nest site, the incubation 
and fiedging periods, the type of young (whether 
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nidicolous or nidifugous), the ability of the parent 


birds to defend their nest, and food and feeding habits 
are all inter-connected. None of them can be fully 
understood without reference to the others. Dr. Lack 
drew his examples from sea birds because they have 
been the subject of many detailed studies in recent 
years, but the same principles probably apply to all. 
(Prof. Tinbergen’s paper, already mentioned, was 
planned jointly with Dr. Lack’s and dealt with essen- 
tially the same theme from the point of view of behavi- 
our.) This approach is likely to prove fruitful, and 
will make evolutionary sense of many facts which now 
seem merely isolated details. 

“Several contributions at the Congress dealt with 
new techniques of radio-telemetry which will in coming 
years undoubtedly lead to great advances in the study 
of populations and migration and orientation. It is 
already possible to record for each of fifty-two birds 
simultaneously one location every 45 sec, and to plot 
the results automatically on maps. The possibilities 
are boundless, and more will undoubtedly be heard 
of them at the next Congress four years hence ” 


More River Meandering 


A FURTHER development in the theory of river meander- 
ing has now appeared as Professional Paper 422-H of 
the United States Geological Survey. The paper is 
credited to Dr. Luna Leopold and Mr. W. B. Langbein, 
respectively the chief hydrologist and a research 
hydrologist with the U.S. Geological Survey, both of 
whom have been closely associated with the theory of 
river meandering for the past decade, particularly 
since Dr. H. von Schelling showed, in 1951, that the 
meandering of rivers is really a random walk problem*’. 
By field studies of actual rivers, it has now been shown 
that there is a negative correlation between the 
meandering of rivers and certain other characteristics 
of the bed of a river which dissipate energy. Briefly, 
the studies have confirmed what successful fishermen 
have known for centuries—the more sinuous a river, 
the smoother the bed and the more uniform the velocity 
of flow. 

The starting point for Von Schelling’s theory 1s 
the hypothesis that the probability of a river deviating 
by an angle dọ from its previous direction in a distance 
ds is best represented by a Gaussian distribution. 
This leads to the conclusion that the shapes of rivers 
should be determined by the condition that: 


E(4¢)?/ As 


should be a minimum. With suitable approximations, 
this boils down to the assertion that the shape of a 
meandering river can be obtained from an equation: 


$ = w sin 2n(3/M) 


which specifies the deviation of the river (¢) from the 
direct path at all distances s along the loop the total 
length of which is M. The constant w is a measure of 
sinuosity. Observation in the past decade has shown 
that a great many meandering rivers can be adequately 
accounted for by such a formula. 

What Leopold and Langbein have now done is 
to obtain a correlation between the sinuosity of a 
river and the variances of depth, velocity, slope and 
shear, and also with a parameter which is a measure of 
frictional forces at the bed of the river. They hav 
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worked in detail with five stretches of water in Wyom- 
ing, using techniques of recording the level of the 
water surface to within 0-001 in. on some occasions. 
They have found that when a reach of river is virtually 
straight, the variance of the chosen parameters of shear 
and friction near the bed tends to be much higher than 
when nearby reaches on the same Iriver are sinuous. 
These and other correlations tend to confirm what the 
authors have been suggesting for some time—that the 
rate of dissipation of energy along the length of a 
meandering river tends to be a constant. 


l yon aa H., Report No. 64G292 (General Electric Co., Schenectady, 
2 von Schelling, H., Trans. Amer. Geophys. Union, 32, 222 (1964). 


Fisheries Research at. Aberdeen 


Dr. P. T. GRANT writes: 

“The new laboratory of the Natural Environment 
Research Councils Fisheries Biochemical Research 
Unit was formally opened on April 27 by Sir Rudolph 
Peters at a ceremony presided over by Dr. E. M. Wright, 
Principal and Vice-Chancellor of the University of 
Aberdeen, in the presence of Mr. R. J. H. Beverton, 
Secretary of the Natural Environment Research 
Council. 

“Completed in November 1965, the new laboratory 
is located in the Torry district of Aberdeen, overlooking 
the sea and the estuary of the River Dee. It is adjacent 
to the Marine Laboratory of the Department of Agri- 
culture and Fisheries for Scotland and to the Torry 
Research Station of the Ministry of Technology. The 
building is on two floors with a total area of 10,000 
sq. ft. The main and upper floor contains the labora- 
tories, library, cold room and offices. The flexible 
system of laboratory furniture was designed and manu- 
factured locally. All service rooms are on the ground 
floor, which includes an animal house for small mam- 
mals and an aquarium. A sea-water reservoir of 
10,000 gallons capacity serves to maintain marine 
organisms at controlled temperatures in glass-fibre or 
plastic tanks. The architects were Mackie, Ramsay and 
Taylor of Aberdeen and the main contractors, Alexander 
Hall and Son, Ltd. 

“The running of this research laboratory is an 
interesting venture in co-operation between the 
University of Aberdeen and the Natural Environment 
Research Council in that the University employs the 
staff and administers the unit, with funds provided by 
the research council. Both bodies are equally repre- 
sented on the joint management committee and the 
unit has close links with the Department of Biological 
Chemistry. As director of the Unit and a reader in the 
= Department of Biological Chemistry, I find that this 
close association has greatly helped members of staff 
to take part in teaching activities of the appropriate 
university departments although, of course, their 
primary obligation is to research. 

“The research programme is concerned with the 
. basic biochemistry of marine and freshwater organisms 
, and the laboratory is equipped to carry out a broad 
| range of metabolic studies. Problems under investiga- 
_ tion by the present research staff of five and two 
research students include studies on the function and 
‘ biosynthesis of biologically active molecules such as 
enzymes and hormones. A study of the -variants of 
enzymes present in the tissues of marine organisms 
\should have a bearing on the genetics of fish. 
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Parliament in Britain 


Iw the House of Commons on August 3, Mr. H. Jenkins 
was given leave unde? the Ten Minute Rule to introduce 
a Bill which would enable the Postmaster General to 
establish a Televisi and Radio Authority, to run 
the fourth television channel,-and to set up a National 
Popular Radio Programme which would act as a parent 
station to local racio stations. Moreover, the Bill 
would enable the Postmaster General to abolish pirate 
radio stations within or without territorial waters. 
The new public authority would acquire its main 
revenue from advertzsing and its first task would be to 
replace the pirates in a manner acceptable to their 
audience and to the writers’.and performers’ unions 
and organizations. Mr. Jenkins mentioned that Radio 
390, for example, was interfering with Swedish radio 
broadcasts and wish shipping broadcasts on the 
Medway. The Authority would also support the 
University of the Ar. 


In a statement in the House of Commons on August 3, 
the Postmaster General, Mr. E. Short, said that the 
Post Office now faced considerable problems of expan- 
sion, modernization and reorganization. In considering 
the present approprieteness of the Civil Service context 
in which the Post Office functions, the Government 
had recently made a fundamental survey of its manage- 
ment, structure and Hinctions. After careful considera- 
tion it had been deciced that instead of being a Depart- 
ment of State with a Minister at its head, the Post 
Office should become a public corporation and its 
members would be appointed by and responsible to 
a Minister. A final decision on the exact’ form of the 
reorganization and of the structure of the internal 
management must await the report of the Select 
Committee on Nationalized Industries, which was now 
examining the Post Office, and the fullest consultation 
with representatives Df the staff which would now take 
place. A White Paper setting out the Government’s 
final proposals would. be presented to the House in due 
course. Employees would cease to be civil servants, 
and as regards manggement he hoped there would be 
cross-fertilization with industry. The present system 
of regulations would not obtain, but whether or not 
the Savings Bank wat managed by the new corporation, 
banking policy would remain in the hands of the 
Treasury. It was intended to separate the postal and 
telecommunications services as completely as possible: 


In a statement to tke House of Commons on August 
4, the Prime Minister, Mr. H. Wilson, announced that 
it was the Governm=nt’s firm intention to find time 
to pass the- Parliamentary Commissioner Bill through 
all its stages in botk houses by the end of the year. 
The Bill was given ita first reading on July 20. Mean- 
while it had been decided that, without prejudice to full 
discussion of the Bil itself, it would be prudent ‘to 
designate the first Farliamentary Commissioner, who 
would be an Officer cf the House of Commons, with a 
high degree of indep2ndence, dealing with complaints 
transmitted to him >y members and reporting back 
to them individually. to the House as a whole and to 
whatever Select Committee the House might appoint. 
Mr. Wilson’s announcement of the choice of Sir 
Edmund Compton was warmly welcomed by the 
Leader of the Opposi«ion, though the appointment was 
criticized by Mr. J. 3rimond as an encroachment on 
parliamentary freedcm. 
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. University News: Indiana 


Pror. H. GEsT, at present professor of microbiology 
in Washington University, Missouri, has been appointed 
professor of microbiology and chairman of the Depart- 
ment of Microbiology in Indiana University. 


Washington 


Dr. J. L. DEC. Downer has been appointed professor of 
ophthalmology in the University of Washington Medical 
School, Seattle, and is therefore resigning his position as 
director of the Medical Research Council’s Cerebral 
Functions Research Group. It is expected that the activi- 
ties of the Group will continue under a new director. 
Over the past few years the work of the Group has been 
concerned with learning and memory functions in mon- 
keys utilizing the “‘split-brain” technique. 


Appointments 


Mr. Dupiey Seers, director-general of Economic Plan- 
ning at the Ministry of Overseas Development, will be the 
first director of the Institute of Development Studies at 
the University of Sussex. The Institute was founded a 
year ago by the Ministry of Overseas Development and is 
intended to engage in teaching and research linked with 
problems of development in countries overseas. It is an 
autonomous institute sited on the campus of the 
university. 

Mr. J. P. EBERHARD has been appointed director of the 
National Bureau of Standards Institute for Applied 
Technology on the resignation of Dr. D. A. Schon, who has 
left to direct the Organization for Social and Technical 
Innovation, Cambridge, Mass. Mr. Eberhard has been 
deputy director of the Institute since its establishment 
in 1964. “Er. L. M. Kushner, former chief of the NBS 
Metallurgy Division, has been appointed deputy director. 


Dr. C. M. Siyam, dean of the College of Veterinary and 
Animal Sciences, Punjab Agricultural University, Hissar, 
has been appomted director of the Indian Veterinary 
Research Institute, Izatnagar and Mukteswar. Dr. M. R. 
Dhanda has been appointed dean of the new Veterinary 
Faculty at the Agricultural University, Hyderabad. 


THE Medical Research Council is assisted in the formula- 
tion and execution of its research programme by three 
advisory Boards which cover the main fields of its work, 
and have the principal function of overseeing the progress 
of work supported by the Council and advising on propo- 
sals for such support in their respective fields. The 
following have been appointed to the Boards by the 
Council: Biological Research Board, Dr. D. E. Broadbent 
(M.R.C. Applied Psychology Research Unit, Cambridge); 
Prof. W. T. J. Morgan (Department of Biochemistry, 
Lister Institute of Preventive Medicine); Clinical Research 
Board, Prof. D. A. K. Black (University Department of 
Medicine, Ths Royal Infirmary, Manchester); Prof. R. 8. 
Ulingworth (Department of Child Health, University of 
Sheffield); Tropical Medicine Research Board, Prof. B. G. 
Maegraith (Department of Tropical Medicine, Liverpool 
School of Tropical Medicine); Dr. C. E. Gordon Smith 
(Microbiological Research Establishment, Porton, Wilts). 
Prof. W. D. M. Paton has been appointed chairman of the 
Biological Research Board, in succession to Prof. A. 
Neuberger. 


Announcements 


Tue Deutsche Akademie der Naturforscher Leopoldina, 
Halle, recently elected the following new members in the 
sections indicated: Physiology, Prof. H. Drischel (Leipzig); 
Prof. L. Lubinska (Warsaw); Physiological Chemistry, 
Dr. E. Mikulaszek (Warsaw); Orthopaedics, Dr. M. Jaros 
(Prague); Surgery, Prof. J. J. Navrátil (Brünn); Prof. 
B. W. Petrovskij (Moscow); Physics, Prof. E. Hickel 
(Marburg); Chemisiry, Prof. E. Schmitz (Berlin); Prof. K. 
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Schreiber (Gatersleben); Prof. F. Sondheimer (Cambridge). 


Mineralogy, Petrology and Crystallography, Prof. J. Wyart 
(Paris). 

A symposium on ‘Potential Industrial Applications for 
Isotopic Power Generators” will be held at the Atomic 
Energy Research Establishment, Harwell, during Septem- 
ber 28-30. Further information can be obtained from 
the Post Graduate Education Centre, Building 455, 
A.E.R.E., Harwell, Didcot, Berkshire. 


THe eighteenth Pittsburgh Conference on Analytical 
Chemistry and Applied Spectroscopy, Inc., will be held 
at the Penn-Sheraton Hotel in Pittsburgh, Pennsylvania, 
during March 6-10, 1967. Further information can be 
obtained from Dr. Gerald L. Carlson, program chairman, 
Eighteenth Pittsburgh Conference, Ine., Mellon Institute, 
4400 Fifth Avenue, Pittsburgh, Pennsylvania. 


AN international symposium on “Marine Geodesy, 
Present and Future”, sponsored jointly by the U.S. Coast 
and Geodetic Survey and the Columbus Laboratories of 
Battelle Memorial Institute, will be held in Columbus, 
Ohio, during September 28-30. Further information can 
be obtained from A. G. Mourad, Columbus Laboratories, 
Battelle Memorial Institute, 505 King Avenue, Columbus, 
Ohio. 

CORRIGENDUM. In the communication entitled “Effect 
of Altered Perfusion Rates on the Retention of Nor- 


adrenaline by the Spleen”, by Dr. D. M. Paton and Prof. , 


C. N. Gillis, which appeared on p. 391 of the October 23, 
1965, issue of Nature, in line 2 of p. 392, “4:8 mg/ml.” 
should read ‘‘4:8 ng/ml.”, and in the last line of Table 1 
“weighted + test” should read “weighted ¢ test”. 


CORRIGENDUM. In the article entitled “Uptake of 
Potassium at Low Temperatures in Kidney Cortex Slices 
of Hibernating Mammals”, by Prof.<J. S. Willis, which 
was published on p. 691 of the November 14, 1964, issue 
of Nature, the concentrations of inhibitors used were 
incorrectly stated, (p. 692, column 1, lines 46, 47; Table I, 
lines 4, 5 of legend). 
phenol (0-2 mM) and iodoacetate (1-0 mM)” instead of 
0-02 mM and 0-1 mM, respectively. 


CORRESPONDENCE 


Stonehenge 


Srr,—Prof. Hoyle’s authority in cosmology is unquestion- 
able and his theories about the use of Stonehenge are 
ingenious and mathematically sophisticated—perhaps too 
sophisticated for the culture which produced it. Unfortu- 
nately, the same cannot be said of his speculations, which 
must appall anyone with the shghtest acquaintance with 
the archaeology and history of religions, that the assumed 
use of the Aubrey holes perhaps gave rise to the idea of 
Trinity and the concept of an unseen God. 

2,000 B.c. is the earliest date assigned to Stonehenge 
and some authorities date it somewhat later. The worship 
of the neolithic Mother Goddess, whose cult was wide- 
spread over the Western world, and to which Stonehenge 
is linked through the megalithic tradition associated 
with it, is dated, in origin, not later than 7,000 B.c. Her 
triple aspect associated with the ancient three-season year, 
presumably in use by the builders of Stonehenge, seems 
to have been the protohistorical origin of the three-in-one 
concept of Trinity, long before the Bible or Stonehenge. 
So any symbolic significance the number three might have 
would be derived from the old religious tradition, and not 
the other way round. 

N. CHISHOLM 
Lawn Road Flats, 
Lawn Road, 
Hampstead, N.W.3. 


These should have read “‘dinitro- ` 
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COMPUTERS FOR BRITISH RESEARCH 


THE formation of the Computer Board by the Secretary of 
State for Education and Science has not brought a great 
wave of congratulation from British universities and 


. research establishments, but instead a tendency to com- 


plain that it ıs not enough, and not soon enough. Even 
the fact that Mr. Anthony Crosland has somehow per- 
suaded the Treasury to part with £3 million a year at a 
time like this has not silenced all the critics. This may 
therefore be the right time to ask what are the prospects 
for computers in the universities and other research 
establishments in Britain. 

The origins of current arguments about the scale on 
which computing facilities should be provided in British 
universities go back to the appointment in March 1965 
of a working group under Prof. B. H. Flowers. The 
working group itself was born of discussions within the 
Council for Scientific Policy (under Sir Harrie Massey), 
and between the council and the University Grants 
-Committee. Professor Flowers 1s himself a member of 
Si Harrie Massey’s committee. His working group 
moved quickly, and reported to the Minister in July 1965. 
The report was eventually published in December 1965, 
together with a general statement by the British Govern- 
ment that its recommendations had won “general appro- 
val”. 

The essential feature of the recommendations was that 
computing facilities at umverstties and research establish- 
ments should be integrated into a regional framework, 
with universities and research councils having access 
as of right to whatever facilities are available. Edinburgh, 
Manchester and London were singled out as regional 
centres, to be equipped with powerful computers (rented 
in the first instance from suppliers in the United States) 
with the possibility that other universities in the Midlands 
and South-West might graduate into regional centres 
later on. It was also argued that money should be spent 
immediately on making the fullest use of the English 
Electric KDF 9 computers at seven British universities. 

Finally, the working group argued the case for spending 
money on a number of installations at a further twenty- 
one institutions, either to improve existing machines or 
to buy new ones. All these developments, according to 
the report, should be carried out on a regional basis, with 
universities and the research institutions responsible to 
the five research councils having a right to use all nearby 
computers and the regional computing centre. 

The estimates in the Flowers Report on future demand 
for computing power are based on estimates by the univer- 
sities themselves, though the working group did on some 
occasions point out that demand was likely to grow more 
quickly than universities themselves foresaw. Its estimates 
are, however, supported by the experience of large uni- 
versity installations in the United States where the demand 
for computer time appears to have been doubling every 
year for some years now. Taking the computing power 
of an IBM 7090 as a yardstick (which means that an 
improved KDF 9 with a 36K store is equivalent to 1-2 
7090 machines), the group estimated that its proposals 
would increase the computer power of British research 
institutions from roughly 15 units in March 1965 to 
roughly 135 in March 1970. 

The response of the British Government to these 
proposals has been surprisingly openhanded, given the 
economic difficulties of the past twelve months. The total 
cost of the programme has, however, been stretched out 
over six years and not five. Orders for the improvements 
intended at the KDF installations and the other twenty- 
one universities with less sophisticated equipment have 


already been placed, chiefly through a panel of the 
University Grants Committee under Sir Willis Jackson. 
Moreover, a regional centre at Edinburgh has already 
been formed. 

Why, then, has the whole project encountered wide- 
spread criticism in recent weeks ? Three separate hnes of 
complaint are evident. First, people complain of the delay, 
both in setting up «he computer board and in implement- 
ing the other propesals of the Flowers Group. Then there 
is a complaint thas in the interval between the report a 
year ago and the present, multiple access computer 
systems have been shown in the United States not to be 
fanciful experimen-al tools but essential building bricks 
in any modern computer system, so that the degree of 
integration implicit in the Flowers proposals is now 
inadequate. Finaly, it ıs held that the preoccupation 
of the Flowers Report with the needs of universities and 
research councils has made even sharper the gulf between 
the comparatively academic affairs of the Department 
of Education and Science and the more industrial pre- 
occupations of the Ministry of Technology. 

The nub of the argument on delay is that the invest- 
ments proposed by the Flowers Group were intended to 
be spent in the per.od July 1965 to July 1970, while the 
present plans of the Government would start a year later 
and finish two years later. Moreover, the criticism 
continues, the delay in the setting up of the Computer 
Board has meant further delays in beginning serious 
work on the propesals. The rejoinder to this is that 
Sir Willis Jackson and his panel have been hard at work 
spending their £3 million a year on the improvement of 
university computing, and that the panel has even gone 
somewhat further shan the Flowers Group foresaw by 
placing a firm orcer for an English Electric multiple 
access computer at Edinburgh for delivery in roughly two 
years. 

On the character of the computing system to be devel- 
oped there seems to be genuine disagreement. There are 
those who argue that the time has now come for a closely 
integrated system >f computers within a national net- 
work, with access ky means of individual consoles. It is 
held that experience in the United States, and the charac- 
ter of forward plarning ın France, make such a system 
feasible and desirable in Britain. On the other hand 
are those who argue that the experience with systems such 
as Project MAC at the Massachusetts Institute of Tech- 
nology (Nature, 20%, 1161; 1966) is not yet sufficient to 
demonstrate that a multiple access system on a national 
scale will really work. In any event, they argue, the univer- 
sities and researck establishments will always need a 
much more persona. form of access to computers, for their 
need of these machines is not simply their need of computa- 
tion but also their need of oppoftunities for teaching and 
research. 

The complaint atout the gulf between science and tech- 
nology is linked with the way in which the Ministry of 
Technology is apparently pursuing an mdependent 
policy in the development of computing centres. Thus 
it has recently established a National Computing Centre 
at the Manchester College of Science and Technology, 
with Professor Gordon Black as director. The centre will 
be a more or less sommercial venture, drawing support 
by way of fees from industrial manufacturers and users of 
computers, and alsc by means of grants from the Ministry 
of Technology. Thə decisive role of the centre can be in 
the development of software both for use with machines 
now being develoved by British companies and for 
improving the efficiancy of systems already in use. 
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DID THE ATLANTIC CLOSE AND THEN RE-OPEN ? 


1966 


VOL, 211 


For more than a century 1t has been recognized that an 
unusual feature of the shallow water marine faunas of 
Lower Palaeozoic time is their division into two clearly 
marked geographic regions, which are commonly referred 
to as faunal realms. “The faunal assemblages are amaz- 


ingly uniform throughout each realm so that correlation. 


of any Cambrian section with another in the same realm 
is usually easy; on. the other hand, the difference between 
the faunas in the two separate realms is so great as to 
make correlation between them very difficult’). 

Two aspects of the distribution of these realms are 
remarkable. For one thing, some regions of similar faunas 
are separated by the whole width of the Atlantic Ocean; 
then, on the other hand, some regions of dissimilar faunas 
lie adjacent to one another. This is illustrated by Fig. 1, 
which is based on work by Cowie?, Grabau? and Hutchin- 
son‘, 

Grabau showed that, if Europe and North America had 
become separated by continental drift, a simple recon- 
struction could explain the first anomaly in the distribution 
of the faunal realms in that, before the opening of the 
Atlantic Ocean, each realm would have been continuous, 
ae a large gaps between outcrops of similar facies 

ig. 2). 

It is the object of this article to show that drift can 
also explain the second anomaly. It is proposed that, in 
Lower Palaeozoic time, a proto-Atlantic Ocean existed 
so as to form the boundary between the two realms, and 
that during Middle and Upper Palaeozoic time the ocean 
closed by stages, so bringing dissimilar facies together 


(Fig. 3). The supposed closing of the Tethys Sea by north- 
ward movement of India into contact with the rest of 
Asia, and the partial closing of the Mediterranean by 
northward movement of Africa, can be regarded as a 
similar but more recent event. The figures are based on 
a reconstruction by Bullard, Everett and Smith, but 
because those authors pointed out that no allowance 
had been made for the construction of post-Jurassic 
shelves, the continents have been brought more closely 
together.. i 

Four lines of evidence suggest that this proposal is 
reasonable. (Unfortunately, so far as I can ascertain, 
palaeomagnetic evidence which might bear on this problem 
does not exist.) 


First, this reconstruction of geological history is 
held to provide a unified explanation of the changes in 
rock types, fossils, mountain building episodes and 
palaeoclimates represented by the rocks of the 
Atlantic region. 


Second, wherever the junction between contiguous 
parts of different realms is exposed, it is marked by 
extensive faulting, thrusting and crushing. 


Third, there is evidence that the junction is 
everywhere along the eastern side of a series of 
ancient island arcs (Fig. 3). 


Fourth, the fit appears to meet the geometric 
requirement that during a single cycle of closing and 


Fig. 1. The North Atlantic region showing the present distributions of the ‘Atlantic’ faunal realm (horizontal shading) and the ‘Pacific’ faunal 
realm (vertical shading). (After J. W. Cowle, A. W. Grabau and R. D. Hutchinson) 
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Fig. 2. The North Atlantic region in Upper Palaeozoic and Lower Mesozoic 
time showing that of the present Atlantic Ocean only the Canadian Basin 
and the Gulf of Mexico then existed. Four fans are shown which were 
formed: (1) during Middle Ordovician; (2) dumng Upper Ordovictan, 
(3) during Upper Devonian; (4) during Pennsylvanian. The heavy line 
separates ‘Pacific’ and ‘Atlantic’ faunal realms, The two ridges are con- 
sidered to have formed when the modern Atlantic started to open 


reopening of an ocean, and in any latitudinal belt of 
the ocean, only one of the pair of opposing coasts 
can change sides (Fig. 4). 


Recurrent Drift in the North Atlantic 


The history proposed for the North Atlantic region 
can be stated very briefly as follows: (a) From the Late 
Pre-Cambrian to the close of Middle Ordovician time an 
open ocean existed in approximately, but not precisely, 
the same location as the present North Atlantic (Fig. 3). 
(b) From the Upper Ordovician to Carboniferous time, this 
ocean closed by stages. (c) From Permian to Jurassic 
time there was no deep ocean in the North Atlantic region. 
The only marine deposits of that time are those connected 
with the Tethys Sea, with a shallow Jurassic invasion of 
Europe and with deeper Jurassic seas in the Gulf of Mexico 
and in the western Arctic Basin (Fig. 2). (d) Since the 
beginning of the Cretaceous period the present Atlantic 
Ocean has been opening, but this reopening did not follow 
the precise line of junction formed by the closing of the 
early Palaeozoic Atlantic Ocean; the result is that some 
coastal regions have been transposed (Fig. 1). 

The Lower Palaeozoic continents may have first touched 
each other at the end of Middle Ordovician time, for there- 
after the distinction between ‘Atlantic’ and ‘Pacific’ 
faunal realms ceases to be marked, but the complete 
closing of the ancient Atlantic may have required several 
periods. 

For each continent, union meant replacing the open 
ocean by the other continent. This is offered as an ex- 
planation of the borderlands of J. Barrell and C. Schuchert 
for which there is no clear evidence until Upper Ordo- 
vician time. As Kay has suggested® concerning Eastern 
North America: “There has been little discussion of the 
evidence for borderlands in earlier Paleozoic time, though 
some have expressed scepticism’’. Kay’s own support for 
island arcs is muted after Lower Palaeozoic time and he 
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accepts tho view that the sediments of the “Late Devonian 
and Early Mississipoian came from the land of Appalachia” 
—a borderland. 

This view that »xtensive upland source areas lay to 
the east of the Appalachian geosyncline in the sites of the 
present coastal plam or ocean has been fully supported by 
recent work’-*. Tems of thousands of cubic miles of quartz- 
rich sediments, derived from the east, were deposited in 
shallow marine to sub-aerial deltas. 

When the contin2nts were pushed together, they would 
have touched first &t one promontory and then at another. 
It can be expected.that high mountains would have been 
formed locally and shat they would have produced alluvial 
fans on both continents. As the ocean diminished the 
climate would have become increasingly arid. Such 
drastic alterations -n the physiography would explain the 
change from predominantly marine and island arc de- 
position in the Lower Palaeozoic to conspicuous fans of 
Queenston, Catskil., Old Red Sandstone, and other deltas 
of Middle and Upper Palaeozoic time (see refs. 10 and 11, 
and Fig. 2). It car also be expected that the collision of 
continents would have produced great local uplifts which, 
if one continent overrode the other, would have migrated 
inland, perhaps pushing the Taconic and northern New- 
foundland klippen“? before them. 

It would seem that by Permian and Triassic times the 
Atlantic Ocean was completely closed, because only con- 
tinental beds, such as the Dunkard and Newark series, 
are found in North America. In Great Britain the New 
Red Sandstone is also continental as is the Permian of the 
Oslo district. 

No Jurassic beds are known in eastern North America 
except in the Gulf of Mexico. Those of Europe were 
formed by a shallow marine invasion of the continent and 
are said by Hallam to have fossils that “include many 
neritic forms that could not have crossed a deep ocean. 
The paleogeograpty for the Scottish Jurassic gives no 
hint of increasingly marine conditions to the west” 
(personal communication). Most of the available geo- 
logical evidence suzgests that the present Atlantic Ocean 
started to open at the beginning of Cretaceous time™:15, 
Although objections to this view are still being raised, 
they seem to be minor in comparison with the other 
evidence, ‘and it is possible that they can be explained in 
other ways. oa 


Faulted Contact between Faunal Realms 


Starting our corsiderations in the north, the island of 
West Spitsbergen # underlain by a thick eugeosynclinal 
section of Lower Palaeozoic rocks named the Hecla 
Hoek succession. These strata rest on no known basement 
and were deformed, metamorphosed and intruded by~ 
granites during the Caledonian orogeny*®?’. They contain 
fossils of the ‘Pacicic’ fauna similar to those of Scotland 
and North America?®. 

In Nordaustlanc, the adjacent, eastern island of the 
Spitsbergen group, Kulling?® and Sandford?’ have mapped 
a thin section of unmetamorphosed and gently folded 
strata which a few fossils indicate to be of about the same 
age. These beds lie uncomformably on a basement which 
is regarded as part. of the Baltic Shield. These strata do 
not thicken to the west as the much thicker section of 
West’ Spitsbergen .s approached, nor do the few fossils 
necessarily belong ~o the ‘Pacific’ faunal realm. 

Despite the considerable number of attempts to compare 
the sections in the adjacent islands, the correlation is not 
good. Changes in thickness, facies, and degree of meta- 
morphism, basemeat and type of intrusives are all abrupt 
and striking. Orva?! and others have mapped faults in 
Hinlopen Strait besween the islands. Klitin?? summarizes 
the situation thus: ‘Of particular interest is the junction 
zone of the allegec Caledonian platform and Caledonian 
fold system. The transition to typical caledonids takes 
place in a zone not over 15 to 20 km wide, in the Hinlopen 
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Fig. 8. The;North Atlantic region in Lower Palaeozoic time. The proto- 

Atlantic Ocean would have formed a complete barrier between two faunal 

realms (shaded). Island arcs (dotted) probably lay along the North Amer- 

can coast. The'floor of this ocean could have been absorbed in the trenches 
associated with these arcs as the ocean closed 


Strait area, where the Hecla Hoek section abruptly in- 
creases in thickness, by a factor of four, with the appear- 
ance of extrusives in its metamorphosed and linearly folded 
beds. Such radical changes in thickness suggest a fault 
junction between. an ancient platform and the caledonids.”’ 
Following this interpretation I suggest that the Lower 
Palaeozoic ocean once separated the two islands and that, 
whereas Nordaustiand formed part of the Baltic shield 
and shelf, West Spitsbergen was the site of a North 
American. island are. 

In Scandinavia it is well estabhshed that the peninsula 
is divided longitudinally into two different provinces 
separated by a great zone of nappes and faults overthrust 
towards the east. According to the descriptions of 
Holtedahl?’, south-eastern Norway and most of Sweden 
are underlain by an extension of the Baltic Platform on 
which lie nearly flat, unfossiliferous rocks and “‘the 
eastern facies of the Cambro-Silurian (which) can be 
classed as miogeosynclinal in the terminology of Stille. 
The thickness is rather large and there is much terri- 
geneous material. Caledoman volcanic and intrusive 
igneous rocks are not found in the deposits of this type. 
The rocks are unmetamorphosed in the east and are of low 
metamorphic grade farther to the north-west. The deposits 
occur in an autochthonous or parautochthonous position 
above the original Archean basement.” 

The fossils are repeatedly referred to as bemg similar 
to those of the Baltic region, England and Wales. On 
the other hand, in the Trondheim area of western Norway, 
a thick succession of pillow lavas, shale and lmestone 
with serpentinites in the lower part of the sequence 
contains a fauna “‘of American affinities ... the limestone 
of Smola is similar to the Durness in Scotland and to more 
or less contemporaneous limestone in Newfoundland, 
Bear Island and Spitsbergen. The limestone in Smøla 
thus seems to represent an American-Arctic facies of the 
Ordovician.” In these “mainly pelitic sediments ... we 
thus have a eugeosynclinal facies characteristic of the 
central parts of a geosyncline... probably all rocks of the 
present facies occur in allochthonous positions.” An 
important event in central southern Norway was the 
close of marine deposition “in Late Ordovician or Early 
Silurian time brought about by the thrusting of nappes and 
deposition of the Valdres sparagmite (arkose), which was 
considered as a deposit of flysch type by Goldschmidt”. 
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The zone of nappes is, therefore, held to be the boundary 
between faunal provinces and the line of closure of the 
Lower Palaeozoic ocean. 

The geological relationship between Spitsbergen, Scan- 
dinavia and the British Isles has been discussed by 
Bailey and Holtedahi**. Of the Caledonian structures 
they state: “‘...in the present land area of Scandinavia 
we find the eastern part of the orogenetic belt only, while 
in Great Britain the whole of the orogenetic zone is repre- 
sented. The Spitsbergen Group seems to he rather 
centrally ın the zone of deformation.” Followmg Wegener, 
they consider that Greenland may have been formerly 
connected with Europe and suggest that, if so, it would 
have completed the western side of the mountain 
belt opposite Norway. This relationship has found 
support in recent years from several authors*‘ including 
Umbgrove’s, 

That the boundary between ‘Atlantic’ and ‘Pacific’ 
faunal realms crosses northern England between Scotland 
and Wales is supported by Walton, who writes of the 
Scottish occurrences: “The close affinity of the Durness 
and North America rocks was recognised long ago.... 
The long-recognised affinity of the Girvan Caradocian 
and Appalachian Mohawkian faunas was re-emphasized 
by Wuliams.... By contrast the faunas are only re- 
motely connected with the Welsh Ordovician rocks’’®®, 
George?” describes the relations thus: “The Salopian 
geosyncline may thus have extended unbrokenly from 
conjectural north-western limits in the Highlands to a 
south-eastern margin or marginal shelf in the English 
Midlands”. It does not require much change to regard 
this geosyncline as a former ocean. 

In Newfoundland the geology of the north-eastern 
coast has recently been described by Williams**. He 
suggests that in Cambrian time a deep basin or ocean, 
not underlain by continental crust, crossed the central 
part of the island and separated two shelves. The north- 
western shelf underlying the Long Peninsula has a base- 
ment of Grenville age overlain by strata with ‘Pacific’ 
faunas like those of Scotland, while the south-eastern 
shelf, which forms the Avalon peninsula, has a younger 
Pre-Cambrian basement overlain by strata with ‘Atlantic’ 
faunas like those of Wales. Durmg Ordovician and 
subsequent time the intervening sea became filled with 
eugeosynclinal and volcanic sedimentary rocks, pro- 
bably representing a former island arc and mountain 
belt. 

Anderson”* believes that faulting in Hermitage Bay on 
the south coast of Newfoundland not only separates the 
rocks of the south-eastern shelf from the central geo- 
syncline, but may also completely divide the two faunas. 
On the north coast the corresponding fault zone may be in 
Freshwater Bay, but this point has not been settled as 
yet*®, 

Among those who have recently correlated the New- 
foundland and British sections are Dewey and Church®?. 
Although Church does not favour continental drift, 
both he and Dewey make the same correlation as that 
already given here and extend the Caledonian mobile 
belt from northern England and central Ireland to 
central Newfoundland. 

South of Newfoundland, the Gulf of St. Lawrence and 
younger rocks cover the key areas of Lower Palaeozoic 
formations almost as far as the Mame border. Little can 
be said except that the faunas of Cape Breton Island and 
St. John, New Brunswick, have European affinities while 
those of Gaspé and the Eastern Township of Quebec are 
typical of Scotland and most of North America‘. 

In northern and eastern Maine the older literature is 
sparse and generalized. Recently a combined group of 
government and university geologists, including W. B. N. 
Berry, A. J. Boucot, E. Mencher, R. S. Naylor and L. 
Pavlides, have discovered new fossil localities there with 
both European and North American affinities, important 
Caledonian uplifts and large pre-Silurian faults®*. Much 


- 
ry" 
4a 4 

1> a: 
t -a3 

[> 


No. O50 AUGUST 13, 1966 


of the state has been remapped, but for the reason that 
little of this work has yet been published (R. G. Doyle, 
personal communication), and because the structure is 
clearly much more complex than shown on early maps, 
this is not an opportune time to consider the area in 
detail. 

From the southern part of Maine south across New 
Hampshire, Massachusetts and Connecticut a major zone 
can be traced from published accounts. Novotny’? has 
described this ‘“‘major fault zone’? where it crosses the 
New Hampshire~-Massachusetts boundary (Fig. 5). To 
the north it corinects with several faults and silicified 
zones shown on the map of New Hampshire*:**, These 
lie along the line which separates those formations which 
underlie the greater part of New Hampshire from a suite 
of completely different formations, underlying south- 
eastern New Hampshire. This line may be continued 
northward into south-eastern Maine by the faults which 
Katz has suggested bound the Berwich gneiss, itself 
crumpled, “‘closely folded and overturned”. In Massa- 
chusetts, Novotny’s fault may be exposed in the aban- 
doned Worcester “coal” mine. The description suggests 
that much of the rock may be carbonaceous mylonite?’, 
South of Worcester this fault connects with a major 
change in formations evident on the geological map of 
Massachusetts*. 

In Connecticut this boundary appears to join the 
Honey Hill fault and its northern continuation which 
bisect the state and separate two major rock sequences. 
Where best described in the south it “has been mapped 
for 25 miles eastward from Chester nearly to Preston 
without apparent repetition of the stratigraphy on either 
side of the fault. The fault plane dips 10°-35° N parallel 
to the underlying metasedimentary rocks.... The fault 
is marked by a zone a mile wide of mylonitized and crushed 
rocks.... Displacement must have been many miles’. 
As in Norway, the orogenic belt appears to have been 
thrust eastwards over the eastern platform. To the south 
this major fault seems to strike into the Atlantic Ocean 
and the Appalachian belt, then narrows conspicuously. 
I have recently learned from L. R. Page and J. W. Peoples 
that mapping (for the most unpublished) by the federal 
and state surveys has defined this fault zone more 
satisfactorily, and that published aeromagnetic maps 
show a change in the strike of anomalies across it. This 
evidence suggests that New England is divided by a 
major fault zone into two provinces underlain by quite 
different rock formations. Of the few occurrences of the 
Lower Palaeozoic faunas, all those with European affinities 
lhe to the east of the fault zone; all those typical of North 
America to the westt®%, 

In the light of this evidence it seems reasonable to 
suggest that this fault zone marks the line of closure of 
the Lower Palaeozoic Atlantic Ocean. It may seem strange 
to propose that a former position of the Atlantic Ocean 
lies through New England and that its full significance 
has not been realized, but it must be remembered that 
throughout the area outcrops are poor and that most of 
the mapping is old. Surface mapping reveals few faults, 
but new tunnels have shown that faults abound under the 
drift-filled valleys and that some of these are major 
(J. W. Skehan and A. Quinn, personal communications). 

Most North American geologists have not accepted the 
idea of continental drift. Instead they have sought to 
explain the changes in faunas in terms of different en- 
vironmental conditions. This has certainly been a factor 
and no doubt was responsible for the differences between 
the Durness, Girvan and Moffatt facies in Scotland, 
although those facies belong to the same faunal realm. 
In another example, G. Theokritoff (personal communi- 
cation) has directed my attention to a possible mixing of 
Atlantic, Pacific and endemic faunas in the Taconic 
sequence of New York‘*?. Christina Lochman*® has 
emphasized the difficulties incurred in accepting such an 
interpretation. She states that the areas of mixed faunas 
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Fig. 4. A, A closing o@an, with island arcs on one coast, separating 
two different faunal reams. B, First contact between two opposite sides 
of a closing ocean. C, Tne ocean closed by overlap of the opposite coasts. 
D, A possible line (dasned) along which a younger ocean could reopen. 
E, A new ocean (checkec) openingin an old continent. F, A geometrically 
impossible way fora younger oceantoopen. (Note how the arcs overlap.) 


lie in deeply dowr-warped basins between two shallow 
shelf deposits conts#ining respectively Atlantic and Pacific 
faunas. These basms, she remarks, had connexions with 
the Atlantic Oceam and had a benthonic environment 
“similar to that cf the open ocean.... Few normal 
benthonic species of the coastal shelf could establish 
themselves in such an alien environment, although, 
because of the gecgraphic proximity of the two areas, 
sporadically drifted individuals might be found.” She 
also refers to deep basins separating different faunas and 
to the evidence fo? a “biofacies regime ordinarily found 
on the floors of tke continental shelf beyond the inner 
islands of the volcanic archipelago”. These views would 
seem to admit the possibility of interpreting the palaeo- 
geography as has b2en done in this article. It is suggested 
that one of the de=p basins, instead of lying on a shelf, 
might have been an open ocean in Lower Palaeozoic 
time and that the mixed fauna may have come from the 
extreme edge of ore continent. 

The reconstruction (Fig. 2) then leads to Africa. 
Sougy*t has descriked a large plate of metamorphic rocks 
east of Dakar thrust eastwards over Upper Devonian 
strata. Farther rorth in Spanish Morocco there is a 
folded belt. A large Cretaceous overlap along the coast 
and lack of diagnostic fossils in the overthrust block 
make correlation iiffcult, but Sougy concludes that: 
“In the future, wnen geologists study the relationships 
between America and Africa for evidence bearing on 
permanence of cortinents and oceans versus continental 
drift, they will have to consider that the western rim: of 
Africa is made, from Guinea to Morocco, not of a Pre- 
Cambrian basemert but of a mainly Hercynian orogenic 
belt, in some respects symmetrical to the Appalachian 
belt.” His mentien of drift suggests, as do most re- 
constructions®, thet this West African belt was formerly 
part of the Appalachians. This view is supported by 
P. A. Mohr, who writes: “the Cambrian manganese ores 
of Newfoundland, Wales and Morocco... I think were 
formed in a common geosynclinal trough” (personal 
communication). The view that these regions were 
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Fig. 5. Sketch map of New England showing location of some major 
faults and three fossil localities of the ‘Atlantic’ faunal realm (X). 
The numbers refer to papersin the list of references from whichinformation 


was obtained 


together until Cretaceous time is supported by the close 
similarity of Cretaceous fossils from these two regions 
now on opposite sides of the ocean. Only further in- 
vestigation, aided by extensive seismic investigations or 
driling through the Cretaceous of both continental coasts, 
can show whether it is possible or likely that West Africa 
ever fitted into the central east coast of the United States. 
If so, some rotation of Africa clockwise and a closer fit 
than that shown by Bullard, Everett and Smith’ may be 
indicated. 

Although the northern termination of the West African 
fold belt 1s covered, its termination to the south is definite; 
the Pre-Cambrian of the African Shield extends to the 
Atlantic near Conakry**. The reconstruction suggests 
that this contact might reach Florida, In Florida and 
Georgia a cross-section of the Appalachians resembles 
that of Newfoundland in that these are the only parts of 
the Appalachiens with a platform on both sides of the 
mobile belt. The platform on the south-eastern side of 
the mobile belt which lieg beneath northern Florida and 
adjacent states is only known from well cores. These 
consist of Early Ordovician to Middle Devonian sand- 
stones and shales said to have been deposited in shallow 
water*’. Published accounts do not correlate the strata 
or fossils with formations elsewhere. It would seem that 
the basement has not been penetrated. Thus it is only 
speculative to suggest that this region was formerly part 
of Africa. 


Island Arcs of Lower Palaeozoic Atlantic 


According to a widely adopted hypothesis, island arcs 
and mountains represent places where the lithosphere is 
being compressed, while mid-ocean ridges represent places 
where it is bemg pulled apart and where new crust is 
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being created. Thus the present Atlantic Ocean is ex- 
panding from the Mid-Atlantic Ridge. 

For a Lower Palaeozoic Atlantic Ocean to have closed, 
it must, according to this hypothesis, have been marked 
not by a central ridge, but by a continuous system of 
island ares and mountains. Observation shows that such 
systerns commonly lie at the sides and not in the centre 
of oceans. Kay’s view, that a system of island ares existed 
off the eastern and southern coasts of North America in 
Lower Palaeozoic time, is entirely compatible with this 
hypothesis. This would have allowed the former Atlantic 
Ocean to close, and thus to convert the offshore island 
arcs of Lower Palaeozoic time into the intercontinental 
Appalachian mountains of Middle and Upper Palaeozoic 
time. Following Keith, Kay and King, I have sketched 
the location of seven former arcs in the Appalachians 
and their south-western continuation past the Ouachita 
and Marathon Mountains**. I see no reason to change this 
view. 

The situation in Scotland has been described by Walton: 
“It seems likely that both the north-west Highlands and 
the Appalachians formed part of a very wide stable shelf 
which also included Greenland and other ‘Boreal’ 
regions having very similar Cambrian rock types. ... itis 
probable that sedimentation in the area of the southern 
Highlands during the Cambrian period was mainly of a 
greywacke, geosynclinal type and contrasted strongly with 
that in the north-west Highlands... it is probable that 
Cambrian sedimentation stretched ‘unbroken to an un- 
known distance south of the Highland Boundary fault’’**. 
Ordovician voleanism followed and these correlations and 
descriptions suggest that, during Lower Palaeozoic time, 
ares associated with a western land extended across 
Scotland. That there may have been contemporaneous 
volcanism and islands along the eastern coast in what is 
now Wales, merely adds complexity without affecting 
the history in Scotland. In the Silurian period conditions 
changed and the marine conditions ‘‘gave way to mixed 
environments... at least partly in fluvio-deltaic en- 
vironments with periods of emergence’’**. 

Enough has been described of the conditions in Norway 
and West Spitsbergen and of their correlations with 
Scotland to show that they too were the sites of Lower 
Palaeozoic island ares associated with a western continent. 
Thus the Caledonian—Appalachian arcs seem to have 
formed & continuous system along the western side of 
the former ocean. It is suggested that it was in the 
trenches of these arcs that the floor of the Lower Palaeo- 
zoic Ocean was swallowed up as that ocean closed. 


Geometrical Control of Transposition 


If two bodies are brought together so that they unite, 
and if they are later pulled apart so that they break on a 
different line from the line of union, then one important 
geometrical consideration holds. It is that, along any 
one stretch of the junction, only one fragment can change 
sides: one cannot transpose pieces from each margin at 
the same place. This is illustrated in Fig. 4 and a com- 
parison with the other figures shows that our reconstruc- 
tion obeys this principle. This does not prove that the 
reconstruction is correct, but the neat fashion in which 
fragments from either side are alternately transposed 
meets the geometrical requirements. 


Some Possible Extensions 


When, as is believed, the present Atlantic Ocean started 
to open at the beginning of Cretaceous time, it did so by 
breaking open & continent which was then continuous 
from West Spitsbergen to Florida (Fig. 2). North of 
Spitsbergen the coasts of North America and Siberia 
at that time diverged and the opening ceased to lie 
wholly within a continent and to have continental blocks 
on both sides. Following the descriptions of B. C. Heezen 
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and M. Ewing, and Ya. Ya. Hakkel and N. A. Ostenso, 
I have suggested that the fracture followed the coast of 
Siberia forming the Lomonosov Ridge on the other side 
of the opening. Thus the Lomonosov Ridge separates 
an older Canadian ocean basin from a younger Siberian 
ocean basin in the Arctic Sea's. 

In the south the situation appears to be similar, but 
to understand it one must clearly separate the platform 
of northern Florida from the different geology of southern 
Florida. South ofj central Florida a southern Florida~ 
Bahamas Ridge separates a main Atlantic, apparently 
of Cretaceous age, from a Gulf of Mexico which seems to 
have been a deep ocean and evaporite basin during the 
Jurassic period. 

Drake, Heirtzler and MHirschman‘® emphasize the 
importance of the Florida-Bahamas Ridge for sealing off 
the Gulf of Mexico from the open ocean so that the 
Jurassic salt deposits could form. They suggest that this 
ridge is an. “‘extension of the Ouachita system” and that 
it forms the ‘‘foundation for the entire chain of islands 
and banks”. This ignores the earlier interpretations of 
magnetic and gravity anomaly maps made by Miller and 
Ewing®* and by Lee*!. Both papers suggested that southern 
Florida and the Bahamas are coral banks built on deeply 
submerged. volcanoes. The Palaeozoic platform-type of 
sedimentary rocks, described from drill cores in northern 
Florida, are not like the Ouachita folds. Drilling has 
revealed no Palaeozoic rocks beneath southern Florida 
and the Bahamas. The magnetic anomaly map shows a 
marked change in central Florida. Drake eé al., in their 
Fig. 5, show three trend lines connecting southern Florida 
with the Bahamas and only one connecting it with northern 
Florida. It is suggested that the Florida-Bahamas Ridge, 
like the Lomonosov Ridge, formed when the main Atlantic 
Ocean started to open at the beginning of Cretaceous time 
and separated an ocean basin of Cretaceous age from an 
older ocean basin. Z 

Drake et al. hold that the Florida-Bahamas Ridg 
extends to Navidad Bank, north of Hispaniola. It thus 
ends at the major zone of faulting which, according to 
Hess and Maxwell5*, and others, extends from Central 
America to the northern end of the West Indies arc. 
The Caribbean Sea and West Indies arc have often been 
regarded as associated with the Pacific Ocean, and I have 
discussed elsewhere their possible origin as a tongue, 
thrust from the Pacific and bounded by transform faults®*. 

A complete discussion would require consideration of 
the Hereynian orogeny and faulting and post-Triassic 
faulting. This seems feasible but will not be attempted 
here. 

It has been suggested in this article that during Lower 
Palaeozoic time North America and Europe were 
approaching each other, that this motion stopped and that 
it later reversed. If this is true, the onset of the reverse 
motion and the start of reopening of the Atlantic Ocean 
must have been an event of very major significance in 
world geology. The evidence suggests that it occurred 
at about the close of the Jurassic and the beginning of the 
Cretaceous periods. It seems reasonable to link it with 
other major events of that age in the Americas. 

McLearn® has pointed out that at that time the drainage 
of much of western North America reversed its direction 
so that rivers which had been flowing west and building 
a great shelf along the Pacific coast were interrupted by 
the rise of the Cordillera and began to follow their present 
directions. Gilluly®* has pointed out that “In Cretaceous 
time plutons probably a thousand times larger than those 
of all the rest of the Phanerozoic were emplaced”. The 
onset of a relative advance of the Americas over the 
Pacific Ocean floor might well have caused a crumpling 
of the shelves along that coast with the creation and rise 
of extensive batholiths. Gilluly has pointed this out and 
concluded that the likely cause was that “it is probable 
that the continent as a whole is moving away from a 
widening Atlantic’. 
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BOOK REVIEWS 


RADIOACTIVE FALL-OUT 


Radioactive Fallout from Nuclear Weapons Tests 
Edited by Alfred W. Klement, jun. (Proceedings of the 
Second Conference, Germantown, Maryland, November 
3-6, 1964. AEC Symposium Series 5.) Pp.ix+953. (Oak 
Ridge, Tennessee: U.S. Atomic Energy Commission, 1965. 
Available from Clearinghouse for Federal Scientific and 
Technical Information, National Bureau of Standards, 
U.S. Department of Commerce, Springfield, Virginia.) 
6.50 dollars. 


THE second fall-out-conference at Germantown was con- 
vened by the U.S. Atomic Energy Commission in 
November 1964. The size of the programme of about 
sixty papers presented by research groups sponsored by 
the Atomic Energy Commission indicates the magnitude 
of the sponsor's interest and investment in the subject. 

The conference took place 2 years after the end of the 
second phase of massive nuclear testing during 1961-62 
and was aimed at “elucidating fallout mechanisms from 
the source of nuclear debris to its contact with man”. 
The scope was therefore large, ranging from the frac- 
tionation of fission products and the formation of particles 
in the explosion, through atmospheric transport over 
short and long distances, atmospheric storage and transfer, 
observation of the concentrations of radioactive debris 
at altitude and near the surface, to deposition on the 
ground and incorporation in foodstuff and eventually in 
man. 

The introductory paper by E. C. Freiling on “Nuclear 
Debris Formation” ascribed the theoretical distribution in 
the case of a land-surface explosion of the refractory 
nuclides such as zirconium-95 largely to local deposition, 
and the more volatile mass-chains, represented by 
caesium-137 end strontium-90, mainly to world-wide 
fall-out. Qualitatively, agreement with observation was 
good despite differences in the particle-size distributions. 
Papers by P. Loysen and P. J. Drevinsky dealt with 
characteristics of radioactive particles collected at altitudes 
up to 30 km. Most of the radioactivity is carried on 
particles of less than ~ 0:ly diameter with a peak con- 
centration between 15 and 21 km. This is consistent with 
the altitude of the maximum (number) concentration of 
natural aerosol observed by Junge, although the size is 
at the lower end of the natural range. Such particles of 
nuclear debris from a stratospheric source become 
associated with relatively large non-active aerosols in the 
troposphere. This is clearly shown by the results of L. B. 
Lockhart, who reported a diameter range near ground 
level between 0-3 and lu for an assumed density of 
1-8 g/cm. 4 

H. W. Feely presented the latest analysis of the strato- 
spheric distribution of strontium-90 based on sampling by 
aircraft and balloon. He estimated that by January 1964 
the stratospheric burden had fallen to 4 Mc. of strontium- 
90 (from a total production of 19 Mc.). The vertical dis- 
tribution of strontium-90 and other tracers suggested 
that little debris had stabilized above 21 km in the polar 
stratosphere although a movement from the northern to 
the southern hemisphere had occurred, preferentially in 
the southern autumn and winter. The paper of L. Machta 
took a similar global view and summarized the fate of 
debris injected into the troposphere and stratosphere, the 
global inventory of strontium-90 and carbon-14 and the 
partition between the stratosphere, troposphere and 
Earth’s surface. He also discussed the concept of atmo- 


spheric residence time—in the simplest treatment appar- 
ently variable with time—the validity of an exponential 
removal rate and the need for theoretical meteorological 
models to aid prediction. R. E. Newell reviewed the 
temperature and wind structure of the atmosphere by 
investigating the interaction between radiative and 
dynamic processes. It appears that both the mesosphere 
and lower stratosphere are driven by energy received from 
the regions immediately below, and that mass transfer 
in the lower stratosphere is primarily accomplished by 
large-scale eddy processes, although forced mean circula- 
tions arise from these processes. 

The fate of cadmium-109 as a specific tracer is described 
in papers by M. I. Kalkstein and L. P. Salter. There is 
evidence that this material injected at very high altitude 
near the equator spread to both hemispheres, as did a 
portion of the fission products from the more energetic 
polar injections. 

At a lower altitude, E. F. Danielsen developed his con- 
cept of “tropopause folding” as a mechanism of exchange 
between stratosphere and troposphere by showing that 
layers could form in the troposphere having radioactivity 
and potential vorticity characteristic of the stratosphere. 
In the same region of the atmosphere, J. D. Mahlman 
established a relationship between cyclogenesis at the 
tropopause and short-period fall-out peaks, although 
not with the broad spring maxima. 

Since 1957, the United States has established an exten- 
sive air sampling network roughly along the eightieth 
meridian. The results of this work were presented by 
H. L. Volchok, who confirmed that debris was well and 
rapidly mixed but remained within the northern hemi- 
sphere. This implies an effective equatorial barrier to 
interhemispheric exchange in the lower atmosphere and 
is contrary to the situation noted for high-altitude 
injections. The behaviour of the hemispheres was thought 
to be symmetrical after allowing for a four-month differ- 
ence in phase, although Danielsen, in discussion, proposed 
that asymmetry in the lag and in the seasonal variation 
could be attributed to asymmetry in the land masses of 
the two hemispheres. This hypothesis may be tested by 
French nuclear tests in the southern hemisphere, perhaps 
during 1966. On a much smaller scale, several papers dealt 
with the cleansing of the atmosphere by rain using 
intensive rain sampling networks. 

The final section of the conference report is concerned 
with the distribution of radionuclides in food and retention 
in man. Various empirical formulae were derived to 
predict fall-out deposition from the concentration in air 
and also to determine the content in milk. The paper by 
J. Rivera contained estimates, for residents of New York 
City, of the strontium-90/calcium ratio in diet and in 
human bone. The derived bone dose already received 
from. nuclear tests was seen to be very low compared with 
that delivered from natural radioactivity. 

No compilation of conference papers can hope to give 
a connected and consecutive account of the chosen sub- 
ject: nevertheless, the Germantown proceedings present 
to the informed reader a survey of the field. One would 
have welcomed a discussion of the mechanism of dry 
fall-out, and a short but authoritative analysis of the 
hazard to the world’s population. 

The aims of research into fall-out are really twofold. 
On the one hand, the objective is to determine the effect 
on human health and life, and on the other to utilize 
the nuclear debris as tracers of atmospheric movement. 
There is probably sufficient information from experimental] 
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observation to assess the effect of fall-out on human life, 
not absolutely, but in comparison with the effects of 
natural radiation. On the meteorological side, sampling 
and measurement have established or confirmed the 
existence of interesting phenomena such as the seasonal 
and latitudinal variations of fall-out and provided a 
measure of the exchange between the hemispheres, but 
there have as yet been no decisive links with meteoro- 
logical theory. The Proceedings of the Second Germantown 
Conference reflect the early stages of development of this 
branch of science by defining, more or less, the problems 
but not the solutions. D. H. PERSON 


SYNTHESIZING PEPTIDES 


The Peptides 

By Eberhard Schroder and Klaus Lübke. Translated by 
Erhard Gross. Vol. 1: Methods of Peptide Synthesis. 
Pp. xxx +481. (New York: Academic Press, Inc.; 
London: Academic Press, Inc. (London), Ltd., 1965.) 
1608. 


Peptides 

Edited by L. Zervas. (Proceedings of the Sixth European 
Symposium, Athens, September 1963.) Pp. xvi+386. 
(London and New York: Pergamon Press, Ltd., 1966.) 
105s. net; $17.50. 


THE modern era in peptide synthesis began in 1932, when 
Bergmann and Zervas introduced the benzyloxycarbonyl 
(‘earbobenzoxy’) group for the protection of amino-groups 
in such syntheses. The subsequent years have seen a 
remarkable growth of interest in the field and of methods 
available for the synthesis of peptides. Increased interest 
in the field has resulted mainly from the discovery of 
numerous biologically highly active peptide hormones 
and the desire to synthesize not only the hormones them- 
selves, but also analogues in the hope of finding more 
active substitutes for, or antagonists to, the natural 
hormones which might be of value ın medicine. Major 
landmarks in the progress of peptide synthesis during this 
period include Harington’s synthesis of glutathione (1935), 
du Vigneaud’s synthesis of oxytocin (1953) and Schwyzer’s 
synthesis of ACTH (1963). The even more recent syntheses, 
by groups of workers in China, Germany and the United 
States, of the two peptide chains of insulin and their 
oxidative combination to give insulin, albeit only in poor 
yield, perhaps open a new era which may well see the total 
synthesis of true proteins, with all that this implies for 
biochemical knowledge. 

To the uninitiated, peptide chemistry may sometimes 
seem to involve the expenditure of a quite disproportionate 
amount of effort to achieve a very limited chemical goal, 
namely, the condensation of an amino-group with a 
carboxyl group to give a substituted amide. Inspection of 
the present two books should, however, convince such 
critics that the real position is quite otherwise, mainly 
owing to the presence in amino-acid side-chains of highly 
reactive functional groups and the large number of steps 
necessarily involved in the synthesis of even a relatively 
small peptide. The effort that has gone into the improve- 
ment of peptide syntheses in recent years has led to 
remarkable advances, and many peptides which it is now 
possible to synthesize comparatively easily would have 
presented almost insuperable difficulties a few years 
ago. The most noteworthy landmarks in this tech- 
nical advance include the introduction of the t-butoxy- 
carbonyl group for amino-group protection, of the t-butyl 
ester group for carboxyl protection, and of the mixed 
anhydride, carbodi-imide and p-nitrophenyl ester coupling 
methods. 

There are signs of some slackening of pace in the 
development of new methods and the present time is very 
opportune for the appearance of an authoritative and 
comprehensive review of methods of peptide synthesis. 
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The first volume of Zhe Peptides, by Schroder and Lübke, 
ıs just such a review and is clearly destined to become the 
standard work on thesubject. The authors are well known, 
active workers in tae field and their mastery of, and 
feeling for, the subjest are evident on every page of their 
book. 

The first three chapters of the volume, which deal 
generally with amine and carboxyl-group protection and 
with coupling methcds, are perhaps the most valuable; 
the very many available methods are fully and critically 
discussed and there are clear indications which will be 
particularly useful +o newcomers to the field of those 
methods which are o7 most general use. At the end of the 
second chapter thers is a useful table showing the þe- 
haviour of the priccipal protecting groups towards a 
graded series of reagents. Chapter 4 1s concerned with the 
application of these general methods to the synthesis of 
peptides of individaal amino-acids, particularly those 
containing reactive side-chain functional groups; this 
chapter contains vatuable tables listing the known syn- 
thetically useful der-vatives of the more important tbri- 
functional amino-aciis. The volume ends with six short 
chapters on specialized topics, a very comprehensive list 
of literature references (well over 3,000) and good author 
and subject indexes. The literature coverage is claimed to 
be complete until nearly the end of 1964; in the main, 
this claim is justifiec although there are some surprising 
omissions. The tramslation is more than adequate and 
traces of the origina. German can only be detected here 
and there. 

This book has beer in almost daily use in my laboratory 
for the past six morths. It has proved invaluable as a 
reference book, as a bibliographical source and as an aid 
in planning peptide syntheses and 1s now regarded as 
indispensable. The appearance of the second volume, 
which will deal wih biologically active peptides, is 
awaited with great expectations. Every peptide chemist 
should have his own copy of this book and there 
should be one in every good chemical library. Un- 
fortunately, the rather high price seems likely to restrict 
the book’s circulation; perhaps, when a second edition 
is required, the pre might be reduced by abandon- 
ing the policy of prnting the full bibliography in both 
volumes. l 

Peptides, edited by Prof. Zervas, is in no sense a rival 
to, or substitute for Schroder and Lubke’s book. It is 
more correctly desezibed by its sub-title and contains 
most of the forty-six papers read at the Sixth European 
Symposium, held in Athens in September 1963, together 
with much of the discussion. Noteworthy omissions are 
the papers by Sieber and Schwyzer on the total synthesis 
of ACTH and that >y Boissonnas on structure—activity 
relationships in analcgues of the post-pituitary hormones, 
both of which have been published elsewhere. The majority 
of the papers deal with peptide synthesis although there 
are a few on the degradation and physical properties of 
peptides. The first European Peptide Symposium was. 
held in Prague in Sectember 1958 and the seventh is being 
held in Holland this September. Many new advances in 
peptide chemistry Lave been first announced at these 
meetings and there -s no doubt*that the free discussion 
and interchange of ideas at these meetings of a relatively 
small group of active-workers have greatly helped progress 
in the field. However, the advance information given. at 
these meetings oughs not to be restricted to participants 
but should be made as widely available as possible. This 
calls for rapid publication and it is a great pity that no 
less than two and a half years have elapsed between the 
Athens meeting and the publication of these Proceedings, 
especially since the proceedings of the seventh Symposium 
held in Budapest in September 1964, were published 
(Acta Chim. Acad. aci. Hung., 44, No. 1-2) in August 
1965. A real effort siould be made to publish symposium 
proceedings more rapidly and in some less elaborate form, 
such as offset photokthograpby. It is probable that the 
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majority of the papers presented at the Athens meeting 
and collected in this volume have now appeared in full 
elsewhere; for this reason these Proceedings will be of 
much less general value than they might have been and 
may, indeed, only appeal to those who already possess the 
proceedings of the other meetings and wish to make their 
collections complete. H. N. Rypon 


NEMATODA et al. 


Traité de Zoologie 

Anatomie, Systématique, Biologie. Publié sous la direc- 
tion de Pierre-P. Grassé. Tome 4 (Deuxième Fascicule): 
Némathelminthes (Nématodes). Pp. 1-732. Tome 4 
(Troisième Fascicule): Némethelminthes (Nématodes, 
Gordiacés), Rotifères, Gastrotriches, Kinorhynques. Pp. 
733-1498. (Paris: Masson et Cie., 1965.) Br. 320 francs; 
Cart. 344 francs deux volumes. 


Traité de Zoologie has already earned distinction and 
represents the conjoint efforts of many distinguished 
specialists. The first part of Volume 4 dealt with the 
Platyhelmmthes, Mesozoa and Nemertini and the second 
and third parts extend the treatment of helminths. About 
five-sixths of these two large books is concerned with the 
Nematoda, one-sixth with the Gordiacea, Rotifera, Gastro- 
tricha and Kinorhyncha, the rotifers taking up most of 
this remainder. The first half of the section on the 
Nematoda is devoted to structure, development, reproduc- 
tion, ecology, host-parasite relationships and adaptations 
to the parasitic habit, the other half to systematics. 
Under the heading of “External Morphology” there is a 
wealth of information concerning form, size, colour, 
symmetry relations, cephalization, modifications of the 
two ends of the body, and the organization and arrange- 
ments of amphids and phasmids, the cuticle, spines, 
scales, tubercles, alae, bursae and suckers. The finer 
structure and composition of the cuticle come under the 
heading “Internal Morphology”, along with the con- 
sideration of glands, musculature, the parenteric cavity, 
sense organs and nervous tissue, and accounts of the 
arrangements within the digestive, nervous, excretory and 
reproductive systems. 

Development and reproduction next come under con- 
sideration. Embryonic development shows some homo- 
geneity, notably in respect of rigorous cell lineage, and the 
first difference between species of nematodes concerns 
the form of the blastula and various modes of gastrulation. 
Segmentation and gastrulation are treated in some detail 
for Parascaris equorum, likewise the organization of the 
ovum and details of the first three divisions. The pos- 
sibility of regulation in nematode development is con- 
sidered, and various theories concerning the structure 
and development of the egg are discussed. Early stages of 
organogenesis are little known and are therefore treated 
briefly, but the influence of external factors is noted. The 
processes of growth, moulting and encystment are 
specially considered and information on organogenesis is 
supplemented by a discussion of the phylogenetic implica- 
tions of this stage of development. Other matters which 
are treated and discussed include gametogenesis, fecunda- 
tion, the structure of sperms and egg membranes, sexuality 
and intersexuality, the proportions of the sexes, herma- 
phroditism and pseudogamous species. Topics such 
as the epigenetic determination of sex, alternation 
of generations, polymorphism of heterogenic species 
and modes of reproduction are also discussed, as are 
the transmission of various characters and speciation in 
the Nematoda. j 

A short section on the ecology of free-living nematodes 
includes useful details of techniques for their investiga- 
tion. This is followed by separate accounts of the parasites 
of invertebrates and vertebrates, and also plant-parasitic 
nematodes. Parasitologists will be specially mterested at 
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this point and in what follows, when the physiological 
peculiarities of nematodes are discussed in terms of their 
action on the hosts and considered as examples of Brumpt’s 
five categories of action—spoliatory, toxic, traumatic, 
mechanical and irritative—although it is properly em- 
phasized that the pathogenic effects of nematodes are 
usually complex. A. brief statement on the principal 
symptoms of nematode infections of man and animals 1s 
followed by discussion of manifestations of immunity in 
vertebrate hosts. To conclude this part of the work there 
is a succinct account of the morphological adaptations of 
nematodes to parasitic modes of life. 

The taxonomic scheme which is adopted includes sub- 
classes, infra-classes, orders, sub-orders, super-families 
and families. The class Nematoda is divided into two 
sub-classes, Adenophorea (Aphasmidia) and Secernentea 
(Phasmidia). The two infra-classes of Adenophorea are the 
Chromadoria, with thirty-one families arranged in five 
orders (Araeolaimida, Monhysterida, Desmodonda, Chro- 
madorida and Desmoscolecida) and the Enopha, with 
about thirty-two families arranged in three orders 
(Enoplida, Dorylaimida and Enophdes). The sub-class 
Secernentea has about sixty-seven families arranged in 
five orders (Rhabditides, Tylenchides, Strongylida, Ascari- 
dida and Spirurida). The entire class of nematodes is 
thus credited with about one hundred and thirty families 
arranged in thirteen orders. The great virtue of this 
scheme is that it is comprehensive, including free-living 
and plant-parasitic nematodes as well as the more familiar 
parasites of animals. Until fairly recently, parasitologists 
have been content with schemes which take only the 
parasitic nematodes of vertebrates into consideration, 
and, in 1961, Yamaguti arranged these forms in eleven 
orders and sixty-two families, although most of them are 
contained in three or four orders of this French scheme. 
Students and teachers alike become uneasy when major 
taxonomic schemes do not agree, and they may be dis- 
mayed by the great contrast between these two schemes. 
To discuss details is out of the question but, to make a 
point briefly, the order Strongylida (Strongylidea) con- 
tains eleven families in each of the two schemes, but 
six families in the French scheme (Amidostomatidae, 
Dictyocaulidae, Heligsomatidae, Metastrongylidae, Ollul- 
anidae and Strongylacanthidae) are represented by sub- 
families in Yamaguti’s scheme, which contains six families 
(Cloacinidae, Cyathostomidae, Pharyngostrongylidae, Pro- 
tostrongylidae, Pseudaliidae and Stephanuridae) that do 
not appear in the rival scheme. The order Spirurida 
(Spiruridea) contains sixteen families in each of the two 
schemes but Yamaguti’s includes seven families (An- 
cyracanthidae, Haplonematidae, Rhabdochonidae, Ric- 
tulariidae, Sallobrellidae, Seuratidae and Skrjabinuridae) 
that are not included in the French scheme. The Tetra- 
meridae is given the new name Tropisuridae, the Anguil- 
licolidae and Dracunculidae are placed in the order 
Philometridea, and four families (Diplotriaenidae, Filari- 
idae, Setariidae and Onchocercidae) are assigned by 
Yamaguti to the order Filaridea. The order Ascaridida 
(Ascarididea) has sixteen families in the French scheme 
but only four in Yamaguti’s, some families being placed in 
the order Oxyuridea. It is certain that much closer 
international co-operation will be required before finality 
is reached in the classification of the Nematoda and other 
classes of helminths. At present there is no consistency 
even in respect of word endings chosen to denote various 
taxons. 

However, the high standard of the volumes of Traité de 
Zoologie has been maintained. Misprints are rare but some 
family names are not shown in the contents and, presum- 
ably because of the long period spent in the press, 
references to the original literature for the 1960’s are very 
sparse. The exquisite line diagrams are notable, although 
more annotation is required in many of them. Perhaps 
this is the finest exposition of helminth structure which 
has yet appeared but more information might have been 
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given on the fine structure of the cuticle and other parts. 
Zoologists and parasitologists alike will be delighted by 
information and ideas here consolidated. Without the 
complete coverage here afforded any attempts to deal with 
the affinities of the Nemathelminthes (Aschelminthes) are 
futile. This topic is treated adequately, various theories 
are mentioned and the arguments of protagonists of the 
theory that the nematodes are derived from arthropods 
are stated fully but reasons are given for their derivation 
from Dalyellian Turbellaria. It is shown that the various 
classes considered have such affinities as merit their 
grouping as Aschelminthes and it is suggested that 
paedomorphosis (neoteny), which has sometimes been held 
to account for the relative simplicity of nematode struc- 
ture, has played an important part in giving origin to the 
various groups. Bren DAWES 


GRAFTS FOR MAN 


Histocompatibility Testing 

Report of a Conference and Workshop sponsored by the 
Division of Medical Sciences, National Academy of 
Sciences, National Research Council, 7-12 June, 1964. 
(Publication 1229.) Pp. 192. (Washington: National 
Academy of Sciences—National Research Council, 1965.) 
$6.00. 


The Biology of Tissue Transplantation 

By Paul S. Russell and Anthony P. Monaco. (New 
England Journal of Medicine Medical Progress Series.) 
Pp. viii+207. (Boston, Mass.: Little, Brown and Com- 
pany, 1965.) $6.75. 


Ir the transplantation. of tissues and organs between one 
human being and another is to become a routine surgical 
procedure, then the graft donor must be chosen so that 
he has as many antigens as possible in common with the 
prospective recipient and possesses as few antigens as 
possible which are absent in the recipient. To make such 
matching possible, methods must be sought to determine 
what antigens are present on human cells. Hzstocom- 
patibility Testing is a testimony to the amount of research 
at present being done in this field and to the ingenuity of 
the workers concerned. The first part of the report is 
devoted to the results of the various contributors trying 
to “type”? or antigenically analyse cells im vivo and in 
vitro. This section is so well summarized by H. Sherwood 
Lawrence that an attempt to do so in this review would 
be superfluous. The second part of the report is devoted 
to the description and practical details of the tests used 
to obtain the results presented earlier. Most authors 
have made a valuable contribution to this section, 
describing their tests in detail, together with possible 
pitfalls. There are, however, certain annoying deficiencies 
which could easily have been avoided. Some authors have 
sacrificed clarity for brevity; others do not always quote 
the exact concentrations of reagents; one author almost 
completely neglects to describe his test at all; yet another 
describes a standardization procedure which he certainly 
could not carry out himself (nor, it might be added, 
could anyone else). However, this book does provide, 
for those interested in tissue typing, a good progress 
report. 

The Biology of Tissue Transplantation, by two surgeons 
who practise both applied and experimental tissue trans- 
plantation, represents an up-to-date review of the field of 
transplantation immunology. As such it is of interest 
both to the surgeon and to the experimental biologist and 
deserves to be read by both. The authors have presented 
both the old-established facts and present research trends 
in a readable form. The sections on the nature of the 
homograft reaction, the alteration of the immunological 
reactivity of the graft recipient, and the clinical aspects 
of transplantation are excellent. On the other hand, 
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transplantation antigens deserved to be treated much 
more critically. The >ne general criticism of an otherwise 
excellent book is that the authors have been a little too 
prone on occasions 30 take at face value some of the 
claims made in the lierature quoted. As some 600 refer- 
ences are cited, this is perhaps, to a certain extent, 
understandable. G. GOWLAND 


REMARKABLE AND FEARSOME 


Foundations of Anesthesiology 

By Albert Faulconer and Thomas E. Keys. Vol. 1: Pp. 
1+1-716. Vol. 2: 2p. 1+717-1337. (Springfield, Ill.: 
Charles C. Thomas, _965.) $38.50. 


ANAESTHESIA is one of the fastest growing fields of 
modern medicine. Tois is true not only of its technology, 
but of the understanding of the fundamental processes 
which it involves bcth at the level of the organ and at 
that of the cell. It is natural that amidst the welter of 
new knowledge, the prigins of the old on which the new 
is built might be overlooked or even misunderstood. 
Sometimes the full implication of new observations is not 
realized through lack of care in reading the original 
accounts of earlier experiments, and much time and 
effort may thereby >e needlessly wasted. Albert Faul- 
coner, an anaesthesielogist in the Mayo Clinic, has joined. 
forces with Thomas Keys, a hbrarian and historian 
particularly interested in anaesthesia, to gather together a 
large series of papers which they rightly consider to be 
the foundation stones of modern anaesthetic practice and 
understanding. Their volumes will both educate and 
make humble any araesthetist who reads them and they 
will provide a long Easting source of information for any 
physician or biologiss interested in this field. They make 
clear that while modarn technology is of great importance 
in anaesthetic research, essentially intellectual processes 
of reasoning count “or as much, and were particularly 
important when deductions were made from data which 
were often obtained -with the simplest of equipment. 

The 150 papers which are collected in these two volumes 
cover most of the wide range of the anaesthetic field. The 
majority would be diñcult to find in the original, and many 
are translated into English for the first time. 

Almost any page opened at random produces a gem. 
What better exampls than this quotation from Sir Hum- 
phry Davy in 1800, “Supposing that no part of the water 
evolved in solution by the expired gas of common air is 
formed immediately in respiration, it will follow that a 
very considerable quantity of oxygene must be constantly 
combined with the red particles, even allowing the con- 
sumption of a certain portion of it to form carbonic acid; 
for the carbonic acid evolved, rarely amounts to more 
than three fourths of the volume of the oxygene con- 
sumed”, or this from Flourens in 1847, when ether was 
being increasingly used, mostly by completely unqualified 
people who regarded it as an innocuous substance: “When 
the surgeon contemolates the possibility of the use of 
ether in an operation, the prime consideration must also 
be borne in mind: ether which possesses the power to 
abolish pain can alsc endanger life. Hence the new agent 
which has just been added to the resources of surgery is 
at once remarkable and fearsome.” This statement is as 
true to-day of the wide range of anaesthetic drugs now 
available ag it was then of ether, and is the basic reason 
why anaesthesia has become such a highly developed 
specialty within the general field of medicine. Many of 
the papers in these volumes could be regarded as of his- 
torical importance only but others are of quite immediate 
importance. 

These books will provide good reading, intellectual 
delight, and scientife education for as long as they are 
possessed, for their contents will never age. 

W. W. MUSHIN 
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BRIDGING THE GAP 


Neurohistochemistry 

Edited by C. W. M. Adams. Pp. vii+753. (Amster- 
dam, London and New York: Elsevier Publishing 
Company, 1965.) 160s. 


Tux title of this book is slightly misleading as the contents 
cover a much wider field. Although the greater part has 
been written by the editor, there are ten other contribu- 
tors. The work is divided into three sections, in which 
histochemistry is dealt with as a technique, in relation to 
the investigation of normal nervous tissue, and in con- 
nexion with neuropathology. 

_The editor’s introduction emphasizes the importance of 
histochemistry in bridging the gap between conventional 
histology and the biochemistry of homogenized tissues, 
He appears to regard it as more closely orientated towards 
histology and thus as an extension of a staining technique. 
This is far too limited, for as Glenner points out in his 
chapter: “the potential of histochemistry is great for it 
offers an unexcelled opportunity to relate cellular and 
intracellular structure to physiologic function”. Further- 
more, most pathologists would hope that modern histo- 
chemistry might be able to reveal cellular abnormalities 
underlying ‘‘biochemical lesions” in tissues which are 
known to be functioning abnormally but in which no 
abnormality of structure can be detected by conventional 
histological methods. 

The opening part of the book is devoted to histo- 
chemical methods and is not intended to be exhaustive. 
It thus gives a very useful introduction to the subject 
and an adequate bibliography is available for those who 
wish to delve deeper into the subject. In addition to 
histochemical methods, techniques for single-cell exam- 
ination and autoradiography are included and future 
developments taken care of by a chapter on electron 
histochemistry by Torack, and all of this is very valuable. 
The distinction between histochemistry and cytochem- 
istry is made very sharp chiefly because of the different 
methods of preparation. In the broader search for know- 
ledge this distinction is artificial, for each technique 
makes its own contribution to the final composite picture 
of a pathological lesion. On the whole, this histochemical 
section is satisfactory, though there are a number of 
minor points which call for comment. For example, it is 
stated on page 11 that acetylation of Sudan black gives 
rise to “improved staining”? though this is by no means 
certain; on page 85 Deitch! is credited with the intro- 
duction of 2-4-dichlorophenol in the Sakaguchi reaction, 
though this was recommended by McLeish et al. in 1957 
(ref. 2). On page 88, glycogen is said to be bound to pro- 
tein (desmoglycogen), yet Meyer and Jeanloz* proved that 
although it may be mechanically included in coagulated 
protein it is never chemically bound to it. On page 91, 
it is stated that there is uncertainty about the mechanism 
of metachromasia, although the physical chemistry of this 
subject has been worked out by Michaelis several years 
ago. Glenner deals very fully with enzyme histochem- 
istry, and his discussions on factors affecting enzyme 
localization and characterization are most timely. Quan- 
titative methods are discussed by Glenner and also by 
Davidson and Gregson in a later chapter on the cyto- 
chemistry of the nervous system. In the first section of 
the book there is a large amount of useful information on 
lipids and this embodies much work done by Prof. Adams 
and his colleagues. 

The future of histochemistry is so closely bound up 
with pathology that the last section is particularly wel- 
come. It is in many ways, perhaps not surprisingly, the 
most interesting part and the editor is able to convey his 
enthusiasm for the subject of myelin and the demyelin- 
ating diseases. So often in the past histochemistry has 
been dealt with as a subject on its own and often neglected 
by pathologists. The chief value of this work will be to 
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encourage the neuropathologist to supplement conven- 
tional techniques with modern chemical methods, and the 
general background of histochemistry in the book will be 
sufficient to enable him to embark on a new discipline. 
For the painstaking production of this excellent work 
Prof. Adams is greatly to be congratulated, and he can 
feel assured that it will remain the standard work on this 
subject for many years to come. It may well result in 
the appearance of similar volumes on other specialized 
branches of pathology. 

The production of the book is of high quality and 
attractive, and the illustrations of an equally high stan- 
dard. Errors are few, though one mentions somewhat 
reluctantly that histochemistry is spelled “hystochem- 
istry” on the page of contents. G. J. CUNNINGHAM 


1 Deitch, A. D., J. Histochem. Cytochem., 9, 477 (1961). 


2 McLeish, J., Bell, L. G. E., La Cour, L. F., and Chayen, J., Eup. Cell Res , 
12, 120 (1957). 


3 Meyer, K. H., and Jeanloz, R. W., Helv. Chim. Acta, 26, 1784 (1943). 





Space Travel and Exploration 

By Harrie Massey. (A Contemporary Physics Reprint.) 
Pp. iv+117. (London: Taylor and Francis, Ltd., 1966.) 
18s.; $2.60. 


BETWEEN February 1964 and June 1965 Sir Harrie 
Massey contributed a series of articles on space research 
and exploration to the journal Contemporary Physics. 
These articles have now been collected and published as 
a paperback volume, with notes on some more recent 
developments. The book begins with a swift survey of 
the main uses of artificial satellites and space vehicles. 
Then comes discussion of “Ways and Means”, covering 
the velocity requirements for space missions, the types 
of rocket, methods of tracking, and the design of solar 
cells. The third section gives some results of scientific 
studies of the Earth and its upper atmosphere, and the 
fourth section is concerned chiefly with the Sun’s influence 
over the Earth’s atmosphere. Section 5 begins with lunar 
and planetary probes, and then returns to the mundane 
applications of satellites in meteorology and communi- 
cations. The next section has biology as its theme and, 
appropriately enough, splits neatly into two halves: 
(a) “can there be micro-organisms living in space or on 
planets ?” and (b) “can we keep macro-organisms (especi- 
ally homo sapiens) living happily in space?” Finally 
there are the notes on recent advances, up to late 1965. 

No one has a better appreciation of space research in 
all its aspects than Sir Harrie Massey, and his book 
provides a clear and well-balanced review of the major 
developments up to 1965. Much of the detail had to be 
left out. of course, and readers who wish to pursue par- 
ticular items in greater detail will find it difficult to trace 
the original papers, since no references are given. The 
book list at the end is not really adequate as a substitute 
and is indeed sometimes slightly capricious in its choices. 
Apart from this very slight imperfection, however, the 
book can be strongly recommended as a sound introduction 
to the present state of space research. 

D. G. Kine-HELE 


Friction and Wear in Machinery 

Edited by G. Herrmann. Translated from the Russian. 
Pp. x+334. (New York: The American Society of 
Mechanical Engineers: London: Pergamon Press, Ltd., 
1960.) n.p. 


Tms is a collection of papers on wear, friction and lubrica- 
tion which describe work carried out at the Institute for 
the Science of Machines of the Academy of Sciences in 
Moscow. The papers were presented at a seminar there in 
1955-56. The English translation, which is well done 
under the editorship of Dr. G. Herrmann, was made under 
the auspices of the American Society of Mechanical 
Engineers. Some fifteen papers are presented. The 
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preface to the Russian edition (1958) is written by Prof. 
M. M. Krushchov and the first four papers deal with his 
investigations with his colleagues of the wear of non- 
homogeneous materials including steel and cast iron. 
It includes the use of replica electron microscopy to 
examine the damage to the surfaces. The emphasis 1s on 
materials, which are of engineering and practical impor- 
tance. The second series of papers is by Prof. I. V. Kragel’- 
skii and his associates on the friction of solids, the effect 
of surface roughness, relaxation oscillations in elastic 
friction systems and a useful practical paper on the develop- 
ment of high frictional composite materials which are 
valuable as brake materials. The rest of the papers deal 
with fluid lubrication, with the behaviour of dynamically 
loaded bearings and with the influence of temperature 
and of viscosity. Some experiments with a four-ball 
machine for testing lubricants are also described. At the 
end of the book there ıs an extensive and useful biblio- 


graphy of relevant papers published both in Russia and- 


elsewhere during the years 1954—56. 

Because of the time which has elapsed since the papers 
were first written much of the work is necessarily now 
out of date, but the book can serve as a source of reference 
and it is interesting to see collected together this account 
of the able and effective work which the Russian scientists 
and engineers have been doing in this field. 

F. P. BOWDEN 


Gas Chromatography of Meta! Chelates 

By Ross W. Moshier and Robert E. Sievers. (Inter- 
national Series of Monographs in Analytical Chemistry, 
Vol. 23.) Pp. viii+163. (London and New York: 
Pergamon Press, Ltd., 1965.) 35s. net. 


Tis book has been written for the mutual interest of 
both gas chromatographers and inorganic chemists and 
should prove of considerable value to both. Liberally 
supplied with references, it not only constitutes a 
comprehensive survey of the literature of metal chelate 
gas chromatography but also indicates several potential 
avenues for future investigation. 

In discussing the general conditions required for suc- 
cessful gas-liquid chromatography of metal complexes, 
volatility and ease of formation are considered. Among 
the special complexes singled out are the metal acetyl- 
acetonates and their fluorocarbon derivatives. In the 
former case, their value is diminished by some lack of 
stability at the column temperatures required for gas~ 
hquid chromatography. The greater volatility of the 
fluoro-derivatives (the most thoroughly studied of which 
are the tri- and hexa-fluoro compounds) makes possible 
separation at lower temperatures, which provides more 
suitable conditions for quantitative analysis. Thus for 
hexa-fluoro complexes, which can be eluted at little 
above room temperature, thermal degradation gives no 
cause for concern. 

As a general indication of viability for gas-liquid 
chromatography, sublimation behaviour is discussed; 
for example, while the neodymium chelate with tri- 
fluoroacetyl acetone resists chromatography, the hexa- 
fluoro complex which can be sublimed slowly at 100° C/ 
0-05 mm presents a more hopeful possibility. 

After general considerations there follows a sufficiently 
comprehensive description of gas chromatographic tech- 
nique, in the context of the compounds discussed, to 
initiate those unacquainted with this technique and 
to rernind the esoteric of the special considerations which 
must be borne in mind when chromatographing these 
compounds. The relative merits of several applicable 
detectors is discussed. A chapter on “Analytical Determ- 
inations’” deals with the practical problems of metal 
chelate preparation, extraction and chromatography. 
Useful detailed examples are included together with 
information on retention times. The authors conclude 
with a consideration of some of the applications of gas 
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chromatography of the metal chelates, including the 
resolution of optical and geometrical isomers and its 
application to kinetic studies. An appendix of metal 
compounds of 6-diketones is also included. 

E. A. WALKER 


Beiträge zur Biochemle und Physiologie von Natur- 
stoffen 

(Festschrift Kurt Mothes zum 65 Geburtstag.) Pp. 581. 

(Jena: Veb Gustav Fischer Verlag, 1965.) 105 MDN.; 

1798. 2d. 


THis volume celebrates the sixty-fifth birthday anniver- 
sary of Kurt Mothes. It includes an introduction by Prof. 
A. Butenandt, followed by fifty articles on subjects con- 
cerned mostly with plant biochemistry, and particularly 
with the biosynthesis of plant constituents, including 
alkaloids. Fifteen of these articles are in English, one is 
in French, and the rest in German. 

An article by Sir Robert Robinson entitled ‘“Retro- 
spect” surveys some of the author’s many contributions 
to ideas and experiment in the field of plant biosynthesis, 
including the celebrated im vitro synthesis of tropinone. 
Prof. M. Florkin, of Liège, under the title ‘“Paleoproteins”’, 
surveys briefly the evidence for the presence and nature 
of proteins in fossils, while the veteran Prof. K. Freuden- 
berg writes about the biogenesis of lignins in a most 
interesting article. 

The collection of assays in this volume emphasizes how 
successful in many instances has been the purely chemical 
approach to the problem of biosynthesis in plants. 
Although any generalization is dangerous, animal tissues, 
with their greater ccmplexity and in general more rapidly 
effective synthetic processes, are firmly dependent on 
enzyme-catalysed and directed processes in a manner that 
does not hold so completely for plant tissues. Be that as 
it may, the subject of phytogenesis is one the lines of 
which were foreshadowed and elucidated by the methods 
of organic chemistry in a way that has not in general held 
for zoogenesis. And the contributions of organic chemistry 
to phytogenesis are widely and interestingly surveyed in 
this book. F. G. Young, 


The Thread of Life 

An Introduction to Molecular Biology. By Jobn C. 
Kendrew. (Based on the series of B.B.C. Television 
Lectures.) Pp. 110-52 photographs. (London: G. Bell 
and Sons, Ltd., 196€.) 21s. net. 


Tais book sets out to tell the story of the ‘revolution in 
biology” represented by our new understanding of the 
relationship betweer molecular structure and biological 
function—in short, molecular biology. In the informal 
personal style preferred by television audiences (or, any- 
way, by producers) Dr. Kendrew outlines the way proteins 
are constructed, moves on to nucleic acids and the idea 
of coding, and engs with viruses. The last chapter 
speculates on how genes (operons) are switched on and off. 
Needless to say, nd one is better qualified for the task. 
The only doubts which rise concern the adaptation from 
a visual to a written medium.. Though Dr. Kendrew 
writes “You can easily see .. .”, the fifty-two photo- 
graphs—excellent in themselves—are all placed at the end 
of the book. Since they are an essential part of the 
explanation, they should have been married with the 
text. Moreover, the density of information is pretty high: 
the whole story in £0,000 words. On paper, one might 
relax the pace a bit. The lectures were given early in 
1964: so, though footnotes have been added to cover 
Holley’s structure for RNA and Phillips’s work on lyso- 
zyme, the publishing delay has made the story not fully 
up to date. In short, an opportunity to produce something 
exceptional missed through lack of publishing enterprise. 
Even so, Dr. Kendrew’s lucid summary will be welcome 
to any layman who seriously wants to try to grasp this 
fascinating subject. G. Ratrray TAYLOR 
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MEETINGS 


NEW STRUCTURAL METHODS 


OXFORD—1966 


A SYMPOSIUM on “‘Newer Physical Methods in Structural 
Chemistry” was held during July 18-21 in New College, 
Oxford. The meeting was somewhat out of the ordinary 
in that ıt was organized not by a scientific society but 
by the journal Laboratory Practice, and running alongside 
the conference a small and most useful exhibition of 
equipment relevant to the main themes had been arranged. 
The experiment was successful, and ıt is tempting to 
think that ıt would be welcome in other areas. 

The meeting provided an opportunity, taken by more 
than 120 delegates, to catch up on and discuss recent 
developments in two areas—first, mass spectrometry 
and, then, optical rotatory dispersion and circular di- 
chroism. These topics had been suggested by the president, 
Sir Robert Robinson, and he, together with Prof. Carl 
Dyerassi and Prof. W. Klyne, had been largely responsible 
for indicating the direction that the symposium should take. 

The thirty-one papers presented divided somewhat in 
favour of mass spectrometry (by 19to 12). To some degree 
this division of interest was real, but Prof. Djerassi, who 
gave the first paper, has been a pioneer in both fields. He 
dealt with the migration of alkyl groups and oxygen 
functions in fragmentation processes. It was apparent 
in this, as in other papers, that the mapping of a frag- 
mentation pattern requires extensive studies (accurate 
fragment masses, metastable peak observations, isotopic 
labelling) ıf a reasonably certain interpretation is to 
emerge. In this area some particularly elegant experi- 
ments involving labelling by both deuterium and carbon-13 
were described by Dr. B. J. Millard (Liverpool). Dr. D. 
Williams (Cambmdge) described many other examples of 
rearrangements, and the story was taken up by Prof. M. 
Fetizon (Paris) and Prof. A. Maccoll (University College, 
London), who discussed respectively the relation of 
fragmentation pattern to stereochemistry and the behavi- 
our of ureas and thioureas on electron impact. 

Computer techniques are popping up practically 
everywhere, and it was no surprise that when attention 
turned to rotatory dispersion, two contributors discussed 
the application of such techniques in the interpretation of 
optical rotatory dispersion curves of polypeptides and 
proteins. The Cotton effects of aromatic compounds 
are also attracting a good deal of attention. Prof. Klyne 
and Mr. R. J. Swan (Westfield College, London) presented 
some new results in this area and Dr. K. Kotera (Osaka) 
put forward a rule of the octant type to correlate his 
observations on a series.of lycorine alkaloids and related 
compounds. But then Dr. G. Snatzke (Bonn) presented 
a different treatment, and it was evident that something 
of a controversy is in the making. In the open forum 
which followed, Prof. Djerassi emphasized the difficulties 
involved: since guesswork has a fifty per cent chance of 
predicting the sign of the Cotton effect of a given com- 
pound, an especially extensive range of examples is re- 
quired before a “‘rule’’ can graduate to the status of a rule. 

One of the most elegant papers in the second section 
was that given by Prof. 8. F. Mason (East Anglia) on the 
non-empirical determination of absolute configuration 
using circular dichroism. Aromatic chromophores were 
again concerned, and the treatment based on coupled 
oscillators which has already been published for calycan- 
thine was extended to several related compounds, to 
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Tréger’s base, and to diphenyl systems of the aporphine 
alkaloid series. 

The conference was set at a cracking pace and although 
the open forum was a valuable session, longer breaks for 
discussion between papers—-when points at issue were 
still fresh in the mind—would have been welcome. 

R. BONNETT 


MICROCIRCULATION METHODS 


In connexion with the fourth European Conference on 
Microcireulation recently held in Cambridge (June 26- 
July 2) a four-day symposium on methods suitable for 
use in the study of the microcirculation of the blood was 
organized by Prof. H. Wayland of the California Institute 
of Technology. The number of participants was restricted 
to twenty-seven so that workers with scientific, medical 
and engineering interests were brought closely into 
contact during a series of meetings and short speciahzed 
lectures. 

During the past thirty years a great many disciplines 
have become involved in the study of the microcirculation 
but knowledge of the processes of flow and exchange which 
occur is fragmentary and largely qualitative. Most of 
the effort at the meetings was concentrated on techniques 
for measuring four microcirculatory parameters—micro- 
vascular geometry, exchange across the capillary wall, 
intracapillary pressure, and the velocity of blood and its 
components. The choice of ancillary equipment and 
methods of data processing was also discussed. 

There was agreement at the meeting on the desirability 
of knowing the total geometry of the vascular pattern 
in each tissue and organ, the fluctuation with time 
of the distribution of blood, and the variations under 
physiological and specific pathological conditions. The 
quantitative description of the vascular pattern should 
include the number, length and diameter of each 
type of blood vessel and, if possible, the thickness 
and composition of the walls, the branching angles, 
the distance between branches and the presence or 
absence of specific peripheral networks. Data on the 
endothelial surface area for each type of blood vessel, 
the volume density of capillaries and the maximum 
diffusion distances were also required. Such information, 
which is not at present available, would permit better 
and more detailed correlation of structure with function 
and the construction of vascular models for analysis of 
variables. Dr. C. Piovella (Pavia, Italy), Prof. E. H. 
Bloch (Cleveland, U.S.A.), Dr. H. J. Berman (Boston, 
U.8.A.), Dr. W. Bolt (Cologne, Germany) and Dr. 8. 8. 
Sobin (Los Angeles, U.S.A.) divided the methods available 
for such studies into three categories; first come the 
‘in vivo’ techniques of angiography, microscopic visualiza- 
tion of the blood vessel at the surface of tissues and 
organs, and the introduction of optical fibres into the 
depths of a living tissue. The second category includes 
perfusion after death with a dye or a fluid medium that 
hardens into a cast, and the third the immediate capture 
of the living state for subsequent analysis by rapidly 
freezing the tissue or injecting silicone elastomers into the 
living preparation. In all cases, much patient and often 
tedious routine measurement will be needed in order to 
provide the required data. Two simple but potentially 
useful suggestions were, first, that investigators who work 
with a particular organ, tissue or membrane preparation 
should describe its vascular pattern in a quantitative 
and reproducible manner and, secondly, that a reference 
marker of a stated length (preferably placed initially 
in the optical path) should be incorporated into all 
figures and illustrations of the microvascular system. 
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Four methods of determining the exchange across the 
capillary wall were introduced by Prof. C. Weiderhielm 
(Seattle, U.S.A.), Prof. B. W. Zweifach (New York, 
U.8.A.), Prof. S. Witte (Erlangen, Germany), and Dr. G. 
Freytag (Hamburg, Germany). They are the video 
scanning of dye movement, the Landis technique for 
calculating fluid exchange, the visualization of the move- 
ment of plasma constituents by tagging with fluorescent 
dyes and the use of tritium-labelled material in auto- 
radiographic studies. In summing up, Prof. A. Silberberg 
(Rehovoth, Israel) pointed out that deficiencies common 
to the first three are that data have so far been obtained 
solely on the circulation in the mesentery, and that no 
allowance is made in them for lymph drainage which 
undoubtedly is a significant factor in protein and water 
movement. The autoradiographic technique would appear 
to be most suitable for the analysis of the structural 
elements involved in the exchange process but a major 
disadvantage in the present state of development is its 
inability to yield quantitative information. It was 
emphasized that there is a strong possibility that even 
in a given tissue the phenomenon of exchange may not 
be uniform either in time or in different parts of the bed 
so that the problem of sampling is a major consideration. 

The desire to measure the hydraulic forces existing in 
the microcirculation results primarily from the study of 
fluid exchange across vessel walls and the need to quantify 
flow in small vessels. Methods presently in use were 
discussed by Dr. J. W. Irwin (Boston, U.S.A.), Dr. M. 
Intaglietta’ (Los Angeles, U.8.A.), Prof. J. F. Merlen 
(Lille, France) and Dr. A. M. Benis (Cambridge). They 
can be divided into two types depending on whether or 
not the vessel wall is penetrated. In the non-puncture 
type the measurement is made by deforming part of the 
vessel wall and relating the force necessary for a given 
deformation to the transmural pressure existing in the 
vessel. An inflatable diaphragm applied against the 
vessel can also be used, when the pressure needed to stop 
flow in a given vessel is related to the internal pressure. 
Both methods are subject to uncertainty because tissue 
and vessel wall resistance may influence the values 
obtained and pneumatic techniques for compressing the 
nail bed, followed by stepwise pressure reduction and 
observation of the resulting flow changes, were considered. 
worthy of further development. Other non-puncture 
methods which were suggested included the analysis of 
red cell movement during the occlusion of the capillary 
with a fine probe and the injection into the vessel either 
of elastic microspheres (when changes in shape could be 
followed) or of filled red cell ghosts acting as osmometers 
with pressure-sensitive optical properties. For pressure 
measurements requiring the vessel wall to be penetrated. 
by a hollow probe, two types of gauge are at present in 
use. In the active gauge, the pressure in the probe 
reservoir is continually adjusted by a servo system to 
balance the pressure in the vessel. Tip diameters range 
from 1 to 5u and because the method requires practically 
no flow through the probe a response can be obtained very 
rapidly. The passive system must be designed to operate 
from the energy obtainable from the fluid inside the 
vessel. The problem is the conversion of the fluid power 
to an electrical signal through the choice of a proper 
transducer system. It was felt that the absolute lower 
limit of the tip diameter was about 5y although a lower 
size might be used if only average pressure values were 
needed. The passive gauge should be of most value in 
vessels larger than 30u in diameter; the active system 
extends measurements to the 8~-l0u level. One serious 
limitation to all the methods is that they can be used only 
for vessels near the surface of tissue. 

At normal haematocrits it is very difficult to resolve 
individual cells at the centre of mammalian vessels with 
diameters greater than about 40u so that the main 
attention is at present directed towards the measurement 
of red cell velocity in capillaries. The main reasons for 
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making the measursment are that it can be used to 
calculate oxygen transport and also to deduce the velocity 
profile of the blood, shus providing a measure of the total 
volume flow througn the vessel. In the limiting case 
where single cells completely fill the vessel lumen the red 
cell velocity probabzy gives a true measure of the total 
volume flow and in principle may also yield an average 
of the haematocrit >f the blood traversing that vessel. 
A variety of techniques was introduced by Prof. P. C. 
Johnson (Pasadena, U.S.A.), Dr. P. A. G. Monro (Cam- 
bridge), Dr. M. Szeimhausen (Heidelberg, Germany), 
Dr. H. Meiselman (Pasadena, U.S.A.), Dr. A. A. Palmer 
(Sydney, Australia) and Dr. H. W. Thomas (Reading). 
They included streax photographs, analysis of ciné film 
sequences, analysis of the frequency spectrum of the 
variation of light intensity as cells cross a slit, and flying 
spot techniques. Methods for measuring whole blood 
velocity such as thermal dilution and the installation of 
electromagnetic flow meters were considered but there 
would obviously be ssvere practical difficulties in adapting 
them to the small vessels of the microcirculation. 

The large amount of information which correctly 
designed measuring heads can produce calls for proper 
methods of data hardling. These, it was felt, should be 
part of the experiment as a whole and improvements in 
measuring techniques will demand more complex methods 
of analysis of the data, involving analogue or digital 
computers or both. In summarizing the discussions, 
Prof. M. G. Taylor (Sydney, Australia) and Dr. R. L. Whit- 
more (Nottingham) suggested that the former would 
seem to be the meshod of choice for relatively simple 
procedures where £ machine of modest size would 
suffice and permit tke data to be analysed quickly under 
the direct control of the experimenter. It was also felt 
that an analogue somputer might provide an easier 
introduction to data processing methods than the immedi- 
ate use of a digital machine. On the other hand, when 
large amounts of deta required editing and adjustment 
before analysis, or the number of variables was beyond 
the capacity of an aralogue computer, or complex statisti- 
cal methods were to be applied, the digital computer was 
the correct choice. _t was generally agreed that as much 
experimental data as possible should be recorded on 
magnetic tape but that the amount of analysis which 
should be carried out “on line” must inevitably depend 
on the type of experiment. Small digital computers of 
the LINO type have been successfully used in neurophysi- 
ological experiments and their use in microcirculation 
work should be expbred. 

The needs of the clinician in requiring more detailed 
and exact information on conditions in the microcircula- 
tion were not forgctten, and Dr. E. Davis (Jerusalem, 
Israel), Drs. S. and S. C. Bunnag (Bangkok, Thailand) 
and Dr. W. G. Frasher, jun. (Los Angeles, U.8.A.), took 
active parts in bringing these requirements to the atten- 
tion of the meeting. It was felt that the ingenuity and 
resources of scientisss and engineers should be exploited 
by the development of appropriate instruments for 
routine clinical use. This, however, is scarcely possible 
until more is known. of the variables which are of clinical 
importance in the microcirculation. 

There is no doubs that we are about to see the large- 
scale application cf quantified measuring techniques 
to the study of the microcirculation. This will call not only 
for improvements in_ existing research methods but for the 
development or invention of equipment which can be 
satisfactorily used ia the tiny vessels of the microcircula- 
tion. Automated methods of data recording and analysis 
will also need adaptmg to the same ends. The symposium 
was particularly valuable in pointing out the probable 
directions of progress in microcirculation research over 
the next few years, and Prof. Wayland deserves the thanks 
of all who were forsunate.enough to be present, for his 
initiative in organizing the meeting. 

i R. L. WHITMORE 
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EVIDENCE FOR A- TWO-WAY SIDEREAL ANISOTROPY IN THE CHARGED 
PRIMARY COSMIC RADIATION 


By R. M. JACKLYN 


Antarctic Division, Department of External Affairs, Melbourne, and Physics Department, University of Tasmania, Hobart 


For several years now, the sidereal daily variation of 
intensity of cosmic ray mesons at the Hobart underground 
laboratory has been closely investigated!-*. In common 
with earlier investigations of this kind the objective has 
been to obtain decisive evidence either for or against a 
maximum of intensity among the charged parent 
primary particles from some fixed direction in space. The 
most important observational problem has been the 
possibility that the annual observed daily variation of 
meson intensity in sidereal time may contain a large 
spurious component, due to seasonal modulation of the 
solar daily variation of intensity. Therefore it will be 
necessary to outline the problem here briefly and show 
how peculiarly relevant it is to the observations. How- 
ever, it is because of the distinctive nature of the obser- 
vations and of the spurious effect that might be expected 
that it has been possible to design an experiment which 
makes it possible to decide whether the observed sidereal 
daily variation. is in the main genuine or spurious. The 
first results of this experiment are presented in this article 
and confirm the earlier indications that there is a genuine 
two-way sidereal anisotropy among the charged cosmic 
ray primaries. 

Although the charged primaries in the energy range 
10°-]0%2 eV are thought to be on the average very nearly 
isotropic in the vicinity of the Earth’s orbit, a solar aniso- 
tropy has been detected*, the intensity maximum as 
observed from the Earth having a fixed direction relative 
to the Earth-Sun line. It produces an observed solar 
daily variation whose average amplitude may be as great 
as 0°5 per cent. It might seem that if a comparable 
sidereal anisotropy existed among the charged primaries 
it could also be detected by arranging cosmic ray data in 
sidereal time. Such analyses have indicated that if there 
18 @ genuine sidereal component in the observed daily 
variation the amplitude must be less than about 0-1 per 
cent. Consequently, if a sidereal component exists it must 
usually be superimposed on a much larger solar component 
of the daily variation. In the simplest case this observa- 
tional difficulty is overcome by considering annual 
averages: a solar component of constant amplitude and 
phase would be completely averaged out if the data were 
arranged in sidereal time, say month by month, and 
summed over a complete year. Unfortunately, the solar 
component may vary considerably from time to time and 
in particular may exhibit seasonal modulations of ampli- 
tude and phase. To illustrate the serious difficulties of 
interpretation that follow from this, let us consider a solar 
diurnal variation on which is impressed an annual sinus- 
oidal variation of amplitude. The unmodulated diurnal 
wave can be regarded as a carrier, of frequency one cycle 
per day or 365 cycles per year. Amplitude modulation of 
one cycle per year produces matching sideband com- 
ponents of frequency 364 cycles per year and 366 cycles 
per year. The latter is the sidereal frequency, there being 
366 sidereal days in a complete year. It follows that if a 
solar daily variation with impressed annual modulation of 
amplitude is arranged in sidereal time and averaged over 
one year, we observe an annual daily variation in sidereal 
time that is a completely spurious sideband effect. The 
time of maximum, or phase, of this spurious sidereal daily 
variation depends on the month of the year when the solar 
daily variation has maximum amplitude’. Therefore, 


t 


4 


on our assumption that maximum amplitude occurs during 
a particular season of the year, the phase of the spurious 
annual sidereal effect observed in the northern hemisphere 
will differ by 12 h from that observed in the southern 
hemisphere. This 12 h phase shıft should hold at least 
approximately in practice even if the seasonal modulation 
of the solar component is rather complex. We shall see 
how important it is to be aware of this problem of the 
spurious effect when interpreting the observational data, 
although the material presented here relates in the main 
to daily variations of intensity underground, where 
seasonal changes of the solar component that are thought 
to be due to contributions of atmospheric origin should be 
considerably smaller than they are above ground. 

Late in 1957 two semi-cubical vertical counter telescopes 
were installed at a depth of 40 m.w.e. (metres water 
equivalent) underground near Hobart (42-9° S geo- 
graphic)*, Continuous records have been obtained of the 
intensity of mesons; the mean counting rate being about 
70,000 particles per h. (It has been calculated that more 
than 90 per cent of this counting rate is due to primary 
protons of energy greater than 50 GeV and that the 
primary energy of maximum response is about 100 GeV)’. 
The time of maximum of the annual mean daily variation 
in sidereal time that has been obtained each year from the 
pressure corrected data has remained within the limits 
0500-0700 local sidereal time*. Seasonal modulation of the 
solar component of the daily variation observed at this site 
appeared to have fallen to a very low level in the later 
years, so that from this point of view there was reason to 
believe that the sidereal effect might be genuine. Therefore 
it was of interest to compare the Hobart underground 
results with observations from similar equipment at a 
similar location in the northern hemisphere. Data from 
two (and later, three) vertical semi-cubival telescopes 
located at a depth of 40 m.w.e. at Budapest (47-5° N 
geographic) were obtained from the World Data Centre 
WDC 2 for the complete years 1959 and 1961. Fig. 1 
shows that over the period the times of maximum of the 
apparent sidereal effect at the two places differed by 
approximately 12 h, whether judged by the first har- 
monies of best fit to the intensity deviations, or the sum 
of the harmonies, since the first and second harmonics are 
in phase. We have seen that this is what one would 
expect from a spurious sidereal effect generated by 
seasonal modulation of the solar component-—~a 12 h phase 
difference at places in opposite hemispheres. However, it 
is worth noting at the outset that this conclusion is not in 
accord with the evidence that the effect was still present 
when seasonal modulation was low. More than this, two 
cosmic ray phenomena of a somewhat different character 
that have been reported in recent years support the view 
that the sidereal effects shown in Fig. I are genuine. It 
may be of interest to describe them briefly, before pro- 
ceeding to the more recent experimental results from 
Hobart. 

In an investigation of monthly average daily variations 
obtained from neutron monitors and counter telescopes 
in the northern hemisphere during 1954, a year of mini- 
mum solar activity, Conforto and Simpson® found that 
over a period of some 6 months, the time of maximum 
expressed in solar time was becoming progressively 
earlier at the rate of approximately 2 h each month, in 
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Fig. 1. The observed dany variation in sidereal time, averaged over the 
years 1959 and 1961, of pressure-corrected meson intensity from vertical 
semi-cubical telescopes at a depth of approximately 40 m.w.e. (a) At 
Hobart, scanning asymptotic latitudes in the vicinity of 39° S. geo- 
graphic; (b) at Budapest, scanning asymptotic latitudes in the vicmity 
of 44° N. geographic. The error tails shown are the S.F.’s of amplitude 
associated with the first and second harmonics of best fit 
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the manner of a genuine sidereal daily variation with a 
maximum at approximately 2000 local sidereal time; 
however, it is most important to note that in their termin- 
ology this would be 0800 local sidereal time. As Baliga 
and Thambyahpillai® have pointed out, the authors had 
synchronized solar and sidereal time at the March equinox 
instead of the September equinox, the customary date, so 
that 12 h must be added to their published sidereal times 
of maximum to give the correct values. (This error also 
appears in a notable summary of the 1954 phase anomaly 
presented by Dorman"). Tlhephenomenon wasnot detected 
in the southern hemisphere at that time, although the high 
counting rate data from the Hobart vertical meson. tele- 
scope at sea level was carefully examined for the effect by 
Baliga and Thambyahpillai and by Parsons!!. However, 
in 1961 a phase anomaly did occur at the Hobart under- 
ground site when the amplitude of the solar daily variation 
had reached a very low level, the maximum of the monthly 
mean daily variation in solar time becoming progressively 


earlier at the rate of 2 h each month, in the manner of a. 


sidereal component with a maximum at 0700 local sidereal 
time. This time, so far as I am aware, the phenomenon 
was not detected in the northern hemisphere. In other 
words, it seems so far to have occurred in only one or the 
other hemisphere. This point will be reconsidered later. 
The event at Hobart has been deseribed more fully in 
earlier publications’*, Fig. 2 compares it with a typical 
example of the phase anomaly observed at northern 
latitudes in 1954, and we note the 12 h phase difference 
between the respective apparent sidereal maxima. 

If, as it seems, the phase anomalies had been produced 
by genuine sidereal components of the daily variation, 
there would be no conflict of evidence with the annual 
apparent sidereal effects observed underground in 1959 
and 1961 (Fig. 1) and with the longer term trends which 
indicated that the effect at the Hobart site was genuine. 
The inference would be that the direction of maximum 
intensity of the primaries observable in the northern sky 
differed from that observable in the southern sky by 180°, 
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that is, a two-way sidereal effect exists. On the other 
hand, if the argument that the whole effect is spurious 
were to be sustained, the required seasonally modulated 
solar component of the daily variation would naturally 
have to be such as zo resemble a genuine sidereal daily 
variation. To explain the phase anomalies, this would 
have to be a truly extraordinary seasonal phenomenon— 
a solar component, cf constant amplitude, with a time of 
maximum which prcgressed anti-clockwise from noon in 
midwinter to midnight in midsummer. Nevertheless the 
evidence so far does rot expressly forbid such a possibility. 

What is now needed is a simple experimental result 
exhibiting the 12 h paase shift but explicitly ruling out an 
explanation based om seasonal changes of the solar daily 
variation. The first results from such an experiment are 
reported here. f 

In October, 1963, £ narrow-angle telescope was installed 
at the Huhart underground site. It consisted of three 
standard metre-squere trays in triple coincidence, the 
separation between tre two extreme trays being approxim- 
ately 10 ft., giving € total geometric aperture of 36°. The 
telescope was inclined at an angle of 70° to the north of 
zenith, so that the latitude of viewing along the axis was 
27° N. geographic. Since the telescope responds in the 
main to primaries of rigidity greater than about 100 GV, 
deflexions of the trajectories of the primaries in the 
Earth’s magnetic fiekl would be no more than about 5°, so 
that one could be confident that the asymptotic cone of 
viewing was located in the northern hemisphere. On the 
other hand, the asymptotic cones of viewing for the vertical 
semi-cubes at the underground site are centred at about 
39° S. geographic -atitude and not more than about 
15° E. of the merdian, depending somewhat on the 
nature of the primary phenomenon to which the telescopes 
are responding. It & concluded that the vertical and the 
narrow-angle imelinad telescopes view within about 10° 
of each other in lonzitude when deflexions of the primary 
protons in the Earth’s magnetic field are taken intoaccount. 
The reader will now appreciate the purpose of this joint 
vertical-inclined experiment-——to find out whether the 
apparent sidereal efect obtained from the inclined direc- 
tion, scanning latisudes in the northern hemisphere, 
differs by about 12 h from the effect observed with the 
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Fig. 2. Monthiy averages of the time of maximum, in solar time, of the 

ressure-corrested daily variation of vertical meson Intensity at the 

obart underground sit- (1961-1962) and at Rome (1954). The dashed 
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Fig. 3. The observed daily variation in sidereal time, averaged over the 
year 1964, of pressure-corrected meson intensity at a depth of approxim- 
ately 40 m.w.e. at Hobart, (a) from two vertical semi-cubical telescopes, 
scanning asymptotic latitudes in the vicinity of 39° S. geographic, (5) 
from a narrow angle telescope inchmed 70° to the north of zenith, scanning 
asymptotic latitudes in the vicimty of 20° N. geographic. The error tails 
shown are the S.E.’s of amplitude, associated with the first and second 
harmonics of best fit 


vertical telescopes, scanning mid-southern latitudes. A 
12-h phase difference could not be produced at the one 
place by any local (that 1s, atmospheric) process of seasonal 
modulation, usually thought to be responsible for spurious 
sidereal effects. 

The histograms relating to the first year of operation, 
1964, are shown in Fig. 3 with their first and second 
harmonics of best fit. It is evident that the sidereal daily 
variation in the vertical direction was much the same in 
1964 as it was during 1959 and 1961. In the inclined 
direction the amplitude of the first harmonic is statistically 
significant at the 95 per cent level and the time of maxi- 
mum differs by approximately 12 h from the vertical 
result. The respective times of maximum are in fact 
compatible with the Hobart—-Budapest findings (Fig. 1) 
and with the values derived from the phase anomalies 
(Fig. 2). 

We have seen that this latest result, while remaining to 
be confirmed over several years of observation, was the 
one to be expected from a sequence which as a whole 
indicated the existence of a two-way sidereal anisotropy in 
the primary radiation. The type of anisotropy is depicted 
schematically in Fig. 4. However, the second objective 
of the expermment was perhaps the most important one. 
It now seems scarcely possible that the sidereal effect 
could be spurious. (Elsewhere we shall also conclude this 
from considerations of the observed harmonics.) 

It is of interest to note that the inward direction of the 
galactic magnetic field would be expected to pass overhead 
at about latitude 35° N. at 2000 local sidereal time, while 
the outward direction (looking towards the periphery of 
the spiral arm) would pass overhead at about latitude 
35° S. at 0800 (ref. 13). These times roughly agree with the 
observed times of maximum of the sidereal effect. Correc- 
tions for deflexions of the primary trajectories in the 
Earth’s magnetic field would improve the agreement. If 
it should happen that the galactic magnetic field is in 
fact the seat of adiabatic motions of the charged primaries 





Fig. 4. Schematic diagrams showing the geographic headings of the vertical telescopes underground at Budapest (4) and the vertical 
(B) and inclined 10 telescopes underground at Hobart, (a) at the local sidereal time 7 h, (b) at the local sidereal time F +12 h. The 
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cate primary intensity maxima both backwards and forwards along some fixed direction, having declination d, 


which passes locally overhead at the latitude d in the northern hemisphere at time T and at the same latitude mm the southern 
hemisphere at time T -+12 
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in both the backward and forward directions and that 
these are being detected as intensity maxima at the 
Earth, then the declination of the direction of the aniso- 
tropy should be that of the galactic field in the vicinity of 
the solar system. An estimate of the declmation from 
cosmic ray intensity measurements will be presented 
elsewhere. It is based on a simple empirical model for the 
amsotropy and makes use of observations obtained in 
other directions m the plane of the meridian at the Hobart 
underground station. 

It should be pointed out that in the model both the first 
and second harmonics of the sidereal daily variation have 
physical meaning. It is clear, for example, that at some 
latitude of viewing between Hobart and Budapest only a 
semi-diurnal effect should be observed, and that if the 
primary intensity maxima in opposite directions were 
equal, the first harmonic would disappear when the 
asymptotic cone of viewing was centred on the equator. 

Finally, it is emphasized that although the first har- 
monic now being observed underground at Hobart is much 
larger than at Budapest (Fig. 1), this appears to be only 
temporary. Long-term trends of the apparent sidereal 
effect in the ion chamber data from Cheltenham (38-7° N. 
geographic) and Chmnstchurch (43-5° 8S. geographic) 
indicate that the amplitudes were much larger in the 
northern than in the southern hemisphere during the 
early 1950’s. This could be the main reason why a phase 
anomaly was detected only in the northern hemisphere in 
1954 and only in the southern hemisphere in 1961. As to 
the changes in the relative amplitudes with time, the 
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following suggestior. is offered for what it is worth: when 
a sidereal effect is viewed through the region of inter- 
planetary solar moculation, asymmetries in the modulat- 
ing region with respect to the plane of the ecliptic might 
be responsible for different amplitudes in the northern and 
southern hemispheres. The amplitude differences would 
change from time tc time as the asymmetry itself changed. 
I thank Dr. P. G. Law, Prof. A. L. McAulay and his 
successor, Prof. G. R. A. Ellis, for their interest and 
support. I also thamk especially Dr. A. G. Fenton, who has 
been closely associsted with the project at all stages, for 
advice and discussions. I thank the Director of the 
Central Research Institute of Physics of the Hungarian 
Academy of Sciences (Cosmic Ray Department) for the 
underground cosm.c ray data from Budapest, made 
available through tae World Data Centre WDC 2. 
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SYMMETRY OF THE TIME AXIS 
By Da. F. R. STANNARD 


University College, London 


INTERACTIONS are governed by laws of physics that may be 
conveniently divided into two classes. Laws of the first 
type, such as those of energy and momentum conservation, 
must be rigorously obeyed in each interaction. These 
laws show no preferred direction of time, for reversal of 
the sign of ¢ wherever it appears in the equations does 
not alter their validity. In the second class we have 
laws of a statistical character which dictate the probable 
outcome of many interactions considered as a whole. 
In this class we include the second law of thermodynamics 
and statements concerning the cross-sections for reactions. 
It is these laws which, while not distinguishing between 
any direction in three-dimensional space, nevertheless 
have an asymmetric behaviour with respect to the time 
axis. Thus, for example, the cross-section for a forward 
reaction in general differs from that of the reversed pro- 
cess. This is not because of any difference in the strengths 
of the two interactions, but arises as a result of the density 
of final states factors. Similarly, entropy is well known 
to vary in a systematic fashion with time. 

Why the otherwise perfect symmetry of the space-time 
framework should be flawed by a restricted class of laws 
and in one dimension only has long been a subject of 
discussion. In this article I shall try a somewhat different 
approach to the problem. The question asked is: “Tf 
the time axis were perfectly symmetric in respect of all 
the laws of Nature, how would the world appear to us ?” 

The effect of imposing such a symmetry is best illus- 
trated by taking a particular interaction as an example. 
Let us therefore consider the coupling between the neutron 
state and the (p+e-+'%) state. The world lines of the 
particles involved in any such interaction may adopt the 
general configuration of Fig. 1 or Fig. 2. If the two time 
directions are indistinguishable there is no reason why 
either configuration should be favoured. Nevertheless, 
our observations do indicate a preference for one particular 


pattern of world lines, say those of Fig. 1, and these we 
refer to as representing the decay of a neutron, while 
Fig. 2 shows the-creation of a neutron from a triple 
collision between 2 proton, electron and anti-neutrino. 
Once given such en asymmetric pattern of world lines, 
a direction in time can be defined, and laws formulated 
which describe the asymmetry in terms of the density 
of final states factors. Discussions on the symmetry 
properties of time generally do not seek to deny the exist- 
ence of such laws and asymmetries, but centre rather 
on the nature of the contingency that allowed our world 
to choose between two equally possible sets of world line 
configurations. - 

The line of thowght we are pursuing here is that no 
arbitrary choice hes been made: both patterns of world 
lines are equally alowed at all times. This means that in 
addition to the neutron states with which we are familiar, 
there exist others such that the transitions from them 
to the ip +e-+) states occur with the greater probability 
in the opposite direction of time, as in Fig. 2. So that we 
may distinguish ketween the two particle states, we 
introduce the conespt of intrinsic time sense. Thus all 
particles besides cerrying basic properties, such as mass, 
charge, isotopic spin, baryon number, and intrinsic parity, 
are also to be further sub-divided according to whether 
they have a positive or negative intrinsic time sense. 
So far as we know, all matter of which we have experience 
belongs only to ona time sense category. Matter of the 
opposite time sense we shall designate as “faustian”’. 
Interactions between particles in faustian states would be 
identical in every respect to interactions between our 
own particles, exce>t that their time asymmetry would be 
reversed. 

Perhaps it shoud be emphasized that particles of a 
reversed time sense are not to be confused with particles 
moving backwards in time. This latter phrase is custom- 
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Fig. 1 





Fig. 2 


arily reserved for equivalent anti-particles moving 
forwardin time. As anti-particles obey the same dynamical 
laws as ordinary particles our proposal is for a further 
sub-division into particles of opposite time senses. 

The question of whether we should be able to observe 
particles occupying faustian states clearly depends on 
the type of interaction to be expected between quanta 
of opposite time senses. There is in fact a strong proba- 
bility that the two sets of particle states are independent 
of each other. This can readily be seen by imagining 
an experiment in which we observe interactions between 
a beam of our protons and a beam of faustian protons 
colliding with given energies and at a certain relative 
angle. There would certainly be some particles that would 
continue undeviated having failed to interact, and one 
might expect that the remainder would scatter through 
various angles with or without the production of other 
particles. Let us now perform the experiment in reverse. 
Beginning from a wide variety of states we would clearly 
find it difficult to produce, as a result of the interaction, 
only one final state, that is, the state originally regarded 
as the initial state. (This assumes, of course, that we do 
not artificially arrange the phases of the beams to cause 
destructive interference in all states except one.) The 
interaction as described therefore possesses an asymmetric 
behaviour with respect to the two directions of time. This 
is manifestly impossible for it was specified that we were 
dealing with particles of equal and opposite time sense. 
The overall time sense of the mitial and final states is 
zero so there can be no way for the interaction to dis- 
tinguish between the two time directions. There can in 
fact be no interaction. 

In the case of non-corresponding particles, for example 
a beam of faustian electrons colliding with our protons, 
symmetry arguments tell us only that the time asymmetry 
of the interaction (if any) would be of the opposite sense 
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to that of an interaction mvolving a beam of our electrons 
and faustian protons. It requires an additional assumption 
about the quantitative nature of the time sense before 
we can proceed further. If it is thought reasonable that 
all particles should have the same magnitude of time 
sense, in other words the significance is merely one of 
sign, we may now take as established that there would be 
no interaction between our matter and faustian matter. 
We shall discuss this assumption again later. 

It would appear then that in a world that was perfectly 
symmetric with respect to the time axis, matter of 
opposite time senses would decouple. The faustian 
universe would be embedded in the same space-time 
framework, and yet would remain unobservable to us. 
According to our experience of time, the direction of 
which is dictated by the intrinsic time sense of the matter 
from which we are constructed, the faustian world would 
consist of galaxies absorbing their light rather than 
emitting it, living organisms growing younger, neutrons 
being created in triple collisions between protons, elec- 
trons and anti-neutrinos, and thereafter being absorbed 
in nuclei, ete. It would be a universe that was in a stato of 
contraction, and its entropy would be decreasing, and 
yet the faustian observers would not be aware of anything 
strange in their environment. Being constructed of faustian 
matter their subjective experience of time is reversed, 
so they would be equally convinced that it was they who 
grew older and their entropy that increased. They would 
infer that it was our world that showed the unfamiliar 
behaviour. This rather odd situation, it will be recalled, 
has a close parallel in the special theory of relativity 
where two observers in relative motion are equally 
convinced that it is the other observer’s clock that is 
going slowly. 

Thus in a perfectly symmetric universe all observers 
would be aware of an apparent asymmetry in time, an 
asymmetry that was merely a measure of their ignorance 
of the other half of the universe. Perhaps one ought 
to conclude at this point. Having devised such a universe, 
however, one is tempted to venture a few speculations. 

First we note that there appear to be some striking 
resemblances between the faustian world introduced here, 
and the “shadow universe” of Nishijima and Saffouri!. 
The latter was postulated in an attempt to save CP 
invariance in the long-lived K°—>2r decay experiment’. 
The mechanism invoked was that some K{s became 
shadow Ks by a CP conserving interaction, and at a 
later time reappeared to give the observed long-lived 
2x decay. One undesirable feature of the theory was that, 
in order to prevent shadow K%s decaying to two shadow 
pions, this interaction had to be arbitrarily suppressed. 
This assumption is not necessary, however, if one is 
thinking in terms of faustian K%s. We, the observers, 
must scan the faustian K}? world line according to our 
time direction, and this takes us away from the end that 
is coupled to the two-pion state with the greater proba- 
bility. A faustian K? created in a time sense flip inter- 
action would remain stable until it once again became one 
of our K?s. A second difficulty encountered by the shadow 
universe hypothesis was that there had to be no strong 
interactions between the two universes so as to account 
for the non-observation of shadow particles in other 
experiments. Okun and Pomeranchuk? have pointed out 
that this would mean that shadow K°s produced in the 
neutrino experiments would have been able to pass 
through the shielding and decay in copious numbers 
in the detectors. In fact the number of such decays 
was not abnormally high. The same criticism, however, 
cannot be levelled so readily at faustian Ks. As we 
have seen, there can be a strong interaction between 
non-corresponding quanta. Furthermore, the existence 
of such an interaction involving states with particles of 
both time senses does not require that there should also 
be interactions linking a state of one time sense only to a 
state of mixed time sense. There is thus no reason to 
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expect that in collisions between our particles we should 
have produced faustian. particles. 

Recently, experiments have been performed in which 
the interference between the long-lived K° decay and the 
decay of K%s regenerated by K} interactions has ,been 
studied‘. A method of testing whether the faustian 
universe theory has any bearing on the K? decay problem 
is to repeat these investigations with K mesons created 
as Ks. If OP is violated the same results will be obtained 
as before; if our alternative is correct the sign of the inter- 
ference will be reversed’. The evidence from the inter- 
ference experiments so far performed is somewhat against 
our alternative, but it cannot be taken as definitive 
because it is strongly dependent on an assumption that 
had to be made regarding the K°,K® content of the beam 
used. A second prediction we can make is that the charged 
to neutral branching ratio of the long-lived K°—>2x decay 
should have the same value as that of the normal K? 
decay. Finally, from the observed ratio of the numbers 
of long-lived to short-lived K's decaying to two pions 
we calculate the lifetime of the former to be 4x 10-® sec, 
that is, it lies very close to that of the K3. 

It might be thought that to invoke a time sense flip 
for the K? was unreasonable because the temporary 
disappearance of other particles from our universe has 
not been observed. However, it must be noted that a 
particle experiencing a nuclear or electromagnetic inter- 
action will in general be in a different energy state to that 
of the corresponding faustian particle situated in the same 
field. A time sense flip links particle states of equal energy 
so any significant difference in the energies of the states 
concerned will lead to a strong suppression of the transi- 
tion. In effect, the interaction can occur only for free 
neutral particles. If it is further required that the two 
lifetimes of the neutral particle should have values lying 
in @ range that makes them accessible to measurement, 
one is virtually reduced to considering only the Kì, 
A°, and &° particles. 

If the A° particle undergoes a time sense flip, the free 
hyperon will contain both types of particle. Two mixed 
states will be formed each with its own characteristic 
hfetime. A bound A° in a hyperfragment, on the other 
hand, would be in the nuclear field of the surrounding 
nucleons and thus be prevented from converting to a 
faustian A°. It will therefore have the lifetime character- 
istic of our pure single time-sense state rather than of 
either of the two mixtures. Because the lifetime of a pure 
faustian A® would be infinite if it were prevented from 
returning to our world, we require the lifetime of the 
bound A® to be less than that of either mixture. Dalitz 
and Rajasekharan* have made theoretical studies of the 
lifetimes of hyperfragments, taking into account the 
modification to the lifetime of the A? expected because of 
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the existence of bound states for the decay proton and the 
effects of the Pauli exclusion principle and the stimulated 
non-mesonic decay modes. In the case of ,H*, which is 
the system that lends itself most readily to this type of 
treatment as well as to experimental investigation, the 
observed lifetime is found to be only about half the 
theoretical value, and so far no explanation of the dis- 
crepancy has been forthcoming. If the experimental 
data on hyperfragments are used to determine the lifetime 
of our pure A°, the >ehaviour of the long-lived free A° 
mixture can be pred cted. In particular it is noted that 
if our pure A? has exactly one-half the lifetime of the short- 
lived free A°, then the two free A? mixtures have equal 
lifetimes. For several years now the A° lifetime measure- 
ments? have been in disagreement. We remark that this 
does not necessarily arise from faulty experimentation, 
but instead may be en indication that the A? is a particle 
mixture with two lifstimes, almost but not quite degene- 
rate. Depending on the fiducial criteria used, so experi- 
menters will include varying proportions of long- and 
short-lived A% in their samples. 

A somewhat similar confusion also exists for the =° 
particle’. This, however, could be due to poor statistics 
and cannot be taken as evidence of a &° particle mixture. 

Earlier it was pomted out that the decoupling of the 
two halves of the universe was dependent on the assump- 
tion that non-corresponding quanta had no interaction, 
in the same way as there was no interaction between 
corresponding quanta. Should this not be the case, the 
possibility opens up that one might be able to establish 
contact with fausticn cosmic systems. Observations of 
these systems would pose unusual problems for, as was 
pointed out earlier according to our time reckoning, 
they will absorb radiation from their surroundings, not 
emit it. They will therefore not give rise to images on 
photographic plates One could, however, systematically 
scan @ region of the heavens with a telescope fitted with a 
small sensitive thermal device in its focal plane, and see 
if it suddenly starts radiating energy to a point in space. 

Finally, we ment.on the interesting possibility that if 
some means exists Dr the transfer of matter between the 
faustian universe and ours, a perpetual state of mutual 
regeneration could >e established. 
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MODEL OF THE HIGH-ENERGY PHASE OF SOLAR FLARES 
By Pror. P. A. STURROCK 2 


institute for Plasma Research, Stanford University, Stanford, California 


Tue solar flare is a highly complex phenomenon of con- 
siderable importance in solar physics and geophysics!:?. 
Most theoretical attempts at understanding flares have 
centred on the flash phase. It has recently been argued® 
that the flash phase may be interpreted as a resistive 
gravitational plasma instability’ associated with an 
anomalous density gradient of chromospheric gas sup- 
ported by a sheared magnetic field. This suggestion fits well 
with a proposed model of quiescent filaments® with which 
solar flares are known to be closely associated. 

In pursuing this model, ıt seems that the “main” 
phase of a flare is the manifestation of a “‘tearing-mode”’ 


instability® which spreads across successive shells of the 
sheared magnetic field, releasing the excess magnetic 
energy and returning the field to a current-free state. 
This is indicated schematically in Fig. 1, and agrees well 
with the “rising mound” appearance of limb flares’ 
and the “receding double-filament’’ appearance of disk 
flares®. 

Although this mcdel goes a long way towards explaining 
the principal optical features of most flares, it does not 
explain the remarkable high energy phenomena which 
some flares exhibit: Type IT and Type IV radio bursts’, 
proton acceleration’? and the ejection of plasma clouds 
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(a) 





(b) (c) 


Fig. 1. a, Schematic Tepresentation of sheared magnetic-field pattern 
due to displaced Lne dipole. b, Limb view, and e, disk view of flare as it 
spreads across successive shells 







CORONAL 
STREAMER 


Fig. 2. Model of coronal streamer as bipolar flux tube formed from 
open-field configuration above closed-field region of bipolar field pattern 


which may later produce a geomagnetic storm!!. The 
purpose of this article is to offer a model which seems to 
account for this stage of solar flares. 

The nature of coronal streamers!” is of 
considerable significance for the flare 
phenomenon. For example, investiga- 
tions of Type IT and Type IL radio bursts 
indicate that the exciters of these types 
of radiation move through regions of 
anomalously high density which are 
generally interpreted as being streamers’®. 
Because Type III radio bursts are caused 
by clouds of electrons moving through 
the corona, and because, these electrons (a) 
must follow magnetic field lines, it follows “ 
that magnetic field lines run along the 
length of coronal streamers. Flares are 
normally produced by bipolar magnetic 
regions, and for this reason it is likely 
that the streamer contains flux of both 
polarity. This suggests that the relevant 
magnetic field configuration is that shown 
in Fig. 2, which is topologically identical 
with the ‘‘double-barrelied”’ tail of the 
Earth’s magnetosphere? and can be 
termed a “bipolar flux tube”. This 
interpretation of coronal streamers is 
supported by a recent coronal eclipse 
photograph taken by Dr. Sheldon Smith 
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of the NASA Ames Research Center (to be published). 
It is to be noted that, as in the magnetosphere, there is a 
“Y-type neutral point’ (or “‘line’’) which lies on the 
separatrix of the closed and open field lines, when ıb 
meets the “neutral sheet” or “sheet pinch” which runs 
the length of the coronal streamer. 

The field configuration in the. neighbourhood of the 
Y-type neutral point seems to be very sensitive to 
differences of plasma pressure between the closed-field 
region and the open-field region, having the form of an 
inverted “T” if the “external” gas pressure is the higher, 
and that of a cusp if the “internal” gas pressure is the 
higher. This property is probably responsible for the 
development of the bipolar flux tube from a closed bipolar 
field pattern. An excess of pressure in the closed field 
region will produce a cusp and then drive field lines out 
of the cusp along the sheet pinch, so augmenting the 
bipolar flux tube. When closed field lines are converted 
in this way to open field lines, gas ‘‘attached’ to these 
field lines may escape into the solar wind, so that the gas 
pressure at coronal heights will drop, maintaining the 
pressure differential between closed and open field lines. 
If this is indeed the mechanism for the formation of 
bipolar flux tubes, the associated stored magnetic energy 
is derived from the non-thermal energy flux which heats 
the chromosphere and coronat. On an earlier occasion?', 
it was noted that this energy flux is sufficient to explain 
the energy accumulated between homologous flares. 
(It is possible that the tail of the magnetosphere develops 
in a similar way, driven by the pressure of trapped high- 
energy particles in the radiation belts.) 

Although, as is evident from the existence of the mag- 
netospheric tail, the sheet pinch is metastable, it clearly 
represents a store of available energy which can be 
released by an appropriate instability. The relevant 
instability is generally regarded to be the tearing-mode 
instability®, the steady-state non-linear stage of which 
has been analysed by Petschek®. Petschek’s analysis 
indicates that the non-linear stage proceeds more rapidly 
than the linear stage, which implies that the tearing-mode 
instability is “‘explosive’’!’. If this instability ıs indeed 
explosive, this model offers ready explanations of the 
high-energy phenomena associated with solar flares. 

When the tearing-mode instability (that is, the flare) 
extends into the open-field region, beyond the Y type 
neutral point, it will give rise to a reconnexion of magnetic 
field lines, as indicated in Fig. 3. The lower parts of the 
reconnected field lines will continue the process indicated 
in Figs. 16 and 1c. The upper parts of the U-shaped field 
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Fig. 3. High-energy phase of flare begins when tearing-mode instability extends into open- 
fleld region. (a), (b) and (e) are successive stages in formation of detached pocket of heated 
plasma and high-energy particles and its shock-wave interfece with ‘‘pre-flare” coronal gas 
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lines now exert a tension on the plasma associated with 
it, so that this plasma will be ejected from the Sun as from 
a slingshot. Possible values of the area and magnetic 
field strength of a coronal streamer are 10% cm? and 1015 
gauss. Since the “scale height” of the field pattern would 
be comparable with the solar radius 10!%* em, the stored 
magnetic energy which would be released by the tearing- 
mode instability amounts to 1054 ergs. If the number 
density of the electrons and protons at the base the of 
streamer is taken as 101° cm~? and the density scale height 
as 10°° em, the mass which will be ejected is 107 8- 
If this mass were ejected into free space, it would acquire 
a velocity of 10° cm sec“, but this would be reduced by 
the interaction of the ejected gas with the pre-existing 
solar wind. Indeed, as Parker! has pointed out, the 
asymptotic form of the blast wave will be almost inde- 
pendent of the form of energy release. This estimate of 
the energy release is comparable with Parker’s estimate of 
the energy release necessary to explain an intense geo- 
magnetic storm. 

The tearing-mode instability leads to the development 
of strong electric fields which, by a stochastic process}, 
will accelerate both electrons and protons. Calculation 
of the rate of acceleration and final spectrum is a formidable 
problem, but some simplified calculations!®.2° have been 
made which corroborate the reality of the process. 
Electrons which, after acceleration, are caught in closed 
field lines will stream towards the surface of the Sun. 
If these electrons are deflected by the magnetic-mirror 
mechanism, the bulk of their synchrotron radiation will 
originate at the reflexion points: this offers an explanation 
of microwave Type IV radio bursts®. If at some height 
there is a favourable relationship between plasma and 
gyro-frequencies, the same two-stream instability may 
occur that has been observed by Waniek, Swanson and 
Grannan* and others, which gives rise to intense highly 
directional circularly polarized radiation. This would 
seem to explain stationary Type IVm radio bursts’. 
Electrons which, after acceleration, are in the “open” 
magnetic field configuration are likely to remain trapped 
in the moving “‘pocket”’ containing turbulent plasma and 
magnetic field. Synchrotron radiation by these electrons 
would comprise a moving Type [Vm radio burst’. Ac- 
celerated protons in the closed-field region may go un- 
noticed, except for producing X-rays at the photosphere, 
but high-energy protons in the open-field region will 
leave the Sun and constitute “‘solar cosmic rays”. - 

As the “magnetic pocket” is ejected from the surface 
of the Sun it moves into a region of lower magnetic pressure 
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and lower gas pressure, and for this reason it is likely to 
expand transversely. It will also lengthen,partly due to 
the heating associased with the tearing instability and 
partly because the pocket is collecting coronal gas which 
is shock heated. Because the velocity of the ejected gas ~ 
will be approximately the Alfvén velocity, the shock will 
move at a higher velocity. In consequence, a (collision- 
less) magnetohydrodynamic shock wave will trail from 
the “leading edge”? such a shock wave, moving at just 
such a speed, is necessary to explain Type II solar radio 
bursts. These radio bursts are excited by kilovolt electrons 
accelerated in this shock front, just as electrons are ob- 
served to be accelerated in the Earth’s bow shock. 

It is clear that ths model involves a number of complex 
plasma processes, each of which calls for lengthy detailed 
calculation. While such calculation is essential to confirm 
the model now proposed, the qualitative and gross quan- 
titative agreements between this model and various 
high-energy phenorena of solar flares seem sufficiently 
striking to justify =his preliminary publication. 

This work was sipported by the Air Force Office of 
Scientific Research. 
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A MODEL OF QUASI-STELLAR RADIO SOURCES 
By Pror. P. A. STURROCK 


institute for Plasma Research, Stanford University, Stanforc, California 


Tue nature of quasi-stellar objectst, originally identified 
by association with strong radio sources, remains an open 
question. It was remarked earlier? that the explosions 
which occur in quasi-stellar objects and those which occur 
in radio galaxies are similar not only to each other, but 
also to solar flares’. The proposal that the explosions of 
galaxies and of quasars, leading to radio clouds, could be 
interpreted as “‘galactic flares” could not at that time be 
developed in more detail because the mechanism of solar 
flares was not adequately understood. The model for the 
high-energy phase of solar flares, described in the preceding 
articlet, now makes it possible to construct a more de- 
tailed model of quasi-stellar objects. 

One may argue very simply in favour of the explosions 
being flares. Ultra-relativistic electrons must have been 


accelerated by an electric fields A sudden spontaneous 
conversion of energy from one form to another is an 
instability. The Eind of instability which generates 
electrical fields is ¢ plasma instability. If there is to be 
more acceleration than heating, the gas density must be 
low. As a conseqtence, the energy released by the in- 
stability will be manly magnetic. This is precisely what is 
generally believed to happen in the main and high- 
energy phases of sclar flares. 

Hoyle and Fowker® have argued that the energy re- 
leased in some galastic explosions is so great (105° ergs or 
more) that it is probably derived from the nuclear and 
gravitational energy of a compact body of gas of mass 
10M o-10M o and small size, generically related to 
the nucleus of a Sevfert galaxy. If the mass is supporte 
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by gas and radiation pressure, it is prone to instabilities, 
including some of a relativistic nature*, but these do not 
necessarily release energy of the required magnitude’. 
Moreover, a non-electromagnetic model cannot, of itself, 
yield particle acceleration. 

These difficulties are overcome if it is assumed that the 
mass is supported principally by magnetic stresses. The 
stored magnetic energy will then be comparable with the 
gravitational binding energy so that the model contains 
enough energy in such a form that it ean readily be con- 
verted into high-energy particles. The assumption that 
the magnetic field is closed presents certain difficulties, 
not the least of which is that of explaining the origin of 
the field. The assumption that the magnetic field is open 
circumvents these difficulties. The magnetic field must now 
be assumed to be primeval. 

The nucleus of a quasar is in this model coupled mag- 
netically to inter-galactic space. If there is a sharp drop 
in. density at the surface of the central mass, there will be 
a field reversal, constituting a “sheet pinch”, at the 
“ecliptic plane” of the system, as shown in Fig. 1. The 
sheet pinch will terminate in a circular Y-type neutral 
line outside which there will be a ring-shaped trap ‘for 
accreting gas. The field lines coupled directly to the 
nucleus constitute a pair of “funnels” for accreting gas. 
Photographic evidence that such rings and funnels actually 
occur is provided by plates 143, 146 and other plates of 
Arp’s Atlas of Peculiar Galaxies*®. It is now tempting to 
re-interpret the observed gas flux of both M82° and 
NGC 1275" as accretion rather than explosion. (Dr. 
George Field has independently suggested, in private 
conversation, that the gas flux of M82 may be an influx.) 


Fig. 1. Field configuration associated with quasar (twist not shown) 


On balancing the magnetic energy and gravitational 
binding energy of a simple model, not too far from 
spherical*, a mass-magnetic-flux relation is obtained of 
the form: 

Ow 103° M (1) 
where ® is in gauss cm’, M in grams, and the exact co- 
efficient depends on the geometry. It is noteworthy that 
a typical sample of radio clouds, discussed by Maltby, 
Matthews and Moffet#!, are calculated to have fluxes 
in the range 10%*10°* gauss cm’, in excellent agreement 
with equation (1) and the Hoyle—Fowler hypothesis® 
that the explosions originate in galactic nuclei, for which 
10* M 5-108 My is a reasonable mass range. 

It appears that a magnetic field can offer only gross 
neutral stability. However, magnetohydrodynamic tur- 
bulence has an effective y of 3/2 and so can provide gross 
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stability. For a certain simple model, one finds that the 
oscillation frequency for radial pulsations œw may be 
related to the mean density p, the radius R and the 
Schwarzschild radius R(= 2GMoe-?) by: 

a? æ np (A? — 0-55 [R/R] (2) 
where A is the Alfvén number, that is, the ratio of the 
turbulent velocity v: to the Alfvén velocity val = B(4rp)-*]. 

The above and related equations make it possible to 
estimate parameters for the nucleus of the quasar 3C 273, 
if we interpret the observed 13 year periodicity™ as a 
radial pulsation and the dispersion in gas velocity of 
“half-width” 1083 em sec-!, inferred from emission line 
widths!*, as the turbulent velocity ve. With the choice 
A = 10-1, we then obtain M = 10173 g = 10° Mo, 
R = 1012 em (= 5 light days), 9 = 1071 g em~, Ọ = 
10%%3 gauss cm?, B = 10% gauss, va = 10%? em sec. 
The escape velocity is approximately va. 

As was observed earlier’, the likelihood of anomalous 
density gradients provides for the occurrence of fiare 
flashes'4, which may explain the observed flashes in both 
optical and radio emission. It is also possible that magneto- 
hydrodynamic instabilities may occur which could produce 
sudden changes in radius, either increasing or decreasing 
the optical luminosity. 

We'may now seek, in the present model, the analogue 
of the high-energy phase of solar flares described in the 
preceding article. The site for this phenomenon will be 
the sheet pinch which lies in the “‘ecliptic plane”, and the 
mechanism will be the tearing-mode instability. The 
result will be a “pocket” of turbulent magnetic field 
containing high-energy particles being ejected by the 
tension of the magnetic field, as indicated in Fig. 2. 
If this occurs over only a small range of longitude, it 
will constitute a jet, and it is proposed that the jet of 
3C 273 and the jet of M 87 (ref. 15) are manifestations of 
this mechanism. The fact that the synchrotron radiation 
of the jet of 3C 273 is detectable optically but not in the 
radio wave-lengths indicates that the spectrum is some- 
what flat, implying that acceleration is in progress. 

The hypothesis that radiation from the jet of 3C 
273 is the result of continuing acceleration enables one 
to estimate the strength of the magnetic field at the tip 
of the jet. The rate of emission is about 104% ergs sec-* 
and the cross-sectional area of the jet is about 10*-* cm?. 
We make a conservative estimate of the field strength by 
assuming that the shock front at the tip of the Jet is 
relativistic, advancing at the speed of light. On equating 
the rate of radiation to the rate of “dissolution” of magnetic 
energy, one obtains the estimate B = 1056 gauss at the 
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Fig. 2, Field configuration associated with quasar following flare, leading 
to jet formation 
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tip of the jet. Because the tip of the jet is at least 10°%2 cm 
from the nucleus, the magnetic flux through each hem- 
sphere amounts to 10*?:§ gauss cm?. If we now refer to the 
mass-magnetic-flux relation, we see that this magnetic 
flux must be associated with a mass of 1045-8 g, that is, 
10126 Mo. Our model will not permit the visible nucleus 
3C 273B to have so great a mass. We are therefore led to 
the conclusion that surrounding the visible object 3C 273 
is a much larger mass of gas which is invisible, presumably 
because it is fully ionized. We may note with some 
satisfaction that the presence of a mass of this magnitude 
will make it possible for the quasar to evolve into a galaxy 
as massive as M87, or conceivably into a cluster of 
galaxies. 

It is interesting to enquire further into the likely fate 
of the jet of 3C 273. It will continue as a jet until it 
arrives at the ring-shaped neutral line. At this point, the 
supply of magnetic energy will cease, and there will be 
no further acceleration. The cloud of electrons and ions, 
which have relativistic energies, will now divide into two 
clouds, about equal in size, one moving ‘“northwards’”’ 
and the other “‘southwards’’. This is indicated in Fig. 3. 
It is notable that a single explosion eventually produces 
two similar radio clouds at equal distances from the 
nucleus. In the case of 3C 273, the nucleus will not be on 
the centre line of the double radio source when it forms 
(although it may seem so to other observers). However if, 
as seems quite possible, the flare were to extend over all 
longitudes, the end result would be two ‘“‘smoke ring” 
radio clouds diametrically opposite with respect to the 
nucleus. We see that this model offers a simple explanation 
of the most striking characteristic of radio galaxies— 
their double structure. 


\ 





Fig. 3. Later stage, showing division of jet into two radio clouds (twist 
and effect of twist not shown) 


Two possible interpretations of the radio source 3C 273.4 
present themselves. One is that the electrons responsible 
for the radio emission have been accelerated in a shock 
front at the tip of the jet...the same mechanism as is 
responsible for a Type II solar radio burst, although the 
electron energies would be greater so that we are seeing 
synchrotron radiation rather than radiation from plasma 
oscillations. The other alternative is that the jet has just 
arrived at the cusp so that we are seeing radiation from the 
first batch of electrons to move out of the acceleration 
region of the sheet pinch. 

As was noted earlier, the funnelling action of the 
magnetic field has the result that intergalactic gas streams 
directly into the nucleus. Although the Jeans criterion 
is open to criticism?*, it will be used to provide an estimate 
of the radius of the sphere of intergalactic gas which has 
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condensed to form tne quasar. If in the formula Re = 

alán Gp,)-}, where e is the speed of sound and pẹ the 
density, we adopt the current estimate!’ pọ œ 10-28 g em, 
we find the required temperature to be 7, = 19% °K; 
this may seem high, vut it has recently been shown that 
the density of neutral hydrogen in intergalactic space is 
exceedingly low1*. ‘The corresponding value of Re is 
1074-4 em (800 kiloparsecs). This estimate enables us to 
calculate the intens.ty of the primeval magnetic field. 
As the flux of 1012-8 gauss em? originally threaded a sphere 
of radius 10°44 em, the primeval magnetic field is of 
intensity 1075 gauss. The primeval magnetic pressure 
was therefore comperable with the gas pressure. How- 
ever, as Chandrasekkar?® has noted, this would not have 
inhibited the gravitetional condensation. 

It was noted previously that the funnelling action of the 
magnetic field permits a high accretion rate leading to 
rapid evolution of the quasar. If we identify the optical 
radiation from the nucleus of 30 273, 103° ergs sec", 
as being due to acczetion, the gas influx will be 107"? g 
sec-! or more, so thas the evolution time (the time for the 
nucleus to double its mass) is 1015 sec (1075 y) or less. The 
inequality quoted in the previous sentence is based on the 
expectation that the inflowing gas will give up the bulk 
of its energy at a sheck front (or series of shock fronts) at 
which the temperature is likely to be much higher than 
that of the visible surface of the nucleus. If the shock 
reheats the gas to a temperature comparable with the 
original (intergalact c) temperature, the radiation would 
be primarily in the X-ray band so that the X-ray output 
from the nucleus of 3C 273 may well exceed the visible 
radiation. 

The main “galactic” mass of gas should also be a source 
of X-rays. Whethe> or not it is more intense than the 
X-rays originating mear the nucleus depends on the size 
of the galactic mass (and weakly on its temperature). 
If the temperature is about 10! °K, X-ray emission from 
the galactic mass w-ll exceed 101° ergs sec" if the radius 
of the mass is less tkan 10?!-® cm, that is, 2-5 kpe. 

The present model suggests answers to many questions 
concerning quasars. In addition to those already men- 
tioned, it is possibl to explain why the formation of a 
small heavy object has not been inhibited by angular 
momentum: the ‘open” magnetic field configuration 
provides a mechanism for retaining a low angular velocity 
during condensation by transferring angular momentum 
from the inner reg-ons to the outer regions. One may 
also note that, with the high magnetic field quoted, the 
inverse Compton effect will be negligible in comparison 
with synchrotron radiation, so avoiding a difficulty which 
has led Hoyle, Burbidge and Sargent? to suggest that 
quasars are not at cosmological distances. Further, one 
may note that the explosion mechanism suggested for 
quasars will be applicable also to radio galaxies, if one 
assumes that the magnetic field of the nucleus of such a 
galaxy is similar to shat which we associate with a quasar. 
Such a galaxy would indeed evolve from each quasar, 
according to the present model. 

This chain of thcught now offers an explanation of the 
recent remarkable observations of Byram, Chubb and 
Friedman™, that certain radio’ galaxies emit X-rays at 
a power 10-100 times greater than the combined optical 
and radio output. This X-ray emission may be ascribed 
to an influx of intergalactic gas into the nucleus. 

In view of the high magnetic field strength of the nucleus 
of 3C 273 (which 33 expected to be typical of quasars), 
the great mass of plasma surrounding the nucleus, and 
the various plasma phenomena which may arise, analysis 
of the radiation “including radio emussion) from the 
nucleus appears a complex problem. One will need to 
bear in mind the possibility of proton synchrotron radiation 
and also of cohereat radiation processes, as has recently 
been suggested by Ginzburg and Ozernoy”?. 

Finally, we may suspect from the fact that solar flares 
produce high-energy protons (‘‘solar cosmic rays”) of 
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energies (~ 1 beV) much greater than that of electrons 
responsible for the radio emission (a few meV), that galactic 
flares should accelerate some ions to energies which are 
much greater than the energy of electrons in, say, the 
jet of 3C 273. The jet must contain electrons with energies 
of about 10'*3 eV in order to give optical radiation in a 
magnetic field of strength 10*-* gauss. These electrons are 
decelerated by synchrotron radiation at a rate 10° eV 
sec-1. Thus the stochastic acceleration process®*, which 
arises from the electric-field spectrum produced by the 
instability, has a maximum acceleration rate of at least 
this value. Protons are subject to the same acceleration, 
without experiencing significant deceleration. Any protons 
which have been accelerated at the maximum rate for 
the life-time of the jet (which must be at least 10121 sec, 
as its length is 10% cm) will have attained an energy of 
at least 1018 eV. Multiply charged ions may have 
achieved a greater energy. Thus, it is possible that galactic 
flares are responsible for the high-energy component of 
cosmic rays. 

This work was supported by the Air Force Office of 
Scientific Research, and the National Aeronautics and 
Space Administration. 
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THERMOSPHERIC ENERGETICS AND A POSSIBLE EXPLANATION OF SOME 
OBSERVATIONS OF GEOMAGNETIC DISTURBANCES AND RADIO AURORAE 


By Dr. REGINALD E. NEWELL 


Department of Meteorology, Massachusetts Institute of Technology 


One approach to the study of large scale atmospheric 
circulations pursued extensively during the past few years 
has been the examination of the atmospheric budgets of 
angular momentum, energy and mass. One asks how the 
transfer of zonal angular momentum into the regions with 
westerly winds and out of the regions with easterly winds 
is accomplished, how heat energy is transferred from 
regions of surplus to regions of deficit, and how water 
vapour is transported from regions where evaporation 
greatly exceeds precipitation to regions where the opposite 
occurs. The answers to such questions based on the 
observations now available have led us to picture the 
atmosphere as a series of superposed and interconnected 
heat engines and refrigerators. Investigations have con- 
centrated on the following seven items: (a) meridional 
cross-sections of the zonal wind component; (b) the hori- 
zontal transport of angular momentum towards the poles, 
proportional to the covariance between the zonal and 
meridional wind components; (¢) meridional cross-sections 
of temperature; (d) the horizontal transport of heat 
energy towards the poles, proportional to the covariance 
between the meridional Wind component and the tem- 
perature; (e) meridional cross-sections of radiative heating 
and cooling rates; (f) meridional cross-sections of the 
distribution of trace substances; (g) the horizontal trans- 
port of trace substances towards the poles, proportional 
to the covariance between the meridional wind com- 
ponent and the concentration of the trace substances. 
For the region of the atmosphere below 30 km items 
(a)—-(g) can be obtained from the balloon sounding net- 
work data. No systematic experimental survey of item 
(e) has been conducted although estimates are available 
based on items (c) and (f). For the 30-65 km region, 
meteorological rocket network data have provided limited 
information about items (a}-(c), and the rocket grenade 
experiment has extended items (a) and (e) to about 80 km. 


Items (d) and (g) are not known. Item (e) is computed 
with fairly strong assumptions made about item (f), itself 
not yet properly measured. Nevertheless, the broad out- 
line of the momentum and energy budget of the region 
below 80 km has been synthesized'->. In the heat engine 
regions, radiative processes produce a meridional tem- 
perature gradient and the large-scale quasi-horizontal 
motions carry heat down this gradient. In the refrigerator 
regions the large-scale motions produce a temperature 
gradient, essentially through their vertical components, 
and radiative processes act to reduce this gradient; the 
motions themselves are forced by energy received from 
the heat engines. The same line of reasoning is applied 
here to the thermosphere above 80 km with particular 
emphasis on some geophysical consequences which have 
emerged. 


The Thermosphere 


Item (a) has been obtained from the tracks of meteor 
trails, ionospheric discontinuities, falling spheres and 
chemical clouds. Large seale circulation systems, small- 
scale waves and tides all influence the results. Fedor’ and 
Murgatroyd’? have made use of the ionospheric drift 
results with tides eliminated to extend zonal wind 
meridional cross-sections to about 120 km. Item (b) has 
been estimated from meteor trail data by Jones? and from 
ionospheric drift data®; tidal motions apparently play a 
significant part in the momentum budget. Item (c) has 
been derived from (a) by Murgatroyd’ by means of the 
thermal wind equation and there is good agreement with 
the overall pattern as derived from falling sphere experi- 
ments. Whereas high middle latitudes at 80 km are 
warm in winter and cold in summer, they are cold in 
winter and warm in summer at 120 km. Items (d) and 
(g) cannot be derived from present observations. Mahoney 


~ 


no 5050 AUGUST 13, 1966 


and Lagos*!° have recently presented computations of 
item (e), based on heating which results from absorption 
of ultra-violet and extreme ultra-violet radiation, con- 
duction and infra-red emission by atomic oxygen. Their 
results show that the large-scale motions must transfer 
heat down the temperature gradient in the lower thermo- 
sphere in the direction of the poles at the equioxes and 
towards the winter pole over most of the region at the 
solstices. Item (f) is available for the bottomside iono- 
sphere from surface ionospheric stations and for the top- 
side from Alouette, but only for electron concentrations. 

Combining items (c) and (e), it is noted that diabatic 
heating occurs where the air is warm and cooling where 
it is cold, thus zonal available potential energy is gener- 
ated. This energy is the maximum amount of total 
potential energy available for conversion into kinetic 
energy under any adiabatic redistribution of mass. The 
concept was introduced into meteorology by Lorenz" and 
has been extensively discussed by him and by Van 
Mieghem™. The situation in the 100-150 km layer is 
somewhat similar to that in the 30-50 km region. Some 
of this energy drives the motions which transfer heat 
towards the poles to balance the energy budget. These 
motions will have both zonal and meridional components 
and it has been argued elsewhere®® that they are quite 
adequate to explain the difference in amplitude and phase 
between models of the thermospheric temperature dis- 
tribution and deductions based on satellite drag. The 
lower thermosphere thus functions essentially like a heat 
engine. Is this surmounted by a refrigerator as is the 
case for the heat engines of the 0-10 km and 30-50 km 
layers? If so, the motions involved would be driven 
from the heat engine and there would be a tendency at 
the equinoxes for parcels moving toward the poles to 
subside and thus become warm and for parcels moving 
towards the equator to rise and cool. In fact, at the sol- 
stices one would anticipate a warm winter pole and a cold 
summer pole at heights of about 400 km if the tempera- 
ture changes arising from the vertical components of the 
motion can offset the changes due to diabatic effects. 
Jacchia}? has analysed the drag from a high-latitude 


Table 1. ZONAL AVAILABLE POTENTIAL ENERGY (As), ILS GENERATION 
(Gz), AND THE ZONAL Kinetic ENERGY (Kz), ALL AS DEFINED BY LORENZ. 
Allfenergy contents and generation rates apply to layers 5 km thick 


Winter 


Height Gs Az Kz Gs Az Ks 
(km) (ergs cm~? (ergs cm~ 
gec!) (10° ergs cm~") gec-!) (10° ergs cm-*) 
80 ~ 0°07 04 1-3 —0:10 0-3 0-1 
75 ~ 0°15 0-6 3-4 —0-17 0-2 05 
70 — 0-47 0-6 73 — 0:08 02 4-2 
65 — 0°59 0:2 13 — 005 02 9-9 
60 — 0-16 0-1 11 0-11 0:3 11 
55 11 1:9 20 0-12 00 16 
50 2-2 76 33 0:19 0:4 22 
45 3°27 16 44 012 1:2 29 
40 61 23 60 0:38 3 8 36 
85 28 38 74 0:79 5:7 47 
30 6-4 51 63 — 0:48 2-7 40 
25 4-1 18 65 —13 94 100 
20 — 42 392 155 — I} 299 156 
16 — 64 1,201 1,021 — 65 1,894 293 
10 — 112 2,575 2,180 ~ 1,099 1,059 
5 276 18, 875 1 5452 584 7,388 637 


Table 2. As, Gs AND Kz IN THE LOWER THERMOSPHERE 


Az Gz 
(ergs cm?) 10-5 ergs cm~ seo) 


Height 
km 0800 1200 18660 2000 
Winter 
120 42 9 30 22 5 -5 
115 85 5 25 27 7 —5 
118 130 8 H 0 0 
105 96 78 ~ 118 — 159 —57 -—9 
100 128 520 ~ 264 — 388 —171 —97 
95 896 1,815 — 357 — 583 — 227 — 175 
90 6,270 4,405 om 295 — 434 — 225 — 167 
Summer 
120 1 9 6 ~5 11 8 
115 14 72 18 -12 30 23 
110 84 109 27 —4 44 32 
105 863 84 21 0 51 24 
100 1,020 54 18 -1i 80 9 
y5 2,210 3 2 2 4 0 
00 4,160 513 7 89 9 4 
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Fig. 1. Posible atmospheric energy flow diagram 


perigee satellite which shows such a temperature dis- 
tribution at 500 kmn although he feels there is an alterna- 
tive explanation ef the finding’. Thus, temperatures 
may increase with latitude at such altitudes in the winter 
and at the equincxes. Such an increase has also been 
postulated from the composition measurements of the 
topside ionosphere*®.1, 


Energy Calculations 


A summary of fhe various atmospheric regions is pre- 
sented in Fig. 1. The arrows represent possible inter- 
changes of energy and will be discussed more fully later. 
In Table 1 there is a summary of the mean values for 
summer and winte> of zonal available potential energy, its 
generation by adisbatic processes and the kinetic energy 
content of the 0-30 km region. The heating rates and 
temperatures used in these calculations have been pre- 
sented elsewhere!*, The equations used were those of 
Lorenz. The tebulated values refer to atmospheric 
layers 5 km thick and bounded by latitudes 5° and 75° N. 
In each, temperature, wind and heating rates were read 
from cross-sectiors drawn for winter and summer at 
intervals of 10° im latitude. It is difficult to choose 
appropriate values for the troposphere, and considerable 
generation in the bwest 5 km has probably been omitted 
by the technique. Generation rates for the troposphere as 
a whole? are prcbably close to 2,000 ergs cm-? sec-?. 
Some 100 ergs cm? sec~! leaks upwards out of the tropo- 
sphere and is used.to drive the lower stratosphere. About 
the same amount of energy is consumed in the tropical 
troposphere refrigerator and this is provided by lateral 
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transfer from the middle latitude troposphere. The middle 
stratospheric heat engine generates its own energy, about 
20 ergs cm- sec-!, in winter and in summer generates a 
smaller amount and probably receives energy laterally 
from the winter hemisphere. In addition, there is a 
possible flux of several ergs cm- sec? into the strato- 
spheric heat engine from below in winter!*. About 1 erg em~? 
sec“? has to be supplied upwards from the heat engine in 
the 25-50 km region to the refrigerator in the 60-80 km 
region in winter and somewhat less than this in summer. 
Table 2 presents similar estimates for the 80-120 km 
region based on the radiative heating rates of Mahoney 
and Lagos®!° and a temperature distribution modified 
from Murgatroyd’. The generation rates in this region 
vary during the day by large amounts and are presented 
for four times. The same temperature structure was used 
for each time and a single wind structure for Kz. The 
results in Table 2 give a typical generation rate of about 
20 x 10-5 ergs cm~? sec"! per 5 km thick layer for the 
heat engine region above about 105 km. A typical content 
of zonal available potential energy is about 10 ergs cm-? 
and the ratio A,/G, is about 14 h. This time is so short, 
as I emphasized earlier’, that much of the kinetic energy 
derived from the available potential energy probably 
appears in short-period motions, namely, the tides. It is 
also noteworthy that above 100 km in winter the kinetic 
energy content is larger than that of zonal available 
potential energy, as occurs in the 25-60 km heat engine 
but not in the troposphere. Some of the mean kinetic 
energy evident in the lower thermosphere may be derived 
from tidal kinetic energy. In turn the tidal kinetic energy 
may be partly derived from differential heating in situ 
and partly from tidal forces acting on the atmosphere 
below?®. 

No doubt these numbers will have to be revised as more 
is learned about the upper atmosphere, but they do pro- 
vide a guide to further exploration. They show immedi- 
ately, for example, that the effects of the lower on the 
upper atmosphere are liable to be much greater than the 
converse effects. A similar conclusion has emerged from 
purely theoretical studies?®. Although this may seem a 
trivial point, it is often ignored by investigators studying 
solar—terrestrial relationships. 


Implications for K, and Aurorae 


The thermosphere is characterized by a number of 
temperature changes. Two of these which are well marked 
are the diurnal temperature change and the 27 day tem- 
perature change, and these are thought to be due to 
changes in the incident extreme ultra-violet radiation. 
In fact, the 27-day cycle has been demonstrated experi- 
mentally by Bourdeau et al.?1, who monitored solar extreme 
ultra-violet from a satellite for 2 months and compared 
the results with thermospheric temperatures derived from 
satellite drag data. A preferred area of extreme ultra- 
violet emission on the Sun produced higher thermospheric 
temperatures when directed towards the Earth. In so far 
as solar radio noise is also related to extreme ultra-violet 
emission and varies over the solar sunspot cycle, it has 
been argued by Nicolet®? ‘and others that the change in 
thermospheric temperatures that occurs over the sunspot 
cycle also results basically from changes in solar extreme 
ultra-violet emission. 

The additional hypothesis will be made here that 
changes in the thermospheric temperatures and wind 
structure can be brought about by absorption of energy 
supplied from below. The hypothesis is not new and has 
been discussed in various forms by several authors??:*4. 
With its aid it may be possible to account for the increases 
in thermospheric temperature associated with large values 
of Kp, particularly noticeable at high latitudes?*, and the 
increase in the drift speed of ionospheric irregularities also 
associated with large Kp (ref. 26). Kp itself is a global 
measure of the degree of disturbance of the Earth’s 
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magnetic field as monitored at the Earth’s surface’. 
The normal quet day variation of the surface magnetic 
field is thought to arise from electrical currents in the 
H-region. These in turn are apparently driven by the 
large-scale atmospheric motions. Because the gyro- 
frequency for electrons becomes equal to the collision 
frequency with neutral constituents at about 90 km 
while the same criterion for positive ions is not reached 
until about 140 km, there is a layer in the H-region in 
which ions are strongly influenced by atmospheric motions 
while electrons are strongly influenced by the Earth’s 
magnetic field?8; it is thus possible for the atmospheric 
motions to produce differential motions of the electrons 
and ions, in other terms an electric current. The current 
is manifested as changes in the magnetic field at the 
Earth’s surface. When the field departs strongly from its 
regular variation it seems reasonable to assume that the 
£-region currents are responsible. Thus changes in either 
atmospheric motions or conductivity are the ultimate 
cause for changes in Ky. There seems to be no difficulty 
in supplying the perturbation magnetic energy from the 
kinetic energy; for example, a field change of 200y cor- 
responds to a change in magnetic energy of ~ 2 x 10-° 
ergs cm-%, whereas a typical kinetic energy density at 
120 km, for a speed of 50 m sec-}, is 5 x 10-4 ergs cm~. 

Many attempts to explain auroral phenomena on the 
basis of charged particle streams from the Sun do not 
appear to be correct now that the solar wind has turned 
out to contain only relatively low-energy particles. A 
search is therefore under way for acceleration mechanisms 
that can act on terrestrial ions. The details are not yet 
clear; in fact, the relationships between motions of neutral 
particles, motions of ions, pressure gradients, electro- 
dynamic forces and viscosity are not as yet completely 
understood?*-33, The possibility that the charged particle 
energy comes ultimately from the kinetic energy of large- 
scale motions is one which has only been investigated in 
a preliminary fashion®*. Seasonal changes in preferred L 
shells?5:38 and indeed their very existence may be related 
to preferred regions of atmospheric acceleration. Further 
work may use considerations such as those applied to the 
solar atmosphere by Starr and Gilman?’ with diffusion of 
magnetic field lines included. Nevertheless, it is clear that 
the necessary energy is readily available. The energy 
deposited in a typical aurora is about 10!’ ergs sec™? or 
0:02 ergs cm-? sec“? when averaged over the globe, which 
is a relatively small fraction of the atmospheric energy 
available (see Table 1). Even a large event only involves 
0-2 ergs cm-? sec-!? compared with 100 ergs cm~? sec"? 
which is constantly being supplied by the troposphere to 
the lower stratosphere. It should be noted that the 
generation rates for the thermosphere alone are much too 
small to provide the energy (Table 2). 

Students of the ionosphere are aware of the long debate 
25-30 years ago between Hulburt, Chapman and others 
concerning the ultimate cause of geomagnetic disturb- 
ances. The principal mechanisms proposed were extreme 
ultra-violet and solar corpuscular radiation; the debate 
is delightfully summarized in the book by Chapman and 
Bartels**. The present hypothesis is that two factors can 
alter the circulation of the thermosphere and thereby 
produce geomagnetic changes; these are extreme ultra- 
violet changes (with concomitant conductivity and 
motion changes) and energy received from below. A 
particularly difficult problem is to differentiate between 
cases involving one factor alone, or both jointly. As an 
example, suppose that the energy transmitted from below 
is most effective (because the transmission of the lower 
thermosphere is high) when the extreme ultra-violet flux 
is at a minimum in its 27-day cycle or at a particular 
level below the maximum. Then geomagnetic disturbances 
(as opposed to regular variations) might predominate. 
This simple suggestion may suffice to account for the 
claimed existence of M-regions on the Sun. These “mag- 
netically effective regions”, so named by Bartels®*, were 
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introduced to explain the origin of magnetically disturbed 
conditions on the Earth which were not accompanied by 
visible solar disturbances. 

Changes in the horizontal pressure gradient forces in the 
thermosphere which can be brought about as a response 
to changes in the thermal structure below could change. 
the kinetic energy in the lower thermosphere. It is sup- 
posed here that this action occurs by way of the large-scale 
wave motions of the atmosphere below 100 km. The 
energy is supposed transmitted by pressure-work boundary 
terms rather than by an actual vertical flux of kinetic 
energy. The formal mathematical development applicable 
to vertical transmission by atmospheric motions of both 
large- and small-scale waves has been summarized by 
Van Mieghem’. 

Several years ago, Charney and Drazin®® posed the 
question, “Why doesn’t the Earth’s atmosphere have a 
corona ?”’. They answered it with a preliminary numerical 


computation of the transmission of the atmosphere below . 


100 km to planetary scale, zero frequency, wave energy, 
which showed that in general such energy was trapped in 
the lower layers. Strong westerly winds or easterly winds 
in the 50-60 km region were found to inhibit the vertical 
flux of energy; only near the equinoxes when the winds 
were very light westerly could transmission occur. It is 
quite likely that small amounts of energy can escape at 
other times also and, in fact, it appears that the atmo- 
sphere does have a semi-permanent corona as shown by 
the presence of radio aurora, Equinoctial peaks in Ky and 
radio aurora*® could thus result from an increased vertical 
energy flux at these times. They do not appear on the 
same dates each year and it is evident that the dates of 
optimum transmission of the atmosphere below 100 km 
are likewise variable. Other variables are the vertical 
energy flux from troposphere to lower stratosphere and 
the generation of energy in the 25-50 km layer. 

As is common to most postulates concerning geo- 
magnetic disturbances, there are several items that do 
not easily fit into the scheme. For example, the frequent 
suddenness of onset of a geomagnetic perturbation is 
difficult to explain. When long records of the circulation 
of the lowest 100 km are available it may be possible to 
distinguish characteristics associated with sudden and 
gradual disturbances. Another objection that might be 
raised is that K, was found to be related to the solar 
wind velocity by the Mariner probe experiment“. It is 
difficult to argue that the changes induced in the magneto- 
sphere could have produced changes in direction of the 
solar wind at such large distances. Nevertheless, there 
are no energy difficulties with the postulate and it may 
well be invoked for those radio aurora and K, events not 
obviously related to events on the Sun. A similar postulate 
is often used to account for the temperature of the Sun’s 
corona although usually the small-scale motions are held 
responsible; large-scale photospheric motions provide an 
equally attractive energy source. 

A final comment concerning solar—weather relationships 
is that most investigators have examined meteorological 
processes occurring after K, changes (with the assump- 
tion that Kp reflected a solar change). It may be more 
profitable to examine meteorological processes in the 
lowest 100 km before Kp changes. 
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It is clear that tae hypothesis presented here can be 
tested when extensi-e observations of items (a)—(g) in the 
80-300 km region have been collected so that their 
variations with tim> of day, season, position in 27-day 
and sunspot cycle end change with Kp can be assessed. 
If the hypothesis is sorrect, then such observations would 
have obvious practral applications. 

Much of the research on which these comments are 
based has been supported by the U.S. Atomic Energy 
Commission. My cclleagues, Dr. J. R. Mahoney and Mr. 
C. P. Lagos, kindly allowed me to see their heating rate 
computations in advance of publication. I thank Mr. 
M. L. Stone, of the M.I.T. Lincoln Laboratory, whose 
questions prompted this article. 
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THE REVERSIBLE OXYGEN ELECTRODE 
By JAMES P. HOARE 


Research Laboratories, General Motors Corporation, Warren, Michigan 


For an electrode process consisting of a series of con- 
secutive steps to be truly reversible, not only must the 
overall electrode reaction be the same in both the anodic 
and cathodic directions, but also each individual step 


of the forward process must be reversed in the back 
reaction. When oxygen is reduced at a platinum cathode 
in oxygen-saturatec acid solution, hydrogen peroxide is 
detected? in the electrolyte, but when oxygen is evolved. 
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at such an anode, hydrogen peroxide is not detected’. 
This observation indicates that the mechanism for the 
reduction is different from that for the evolution of oxygen 
at a platinum electrode, as hydrogen peroxide is a stable 
intermediate in the one case but not in the other. 

On. the basis of steady state polarization curves, Hoar‘ 
was the first to show that the extrapolated Tafel lines for 
the cathodic reduction and the anodic evolution of oxygen 
cross at the theoretically calculated potential value of 
1-23 V (ref. 5). These data have been confirmed?? and. 
support the conclusion that the overall electrode reaction 
is the same for platinum/oxygen anodes and cathodes. 
The electrode process is the four-electron oxygen/water 
reaction: 


O, + 4H+ + 4e = 2H,0 (1) 


In the anodic evolution of oxygen, it is generally agreed 
that the first step is the discharge of adsorbed water 
molecules to form adsorbed hydroxy] radicals: 


- (H,O)aas > (OH )aas + H+ + e (2) 


What happens next is not clear, because steady state 
polarization measurements give information only about 
the rate-determining step which appears to be equation 2 
(refs. 1 and 2). Probably a method using short pulses 
may yield evidence of the nature of the steps which follow 
the rate-determining step. However, a possible path 
which seems reasonable is as follows. The hydroxyl 
radicals may interact, producing an adsorbed oxygen 
atom and a water molecule: 


2(OH)aas —> Oads + (H20)aas (3) 


Finally, two adsorbed oxygen atoms may combine to 
form the adsorbed molecule of oxygen from which oxygen 
is desorbed: 


2 Oads —> (Oa)aas (4) 


The current goes into the formation of hydroxy] radicals, 
but oxygen is evolved from the chemical interaction of 
these adsorbed hydroxyl radicals. If this mechanism is 
accepted, it may be seen that the rate-determining step 
(equation 2) must occur four times to produce one oxygen 
molecule, so that the stoichiometric number is 4. Further- 
more, hydrogen peroxide is not involved. 

From investigation of the reduction of oxygen on carbon 
electrodes using oxygen-18 as label, Yeager et al.° found 
that the oxygen-oxygen bond is not broken and hydrogen 
peroxide is the final product. It is generally known that 
carbon is a poor catalyst for the decomposition of hydrogen 
peroxide. If a good catalyst for hydrogen peroxide 
decomposition such as platinum is used as the cathode 
material, water is the final product; but hydrogen peroxide 
builds up in solution to a steady-state concentration of 
about 10-5 M1:2.7, These results suggest that the reduction 
of oxygen on platinum proceeds through the stable inter- 
mediate, hydrogen peroxide. A possible mechanism is as 
follows. Oxygen is adsorbed on the electrode surface, 
and the rate-determining step is the discharge of the first 
electron?: 


(Os)ags + © — (Ox-)ada (5) 
This step is followed by the reaction with a hydrogen ion: 
(O.-)aas + H+ > (HO3)ads (6) 


After discharge of another electron and the reaction with 
another hydrogen ion, a molecule of adsorbed hydrogen 
peroxide is produced: 


(HO,)aa + © > (HO,.-)aas (7) 
and 
(HO.-)aq + H+ — (H,0,)aas (8) 


The peroxide may desorb into solution or may undergo 
catalytic decomposition to oxygen and water: 


: 2(—H1.0)ads —> (Oz)ads + H2O)aas (9) 
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The oxygen formed from the hydrogen peroxide may 
undergo the reactions shown in equations 5-8, and 
effectively four electrons will have been passed and oxygen 
will have been reduced to water. If the electrode surface 
has adsorbed oxygen on it, such as a partial layer of 
platinum-—oxygen’, produced by pre-anodization, the 
decomposition of hydrogen peroxide occurs through inter- 
action with the platinum-—oxygen layer as suggested by 
Bianchi et al.?: 


H,O, + Pt—-O —> H,O ~f- O, + Pt (10) 


When the platinum-oxygen layer has been reduced, hydro- 
gen peroxide is decemposed by a local cell mechanism? 
as first described by Gerischer and Gerischer’: 


H0O, + 2H* + 2e — 2H,0 (11) 


and 
_ H,O, — O, + 20+ + 2e (12) 


In the cathodic case a stoichiometric number of 2 is 
expected. The stoichiometric number, v, may be deter- 
mined from the anodic (bz) and cathodic (be) Tafel slopes 
by the relationship: 

AF / babe ) 

Y= RT ba + be 

only if the activated complexes for the anodic and cathodic 
reactions are the same as pointed out by Parsons?!, 
Because on platinum electrodes the activated complex 
involves a single-bonded oxygen as shown in equation 2 
at the anode, but a double-bonded oxygen (equation 5) 
at the cathode, equation 13 cannot be used, and such 
calculations are meaningless. 

However, Bockris and Huq! were able to observe 
experimentally the reversible oxygen potential, 1-23 V, 
for about 1 h on platinum electrodes under open-circuit 
conditions in a rigorously purified system. They suggested 
that these observations had not been made before because 
others had worked with impure systems. 

When a clean platinum electrode was placed in a purified 
acid solution’, the reversible potential was not observed; 
and the rest potential was explained in terms of a local 
cell mechanism composed of the oxygen/water reaction, 
equation 1, and the platinum/platinum-oxygen reaction: 


Pt-O + 2H* + 2e= Pt + H,O (14) 


Recently, it was found!? that the reversible oxygen 
potential could be observed for extended periods of time 
on a platinum electrode which had been treated with 
concentrated nitric acid. This treatment with mitric 
acid, it was suggested, produces a complete electronically 
conducting layer of adsorbed oxygen. In this way, the 
mixed potential mechanism is suppressed, and the surface 
is both electronically conducting and inert to oxygen. 
Consequently, a potential of 1-23 V is observed. 

It is to be noted that those electrodes on which Bockris 
and Huq observed 1:23 V at open circuit were heated 
at 500° C for 2 h just before they were plunged mto the 
electrolyte which, it is contended, produced a complete 
layer of electronically conducting platinum—oxygen. 
Similarly, Watanabe and Devenathan’* observed the 
1-23 V only after exposing the clean electrode to pure 
oxygen for 48 h. 

Therefore, another condition as well as the rigorous con- 
trol of impurities maintained by Bockrist must be imposed 
on the platinum—oxygen acid system before the reversible 
oxygen potential can be observed. The platinum surface 
must be covered by a complete layer of platinum—oxygen. 

When the nitric acid-treated platinum electrode, 
referred to as a platinum-—oxygen-—alloy electrode", is 
polarized at very low current densities, a plot of the 
potential as a function of current density gives a straight 
line (see Fig. 1 of ref. 15) which passes from anodic to 
cathodic polarization through a potential of 1:23 V 
without a change of slope. As long as this electrode is 
not polarized beyond about 50 or 60 uampjem?, the 
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system is stable; and the polarization curve is reproducible. 
At high anodic or cathodic current densities, the complete 
film of platinum-—oxygen is impaired; a mixed potential 
mechanism sets in; and the reversible electrode is destroyed. 
Peroxide is not detected when a platinum—oxygen—alloy 
electrode is cathodized'®. As the rest potential is 1:23 V, 
the slope of the anodic and the cathodic branches of the 
voltage-current (#-2) curve is the same, and hydrogen 
peroxide is not detected with cathodic polarization, it is 
concluded that a platinum electrode completely covered 
by a conducting layer of platinum—oxygen produced either 
by exposure to nitric acid or to pure oxygen?!9 is a, true 
reversible electrode. Therefore, the oxygen—oxygen bond 
must be broken at the cathode before an electron is 
transferred instead of afterwards as in the mechanism 
described by equations 5-9. 

At the reversible platinum—oxygen electrode, the 
potential is much more noble (by 200-300 mV) than at 
an irreversible platinum/oxygen electrode, as local cell 
action is missing. Also, oxygen is adsorbed at the re- 
versible electrode on a complete layer of platinum—oxygen 
symbolized by Pt-O(O.). Under these circumstances of 
high potential, the electrode surface is capable of breaking 
the oxygen—oxygen bond before electron transfer takes 
place. A possible mechanism may be visualized as follows. 
The oxygen-oxygen. bond is broken, 


Pt-O(O,) > 2Pt-0(0) (15) 


followed by the reaction with an adsorbed water to form 
adsorbed hydroxyl radicals: 


Pt-O(O) + Pt-O(H,0) — 2Pt-0(OH) (16) 

Finally, water is formed from the discharge of absorbed 
hydroxyl radicals: 

Pt-O(OH) + H+ + e — PT-O(H,O) (17) 


It can be seen that the cathodic mechanism, equations 
15-17, is the reverse of the anodic mechanism, equations 
2-4, as originally suggested by Bockris and Huq}. 

‘These mechanisms, however, can occur only on clean 
platinum electrodes covered by a complete layer of 
platinum-—oxygen at low current densities, because it was 
observed! that after high anodic or cathodic polarization 
the system did not return to its original state. With 
anodic polarization, current goes into converting platinum— 
oxygen sites into platinum dioxide sites (see Fig. 4 of 
ref. 15) which impairs the complete layer of platinum- 
oxygen, so that under open-circuit conditions the local 
cell mechanism takes place with a resulting loss of potential. 
With cathodic polarization, the platinum—oxygen layer is 
also partially reduced, destroying the conditions for a 
reversible electrode. As a result, any kinetic data, such as 
Tafel slopes and č, values, obtained from polarization 
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data at relatively hgh current densities do not relate to 
the reversible but to the irreversible platinum/oxygen 
electrode where the anodic and cathodic mechanisms are 
not the same. Values of v calculated from equation 13 are 
meaningless. Also ~ values determined from low current 


density data using 
g (anai) 


(where 2 is the wakes current and dy/di is the slope 
of the linear Æ—i curve, see Fig. 1 of ref. 15), are doubtful 
because z, as obtaired from the Tafel slope is unreliable. 
Values of 4, between 10-° and 10-!° amp/cm? recorded in 
the literature??:4.13 relate to the irreversible platinum/ 
oxygen electrode. The %, for the reversible platinum/ 
oxygen electrode B between 10-5 and 10-* amp/cm? 
(see Fig. 3 of ref. 15. 

In conclusion, ons must distinguish between two types 
of platinum/oxygen slectrodes. The irreversible platinum/ 
oxygen electrode, which is the one normally prepared, is 
@ polyelectrode!*; tke rest potential is a mixed potential!’ ; 
the anodic mechanism, equations 2—4, is different from the 
cathodic, equations 5-9; and in the reduction of oxygen, 
electrons are trarsferred before the oxygen-—oxygen 
bond is broken, vDroducing the stable intermediate, 
hydrogen peroxide The reversible platinum/oxygen 
electrode prepared only by special techniques?! is a 
single electrode**; the rest potential is determined by the 
oxygen/water reaction, equation 1; the anodic, equations 
2—4, and the cathodic, equations 15-17, mechanisms are 
the reverse of one another; in the reduction of oxygen, 
electrons are transfrred after the oxygen—oxygen bond 
is broken; and the only intermediate involved is the 
unstable adsorbed Fydroxyl radical. 
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ELECTRICAL CONTROL OF BEHAVIOUR BY PROGRAMMED STIMULATION 
OF THE BRAIN ; 


By Dr. LAWRENCE R. PINNEO 


Delta Regional Primate Research Center, Tulane University, 


THE ability to control electrically the behaviour of animals 
would greatly aid physiologists and behavioural scientists 
in the investigation of the neural mechanisms of motor 
activity, and the normal behaviour patterns involved m 
purposive movement and social interaction. Quite a 
number of experiments have shown that such an approach 
is feasible. For example, Hess! has shown that a wide 
variety of movements of the head, forelegs, hindquarters, 
and the muscles of the face may be elicited by electrical 
stimulation of diencephalic structures. Hess, and others, 


Covington, Louisiana 


have further demomstrated that a “‘normal’’ progression 
of behaviour in time such as feeding, attack, and avoidance, 
can be initiated by electrical stimulation in one site. 
von Holst and von St. Paul? were able to obtain both 
simple movements and complex barnyard behaviour 
patterns in chickens by stimulation of sites in the brain 
stem. These forms «f behaviour included sitting, standing, 
preening, seeking snd eating food and drinking water, 
escaping from prsdators, and the like. Delgado* 
found that long tem stimulation of the red nucleus of 
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Schematic drawing of shop ta sections of the squirrel monkey brain at levels P 4-0, P 5-0, P 60 and P 7-0. Nuclear 
Numbers refer ta electrode positions on right side of animal that provided specific movements 
on stimulation (see Fig. 2}. Ab, Nucleus ambiguus; Cb, cerebellum; Cal, nucleus cunneatus lateralis; FRM, fi 


ormatio reticularis 


myelencephali; £Cb, nucleus intermedius cerebelli; Lac, nucleus lateralis cerebelli: MC6, nucleus medialis cerebelli; N Sv, nucleas 

tractus spinalis n. trigemim; NTS, nucleus tractus sohitari; Nev, nucleus n. *hypoglossi,: O1, nucleus olivaris inferior; RL, 

nucleus reticularis lateralis myelencephali; RPm, nucleus reticularis Paramedianus myelencephali; SGS, substantia gelatinosa 

spinalis; SGV, nucleus substantiae grseae ventralis; Ves I, nucleus vestibularis inferior; Ves L, nucleus vestibularis lateralis; 
, Fes M, nucleus vestibularis medialis 


rhesus monkeys evoked a reliable sequence of behaviour 
such as bipedal locomotion, climbing, vocalization, and 
social interactions. 

The difficulties with the results of these experiments 
are three. (1) In normal behaviour a given group of 
muscles are used in a wide variety of ways, but stimulation 
as in the experiments described does not allow for any 
variability in behaviour using the same electrodes. 
Rather, it appears that in most instances behaviour was 
initiated by stimulation of centres or pathways pre- 
existing at a high level of integration in the nervous 
system. (2) Unfortunately, histological analysis of the 
brain sites subserving the movements elicited in these 
experiments has not revealed a simple spatial separation 
into discrete centres, each of which might represent one 
specific function. (3) The type and complexity of the 
movements depended to a large extent on antecedent 
conditions, such as sleeping versus awake, reclining versus 
erect. 

What is obviously needed, then, is a set of discrete 
brain centres which, whenever stimulated, always results 
in relatively simple movements (that is, at a relatively 
low level of integration), and the same movements each 
time the sites are stimulated. By combining or pro- 
gramming several different simple movements in time, 
one might produce a particular sequence of behaviour; 
by changing the programme, but still stimulating the 
same sites, a different sequence of behaviour would result. 

A. clue to this possible solution of the problem is sug- 
gested by experiments of Brodal, Pompeiano and others®~’ 
on decerebrate rigidity. Their work showed that electrical 
stimulation of cerebellar nuclei, vestibular nuclei, and 
other nuclei in caudal brain stem produces unitary 
movements such as flexion or extension of a paw, foreleg 
or hip. Though simple, these elementary responses still 


require co-ordinated integration of synergistic and 
antagonistic systems, often involving as many as thirty 
different muscles. Nevertheless, the movements were 
quite discrete, and it was found that many of the nuclei 
were somatotopically organized, that a given locus of 
stimulation always produced the same kind of movement, 
and that some of the same movements could be produced 
by stimulation in more than one nucleus. To me, these 
results seemed admirably to answer the question of how 
to programme stimulation of the same sets of muscles in 
order to control many different behaviour sequences. 

To this end, our first attempts have been directed toward 
control of the right arm and hand of a squirrel monkey 
(Saimiri sciureus) in the performance of various actions 
and to the determination of the level of organization of 
these movements in the brain. Preliminary experiments 
were carried out on five cats and six monkeys. A single 
concentric electrode was used stereotaxically® to explore 
various sites in animals anaesthetized with pentobarbital 
sodium (30 mg/kg in cats) and seconal (20 mg/kg in 
monkeys), in order to determine the type of movement 
elicited at each locus and the optimum electrical para- 
meters required for the best results. Electrodes consisted 
of an outer stainless steel tube (0:5 mm outer diameter) 
insulated to within 1 mm of the end, and an inner stainless 
steel wire (0-1 mm outer diameter) insulated to its tip; 
electrode tip separation was 1-0 mm. Stimulation was 
provided with a Grass S-4 stimulator through an isolation 
unit, and the stimulating current monitored on a “Tek- 
tronix 565’ cathode-ray oscilloscope by measuring the 
IR drop across a 1,000 ohm resistance in series with the 
electrode. Exploration extended to 1 mm steps from 
stereotaxic co-ordinates P 3-0 to P 7-0 in the anterior- 
posterior plane, laterally from 0-5 to 3-5 on the right 
side, and from +1-:0 to —13-0 in the horizontal plane. 
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Nuclei stimulated included the interpositus, fastigial, and 
dentate of the cerebellum, and the superior, medial, 
lateral, and inferior vestibular nuclei, as well as other 
brain stem nuclei (Fig. 1). 

In each anterior—posterior—lateral stereotaxic locus, the 
stimulating electrode was moved vertically down 0-5 mm 
at a time, and pulsed current increased slowly from zero 
to 800 amp, base-to-peak. Whenever a movement was 
elicited by a high current value, invariably the same 
movement was produced at a relatively low current value 
by simply lowering the electrode by 1-0-2-0 mm, or by 
placing the electrode laterally at the same depth. That 
locus where the lowest current produced the maximum 
movement effect was judged to be the site responsible for 
the movement, and the current used as the ‘‘threshold”’ 
current. Optimum electrical parameters at such threshold 
sites were usually found to be 200-300 rectangular pulses 
per second, 0:1—-1-0 msec duration, and 50-200 pamp 
base-to-peak, monophasic with the inner electrode—the 
cathode. Each site was very specific, for if the electrode 
was moved up or down during threshold stimulation as 
little as 100u the elicited movement ceased; it could be 
re-elicited by an increase in current or repositioning of 
the electrode at the former site. In all the locations 
examined, the mechanical effect of movement was pro- 
portional to current strength so that very 
finely graded movements could be ob- 
tained. 

Some of the simple, non-programmed 
movements produced by this exploratory 
stimulation in an anaesthetized monkey 
are shown in Fig. 2; the position of the 
stimulating electrode in each case is 
indicated in Fig. 1. At any given locus 
an increase in current significantly above 
threshold (for example, up to 800 pamp 
in photographs 4, 5 and 6 of Fig. 2), 
produced more than one fragmentary 
response. Presumably this resulted from 
spread of current to adjacent sites, as 
movement of the electrode up, down or 
laterally produced each movement separ- 
ately at low current values. In addition 
to the grasping and extension of the 
fingers, the extension and flexion of the 
limbs at the wrist, elbow, shoulder, ankle, 
knee, or hip, we also found sites for open- 
ing and closing the mouth as in mastica- 
tion (site No. 10), movement of the 
tongue in or out as in licking (not shown), 
curling or sideways movement of the tail 
(not shown), and were able to control 
heart rate and rate and volume of respira- 
tion. 

Programmed stimulation was achieved 
in three additional squirrel monkeys. 
Unfortunately, all three died as a result 
of oedema of the brain stem beforg 
motion picture camera was availg 
record their movements. H 
movements can be descu 
the technique. Uy 
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waveform and pulse generators) and additional stimulators 
to produce the desired effects. Most of the sequences 
chosen were based en the naturally occurring movements 
observed in the awa<e animal before implantation, and the 
particular simple movements we were able to elicit at 
each electrode site after implantation. Several arbitrary 
combinations were also used to explore other possible 
movements not previously observed in the monkeys. 
The elementary mcvements in the three monkeys were 
very similar when stimulated in homologous loci, and a 
given sequence of stimulation produced essentially the 
same sequence of behaviour in each animal. Abnormally 
appearing temporal sequences or “‘slow motion” behaviour 
could be obtained as well. 

In one programme of stimulation (sequence 7 for 0-3 
sec; 7& 2, 0-1 sec; 7& 8, 0-6 sec; 3, 0-2 sec; 3 & 9, 0-2 sec) 
the awake monkey would grasp an object (for example, 
monkey chow) with is right hand and rapidly and smoothly 
bring the object to its mouth. This sequence could be 
repeated as often as desired, and the movements could 
not be discriminated by observers to be different from that 
which occurred when the animal voluntarily performed 
the same act. Using the same set of electrodes, different 
programmes produced different sequences of movement. 
For example, sequenee 9, 0-1 sec; 9 & 7, 05sec; 9& 7T& 
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arm backward over the body with a back-and-forth 
movement (as in scratching) at the base of the tail. It 
appeared that an almost endless repertoire of sequential 

< movemënts could be elicited in this limb by simply 
eeu changing the programme and stimulus duration of the 

.. game set. of electrodes. In all cases, the electrical stimu- 
over-rode and pre-empted any simultaneous 
ry movement of the animal, and a movement 
ce could be elicited in its essential form whatever 
tion of the animal (provided the limb was free to 
and whether the monkey was asleep, awake, or 
naesthesia. 

> levels of the central nervous system where these 

ions were performed, it is most unlikely that 

ial nerve fibres were selectively excited and in the 
temporal sequence to produce such complex and 
ed movements. Rather it would seem that, as 
has suggested, behaviour is composed of in- 
of “behavioural fragments”, and each ‘“‘be- 
fragment’’ has a specific neuronal organization 
ing ia an anatomical structure. The organized 
nu this investigation were presumably triggered 

Tease in tonic activity at the sites of electrical 

hion, giving pre-eminence to one or more functional 

esponses to the exclusion of others. 

r-to isolate the level of the organization of the 

ry responses, various lesions were made in several 
ig anterior to the electrode sites. Destruction of 
left motor cortex for the right hand and arm in one 
he chronic squirrel monkeys produced paralysis to 
untary movement in that limb as it does in man. Yet, 
th single aad programmed movements were produced 

è lesion that did not differ in any way from those 

iG before the monoplegia. In two of the acute 

teys, in which electrodes were located in the vesti- 
uelei at the level of P 5-0, a complete section of 

‘ain. stem immediately anterior to the stimulating 

de did not alter the movements elicited by stimu- 

efore the section was made. From histological 
ions in another animal, it was found that the 
de producing integrated movement had actually 
he spinal cord at about C 2. Apparently, the 
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Apart from the oedema produced in the chronic animals One 
(which we are trying to correct by using smaller, multiple _ 
electrodes in a single chain), these results suggest that —__ 
programmed stimulation of the brain can be a powerful 
research tool in initiating, modifying, and controlling 
behaviour. For example, we are at present mapping thè __ 
entire neuraxis in order to determine the type, complexity, o 
and extent of movement that may be elicited at each site. 
and the electrical parameters required. Simultaneous! 
we are observing by means of cinematography the complex 
behaviour of primates in isolation and in social inter 
relations with other primates. By combining the two 
investigations with programmed stimulation in chronically 
implanted animals, we hope rigorously to control their 
movements in order to determine the fundamental nervo 
mechanisms governing purposive motor behavior 
Because the level of integrative organization of- the 
elementary responses elicited in this investigation is. 
the caudal brain stem and spinal cord, it may even ` 
possible in the future to stimulate the brains of hum: 
beings in a similar way afflicted with paralysis from cerebr 
strokes, Parkinsonism, epilepsy and other diseases of the 
central nervous system, in order to restore normal motor 
function and voluntary control of purposive mov 
ment. 
This work was supported by a U.S. Public Hea 
Service grant from the Division of Research Facili 
and Resources. I thank Drs. J. M. R. Delgado, Willis 
Mason, Ronald Melzack, and A. J. Riopelle for their 
critical comments on an earlier draft of this article. | 
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AN OPERATOR MODEL OF CROSSING-OVER 


By Dr. H. L. K. WHITEHOUSE 
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Fig. 1. Diagram to show the postulates of the operator model of crossing- 
over. The vertical lines show the ends of a gene, the unbroken sloping line 
the extent of formation of cross-over (and double cross-over) hybrid 
DNA originating from p breaks at the gene end at the top of tre 
slope, and the broken line shows the extent of double cross-over hybrid 
DNA in a reverse cross-over. The letter O and the arrow show the 
position of the operator and the direction of opening of the gene 


| 

bring this about has much shorter hybrid DNA segments. 
The process of reverse crossing-over would require 
dissociation! of the nucleotide-chains, synthesis and hybrid 
DNA formation on the other side of the primary breakage- 
point (‘opening-point’) from which the original cross-over 
was initiated. These hybrid DNA segments would extend 
a short distance into the neighbouring gene on the other 
side. This| model of crossing-over is shown diagram- 
matically in Fig. 1. 

Hastings ‘and I‘ pointed out the resemblances between 
the postulates of the polaron hybrid DNA model and the 
likely events in messenger RNA (mRNA) formation. It 
remains uncertain whether mRNA is synthesized along the 
intact duplex DNA of the gene (or group of genes forming 
an operon), lor whether a single chain acts as the template 
after breakage of one chain at the end of the gene (or 
the operon) ‘and dissociation of the chains over its length. 
In either event, it would seem that a recognition site, 
that is, an ‘operator, must exist at one end of the gene 
(or the operon), where synthesis of the messenger is 
initiated. According to Jacob and Monod‘, the operator 
ig not only the initiation site for the transcription of the 
messenger, but also the receiving site for a specific re- 
pressor produced by a regulator gene. Through the 
mediation of the operator, the repressor is thought to 
block the initiation of transcription. 

Like transcription, the recombination mechanism pro- 
posed here requires recognition of one particular end of 
each gene. Moreover, there is evidence (given later) for 
a control mechanism for recombination similar to that 
postulated by Jacob and Monod’ to control transcription. 
In view of these similarities, it is proposed to call this 
recombination mechanism an operator model of crossing- 
over. The possibility that the recombination and tran- 
scription operators are identical is discussed later. 

Many of the predictions of the operator model resemble 
those of the polaron model. The chief differences concern 
the patterns of polarity in recombination within the gene, 
and the interrelations of neighbouring genes in recom- 
bination. 


Polarity in Intragenic Recombination 

Two primary patterns of intragenic polarity are pre- 
dicted by the operator model, depending on the direction 
of dissociation of the DNA in the neighbouring gene 
beyond the terminus (non-operator) end of the first gene. 
If this neighbour showed the same direction of dissociation, 
the first gene would have all its cross-over hybrid DNA 
arising from the operator end, whereas if the neighbour 
showed the opposite direction, both genes would have 
cross-over hybrid DNA entering from both ends. Allowing 
also for the effects of reverse cross-overs, eight patterns 


o 


a ln a all i ae ol ee 
o o o 6 o 9 o c 
i 2 8 


4 


Fig. 2. The diagram shows the eight patterns of intragenic acre pears by the operator model. 
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of recombination within genes are predicted; as shown in 
Fig. 2. The alternatives depend on the orientation of the 
gene and of its neighbours on each side. 

Hastings and I*, from an investigation of published 
data, found two primary patterns of mtragenic recom- 
bination such as this model predicts. In unipolar genes 
all the dissociation of nucleotide-chains leading to hybrid 
DNA formation and crossing-over appeared to originate 
from one end of tae gene, while in bipolar genes hybrid 
DNA appeared to originate from primary breaks at (or 
beyond) either end of the gene, but with one end pre- 
dominating. In Teéble 1, nine genes are classified in terms 
of these patterns >f polarity in recombination, and also 
with respect to the predominant direction of the polarity 
relative to the position of the centromere, where this is 
known. It is evident that both unipolar and bipolar 
genes may be orientated in either direction relative to 
the centromere. As already mentioned, the two basic 
patterns of polarisy within the gene correspond to the 
predictions of the operator model, genes 1, 2, 7 and 8 in 
Fig. 2 being unipolar and 3-6 bipolar. Moreover, the 
genes ad-9 (adenme-9) and paba-1 (para-aminobenzoic 
acid-1) in Aspergilus nidulans are thought to be neigh- 
bours, and their patterns of polarity are appropriate to 
a bipolar pair such as 3 and 4 (or 5 and 6) in Fig. 2. The 
model predicts that if the two ends of a gene are denoted 
by O (operator) and T (terminus), at the T' end of a uni- 
polar gene the neizhbouring gene has its O end nearest, 
while the T neighbour of a bipolar gene has its T end 
nearest. Applied to ad-9 and paba-l, it is suggested that 
the T ends of thesa genes adjom one another. 


Table 1. PATTERNS or INTRAGENIC POLARITY IN RECOMBINATION 


Predominant 
direction of : 
polarity with Pattern of polarity 
respect to the Unipolar Bipolar 
centromere 
Proximal Saccharemyces cerevisiae Aspergillus nidulans 
hi-1 (ref. 7) ee ad-9 (ref. 8) 
Aspergillus nidulans 
ad-8 (ref. 10) 
Distal Neurosrora crassa paba-1 (ref. 11) 
meé-2 cref, 9) Neurospora crassa 
cys (ref. 12) 
kis-5 (ref. 13) 
Unknown Ascoboles immersus Ascobolus immersus 


series-46 (ref. 14) series 19 (ref. 14) 

Genes are expected to vary in length depending on the 
length of the polypeptide for which they code. If the 
length of hybrid DNA arising from an opening-point were 
approximately constant in terms of nucleotide-pairs 
(ignoring the effets of mutations within the hybrid 
region), the patterr. of recombination within a gene would 
be expected to dep2nd to some extent on the length of the 
gene and of its immediate neighbours. The rather slight 
evidence of polarity in the gene pan-2 (pantothenic acid-2) 
in Neurospora crassa investigated by Case and Giles? 
would be accounted for if it and a neighbour formed a 
bipolar pair and if cne or both of them were comparatively 
short. A similar explanation might apply to hist-3 
(histidine-3) invescsigated by Webber?*. By the same 
argument, more than two genes might sometimes be 
included in the Lybrid DNA from an opening-point. 


-“ Ori the polaron hybrid DNA model, the chromosome was 


divided into segments or polarons defined by the opening- 
points and within which recombination was entirely by 
conversion. On the operator model, polarity is a con- 
sequence of the fixed direction of opening in each gene 
and the term polaron ceases to have a precise meaning, 


oper” 


5 8 7 8 


The lines have the same meaning 
g. 
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because hybrid DNA may extend through one gene into 
the next and so may pass another potential opening-point. 


Reverse Cross-overs 


If a sufficient number of allelic mutants were available 
in a recombinant selection experiment with outside 
markers, it is likely that some of the alleles would be close 
to the ends of the gene, and these might allow detection 
of reverse cross-overs, indicated by the broken lines in 
Fig. 2. The operator model predicts that an excess of 
parental combinations for outside markers, such as a 
reverse cross-over would give, is expected in unipolar 
genes either at the T end (genes 2 and 7 in Fig. 2) or at 
both ends (genes 1 and 8) and in bipolar genes either at 
the O end (genes 4 and 5) or at neither end (genes 3 and 
6). 

In the gene in which recombination has been investi- 
gated by prototroph selection using the largest number 
of mutant sites, namely, me-2 (methionine-2) in Neuro- 
spora, Murray? found an excess of parental arrangements 
for the outside markers when one of the methionine 
mutants was at the distal end of the gene map. This 
would be the O end on the operator model, since me-2 
seems to be unipolar with distal polarity. There is also 
evidence from her data that these reverse cross-overs 
have shorter hybrid DNA segments than the primary cross- 
overs (see p. 80 of ref. 5). The model predicts reversed 
polarity at the other end of the gene (compare with gene § 
in Fig. 2), and this Murray!” has now found but without 
the expected excess of parental combinations. 

Fogel and Hurst’ have found a pattern of recombination 
in hi-1 (histidine-1) in Saccharomyces cerevisiae similar 
to that in me-2 in Neurospora, except that hi-1 has 
proximal polarity. When the mutant at either end of the 
hi-1 map is crossed with an allele, prototroph selection 
gives a higher proportion of parental combinations of 
outside markers than in most other allelic crosses, in- 
dicating reverse cross-overs at each end. There is also 
evidence that at the proximal end of the gene these 
reverse cross-overs have shorter hybrid DNA segments 
than the primary cross-overs, and that at the distal end 
they have reversed polarity. These findings are expected 
if ht-1 is like gene 1 in Fig. 2. 

Investigation of recombination either by prototroph 
selection with allelic nutritional mutants, or by aberrant 
ascus selection with allelic ascospore colour mutants, and 
outside markers present, would allow further tests of the 
predictions of the model regarding reverse cross-overs, 
provided mutants were available situated near the ends 
of the gene as well as in other positions. 


Bipolar Genes 


The operator model predicts that at the T end of a 
bipolar gene hybrid DNA will arise about equally often 
from proximal and from distal directions (compare Fig. 
2, junction of genes 3 and 4, or of 5 and 6). Such equality 
is evident at one end of all the bipolar genes that have 
been investigated by prototroph selection with outside 
markers (see diagrams in ref. 5). A further example is pro- 
vided by the work of Smith? with Ais-5 (histidine-5).An™ 
Neurospora. His data are plotted in Fig. 3 using the 


method adopted by Hastings and myself*. The sequence of ~ 


the mutant sites is shown at the top without the recom- 
bination frequencies, which among the crosses shown 
ranged from 2-1 per 10° viable ascospores for K155 x K542 
to 37-4 per 105 for K516 x K548. The proximal end of the 
gene (which is in the right arm of linkage group IV) is to 
the left. For each allelic cross (indicated by the horizontal 
lines on the left of Fig. 3) the figures show the number of 
histidine-independent progeny which were found to have 
a parental combination of the outside markers. Only 
those crosses which gave more than twenty such progeny 
are included. The explanation of the graph is as follows. 
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If Mjm and Njn denote the outside markers on the 
proximal and distal sides, respectively, of the nutritional 


locus, which has alleles 1 and 2 with 1 nearer to M/m 
and 2 to N/n, then from the cross: 


M1l+WN 
m+ 2n 
the prototrophs may be of four genotypes, namely : 
A: M+4N 
B: m+ +n 
C: m+ 4N 
D: M+ +n 


Those of class A, that is, with additional recombination 
between the proximal allele (+ /1) and the proximal outside 
marker (M/m), may have arisen through hybrid DNA 
reaching the site of allele No. 1 alone, such as might occur 
if the opening-point was on the proximal side of the gene. 
Conversely, prototrophs of class B might have arisen 
through hybrid DNA reaching the site of the distal 
allele (No. 2) alone, as from an opening-point on its distal 
side. Both A and B classes of prototroph might also have 
arisen as a result of hybrid DNA extending to both sites 
(1 and 2) from an opening point on the proximal or on 
the distal side of them. Hybrid DNA extending from one 
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Fig. 3. Graph to show the data of Smith (ref. 13) for recombmation 

within Ais-5 of Neurospora crassa. The diagram 1s explained 1n ths text. 

Crosses involving K78 or K155 are distinguished by the horizontal line 
turning up or down, respectively 
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end to both sites is expected to contribute equally to the 
A and B classes. It is assumed that in the prototrophs 
any hybrid DNA entering the site underwent correction of 
mispairing to wild-type, as there was selection for this 
character. The points plotted in Fig. 3 show for different 
pairs of his-5 alleles the percentage frequency of class 
A prototrophs out of the total number of prototrophs 
with parental combinations of the outside markers 
(A + B). 

Class C prototrophs could arise as a result of hybrid 
DNA reaching one site only (the proximal or the distal 
one) or both sites, while class D prototrophs require 
hybrid DNA to have reached both sites. Hybrid DNA at 
both sites is expected to give class C and class D with 


equal frequency. Hence is a measure of the 


frequency of double-site hybrid DNA. The horizontal 
lines on each side of the points in Fig. 3 show for each 
cross the percentage frequency of class D prototrophs 
out of the total number of prototrophs with non-parental 
combinations of the outside markers (C + D). The total 
2D 
C+D 
same percentage scale as was used for the points in the 


length of each line is and is plotted on the 


. graph, and with the half-length ( <6 op ) extending on 


each side of these points. In calculating -0 iD 


correction has been made for the distance of the outside 
marker genes, using the method proposed by Hastings 
and myself®. It has been assumed in making this correc- 
tion that the proximal and distal markers (pyrimidine-3 
and leucine-2) showed 1 per cent and 9 per cent recom- 
bination, respectively, with his-5. For most of the crosses 
the value of C + D was approximately equal to that for 
A+ B. | 
On the basis of these interpretations of the A—D classes, 
the horizontal lines on each side of the points in Fig. 3 
show the contribution to the prototrophs due to hybrid 
DNA at both mutant sites. This hybrid DNA might 
have come from an opening point on the proximal or on 
the distal side of the sites. The interval between the 
left-hand end of each line and the left-hand axis 


A 
( A+B = 0 ) hybrid shows the frequency with which 


DNA. has reached the proximal site alone, and similarly 
the right-hand interval shows the contribution from the 
distal site alone. 

Smuith’s data suggest that hybrid DNA reaches the 
mutant sites within his-5 predominantly from the distal 
side of the gene, except near the proximal end, where 
the contributions of proximal and distal origin appear 
to be equal. As already indicated, this equality is expected 
on the operator model, for the T end of a bipolar gene, 





Neighbouring Genes 


The operator model makes different predictions from 
the polaron model concerning the behaviour of neighbour- 
ing genes in recombination. The polaron model predicted 
that D class prototrophs should not occur with two 
mutants in neighbouring genes, as the formation of hybrid 
DNA at both sites, such as the D class requires, would 
then need a double crossover from the opening-point, 
which would be between the sites, and this would give A or 
B class prototrophs, not D. On the operator model, 
however, D class prototrophs are expected with mutants 
in neighbouring genes, provided both mutants can be 
reached by hybrid DNA extending in one direction from 
an. opening point. This is most likely to happen if the 
mutant site in one gene is near the end which adjoins 
the other gene. No D class would be expected when the 
neighbouring genes have adjoining operators, such as 
numbers 4 and 6 in Fig. 2. 
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A further prediction of the operator model is that the 
presence of a mutant in one gene may affect recombination 
in a neighbouring zene, as there 1s evidence that mutants 
interfere with the formation of hybrid DNA5. In par- 
ticular, with a bipolar pair of genes such as 3 and 4 (or 
5 and 6) in Fig. 2, the presence of a mutation in the 
proximal gene mignt be expected to weaken the proximal 
component of recombination in the distal gene, and con- 
versely a mutant in the distal gene would be expected to 
reduce the distal component in the proximal gene. 


Genetic Control of Recombination 


Direct support fr the operator model is given by the 
work of Jessop and Catcheside!® with a gene rec (recom- 
bination) which atfects recombination within the gene 
his-1 (histidine-1) <n the right arm of linkage group V in 
Neurospora. In tke presence of the recessive mutant rec 
in homozygous condition, the recombination frequency 
between his-1 mutants was more than ten times greater 
than when the dcminant allele rect was present. The 
recombination frecuencies per 10° progeny with homo- 
zygous rec ranged from 3-61 for the allelic cross K83 x K627 
to 51-3 for K83 x K316, and with rect from 0-24 for K566 x 
K617 to 3-96 for £83 x K616. Moreover, the pattern of 
polarity in recomoination within his-1 appears to be 
profoundly modified by rec. This is shown in Fig. 4, where 
the data are plotted in the same way as Smith’s results for 
his-5 given in Fig. 3. Data relating to mutant K620 have 
been omitted as itsamap position is uncertain. In correct- 
ing for the distance of the outside markers (amination on 
the proximal side and imositol on the distal side), it has 
been assumed that they showed 3 per cent and 7 per cent 
recombination, respectively, with his-1. Where spray was 
used as proximal marker, its recombination frequency 
with his-1 was takan to be 7 per cent. The numbers in 
classes O and D taken together were usually about 40 per 
cent of the total prototrophs. 

As with Fig. 3, the contribution to the prototrophs from 
each cross due to hybrid DNA az the proximal mutant site 
alone is indicated by the space between the left-hand 
end of each horizontal line and the vertical axis corres- 


ponding to T5 = 0. Similarly, the frequency of pro- 


totrophs due to hybrid DNA at the distal site alone is 
indicated by the space between, the right-hand end of each 


A 
line and the vertizal line representing Ave = 100 per 


cent. The horizortal lines themselves show the contri- 
bution due to hybrid DNA at both sites, and this may be 
of proximal or distel origin. The simplest hypothesis is to 
assume that this double-site hybrid DNA shows the same 
proportion of prox-mal and distal origin as the single-site 
hybrid DNA. 

It is evident thet in the presence of homozygous rec. 
his-1 shows predominantly proximal polarity, while when 
rect is present the recombination within hzs-1 appears to 
be entirely of distel origin. On the operator model this 
would be explained if reet is a repressor for Ais-1 and if 
his-1 is opened at tie proximal end. When rect is present 
all the recombination within Ais-1 would then be due to 
hybrid DNA origineting at an opening-point at the far end 
of the next gene to-Ais-1 on the distal side, and extending 
through that- gene to enter his-1 at the distal end. The 
recessive mutant rze, when homozygous, would prevent 
the his-1 repressor from functioning. This would explain 
both the effects of rec, that is, the much increased 
frequency of recombination within his-1 and the proximal 
polarity, assuming the his-1 operator is at the proximal 
end. Further date are needed to test whether the rela- 
tively little recombination within his-1 of distal origin ıs 
affected by rec. 

Jessop and Catoneside** found that the recombination 
frequency between the outside markers am and inos was 
not lowered significantly when rec was replaced by rect. 
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Fig. 4. Graph to show the data of Jessop and Catcheside (ref. 18) for recombination within his-1 of Neurospora 


crassa, The results with homozygous ree and in th 


e presence of rect are shown separately. The diagram is 


explained in the text 


This might be accounted for if the effect of rec were masked 
by heterozygosity for repressors of recombination in other 
genes in the am-inos interval. 

If the recombination and messenger operators were the 
same, rec would be expected to be a regulator for the 
functioning of his-1 as well as for its recombination. It is 
evident that study of genes such as rec may provide a 
direct approach to an understanding of the mechanism of 
control of gene activity, as well as to that of recombina- 
tion. If for each gene there is a common operator for 
recombination and for transcription, the predominant 
direction. of polarity in recombination (in the de-repressed 
gene) will coincide with tHe direction of messenger syn- 
thesis, since it has now been established that the messenger 
is synthesized from the operator end’*. Furthermore, m 
an operon contaming more than one gene, polarity in 
recombination is expected not to relate to the junctions 
between genes withm the operon, but to the ends of the 
operon, and predominantly to one of them. These predic- 
tions provide a means of testing the hypothesis of a common 
operator for recombination and transcription. 

It is significant that if dissociation of the nucleotide 
chains of DNA were to occur in the formation of mRNA, 
it would be necessary for the dissociation to extend beyond 
the end of the gene in order to expose the whole of its 
length for transcription. A similar extent of dissociation 
is postulated on the operator model of recombination, 


suggesting that if these mechanisms for transcription and 
recombination are true they may have had a common 
origin in evolution. It also appears significant that if 
crossing-over occurs by the opening of structural genes 
through their de-repression, this would explain the lack of 
crossing-over in heterochromatic regions of chromosomes*® 
if, as evidence suggests, heterochrometin contains only 
regulator genes. Such genes appear to have other re- 
combination mechanisms, which cause transposition to 
new locations?! and specific factor transfer??. 


Summary 


It is suggested that dissociation of nucleotide-chains, 
before the formation of hybrid DNA in crossing-over, 
occurs in a fixed direction from one specific end of each 
gene, and extends through it into the next gene. On this 
operator model, unipolar and bipolar genes are determined 
by the orientation of the neighbour. It is further postu- 
lated that recombination events within a gene, associated 
with a parental arrangement for marker genes outside, 
are due to a second or reverse cross-over, with short 
hybrid DNA segments extending in the opposite direction 
into the neighbouring gene on the other side. It is shown 
how this model can account for a number of previously 
unexplained features of recombination, including data on 
genetic control. Experimental tests of the model are 
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outlined. The possibility is discussed that for each 
structural gene (or group of genes forming an operon) 
there may be a common operator and a common regulator 
gene for both transcription and recombination. 

I thank Dr. C. Bresch, Dr. F. Cooke, Dr. H. Gutz, Dr. 
P. J. Hastings and Dr. S. F. H. Threlkeld for invaluable 
discussion and criticism during the preparation of the 
manuscript, and Dr. 8. Fogel, Dr. D. D. Hurst and Dr. 
N. E. Murray for permission to refer to their unpublished 
work. [thank Mr. G. J. Clark for preparing the diagrams. 

Note added in proof. I am grateful to Dr. J. R. S. 
Fincham for directing my attention to the work of 
Luzzati’, who has found evidence for a common regula- 
tion mechanism for recombination and transcription. 
Luzzati et al.?4 discovered that non-reciprocal mitotic 
recombination between alleles at the ad-3 locus in Saec- 
charomyces cerevisiae is inhibited by histidine, which is an 
end-product of a biosynthetic pathway affected by this 
gene, since ad-3 mutants require adenine and histidine for 
growth. lLuzzati*® has now found, not only that this 
inhibition of conversion is specific to t-histidine and to 
the ad-3 gene, but also that a dominant mutant, S9, and 
a recessive mutant, 315, not linked to one another or to 
ad-3, suppress the requirement for histidine but not that 
for adenine in ad-3 mutants, and also inhibit recombina- 
tion within ad-3, whether histidine is present or not. A 
dominant mutant, S24, apparently due to mutation 
within ad-3, suppresses the histidine requirement but does 
not affect the intragenic recombination, which is inhibited 
when histidine is added. Detailed interpretation of these 
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results requires mcre information than is known at present 
about the functior. of the ad-3 and suppressor loci, but a 
relationship betweən recombination within a gene and its 
activity is manifes. 
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HYPERPLOIDY EFFECT OF LYMPHOCYTE EXTRACT ON 
FIBROBLASTS IN VITRO 


By Dr. P. J. FIALKOW and Pror. S. M. GARTLER 


Departments of Medicine (Division of Medical Genetics) and Genetics, University of Washington, 
Seattle, Washington 


A RELATIVELY high frequency of thyroid autoantibodies 
has recently been observed in patients with diseases 
characterized by chromosomal aberrations, such as 
gonadal dysgenesis'~* and Down’s syndrome’. These 
observations together with the older reports of thyroid 
dysfunction and goitre in the mothers of children with 
Down’s syndrome'~’ led us to suggest that immunological 
aberrations in a parent may be related to the production 
of chromosomal abnormalities in the offspring®. After- 
wards, more evidence along these lines was provided by 
the demonstration of a significantly increased frequency 
of thyroid autoantibodies in the mothers of children with 
Down’s syndrome’. To examine further the possibility 
that immunological mechanisms predispose to chromo- 
somal aberrations, an investigation of the hyperploidy 
effect of lymphocyte extracts on mitoses of fibroblasts in 
cell culture was undertaken. 

Human lymphocyte-rich plasma was prepared under 
sterile conditions by allowing the red blood cells to sedi- 
ment and the polymorphonuclear cells to adhere to glass*. 
The cells were washed three times in a phosphate isotonic 
buffer (pH 7:1), diluted to a concentration of 2 or 4 x 106 
lymphocytes/ml., and crude extracts prepared by rapid 
freezing and thawing ten times. The extracts were stored 
frozen and retained their activity for at least 3 weeks. No 
relationship between the extent of contamination by 
polymorpho-nuclear or red blood cells and the degree of 
hyperploidy was evident. No effort was made to determine 
what, if any, part of the hyperploidy effect resulted from 
monocytes. The cell culture and cytological techniques 
used in these experiments have already been described" ??. 


Varying doses cf extract were added directly to 80,000- 
100,000 freshly transferred fibroblasts growing in Way- 
mouth’s medium supplemented with 15 per cent foetal 
calf serum. After 3-5 days the cells were collected and 
scored for hyperp:oidy. To allow the screening of a large 
number of cells, sides were screened under low power and 
if a mitosis appeared to be hyperploid, the chromosomes it 
contained were counted under higher magnification. 
Cells with 55 or more chromosomes were scored as ab- 
normal. Fifty-fivs was chosen as the dividing line since 
cells with that number of chromosomes usually appear 
hyperploid under low power whereas cells with fewer 
chromosomes car be missed. No effort was made to 
score for the type of hyperploidy (for example, triploidy 
or tetraploidy) except in the case of endoreduplication. 

At the time of vse the cultures varied in age from two to 
twenty-seven transfers and for each experiment dupli- 
cate cultures not treated with lymphocyte extract served 
as controls. For each of these, and for each dosage of 
extract, 500-1,00@) metaphases were usually scored for 
hyperploidy. In order to get an estimate of the error 
involved in the culturing and scoring procedure, fourteen 
replicate pairs were sub-cultured and scored separately. 
The mean difference between pair members was 0-4 per 
cent with a standerd deviation of 0-31 per cent. The range 
was from 0 to 1 ger cent. 

In untreated fibroblast cultures obtained from skin, 
the percentage of mitoses which were hyperploid by our 
criteria ranged fram 2 to 17 but most cultures had 3—5 per 
e  hyperploidy. Fibroblasts obtained from muscle 

seemed zo have higher control levels. Endo- 
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reduplicated mitoses were observed in seven of twelve 
untreated skin cultures and in three of four untreated 
muscle cultures. y 

Lymphocyte extracts from four patients with “auto- 
immune” diseases were tested on allogeneic fibroblasts 
and the results are given in Table 1. Subjects 1, 3 and 5 
have Hashimoto’s thyroiditis and subject 6 has ‘“‘auto- 
sensitization’? eczema. Subject 7 is also included in 
Table 1 although, as indicated later, her illness is not 
clearly defined. In each case significant increases were 
observed (greater than three times the standard deviation 
of the experimental error obtained from the replicate 
cultures as already mentioned). Moreover, there was a 
strong correlation with dosage of lymphocyte extract, 

Increases in endoreduplication were observed in most 
experiments. These increases appeared to be correlated 
with the overall degree of hyperploidy and may not result 
from a separate effect. 

In order to see whether the hyperploidy effect was 
specific for extract obtained from patients with “autoim- 
mune” diseases, lymphocyte extracts from eleven “‘normal”’ 
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subjects (for example, no known “autoimmune” or 
chromosomal disorders) were tested on allogeneic fibro- 
blasts. Thirteen of fifteen allogeneic extract-fibroblast 
combinations produced significant responses, and again 
there was & strong correlation with dosage (Table 2). 
The degree of response elicited by the same dose was 
not the same for each extract, and also the control and 
induced frequencies of hyperploidy seemed to depend in 
part on the nature of the fibroblast cultures. One of the 
two extracts which did not induce a significant increase 
in hyperploidy was retested on a second recipient and 
appeared to give a mild response (subject 18). Extract 
from one subject was cytotoxic (subject 16). 

In order to test the specificity of the reaction, auto- 
geneic lymphocyte extracts were tested, and the results 
were compared with results obtained when the same 
extracts were tested simultaneously on allogeneic fibro- 
blasts (Table 3). There were two of seven extracts from 
“normal” subjects that showed slight responses (subjects 
10 and 14). However, none of the seven extracts tested 
showed an effect on autogeneic fibroblasts near the order 


Table 1. HEYPERPLOIDY Errscr or LYMPHOCYTE EXTRACT FROM PATIENTS WITH ‘“‘AUTOIINUNE” DISORDERS ON ALLOGENEIC FIBROBLASTS 


No. of ih oe rani (per cent) Endoreduplication (per cent) 
Donor No.* Recipient No. transfers tract dose tract dose 
(lymphocyte (fibroblastt at time of (x 10* lymphocytes) { x 10° lymphocytes) . 
extract) culture) examination 0 1 2 4 0 1 2 4. 

1 2 27 2'2 52 0-0 0-8 
3 4 4 4°5 9'4 14:1 0-0 2°5 4-0 
5 2 6 4°6 04 14:0 0-0 0-2 22 34 
5 2 22 2:5 7:2 0-0 1-0 
6 2 27 22 4-6 11-2 25-0 0-0 oo 1-0 60 
7 5 7 5-6 9-0 13-0 22-0 0-3 G2 2-8 6°7 


* The diagnoses are: subject 1, 46-year-old female with Hashimoto’s thyroiditis (H.T.) and a child with Down’s syndrome (D.S.); 8, 25-year-old female with 
H.T. and gonadal dysgenesis; 5, 18-year-old female with H.T. and XYO/XX mosaicism; 6, 26-year-old male with “‘autosensitization eczema”; 7, see text, 


t The fibroblasts were obtained from skin biopsies except for 1 gingival blopsy (subject 7). 


Table 2. HYPERPLOIDY EFFECT OF LYMPHOCYTE EXTRACT FROM “NORMAL” SUBJECTS ON ALLOGENEIC FIBROBLASTS 


Recipient No. of Hyperploidy (per cent} - Endoreduplication (per cent) 
Donor No.* 0. transfers Extract dose Extract dose 
(lymphocyte (fibroblastt at time of { x 10° lymphocytes) {x 10° lymphocytes) 
extract culture) examination 0 1 2 4 Q 1 2 

8 9 5 4°6 6-4 0-2 0-2 
10 11 12 3'8 62 8-6 18-2 0-0 0-0 0-2 05 
12 11 16 4:0 6-2 , 0-0 0-0 

2 7 5 3-5 6:0 0-0 0:0 
13 2 7 4°8 10°2 0-0 06 
13 14 7 71 180 0:4 6:7 
14 2 7 4-8 10-4 0-0 0-4 
14 13 7 4-8 9-2 0-0 0-0 
16 16 2 13-9 30-0 1-4 73 

~18 15 9 123 Cytotoxic 0-5 Cytotoxic 

17 2 26 2-4 6:0 80 0-0 2-6 14 
17 2 26 24 52 0-0 4°4 
17 2, 27 2-2 4-2 5-2 0-0 0:8 4°2 
18 2 26 2-4 2:0 24 0-0 0-0 0-0 
18 19 4 2-0 28 4-0 0-4 0-4 1-0 
20 2 26 2-4 20 0-0 0-0 
21 2 28 2-4 52 0-0 12 
21 17 4 11-0 16-0 26 2 0-0 1-2 3-2 


_. * The diagnoses are: subject 8, 20-year-old female; 9, 28-year-old female with keloid; 10, 37-year-old female with benign colon polyp; 11, 2-year-old 
female with clitoromegaly; 12, 60-year-old female with diabetes; 2, 37-year-old normal male (brother of D.S. patient); 18, 8-year-old male with muscular 
dystrophy (MD); 14, 6-year-old normal male (brother of patient No. 18); 15, 48-year-old female (mother of patient No. 13); 16, 9-year-old male with MD; 
17, 37-year-old normal male; 18, 20 year-old female with secondary amenorrhea; 19, 37-year-old female (mother of D.S, patient); 20, 46-year-old male 
(father of D.S. patient); 21, 30-year-old normal male. R 

+ The fibroblasts were obtained from skin biopsies except for 1 gingival (subject 7) and 4 muscle biopsies (subjects 13—16). 


Table 3. HYPERPLOIDY Errect OF LYMPHOCYTE EXTRACT ON AUTOGENBIC AS COMPARED WITH ALLOGENEIC FIBROBLASTS 
Extracts from 7 “normal” and 2 “abnormal” (5 and 7} subjects 
Recipient No. of Hyperploidy (per cent) Endoreduplication (per cent) 
Donor No.* 0. transfers Extract dose eae tract dose 
sb aa te (fibroblast t at time of (x 10° lymphocytes)- (x 10° lymphocytes) 
extract culture) examination 0 1 Me eee 4 0 1 2 4 
2 23 3:3 - 3-4 00 00 
2 7 5 3°6 6-0 00 00 
16 19 2 4-2 4-9 5 4 6-4 60 0-0 0-0 0-6 
19 ll 12 3-8 6-2 8-6 13-2 00 0-0 02 05 
12 12 17 2-3 2-1 0-0 00 
12 11 16 4°0 6-2 0-0 00 
13 13 7 48 5-0 0-0 00 
13 2 7 4-8 102 00 06 
13 14 d 1 18:0 0-4 6-7 
14 14 7 T-L 88 0-4 0:4 
14 2 7 4:8 10°4 00 0-4 
14 13 7 4:8 9:2 6-0 0:0 
15 Ib - 9 12-3 41-6 05 0-2 
15 16-7 2 13-9 83809-0 1-4 7-3 
17 17 4 11-0 11-0 -n 6-0 0-2 
17 2 27 2-2 4-2 0-0 0-8 
5 5 7 56 0-0 188 0:3 5:3 66 
5 2 6 4:6 9-4 14-0 18-8 0-0 0-2 22 3A 
7 7 5 3-5 5-6 9:0 0-0 0:0 0:0 
? 5 7 5-6 9-0 13-0 0-0 0-0 0:0 


* See Tables 1 and 2 for diagnoses. 
{| See Table 2 for source of biopsies. 


No.5050 AUGUST 13, 1966 NATURE 715 
Table 4. HYPERPLOIDY EFFEOT OF FIBROBLAST EXTRACT ON ALLOGENEIC ADD AUTOGENEIO FIBROBLASTS 
Roc ee No. of Hyperploidy (per cent) Endoreduplication (per cent) 
Donor No.* transfers Extract dose Extract dose 
(fibroblast (fibroblast + at time of (x 10° fibroblasts) ( x 10° fibroblasts) 
extract) culture) examination 0 1 2 4 0 1 2 4 
2 2 10 3-5 4-2 4:0 0-0 0-0 0-4 a 
2 2 16 25 33 3-4 35 00 0-O_ 6-0 02 
2 22 4 72 11°06 10-2 26 32 30 
2 23 7 20 1-8 1-4 G3 02 06 
2 17 g 4:2 63 0-4 g4 
2 24 22 17-2 16-6 162 08 00 00 
22 22 4 72 90 11-0 26 16 40 
22 2 16 25 45 4:0 39 00 04 04 0-3 
25 2 13 20 2-1 43 2-1 0-0 00 00 00 
26 14 26 2°7 3°6 00 00 08 
27 7 8 42 5-8 04 00 
* Diagnoses’ 2 and 17, see Tables 1 and 2; 22 and 27, normal male infants; 23, 37-year-old female with H.T. (mother of D.S. patient) 3 months after 


thyroidectomy; 24, adult female with breast tumour; 25 and 26, normal adult males. 


t All fibroblasts obtained from skin biopsies. 


of magnitude seen when the same extract was tested on 
allogeneic fibroblasts. The means of the distributions of 
the two groups are significantly different at the 0-01 level 
(Wilcoxin two-sample test; see ref. 13). There were two 
other autogeneic cases that did, however, give substantial 
increases (on an order of magnitude similar to the allo- 
geneic experiments), but both of these were ‘“‘abnormal’’. 
One was an XO/XX mosaic with Hashimoto’s thyroiditis 
(subject 5) and the other was a patient with a history of 
chronic intermittent undefined severe dermatitis and 
extensive autogeneic skin grafting (subject 7). The 
fibroblasts in this one patient were obtained from gingival 
tissue while the patient was undergoing therapy for 
periodontal disease. 

Finally, as a control, the effect of extracts prepared 
from fibroblasts was investigated (Table 4). Although 
these extracts may induce slight responses, the effect of 
fibroblast extracts from “normal” donors on fibroblast 
mitoses is smaller than that induced by lymphocyte 
extracts and there does not seem to be a clear cut dose 
response. The means of the distributions of the lympho- 
cyte extract results and fibroblast extract results are 
significantly different at the 0-05 level". 

These results demonstrate that lymphocyte extracts 
can produce significant, dose related, increases in the 
number of hyperploid and endoreduplicated mitoses in 
allogeneic fibroblasts in vitro. The failure to obtain similar 
results when fibroblast as opposed to lymphocyte extracts 
were tested suggests that, the effect may be specific for 
certain cells such as the lymphocyte. Moreover, the 
results obtained when lymphocyte extracts were tested 
autogeneically were significantly different from the 
results obtained allogeneically, suggesting that the reaction 
may at least in part involve self-recognizing mechanisms. 

The mechanism producing the hyperploidy is unknown. 
Polyploidy and endoreduplication have been observed 
under a variety of conditions'* including the addition 
of §-mercaptopyruvate to lymphocytes in culture 
and ageing of long-term tissue culture?*, However, 
no matter what the precipitating event may be, the 
actual mechanism probably involves either fusion of 
eells or errors in chromosomal distribution. It is of 
interest that Ohno has recently demonstrated tetra- 


ploidy arising from fusion of coisogenic cells when lympho- 
cytes from animels reciprocally sensitized against each 
other by skin grefting are mixed together in culture”. 
Cell fusion may alsə be induced in vitro by animal viruses**. 
However, even if the hyperploidy we observed resulted 
entirely from cell =usion, it is not unreasonable to suggest 
that the resultant tetraploidy would set the stage for the 
recovery of a whote range of aneuploid cells. Apart from 
the observed effect on hyperploidy, there is also a clear-cut 
effect of allogeneir extract on endoreduplication. This 
effect indicates thet at least some of the hyperploidy may 
result from errors in chromosomal distribution. 

Discussions of she relevance of these results to the 
clinical chromosomal abnormalities are highly speculative. 
Before the in vitro-data can be related to this problem, the 
active principle will need to be identified through cell 
fractionization precedures and perhaps also through the 
application of immunological techniques. 

This work was supported in part by grants from the 
U.S. Public Heakh Service and the National Science 
Foundation, and was undertaken during the tenure of a 
U.S. Public Health Service post-doctoral fellowship 
(P. J. F.). We thank Mrs. B. Burt and Mrs. L. Steinmann 
for their technical assistance. 
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DEOXYRIBONUCLEIC ACID CONTENT OF MITOTIC NUCLEI OF TWO 
MOUSE TUMOURS 


By Dr. E. L. ALPEN and M. E. JOHNSTON 


U.S, Naval Radiological Defense Laboratory, San Francisco 


CYTOPHOTOMETRIC estimation of the deoxyribonucleic 
acid content of various cell systems has generally revealed 
a common coefficient of variation of about 15 per cent for 
diploid (2) nuclei!, but with few exceptions it has been 
technically difficult to estimate the DNA content of 


mitotic (4N) nuchi because of the gross inhomogeneity 
of the DNA. It has been usual to attribute the varia- 
bility in DNA coatent found in studies of diploid DNA 
contents to instramental and technical errors, and to 
assume that the content of cellular DNA is constant in 
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ias 
accordance with the generally accepted hypothes.__ 
chromosame complement of a nucleus is identified. 
uniform and constant amount of DNA. Recently we Ra n 


reported that mitotic nuclei of dog erythroid bone marrow ™.. 


have a coefficient of variation again in the region of 15 per 
cent?. In addition, we have found DNA. contents in excess 
of 4N for some non-mitotic nuclei of this presumably non- 
hyperdiploid cell system. Such observations prompt 
one to question the validity of the measurement systems. 

A. new cytophotometric instrument for two wave- 
length spectrophotometry of cells has recently been 
developed’. This photometer, using the model dye 
droplet system suggested by Pollister and Ornstein‘, can 
perform measurements such that the standard error of 
estimate of droplet dye content derived from the regression 
of dye content against droplet volume is less than 1 per 
cent (0:8 per cent). Because the development of the two 
wave-length method®-* and the improvement of electronic 
and optical devices have permitted refinements not 
previously available, we have attempted to define the 
limits of reliability of our system, and at the same time 
provide basic information on the DNA content of mitotic 
nuclei. Here we are reporting results obtained with this 
instrument on two mouse tumour systems, one an ascitic 


tumour and the other an in vitro culture of a leukaemic 
cell line. 


Table 1. RELATIVE DNA CONTENT oF Mrrorio NUCLEI IN TumouR BP-8 
FEULGEN STAIN 


Relative Coefficient 
Nuclei measured N DNA Standard of variation 
content deviation (per cent) 

Prophase to anaphase 45 125 0 6-4 - 51 
Telophase (measured together) 20 124-9 6°5 5:2 
Telophase (sum of daughters) 20.—~-. 122-0 1 5'8 
1/2 Telophase 40 y 61-1 4-1 6:7 
f Mean of 


i 
l 


Table 2. RELATIVE DNA alas OF NUCLEI OF CEILS D5178Y FRULGEN 
TAIN 


Relative Coefficient 

Nuclei measured N DNA Standard of variation 

content deviation (per cent) 
Prophase to anaphase 110 125-1 75 6-0 
abet tony (measured to- 22 124-1 T5 6-0 

ether 

Telophase (sum of daughters) 19 125-1 86 6:9 
1/2 Telophase 38 62-7 4°6 7:3 
“2N cells” 67 61-2 3-6 6-0 
Mean 6-5 


The mouse ascitic tumour cell, BP-8, was collected from 
a 7-day old transfer, and a thin smear prepared, air dried, 
and fixed in formalin-ethanol.. The tm vitro culture of 
leukaemic cells, 25178Y, was collected from a log-phase 
culture 48 h after transfer, and a thin smear prepared 
and fixed in the same fashion as the BP-8. All slides were 
stained by a modified Feulgen procedure’. A standard 
hydrolysis time of 12 min was used. Each stained slide 
was mounted on the microspectrophotometer with high 
viscosity immersion oil (N° = 1-5150) 
objective and condenser. Measurements were made by 
the standard two wave-length method and optical den- 
sities converted to relative DNA content from a ready 
reference table machine-computed and printed from 
Mendelsohn’s® adaptations of Patau’s* formulation. Each 
nucleus or mitotic figure was measured in duplicate, 
and all measurements were made on ẹ& single slide prepara- 
tion. 

In Tables 1 and 2 are shown the results for measurement 
of mitotic nuclei of both cell lines. Analysis of variance 
indicated no systematic difference among prophase, 
metaphase, anaphase or telophase nuclei for either cell- 
hne. The measurements for the first three of these mor- 
phological groups were then pooled. However, values 
for telophase nuclei were retained in a separate grouping 
as their characteristics made it possible to measure their 


ld 


on both 
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ative content of DNA by two independent methods., 

one hand, the pair of daughter nuclei may be measured 
(a singlo unit to provide an estimate of 4N relative DNA 

tent. On the other hand, the two daughter nuclei 
may be measured separately. In the latter case, the 4N 
value can be obtained by summing the values for pairs of 
nuclei (“sum of daughters”), or by computing the mean 
2N value from the individual values and doubling the 
result. 

The mean values for the relative DNA content of 
mitotic nuclei by the three independent measures, that 1s, 
prophase to anaphase nuclei, telophase nuclei, and sums 
of parts of telophase nuclei, differ by less than 1 per cent 
with the exception of the “sum of daughters” telophase 
measurements in tumour BP-8. This mean is signifi- 
cantly different (P<0-01) from the mean for whole 
mitotic nuclei, but we feel the discrepancy may be due to 
failure to measure small chromatin bridges that occasion- 
ally exist in the telophase pairs. When the cell line 
L5178Y was measured, great care was taken to exclude 
such cells, and no significant difference among means 
was discovered. In addition to mitotic measurements, 
we have estimated the content of DNA in 25178Y cells 
judged to be 2N by morphological criteria (Table 2). 
It is obviously difficult to choose by morphology alone 
those cells which have not yet commenced DNA synthesis. 
However, plotting a distribution histogram of several 
hundred non-mitotic cells reveals a modal group at the 
same relative DNA content. The frequency histogram 
for “2N cells” and for mitoses of L5179Y is shown in 
Fig. 1. The mean of the 2N group is 61-2 relative DNA 
units, slightly less than the 2N amount estimated by 
measurement of mitotic cells (— 1 per cent), but this small 
difference cannot be assigned any real significance because 
of the selection procedures for the cells. 


“2N CELLS” MITOSES 
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Fig. 1. Frequency histogram for cells of L5178Y 


These measurements simultaneously provided a very 
rigorous test of the adequacy of the two wave-length 
correction for chromophore inhomogeneity and of the 
constancy of DNA content of mitotic nuclei in these 
cell lines. The coefficient of variation for the mitotic 
nuclei measured here is about 6-0 per cent. Duplicate 
measurements of the same cell consistently gave values 
differing by no more than 1 per cent—a value consistent 
with that found for error that could be assigned to in- 
strumental causes as determined in tests with the dye 
droplet model system previously mentioned‘. Two 
independent estimates of the telophase content of DNA 
made by measurement of telophase nuclei as a whole 
and also as the sum of two parts enable us to estimate 
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Table 3. ANALYSIS OF RELATIVE DNA CONTENT FOR TELOPHASS NUCLEI 
COMPARISON OF PAIRED OBSERVATIONS 


Cell No. Mean of paired differences Coefficient of 

line of pairs (relative DNA content) variation (per cent) 
BP-8 | 20 —1-9* 5:9 
5178Y 19 +04 4-2 


* Significantly different from zero (P < 0-01). 


those errors attributable to mstrumentation and those 
resulting from the failure of the two wave-length compu- 
tational method to correct for grossly inhomogeneous 
distribution of chromophore. The data for the two in- 
dependent measurements are analysed (Table 3) by 
computing the paired differences for each pair of nuclei 
measured by the two methods. The coefficients of variation 
of the differences for the two cell lines are 4:2 per cent 
and 5-9 per cent. Because the overall coefficient of varia- 
tion is of the same order of magnitude (5-7-6-5 per cent), 
it is possible to assign most of the variability seen to 
instrumental and mathematical errors inherent in two 
wave-length microspectrophotometry. 

Analysis of goodness of fit to a normal or log-normal 
distribution for DNA content of mitotic figures in both 
cell lines demonstrated that the normal distribution best 
described the data rather than the log-normal distribution 
as suggested by Garcia}. 

The “constancy” hypothesis has been most clearly 
restated by Walker and Richards’. They stipulate that 
constancy is applicable at the chromosome level, that is 
to say, the content of DNA is constant in an individual 
chromosome and thus also constant in a chromosome set 
providing that DNA synthesis is complete and that there 
is no variation in chromosome number. Departure from 
the constancy hypothesis such as that reported by 
Lison and Valerie?” must be supported by evidence that 
the data are not the result of significant methodological 
errors. As we have also reported findings? of variability 
in DNA which are not consistent with the constancy hypo- 
thesis, albeit in a population of erythroid cells where 
variability might be more expected, it is mcumbent on 
us to demonstrate the validity of our methodology. For 
this purpose, we have chosen mitotic cells of two tumours 
and have shown that the Feulgen method combined with 
two-wave-length spectrometry is capable of measuring 
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nuclear DNA with an overall coefficient of variation 
of 5:6 per cent. Furthermore, there was no evidence for 
alteration in the content of DNA with increasing progress 
through the stages of mitosis, as analysis of variance of 
the content of DNA for the morphologically identifiable 
mitotic stages ind@ates no systematic variation. 

Of equal significance are the results which we obtained 
for measurement cf telophase nuclei by two independent 
methods: measur2sment of the whole telophase pair, 
and measurement of the two daughter nuclei indepen- 
dently. By analyss of these data we have shown that the 
sum of errors assgnable to the instrumental technique 
plus failure of the two wave-length method to correct 
completely for chromophore inhomogeneity is of the 
order of 4~6 per esnt. The value of 4 per cent probably 
represents the bes; estimates of these errors, as improve- 
ments in our manipulative techniques successfully removed 
a constant negative bias seen when the two measurements 
were made on telovhase nuclei of BP-8. 

In the light of these findings, it is possible to reaffirm 
that the stoichiometric relationship of the Feulgen method 
for measurement Œ the DNA content of nuclei of at least 
these two cell linee has a precision of less than 1 per cent. 
Certainly, these data indicate that the DNA content of 
mitotic nuclei of these two cell lines rigorously meet the 
criteria of constancy as set forth by Walker and Richards’. 
The data have al > been shown to be best described by 
the usual normal distribution rather than the log-normal 
distribution suggested by Garcia! for human blood cells. 

This work was =1pported by] funds from the Bureau of 
Medicine and Surgery, U.S. Navy Department. 
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DEOXYRIBONUCLEIC ACID SYNTHESIS TIME OF ERYTHROPOIETIC AND 
GRANULOPOIETIC CELLS IN HUMAN BEINGS 


By P. STRYCKMANS, Dr. E. P. CRONKITE, J. FACHE*, T. M. FLIEDNER and J. RAMOS 


Medical Research Center, Brookhaven National Laboratory, Jpton, New York 


Tar DNA synthesis tıme of canine myelocytes has been 
reported to be about 7 h'. This estimate was used to 
calculate the relative rates of production of granulocytic 
precursors at different levels of maturation? *. From these 
calculations, Patt et al.? proposed that a ‘‘myelocyte sink” 
exists and that in part granulocyte production may be 
“death controlled”. This question was considered by 
Cronkite’ ın respect of human erythropoiesis and granu- 
lopoiesis. When the 7-h canine DNA synthesis time 
was used to calculate the relative production rate of red 
and white cells in human bone marrow, it appeared that 
a “myelocyte sink” and ineffective erythropoiesis was in 
operation. However, if one used the DNA synthesis 
time of about 13 h which has been determined experi- 
mentally for the human gastrointestinal tract by Lipkin 
et al.®, the “myelocyte sink” and ineffective erythropoiesis 
were not evident. Clearly ıt became necessary to estimate 
the DNA synthesis time of human haemopoietic pre- 


* Present address. Research Unit Freiburg, Institute of Haematology 
of the Gesellschaft fur Strahlenforschung Association with EURATOM, 
Freiburg/Breisgau, Germany. 


cursors mm order to resolve this dilemma. Since the 
experimental determination of DNA synthesis time of 
haemopoietic precarsors necessitates the administration 
of tritiated thymidine HT dr), a substance which may 
produce genetic ard late effects by radiation injury, only 
patients incapable of procreation and/or with limited 
expectancies of lfe have be&n investigated. In this 
article the evidence for a DNA synthesis time of about 
13-14 h in humar haemopoietic precursors will be pre- 
sented. 

Tritiated thymmine (specific activity 1-9 c./mmole) 
was given intravenously in a dose of 0:1 pe./g of body 
weight. Bone marrow was aspirated and blood samples 
taken at intermittent intervals after injection for 10-15 
days. Smears of the marrow were made, dried, fixed in 
absolute methano_, dipped in Eastman ‘N7'B-2’ liquid 
emulsion or coverel with ‘British Kodak 4A R-10’ stripping 
film, and exposed for 30-120 days in a dry atmosphere 
at 4° C. They were developed in the standard manner 
and stained by Gmmsa’s method. The marrow prepara- 
tions obtained dur-ng the first 48 h are the subject of this 
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article. Granulocytic and erythrocytic mitotic figures 
were identified, and the progression of cells (whose DNA 
was labelled) through the mitotic window and the silver 
grains overlying these mitoses were observed. Corrections 
for background fog were made by a modification of Stal- 
strom’s technique’. 

Five patients were investigated. One (SUL) had a brain 
tumour but was haematologically normal. Another, 
haematologically normal, was a comatose quadriplegic. 
One (TOW) had polycythaemia vera (PCV) in a compen- 
sated steady state and the other two patients had myeloid 
metaplasia (ST and TO). Bone marrow could not be 
obtained in the last two patients, but erythrocytic 
and myelocytic precursors and mitotic figures were present 
in the blood. In patient TO, 12~73 erythrocytic mitoses 
and 6-24 granulopoietic mitoses were observed in each 
sample. In patient ST, 10-62 basophihe erythroblastic 
mitoses and 25-86 polychromatic erythroblastic mitoses 
were seen in each sample. 

The principles involved in deducing the length of various 
phases of the generative cycle from the progression through 
mitosis have already been published’. 


Percentage of labelled mitoses 





12 24 36 48 
Hours after *HTdr 


Fig. 1.. Progression of labelled erythro- and granulo-poietic precursor 
cells through mitosis in the bone nee of a patient with normal haemo- 
poies 


Figs. 1-4 illustrate the progression of the labelled cells 
through mitosis following the injection of "HTdr. In 
Figs. 1 and 2 erythrocytic and granulocytic mitoses are 
plotted separately. In Fig. 1 (SUL) at the top, progression 
of the label through mitosis for E, (polychromatic normo- 
blasts) is shown. Labelling does not rise above 85 per cent 
and is maintained for at least 12 h. In the middle, data 
pooled for M,—M, (myeloblasts through myelocytes) are 
plotted. Labelling attains about 100 per cent and is 
maintained for longer than 12 h. At the bottom of Fig. 1, 
data for only M, (large myelocytes) are plotted. Labelling 
rises to 100 per cent and is maintained for 14 h. Since 
there were no samples in this patient between 14 and 
24 h, a more accurate definition of average DNA synthesis 
time other than that it is greater than 12 h cannot be made, 
The progression of labelled erythropoietic precursors 
through mitosis in the quadriplegic patient indicated an 
average DNA synthesis time of about 13 h in the pooled 
erythroblasts. In Fig. 2, progression of labelled cells 
through mitosis in pooled erythrocytic and granulocytic 
precursors is shown for a patient with PCV. The minimum 
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Fig. 2. Progression of labelled erythro- and granulo-poijetic precursor 
cells through mitosis m the bone marrow of a patient with mild poly- 
cythaemia vera 
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Fig. 3. Progression of labelled erythropoietic precursors through mitosis 
in the peripheral blood of a patient with myeloid metaplasia 
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synthesis time is about 11 h and the average is about 
13h. At the bottom of Fig. 2, a similar curve is shown for 
pooled granulocytic precursors. A second wave of labelled 
mitotic figures is also evident in this case. In Fig. 3, at 
the top, the progression of labelled basophilic erythro- 
blasts (#,) through mitosis in the peripheral blood ıs 
shown. Bone marrow was not obtainable in this individual 
because of extensive myelofibrosis. In this patient the 
minimum time of synthesis is about 12 h and the average 
about 14 h. In the bottom part of Fig. 3, the progression 
of labelled polychromatophilic normoblasts (£,) through 
mitosis is shown for the same patient. The DNA synthesis 
time appears longer but cannot be clearly defined. In 
this instance 100 per cent labelling of #, was not observed. 
Since this may have been due to a failure to detect lightly 
labelled cells because of inadequate exposure time, a set 
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Fig. 5. Serial mean and median grain counts overlying erythroid mitotie 
figures in the bone marrow of a patient with mild polycythaemia vera 
after single injection of *HTdr intravenously 


of slides was exposed for 100 days but there was no further 
increase in the fraction of E, labelled. In Fig. 4, another 
curve of labelled mitoses is shown. This is also based on 
observations in the peripheral blood. Since mitoses were 
scarce, the number seen is recorded above each point. 
DNA synthesis time has a minimum of about 13h. Data 
are inadequate to estimate the average synthesis time. 
In Figs. 5 and 6, the mean and median grain counts 
overlying mitotic figures are plotted. The variation with 
time parallels the curves for labelled mitotic figures. The 
grain count begins with low values, increases to a maximum 
and subsequently diminishes. The low intensity of 
labelling over the mitotic figuresearly and later corresponds 
to the cells that were just finishing or beginning DNA 
synthesis respectively during the short time of avail- 
ability of the °HTdr. Since they would be in synthesis 
only for a fraction of the tıme of availability of the °HTdr, 
one would expect lesser incorporation of the label into 
DNA. Fig. 5 is based on a patient with polycythemia vera. 
It appears that DNA synthesis time is between the two 
minima mentioned earlier or about 12-14 h. Im Fig. 
6, the time between the initial and later minimum 
suggests a DNA synthesis time between 16 and 18 h for 


4° 

In another patient with myeloid metaplasia (St), the 
labelled mitosis curve for #, remained at approximately 
100 per cent for more than 20 h without any decrease. 
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Table 1. PROGRESSION OF LABELLED CBLLS FROM E; TO E, AND THE RELATION 
BETWEEN NUMBER OF CELLS AND MBAN GRAIN IN E, AND E, AT SPEOTEIED 
TINE INTERVALS 


; No. of Mean 
Time after Type of No. of No. of labelled grain 
*HTdr cells cells grains cells count 
Lh E, i 125 1,375 51 27 
lh E; 360 0 0 0 
6h E; 371 362 18 20 
12h E; 375 800 49 16-3 
18h E; 397 1,433 109 131 
Table 2. EstmcaTes FOR DNA SYNTHESIS TIME 
DNA synthesis time 
Patient Celis Minimum . Average 
Normal blood 1 EB, 11 >12 
Bi yo AL. 3 13 > 18 
x 13 >13 
Normal blood 2 By-E, 11 13 
Polycythaemia vera rE, 11 13 
wM, 11 13 
Myeloid metaplasia Ey 12 14 
i E 4 ~16 ? 
Myeloid metaplasia E, By 13 ? 


Thus an estimate of DNA synthesis time by this method 
was not practical. However, in Table 1 an analysis of the 
progression of labelled cells from the dividing Æ, to the 
non-dividing Æ, (ortiochromatic normoblasts) was made 
as follows. One hor after the intravenous injection of 
*7HTdr, the labelling index was 51 per cent in Æ, with 
1,375 grains overlyicg 125 Æ, cells. While counting 125 
E, cells, 360 E, wera observed which were not labelled. 
Six and 12 h after °ETdr injection, the number of grains 
over the Æ, had increesed significantly but had not reached 
the number found ir Æ, at 1 h. However, at 18 h, the 
number of grains found overlying #, equalled the number 
found over Æ, at 1h. At 18 h, the number of labelled 
cells in Æ, was twice that found in Æ, at 1 h and the mean 
grain count was approximately half. This suggests that 
the sum of premitotic rest, DNA synthesis, mitosis for 
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Fig. 6. Serial mean and median grain counts overlying erythroid mitohe 
figures in the peripheral olood of a patient with myeloid metaplasia 
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E, and maturation to Æ, is of the order of 18 h in this 
patient. In Table 2, minimum and average estimates of 
DNA synthesis are tabulated. 

The percentage of labelled mitoses in erythropoiesis 
did not reach 100 per cent in all instances. Since the in- 
creased exposure time of the emulsion did not increase 
the fraction of mitoses labelled, inadequate exposure 
time is probably not the cause. Possibly a long premitotic 
rest (@) or maturation of unlabelled cells in parallel with 
labelled cells to the cellular compartment under investi- 
gation are responsible. The increase in the intensity of 
label over mitotic figures, the plateau and the subsequent 
decline is probably due to a small fraction of cells at the 
end and beginning of DNA synthesis which were syn- 
thesizing DNA only for a small part of the time when 
sHTdr was available and hence are labelled less intensely. 
Accordingly we believe the time between these minima is 
approximate to the DNA synthesis time. The computa- 
tions based on the progression of labelled cells from Æ, to 
Ein patient ST are valid only if E, does not lose any label 
by maturation during the period of observation. Fortu- 
nately, the oldest H#,;, with partially extruded nuclei, 
become slightly labelled only 15 h after injection of 
3HTdr. This analytical approach shows that the sum 
of DNA synthesis time, premitotic rest, mitosis and 
maturation to E, is of the order of 18 h. Furthermore, it 
also suggests that there is only one mitosis of the labelled 
E, cells before they resemble E, cells. The apparent 
generation time of erythroblasts in man is approximately 
24 h and cells observed at the beginning of the experiment 
should thus have divided within 24 h. The cells that were 
labelled at 1 h should all have divided after an interval 
equivalent to the sum of DNA synthesis time, premitotic 
rest and mitosis. In Table 3, the distribution of 437 
interphase erythroblasts 1 h after injection are divided 
into different highly labelled categories. The number of 
erythroblastic mitoses in the interphase population was 
recorded during the following 24h. The distribution of the 
highly labelled cells is similar in interphase and mitotic 
cells. This indicates that the most highly labelled cells 
divided and suggests that there is no radiation inhibition 
of mitosis by the tritium. The observations have been 
made on two persons with normal haemopoiesis and three 
persons with aberrations of haemopoiesis (polycythaemia 
and myeloid metaplasia) and one cannot be sure that 
these estimates represent the average for normal human 
beings. However, the estimates of about 13-14h for DNA 
synthesis time in erythropoietic and granulopoietic 
precursors found in marrow (one normal, one polycy- 
thaemic) and in the blood of two patients with myeloid 
metaplasia are strikingly close to each other and to the 
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estimates of DNA synthesis time in the normal mucosa 
of the gastrointestinal tract of patients with cancer of the 
bowel published by Lipkin et al.5. Furthermore, three 
different approaches in our investigation (labelled mitosis 
curves, time between minima in grain counts over mitotic 
figures, and transport of label from E, to H,) were in- 
ternally consistent. As it is rare to see a patient with 
normal haemopoiesis on whom it would be permissible 
to experiment in this way and who will agree to the 
multiple bone marrow punctures, it may be a very long 
time indeed before we will produce more data in our 
laboratory. However, others are pursuing similar in- 
vestigations, and the publication of data, scanty as it 
may be from any one laboratory, appears desirable in 
order to make it possible ultimately to determine the 
average values for DNA synthesis on larger numbers 
of haematologically normal individuals. Clearly DNA 
synthesis time of erythropoietic and granulopoietic pre- 
cursors of man in the patients investigated is longer than 
that of 7 h for canine myelocytes+*. We believe that, 
until further data are made available, 13-14 h is the best 
approximation for average DNA synthesis time of erythro- 
and granulopoietic precursors in man. 


Table 3. DISTRIBUTION OF LABELLED INTERPHASE ERYTHROBLASTS I H AFTER 
INJECTION AND OF LABELLED ee aa MITOSIS DURING THE ENSUING 
24H 


Number of cells in each grain category 


Patient.with polycythaemia vera >10G >20G >30G >40@ >500 


448 mitotic figures the first 24 h 


after *“HTdr (£,-E,) 96 36 6 4 
437 interphase cells at 1h after 
SHTdr (E-E) 81 35 5 2 1 


To sum up, the DNA synthesis time of erythro- and 
granulo-poietic precursors of five patients was estimated by 
observing the movement of labelled cells through mitosis, 
the time between minima in the grain count over labelled 
mitotic figures and from an analysis of the movement 
and intensity of label from a proliferating (£,) to a non- 
proliferating (#,) compartment. We propose that the 
best present estimate for DNA synthesis time in erythro- 
and granulo-poietiec precursors of man is of the order of 
13-14 h. 

This research was supported in part by the U.S. Atomic 
Energy Commission. One of us (P. 8.) is a Lederle Inter- 
national Fellow. 
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CHEMICAL TREATMENTS OF STAPHYLOCOCCAL INFECTIONS IN MICE 


By Dr. IAN M. SMITH, SHIRLEY S. LINDELL, Dr. ELIA CH. HAZARD and Dr. SERGIO RABINOVICH 


Infectious Disease Division, Department of Medicine, College of Medicine and University Hospitals, University of lowa, lowa City 


PREVIOUS publications by this group of investigators have 
indicated low values for glucose, protein and cholesterol 
in the carcases of mice dying of Staphylococcus aureus 
infection. Raised values for inorganic phosphorus and 
transaminase were also found!. Examination of the 
blood? and individual organs’ of dying mice indicated a 
low blood sodium and a high alkaline phosphatase. Many, 
but not all, these derangements occurred in the liver. 
Unpublished experiments have shown that the blood 
carbon dioxide combining power in normal animals is 
23 umoles/]. At 1h, 2 h and 3 h after infection, and at 
death, it averages 22, 19, 22 and 18 umoles/l., respectively. 

It is important to know if these chemical derangements 
can provide a clue to the mechanism of death from 


infection with Staphylococcus aureus in mice. We decided 
to test the importance of these chemical findings by 
trying to ameliorate or to worsen the derangement by 
addition or withdrawal of the affected chemicals before 
or soon after challenge with staphylococci. The results 
demonstrate that some of these derangements can be 
altered by subcutaneous treatment with appropriate 
chemicals to alter significantly the length of life after 
staphylococcal challenge. 

We used the haemolytic coagulase-positive Smith 
strain of Staphylococcus aureus. This strain, originally 
phage-type 444/42 (ref. 4), was isolated from a patient 
with osteomyelitis. Using the standard phages, however, 
it is now non-typable. It has been maintained in our 
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laboratory by regular in vitro transfer. Our investigations 
have shown a reasonably constant number of staphylococci 
in the bodies of moribund mice regardless of the mocu- 
lation route. This work was therefore confined to the use 
of heavy-dose (0-1 c.c. = 10° organisms) intraperitoneal 
infections. Control infected mice live 270 + 20 min. The 
methods have been described previously’. The mice 
used were white Swiss Webster male mice. The animals 
weighed 20-26 g. Chemicals used for treatment were 
all given subcutaneously 1 h after challenge unless other- 
wise stated. All reagents were chemically pure or of 
U.S.P. standard. Control treatments of equal volume with 
saline or sucrose were used initially. As they never differed 
from animals challenged intraperitoneally, they were later 
abandoned in favour of animals challenged intraperito- 
neally without subcutaneous treatment as controls. 

The analysis of the data was made by comparing the 
time from challenge until death for ten control animals 
with the same measurement for ten animals treated. 
A statistical analysis was also made by the chi-square 
method. The level of significance used was P = 0-05. 
For the sake of clarity of presentation the tabular material 
shows the difference m minutes between the control and 
treated 50 per cent lethal times (Z.7'. 50) with significantly 
different values starred in the tables. 

Glucose given subcutaneously significantly prolongs 
the life of groups of ten infected mice when compared 
with groups of ten simultaneously infected control 
animals. Fasting for 16 h enhances the effect (Table 1). 
Adrenaline, although it markedly elevated blood sugar, 
had no effect in six experiments. Insulin was found to 
have a significantly deleterious effect in most experiments 
(Table 2). Tolbutamide was tried in twelve experiments, 
but it rarely had any deleterious effect. 


Table 1. GLUCOSE TREATMENT OF STAPHYLOCOCOAL INFECTION 
(10° cells intraperitoneally) 


200 mg glucose subcutaneously. 
ime fr i 


e from Difference of L.7.5, from control (min) 
challenge (h) Fed Fasted t 
-2 +7 +39 +11 +6 +69* +28* 
—i +17 +58* +8 +80% +25* +937* 
0 +66*% 425 +55* +590% +49* + 74¢ 
+] +61* +20 +46* +69* +57* +469* 
+2 + 51 +10 + 50* +34* +61*% +288* 


* Statistically significant difference in survival time: see text. 
t Controls live 254 + 27-7 min. 


Table 2. INSULIN TREATMENT OF STAPHYLOCOAL INFECTIONS 
(10° cells intraperitoneally) 


0 002 U. regular insulin subcutaneously : 
Time from Difference of L.T. from control (min) 
Fed Fasted 


challenge (h) 
—2 —? — 11 —1 +14 +14 +1 
-1 —18 —27 +28 —5 +8 -+50 
+1 -~28* ~—23* +3 +11 —19* — 2 
+2 —29* ~-14* —24* +17 —47* 17% | 


* Blood sugar of normal animals was 189 mg per cent. 


Mouse protein (serum, spleen or muscle) or other pro- 
teins (human serum or albumin) were without effect in 
lengthening the life in infected animals. 

Injection of crystalline cholesterol failed to raise mouse 
blood cholesterol, but 1 c.c. of egg yolk daily intra- 
peritoneally for 3 days raised the blood cholesterol from 
139 to 1,040 mg per cent, but it failed to delay death 
from infection. 

Phosphate administered as Sorenson’s buffer (1/15 M 
KH,PO, and 1/15 M Na,HPO,.2H,O) was a consistently 
beneficial treatment which prolonged the life of infected 
mice (Table 3). The components of the buffer were less 
effective in seventy-two experiments than the combined 
solution. 

Transaminase derived from horse serum (supplied by 
Sigma Laboratories, St. Louis) was without effect. Sodium 
given as 2 ml. of normal saline was ineffective and attempts 
to deplete the animals of sodium with chlorothiazide or 
mercuhydrin were equally unsuccessful. Alkaline phos- 
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phatase from calf ıntestine or inhibition of - alkaline 
phosphatase by etEylenediamine tetraacetic acid (EDTA) 
were ineffective treatments. 

An investigation. of lipid metabolism in mice dying of 
staphylococcal infeztion is at present being made. Treat- 
ments with castor oil or ‘Lipomul’ (cotton seed oil with 
4 per cent dextrcse) were without effect in eighteen 
experiments, but clive oil (Table 4) probably had some 
effect. 


Table 8. PHOSPHORUS TREATMENT OF STAPHYLOCOCCAL INFECTION 
(10° cells intraperitoneally) 
2 ml. subcutaneously : 
Time from 
challenge (h) 
Buffer (18-4 mg) 


Difference of L.T s from control (min) 
Fed Fasted 


-2 0 —150* +19 +37* +37* —30 
-— 1 +11 +8 +25% +37* +68" +46* +12 —384 
0 +31* -+55* +25% +14 +10 +44* +81* +25* 
+1 —-18 +30* +21* +42* +420" —34 +32* +31* 
+2 —24 +17 +23* — l4 +5 -230 +19* +17 
Table 4. LIPID TLEATMENT OF STAPHYLOCOCCAL INFROTIONS 
(D° cells intraperitoneally) 
1 ml. olive oil subcutaneonaly : 
Tıme from Tifference of L T.s from control (min) 
challenge (h) Fed 
= | 0 +23 +28 
0 + 83* +49* +11 
+1 +35* + 36* +7 
Table 6, AOID-BASE TREATMENT OF ETAPHYLOCOCOAL INFECTIONS 
(19° cells intraperitoneally) 
20 ml. 1/6 M sodium lactate subcutaneously: 
Time from Difference of L.T., from control (mim) 
challenge {h} Fed Fasted 
—2 +10 +655* +13 +24* +4+29* +24* 
—j +24 +61* +3857 +18 +29*% +42* 
0 +2 +22 +83* +34* +47" 459% 
+1 +45* +83* +65* +40* +29* +54* +59* 
+2 +50* +74" +13 +78* +55* +67* 
10 ml. sodium bicarbonata subcutaneously: 
Time from Difference of L.T.sa from control (min) 
challenge (h)} Fed Fasted 
— 2 —4 ~~ +2 +88* +44¢ 420" 
-1 +115% -+80* +9 +29% +862* 437* 
0 +92* 446% +451* +17 +25 +40* +39" 
+46* 0 -12 £+49* 


+1 +31* ~—101* 


Treatment with 1/6 M sodium lactate or sodium 
bicarbonate was ccasistently beneficial in lengthening 
the survival time of challenged animals when compared 
with controls infectel simultaneously (Table 5). 

The treatment of shock gave confusing results. The 
mice are profoundly hypothermic (rectal temperature 
falls from 100° to 6& F before death), but we have been 
unable to measure blood pressure or cardiac output in 
these small animals. Urine output ceases soon after 
challenge. While cortisol in normal doses (5 mg/kg) has 
no effect on the outceme, if given up to 3 h after challenge 
in very large doses it will prolong life significantly (Table 6 
and ref. 6). Aramine and noradrenaline are without effect 
or may be deleteriousif given 1 h after infection. Wyamine 
and vasoxyl were alco without effect. Warming to 37°C 
for the duration of ths infection js significantly deleterious. 
Cooling to 4° C was beneficial’. 


Table 6 ANTISHOOK “TREATMENT OF STAPHYLOCCAL INFECTION 
(1@ cells intraperitoneally) 


10 mg hydrocortisone subcutaneously: 
Time fi 


è from Difference of L.7.;) from control (min) 
challenge (h) Fed Fasted 
+l +80* +47* +102* +45* +45* +45* +31* 


Because the mice die after a period of over-activity end- 
ing with clonic conzulsion®, it was decided to try to 
control this over-act-vity. To this end, treatment with 
librium and dilantin was used with surprisingly good 
effects (Table 7). Ws used amphetamine in an attempt 
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Table 7. HYPEREKINETIC, HYPOKINETIC AND ANTICONVULSANT TREATMENTS 
OF STAPHYLOCOCCAL INFROTION 


(10° cells intraperitoneally) 
5 mg hbrium subcutaneously: 


Time from Difference of L.T s from control (min) 
challenge (h) Fed 
— Í +68* + 35* +103* 
) +24* +27 65* 
+1 +119* + 37* 0 
25 mg thorazine subcutaneously 
Time from challenge (h) 
— I + 29* + 48* +54* 
0 — l4 — 16 +14 
+1 — 72+ — 65* —41* 
5 mg dilantin subcutaneously : 
Time from challenge (h) 
—1 + 97* +84* +101* 
0 +60* + 70* +94* 
+1 + 70* + 86* +88* 
10 per cent oxygen, 90 per cent nit- 
rogen with 0-6 atm. pressure for 
duration of infection +215* + 241* +178* 


to reverse this effect. This produced well marked excit- 
ability in the animals. However, this produced no change 
in the period of survival. Thorazine was helpful when 
given before challenge, but deleterious afterwards. The 
convulsions might either be hypoglycaemic, hypo- 
caleaemic or anoxic. Glucose, as already mentioned, was 
beneficial, but oxygen and calcium were not. In contrast, 
low concentration oxygen (10 per cent) or low pressure 
(0-6 atm.) or both were markedly beneficial (Table 7 and 
ref. 8). 

To sum up, sodium, mercuhydrin, alkaline phosphatase, 
cholesterol, protein, transaminase, pressor amines, amphet- 
amine and calcium salts had no effect on the time of 
survival of groups of treated animals compared with 
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untreated control groups when both were challenged with 
intraperitoneal staphylococci. Insulin had a deleterious 
effect. Both 10,000 mg/kg doses of glucose and 920 mg/kg 
doses of phosphate resulted in a 25-35 per cent lengthening 
in the mean survival time of animals challenged intraperi- 
toneally with Staphylococcus aureus. Cortisol m a dose of 
250 mg/kg (but not in lower doses), cooling (but not 
warming) and oxygen deprivation (but not 50 or 100 per 
cent oxygen treatment) resulted in 16~84 per cent lengthen- 
ing in the mean survival time of infected animals. Other 
treatments of value were olive oil and anticonvulsant 
therapy. This type of approach provides clues to the 
chemical nature of the death process from Staphylococcus 
aureus in mice. 

This work was supported by grants from the National 
Institute of Allergy and Infectious Diseases, U.S. Public 
Health Service, and the Iowa Thoracic Society, and a 
trainee grant from the Public Health Service to Dr. 
Rabinovich. We thank Miss Sonja Sopher and Mrs. Fern 
Hulting for technical assistance. 
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INHIBITORY ACTION OF THE TESTOSTERONE AND LIVER EXTRACT 
ON STAPHYLOCOCCAL INFECTIONS IN MICE 


By Dr. IAN M. SMITH, SHIRLEY S. LINDELL and Dr. ELIA CH. HAZARD 


infectious Disease Division, Department of Medicine, College of Medicine and University Hospitals, University of lowa, lowa City 


THE biochemistry of death from Staphylococcus aureus 
infection has recently been under intensive study. 
Various chemical constituents of the carcass vary 
markedly compared with normal values in animals dying 
of infection. One explanation for these changes could be 
an exhaustion of normally occurring enzymes or trace 
elements which could be obtained from suitably treated 
extracts of normal healthy mouse tissues. In order to 
explore this possibility we have tested various aqueous 
extracts of mouse organs and used them for the treatment 
of severe intraperitoneal infections with staphylococci. 
The mice, the staphylococci and the methods used for 
inoculation and treatment have been described®. Organ 
extracts were made as 1 or 10 per cent w/v aqueous 
extracts of grinding normal organs with ‘Teflon’ grinders 
in suitable volumes of sterile distilled water. The extracts 
were given subcutaneously 1 h before or 1 h after intra- 
peritoneal challenge with 10° Staphylococcus aureus cells. 
All cultures made on these extracts with the exception of 


48 h cultures on certain extracts of liver were sterile. With 


the liver extracts Escherichia coli grew in a titre of 10° 
in the 60 per cent suspension within a 24 h period and 
even later. H. colt used in titres of 10?—10° as sub- 
cutaneous treatment had no effect on longevity after S. 
aureus challenge. We were unable to detect any dele- 
terious effects of the organ suspensions in normal animals. 
Controls with normal animals were always run with each 
experimental test. Liver microsomes were obtained by 
differential centrifugation in a refrigerated centrifuge 
using the method of Hogboom, Schneider and Ballade’. 
We consider that microsomes were present in the super- 
natant and mitochondria in the sediment. 


Our results are summarized in Table 1. None of the 
extracts regularly gave any striking benefit. Liver and 
testicular extracts had some intermittent beneficial effects 
but it was only on rare occasions that these results, could 
be confirmed statistically. Adrenal extracts were occasion- 
ally helpful. 


Table 1. EFFECTS OF ORGAN SUSPENSIONS AS TREATMENT OF STAPHY1LO- 
coccaL CHALLENGER 


(Dose 12 c.c. subcutaneously) 


+1h 

1 per cent 0 per cent 10 per cent 10 per cent 

No. Av. No. Av. No. Av. No. Ay. 

expt. min expt. min expt. min expt. min 

Liver 3 +10 3 +11 3 +8 3 —}ł1 

Spleen — 22 1 —36 1 +4 1 +5 

y 3 +8 6 —-18 3 —7 3 — 35 

Heart 2 0 2 -7 1 +1 1 —4 

Lung 2 -6 1 —9 1 — 33 1 +8 

Brain 1 -8 3 +4 2 +1 1 —9 

Adrenal 01% 1 +17 — _ 1 ~ §2 — — 

uscle 1 — 33 3 +1 2 +11 1 —14 

Intestine _ — 2 +4 ~ — 6 —6 
- (small) 

Intestine — — 2 0. ve -- 2 —27 
(large) 

Stomach — — 2 +7 m = 2 — 33 

Testicle 3 — 18 1 +26 = — 6 -7 


We have tried various commercial liver extracts with 
an extension of the L.T. of from 10-30 min, but again 
it is not clear that this was not due to the effects of 
chance. Concentration of the extract (Table 2) produced 
somewhat better results. There was some evidence that 
the liver microsomes were more beneficial than the mito- 
chondria (Table 3). 
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Table 2, EFFECT oF LIVER HOMOGENATE INJECTED SUBCUTANEOUSLY ON 
TIMB OF DEATH AFTER INTRAPERITONBAL Staphylococcus 


Per cent —ł h (mm) +1 h (min) 
1 + 34* —6 -14 +17 +1 —50* 
10 +55* +35* +33* +5 — 27 —42* 
20 +39* +22* +7 +11 ~~ 4 —4 
30 +33* +10 +6 +15 +8 —20* 
40 +23* +17 +1 +15 +11 —22* 
60 + 69* +8 -15 0 —39* —44* 


* Statistically significantly different from concurrent control. 


Table 3. SUBCUTANEOUS TREATMENT WITH LIVER FRACTIONS 1 H BEFORE 
INTRAPERITONEAL STAPHYLOCOCOAL CHALLENGE 


83,4009 13,0009 
Supernatant Sediment Supernatant Sediment 
No.of Av. Noof Av. No.of Av. No.of Av. 
expt. min expt. min expt. min expt. mm 
2 -7 2 — 46* 2 + 46" 1 +17 
* Statistically significantly different from concurrent control. 
Table 4. EFFECT OF HYALURONIDASE AND TESTOSTERONE 
1 mg testosterone subcutaneously: 
Time from challenge (h) Difference in L.T., from control 
—1 +82 +380 +119* 
0 + 22 + 40* +5 
+1 +10 +114* +109* 
7-5 U. hyaluronidase subcutaneously: 
Time from challenge (h) 
~~] ~ 7 — 89* — 23 
0 10 +32 —11 
+1 + 84* — 30 —23 


We have separately tried hyaluronidase and testo- 
sterone and we consider these should be the main con- 
stituents of testicular extracts. In general, the results 
with hyaluronidase have not been encouraging. Testo- 
sterone, however, has been beneficial (Table 4). 

Our results with adrenal extracts led us to a re-exam- 
ination treatment with cortisone and to raise the dose 
from 5 mg/kg to 300 mg/kg with excellent results. This 
investigation will be reported separately*. Previously, 
whatever results have been obtained with organ extracts 
have been attributed to the fever and leucocytosis which 
they produce. In the short period available with our 
animals (about 200 min) we think that this does not 
occur. We know that in the untreated infection there is 
a profound hypothermia and leucopenia’. 

Non-specific shock can be induced by protein injections, 
and this might have some additional effect, but it should 
be detrimental. Leucocytes, injected subcutaneously as 
such, have no effect on longevity. If mice are warmed to 
37° C they perform poorly after challenge. An environ- 
ment of 4° C is helpful, and it seems unlikely that fever 
could be the explanation of the effects of organ extracts?. 

The available information on organ extracts is meagre 
and it is hard to find it in various published indexes. 
Weinstein has investigated a variety of compounds of 
organ extract type in the subcutaneous treatment of an 
experimental subcutaneous anthrax infection of muce®. 
These include insulin, pineal extract, thymus extract, 
testosterone, progesterone, thyroxine, pituitary extract, 
parathyroid extract, gonadotropic hormone, adrenal 
cortical extract, thyrotropic hormone, growth hormone 
and prolactin. Certain substances exerted a marked 
prophylactic effect on infection with anthrax bacilli in 
mice. These were parathyroid and various extracts of the 
pituitary gland. Testosterone propionate was moderately 
protective. Extracts of thymus and pineal gland thyroxine 
and extracts of the posterior pituitary were also moder- 
ately protective. High doses of testosterone were less 
beneficial than low ones. Doses of 0-12 mg testosterone 
propionate per mouse per day for 14 days were better 
than doses of 1:25 mg for the same period. 

Nutini and Lynch’~® have used extracts of beef brain, 
spleen, heart and kidney precipitated with 80 per cent 
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alcohol to change ar aureus virulent form of staphylococcus 
to an albus aviruent form. Infections by the sub- 
cutaneous, intraper-toneal or intravenous routes in mice 
could be treated with oral or subcutaneous brain extracts. 
These extracts, when used prophylactically or thera- 
peutically, reduced she fatality rate in mice from between 
76 and 90 per cent so 2 per cent. Spleen was also active, 
but less markedly so than brain. Heart and kidney had 
little effect, but Lver was deleterious because of its 
toxicity. We have carried out some experiments with 
alcoholic extracts o7 liver and we can report similar toxic 
responses. Comparisons between their brain extract 
treatment and pen:cillin showed the extract to be more 
active than 2,000 7. penicillin G per day per mouse in 
subcutaneous infe2ztions with twenty-four penicillin 
G-resistant strains. It was thought that the extract had 
a direct effect on th» organism, changing it from a virulent 
to an avirulent form. 

Further investigetions by Berger et al.1° characterized 
these extracts as chiefly comprised of aspartic acid, 
glutamic acid, glycme, alanine, arginine, histidine, ammo 
butyric acid and peptides. The ninhydrin-positive 
materials were no~ thought to be responsible for the 
activity of the extract. Ether extracts of acid fractions 
of crude brain extract at pH 4-5 were very active and 
therapeutic principle was thought to be the result of 
unidentified acid substances. 

Kroenberg e¢ al.™ have used the coagulate from fresh 
beef blood. A. depreteinized extract from the supernatant 
of a centrifugation of this coagulate was successfully used 
to treat a subcutaneous infection of mice with 10° 
Staphylococcus aureus or an intraperitoneal infection with 
108 cells. A 62 percent protection was found, compared 
with 21 per cent protection using a crude 80 per cent 
alcoholic extract of beef blood. They compare this with 
the effects of an antibiotic called erythrin which was 
isolated from the blood of various mammals by Zil’ber 
and Yakobson!™ ard was effective both in vwo and in 
vitro. 

It has been demcnstrated that protein synthesis in the 
OC3H milk-factor vrus mammary tumour is capable of 
being inhibited by testosterone in vitro. It was not 
effective in vivo ard it appeared that this could be ex- 
plained by the rapid metabolism of testosterone by the 
tumour. Parsons kelieves that the locus of inhibition of 
protein synthesis may be at the level of RNA synthesis. 
This finding may help in the further analysis of our results 
in the treatment ot Staphylococcus aureus infections. 

It is concluded frem these results that a factor or factors 
may be present in extracts of normal mouse liver adrenal 
and testicle which B effective in partially protecting mice 
from the deleterious effects of severe Staphylococcus aureus 
infection. The factor in testicle is probably testosterone. 
More investigations in this area are needed. 

This work was supported by grants from the National 
Institute of Allersy and Infectious Diseases, U.S. 
Public Health Serv-ce, and the College of Medicine Trust 
Fund. , 
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LETTERS TO THE EDITOR 


ASTRONOMY 


Counts of Radiosources in the Revised 3 C 
Catalogue 


It has been shown that the log N/log S curve for radio- 
sources of high galactic latitude is a straight line with a 
slope of — 1:85 + 0-05—at least for fluxes greater than 
9 x 10-28 W m- (e/s)-! at 178 Mc/s (ref. 1). (N is the num- 
ber of sources brighter than the flux S.) 

These radiosources are known to be extra-galactic and 
to belong to two main classes of objects: the radiogalaxies 
and the quasi-stellar radiosources (quasars). The radio- 
galaxies are elliptical giant galaxies; the quasars are 
stellar objects with very large red-shifts*~’. The theoretical 
log N/log S curves for all the models of the universe, 
without any evolutionary effect, have a slope of — 1-50 
for the larger fluxes and this slope decreases numerically 
to zero with decreasing flux. Thus the observed slope of 
-- 1-85 for radiosources of high galactic latitude seems to 
show that there is really some evolutionary effect; if 
this 1s so, then the effect must be larger for the quasars 
than for the radiogalaxies, because on the average the 
quasars have red-shifts larger than those of the radio- 
galaxies. To verify this assumption, it 1s necessary to 
construct separate log N/log S curves for radiogalaxies and 
for quasars; to accomplish this a very large number of 
identifications 1s required. 

A year ago, the number of identifications that had been 
published was very small, but since then many very accurate 
radio positions have become available’-44. Using these 
positions, Wyndham! and I have made a systematic 
search to identify any objects in the field of the radio- 
sources in the Revised 3 C Catalogue? on the Palomar 
Sky Survey prints and plates. We were able to make many 
positive and tentative new identifications. 

The Revised 3 C Catalogue provides an extensive survey 
of the sky north of § = — 5°, for fluxes larger than 9 x 10-*6 
W m (e/s)-!, at yv = 178 Mc/s, and it is thus suitable for 
statistical analysis. 

The Catalogue deals with 328 sources: (a) 32 can be 
classified as galactic or possibly galactic sources on the 
basis of positive identifications (Crab Nebula = 3C 144, 
IC 434 (H II region) = 3 C 147-1, etc.), thermal spectrum, 
large angular size, radio structure and small galactic 
latitude; (6) 42 sources are probably extragalactic but in 
absorbed fields near the galactic plane and thus identi- 
fication is impossible or extremely difficult; (c) 254 
sources occur in clear fields. 

The sources in group ¢ were sub-divided into six classes: 
100 certain radiogalaxies; 44 possible radiogalaxies; 39 
certain quasars; 21 possible quasars; 36 empty fields; 
14 non-identified sources. , Identification with a galaxy 
was considered to be ‘certain’ when there was a very good 
agreement between optical and radio positions, or when a 
spectroscopic confirmation had been obtained. It was 
considered ‘possible’ when the agreement was not so good. 
Identification with a quasar was considered ‘possible’ 
when a blue star (blue on the Palomar Sky Survey prints) 
was present at the radio position, and ‘certain’ when 
spectroscopic or photoelectric confirmation had been 
obtained™ 1415, An ‘empty field’ was considered to be one 
where nothing was visible at the limit of the Palomar 
Sky Survey plates (v ~ 21) at the radio position. A source 
was classified as ‘not identified’ when the radio position 
was not sufficiently accurate to classify ib in any of the 
previous classes. 


i 


It was now possible to construct log N/log S curves for 
the radiogalaxies and for the quasars. Fig. 1 shows 
these curves. (a) For all the extragalactic sources in 
the Revised 8 C Catalogue, we found the already known 
slope of —1:85 + 0:05. (b) For ‘certain’ and ‘possible’ 
radiogalaxies, we found a slope of — 1-55 + 0-05: this value 
is normal for objects as near as these galaxies. (e) 
For ‘certain’ and ‘possible’ quasars, we found the very 
large slope of — 2-2 + 0-1. (d) For the quasars, the empty 
fields and the non-identified sources, we found the same 
slope, — 22. 

These findings would seem to indicate that the peculiar 
slope of — 1-85 found for all the radiosources is due only 
to the quasars and that almost all the empty fields and 
‘non-identified’ sources are quasars and not radiogalaxies. 

Fig. 2 shows the curves for log N/V for ‘certain’ and 
‘possible’ radiogalaxies and for the ‘certain’ quasars. 
(The visual magnitudes (v) of the quasars were measured 
by Sandage and those of the radiogalaxies either measured 
by Sandage or estimated on the Palomar Sky Survey 
prints’*-15.) The slope of the log N/V curve for the radio- 
galaxies at the limiting magnitude V ~ 21 is very small 
and this indicates that the number of galaxies associated 
with radiosources in the 3 C revised catalogue, with 
magnitude greater than 21, is very small. The slope of 
the log N/V curve for the quasars is much larger and an 
extrapolation of this curve indicates that a number of 
quasars has still to be identified. This confirms my 
suggestion that almost all the ‘empty field’ and ‘non- 
identified’ objects are quasars rather than radiogalaxies. 

I thank R. L. Adgie, B. G. Clark, I. I. K. Paulmy-Toth, 
C. M. Wade, D. S. Heeschen, A. R. Sandage and J. D. 
Wyndham for enabling me to see their results before 
publication. 
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Fig. 1. Log NW/icg S curves for: (a) all the extragalactic radiosources in 
the Revised 3 O Catalogue (x); (b) radiogalaxies (O); (e) quasars (A), 
(d) the quasars, the empty flelds and the ‘non-identified’ sources (+) 
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Fig. 2, Curves log N/V for the radiogalaxies (O) and the quasars { A) 
in the Rersed 3 C Catalogue 


This work was undertaken while I was a research 
assistant at the Mount Wilson Observatory. 
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PLANETARY SCIENCE 


Potassium-Argon Age of Plutonic Intrusives 
on Cape Colville Peninsula and Cuvier Island, 
New Zealand 


THIS communication reports the results of potassium- 
argon age determinations of biotite and hornblende con- 
centrates from each of two quartz diorite samples of the 
Paritu Pluton (36° 32’ S., 175° 20’ E.), and of plagioclase 
and biotite from the hornfels on Cuvier Island (36° 26’ S., 
175° 46’ E.) from which we were able to obtain an 
estimate of the age of the Cuvier Plutonics (Table 1). 
The field evidence for the age of these intrusions has 
not been conclusive. The Paritu Tonalite! intrudes a 


Table 1 
Sample K 
No. Locality Mineral (per Ar (atm. ‘“Ar*/#K Age 

GA . cent) per cent) (m.y.) 

1497 Cuvier Biotite 8:70 34:7 0 000958 18 8 

Island Plagioclase 0-803 60 6 6 0060913 156 

1498 Paritu Biotite 7-26 27-2 0 000947 16-1 

Quarry Hornbiende 0 871 80 3 0-000941 16:0 

1499 Darkie Biotite 5°76 303 0 000936 160 

Stream Hornblende 0:398 71:3 0 001005 17-1 

798 0001005 171 
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basement sedimenfary sequence which may have begun 
in the Permian! and extended through to possible Juras- 
sic?. Fossil contro_ is poor. These rocks are overlain by 
terrestrial voleanics which have been subdivided into 
three successions. Published age estimates range, for the 
First Period andesites, from Eocene—Miocene* to Plo- 
cene—Miocene®; foz the Second Period (Beeson’s Island 
Voleanics), Miocen>?, Upper Miocene—Pliocene', Miocene- 
Pliocene?; for the Third Period, Pliocene!?. Dykes of 
porphyritic Tertiary andesite are commonly found whieh 
cut the Paritu Plcton, which has been classified as pre- 
Jurassic, but with some Tertiary components, by Frazer 
and Adams (ref. 2, p. 89); Jurassic to possibly Miocene by 
Thompson!; and Tertiary by Williams (ref. 3, map facing 
p. 98). D. Skinner, in an unpublished thesis (1962), con- 
cluded that the Peritu Pluton was penecontemporaneous 
with the First and Second Period andesites, which he 
adjudged to have been erupted during one continuous 
volcanic episode, renging from low Pareora (basal Miocene) 
to low Wanganui (basal Pliocene) in age. 

Thompson! madə the first record of plutonic rocks on 
Cuvier Island. He suggested that these Cuvier Plutonics 
are Jurassic to possibly Miocene in age, and that they can. 
probably be correlated with the Paritu tonalite. The 
occurrence of tourmaline on Cuvier Island and its possible 
genetic significance have been discussed by Reed‘. 

Our Paritu san=ples come from the type area in the 
Paritu Quarry, 40 ft. from the contact (GA 1498), and 
from Darkie Stream, 500 yd. south-east of Paritu and 
about 100 yd. from the contact (GA 1499). They are 
essentially fresh cuartz—diorite samples, although they 
both show some sgns of uralitization of the hornblende 
(GA 1499, more then 50 per cent; GA 1498, somewhat less 
so), with GA 1499 showing sericitization of some feldspars, 
and presence of epxiote. The rock at Paritu is very rich in 
xenoliths; at Darkie Stream they are much less abundant. 
The Cuvier Island hhornfels sample (GA 1497) comes from 
within 2 ft. of the intrusive contact, sixteen chains south- 
east of the type ara, Scotts Monument. Some sericitiza- 
tion was observed in the plagioclase. Despite this, 
essentially clean concentrates were obtained for all six 
minerals analysed 

Argon was measured by isotope dilution, using a 
Reynolds-type mess-spectrometer and a Berkeley-type 
argon extraction system*®. Potassium was measured by 
means of a flame photometer®:’?. Non-geological sources 
of error should mate up less than 3 per cent of the reported 
figure (that is, +05 m.y.). 

The age concordance between. biotite and hornblende 
from Paritu Quarry suggests that the time of original 
crystallization has been recorded, for the reason that a 
later event causing partial argon loss usually results in a 
hornblende age significantly greater than that of the less- 
retentive biotite’. Biotites from the other two samples 
suggest that these also are of the same age. The slightly 
younger age of ths Cuvier Island plagioclase relative to 
the cogenetic biotite can be regarded as confirmatory, as 
plagioclase feldspars, which often yield reasonable ages, 
will nevertheless fnd to be somewhat less retentive of 
argon than biotite The reproducible argon result on the 
Darkie Stream hornblende suggests that its apparent 
difference from the biotite result could be real. This could 
result from: (1) a wrong potassium value (which we 
doubt, for the posassium replicates (not reported) show 
their usual “better than 1 per cent” agreement); (2) dif- 
ferential losses of argon from the minerals (the GA 1499 
hornblende concertrate crystals appear more translucent 
—that is, have less inclusions—than those of the GA 1498 
concentrate); (3) the inclusion in the hornblende of a 
small amount of “‘initial argon” during crystallization. 
We cannot distinguish between these alternatives. How- 
ever, the discrepancy is small, and the samples show no 
perceptible indicetions of any alteration which could 
not be described as deuteric. Thus it seems not un- 
reasonable to conclude that all six ages refer to the same 
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event, which occurred in mid-Miocene time, probably 
between 17-1 m.y. and the average, 16-2 m.y., ago. The 
correlations of Evernden and others? suggest that this is 
equivalent to Late Hemingfordian-early Barstovian on 
the North American land-mammal sequence. They 
equate this to the lower Vindobonian of the European 
sequence, which seems to approximate!’ to the Waiauan 
Stage in the New Zealand Tertiary succession (Opper 
Southland Series). 

Thus the result confirms the correlation by Thompson? 
of the Cuvier Island Plutonics with the Paritu Tonalite, 
and also his tentative suggestion that they may be 
Miocene. On the basis of the allocation of the First and 
Second Penod andesites to the Miocene, our result also 
Jends support to Skinner’s suggestion of a close relationship 
between the plutonic activity and these earlier periods of 
major andesitic volcanicity. 

We thank I. H. Ingram for performing the argon extrac- 
tions, and H. Berry for help with the mineral purifications. 
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Determination of Trace Amounts of Cobalt in 
Sea-water after Enrichment with Solid 
Manganese Dioxide 


Few results are available on the occurrence of trace 
amounts of cobalt in sea-water. Noddack and Noddack? 
and Black and Mitchell? reported obtaining the values 
0-1 pg cobalt/kg and less than 0'3 ug cobalt/l., using 
emission spectrometry. Ishibashi? obtained a value of 
0-4—0-7 ug cobalt/l. by spectrophotometry. With improved 
spectrophotometry, Weiss and Reed‘ and Thompson and 
Laevastu® found values of 0-038 ug cobalt/l. and 0-2-0-3 
ug cobalt/l. respectively. 

Since a fairly specific and sensitive reagent, nitroso R 
salt, has been widely used for the spectrophotometric 
estimation of cobalt, it seems that the key to the analysis 
of trace amounts of cobalt in sea-water is to enrich that 
element from its sea-water concentration to a concen- 
tration suited to the sensitivity of nitroso R salt reagent. 
The method of co-precipitation of cobalt with ferric 
hydroxide, followed by dithizon extraction used by 
Ishibashi? is inadequate for the recovery of cobalt in séa- 
water within the range of pH in which the bulk of the 
precipitation of magnesium carbonate and hydroxide can 
be avoided. The procedure used by Weiss and Reed’, 
in which cobalt was directly co-crystallized with «- 
nitroso-B-naphthol from sea-water, is not practical because 
of the long after-treatment, involving the decomposition 
of relatively large quantities of organic reagent, ion- 
exchange purification and other steps. Thompson and 
Laevastu® utilized carbonate precipitation of naturally 
occurring magnesium for the recovery of cobalt, but this 
results in a troublesome filtration procedure. It seems 
that none of these procedures is practicable for use as a 
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routine method. On the other hand, solid manganese 
dioxide was used successfully by Yamagata and Iwashima® 
to enrich in a sea-water medium various radionuclides 
which occur in reactor coolants. They obtained almost 
complete recovery of manganese-54, cobalt-60 and zinc-65, 
among others. However, they used 70 g granular man- 
ganese dioxide for 20 |. of sea-water, that is, 3-5 g/l. of 
water. This quantity of manganese dioxide is certainly 
too great for the purpose of trace analysis of cobalt. 

We have attempted to apply the principle of the 
procedure proposed by Yamagata and Iwashima to the 
trace analysis of cobalt in sea-water, reducing the quantity 
of manganese dioxide to minimize the possible contamina- 
tion and interference caused by excessive amounts of 
that substance. Experiments using cobalt-60 as tracer 
showed that as little as' 10 mg/l. of manganese dioxide 
In sea-water can effectively recover trace quantities of 
cobalt (compare Table 1). The cobalt recovered on solid 
manganese dioxide can be eluted by less than 50 ml. of 
8 M nitric acid. By filtering the elutant through a ‘Milli- 
pore’ filter, a clear solution for cobalt analysis can easily 
be obtained. This solution can be subjected to the normal 
procedures for trace analysis of cobalt, that is, the ex- 
traction of the «-nitroso-8-naphthol complex and spectro- 
photometry with nitroso R salt’. 


Table 1. RECOVERY AND ler are OF COBALT DELIBERATELY ADDED TO 


EA- WATER 
Cobalt 
recovered 
Medium with 
Cobalf Manganese manganese Cobalt 
added dioxide dioxide found* Error 
(ug) (mg) (per cent) (ug) (per cent) 
1 G1, sea-water Ld 10-0 90-5 92 — 8 

ši 20 105 88-8 2-19 +10 
= 30 9-9 910 2-54 — 15 
és 490 16-9 94-3 3-56 —ł1 
s Blank 98 = 0 46+ = 


* Corrected for blank and recovery. 
t Reagent blank plus cobalt content of sea-water used. 


One possible disadvantage of this enrichment procedure 
is that small amounts of manganese dioxide might dissolve 
in the course of the acid treatment. We showed that the 
presence of 1 mg of manganous ion had a negligible effect 
on the spectrophotometry of cobalt, while the presence 
of 10 mg had a definite effect. However, it was shown 
through tracer experiments with manganese-54 that the 
quantity of dissolved manganese found after treatment 
with acid was less than 1 per cent of the total added, and 
after extraction with «-nitroso-B-naphthol, the con- 
tamination of manganese in the final solution was less 
than. 0-5 per cent of the dissolved manganese, a harmless 
amount. - 

The main advantages of this enrichment procedure are 
its speed and simplicity, which make it suitable for use 
on board ship with the minimum possible contamination. 
Manganese dioxide, practically free from cobalt, can be 
prepared by the oxidation of manganous ions m strong 
nitric acid with potassium bromate. The main source of 
the reagent blank in the spectrophotometric procedure 
was the concentrated nitric acid used, which contained 
up to 0-3 ug cobalt/100 ml. 

Table 1 shows the results of experiments carried out on 
a standard series of water samples, to which known 
amounts of cobalt had been added, to ascertain the 
recovery of added cobalt on manganese dioxide and the 
accuracy of cobalt analyses. In order to measure the 
percentage recovery 0-1-0-2 uc. of cobalt-60 (~ 0-001 
ug cobalt) was added to each sample. As can be seen 
from Table 1, the percentage recovery of cobalt ranges 
from 80 to 95 per cent in these conditions. The error in 
the determination of cobalt in the 1-10 ug range is ex- 
pected to be less than + 20 per cent, although the values 
obtained tend to be lower than 100 per cent. Table 2 
shows the results of the determination of cobalt in a 
sea-water sample taken from a station located 2 km 
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Table 2, ANALYSIS OF COBALT IN SEA-WATER ~ 


Manganese 
Sample dioxide Overall Cobalt Cobalt 
Chiorinity added recovery found content 
(percent) (mg) (percent) (sg) (ugil.) 
20 1, filtered gea- 
water 20 87 200 793 1:82 0 091 
Analvsis of the 
‘Millipore’ filter 
used for filtration 
of 20 I. sea-water — ~ 88 8 0 06 0 003 


south-west of Monaco in June 1965. In this case also 
0-2 we. of cobalt-60 was added immediately after filtration 
through an HA-type ‘Millipore’ filter. After the addition 
of manganese dioxide the sea-water was left to stand for 
15 h with stirring. 

From these results it is estimated that the content of 
soluble cobalt in sea-water is of the order of 0-1 ug cobalt/I. 
and that of particulate cobalt of the order of less than 
0-01 ug/l, although the percentage error of the latter 
was estimated to be much higher than that of the former. 
Details of the procedures and the results obtained will be 
presented in greater detail elsewhere. 


R. FUKAI 
L. Huywu-Neoo 
D. Vas 
International Laboratory of Marine 
Radioactivity, 
International Atomic Energy Agency, 
Monaco. 
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Oxygen Isotopic Composition of Phosphate 
from Shells of some Living Crustaceans 


RECENTLY one of us! reported some results of measure- 
ments of the oxygen isotopic composition of phosphate 
from shells of living marine organisms. Four of the 
specimens measured were crabs and from the results 
obtained it was inferred that biological fractionation 
effects are involved in the process of precipitation of the 
calc1um phosphate of crab shells. It was important to 
have better information of the behaviour of crabs in 
this regard in view of the possible utilization of fossil 
specimens for palaeotemperature measurements on phos- 
phates. For this reason, some crabs were grown under 
controlled temperature conditions. Some ten specimens 
of Carcinides maenas Rath. (Carcinus maenas) were 
maintained in a thermostatic bath with a continuous 
inflow of sea water. The reasons for this were: (a) to 
maintain the oxygen isotopic composition of the water 
at a constant value it is essential to reduce the effects of 
evaporation; (b) that it is necessary to provide a con- 
tinuous supply of sea water just in case crabs precipitate 
(at least partially) their calcium phosphate directly from 
sea water. 

The oxygen isotopic composition of the sea water was 
measured weekly on average samples obtained from daily 
collections of about 20 c.c. The results covering the 
period from |] month before exuviation to 1 month 
after exuviation give an average oxygen isotopic com- 
position of + 0-6 parts per mil versus standard mean 
ocean water (SMOW). One standard deviation equals 
+0-1 per mil. 

The temperature of the water bath was 25° C and over 
the whole period it did not vary by more than + 0-5° C. 
Such a fluctuation can be considered to be negligible 
considering the continuous inflow of sea water and the 
fact that the standard error of the measurements of 
phosphate 38's, calculated on about 150 measurements, 
was +018 per mil which corresponds to about +1° C. 
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The crabs were kept at 25° C some months in advance 
of moulting in ordər to ascertain that all the biochemical 
processes precedirg exuviation (principally the major 
portion of skeleta. resorption?) occurred at such a tem- 
perature. 

Because the time which is necessary for the mineraliza- 
tion of the newly formed exoskeleton is not well known, 
the crabs were kep3 for various periods in the thermostatic 
bath after their moulting. In the case of two specimens 
measured about 2- weeks after exuviation, only traces of 
calcium phosphate could be detected. Three specimens 
measured about 5 weeks after exuviation had a phosphate 
(IIT) ion content cf about 2-0 per cent. 

The oxygen isosopic composition of the phosphate of 
these three specimens was measured according to an 
earlier technique. The results obtained are expressed in 
the 8 terminology as deviations in per mil of the ratio 
of oxygen-18 : oxygen-16 in the sample from that in the 
standard: 


180/160 sample — 18O/1*O standard 


eee 180 160 standard 
values of § are given in Table 1. 
Table lt 

5380 (PO}-) 5'90 (PO}-) 

vs. CO,PDB-1 vs. SMOW 
Careinides maenas No 1 — 20 39 +15 68 
Carcinides maenas No 2 — 20-21 +1987 
Careinides maenas No 3 — 20 50 +19 57 


The tentative equation calculated for the relationship 
between temperatare and phosphate 6 (ref. 3) is: 

i== —90-0-4:8 (8-8) (1) 
where ¢ is the growth temperature, òp is the oxygen 
isotopic compositian of the phosphate and $y is the oxygen 
isotopic composition of carbon dioxide equilibrated 
isotopically at 25-2° C with the environmental water both 
measured against the same mass spectrometer standard 
gas. From this equation the phosphate ò corresponding to 
a temperature of :25° C with a water ò of +06 (versus 
SMOW—all the &s are given here versus SMOW unless 
specified otherwise) is + 16°60. The average è from these 
results is + 19-70. The value is much more positive than 
would be expected; it can be concluded that, at least in the 
case considered of ihe species Carcinides maenas, there must 
be some biologica. fractionation effect. This effect could 
be determined, fcr example, by the processes of partial 
resorption of the shell material before exuviation and the 
following redeposition ın the newly formed shell. 

On the other kand, it seems probable that biological 
fractionation effects also occur m other crustaceans. In 
fact we have alsc obtained measurements for two Medi- 
terranean specimens of Squilla mantis and one specimen 
of Munida sp. fram deep waters off Florida. In Squilla 
mantis the temperature range is about 13°-23° C and the 
corresponding phosphate ð’s from equation 1 should be 
(water 5=0-0) between +187 and +164. In Munda 
sp. (depth about £70 m, growth temperature 7-1 + 0-1° C) 
the phosphate § should be about +19-9 (water è = 0-0). 
The results obtaired are given in Table 2. 

Assuming a ô value of +1:0 for Mediterranean water 
(measured) and æ $ value of +0-6 for Munida environ- 
mental water (célculated from salinity data from the 
area) the phosphste 8’s are still more positive than they 
should be. The <lifference between the two specimens of 
Squilla could be sscribed to different periods of moulting. 
Also if the numker of samples measured is quite small 
one could conclucs that: (a) the oxygen isotopic composi- 
tion of the calcium phosphate of the shell of Carcinides 
maenas (and procably other crabs) is more positive than 
would be expected on the basis of the equation calculated 


Table 2 


ôO (POs) 50 (POL) 


versus CO,-PDB-1 versus SMOW 
Squilla mantis No. 1 — 17-50 + 22-69 
Squula mantes No. 2 —19 10 +21:02 | 
unda 8p. — 17-44 +2275 
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from the results obtained from various marine animals; 
(6) this is also the case for other crustaceans—there seems 
to be a general tendency toward positive values deter- 
mined (with some evidence) by biological fractionation 
effects. 

We thank Dr. C. Emiliani for supplying Munida samples 
and S. Nuti for his valuable technical help. 
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Fossil Ice Wedges in Hampshire 


TAREE large fossil ice wedges have been discovered in a 
coastal section exposed at Highcliffe in Hampshire (M.R. 
215931). They are to be found within the Plateau Gravel 
in the uppermost part of the cliff at about 100’ O.D. Here 
2-4 m of gravels rest on Barton Beds, at this point con- 
sisting of an impermeable glauconitic clay. On top of the 
gravels is an uneven layer of brown loam up to 80 cm 
thick. 

The gravels are made up of sub-angular pebbles and 
smaller chips and flakes of flint; some derived Eocene 
material, particularly rounded and blackened small 
pebbles; and quartz and silica sand. There is some 
differentiation within the gravels, with a lower horizon of 
coarser stratified material which stands out slightly from 
the cliff, and thin seams and lenses of finer material incor- 
porated into the gravels above. Two samples taken from 
the coarser gravel had median grain sizes of 7 mm and 
9mm; they were not well sorted and were strongly 
skewed towards the finer sediments. A sample from a 
pinched out lense of finer material, which was some 3 m 
long with a maximum depth of 20 cm, had a median 
grain size of 0-35 mm, and consisted largely of medium 
and coarse sand with patinated chips of flint. 

The loam is a structureless deposit, strong brown in 
colour (Munsell colour 7-5 YR 5/6, dry). A layer about 
20 cm deep at the surface is weathered to a dark brown 
(7-5 YR 3/2). Four samples taken from the loam had 
median grain sizes of 14-57, but while this falls within 
the size range characteristic of loess deposits, the samples 
were not, in fact, well sorted (Trask sorting coefficients 
from 0:16-0:33), and more closely resembled flood loams. 
Small pebbles are incorporated into the deposit. Analogous 
loams may also be found within several New Forest 
valleys adjacent to the streams along the valley bottoms. 

The wedges appear as “V’-shaped forms of disturbed 
gravel, often with pebbles inclined vertically, which 
extend down into the horizontally bedded gravels, and in 
one case to the top of the clay which is slightly arched up. 
There is no surface indication of the features on the 
ground, possibly because the area has been developed as 
a car park, although there may well have been none. 
The pattern of the wedges in plan cannot be established ; 
however, they do extend as wedges back into the cliff. 
Taey are particularly noticeable because the material 
within them is partially bleached to a pale brown (10 YR 
6/3) as compared with the reddish or strong brown of the 
local material (7-5 YR 5/6 or 6/8), although this, too, is 
also bleached in parts. This is probably because per- 
colating water has found an easy passage down the 
disturbed gravel}. 

Two of the wedges are almost vertical; the other is 
inclined with a disturbed area near where it disappears 
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behind scree at about 2 m. The deepest wedge reaches 
3 m to the Barton Clay; all three vary from 0:9 m to 1-2m 
in width near the top, tapering downwards. 

The material fill at first glance appears to be no different 
from the local gravel, except for the pebble alignment and 
colour. However, mechanical analysis of samples from 
one of the wedges reveals that it has a higher proportion 
of both coarser and finer fragments than the local gravels; 
median grain size is 14 mm; but 7 per cent is finer than 
2 mm (compared with less than 1 per cent), and 43 per 
cent is more than 16 mm (compared with about 25 per 
cent). There is no distinctive element from the overlying 
loam within the wedge. The most likely explanation for 
all this is that the wedge was an open feature filled from 
above by fine dust and larger pebbles before the deposition 
of the loam. Some form of surface depression still existed 
at that time, however, because the loam thickens immedi- 
ately over the wedge where the coarser infill does not 
quite rise to the level of the gravel on either side. Thus, 
the former existence of an open crack is shown by the 
nature of the infill, the aligned pebbles and by the thicken- 
ing of the loam. In two of the wedges there is distortion 
of the bedded gravels on e1ther side, suggesting ice growth. 
However, this is not generally marked. 

Theso features are consistent with those of true ice 
wedges*, and in size they are closely comparable with 
those found near Cambridge? and in Yorkshire’, A 
number of opinions have been put forward concerning 
the climatic requirements for the formation of wedges. 
Corbel: suggested that in Alaska they formed under cold 
continental conditions with little plant cover and low 
annual precipitation, with a summer maximum, and no 
considerable snow cover or moisture in winter. He 
postulated a mean temperature in the warmest month 
of 10° C, a January-February temperature of —10° to 
~20° C; Péwé* put forward a mean annual temperature 
of —6° to — 8° C persistent for several years. 

In the face of these opinions, it may at least be con- 
cluded that the fossil ice wedges were formed under a 
cold continental climate. Temperatures were low enough 
for permafrost. The wedges may date from the last 
(Weichsel) glaciation, or conceivably from the Gipping 
glaciation, as the ground is almost level and may have 
suffered little disturbance since then. An earlier date is 
unlikely because the gravels which here form a terrace 
feature can be correlated with the Goodwood-Slindon 
raised beach’, itself assigned to the previous interglacial. 

This work was carried out during the tenure of a 
Nature Conservancy Research studentship at the Univer- 
sity of Southampton. 
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An Unusually Radioactive Fossil Fish from 
Thurso, Scotland 


THE results obtained by Diggle and Saxon! on a Homo- 
steus plate from Clardon Haven, Thurso, do not, as they 
suggest, differ in any significant way from those published 
previously by Atkin and myself*. We showed that 
“whereas both uranium and thorium form organic com- 
plexes or compounds with hydrocarbon, only uranium is 
fixed by bone apatite’. This means that a radioactive 
fish plate without much associated hydrocarbon would 
have a higher ratio of uranium : thorium than one with 
abundant hydrocarbon. Thus if the plate studied by 
Diggle and Saxon was mainly composed of bone apatite 
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the bulk of the radioactivity would :be attributable to 
uranium. 
S. H. U. Bowrs 


Atomic Energy Division, 
Geological Survey of Great Britain, 
15-17 Young Street, 

London, W.8. 
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PHYSICS 


Quarks and Cosmology 


RECENTLY, Zeldovic etal. have described several important 
astrophysical aspects of quarks. In this communication 
I shall make some suggestions as to the part that quarks 
may play in cosmology. Although these ideas are now 
necessarily speculative, their potential importance seems 
to warrant at least a brief discussion at this time. A 
particularly attractive possibility is that a low observed 
abundance®? of quarks may impose much more stringent 
hmits on the anisotropy of the universe than can be 
obtained from investigations of radio and quasi-stellar 
objects. 

It seems reasonable to assume that at cosmical densities 
greater than nuclear densities, and temperatures greater 
than the quark mass (in units where c = k = 1), quarks 
would be in equilibrium with baryons and consequently 
would be the dominant form of matter. From these 
initial conditions, we suppose that the universe expands 
and two-body reactions between quarks and diquarks 
produce baryons and mesons. If the baryon mass defect 
with respect to its component quarks is large, it is possible 
to ascribe the primeval radiation field to quark combina- 
tion. If this is not so, then it appears necessary to assume 
an initial universe comprised of quarks and of radiation 
in equilibrium with pair-produced particles. 

If quark combination is responsible for the radiation 
field, the required quark mass may be estimated. For 
example, in the simplest case in which all the cold pri- 
mordial quarks combme yielding an equilibrium tem- 
perature Ta the present total baryon number density, 
No and the present radiation temperature Tp, the quark 
mass would be about 1-5 x 10-12 7',°7,/N, GeV. Recent 
observations’-§ tend to support a present background 
radiation temperature®-!' of about 3 °K. The present 
total baryon number density is thought to be Ny = 
10-§ cm~? (ref. 12) with an uncertainty of about an order 
of magnitude. For these values and Tg = 10% °K*, the 
necessary mass is Ma œ 4:5 x 10° GeV. Although this 
mass, of the order of that of the most energetic cosmic 
rays, is very much greater than what is usually considered 
reasonable for quarks, there is no evidence against the 
existence of such massive particles. 

If quarks did not produce the primeval radiation, 
Zeldovic et al. have shown that their fusion in a homo- 
geneous, isotropic Friedman model would give a present 
quark concentration in the range 10-19? < Cy < 10- 
Though the uncertainties are largo, it is important that 
even the upper limit implies Cg <1, in agreement with 
available observations. In a homogeneous, anisotropic 
universe which initially expands from a two-surface!, 
it is possible to carry out a similar simple calculation. If 
such a universe is radiation dominated, we have T ~ t-1/3 
for the relation between temperature and time, as con- 
trasted with Z'~-1/2 for the isotropic expansion. We 
assume the total number of primordial quarks to be three 
times the present number of baryons, and assume, 
following Zeldovie et al., that quarks combine by way of 
two-body collisions with an effective cross-section c 

* This temperature is obtained by assuming that the quarks combine 
when the cosmic density becomes less than the nuclear density of 10% cm. 


Whether the reaction time scale is sufficiently short for this actually to occur 
depends on the totally unknown cross-sections for extremely massive particles, 


NATURE 


729 


(where, for the temperature region of interest, <o v> 7a 
constant). Then the condition for the time-scale of quark 
combination to be less than or equal to the time-scale 
for expansion and cooling requires that: 


To? Via 
No 





<ov> = 2 x 10- cm? sec? (1) 
Here v is the quarz velocity, and ta is the time for which 
the universe preserves its anisotropy. If the primordial 
quarks also combire to form mesons, the numerical factor 
in equation 1 coud be decreased somewhat. The most 
uncertain quantity mequation lis <ov >, which eventually 
should be measured or estimated theoretically. The 
relation between <s v> and the time-scale of anisotropy 
is plotted in Fig. 1 for several values of 7,?/N, corres- 
ponding to T, = #2 °K; Ny, = 10-5, 10-* and 10-7 cm~. 
Knowledge of the effective cross-section and velocity, 
<ov>, N, and To then provides an upper limit on the 
anisotropy time-scale tg. If the time-scale of anisotropy 
were longer than this limit, the rate of cooling would be so 
rapid that quarks would not have time to combine; 
their present concentration would be Og w 1. 

The cross-sectior for quark production from proton— 
proton scattering in the statistical model is estimated to 
be 3 x 108 em? for 3 GeV quarks". It decreases very 
rapidly with increasing quark miass. If this value is 
typical of the ranze of cross-séctions for quark inter- 
actions and is taken as an approximate upper limit to o 
for quark combination, then for v œ c <o v> w 10-1 
cm‘ sec-?. This may be compared with <cu> = 7 x 10-29 
cm? sec- for the <ormation_of helium. From Fig. 1, 
this puts a very agproximate upper limit of 10% sec on 
tf. Even allowing for the considerable uncertainty of 
<o v>, this suggesis that ta is many times less than the 
present age (ey 4:5 x 10% sec) of the universe. 

If the universe bas always been isotropic during its 
expansion, & similas calculation shows that <o V > potropic 
>3 x 10% TSN ry For T,=32 °K, Tg=10" °K, 
and N,=10-§ em~, this gives <o V> otropic 2 10-8 
ecm? sec~}. 

The effect of anisotropy (and indeed the effect of any 
mechanism, such as a scalar field?®, which increases the 
early rate of expansion) is complementary to its later 
effect on the evolut-on of a hydrogen universe. Hawking 
and Tayler’® have pointed out that a moderate amount of 
anisotropy substantially decreases the primeval helium 
concentration below that predicted by the a-6~y theory’!. 
However, observations do not appear inconsistent with 
a primeval helium concentration of zero’®. At present, 
therefore, the helium calculation can only provide a 
lower limit to the arisotropy. 
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Fig. 1. Equation 1 relacing the minimum effective cross-section (cm?) 

and velocity (cm sec-*) fer quark combination to occur to the time-scale, 

ta (sec), for anisotropy. The lines ~—7, -6, and ~6 are for 7, = 3 2°K 

and for densities Ny = 10-7, 10-* and 10-*. An arrow indicates the 
approximate present age of the universe 
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It is also important to note another aspect of this 
model. At the very high temperatures, T210" °K, at 
which these reactions occur, pair production of baryons 
may increase the density substantially. Under these 
conditions the Fermi temperature Trœ10- T? (Ma/ Mo), 
where Mn is the neutron and M, the baryon mass. Thus 
neutrons will not become degenerate until Tæ10” °K. 
If quarks are to combine at this or higher temperatures, 
the quark-baryon mass defect would have to be sufficiently 
large to release a Fermi energy of about 10-28 T? (Mn/M>») 
GeV. Another effect which may become important at 
high densities is induced if the effective quark radius is 
much smaller than that of the baryon. In order to create 
a space Av for the newly formed baryon, an amount of 
energy approximately equal to the work pAv must be 
liberated, where p is the local pressure. Were the muss 
defect unable to supply the required energy, quark com- 
bination would have to be balanced by processes which 
reduced the local pressure. For quark masses of the order 
of a few GeV, this also becomes important at temperatures 
of about 10% °K and such quarks would not be expected 
to combine at earlier phases of the expansion, except 
possibly to form a statistical equilibrium with baryons. 
At these high temperatures there may also be pair pro- 
duction and annihilation of quarks. Such considerations 
provide relations between quark mass and temperature, 
and the resultant time-scales for evolution will also be 
affected by anisotropy and inhomogeneities. 

If quark combination from an initially cold universe is 
responsible for the radiation field, the effects of degeneracy 
and pair production are less important. In an oscillating 
universe, the role of quarks may be to exchange energy 
between the matter and the radiation field during dense 
phases. Such an exchange, if :rreversible, could lead to a 
damping of the oscillations. The discovery of quarks and 
their properties may well provide further constraints on 
theories of the early stages of an expanding universe. 

It 1s a pleasure to thank Dr. R. J. Tayler, Dr. D. W. 
Sciama and Dr. S. W. Hawking for helpful advice. This 
work was done during the tenure of a Fulbright fellowship 
which I gratefully acknowledge. 
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THE SOLID STATE 


Simultaneous Magneto-optic Recording of 
Hysteresis Loops from Both Surfaces of a 
Magnetic Film 


MAGNETIZATION reversal processes in thin magnetic 
films have been extensively investigated in recent years. 
The usual techniques adopted for the display of hysteresis 
loops have been based on the use of a pick-up coil to 
detect dM/dt, as described in detail by Crittenden et 
ah 32, 


NATURE 


AUGUST 13, 1966 


VOL. 211 





Fig. 1 





Fig. 2 


More recently, use has been made of the magneto-optic 
effects and, in particular, Green and Thomas? have de- 
veloped a simple technique in which hysteresis loops are 
obtained using the transverse Kerr effect in the infra-red. 
With a 50 c/s drive field reversing the magnetization, the 
intensity changes in the reflected beam are detected by a 
phototransistor and then amplified. 

This technique is being used in investigations of cobalt 
films in the thickness range 500-4000 A produced by 
evaporation on to glass substrates (10-20 A/sec) and 
some of the results have already been reported elsewhere’. 
The simplicity of the method has now permitted simul- 
taneous investigations of the magnetization changes 
occurring at both surfaces of a single film. 

In the case of the thinner films (< 2000 A) the signals 
detected from each side appear identical. For the thicker 
films, however, differences are apparent in the signals 
obtained from each side. This effect first becomes notice- 
able at a thickness of about 2000 A and is very pronounced 
at about 4000 A. Figs. 1 and 2 show the signals of dM jdt 
versus drive field taken from the free surface and the 
substrate surface respectively of a 4000 A film. It is clear 
that the reversal process is different at each surface and, 
furthermore, preliminary results indicate that the effect 
is dependent on the orientation of the film with respect 
to the drive field. 

Simultaneous recording in this fashion should find 
useful application in investigations of multiple films. 

One of us (B. W. J. T.) is indebted to the Directors of 
International Computers and Tabulators (Engineering), 
Ltd., for their continued support. 
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Synthetic Single Crystals of Graphite 


Tue formation of Kish graphite in iron/carbon ıs well 
known}, and reports have appeared of the growth of 
usable single crystals of graphite at 3,200° C in these 
systems*. Such crystals have not had the benefit of 
formation at a high temperature, so that in order to produce 
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long-range order they must be annealed. Accordingly, 
attempts have been made to crystallize graphite from 
higher melting solvents such as refractory carbides. No 
graphite was formed when tungsten monocarbide (m.p. 
2,785° C) was used as the solvent, but an abundance of 
large single crystals of graphite was obtained from tantalum 
monocarbide (m.p. ~3,820° C). 

About 40 g of hot pressed (3,100° ©; 100 kg cm-°) 
tantalum monocarbide having a bulk density of 86-91 
per cent was placed in a polycrystalline graphite crucible 
(Morganite E Y9A) and sealed with a tight-fitting graphite 
plug. The crucible was insulated with wrappings of 
graphite felt (National Carbon Co., grade WDF) and 
assembled in a susceptor for use in a developed version 
of the high-temperature induction furnace described by 
Moore et al.*. After outgassing in vacuo at 2,000° C and 
further degassing treatments in 1-6 atm. pressure of argon 
at temperatures up to 2,900° C, the furnace was filled with 
fresh argon and the sample rapidly heated to about 
3,900° C, at which temperature it was maintained for 
9 min. This required a power input of 19-21 kW. At 
such temperatures the graphite vapour pressure is so 
high (~0-9 atm.) that more than 60 per cent of the 
crucible/susceptor evaporated evenly from the outer 
surface, but of course the molten tantalum carbide was 
exposed to the same carbon vapour pressure in a closed 
system. 


fi E? 
I ‘a 4 
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Fig. 1. Electron micrograph of basal plane dislocations in a graphite 
single crystal grown from solution in molten tantalum carbide. The 
specks on the plate are artefacts of sample preparation 


On examination of the cooled sample, it was found that 
the molten tantalum carbide had eroded the interior of 
the crucible at the tantalum carbide/graphite interface 
only, and that the carbon so removed had reformed as 
lustrous black flakes up to 8 mm across and 0-3 mm thick, 
had nucleated at the base of the melt and had grown 
wholly within it. The interstices were filled with a friable 
polycrystalline tantalum carbide with the composition 
TaC,.9; this was inferred from the characteristic golden 
colour and the lattice parameter (4-455 A)*. We therefore 
conclude that the molten tantalum carbide acted as a 
transporting solvent. 

Examination of the graphite flakes by optical and 
electron microscopy confirmed that they were single 
crystals of high quality. Thus characteristic twins con- 
tributing equilateral networks of 1-5-2 mm period o 
basal surfaces were observed to be straight over distan 
of 5-8 mm, and specimens taken for electron microsc 
investigation gave single crystal patterns. The dislocr 
content, as shown in Fig. 1, is not unduly high. Ir 
the extent to which the partial dislocations are di 
at nodes implies that this structure is not 


pinned. 
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We thank Mr. J. R. White for the electron micro- 
graph. 
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A Simple Method of Producing Extremely 
Pure Crystals of «-Silicon Carbide 


THIs communication describes a method of preparing 
colourless, extrerrely pure crystals of «-silicon carbide 
by a modified Lely process in a high-vacuum, high- 
temperature furnace from silicon of a purity sufficient 
for semi-conductozs and pure graphite. The temperature 
at which the maim reaction occurs, in the course of which 
the crystals are formed, is 2,800° C. The energy gap, 
determined according to the method devised by Mac- 
farlane and Roberts, is 2:96 eV. Crystal wafers 100-200u 
thick with fresh sarfaces exhibited a transmission factor 
of 80-85 per cent at the characteristic wave-length of 
2—4u. 

Silicon carbide is an interesting semi-conductor material, 
not only from the point of view of its physical properties 
but also because of its use in high-temperature com- 
ponents and possibly also for its applications in lasers. 
Silicon carbide has been used in the manufacture of non- 
linear resistors for many years, although the mechanism 
that gives it the non-linear current-voltage characteristic 
has hitherto not seen fully explained. However, until 
now it has not »een possible commercially to obtain 
pure, colourless siicon carbide for a satisfactory investi- 
gation of its physical properties. For this reason, we 
set out to produce hexagonal crystals of silicon carbide of 
high purity; success was finally achieved by means of a 
modification of the Lely process', which will be described 
here. 

From our experience the following are the most im- 
portant points for any method which is to yield a pure 
product: (1) Only silicon carbide can be used as the 
starting material: however, it must be considerably 
purer than that which can be obtained commercially 
(but it should be possible to produce it in fairly large 
quantities without undue expense). (2) The distribution 
coefficient for impurities varies appreciably with tem- 
perature. The higher the temperature of formation in the 
range investigated (up to 2,900° C), the higher the purity 
of the final silicon carbide monocrystals for the same 
starting material. The main difficulty is to attain the 
high partial presseres for carbon and silicon required to 
produce the crystals. ° 

ing), fine crystalline yellow silicon carbide 
rting material; however, the production 
of this by the well known silicon 
ethod is a relatively protracted 
à devised another method which 
ing material with adequate 
er. The heating element 
q as a system of chambers 
pure graphite is used. 
or quality is placed in 
ieated for a long time 
‘ting point of silicon 
ġ for a brief period 
radient between 











‘the. directly heated each chamber: na a 


graphite where it reacts to form silicon carbide before it 
can evaporate. Thus the silicon is converted quantitatively 
into silicon carbide. The entire process takes place 
moan inert atmosphere. After the excess graphite has 
been disposed of by combustion, sintered, yellow micro- 
crystalline silicon carbide remains and can be pul- 
vized and used as the starting material for the subsequent 
process. 

As already stated, various experiments indicated that. 
the distribution coefficient of impurities varies appreciably 
with the temperature, and for this reason it is necessary 
for the recrystallization of the silicon carbide to occur at 
as high a temperature as possible. 
the high partial pressures required, the ideal would be to 
use a totally enclosed hollow body of silicon carbide. 
We endeavoured to realize this by means of the following 
process. In the first stage a hollow cylinder of gr aphite 
is filled with yellow silicon carbide, produced by the 

foregoing method, and a graphite rod is pushed into the 
pov cue eligon carbide 80 oe it is surrounded y a 
















Pio ina nigh vacuum ce to 25% 200° c for 
t 30 min and the graphite is allowed to burn aw ay 
a rat 800°-900° C for a fairly long period, we are left 
a. mechanically strong, still slightly porous hollow 
of silicon carbide. On account of its porosity, 
yraphite core can be completely burnt aw ay. The 
‘-evlinder of silicon carbide is now placed inside 
sr hollow cylinder of graphite and the reaction 
ature is increased to about 2,800° C, so that as a 
of dissociation and recrystallization the hollow 
der of silicon carbide becomes much denser. In the 
ow space, plane-parallel, colourless crystals—some 
exagonal—begin to grow (their dimensions depend on 
th geometry of the active space). In our experiments 
the dimensions were a few millimetres in either direction; 
the thickness varied between 100 and 200u. 

Naturally it is essential to ensure that there is no con- 
ination in any of these processes. The inert gas used 
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Fig. 2. Arrangement for the production of a cylinder of sileon carbide — 
was helium—any traces of nitrogen were removed by a- 
calcium trap operated at 700° C, besides the normal 
methods of purification. a 

According to Lipson®, the transmission of light im the l 
range 2-5 is characteristic of the purity of the material. 
Our apea measurements confirmed this. For the best 
wafers the transmission factor in this range amounted to 
80-85 per cent for a thickness of 150u. and an untreated 
surface. 

As a means of estimating the purity, we also used the - 
phosphorus content, which can be determined guanti- 
tatively with relative ease by measuring the artificial- 
radioactivity (activation analysis) following decom- 
position of the silicon carbide in a stream of chlorine, or _ 
in a sodium carbonate melt. Unfortunately, a number of - 
interesting impurities cannot be considered with this 
method as their half-lives are extremely short. Although 
phosphorus is a very specific impurity, the content of this ` 
element would seem to offer an appropriate way of de- 
termining the general degree of impurity--at least s0 
long as no special measures are taken which affect its 
content in the compound. 

The following are some of the values determined: 





Silicon carbide: 


(1) commercial, black t x 10°? per eent phosphorus 
{ii} commercial, green à 10-* per cent phosphorus. 
(HD starting materiai, yellow & x 16° per cent phosphorus 
(iv) crystals produced by the method 


described in this communication < 10 per cent phosphorus 





x 


Absorption measurements carried out on colourless 
erystais yielded limits at 322-325 eV. H these measure- 
ments are evaluated with respect to reflexion, according 
to the methods devised by Macfarlane and Reberts', a 
minimum energy gap of 2-96 eV is obtained. The accuracy 
of this quantity largely depends on the extent to which 
the obviously existing long-wave tail can be correetly 
estimated. 
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Internal Friction Effects in Tempered 
Martensite 


Ir is generally accepted that the high temperature in- 
ternal friction effects in cold-worked iron containing 
interstitial atoms and the corresponding effects in mar- 
tensite are analogous. Both high temperature peaks 
appear when dislocations and interstitial atoms are 
present and it 1s therefore difficult to envisage separate 
models, although the evidence is mainly comparative 
and not in any way conclusive. 

In the case of the cold-work peak, the dependence on 
dislocations and interstitial content is easily demon- 
strated by the fact that the peak 1s not present when 
dislocations or carbon or nitrogen atoms are present 
alone. It is difficult to form martensite with martensitic 
steels without carbon being present. The most favourable 
evidence for the similarity between the two effects is to 
be found in the work of Beaulieu et al.1, who discovered 
a Koster effect in freshly quenched steels. The Koster 
effect? is found in freshly worked metals where a high 
internal friction is obtained immediately after working 
which slowly decays, with time. This effect has been 
attributed to a change in dislocation density and loop- 
length, although Nowick® has suggested that dislocation 
pinning could also account for this effect. Beaulieu has 
concluded that the decay of internal friction m mar- 
tensite arises from the oscillating dislocations collecting 
point defects and becoming locked. These workers also 
suggest that the internal friction should pass through a 
maximum value where the dislocations are moving with 
the defects. 

Gladman and Pickermg‘ attempted to investigate the 
effect of working on the peak height in 0-1 per cent 
carbon martensitic steel. The martensitic steel was cold- 
worked and no increase in peak height was obtained. 
This was attributed to cold-working having little effect 
on the high dislocation density present in 0-1 per cent 
carbon martensite. However, the effect of cold-working 
on the peak height in tempered martensite can be easily 
investigated. It can be seen in Fig. 1 that tempering 
reduces the peak height and that a considerable increase 
in peak damping can be obtained for a very small amount 


O 


Log dec. x 10? 





100 200 300 
Temperature (° C) 


Fig. 1. Effect of tempering and straming 0 4 per cent in tension on the 
height of the internal friction peak ın martensite. Testing frequency, 
05 c/s. @, Martensite; A, tempered 1 h at 300° C; x, tempered 1h at 

400° C strained 0 4 per cent; ©, tempered Lh at 400° C ; 
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Fig. 2. Arrhenius plot of the natural logarithm of the reciprocal time 
for complete &cay against the reciprocal temperature 


of plastic strain. Dottrellë has shown that a strain of 
10-2 can increase the density of mobile dislocations 
105 times; the stzong dependence on cold-working 1s 
therefore not surprising. 

The connexion Setween peak height and dislocation 
population in tempered martensite suggests that, like the 
cold-worked peak, dislocations are required. The part 
played by carbon is not easy to establish but some in- 
dication can be obtained by performing a Koster-type 
experiment at elevated temperatures. A 0-4 per cent 
carbon martensite was prepared by quenching, under 
cover of argon, fran 850° C into brine. Tempering was 
carried out at 300° 2 for 1 h before mounting in a torsional 
pendulum with ar optical lever of 3 m. The testing 
temperature was maintained for 30 min in order to allow 
temperature gradients within the furnace to be removed 
before testing. The specimens were deformed in situ to a 
torsional strain of )-006 radians and the internal friction 
changes with tims followed by determination of the 
logarithmic decrement over the amplitude range 5 cm 
down to 1 cm. Ar Arrhenius plot for the time required 
for complete decay at various temperatures is shown in 
Fig. 2, from which an activation energy of 20:2+2 
kcal/mole was ob=sined. This value is close to the 
accepted figure of 20-1 kcal/mole for diffusion of carbon 
in «-lron, and thezefore suggests that carbon atoms as 
well as dislocations play an important part in the high 
temperature internal friction behaviour of martensite. 

These results are interpreted as follows. Immediately 
on straining, fresh mobile dislocations are formed which 
are free to bow bejween their pinning points under the 
action of the applied stress. The moving dislocation does 
work against the lettice friction stress. The value of the 
lattice friction stress controls the extent to which a dis- 
location will bow, end as a result the damping will decay 
smoothly with time until the dislocation becomes saturated. 
Extrapolation of t= decay time curves shown in Fig. 2 to 
zero time, when tne dislocation will be moving at the 
same speed as the carbon atoms, gives a critical tem- 
perature of 217° C which agrees with the peak temperature 
of 215° C. In addit-on, extrapolation to room temperature 
shows that the time for complete decay is about 40,000 
min. Beaulieu’s results show that the damping decayed 
up to and beyond _0,000 min and an estimate by use of a 
French curve gives a value for complete decay of 30,000 
min. The agreement seems reasonable in view of the 
difficulty of obtaming the ‘end point’ experimentally 
and the inaccuracies inherent in extrapolation. This 


734 


indicates that the activation energy for the decay at room 
temperature is the same as that determined by the 
present work, and is therefore additional evidence 
in favour of the pinning model suggested by Beaulieu. 
However, in my opinion, the high initial internal friction 
arises from the large area swept out by the moving dis- 
location. As carbon diffuses to the dislocation and in- 
creases the number of pmning points, the total area 
swept out and thus energy absorbed are smaller than 
immediately after straining. As a result the damping 
decreases with time and no maximum on the decay time 
curve is to be expected, in contrast to that suggested by 
Beaulieu. 
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Fatigue Hardening in Face-centred Cubic 
Metals 


A SOFT copper crystal, cycled between constant alter- 
nating total strain limits, shows an initially rapid increase 
in the required alternating peak stresses, + op. At low 
amplitudes (lives greater than 10° cycles) the increase in 
peak stress becomes very slow after ~ 1 per cent of the ex- 
pected life. A crystal in this state is said to be fatigue hard- 
ened to saturation. Similar behaviour is observed for other 
face-centred cubic metals of high stacking-fault energy, 
for example, aluminium or nickel (for a review see ref. 1). 

Electron microscopy of thin films from such specimens 
reveals a high density of edge dislocation dipoles, and 
few “‘free’’ dislocations?. This has led Feltner? to propose 
that at saturation the prescribed strain amplitude can 
be accounted for by flipping of the dipoles between the 
two stable equilibrium positions for infinite parallel 
opposite edge dislocations, with much smaller contri- 
butions from bowing of segments of free dislocation and 
of the dipole legs. He also suggests that the shape of the 
mechanical hysteresis loop at saturation can be accounted 
for by the observed distribution of dipole widths; narrow 
dipoles require greater stresses to flip than wide ones. 

The following experiment was designed to test Feltner’s 
theory. A 99-994 per cent copper crystal of orientation 
[112] was cycled in push-pull to saturation with a modi- 
fied Instron machine reaching an alternating shear stress 
of + 276 kg/mm?*. Then a set of hysteresis loops was 
plotted with a Moseley ‘Autograf XY’ recorder, using an 
Instron strain gauge extensometer attached to the gauge 
length. Special precautions ensured that buckling did 
not affect the readings. Loops were plotted at the satura- 
tion stress, and at increasingly lower stress amplitudes 
down to the limit of the resolution of the system. This 
procedure did not affect the hysteretic behaviour on 
returning to saturation stress. 

A typical hysteresis loop taken at the saturation stress 
is shown as ABCD in Fig. 1 (the strain axis is horizontal). 
When the stress amplitude is lowered, the loop shrinks 
rapidly, as to HFGH. Now, from Feltner’s theory, it 
should be possible to construct the loop HFGH from 
ABCD as follows. The dipoles which begin to flip on 
passing from tension to compression at C on the curve 
BCD should be the same dipoles that flip on passing G 
on the curve FGH. The basic assumption here 1s that the 
flipping of these, the widest dipoles, is not influenced by 
the state of all the other dipoles and whether they 
have flipped back or not. Thus by simply translating 
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BCD bodily to the left, we obtain B’GH’; similarly, 
carrying DAB to the right, we obtain D'EF”. The ‘Felt- 
nerian’ loop so constructed, HF’GH’, is obviously too 
soft compared with the observed loop HFGH. This means 
that there must exist internal ‘back’ stresses at the end 
of the stroke DAB which assist reverse plastic flow during 
the stroke BCD. These back stresses are evidently present 
to a lesser degree after the stroke HEF, so that the curve 
FGH. is obtained rather than the predicted F’GH’. The 
origin of the back stresses is not described by the Feltner 
theory in its present form. However, they may be mea- 
sured by noting that at B, cp = op + og, where or is a 
frictional stress opposing flow in either sense, and opg is 
the back stress. Reverse plastic flow on the curve BCD 
begins ator = or — of. or may be taken at some arbitrary 
(small) offset, ın order to obtain relative measurements 
ofog = (op —or)/2 (see Fig. 1). In this way, aset of values for 
op can be obtamed for a set of immediately preceding 
peak stresses. Thus the difference between the back stress 
at C after the stroke DAB and the back stress at G after 
the stroke HEF can be measured. This difference can 
now be applied to the curve 8’GH’ as a translation down- 
wards along the elastic line B’G. If this is done, it is 
found that B’GH’ usually fits reasonably well along 
FGH, within experimental error. Similarly, D’E Ff” is 
moved upwards, and fits along HEF. The fact that this 
construction is satisfactory suggests that there is, approxi- 
mately at least, a cyclic state which is a function of am- 
plitude, but the metal must be taken around the hysteresis 
loop at the chosen amplitude a few times in order to wipe 
out the previous internal stress history. It seems difficult 
to reconcile. this behaviour with a pure dipole flipping 
model, as the stress field associated with a dipole does 
not extend much further than one dipole width away. 
Tn general, the dipoles appear to be separated more widely 
than this; further, a rather special grouping of dipoles 
would be required. 





Fig. 1 


We suggest that a substantial part of the prescribed 
strain amplitude does not arise from dipole flipping, but 
is a result of flow in the soft‘ persistent slip bands which 
form at saturation’. They are associated with a cell 
structure of dislocation’. At high amplitudes (lives less 
than 104 cycles), a similar cell structure fills the crystal, 
and high internal stresses are observed in corresponding 
hysteresis loops®. This structure appears able to account 
for the present observations. Dislocations shuttling back 
and forth between cell walls contribute to the observed 
strain amplitude; as they pile up at one side og increases; 
or arises from their tangling with the walls. At or the 
first dislocations are disentangled from the walls and 
move back; as they do so, og 1s reduced. 

The problem now is to assess the relative contributions 
of dipole flipping and cell shuttling to the total strain. 
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The present experiments are being extended to higher and 
lower saturation stresses, and correlated with observations 
of slp. The effects of orientation and temperature have 
also been measured. 
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Wind Forces and the Proximity of Cooling 
Towers to Each Other 


Gunn and Malik have recently suggested! that their 
results showing the effect of spacing on the drag of an 
array of spheres in a closed duct provide an explanation 
for the collapse of the Ferrybridge cooling towers. It is 
well known that the drag of a grid of bars or a screen in 
a wind tunnel increases rapidly as the solidity (that is, 
the blocked area over the total area) increases. The air 
passes through the grid as a series of jets and, crudely, 
it can be argued that the velocity in these jets varies as 
the sohdity. Because aerodynamic forces increase as the 
square of velocity the drag of the grid will go up as the 
square of the solidity. For an array of spheres the solidity 
is ; (1 + ay?, where a is the gap in diameters between 
adjacent spheres; Gunn and Malik present results for 
a = 1-0, 0-5 and 0. Using this crude theory, over this 
range one might expect an increase in drag coefficient 
based on upstream velocity of some sixteen times. 
However, Baines and Peterson? devised a more exact 





theory for the drag of grids. They equated , where # 


E 

pU? 
S 

ETI where 
S is the solidity. The shape of the bars and any Reynolds 
number effects are ignored. At high Reynolds numbers 
these effects are likely to be small in comparison with the 
effect of the wind tunnel blockage. The array of spheres 
tested by Gunn and Malik was twenty layers deep but 
because the spacing was small it will be considered as a 
single grid. Table 1 gives a comparison of the measure- 
ments of Gunn and Malik, at their highest Reynolds 
number of 2 x 10%, with those predicted by the method of 
Baines and Peterson 


is the force on unit projected area, to 


Table 1 
R S 
a Pe U? 2(1 — S)* 
measured predicted 
0 0-785 7°3 85 
05 0-349 0 25 0 41 
190 0197 O14 015 


Thus, although Gunn and Malik’s results are very 
interesting, they were to be expected. However, they 
bear little relation to the forces experienced on an array 
of cooling towers in an unconstrained airflow: indeed, if 
their results were relevant to groups of cooling towers, they 
would also be apphcable to building complexes generally, 


a, 
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and would imply -wind loadings large enough to have 
caused failure of a great many of our major buildings and 
structures. 


P. W. BEARMAN 


Aerodynamics Division, 
National Physical Laboratory, 
Teddington, MiddBsex. 


? Gunn, D. J , and Mahk, A. A., Walure, 210, 1142 (1966). 


2 Baines, W. D., and Eeterson, E. G., An Investigation of Flow Through 
Screens sod Bet to the Office of Naval Research by Iowa Inst. of Hy- 
draulics, July 19049. 


CHEMISTRY 


Food from Coal-derived Materials by 
Microbial Synthesis 


TE explosive increase in the world’s population has been 
accompanied by an overall food shortage. New and 
increased supplies of food, especially high quality protein, 
are urgently needed. Earlier investigations have described 
the growth of micro-organisms on paraffins, synthetic 
liquid fuel (‘Kcgasin’), and petroleum fractions’~*. 
Recently, it has been found that micro-organisms convert 
petroleum or petroleum fractions to protein, vitamins, 
or amino-acids*-1+ Because coal is a cheap fossil fuel and 
by far the most abundant source of readily available, 
fixed carbon, investigations were initiated to determine 
whether coal could serve as a source of high protein food. 

This communication reports some results of an evalua- 
tion of a variety of coal-derived materials as growth 
substrates for micro-organisms. Emphasis was placed 
on liquid coal-derived fractions because of the possibility 
of extending the atility of fuels and chemicals from coal 
conversion processes. In general, we found that yields 
of growth on several coal-derived materials compared 
favourably with yields on pure hydrocarbons and on a 
petroleum-derivec fraction. 

The yeasts Candida lipolytica (strains 409, 409A, 
409B), O. tropicazis.410, and six unidentified species of 
bacteria isolated from soil by enrichment culture were 
used as test orzanisms. The basal growth medium 
(pH. 7-0) contained 5-0 g ammonium nitrate, 2-5 g potas- 
sium monohydrogen phosphate, 1-0 g MgSO,;7H,0, Olg 
yeast extract per litre of tap water and to this was added, 
as the major source of carbon and energy, a weighed quan- 
tity of one of the substrates described here. Triplicate cul- 
tures (50 ml. of msdium in 300 ml. Erlenmeyer flasks) were 
incubated at 30° C for 4-6 days (bacteria) or 6 days 
(yeasts) on a rotary shaker. The resultant growth was 
collected on tared solvent resistant membrane filters, 
washed free of residual substrate with acetone followed 
by n-hexane, and then dried and weighed. Yields were 
corrected for growth in triplicate controls without added 
substrate. 

The following substrates were tested as major sources 
of carbon and energy: 

Fischer-Tropsea synthetic liquid fuel fractions: FTL 
(boiling 0°~204° C), FTD (204°-316° C), and FTW (> 316° 
C) were Bureau o? Mines products (iron catalyst); fraction 
SASOL (C,,-C,,, mainly C,,-C,,: 64 per cent paraffins, 
33 per cent olefires; both mostly normal) was a product 
of the South African Coal, Oil, and Gas Corporation. 

Low temperaturz tar fractions : HSF (a ‘hexane solubles” 
forerun with about 7 per cent phenols) and HSD (a “hexane 


- Sdlubles” distillate with about 12 per cent phenols) were 


obtained from tre Texas Power and Light Company. 
These fractions ccnstituted 7 and 46 per cent, respectively, 
of the primary sar from Rockdale lignite. Passage of 
fractions HSF and HSD through alumina provided hy- 
droxy]-free fractions HSF ọ and HSDo (infra-red analysis). 
Paraffin-rich fraction CTP (88 per cent n-paraffins- 
C,-C,,; 12 per cert normal «-olefines, C,)>—-C,,) and paraffin, 
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olefine fraction CTPO (44 per cent n-paraffins, C,-C,,; 
56 per cent normal «-olefines, C,-C,,) were derived from 
the neutral oil of low temperature tar by the Bureau of 
Mines. 

Petroleum-derwed fraction PET, obtained from an 
industrial company, consisted of C,—-C,, n-paraffins. Other 
substrates tested were three coal acid mixtures (one from 
anthracite, two from bituminous coal) and an artuficial 
mixture of polynuclear aromatic hydrocarbons found in 
high temperature coal tar. 

The highest yields of growth with yeasts were obtained 
with n-hexadecane as substrate; yields on 1l-octadecene 
were decreased by about one-half (Table 1). Normal 
paraffin fraction PET (from petroleum) supported growth 
yields ranging from alow of 244 mg dry weight (C. tropicalis 
410) to a high of 430 mg dry weight (C. lipolytica 409B). 
Fischer-Tropsch fractions FTD (O. lpolytica 409B), 
FTW and SASOL (all Candida strains) as well as low 
temperature tar fraction CTPO (C. lipolytica 409, 4094, 
409B) supported growth yields within the broad range 
obtained on fraction PET. The yield of C. lipolytica 
409B on low temperature tar fraction CTPO approached 
the lower limit of the yield on fraction PET. The crude 
protein content of Candida lipolytica 409B grown on 
Fischer-Tropsch fraction SASOL was 41:1 per cent, which 
compares favourably with values reported for micro- 
organisms grown on petroleum hydrocarbons**-', 


Table 1, GROWTH YIELDS OF YEASTS ON PURE HYDROOGARBONS AND FRAC- 
TIONS DERIVED FROM COAL OR PETROLEUM 


Growth yield (mg/g substrate)¢ 
Substrate C. lipolytica C. Hopean 


NATURE 


{carbon source) 409 409.4 409B 

Fischer-Tropsch 

FTL 0(1) 0(1) 0(1) 0(1) 

FID 114-184(2) 115-150(2) 243-280(2) 0(1) 

FTW i 287-306(2} 127-167(2) 829-344(2) 161-200(2) 

SASOL 322-326(2) 341-347(2) 348-451(3) 224-261(2) 
Low temperature tar 

HSF O(1) 0(1) 0(1) 0(1) 

HSFo 01) o(1} 0(1) 0(1) 

HSD 14(1) 6(1) 0(1)} O(1) 

HSD_ 78*-83 (2) 48*~-721(2) 0*-106T(2) 62*-102f(2) 

CIPO 118(1) 124(1) 233(1) 206(1) 

CTP 259-272(2) 236-276(2) 287-294(2) 208-232(2) 
Petroleum 

PET 280-342(3)  3806~-338(8)  374-430(8) 244~-290(3) 
Pure hydrocarbons 

i1-Octadecene 367(1) 295(1) 244(1) 344(1) 

n-Hexadecane 719(1) 628(1) 43838(1) 453(1) 


a Growth yield (mean of growth in triplicate culture vessels) refers to 
mg of dry cell material synthesized per gram of substrate added. Mean low 
and high growth yields are given for experiments which were repeated 
(number of experiments in parentheses). 


b Growth yield on HSDọ freed of phenols by two (*) or three (t) passes 
on alumina, 


The coal acids and the mixture of polynuclear aromatic 
hydrocarbons proved inferior nutrients for bacteria; 
yields of growth in all cases were less than 100 mg dry 
weight. No significant growth of yeasts could be obtained 
on the coal acids and the pelynuclear aromatics. 

These results suggest that, in general, higher yields of 
growth of yeasts are favoured by substrates (carbon and 
energy sources) which (a) are higher boiling, and thus of 
higher molecular weight (as shown by yields on FTL, FTD, 
and ETW}; (b) contain a high ratio of normal paraffins to 
olefines {compare yields on n-hexadecane with 1-octa- 
decene; PET, CTP, and SASOL with CTPO); 
are low in phenols or other toxic compounds removed by 
alumina (compare yields on HSD with HSDo). 

We conclude that paraffin-rich, higher molecular 
weight fractions derived from low temperature coal tar 
and from Fischer-Tropsch synthetic liquid fuel compare 
favourably with a petroleum-derived fraction as sub- 
strates for microbial production of food. Coal, therefore, 


and (e) 
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may join petroleum as a potential source of high protein 
food. 
MELVIN P. SILVERMAN * 
Joan N. GORDON 
Invrna WENDER 
Pittsburgh Coal Research Center, 
U.S. Bureau of Mines, 
Pittsburgh, 
Pennsylvania. 


* Present address National Aeronautics and Space Admunistration, Ames 
Research Center, Moffett Field, California. 
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Chemical Synthesis of the Tryptophan Path 
Intermediate l-(o-Carboxyphenylamino)-l- 
deoxy-D-ribulose 5-Phosphate 


Tue Amadori compound l-(o-carboxyphenylamino)-1- 
deoxy-D-ribulose 5-phosphate has been shown to be an 
intermediate of tryptophan biosynthesis in Aerobacter 
aerogenes?* and Escherichia coli’. In the course of an 
attempt to synthesize chemically the suggested inter- 
mediate, N-(5’-phosphoribosyl) anthranilic acid, I 
found that a compound with the properties and spectral 
characteristics of the Amadori rearrangement product 
was formed’. The method of synthesis of this compound 
has not been previously described, as until recently I 
have not used it in biological systems. The product 
(synthesized in 1960) has recently been used as a substrate 
in investigations of indoleglycerolphosphate synthetase 
in extracts of different micro-organisms. Since 1960 the 
intermediate, in the form of a sodium salt and another 
sample in the form of a barium salt, has survived a trip 
round the world and storage under refrigeration at 4° and 
— 15° C. 

The method of synthesis described here relates to the 
particular sample for which spectra are given and which 
we used as an enzyme substrate. Smith and Yanofsky* 
have described a synthesis of the intermediate, but in 
their method a crystalline product was not obtained. 
The present method is only one of several procedures 
successfully tried, but no attempt has been made to develop 
the synthesis fully. 

Ribose 5-phosphate barium salt (1 mmole) was dissolved 
in 1 ml. water. Sodium sulphate (1-1 mmoles) was added 
and the precipitate of barium sulphate filtered off and 
washed with 0:25 ml. water. The combined filtrate and 
washings were added to 2 ml. ethanol with stirrmg. This 
resulted in a slight cloudiness. Anthranilic acid (2 
mmoles) in 2 ml. ethanol was added and resulted in a rapid 


_ Clarification of the reaction mixture and a tendency to 
. tarn yellow. After stirring for 3 h 10 min the reaction 


mixture was placed in the refrigerator. The supernatant 
was decanted and the residual oil triturated with ethanol. 
The resulting yellow solid was filtered, dried under vacuum. 
The yield was 150 mg (41 per cent based on ribose 5- 
phosphate). The product was very hygroscopic. A similar 
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Table 1. PROPERTIES OF REACTION PRODUCT COMPARED WITH THOSE OF 
ANTHRANIVIG ACID AS DETERMINED ON PAPER CHROMATOGRAMS 


Reagent Reaction product Anthranulic acid 
Rr 0 63 (tailing) 0-86 
Ultra-violet light not fluorescent blue fluorescence 
Alkaline 
triphenyltetrazolium Red (positive) nil 
chloride 
Ammonium molybdate Blue-green nil 
(75°, 15 min) 
Phioroglucinol Purple 


urp nil, 
(90°, 25 min) (weak reaction) yellow on keeping 


The reaction with phloroglucinol is somewhat different from that of the 
ee a laa a Amadori compound which gives a green-purple reaction 
re : 


product melted at 177-181° C (with violent decomposi- 
tion). 

A sample of the crude product was dissolved in water, 
then acidified to a pH below 2 and chromatographed on 
Whatman No. 1 paper (solvent, methanol : butanol: 
benzene : water, 2:1: 1: 1 by volume) using a descending 
technique. A comparison between the properties of the 
product and anthranilic acid is given in Table 1. These 
properties are as expected for the phosphorylated Amadori 
intermediate. A comparison with the mobility of the 
non-phosphorylated form, as found in earlier work®*, 
indicates a slightly lower mobility for the phosphate. 
It should be noted that the phosphorylated intermediate 
does not fluoresce in ultra-violet light. This is in contrast 
with the non-phosphorylated form which fluoresces blue 
in a similar manner to anthranilic acid. 

Ultra-violet spectral analyses carried out at the time of 
synthesis have been given previously*. The crude product 
was assumed to be 1-(o-carboxyphenylamino)-1-deoxy-p- 
ribulose 5-phosphate disodium salt. Weight, spectra 
and conversion with alkali to anthranilic acid® indicated 
a purity of 60 per cent, with an impurity of 8 per cent 
anthranilic acid, on molar calculation. Previous experience 
with glycosylamine derivatives of anthranilic acid has 
indicated that they can have considerable water, or solvent, 
of crystallization’. 

For enzyme experiments, a solution of the disodium 
salt, synthesized in 1960, was made in water. This was 
acidified with hydrochloric acid to a pH below 2:5 and 
extracted with 2 x 4 ml. ether in order to remove 
anthranilic acid and the dephosphorylated Amadori 
compound. The aqueous layer was separated and the 
remaining traces of ether evaporated off by bubbling a 
stream of argon through the solution. The pH was then 
adjusted to 5-2. Conversion to anthranilic acid with 
alkali (pH greater than 10, 1-5 h at room temperature) 
and measurement of the absorption at 307 my allowed 
the concentration of the Amadori compound to be calcu- 
lated*. The spectral characteristics of 1-(o-carboxyphenyl- 
amino)-l-deoxy-p-ribulose 5-phosphate have now been 
calculated (Fig. 1). 0-1 M é~s-hydrochloric acid buffer, 
pH 7:4, Ezam 8,100, Eszemy 3,250; pH adjusted to less 
than 2:5 with hydrochloric acid, Eesomy 6,600, Eagamy 3,800 
(measured immediately, later falling to extinction similar 
to pH 7-4, because of the keto-enol equilibrium). In 
water adjusted to pH 5-2, eeag-smy 7,200, Ess¢my, 3,500. 

Because of the cost of ribose 5-phosphate and the 
suitability of the product for enzyme work, no further 
chemical investigations were carried out. In an early 
preparation a barium salt was precipitated with barium 
acetate. Smith and Yanofsky’ comment that their 
attempts at purification, using ion exchange resins, failed. 
However, taking into account the method of preparation 
and the likely impurities, the following purification 
procedure is suggested. 

Prepare the sodium salt by the method given here. 
The likely impurities are anthranilic acid and the non- 
phosphorylated Amadori compound. These can be 
removed by acidification and extraction with ether. 
The aqueous layer will probably contain some ribose 
5-phosphate and ribose. If barium acetate is added, the 
Amadori compound will be precipitated as the barium 
salt, while barium ribose 5-phosphate and ribose remain 
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Fig. 1. Spectra of 1-(o-carboxyphenylamino)-]-deoxy-D-ribulose 5- 
phosphate at 10“ M (2) in water at pH 5-2. (6) in 0 1 M fris-hydrochloric 
acid buffer, pH 7-4, (œ as (b) but pH adjusted to less than 2-5 with hydro- 
ehloric acid and spectzum recorded immediately, The spectral data given 
by Smith and Yanozsky (ref. 5) suggest that their sample was con- 
taminated with anthzanilic acid, but no extinctions or actusl spectra 
were given. The extnctions indicated by the spectra of Doy (ref. 4) 
were lower than the present ones because that sample on a weight basis 
was only 55-80 per cent pure with some contamination with anthranilic 
acid (probably 8 per cemt on a molar basis) 


400 370 340 320 


soluble. A preliminary preparation indicated that a 

barium salt of at least 95 per cent purity was obtained. 

This is not very soluble, but may readily be converted 

to the soluble sodium salt with sodium sulphate, or 

presumably with an appropriate ion exchange resin. 
Corin H. Doy 

School of Biological Sciences, 

University of Nev- South Wales, Kensington. 
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Transacylation of Acetyluramil or Acetyl- 
thieuramil; formation of 
Oxazolo(5,4-d) pyrimidines 


CONDENSED pyrimidine ring compounds have been widely 
investigated, but relatively little is known of oxazolo- 
(5,4-d)pyrimidinee, which have so far been prepared by 
the cyclization of uramil with acetic anhydride or benzoyl 
chloride!*, of 5.acyl- or 5-aroyl-amino-4-hydroxypyri- 
midines with phosphorus oxychloride®->, or by the Curtius 
reaction of 4-ammopyrimidine-5-carbohydrazides®. 

In order to oktain 2-methyloxazolo(5,4-d)pyrimidines, 
unsuccessful attempts were mado to cyclize acetylurami] 
(I), m.p. 270-3° C (dec) (acetic acid) (found: carbon, 38-63 
per cent; hydrogen, 3-79 per cent. The formula C,H,N,;0, 
requires: carbor, 38-92 per cent; hydrogen, 3-81 per 
cent), or its 2-thie analogue (II), m.p. > 300° C (dissolved 
in 10 per cent socium hydroxide afterwards acidified with 
hydrochloric acid. Found: carbon, 33-38 per cent hydro- 
gen, 3:97 per ceat. C,H,N;0;8-H.O requires: carbon, 
32:87 per cent; Aydrogen, 4:14 per cent), obtainable by 
the condensation. of ethyl acetaminomalonate with urea 
or thiourea in the presence of sodium ethoxide, with acetyl 
chloride, acetic anhydride, or phosphorus oxychloride. 
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On the other hand, the treatment of these compounds 
with benzoyl chloride gave the cyclized products. Heating 
(I) in refluxing benzoyl chloride with subsequent dis- 
solution of the reaction mixture in ethanol gave 2-phenyl- 
oxazolo (5,4-d)pyrimidine-5,7-dione (IIT), m.p. 282-3° C 
(dec) (methanol) (found: carbon, 57-49 per cent; hydrogen, 
3:00 per cent; nitrogen, 18-36 per cent. (C,,H,N;0; 
requires: carbon, 57:64 per cent; hydrogen, 3-08 per cent; 
nitrogen, 18-34 per cent), Amax 321 my (log e £ 10) in 
ethanol. Its major infra-red absorptions (“Nujol’) were 
ab 1689(s), 1639(w), 1597(vw), 1550(w), 1316 (w), 1261 (w), 
1227(w) and 1136(w) cm-'. However, with large excess 
of this cyclization reagent, 2-phenyloxazolo(5,4-d)- 
pyrimidine-4,6-dibenzoyl-5,7-dione (IV), m.p. 188-9° 
(ethyl acetate) (found: carbon, 68:32 per cent; hydrogen, 
3°40 per cent. C,,H,,N;,0,; requires: carbon, 68°65 per 
cent; hydrogen, 3:64 per cent), Amax 301 my (log c 4:40) 
, with an inflexion at 293 my (log e 4-38) in chloroform was 
isolated, the major infra-red absorptions (‘Nujol’) of 
which were at 1767(8), 1631(s), 1608(m), 1587(w), 1550(w), 
1486(m), 1418(m), 1325(m), 1266(s), 1242(s), 1181(m), 
1099(s), 1080(s), 1060(s), 1037(s), 1031(s), 1015(s), 1002(m) 
and 986(s) cm-!. Hydrolysis of (LV) with aqueous sodium 
hydroxide in acetone afforded (III), with m.p. 282° C (dec) 
(found: carbon, 57:29 per cent; hydrogen, 3:07 per cent). 


O 


NHR, N 
R—N R Pa aN 
AK A LP 
x 4 N OH. y N O 
h } 


3 
(I) R=H; R,=Ac; X=O (HI) R,=R,=H; X=O 

(Il) R=H; R, =Ac; X=S (IV) R,=R,=C,H,CO; X=0 

(VIII) R=0,H,; R, =H; (V) R=H, R,=C,H,CO; X= 
A=§ (VI) Ris C,H,CO; Ry=H, X= 

(VI) R,=R,=H; X=S 

(IX) R,=R,—C,H,; X=S 

The ease of formation of (IV) indicates the presence of 
(III) predominantly as a lactam form. This was con- 
firmed by infra-red spectrum analysis (vo-o 1,689 em~). 

Analogous treatment of (II) with large excess of re- 
fluxing benzoyl chloride gave monobenzoylated compound, 
m.p. 228-9° C (dioxane-n-hexane) (found: carbon, 61-48 
per cent; hydrogen, 3-09 per cent; nitrogen, 11:86 per 
cent. (C,,H,,N,0,8 requires: carbon, 61°89 per cent; 
hydrogen, 3-15 per cent; nitrogen, 12:03 per cent), 

Amax 319 mu (log £ 3°97) with an inflexion at 332 my 
(log 3°87) in dioxane, showing major infra-red absorptions 
(‘Nujol’) at 1695(s), 1647(sk), 1582(w), 1553(w), 1615(w), 
1351(m), 1318(w), 1267(w), 1221(w), 1205(m), and 1176(w) 
cm-!. No absorption was found at about 2,500 cm-1, and 
this suggested a thiolactam structure for this compound. 

Hydrolysis of this compound with aqueous sodium 
hydroxide in acetone afforded 2-phenyloxazolo(5,4-d)- 
pyrimidine-5-thione-7-one (VII), m.p. 248~-9°C (dec) 
(acetone) (found: carbon, 53-79 per cent; hydrogen, 
3-04 per cent. C,,H,N,0,8 requires: carbon, 53-87 per 
_ cent; hydrogen, 2:87 per cent), showing major infra-red 
frequencies (‘Nujol’) at 1695(s), 1667(sh), 
1613(w), 1600(sk), 1575(m), 1351 (m), 1230(s), and 1106(s) 
em}, 

These results indicate the occurrence of transacylation 
of (I) or (II) with a benzoyl group before cyclization to 
oxazolo(5,4-d)pyrimidine ring. This would be caused by 
the hydrolytic cleavage of an acetyl group, with the sub- 
sequent benzoylation of uramil or thiouramil. The labile 
nature of an acetyl group in acetyluramil was noted by 
Piloty et al.’. 

Nitrosation of 1,3-diphenyl-2-thiobarbituric acid gave 
its -nitroso compound, m.p. 226-8° C (dec) (methanol) 
(found: carbon, 58:72 per cent; hydrogen, 3:53 per cent. 
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C,H,,:N;0,5 requires: carbon, 59:07 per cent; hydrogen, 
3-41 per cent), which was reduced with ammonium sul- 
phide to its 5-amino derivative (VIII), m.p. 190—2° C (dec) 
(dissolved in 10 per cent sodium hydroxide with sub- 
sequent acidification with hydrochloric acid) (found: 
carbon, 54:98 per cent; hydrogen, 4-94 per cent. 
C,,H,;N;0,8:2H,O0 requires: carbon, 55:32 per cent; 
hydrogen, 4:93 per cent). (VIII) was cyclized with benzoyl 
chloride to 2,4,6-triphenyloxazolo(5,4-d)pyrimidine-d,7- 
dione (1X), m.p. 264-5° C (dec) (toluene) (found: carbon, 
69-46 per cent; hydrogen, 3-78 per cent; sulphur, 8-48 
per cent. C.,;H,,N,0,5 requires: carbon, 69-50 per cent; 
hydrogen, 3-80 per cent; sulphur, 8-07 per cent), Amax 
329 mu (log e 4-41) with an inflexion at 341 mp (log e 4:22) 
in chloroform, which showed major infra-red absorption 
(‘Nujol’) at 1727(s), 1645(m), 1597(w), 1493(m), 1826(m), 
1297(w), and 1250(s) cm~. 

Carbonyl stretching vibrations in the cyelization pro- 
duct of (Ii), and that of (VII), were at the same value 
(1,695 em-1). The lower value of this frequency, compared 
with that in (IX) (1,727 cem-!), are probably due to inter- 
molecular association. 

However, no conclusion could be drawn from these and 
other available data on the structure of the cyclization 
product of (IT), which should be (V) or (VI). 

A noteworthy feature of the infra-red spectra of (IIT), 
(IV), (V or VI), (VII) and (LX) is the appearance of an 
absorption, the intensity of which is variable, in the 
region 1,650-1,630 cmt, This may be associated with the 
C=C or C=N valency vibration of the oxazole ring, if 
the pyrimidine moiety takes the lactam form. An absorp- 
tion with medium intensity in the region 1,600-1,490 cm-? 
((II), 1,567; (VII), 1,575; (IX), 1,493 cm-1) can be: 
attributed to a vibration of the N—C=§ group. The 
shift of this absorption to the lower value in (IX) would 
be caused by the increased conjugation of nitrogen atoms 
with phenyl groups, but for (V or VI) no frequency due 
to this group can be seen in this region. An absorption 
at about 1,200 em ({(II), 1,224; (V or VI), 1,205; 
(VII), 1,230; (IX), 1,250 cm-t) was correlated with ve=s- 
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Proton Microanalysis 


A NUMBER of papers have been published!-> which 
demonstrate the use of nuclear reactions induced by 
charged particles as a tool for the measurement of light 
element concentrations. This “nuclear analysis’? tech- 
nique differs from conventional activation analysis in 
that suitable detectors are used to measure promptly 
the products (particles or radiation) of the reaction rather 
than the decay products present after the completion of 


. the irradiation. Despite its many advantages, the tech- 


nique has not become widely known or used. We show 
here that it is particularly suitable for application to the 
microanalysis of light elements in a manner which comple- 
ments the electron probe microanalyser. The use of a 
small diameter proton beam (for example, 0-010 in. or 
less) to induce nuclear reactions permits non-destructive 
measurements to be made, particularly for light elements, 
which are often difficult to detect by other methods. 

The specific object of the particular experiments was 
the determination of the degree of homogeneity of thin 
foils of «Ti-O alloys prepared for an investigation of the 


No. 5050 AUGUST 13, 1966 


solid solution region (less than 33 atom per cent oxygen) 
by electron diffraction methods. A suitable nuclear 
reaction for the investigation of oxygen concentration is 
the 8O(p,«)t®=N reaction. Using protons of 0°86 MeV, a 
dominant resonance is observed in the alpha-particle 
yield, and the cross-section is sufficiently high to offset 
the low natural abundance of oxygen-18 (0-2 per cent). 

The experiment was carried out using a proton beam 
from the 3-MeV accelerator at the Physics Division of the 
Australian Atomic Energy Commission Research Estab- 
lishment. A simple chamber was used, with the titanium 
oxide samples mounted on a movable arm controlled from 
outside the vacuum system. A silicon semi-conductor 
counter was mounted on a second arm to receive «- 
particles emitted at 90° to the mcident proton beam. A 
2-5 mg/em? aluminium foil in front of the counter ab- 
sorbed scattered protons but allowed the 3:86 MeV 
«-particles to penetrate to the detector. The pulse height 
spectrum observed with a multi-channel analyser is 
shown m the inset to Fig.-1. A broad peak is observed 
owing to energy loss by some «-particles as they emerge 
from the surface of the sample. Most of the «-particles 
are produced within a distance of 2u from the surface but 
a small number are produced at depths up to 5-10z, 
and lose considerable energy in the sample. Repeated 
measurements of the pulse height spectrum for a fixed 
number of microcoulombs of protons incident on the 
sample were made to investigate the accuracy and repro- 
ducibility of the results. No effects were observed from 
drifts in the accelerator or measuring equipment or from 
build-up of contamination on the surface of the sample. 
However, when a sample of rutile (TiO,) was used, a slow 
drop in oxygen concentration with time of bombardment 
was observed for a current density of 1 m.amp cm-?. 
No such change was observed for the other titanium 
oxides used—a result which is consistent with the differ- 
ences in thermal conductivity. An inspection of the 
rutile sample after bombardment showed that it had 
melted im the region of the beam spot. 

For microanalysis, an aperture 0-010 in. in diameter 
was used to restrict the size of the beam striking the 
sample, and the total number of counts in the peak 
region of the alpha spectrum was used as a measure of 
the oxygen concentration in the region of the beam spot. 
The results are shown in Fig. 1, plotted against position 
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Fig. 1. Oxygen distribution in titanium oxides. 1a (@), 15 per cent 

oxygen by weight with scanning lines 0-15 in. apart; and 1b (©), 15 per 

cent oxygen by weight with scanning lines 0°15 in. apart; 2a (=), 124 

per cent oxygen by weight with scanning line perpendicular to edge; 

2b (+), 124 per cent oxygen by weight with eigen line parallel to 
edge; 3 (A), 8 per cent oxygen by weigh 


NATURE 


739 


on the sample for a number of specimens. Using a beam 
current of 0-2 pamp and a counting time of about 3 min 
(33 uC), a statistical accuracy of from 2 per cent to 5 per 
cent was obtained depending on the oxygen concentration. 
Repeated results oktained by returning to a particular 
spot on the sample always gave results which agreed 
within the statisticel errors. 

Curves la and Ib ia Fig. 1 are for two traverses, 0-015 in. 
apart, across one sample. The dip observed in both tra- 
verses occurs for & particular grain which shows an 
oxygen concentration 30 per cent lower than that of the 
surrounding materiai. Curves 2a and 2b show a relatively 
smooth change in oxygen concentration and this can be 
correlated with an cbserved change in average grain size. 
Curve 3 shows a unicorm oxygen concentration across the 
surface of the sample, 

Some measurements have been made with a 0:004 in. 
diameter beam spot and it should be possible to reduce 
this to 0-001 in. Srecial equipment would be needed to 
allow measurements for much smaller spot sizes, but such 
work would be feasible provided care were taken to avoid 
damage to the sample by high-beam densities. 

We thank Prof. E. P. George of the School of Physics, 
University of New South Wales, for his support, and 
Dr. P. H. Corderoy Zor the preparation of samples. 
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Proton Nuzlear Magnetic Relaxation 
Investigations of Water 


A STRUCTURAL medel for water represents the liquid 
as a mobile, imperzect framework with molecular water 
or waters at defect sitesi. The framework is connected 
by hydrogen bonds while the molecules held interstitially 
are hydrogen bonded neither to each other nor to frame- 
work molecules. This communication reports experimental 
results consistent with this model as provided by an 
investigation of aqueous proton nuclear magnetic relaxa- 
tion times. 

Relaxation measurements’? were made on solutions in 
the pH ranges 2—5 and 9-12. T was found to be neither 
pH- nor frequency-dependent and the values at room® 
and elevated temp2ratures* agreed with those reported 
by others for oxygen-free water. At 26° C and in the 
pH ranges indicated, T, was dependent on frequency 
but not on pH. At 60 Mejs; T was found to be less than 
T,, while both were equal at 4-3 Mejs. Representative 
measurements at various temperatures in the acidic 
range and at 60 and.4:3 Mc/s are shown in Table 1. Further 
data on the pH ani frequency dependence can be foun 
elsewhere?®, i 


Table 1. T, AND T, FOR ACIDIO WATER SOLUTIONS AT VARIOUS T'SMPERA- 
TIRES AND FREQUENCIES 


pH 2 nee Mea pH 18, 43 Mejs 
i 


T°C Ta TC Ti T 
27 7 370 3 42 25-5 3-56 355 
311 4-10 3-76 30 5 3-08 — 
34-9 4-50 418 31-6 — 4-07 
41-0 5-22 4:72 377 4 60 4:55 
46-5 5 72 5 27 46 8 — 5-54 
555 6-60 6 10 48 0 5-60 — 
63-6 7-50 6 90 53 0 607 6-10 
60 5 6 85 6 87 
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In treating the data, we assume that the frequency 
dependence of T, can be traced to effects associated with 
a chemical shift, 8. The shift is ascribed to the difference 
in resonance frequency between that for a hydrogen 
bonded proton and one without this specific interaction. 
The mean diffusion lifetime® for water, however, renders it 
unlikely that the frequency dependence observed by us 
could be related to the reorientation of molecules partially 
involved in hydrogen bonding as represented below: 


a ee 


With this structure, fluctuations result m the breaking 
of one hydrogen bond (dotted lines) while others are left 
intact. We require a process, for example, whereby a 
water molecule is transferred from one state with hydrogen 
bonds to another without hydrogen bonds. This can 
best be described as the kinetic process, in the model, for 
transfer of a water molecule from the framework to an 
interstitial site. Furthermore, due to the pH independence 
of 7, and T, in the pH ranges indicated, water molecules 
rather than protons are transferred from state to state. 

In the limit of fast exchange, T, and 7’, can be related 
to a mean lifetime, t, by equation 1 (ref. 6). 


1 L L 2 P Patr; 7 = U(Ufta + U8) (1) 
T T 
In (1), Pa and Ps are the mole fractions of water in the 
framework state, A, and the interstitial state, B. Further, 
ta/tg = Pa/Ps = K, for the reaction B2A. 

The X-ray investigations of Danford and Levy’ suggest 
that Pa is 0-80 and Psg is 0-20 at room temperature. If 
P, is taken as 0-68 and Px as 0-32 at 65° C8, the experi- 
mental change in heat capacity can be realized after 
making a reasonable choice for the heat of vaporization 
of A, 11 keal. The chemical shift is not required in 
evaluating thermo-dynamic constants, but only in order 
to obtain ta and tg. ò has been chosen as 10 ppm., a 
factor of two higher than that estimated by Hindman’. 
Values for ta and ts and enthalpic and enthropic rate 
and equilibrium constants are shown in Table 2. 


Table 2, SUMMARY OF KINETIO AND THERMODYNAMIO CONSTANTS 


Pa 0 80+ O68t rat 5-8 x 10 ece ASts>ezt Oeu 
PR 0 20t} 0-32} trt 14x 10° see AStg>aj -77 eu 
AS* —77 eu AHta->pB 7:7 keal 

AH* -—3-1 keal AH* p->4 4 6 keal 


* For the equilibrium, B 3> A. t At 25°10. f At 65° C. 


The process A = B is a type of self-diffusion in water. 
The forward rate constant, however, is more than three 
orders of magnitude slower than that for the self-diffusion 
process postulated as A —» A. Applying first-order rate 
theory to both processes, the enthalpic term is found to 
reduce the rate AB as compared to 4-—»A* ® by some- 
what more than two orders of magnitude. The rate 
A->A is associated with a positive enthropic term’, 
while the enthropic term for A->B is approximately 
zero. ‘he latter corresponds to the usual enthropic 
variation for diffusion processes’*. The indicated difference 
in rate constant between that for the processes A—A and 
A—B seems consistent, therefore, with that expected 
for a self-diffusion process. 

The rate constant for B->A shows a sumilar consistency. 
The enthalpic terms for A—A and B->A are essentially 
identical, but the enthropic term for the latter reaction is 
at least 13 eu more negative than that for the former and 
indicates the expected restrictions associated with a 
water molecule joining the framework. Nothing can be 
said, at present, concerning the process B-—>B. 

Further investigations in this area promise additional 
information about the effects of solutes and mixed solvents 
on the properties of water. Temperature investigations, 
above and below the range presently examined, should 
also provide interesting data on structural variations. 
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Criterion of Mechanism based on Optical 
Rotation and Rearrangement in Alkyl 
Groups during Formation of Alkyl Halides 


Tur geometrical and electronic requirements of replace- 
ment reactions designated Sy2, Swl and Syt were 
described by Ingold and Hughes on the basis of kinetics 
and changes in optical rotation’. Recent work’, how- 
ever, has shown the need for caution in the practice which 
afterwards became fashionable of assigning these classi- 
fications on the basis of the optical result, unsupported 
by kinetic data, in other types of reaction, such as 
replacement of hydroxyl by halogen. The only unequivocal 
decision in such a reaction would seem to be the assign- 
ment of the exclusive Sy2 process to account for the 
isolation of, for example, optically pure (—)-2-chloro- 
octane from. (+ )-2-octanol. Isolation of the optically pure 
(+ )-halide, retained configuration, does not necessarily 
point to the Swt, internal, mechanism, since this result 
could be due to a double Sy2 process, the first one being 
independent of halogen. Predominant inversion but with 
some loss in optical purity could be due to (Sy2 + Swi + 
Syt) or (Sw2 + Syl) or (Sw2 + Swi), whereas predominant 
retention could be due to (Sw2 + Sni + Snl) or (Swi + 
Snt) or (Sy2 + Sxi), bearing in mind that the effect 
ascribed to Syi could be due entirely or partly to the 
double Sy2. 

Alkyl rearrangement is usually taken as being indicative 
of a carbonium cation mechanism, although possibilty of 
a bimolecular rearrangement process must be acknow- 
ledged. 


(R = H or CH,). 
As a kinetic and optical result attributable to the Syl 
process need not lead to rearrangement in the alkyl group’, 
absence of rearrangement does not necessarily exclude the 
Syl process, even with a group such as 2-octyl, which 
under various circumstances rearranges readily to 3- and 
4-octyl. 

Complications in interpretation can also arise because 
of loss of rotatory power and/or rearrangement after the 
initial formation of the halide, or from the lack of experi- 
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mental precision in analysing the halide product, that 1s, 
assessment of isomeric constitution. 

The mechanism itself may change in the period during 
which the product is being formed, so that two or more 
mechanisms may contribute. In the aleohol—-phosphorus 
trihalide systems, for example, the alkyl halide is produced 
by three consecutive reactions comprising the removal of 
the three alkyl groups of the trialkyl phosphite by hydro- 
gen halide, the first two presumably being clean Sy2 
processes, while the third involves rearrangement and loss 
in rotatory power for a secondary alkyl group?. The 
formation of isomerically pure s-alkyl halides by the first 
dealkylation led us to examine the related system in 
which an alcohol is treated with triphenyl phosphite and 
hydrogen or alkyl halide’. 

The main sequence of reactions appears to be as follows, 
although other sequences may contribute: 


# 


RX 
(PhO),P + ROH —> PhOH + (PhO),POR-————————_—> 
(R’ =H, Me, ete.) 


Sw2 |4 

X- - - - —— R—OPR'(OPh),t —-> RX + R’PO(OPh), 

In the original work! various optical results were obtained, 
for example, with R’X = HCl, 2-octanol («3-4 — 7-83°, 
l = 1) gave 2-chloro-octane («3-2 + 188°, Z= 1), thus 
showing a 40 per cent loss in optical purity, while with 
R’X = (C,H,CH.Cl, an 18 per cent loss in activity was 
observed, These results indicate a mixture of mechanisms, 
with contributions from Sy2 and Syl modes according to 
conditions; although for certain reasons the original 
authors suggested the Sv2 mechanism. 

We find, however, that at room temperature (or just 
above) this system (R’X = HCl) gives 2-chloro-octane 
(a}* + 30-15° from ROH, aif — 7-96°, l = 1) isolated by 
detailed fractionation of the primary product. This 
represents inversion without loss in rotatory power, and 
therefore presumably the clean Sy2 mechanism as 
originally suggested. It also points to the non-intervention 
of the possible ROH + HCl reaction®, confirmed by the 
preparation of isomerically pure 2- and 3-chloropentanes 
in the triphenyl phosphite system. When R’X = HBr 
or HI, some rearrangement occurred, namely, 3-bromo- 
pentane (25 per cent) and 3-iodopentane (10 per cent) 
from 2-pentanol. This effect could be due to the quicker 
interaction between the HBr or HI and the alcohol itself. 
n-Alcohols, however, still gave isomerically pure halides. 

In the reaction of methyl bromide or methyl iodide with 
triphenyl phosphite and a secondary alcohol we appear 
to have an example in which the mechanism of formation 
of the halide changes with time, that is, as the reaction 
medium changes. From both 2- and 3-pentanol the 
highest yields (60-65 per cent) were obtained by heating 
the reactants at 100° C for 20 h (iodide, under reflux) or 
42 h (bromide, in sealed tube), and all products contained 
about 5 per cent of the rearranged isomer. By restricting 
the yields to 40-50 per cent by a shorter period of heating 
(8 h) isomerically pure products were obtained. The 
possibility of isomerization after formation is discarded, 
because when the 2-halogenopentanes were heated in the 
presence of n-butanol, triphenyl phosphite, and methyl 
halide, as already mentioned, they were recovered un- 
changed. From the n-butanol isomerically pure halides 
resulted. 
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Resolution of Oxalatobis(ethylenediamine)- 
cobalt(H1) Eromide by a Preferential 
Induzed Crystallization 


THe resolution of oxalatobis(ethylenediamine)cobalt(IIT) 
bromide by way of «he preferential crystallization of one 
optical enantiomorp2 was first demonstrated by Werner’. 
Seed crystals of optically active oxalatobss(ethylenedi- 
amine)cobalt(IIZ) were added to a solution containing 2 g 
of the racemic compound. The subsequent addition of 
alcohol gave 0-2 g of dextro bromide in 95 per cent optical 
purity (sodium D-linə rotations). A marked improvement 
of this resolution is raported here in which optically active 
tris(ethylenediamine cobalt(III) acetate is used. 
Oxalatobis(ethylerediamine)cobalt(ITI) bromide (8:5 g) 
was shaken vigorovaly with silver acetate (about 4 g) 
suspended in hot waver (73 ml., 70° C). The silver bromide 
was filtered off and 60 the filtrate was added a solution of 
p-tris(ethylenediamine)cobalt(III) acetate prepared as fol- 
lows. D-iris(Ethylerediamine)cobalt(IJ1) iodide (12-9 g)? 
was shaken vigorously with a suspension of silver acetate 
(about 10 g) in hot water (80 ml., 70° C). The silver iodide 
was filtered off and the filtrate evaporated to a volume of 
18 ml. To the mixec acetate solutions a solution of potas- 
sium bromide (20 per cent w/v) was added. Table 1 
shows the yields of cptically active bromide obtained. 


Table 1 
Potassium bromide [Co ox(en),]Br 

Fraction added (ml.) (g) [a]p* 
1 5 13 — 796 
2 3 0; -796 
3 5 16 +492 
4 4 0-3 + 236 
5 5 1:0 + 


Fractions 1 and 2 were combined and recrystallized 
from hot water (108 ml.) containing potassium bromide 
(0-5 g) and gave 1-7 g of pure oxalatobzs(ethylenediamine)- 
cobalt(IIT) bromide-1 hydrate (40 per cent of the theo- 
retical yield). The analysis was as follows: calculated 
for [Co(C,O,) (C,H,W.).|Br.H,O; carbon, 19-72; hydro- 
gen, 4:97; bromine, 21-9 per cent; found: carbon, 19:83; 
hydrogen, 4:99; bromine, 21:89 per cent. A 0-25 per cent 
aqueous solution in a 10-cm tube gave [«]p -812. 

Solutions of ammonium d-tartrate or ammonium 
d-camphor-10-sulphenate (10 per cent w/v) may be used 
instead of tris(ethylenediamine)cobalt(ITT) but lower yields 
of active oxalatolis(ethylenediamine)cobalt(IT]) were 
obtained (20 per cent compared to 40 per cent). In addi- 
tion, the least-solub_e fractions were now dextro-rotatory 
in the sodium D-hne. 

An attempt to resolve cis-dinitrobis(ethylenediamine)- 
cobalt(III) acetate by a method analogous to that 
described here usizg either optically active tris(ethyl- 
enediamine)cobalt(I_I) acetate or ammonium d-camphor- 
10-sulphonate gave only a 6 per cent yield of optically 
pure cis-dinitrobis(ethylenediamine)cobalt(ITI). 

For the method to be generally applicable it is necessary 
that the optical forms of the complex be less soluble than 
the racemic form. The success of the resolution with 
oxalatobis(ethylenediamine)cobalz(LIT) is due no doubt to 
the large difference 1 solubilities of the active (1-05 g/100 
mil. at 17° C) and insctive (1:85 g/100 ml. at 17° C) forms! 
together with the fact that the seed crystals are generated 
“homogeneously”? throughout the solution, thus greatly 
improving the efficiency of the method. 

Mason and Norman? recently reported circular di- 
chroism produced in she region of the 144, -> Tg transition 
of the hexammineccbalt(IIT) cation by d-tarirate ion or 
d-camphor-sulphonic acid. The mode of the outer sphere 
interaction between -these anions and the metal complex 
was tentatively suggested to involve chelate hydrogen 
bonding. The overall dipolar nature of the oxalatobes- 
(ethylenediamine)co>alt(III) cation would undoubtedly 
augment any hydrcgen bonding in the interaction with 
the tris(ethylenediarnine)cobalt(ITI) ion. However, other 

* All rotations in this letter refer to the sodium D line. 
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factors must be involved since specific effects between the 
tris(ethylenediamine)cobalt(III) cation and the tris(2,2’- 
bipyridine)osmium(IT) and (III) cations have been 
reported‘, where chelate hydrogen-bonding 1s not possible. 

Jt appears probable that all these phenomena are but 
manifestations of configurational activity as originally 
proposed by Dwyer. Therefore those optically inactive 
complexes for which activity effects have been observed 
should also display circular dichroism when m the presence 
of the optically active agent. 
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Relation between Thermodynamic Property 
Change and Vibrational Frequency Shift in 
Ethyl Halides 


RELATIONS can be found by plotting the difference of the 
ideal gas state thermodynamic properties AS° and AC,°; 
formed between the thermodynamic property values of 
ethane, C,H,, and its homologues, C.H,X (X =F, Cl, Br, I), 
against the corresponding C-—X bond stretching and 
C-C-X bond bending frequencies in ethyl halide series 
(Fig. 1). The results are presented in Table 1. 

As the shifts in C—X bond stretching frequency with 
change in substituent in ethyl halide series correlate 
nearly linearly with the respective thermodynamic 
property increments in entropy, AS°, and heat.capacity, 
AC,°, it seems plausible to believe that these stretching 
frequencies do not appreciably interact with other modes. 
The C-C—X bond bending frequencies although also yield- 
ing smooth curves (Fig. 1), however, have a greater degree 
of possible interaction. 
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Table 1 
Thermodynamic property 
Compound difference (at 298 16° K) Vibrational frequency j 
(cal Jg mole K) <1 
Cp? AS° C~X stretch C-C—X bend 
Ethane C,H, O (ref.1) O (ref. 1) — — 
Ethyl fluoride C,H;F 1:14 (ref. 2) 793 (ref. 2} 810 (ref. 4) 415 (ref. 4)]j 
Ethyl chloride 
C.H;Cl 2-42 (ref. 3) 11:14 (ref. 3) 658 (ref. 5) 336 (ref. 6) 
Ethyl bromide 
C.H,Br 2:83 (ref. 3) 13-65 (ref. 3) 560 (ref. 6) 292 (ref. 3) 
Ethyl iodide C.H,I 288 (ref. 2) 15-80 (ref.2) 497 (ref, 86) 262 (ref. 7) 
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Identification of the Yellow Lupin Growth 
Inhibitor as (--)-Abscisin Ii ((+)-Dormin) 


THe presence of an abscission-accelerating substance in 
the pods of yellow lupin (Lupinus luteus var. Weiko IT) 
was deduced by Van Steveninck?. He was able to show 
that the whorls of fertilized pods at the base of the in- 
florescence induced the abscission of younger, distal pods. 
Plants infected with pea mosaic virus underwent a 
different pattern of abscission suggesting that the hormonal 
balance was disturbed*. Paper chromatography of the 
acids extracted from lupm pods coupled with a wheat 
coleoptile extension assay revealed an inhibitory band 
which appeared to contain the factor controlling pod 
abscission$, 

A highly active and partly crystalline concentrate of 
the inhibitory material obtained from 700 kg of yellow 
lupin pods by Rothwell and Wain‘ has now been examined 
by a spectropolarimetric method recently described’. 
The sample showed a positive Cotton effect with extrema 
at 287 and 245 mp and a profile identical-with that of 
(+)-abscisin II. The ultra-violet absorption spectrum 
in alkaline and acidic ethanol was consistent with that of 
abscisin II (ref. 6) together with a superimposed, weak 
absorption peak at 237 my which could be attributed to an 
impurity. Based on absorbance at 262 my the molar 
amplitude of the Cotton effect was ~ 240,000°, which is 
in good agreement with that of (+ )-abscisin IT (ref. 5). 

The inhibitory activity of the sample in the wheat 
embryo assay® was slightly less than twice that of syn- 
thetic racemic abscisin II used for comparison. Since we 
have previously shown’ that (+ )-abscisin IL has about 
twice the inhibitory activity of the racemic compound, 
the spectropolarmmetric assay is confirmed; the sample is 
largely (+ )-abscisin II. 

The identification of sycamore dormin as abscisin IT 
extended the known range of this compound’s physio- 
logical effects. Recently the dormancy inducing inhibitor 
in birch leaves? and the germination inhibitor in rosehips?® 
have also been identified as (+)-abscisin II (ref. 5) so 
that the role of this compound in controlling dormancy 
is now well established. The identification of the lupin 
factor places its abscission-inducing role? on a firmer basis, 
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and.shows also that abscisin II concentrations within the 
plant may be affected by a virus infection. 
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A Simple Bioassay for Gibberellic Acid+ 


In his review of 1965, Paleg? outlined the many biological 
tests that have been used as quantitative assays for gib- 
berellins. The lettuce hypocotyl test is perhaps the 
simplest to carry out, but the lowest concentration that 
can be reliably assayed is only 0-1 mg/l. The most sensitive 
assay is the barley endosperm test which detects con- 
centrations as low as 0-0001 mg/l., but this method has 
the disadvantage that the procedure is both involved and 
laborious. 

A method for detection of kmins has been reported by 
Osborne and McCalla? based on retardation of senescence 
in leaf disks of Xanthium. Fletcher and Osborne? * more 
recently showed that senescence in leaf cells of Taraxacum 
officinale Weber is retarded by supplying gibberellic acid, 
GA, (GA). This effect was observed with concentrations 
as low as 0-001 mg/l. and has been made the basis of a 
simple bioassay for GA. This communication describes 
the method. 

A continuous supply of Taraxacum leaves can be 
ensured by keeping potted plants in the greenhouse under 
natural light conditions. The oldest mature leaves from 
these plants or from those growing out of doors are suitable 
for use in this test. The leaves are detached, and if fully 
expanded and sufficiently mature they can be used im- 
mediately. If they are not sufficiently mature, the leaves 
are “aged’’ under a bell jar with their petioles in water 
until the glossy green colour fades to a uniformly pale 
green; this indicates that an appropriate stage of maturity 
has been reached. 

Disks of a convenient diameter are punched from the 
interveinal portions of the leaf using a cork borer. Dupli- 
cate sets of disks are extracted at once with hot 80 per 
cent ethanol and the extracts stored in the dark for 
subsequent determination of the original chlorophyll 
contents. Other matched sets of disks are placed in Petri 
dishes on filter papers moistened with either water or 
one of a graduated series of GA concentrations. The 
abaxial surface of the leaf tissue is in contact with the 
moist filter paper. Care should be taken not to moisten 
the filter paper too much for this results in waterlogging 
and blackening of the disks. A satisfactory amount of 
liquid for a 7 cm diameter filter paper is 0-8 ml. The 

* This article was received in the office of Nadure on June 20, 1966, five 


days before the appearance of an article by Whyte and Luckwill describ bing 
a similar method of assay applied to a different plant—BEditor, Nature. 
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covers of the Petri dshes are lined with moist filter paper 
and the dishes are than placed in a plastic box to maintain 
high humidity, and ssored in darkness at 25° C. 

With properly “azed”? starting material the disks in 
the water controls ere uniformly chlorotic after 4 days, 
and the retention o chlorophyll in the treated disks is 
visibly greater with -nereasing concentrations of GA. 

Each set of disks is then dropped into test-tubes con- 
taining hot 80 per cent ethanol and boiled gently. The 
test-tubes are then stoppered and transferred to an in- 
cubator at 37° C overnight to complete the extraction of 
chlorophyll. An alternative and quicker procedure is to 
boil the tubes gently in a water bath until all the chloro- 
phyll has been extracted from the disks. The chlorophyll 
extracts are brought to volume with 80 per cent ethanol 
and the absorbancy of each solution and those of the 
initial controls are measured in a suitable colorimeter 
(in this instance, a Svectronic 20) at 665 mu. 


Original value 
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Fig. 1. Retardation of cEloro ophyll degradation in leaf disks of Tarazacum 
officinale by gibberellin. (GA). Chlorophyll content expressed as ab- 
sorbancy 4, 665 my ot 80 per cent ethanol extracts at 0 and 4 days 


When the absorbancies are plotted against concen. 
trations of GA (Fig 1) there is a linear relationship from 
0-001 to 10 mg/l. Æt higher concentrations this relation- 
ship is not maintaned because a maximum value for 
chlorophyll retention is reached. Our earlier work? 
showed that at conzentrations “from 10 to 100 mg/l. the 
values lie on a plateau. 

In order to determine the specificity of this bioassay, 
other growth substances, including indolyl-3-acetic acid 
(IAA), 6-furfurylanainopurine (kinetin), 2,4-dichlorophen- 
oxyacetic acid (2,4-D) and «-naphthylacetic acid (NAA), 
were investigated. It was found (Table 1) that IAA and 
NAA did not reterd senescence. Kinetin and 2,4-D 
produced effects somewhat similar to those produced by 
low levels of GA, but the concentrations required were 
several orders of magnitude greater than for GA. 

This assay can be zonveniently used for the quantitative 
determination of GA concentrations from 0-001 mg/l. ta 
10 mg/l. and for the qualitative detection of concentrations 
up to 100 mg/l. It does not require the use of elaborate 
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Table 1. CHLOROPHYLL CONTENT IN LEAF Disks OF Taraxacum officinale 
TREATED WITH FIVE GROWTH SUBSTANGES 


Treatment Absorbancy 4 (665 ma) 
Sample (mg/l.) GA K IAA 2,4- NAA. 
0 day — 84 84 84 
4 days 0 35 35 35 35 35 
0-001 42 37 84 37 87 
0-01 51 86 36 33 39 
0-1 58 35 34 37 ol 
1:6 68 41 83 36 86 
10-0 72 50 83 42 38 
50 0 - 65 ~ “u ~ 
100-0 73 ~ 36 49 37 


Disks were maintained for 4 days on filter papori mone moistened, with either 
gibberellin (GA); kinetin (K); indolyl-8-acetic acid av 2,4-dichloro- 
Phenoxyacetic acid (2,4-D); or a-naphthylacetic acid TAA) Chlorophyll 
content expressed as absorbancy 4, 665 my in 80 per cent ethanol. ‘The h 
are pm or two experiments carried out in uplicate, The S.E. did not 
excee 


equipment, complex media or sterile conditions. The 
greatest advantage lies in its simplicity and its specificity 
for low concentrations of GA. 

This work was started at the Department of Agriculture, 
University of Oxford, and completed in the University of 
Guelph. We thank Prof. G. E. Blackman for his interest 
and encouragement. This investigation was supported 
by a grant from the National Research Council of Canada, 
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Biological Detection of Phytochrome in 
Callus Tissue of Nicotiana tabacum L. 


DURING recent years, considerable information has been 
gained concerning the role of light in germination, etiola- 
tion, and control of flowering. The discovery of phyto- 
chrome has greatly aided the understanding of these 
processes. Briggs and Siegelman’ found that seedling 
plants had highest phytochrome concentrations in regions 
of active cell division. We wished to know whether or 
not phytochrome had any function in actively dividing 
cells cultured from undifferentiated stem pith. This 
communication reports evidence that the phytochrome 
system was involved in growth of callus tissue cultured 
an vitro from undifferentiated pith from stems of Nicotiana 
tabacum L, 

Sections of pith obtained from stems of normal plants 
of three varieties of N. tabacum were cultured and sub- 
cultured on a chemically defined nutrient medium. Callus 
tissue from all three of the varieties responded similarly 
and data are composited in the tables presented in this 
report. The basic medium (modified from Murashige and 
Skoog?) consisted of: sucrose, 20 g; ammonium nitrate, 
1-65 g; potassium nitrate, 1:9 g; potassium dihydrogen 
phosphate, 0°17 g; MgS0O,.7H,O, 0-37 g; CaCl,..2H.0O, 
0-44 g; MnSO,.H.O0, 22-3 mg; ZnSO,.7H,0, 86 mg; 
ortho boric acid, 6:2 mg; Na ,Mo0o0,2H,0, 0:25 mg; 
potassium iodide, 0°83 mg; CuSO,.5H,0, 0-025 mg; 
CoCl,.7H,0, 0-025 mg; ethylenediamine tetraacetic acid, 
22-4 mg; ferric sulphate, 10-67 mg; thiamine hydro- 
chloride, 0-1 mg; nicotinic acid, 0-5 mg; pyridoxine 
hydrochloride, 0-5 mg; glycine, 2-0 mg; myo-inositol, 
100mg; N-acotyl-L-aspartic acid, 0-1 mg; kinetin, 0-2 mg; 
and agar, 6 g in 1 1. of distilled water. The pH of the 
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solution was 6:0 before autoclaving at 15 Ib. for 20 min. 
Successive subcultures were started at 2 or 4 week inter- 
vals with tissue pieces weighing about 40 mg. The tissues 
were cultured in standard 100x 20mm Petri dishes to 
enhance uniform illumination during treatments. Five 
uniform-sized pieces of tissue were distributed on the 
surface of 40 ml. of nutrient medium in each dish. Trans- 
parent tape was used to secure the covers, which were left 
on during entire experiments including time of ilumina- 
tion, to reduce airborne contamination. 

Growth of tissues under light or in complete darkness 
was compared. The illuminated lots were subjected to 
16-h periods of low intensity (20-30 ft.-candles) light 
from standard cool-white fluorescent lamps. All tissues 
were maintained at 26°+1°C. In a typical experiment 
(Table 1) the lighted lots were significantly heavier than 
those maintained in darkness. The higher average weight 
per piece of tissue was interpreted as an increased rate of 
growth in the lighted tissues. 


Table 1. WEIGHTS oF Nicotiana tabacum CALLUS TISSUE CULTURED FOR 
80 DAYS IN COMPLETE DARKNESS OR IN LIGET AT 26°+1° € 


Mean weight (mg) per tissue 
Condition when i in: 
weighed Darkness 


Wet? 
Oven dried* 49 80 


Mean wet weight tissue piece at start of experiments was about 40 mg. 
Data are means of 60 pleces of tissue, 

* Analysis of variance showed that differences between dark- and light- 
grown tissues were significant at P—0-01. Variations between tissues within 
treatments were not significant. 


Several experiments were carried out to determine 
whether the additional growth of the illuminated tissues 
was related to function of the phytochrome system. This 
was tested by moving tissues to darkness at 25°+0-5°C 
immediately after sub-culturing. Some tissues were 
kept continuously in darkness; others were given daily 
§-min irradiations with red (2 pW/cm®/mp at 660 mp) 
or far-red (1-3 u.W/cm?/mu at 730 my) light to produce 
phytochrome in the far-red-absorbing (Pyr) or red- 
absorbing (P,) form, respectively. As a test of photo- 
reversibility, some tissues were given 5 min of red, to 
convert phytochrome to Pfr, followed immediately by 
5 min of far-red, to revert it to Pr, each day from the 
previously described sources. After the brief exposures to 
red and/or far-red light, all the tissues were returned to 
darkness in the same 25°C incubator. Al treatments 
were repeated daily for the duration of each experiment. 
Brief irradiation periods were used because prolonged 
exposure to far-red often causes the same response as that 
obtained from exposure to red light. This has been 
attributed to the weak overlapping of P, absorption into 
the far-red region of the spectrum®. Duncan’s multiple 
range test* was used to determine whether differences 
between treatments were statistically significant. Results 
of a typical experiment (Table 2) clearly show a promotion 
of growth in tissues irradiated with red light. The red- 
irradiated tissues were significantly heavier than the 
dark-controls and those that received far-red only. These 
data indicate that Prr functioned in the growth of callus 
tissue sub-cultured from normal plants of N. tabacum. 
The fact that tissues irradiated with red, followed 
immediately by far-red, grew less than those irradiated 
with red alone shows a reversal of the effect of red light 


Table 2. WEIGHTS OF Nicotzana tabacum CALLUS TISSUE CULTURED FO 
14 DAYS IN COMPLETE DARKNESS AT 25° O, OR WITH REP (R) AND/OR Far. 
RED (FR) TREATMENTS 


Mean wet weight per tissue piece 
FR R+FR R 


Dark 
Mapio 223 229 T sa 
a a 


Trradiations with R and FR were for 5 min at 24-h intervals for the dura- 
tion of the experiment. Mean wet welght per tissus piece at start of experi- 
ment was about 40 mg, 

* M.R. test, multiple range test. The difference between red-irradiated 
and dark-control was significant at P=0-01. Means with a common letter 
did not differ ab P=0 05. Variation between tissues withm treatments were 
not significant. 
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and is further evidence that the phytochrome system was 
involved. 
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Enzymatic Degradation of L-Cystine by 
Cytoplasmic Particles from Cabbage Leaves 


Tue degradation of cystine by cystathionase preparations 
from liver! and Neurospora? has been reported. A highly 
purified cystathionase from Neurospora catalysed the 
cleavage of cystine to pyruvate, ammonia and thio- 
cysteine’. x-Cystine was utilized at only 17 per cent of 
the rate of cystathionine. A second cystathionine cleavage 
enzyme which utilizes t-cystine at the same rate as 
cystathionine has recently been found in Neurospora’. We 
have found that homogenates of cabbage leaves can be 
fractionated into particulate and soluble cytoplasmic 
fractions, both possessing a heat-sensitive ability to 
degrade t-cystine to pyruvate. The two enzymatic 
activities appear to have different characteristics. The 
present communication briefly reports on some of the 
properties of the particulate enzyme. 

Cabbage leaves were homogenized in a solution of 0-25 M 
sucrose which was 0-01 M with respect to sodium phos- 
phate at pH 7-2. One ml. of homogenizing medium was 
used for each g of tissue. All operations were carried out 
at 4° C. The homogenate was passed through cheesecloth 
and then centrifuged at 1,000g for 10 min. The pre- 
cipitate was discarded, and the homogenate then centri- 
fuged for 1 h at 70,000g. The supernatant solution, which 
contained the soluble enzyme, was decanted. The sedi- 
. mented particles were washed by being resuspended in 
the sucrose-phosphate buffer and recentrifuged. The 
particles were then suspended again in fresh sucrose- 
phosphate solution and dialysed overnight against the 
same medium. The final suspension contained the par- 
ticles from 10 g of leaves per ml. of suspension. The protein 
concentration varied from 30 to 60 mg per ml. 

It was found that the pH. optimum of the reaction was 
a broad peak between pH 8:5 and 8-9. The customary 
reaction mixture consisted of the following in a final 
volume of 1 ml.: 200 wmoles tris buffer, pH 87, 10 umoles 
L-cystine, and 0-1 ml. of the dialysed, washed particle 
suspension. The reaction was stopped by the addition of 
2 ml. of 10 per cent trichloroacetic acid, and the denatured 
protein removed by centrifugation. The formation of 
pyruvate was followed by colorimetric assay of its 
2,4-dinitrophenylhydrazone‘. 

The evidence that the particulate and soluble enzymes 
are different consists of the following: (a) continued 
washing and re-sedimentation of the particles does not 
release further soluble enzyme; (b) the activity of the 
particulate enzyme is stimulated from 40 to 100 per cent 
by the addition of 5 x 10-* M pyridoxal-5’-phosphate, 
whereas the soluble enzyme shows essentially no stimu- 
lation; (c) sonic oscillation of the particles yielded a 
soluble fraction which retained the property of having a 
large stimulation of activity on the addition of pyridoxal- 
5’-phosphate. Pyridoxal could not replace pyridoxal 
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phosphate. The sukstrate specificity of the particulate 
enzyme is shown in Table 1. - 

There appears to b> a small activity with p-cystine and 
L-cysteine. Both may be reflexions of a small contamina- 
tion of L-cystine in the substrate. Significantly, L-cys- 
tathionine is compltely inert as a substrate. This 
distinguishes this enzyme completely from the liver and 
Neurospora cystathicnases. Also of interest is the fact 
that 1-cysteine-S-SO,, which has been suggested as an 
intermediate in sulptate reduction in moulds’, is an even 
better substrate thaa L-cystine. This may be of some 
physiological significance. 

The inhibition of =he reaction by carbonyl reagents is 
shown in Table 2. Pyridoxal phosphate-requiring enzymes 
are very strongly ichibited by such reagents. The in- 
hibition by hydroxy-amine is very large even at a con- 
centration as low ae 1 x 105 M. We have found that 
L-cysteine is an excellent inhibitor of the reaction with 
L-cystine. At equimolar concentration it inhibits the 
reaction almost completely, and at 2 x 10 M it inhibits 
it by 70 per cent. D,—-Homocysteine is also very effective 
as an inhibitor, but D,L-homocystine is almost inactive. 
Reduced glutathione is intermediate in action, inhibiting 
42 per cent at equimelar concentration with the L-cystine. 
Ethylenediamine tetraacetate gave only a 15 per cent 
inhibition at a conceatration of 10- M. 

The proof that pyruvate is a product was obtained by 
use of an isotope dilution procedure. A reaction mixture 
containing 0-3 umo_es of D,L-cystine-1-*C which had 
2 we. of activity, 0-02 umoles of pyridoxal phosphate, 200 
umoles tris buffer of 2H. 8-7 and dialysed washed particles 
was incubated for 2 2 and then stopped and the particles 
removed as usual. Two mmoles (220 mg) of sodium 
pyruvate were added to the reaction mixture and followed 
by excess 2,4-dinitrophenylhydrazine. The precipitate 
was collected, dissolved in a chloroform—ethanol (20 : 80) 
solution and the hydrazones extracted into 1 N sodium 
carbonate. The sodiam carbonate solution was acidified 
and the hydrazones extracted back into the chloro- 
form—ethanol solution, The latter was brought to dryness 
in vacuo, and then the residue recrystallized three times, 
first from water, folowed by ethyl acetate, and 70 per 
cent ethanol. Weighed samples were dissolved on 
planchets and driec and then counted in a gas flow 
counter. Table 3 summarizes the results. There appears 
to be little doubt that pyruvate is formed during the 
reaction. Tests for ammonia formation were positive, but 
no sulphydryl groups could be detected. The rate of 
formation of pyruvate was not constant, and the reaction 


Table 1. SUBSTRATE SPECIFICITY OF THE PARTIOULATE ENZYME 

Final concen- Relative 

Substrate tration (AD activity 
L-oystine 1x107 100 
i-cystathionine 1x10-° 0 
p-cystine 1xid? ii 
i-cysteme 2x 10- 19 
S-methyl-L-cysteire 2 x 10-2 0 
D,L-homocysteine 2x10-3 0 
D,%-homocystine 1x 10-* 10 
rL-cysteine-8-80, 1x 10-2 152 


Reaction system was as described in the text except the substrate was as 
shown above. Incubation fime was 60 min. 


Table 2, INHIBITION BY SODIUM CYANIDE AND HYDROXYLAMINE 


Final concen- Relative 

Inhibitor tration (M4) activity 
None — 100 
Sodium cyanide 1x10 8 
1x 104 70 
Hydroxylamine 1x10° 0 

1x10¢ 0:6 

1x10% 5 


Reaction mixture was as described In the text but including the inhibitor 
as shown. 
Table 3. Specrric ACTIVITY OF THE REORYSTALLIZED PYRUVIO ACID 

2,=-DINTIPROPHENYLHYDRAZONE 


Specific 
activity (c.p.m./mg) 
Chloroform-ethanol residue 393 
First recrystallization from water 399 


Second recrystallizaticn from ethyl acetate 385 
Third recrystallizatior from 70 per cent ethanol 380 


Sample 
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stopped when 15-20 per cent of the cystine had dis- 
appeared. Whether this is due to product inhibition has 
not been ascertained, since all the products, particularly 
the sulphur-containing ones, have not been identified. 
We are at present purifying the soluble enzyme and 

investigating 1ts properties in detail. These results will 
be reported elsewhere. The present work was supported 
by a grant from the National Institutes of Health, U.S. 
Public Health Service. 
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Purification of Insulin labelled with lodine-131 


THE procedure described by Hunter and Greenwood! with 
some minor modifications has been used in this laboratory 
for small-scale preparation of iodine-131-labelled insulin. 
About 1:2 me. 10odine-131 from Kjeller is used in a volume 
of less than 0-025 ml. for the labelling of 5 ug of purified 
insulin. The iodination efficiency is usually in the region 
of 60-80 per cent, giving a specific activity of about 
150 uc. iodine-131 per wg insulin. 

Various purification techniques for iodine-131-labelled 
insulin have been reported?*. In some experiments we 
used the method devised by Banerjee and Gibson and 
found it possible to purify the reaction mixture in one 
operation only, thus omitting the dialysing step for 
removal of free iodine-131. 

0-2 ml. of human serum albumin solution (20 mg 
albumin per ml. buffer) was added to the reaction mixture 
prepared according to Hunter et al. A column of 1 g 
‘Sephadex G-50’ gel (fine) was prepared, and 0-07 M 
sodium barbitone buffer (pH 8-6) was used as the elution 
medium. The column was about 600 mm long and had 
an inner diameter of 6 mm. After slow elution, the 
various fractions were examined for radioactivity and 
analysed by paper chromatography and paper electro- 
phoresis. 

The elution pattern obtained from three experiments 
was as follows: (1) Altered or damaged insulin which 
came out together with the serum protein and some 
unaltered insulin in the first 6 ml. eluate showed 5-25 per 
cent of the total activity. (2) Purified insulin which held 
35-57 per cent of the total activity and 2-4 per cent 
impurities was contained in the next 2 ml. portion. The 
impurity is assumed to be insulin which has been altered 
when the material passes through the column. This 
fraction was collected and diluted in 0-5 per cent serum 
albumin solution immediately after elution and then 
subjected to deep freezing. The last portion (8-25 ml.) 
mainly contained free iodine-131. Usually less than 10 per 
cent of the total activity*is absorbed to the column. 

Determination of pure and altered insulin was per- 
formed using ascending paper chromatography and two 
different solvents (barbital buffer, pH 8-6 (ref. 4), and a 
mixture of n-butanol, acetic acid and water®). Free 
iodine-13]1 was determined by paper electrophoresis in 
which 0-1 N sodium hydroxide was used as electrolyte®. 

GE Hove 
c/o Institutt for Atomenergi, 
P.O. Box 40, Kjeller, Norway. 
1 Hunter, W. W, and Greenwood, F. C , Nature, 194, 495 (1962). 
*Manipol, V., and Spitzy, H., Int. J. Appl. Rad. Is.,18, 647 (1962). 
3 Banerjee, R, N., and Gibson, K., J. Endocrin., 25, 145 (1962). 
t Merimee, T. J., and Prout, T. B , Metabolism, 14, No. 2, 115 (1965), 
* Robinson, F. A., and Fehr, K, L. A., Biochem. J., 51, 298 (1952). 
* Grassini, Q., and Lederer, M., J. Chrom., 2, 326 (1959). 
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Isolation of the Scent-trail Pheromone of an 
Australian Termite 


Tue trail-laying capabilities of termites have been known 
for many years and, quite recently, this activity has been 
shown!? to be based on pheromones produced by the 
sternal gland. Both primitive and advanced termites 
possess such a gland, which consists of a rather diffuse 
structure beneath the fifth abdominal sternite’. In two 
species, namely Zootermopsis nevadensis (Hagen) (Hodo- 
termitidae)!2 and Nasutitermes corniger (Mots.) (Ter- 
mitidae)*, extracts of the appropriate region, or indeed of 
the whole insects, could be used to lay artificial trails 
that were readily followed by the parent termites. How- 
ever, no clear indication of the chemical nature of the 
pheromones involved has yet been published. 

In the present work, a scent-trail pheromone common 
to several Australian species of Nasutitermes has been 
isolated and characterized as an unsaturated diterpenoid 
hydrocarbon, C,,H,,. The mainstay of the investigation 
has been the southern, ground-nesting termite Nasu- 
titermes exitiosus (Hill). This species has the advantage 
that it is available in large quantities and it shows a 
comparatively “docile” disposition in culture which 1s 
admirably suited to the requirements of a reliable bio- 
logical test. In the absence of repellent substances, both 
soldiers and workers readily follow artificial trails traced 
on paper from ethereal pheromone, over the range of 
concentrations about 10-°-10-* g/ml., although above and 
below these limits there is little or no response. Thus, to 
test a preparation for trail-laying activity, it is necessary 
to use several successive tenfold dilutions in order to 
cover the possibility that pheromone may originally be 
present at too high a concentration. 

In such a test, the exitiosus pheromone was shown to be 
extractable from homogenized termites by light petroleum, 
and to be stable to alkaline hydrolysis. The unsaponifiable 
fraction of the extract in light petroleum was refined by 
means of chromatography on a dry column of alumina 
(activity I). Under these conditions, inactive saturated 
hydrocarbons were the first to emerge, followed by colour- 
less unsaturated hydrocarbons and later by bright orange- 
yellow §-carotene (identified by its characteristic absorp- 
tion between 300 and 550 mz). Trail-laying activity was 
confined to the colourless unsaturated fractions, and 
vacuum distillation of these, to which a little n-eicosane 
had been added as a carrier, afforded an active, volatile 
fraction, b.p. 120°-220° (bath temperature), at 25 min of 
mercury. i 

The active fraction was next subjected to thin-layer 
chromatography on silica gel, with light petroleum as the 
mobile phase. Treatment of a longitudinal section of the 
chromatogram with cold concentrated sulphuric acid 
revealed five major bands as purplish spots, fading to pale 
brown, with approximate Rr values of 0-0, 0-15, 0-4, 0-6 
and 0:85. Saturated materials travelled with the solvent 
front. Trail-laying activity was associated with the Kp 
0-4 zone, and elution of this separated portion of the 
chromatogram with light petroleum gave a few milli- 
grams of a highly-active, colourless oil. Gas chromato- 
graphy at 175° (on a Pye ‘Argon’ instrument, with a 
120-em by 4-mm column, packed with 10 per cent silicone 
oil on ‘Celite’, and a gas flow of 75 ml./min) showed that 
this material was made up of two components with 
retention times of 27 and 14-5 min respectively, and 
suggested molecular complexities of C,, and Czo Resolu- 
tion of the binary mixture was achieved either by prepara- 
tive gas chromatography at 225° (120-cm by 1-cm column, 
packed with 10 per cent ‘Apiezon-L’ on ‘Celite’, and a gas 
flow of 100 ml./min), or by short-path, fractional distilla- 
tion at 25 mm. Progress in either case was monitored on 
the analytical gas chromatograph. The former method 
gave products of high purity, but recoveries were low and 
the latter was preferred for most purposes. Only the higher 
boiling substance was active in the trail-laying test and 
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the amounts isolated from active insects indicated a 
natural content of about one part in four million. How- 
ever, with hibernating termites, the pheromone titre fell 
considerably. 

The molecular weight of the pheromone was determined 
by mass spectrometry as 272, thereby confirming a 
diterpenoid hydrocarbon constitution. The ultra-violet 
spectrum (in cyclohexane) showed only end absorption 
above 220 my and the infra-red spectrum (liquid film) 
included strong bands at 3,070, 1,640 and 880 cm", 
which suggested one or more «-substituted vinyl groups. 
On catalytic hydrogenation, the pheromone gave an 
inactive octahydro-derivative (molecular weight 280, by 
mass spectrometry) and it presumably has a monocyclic 
structure, with four isolated double bonds. 

An apparently identical pheromone has been isolated in 
small amounts from the arboreal termites, Nasutitermes 
walkeri (Hill) and N. graveolus (Hill), using N. exittosus 
as the test animal. However, the pure pheromone shows 
no activity with the more distantly related Coptotermes 
lacteus (Froggatt) and it may therefore prove to be genus 
specific. Screening tests (with exitiosus) of various essential 
oils have also revealed activity in one plant species, namely 
the West Australian sandalwood, Eucarya spicata (R. Br.) 
Sprag. and Summ. Preliminary isolation experiments 
with this material indicate that activity is definitely 
associated with the small diterpenoid hydrocarbon fraction 
of the oil, and probably with a specific component which 
parallels closely, in thin-layer and gas chromatography, 
the behaviour of the true pheromone. Attempts are now 
being made to obtain this plant constituent in a state of 
purity. 

Final confirmation of the nature of the pheromone must 
await an unambiguous synthesis. However, the pos- 
sibility, always present in this type of work, that the 
substance isolated merely represents a carrier for an even 
more potent pheromone seems in the present instance 
rather remote. 

I thank Dr. J. S. Shannon for the mass spectrum of the 
pheromone and Dr. J. D. Morrison for the mass spectrum 
of its perhydro-derivative. 


B. P. MOORE 


C.S.1.R.0. Division of Entomology, 

Canberra City. 

1 Lüscher, M., and Muller, B., Naturwrasenschaften, 47, 503 (1960), 
* Stuart, A. M., Physiol. Zool., 36, 39 (1963). 

3 Stuart, A. M , Proc. Zool. Soc. Lond., 148, 43 (1964). 


A Biochemical Factor in the Zonation of 
Marine Molluscs 


Tas trochids Monodonta turbinata and Gibbula divaricata 
are midlittoral and sublittoral animals respectively. 
On the rocky shores of Malta, M. turbinata is found semi- 
exposed in the very narrow ‘“‘intertidal’’ zone. G. divari- 
cata is usually found submerged in shallow water. It was 
considered that G. divaricata might be adapted for 
prolonged submersion by having among other factors a 
higher capacity to incur an oxygen debt than M. turbinata. 
The experrments described here were carried out to test 
this hypothesis. 

The snails were removed from the shells, weighed and 
finely minced with scissors. The operculum was discarded. 
The minced tissue was homogenized with sea water con- 
taining 10 mM sodium fluoride. The homogenate contained 
10 per cent snail tissue. 1 ml. homogenate was incubated 
for 30 min at 25° C with 0-8 umoles pyruvate and 1:3 
umoles nicotinamide-adenine dmucleotide (NADH) in 
a final volume of 2 ml. In one set of experiments the 
amount of pyruvate consumed by the reaction mixture 
was determined. ‘The pyruvate was estimated as the 
dinitrophenylhydrazone. The oxygen consumption of the 
reaction mixture was measured with a Warburg respiro- 
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meter in another set of experiments. The gas phase was 
air. The results were expressed in ymoles pyruvate or 
oxygen consumed pər minute per gram dry weight of 
homogenate. The dzy weight determinations were made 
on the material precipitated from the homogenate by 
trichloroacetic acid; this material was washed twice 
with distilled water end dried at 110° C for 24 h, 

The mean rates o- pyruvate and oxygen consumption 
observed are given in Table 1. 


Table 1 


D PS 
pmoles/min/g A 
(Mean + 5.2.) 


1-54 +0 08 Am, 
1-84 0-06 (n =5) 


Oxygen consumption 
(amoles/min/g dry wt.) 
(Mean + 8.2.) 


3-044 0°10 (n=8) 
2°26 + 0-04 (n =3) 


M, turbinaia 
G. dwarivats 


Af. turbinates 
G. divancatz 


The difference besween the mean rates of pyruvate 
consumption is significant (0-002<P<0-01). The mean 
rates of oxygen ccnsumption also differ significantly 
(P=0°002). Because 1 mole of pyruvate requires 2:5 moles 
of oxygen for its complete oxidation, it will be seen that 
the pyruvate consumed by the homogenates was not com- 
pletely oxidized. Ths pyruvate which was consumed but 
not oxidized may be regarded as an oxygen debt as NADH 
was added to the reaction mixtures to favour the reduction 
of pyruvate to lactste. The homogenized tissues of G. 
divaricata consumed pyruvate at a higher rate and oxygen 
at a lower rate, and showed a greater oxygen debt as de- 
fined here, than the homogenized tissues of M. turbinata. 
This property may erable Œ. divaricata to withstand longer 
periods of submersioa than M. turbinata. 


W. H. BANNISTER 
J. V. BANNISTER 
H. MIOALIEF 


Evans Laboratories, 

Royal University of Malta, 
Valletta, 

Malta. 


Paralytic Shellfish Poison : Serological Assay 
by Passive Haemagglutination and Bentonite 
: Flocculations 


PaRrALyTic shellfish poison (PSP) is a potent toxin, of small 
molecular weight (C_.H,,N,0,.2HCl), which is produced 
by the dinoflagellate Gonyaulax catenella and which is 
concentrated, with n> ill effects, in bivalves that use the 
Gonyaulaz as a food source’. Human ingestion of PSP 
results in paralytic poisoning and occasionally death?. 
Mouse bioassay is no-vadays used for the detection of PSP 
in contaminated bivalves. This test, however, is not 
specific, as other marine toxins, such as puffer fish poison 
(tetradotoxin), prodace similar’ paralytic symptoms in 
mice*, Recently, P&P was shown to be haptenie when 
eres to proseins by formaldehyde condensa- 
ion}, 

This report compares passive haemagglutination and 
bentonite flocculation with mouse bioassay for the specific 
detection of PSP in contaminated shellfish. The approach 
used here for the sersitive and specific detection of PSP 
in bivalves should bs applicable to the serological study 
of other marine toxins. 

Details of the source of purified PSP, preparation of 
PSP-protein conjugates, production of antisera to PSP 
in rabbits, passive heemagglutination (HA), and haemag- 
glutination-inhibitioc (HI) have previously been de- 
scribed‘, Non-toxic butter clams (Saxidomus giganteus) 
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Table 1. INHIBITION AND RECOVERY STUDIES WITH PSP THAT HAD BBEN ADDED TO NON-TOXIO CLAMS USING PASSIVE HAEMAGGLUTINATION, BENTONITE 
FLOCOCULATION, AND MOUSE BIOASSAY 


Minimal amount of PSP p 
inhibiting a 4+ haemagglutinatıng dose of 
anti-PSP (zg) 


PSP recovered per 


PSP added 100 g of clams as 
per 100 g of meastired by mouse 
clams (4g) bioassay (ug) Based on amount 
added to clams 
209 50 2 0 032 
600 331 2 0-048 
1,006 621 0 04 
1,400 1,045°8 6 052 


were obtained from A. K. Sparks, University of Washing- 
ton, Seattle. Varying amounts of a solution of purified 
PSP (5,000 ug per ml.) in acidified distilled water (pH 3-2) 
were added to constant amounts of the ground clams. 
The concentration of PSP in the clams was expressed in 
ug PSP per 100 g of clams. Saline extracts were made of the 
clams®, and portions of these were quantitatively assayed 
for PSP by the mouse bioassay technique*, while other 
portions were heated at 56° C for 30 min. The precipitate 
formed by heating was removed by centrifugation, and 
the supernate was used in HI and bentonite flocculation 
inhibitions. Bentonite flocculations (BF) were performed 
as previously described’, using 1 per cent bovine serum 
albumin as the stabilizing agent. Bentonite flocculation 
inhibition (BFI) was carried out by serial dilution of the 
inhibitor in 0-1 ml. volumes in physiological saline in 
10 by 75 mm tubes. To each dilution of inhibitor was 
added 0-1 ml. of anti-PSP serum in phosphate-buffered 
saline, pH 7-2. The serum had been diluted to contain 
& 2+ agglutinating dose of anti-PSP in 0-1 ml. after it 
was mixed with the inhibitor. After incubating at room 
temperature for 20 min, 0-1 ml. of each dilution of the 
mixture of inhibitor and anti-PSP was added to micro- 
flocculation slides, and bentonite flocculations were 
carried out. 

Passive haemagglutination titres of PSP antisera varied 
from 1:16 to 1: 1,024, 2 to 32 times greater than the 
BF titres. The antigen for HA, however, had to be pre- 
pared daily, whereas the bentonite antigen was stable for 
4 days when stored at 4° C. 

Data on HI and BFI with PSP that had been added 
to non-toxic clams are presented in Table 1. Minimal 
concentrations of PSP that completely inhibited anti-PSP 
are given on the basis of both the amount of PSP added 
to 100 g of clams and the amount of PSP recovered from 
100 g of clams, as indicated by mouse bioassay. The 
term “recovered” is used here to indicate the amount of 
PSP detected by bioassay when known amounts had been 
added to non-toxic clams. Regardless of the amount of 
poison added to the clams (200, 600, 1,000 and 1,400 ug), 
the minimal concentrations that consistently inhibited 
anti-PSP were relatively similar for the individual tests— 
0-032, 0-048, 0:04 and 0-052 ug PSP per ml. for HI; 
and 0°25, 0:375, 0:31 and 0:22 ug PSP per ml. for BFI. 
The percentage of recovery of PSP by mouse bioassay 
increased with an increase in the amount of PSP added 
to the clams. The percentages of recovery for the 200, 
600, 1,000 and 1,400 ug PSP clams were, respectively, 
25°1, 55:2, 62-1 and 74:7 per cent. On the basis of the 
amount of PSP recovered by mouse bioassay, the clams 
that received 200 ug PSP, therefore, appeared to be most 
sensitive in inhibiting anti-PSP in both HA and BF 
(0-008 ug PSP per ml. for HI and 0-063 ug PSP per ml. 
for BFI). Obviously, the PSP that remained undetected 
by mouse bioassay was still active serologically. The 
specificity of the reaction is indicated by the fact that 
non-toxic butter clams (Saxidomus giganteus) and puffer 
fish poison did not inhibit anti-PSP in either test. HI 
was the more sensitive of the two serologic tests for the 
detection of PSP, but BFI involved the more stable 
antigen. Mouse bioassay detects a minimum of 0-18 ug 
PSP per ml. It follows that HI is considerably more sensi- 
tive in the detection of PSP than bioassay, while BFI is 
similar in sensitivity to the mouse test. 


Minimal amount of PSP per ml. completely 
inhibiting a 2+ bentonite flocculating dase of 
anti-PSP (ue) 

Based on amount 
recovered by 
mouse bicassay 


er ml. completely 


Based on amount 
recovered by 
mouse biogssay 


Based on amount 
added to clams 


0-008 0 25 0 063 
0-026 0 375 02 
0025 031 019 
0-039 0 22 0 16 


The data presented here indicate that HI and BFI are 
applicable to the serological detection of PSP in con- 
taminated bivalves. 

H. M. JOHNSON 
G. MULBERRY 


U.S. Department of Health 

Education and Welfare, 

Public Health Service, 

Robert A. Taft Sanitary Engineering Center, 
Cincinnati, Ohio. 


* McFarren, E. F., Schafer, M. L., Campbell, J. E., Lewis, K. H., Jensen, E. T., 
a nonta, E. J., Ado. Food Res., 135 (Academic Press, New York, 


* Schantz, E, J., Venomous and Poisonous Animals and Noxious Plants of the 
Pacific Area, 75 (Pergamon Press, London, 1963). 

5 Mosher, H. S., Fuhrman, F. A., Buchwald, H. D., and Fisher, H. G., Science, 
144, 1100 (1864). 

‘Johnson, H. M., Frey, P. A., Angelotti, R., Campbell, J. E., and Lewis, 
K. H., Proc. Sec. Exp, Biol, and Med., 117, 425 (1964). 

s Johnson, H. M., Science, 146, 6487(1964). 

“Schantz, E. J., MoFarren, E. F., Schafer |M. L., and Lewis, K H., J. Assoc 
Oficial Agric. Chem., 41, 160 (1958). 

? Wolff, S. M., Ward, 8. B., and Landy, M., Proc. Sec. Exp. Biol. and Med. 
114, 538 (1983). 


Use of Liquid lon Exchange Chromatography 
for the Separation of Organic Compounds 


SEVERAL investigators have recently effectively separated 
metals by means of paper or thin-layer chromatographic 
systems using liquid ion exchangers'-°. With these 
materials, this technique can be considered as a form of 
reverse phase chromatography whereby the liquid 
stationary phase is an acid or a base with very low solu- 
bility in the aqueous mobile phase. It seems that the 
interaction between ionized groups of the solutes and the 
stationary phase may play a significant part in this 
separation process. 

Although solvent extraction with liquid ion exchangers 
was used successfully in the separation of organic com- 
pounds’, the potentialities of liquid ion exchange 
chromatography have yet to be explored in this field. 

During the course of development of a liquid chromato- 
graphic system which provided both close control of 
operating parameters and a degree of versatility charac- 
teristic of gas chromatography, it was found that liquid 
ion exchangers proved to be useful stationary phases for 
the separation of certain non-volatile organic materials. 

A block diagram of the instrument used in this investi- 
gation is depicted in Fig. 1. The system consists of the 
micro packed column, those parts necessary for main- 
taining a controlled continuous flow of the liquid mobile 
phase, a temperature controller, a sampling device, a 
detector and recorder. For the continuous detection of 
nucleic acid constituents as well as other ultra-violet 
absorbing solutes a Perkin-Elmer Hitachi ‘U VIS-139’ 
spectrophotometer was modified to accommodate a micro 
flow cell having an effective cylindrical bore 5 mm long 
and 1 mm in diameter. The cell was kept under pressure 
by restricting the flow at the outlet in order to avoid the 
generation of bubbles during operation. ‘The detector 
signal was monitored with a 1-mV recorder provided with 
a base line compensator. Full-scale deviation of the 
recorder pen corresponded to 0-045 absorbance unit. 

The sample was introduced by a high pressure sampling 
valve equipped with a slide for 10-ul. sample. The valve 
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was filled with the same solution by means of a hypo- 
dermic syringe before the sample was introduced into the 
apparatus. All parts of the instrument which had contact 
with the mobile phase were made of stamless steel, nylon 
or ‘Teflon’. The detector cell was made of quartz. Special 
care was taken to minimize dead volumes between the 
sampling valve and the detector outlet. ‘Swagelok’ 
fittings were used for all connexions. 

Columns were made of siliconized nylon tubing (1:6 mm 
outer diameter and 0:85 mm internal diameter), dry 
packed with the column material and plugged with porous 
‘Teflon’ disks at both ends. A device (‘precolumn’), pre- 
pared in a similar manner to the separation column, was 
placed upstream to the sampling valve for conditioning 
the mobile phase. 

The chromatograms in Figs. 2 and 3 show separations 
of thyroid compounds and nucleic acid constituents. 

“These were obtained by means of liquid ion exchange 
columns. The stationary phase was ‘Aliquat 336’ (General 
Mills Co.), a mixture of quaternary salts of long-chain 
tertiary amines, and mainly tricaprylyl methyl ammonium 
chloride in 75 per cent aqueous isopropanol solution. 
‘Chromosorb P’ mesh fractions 230-270 and 270-325 
(Johns-Manville Co.) were used as the solid support. 

The support was soaked with a solution of ‘Aliquat 336° 
in diethylether and the solvent was evaporated. The 
coated support was then boiled with the mobile phase for 
10 min and after cooling the liquid was decanted. The 
column material was dried in air for several hours and 
then placed in the nylon tube by the usual vibration 
technique. 

Before commencing the analysis, the columns were 
conditioned overnight in a stream of the mobile phase at 
50° C and 15 atm. inlet pressure. During this time the 
columns became deaerated and some entrainment of the 
liquid stationary phase and compression of the packing 
occurred. A few centimetres of the inlet end of the 
columns was then removed and a stable base line obtained. 
The columns were used continuously over a period of 
several days and did not show any alteration in their 
resolving power. The operating conditions of the column 
are described in the captions. On several occasions a pro- 
grammed increase of the flow rate during a chromato- 
graphic run, as shown for example in Fig. 3, resulted in 
a decrease in analysis time. 

Other liquid ion exchangers, such as ‘Amberlite DA-1’, 
‘Amberlite LA-? (Rohm and Haas Co.) and di-2-ethyl- 
hexyl-phosphoric acid also were used on ‘Chromosorb P’ 
support for preparing stable columns with suitable flow 
characteristics. Preliminary results indicate that they too 
efficiently separate organic compounds of distinct acidic 
or, basic character. 


2 13 
~» outlet 


14 
11 a ae 
1 


Fig. 1. Liquid chromatographic yet. 1, Reservoir for mobile phase, 
2, minipump (Milton Roy, Philadelphia); 3, fliter; 4, needle valve for 
flow splitting; 5, capillary tubing, 0-1 mm internal diameter, by 5 m 
long for flow dampening; 6, precolumn; 7, thermostated compartment; 
8, pressure gauge; 9, sampling valve; 10, column; 11, UVIS-189 
spectrophotometer with 5 ul, flow cell (Perkin-Elmer); 12, flow restrictor; 
18, capillary flow meter; 14 baseline compensator; 15, recorder 
m 
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Fig. 2. Separation of thrroid conmpovhds. 1, Tyrosine; 2, 8-monoiodo- 
tyrosine; 3, 3,5-dilodot-rosine; 4, thyronine. Sample size, 16 nano- 
moles of each componen? in 10 ul. of mobile phase; column, siliconized 
nylon tubing 235 em x 035 mm internal diameter, packed with 30 w/w 
per cent ‘Aliquat 336’ on*Chromosorh P’ (270-325 mesh); one ee 
0-2 M potassium chlorié in 0-04 N hydrochloric acid, saturated with 
‘Aliquat 336’ at 30° ©. Temperature, 70° C: flow rate, 7-5 DLA inlet 
pressure, 18-8 atm.; detector wave-length, 230 nm; detector slit 2-6 mm 


Absorbancy 





8 15 20 45 60 
Min 


Fig. 3. Separation of constituents of nucleic acid. 1, Uridine; 2, adeno- 
sine; 3, uridine 3’(2’) Ehosphoric acid; 4, adenosine 8’(2’) phosphoric 
acid. Sample size, 1 neanomole of components 1 and 2, 10 nanomoles of 
components 3 and 4 in 7.0 zl. of the mobile phase. Column, siliconized 
nylon tubing, 157 om x -85 mm Internal diameter, packed with 30 w/w 
per cent ‘Aliquat 338’ or ‘Chromosorb P’ (230-270 menti; mobie mia: 
309-8 mi, of 0-5 M potassium dihydrogen phosphate pius 22-4 mi, 1 N 
sodium hydroxide diluted to 1 1. and seturated with ‘Aliquat 336’ at 
30° C; temperature, 50°C; flow rate to arrow, 2:0 mi. /h, beyond arrow 
14°4 ml/h; initial inlet pressure less than 6 atm., final inlet pressure 
30 atm.; detector “vave-length, 260 nm; detector slit, 2-6 mm 
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PHARMACOLOGY 


Cholinergic Mechanism of Depressor Response 
to Small Doses of Adrenaline 


Moore and Puriton! in an early report in the literature 
state that small doses of ox adrenal extract reduce the 
blood pressure of the dog, but large doses increase it. 
The same observations have been reported by Cannon 
and Lyman? and by Dale and Richards’. This depressor 
response is not to be confused with that noted after the 
injection of larger doses of adrenaline or splanchnic nerve 
stimulation in the presence of «-adrenergic blocking agents 
such as dibenamme*. ‘The latter observation is now 
explained on the basis of the unopposed stimulation of 
6-adrenergic receptors based on the receptor classification 
of Ahlquist’. 

Experiments in our laboratory have demonstrated a 
depressor response associated with the injection of small 
doses of adrenaline which appears to be cholinergic’. 
Under special circumstances, this can also be shown with 
noradrenaline and isoproterenol. Experiments have been 
carried out to elucidate the mechanism of this depressor 
response. 

All experiments were carried out on anaesthetized dogs 
and cats without regard for sex or weight. The dogs 
were anaesthetized by intravenous injection of pento- 
barbitol sodium, 35 mg/kg, and the cats were 
anaesthetized by the intraperitoneal administration of 
chioralose dissolved in polyethylene glycol 200 at a dose 
of 80 mg/kg. All drugs were injected through a cannula 
placed in the femoral vein. The blood pressure was 
recorded from a carotid artery cannula by using a ‘Sanborn’ 
differential transformer-transducer coupled to an Offner 
“Dynograph’. All drug doses were expressed in terms of 
the following salts: J-adrenaline bitartrate, d/-noradren- 
aline bitartrate, l-isoproterenol sulphate, phenoxybenz- 
amine hydrochloride, dichloroisoproterenol hydrochloride 
(DCI), acetylcholine bromide and atropine sulphate. 

Adrenaline administered to an animal at a dose of 
1 ug/kg elicits a depressor response of approximately 
20-35 mm of mercury as shown in Fig. 1. Repeated 
administrations of this dose at mtervals yield smaller 
depressor responses and finally a pressor response or no 
response at all. This state of tachyphylaxis can be 
abolished by the administration of 10 ug/kg of acetyl- 
choline, following which 1 yg doses of adrenaline again 
produce the depressor responses in the blood pressure. 

Fig. 2 shows the interaction of various sympatho- 
mimetic amines with acetylcholine. The uppermost 
tracing shows a pressor response to a dose of adrenaline. 
After acetylcholine administration, adrenaline produces a 
depressor response on the first trial and somewhat less 
response on the second trial. Another dose of acetyl- 
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Fig, 1. Selected segments taken from a continuous record of the carotid 
blood par of an anaesthetized dog. E is i-adrenaline bitartrate 
1 zg/kg) and Ach is acetylcholine bromide (10 ug/kg) 
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choline is administered which ordinarily would have 
re-established the depressor response to adrenaline. The 
administration of atropine, however, blocks the depressor 
response and a pressor response is obtained. The middle 
tracing shows the response to noradrenaline of an animal 
which had been treated with the a-blocking agent, phen- 
oxybenzamine. The same sequence of events is shown as 
in the experrment with adrenaline. The bottom tracing 
shows the use of isoproterenol in the presence of the 
8-blocking agent DCI. 
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Fig. 2. Selected segments of records of the carotid blood pressure of 

three anaesthetized cats. E 1s l-adrenaline bitartrate (1 ug/kg), N 1s 

di-noradrenaline bitartrate (1 we/kg), I is l-isoproterenol sulphate (0 1 

pelke), Ach 1s acetylcholine bromide (10 wg/kg) and A 18 atropine sulphate 
(1 mg/kg). See text 


The tachyphylaxis to the small doses of adrenaline 
suggested that this phenomenon might be associated with 
a release of some agent which caused the depressor 
response. The elimination of the tachyphylaxis “by 
injection of acetylcholine is taken as evidence that 
acetylcholine is liberated by a very small dose of adren- 
aline and that a dose of 10 g/kg is sufficient to replete 
the stores. The blockade of the depressor response under 
consideration by a dose of atropme is taken as evidence 
that the depressor response is due to a muscarinic action. 
The production of depressor responses by noradrenaline 
in the presence of phenoxybenzamine and isoproterenol 
in the presence of DCI rules out the participation of a- 
and B-adrenergic receptors in this observation. 

Many examples of the release of adrenergic mediators 
by cholinergic mechanisms exist at the present time’. 
The literature yields relatively few references to the 
release of acetylcholine by adrenaline*’. 

Krayer and Verney” reported an increase in the acetyl- 
choline content of the coronary sinus elicited by the 
administration of adrenaline. This was due to a reflex 
stimulation of the vagus and was eliminated by vagal 
section. Boatman! has observed a vasodilation in the 
hind limb of the newborn dog which is elicited by nerve 
stimulation and eliminated by atropine. When animals 
reach an age of 2 weeks, nerve stimulation produces only 
vasoconstriction. A recent publication by Kulkarni et al. 
has shown that adrenaline produces depressor responses 
in animals infused with acetylcholine. 

It is not possible to demonstrate the interaction between 
acetylcholine and the sympathomimetic amines in all 
animals. The effect was best demonstrated in animals 
during autumn and the susceptibility decreased during 
the winter months. In late winter only one animal in 
twenty-two was found to give the desired response. This 
may be the reason why such observations have not been 
reported previously. No correlation with age or sex of 
the animal could be made in our laboratory. 

The site at which the acetylcholine is released by 
adrenaline to yield a depressor response has not been 
determined. Until it has been determined which vascular 
bed is being affected, the physiological significance is 
uncertain. In view of the small doses involved, the 
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release of acetylcholine by adrenaline could occur under 
physiological conditions. 
We thank Miss Shannon Klug for technical assistance. 
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Modification of the Auditory Flutter Fusion 
Threshold by Centrally Acting Drugs in Man 


PERCEPTUAL fusion of intermittent random noise stimuli 
at critical frequencies in man was first reported by Miller? 
and Miller and Taylor*, and confirmed by Symmes, 
Chapman and Halstead*. The process is analogous to 
visual flicker fusion. The critical interruption rate at which 
fusion occurs is termed the “auditory flutter fusion 
threshold”. 

In view of the sensitivity of visual flicker fusion thresh- 
olds to the actions of psychotropic drugs, it is perhaps 
surprising that the psychopharmacology of auditory 
flutter fusion threshold has received little attention. 
Only Eysenck and Easterbrook’ appear to have explored 
this field and they were unable to demonstrate any effects 
of sodium amylobarbitone (90 mg), dexamphetamine 
(5 mg) or meprobamate (100 mg) on auditory flutter 
fusion threshold. However, the interruption rates of their 
auditory signal varied in the relatively large steps of ten 
interruptions per second (i.p.s.) so that small changes in 
the threshold might have escaped detection. 

We have found that the auditory flutter fusion threshold 
was highly sensitive to centrally-acting drugs, and this 
communication reports the actions of amylobarbitone, 
chlorpromazine and perphenazine. 

The technique was a modification of that used by Miller 
and Taylor*. A random noise signal, which could be 
“interrupted at rates of between 1:5 and 275 i.p.s. (on-off 
ratio 9:1), was used at an intensity of 55 db (re. 0-0002 
dynes/cm?). The interruptions were automatically switched 
on and off at intervals of 1 sec so that the signal, presented 
binaurally to the subject, consisted of alternating 1-sec 
periods of interrupted or continuous noise. For each test 
the starting interruption rate was 100 i.p.s. and then 
the signal was presented in a sequence of decreasing 
interruption rates. The critical descending auditory 
flutter fusion threshold was taken as the fastest inter- 
ruption rate at which auditory flutter (that is, the inter- 
ruptions) could be distinguished and below which con- 
sistent positive flutter responses were reported by the 
experimental subject. 

Six normal healthy male subjects (aged 21~30 yr.) 
participated in each of the double blind cross-over trials. 
Subjects were allowed a light breakfast. The active 
compound (amylobarbitone—100 mg, or chlorpromazine— 
25 and 50 mg, or perphenazine—2 and 4 mg), or its placebo 
control, was administered by mouth between 9 and 
10 am. at 7-day intervals. On each treatment day, 
three threshold determinations were made, at 5-min 
intervals, before treatment was administered and at 
90 and 180 min later. Changes in the mean thresholds 
from the control values on the active and placebo treat- 
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Change in auditory flutter fusion threshold (i.p.s.) 
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Fig. 1. The effect of amylobarbitone (100 mg) and placebo treatment on 
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the descending auditory flutter fusion threshold. The changes in 
the mean thresholds ars from those recorded before treatment (six 


T 
subjects). N, Standard error of the mesn 


ments were compared using the method of analysis of 
variance for factorial designs and Student’s two-tailed 
‘? test (Snedecor'), 

The changes following amylobarbitone (100 mg) are 
illustrated in Fig, L The pretreatment mean thresholds 
were 42:93 i.p.s. for the placebo and 43-10 i.p.s. for the 
amylobarbitone treatment. The usual rise in the auditory 
flutter fusion threskold over the 180-min period on the 
placebo is seen (cor-tinuous line). After amylobarbitone 
(broken line), the shreshold was lower than after the 
placebo both at 90 min (by 5:17 i.p.s.) and at 180 min 
(by 5-27 i.p.s.), and analysis showed that this depression 
was significant: 

For the overall d-fference between placebo and amylo- 
barbitone treatmens effects, Fiss = 20-03, P<0-001. 

For the difference between placebo and amylobarbitone 
treatment effects, an 

90 nin, t,, = 3:13, P<0-01 
and at 180 min, ¢,; = 3:19, P<90-01. 

The amylobarbitcne induced depression thus developed 
within 90 min of oral administration and was maintained 
at about the same level for at least 180 min. 

Chlorpromazine (25 and 50 mg) also produced statis- 
tically significant depression of the auditory flutter 
fusion threshold which was greater at 180 min than at 
90 min. However, mither 2 mg nor 4 mg of perphenazine 
altered the auditory flutter fusion threshold, thus dis- 
tinguishing between the actions of aliphatic and piperazine 
phenothiazine derivatives. 

We thank Dr. P. Gorman and Mr. M. C. Martin of the 
Royal National Institute for the Deaf and Mr. P. M. G. 
Bell for their help. 
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Aryiacethydroxamic Acids: a New Class 
of Potent Non-steroid Anti-inflammatory 
and Analgesic Substances 


In recent years much effort has been directed to the 
search for non-steroid anti-inflammatory substances 
which can be used in the therapy of rheumatic diseases 
and related conditions. This communication reports 
the finding that a chemical family hitherto unexplored 
in this respect, namely, the arylacethydroxamic acids, 
includes several substances endowed with considerable 
anti-inflammatory and analgesic properties, and also a 
remarkably low degree of toxicity. A particularly in- 
teresting compound in this series was 4-butoxy-3-methyl- 
phenylacethydroxamic acid (I). In a comparative in- 
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vestigation with known antiphlogistie compounds, using 
the Benitz and Hall carrageenin-induced abscess test in 
rats’, compound (I), in exactly the same dose, proved 
only slightly less active (c. half) than phenylbutazone 
(1,2-dipheny1-3,5-diketo-4-butylpyrazolidine), definitely 
more active than ‘Ibufenac’ (p-isobutylphenylacetic 
acid), and considerably more so than aspirin. The activity 
shown by compound (I) at the high dosage of 1 g/kg was 
as intense as that of the maximum tolerated dose of 
phenylbutazone (400 mg/kg) and considerably more so 
than that (10 mg/kg) of ‘Indomethacin’ (1-p-chloro- 
benzoyl-5-methoxyindolyl-3-acetic acid), which is the 
most efficient non-steroid antiphlogistic substance known 
so far. Compound (I) was also strongly active in the 
carrageenin-induced granuloma test in rats, whereas 
phenylbutazone and aspirin are known to behave poorly 
in this type of assay*. 

Analgesic activity, determined in mice by means of 
Blake’s test involving an electric stimulus‘, indicated 
that compound (I) was considerably more effective than 
the non-morphinic reference analgesics: the 50 per cent 
effective doses, measured after 90 min, were: 


Compound (I) 18 mg/kg 
‘Tbufenac’ 76 mg/kg 
Acetophenetidine 103 mae/kg 
Aminopyrine 109 mg/kg 
Antipyrine 115 mg/kg 
Aspirin 160 mg/kg 


Comparative determination of acute toxicity in mice’ 
with known anti-inflammatory agents gave the following 
figures for the 50 per cent lethal dose: 


Compound (I) 1,800 mg/kg 
Aspirin 1,100 mg/kg 
Phenylbutazone 290 mg/ke 
‘Indomethacin’ 26 mg/kg 


Chronic oral toxicity tests performed in compound (1) 
in both rats and dogs produced no signs of toxicity at 
125 mg/kg and per day. 

The relationships between chemical structure and 
pharmacodynamic activity are evidenced in the data 
given in Table 1 for compounds chosen from among several 
hundred investigated. 
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Table 1 
Activi 


ty 
Anti-infammatory Analgesic 
4-Butoxy-3-methylphenylacethydroxamic 
acid (I) ttt + 
4-Butoxyphenylacethydroxamic acid +++ 
4-Butoxy-2,3-dimethylphenylacethydroxamic 


ae 
4-Butoxy-5-isopropyl-2-methylphenylacet- 
hydroxamic Hts ene 
4-Propoxyphenylacethydroxamic acid 
4-Isopropoxyphenylacethydroxamic acid 
4-Amyloxyphenylacethydroxamic acid 
4-Cyclopentyloxyphenylacethydroxamic acid 
4-Cyclohexyloxyphenylacethydroxamic acid 
4-Propylphenylacethydroxamic acid 
4-Isobutylphenylacethydroxamic acid 
4-Butylphenylacethydroxamic acid 
fAmylphenylacethydroxamic acid 
4-Cyclohexylphenylacethydroxamic acid 
4-Butoxyphenylacetic acid 
4-Isobutoxyphenylacetic acid 
4-Butoxyphenylacetamide (ID 
4-Butoxy-3-methyiphenylacetamide 
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The most interesting features to emerge from Table 1 
are: (a) the complete disappearance of anti-inflammatory 
activity encountered in passing from 4-butoxypheny]l- 
acethydroxamic acid to 4-butoxyphenylacetic acid itself. 
thus pointing to a specific influence on the part of the 
hydroxamic acid function; (b) the discrepancy observed 
between the anti-inflammatory and analgesic activities— 
an extreme example being 4-butoxyphenylacetamide (11), 
the total inactivity of which as an anti-inflammatory 
agent contrasts strikingly with its remarkable analgesic 
potency, which is roughly the same as that of compound 
(I) (its 50 per cent effective dose being 17 mg/kg); 4- 
butoxyphenylacetamide, and 4-butoxyphenylacethydrox- 
amic acid, also show antipyretic effects (in rabbits in a 
state of hyperthermia induced by injection of antityphoid 
vaccine TAB) comparable with that of aspirin; (e) the 
close dependence of anti-inflammatory activity on the 
number, nature, and site of the substituents on the aryl 
nucleus, a striking example being the absence of activity 
of 4-butoxy-2,3-dimethylphenylacethydroxamic acid, as 
compared with the outstanding activity of its lower 
homologue, compound (I). Further replacement of the 
nuclear methyl group in (I) by bromine, chlorine or 
fluorine results in comparably active compounds. 

It is doubtless relevant to the mechanism of the anti- 
inflammatory action of compound (I) and its homo- 
logues that, on one hand, adrenalectomy inhibits their 
effects and, on the other hand, investigations made in 
rats with carbon-14-labelled 4-butoxyphenylacethy- 
droxamic acid showed high levels of radioactivity in the 
adrenals. 

Compounds (I) and (II) are both undergoing clinical 
trial. 


N. P. Bouo-Hoi 
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Athletic Performance at High Altitude 


Owina to the lower partial pressure of oxygen the maxi- 
mum oxygen intake of acclimatized adults at high altitude 
is less than the sea-level value. The reduction in the 
maximum oxygen intake at the 7,500 ft. altitude of Mexico 
City, where the 1968 Olympic Games are to be held, is 
expected to be 8 per cent following the trend of experi- 
ments made in the Himalayas!. From this result it has 
been predicted that the times for the running events at 
Mexico City would be 8 per cent longer than the expected 
sea-level times? except for the shorter events where the 
oxygen requirement could be covered anaerobically. 

Pugh? compared the results of the 1955, Mexico City, 
Pan-American Games, with the results of the 1956 
Melbourne Olympic Games and found a linear relationship 
between the increase in time and the logarithm of the 
distance of the race. The increase varied from 2-6 per 
cent for the 800 m event to 14:9 per cent for the 10,000 m 
event. This comparison, however, does not take into 
account the generally lower standard of performance of 
the athletes who were eligible to compete in the Pan- 
American games when compared with the standard of 
the athletes who competed in the Olympic Games. 
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Table 1. COMPARISON OF HIGH-ALTITUDE AND SKA-LEVEL PERFORMANCES 


Best Percentage 
Event and athlete Mexico City time sea-level time increase 
(1054-1955) in time 

400 m 

a TEE E 

Mashburn 46°3 46-1 +0 4 
800 m 

Sowell 1: 49-7 13 48:3 13 

Spurrier 1: 600 1: 46-8* 3-0 

nanya] 1:824 1:509 14 

da 3: 58-2 3: 588 — 08 

Santes 8:582 8: 428 4-7 

Dwyer 3:558 3: 454* 46 
5,000 m 

Suarez 15 : 80°6 14 : 26-2 74 

Ashenfelter 15 : $1-4 14: 42-2" 66 

Correa 15: 392 14: 42-2 65 
10,000 m 

Suarez 32 : 42- 30 : 30-0 7-2 

Sanchez 33 : 004 Not available ~ 

Correa 33 : 42-6 31: 41- 64 


A better method of checking the decrement in per- 
formance at Mexico City is to compare the times of the 
athletes placed in the 1955 Pan-American Games events? 
with their best sea-level times for the years 19544 and 
1955: (Table 1). The percentage difference in time for 
each athlete was calculated and the mean for each event 
plotted against the distance of the race (Fig. 1). The 
100 m and 200 m events were excluded as wind conditions 
can considerably affect the best recorded times of the 
athletes concerned. 


Table 2. DECREMENT IN PRERFORMANORS 


Observed mean Calculated percentage 
Distance percentage ~ decrement from 
decrement equation 

400 m ~1+1 os 
800 m 1-9 1-05 
1,600 m 8-0 3-20) 
3,000 m - 4°96 
§,000 m 65 6°14 
10,000 m 6-8 6-97 


The increase in the times for the distance events are 
less than those calculated previously and range from 1-9 
per cent for the 800 m to 6:8 per cent for the 10,000 m 
(Table 2). The 400 m runners at Mexico City seem to 
have been assisted by the low aerodynamic drag at the 
high altitude; their times were reduced by an average of 
1-1 per cent. 

An exponential curve was fitted to the points from 800 m 
to 10,000 m by minimizing the squares of the differences 
between the observed mean decrements and the calculated 
decrements. The equation for this curve was 


P = T1 (1—e-000040D) 
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Percentage difference from sea-level time (P) 





800 3,000 6,000 10,000 
1,500 Nistance (D metre) 
Fig. 1 


where P is the percentage increase in time taken to run the 
distance in metres, J, at 7,500 ft. altitude. This equation 
indicates that the ircrease in time taken to run an event 
approaches the value of 7-1 per cent for the very long 
races. This is in excallent agreement with Pugh’s estimate 
of 8 per cent based on maximum exercise tests as some 
assistance is probab-y gained from the lower aerodynamic 
drag on an athlete ab an altitude of 7,500 ft. 
D. A. WILLIAMS 

33 Hampton Road, 
West Essendon, W.5, 
Victoria, Australia. 
1 Pugh, L. G. C. E., Gill, M. B., Lahiri, S., Milledge, J. S., Ward, M. P., and 
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3 1956, World Sports, Inter-ational Athletics Annual, edit. by Quereetani, R. L. 
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Tolerance of Chickens to Thiabendazole 


THIABENDAZOLE, a broad-spectrum anthelmintici:?, is 
well tolerated by m-ce, rats and rabbits, with LD5, values 
exceeding 3-1 g/kg in oral acute toxicity experiments’. 
Furthermore, rats end dogs tolerated the drug quite well 
in chronic toxicity experiments’. 

Recent unpublished experiments with adult chickens 
fed thiabendazole ccntinuously for 3 weeks revealed that a 
level of 0-1 per cent in the diet has no effect on reproduc- 
tion, egg productior or feed intake, but that levels exceed- 
ing 0-2 per cent >roduced lower values for all three 
criteria. In additon, the birds fed these high levels 
of thiabendazole appeared anaemic and about 7 per cent 
mortality occurred at the 0-2 per cent level with pro- 
gressively higher mortality at higher drug levels. Post- 
mortem examinaticn of the hens revealed haemorrhaging 
throughout most icternal organs, but particularly at the 
ovary. Haematolozical data were obtained in a series of 
experiments in which thiabendazole was fed for 21 days to 
Table 1. HAEMATOLOGICAL DATA ON AMULT FEMALE CHIOKENS' BED THIA- 
BENDAZOLE FOR THREE WEEKS OR THIABENDAZOLE WITH By, ASCORBIC 

ACID AND MENADIONE 
0-4% Thiabendazole 


02% 04% +1 mg Bjk + 
Centrol Thiaben- Thiaben- 100 mg ascorbic 
zole dazole acid/kg +20 mg 
menadione/kg 
No. birds 8 4 $ 
Haemoglobin (g %) 84403" 64407 4440-4 $1402 
Haematocrit (vol. %) 30-1408 2094+28 17:341-4 27:5 + 0-8 
a ia rate 0340-0 13403 13403 06402 
mm 
Eo clotting 159409 1744168 162+09 1£0£07 
e (sec 
Whole-blood clotting 8 244+65 89+11 2946 
time (min) 
General appearance of Normal Paleskin Pale skin Normal 
birds Pale Pale J 
combs combs 
Partial Partial 
moult moult 


* Mean + standard erro” of the mean. 
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HABMATOLOGIOAL DATA ON ADULT FRMALE CHICKENS FED THIABENDAZOLE FOR THREE WEEKS OR THIABENDAZOLE WITH B,,, ASCORBIC ACID 


OR MENADIONE 


Control 02% 
Thiabendazole 
N 0. biras iem 4 4 
aemoglobin (g 9-0 + 0:2* 52412 
Haematocrit (vol. %) 83-8 41-0 19-141-6 
Sedimentation rate (mm/h) 0-3 +0-2 4-643°4 
Whole-blood clotting time (min) 20 +5 355 


* Mean + standard error of the mean. 


hens. The data show that haemoglobin and haematocrit 
values were markedly below normal in hens treated with 
0:2 or 0:4 per cent thiabendazole, and this correlated with 
their pale appearance (Table 1). Sedimentation rates were 
elevated, but whole-blood clotting time and prothrombin 
clotting time showed no consistent change from the norm. 
However, it should be noted that whole-blood clotting 
time assays are subject to wide variability and many 
values are required to show a trend. Also, it should be 
pointed out that two birds sampled at the end of the 
second week on 0-4 per cent thiabendazole had clotting 
times exceeding 60 min, the cut-off time for the assay, and 
that one of the four birds sampled at the end of the third 
week had a whole-blood clotting time exceeding 60 min. 
When these data are considered with the mortality values 
and the post-mortem findings, there is an indication that 
blood clotting time may be influenced provided the drug 
level is 0-4 per cent or higher. 

Most interesting was that the addition of 1 mg vitamin 
B,, per kg, 100 mg ascorbic acid per kg, and 20 mg 
menadione per kg diet containing 0-4 per cent thia- 
bendazole counteracted the adverse effect of the drug on 
the haematological values (Table 1) of the hens. These 
birds at necropsy did not have the haemorrhages that 
were observed in those receiving the drug alone. As 
shown in Table 2, B,, and menadione, and not ascorbic 
acid, counteracted the adverse effect of thiabendazole on 
haemoglobin and haematocrit levels. Each vitamin 
alone, partially reversed the effect at the levels fed, and the 
addition of both vitamins to the diet completely overcame 
the adverse effect of 0:2 per cent (Table 2), as well as 0-4 
per cent thiabendazole (Table 1). 

In comparison to other species of animals in which 
thiabendazole is well tolerated, the adult female chicken 
appears to be more sensitive to the drug. Hens fed a diet 
containing 0-2 per cent thiabendazole consumed 80 mg 
thiabendazole per kg body-weight daily. This dose is 
about 0-5~0-33 of the amount required to produce a 
moderate anaemia in dogs*. Single oral doses of 50 mg/kg 
have proved highly efficacious in roundworm infections in 
those mammals for which the drug is recommended, so 
there is an adequate safety margin for thiabendazole. 
We have investigated the effect of thiabendazole when fed 
to chickens to 6 weeks of age and find that they tolerate 
(for growth) about 0-1 per cent of the drug in the diet and 
have normal haemoglobin levels. 

Investigations in progress are designed to reveal the 
maximum tolerated level of thiabendazole in the hens’ 
diet without effect on their haematology, which is estima- 
ted, from the data in Tables 1 and 2, to be in the range of 
0-05-0-1 per cent thiabendezole in the diet. In addition, 
investigations are at present in progress to reveal the mode 
of action between thiabendazole and vitamins B,, and K, 
and the possible interaction of the endocrines on the drug— 
vitamin relationship. 

D. Porn 

K. KELLEY 
E. LEHMAN 
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Effect of Removing the Neocortex on the 
Response to Repeated Sensory Stimulation of 
Neurones in the Mid-brain 


THE response of a high proportion of cells in the superior 
colliculus and subjacent structures (tecto-tegmental 
region) of the rabbit mid-brain gradually wanes when a 
sensory stimulus is repeatedly presented at rates between 
l per see and 1/4 per sec!?. The number of stimuli 
required to bring about attenuation of response (habitua- 
tion) varies from cell to cell and, for a given cell, from 
stimulus to stimulus, but lies between two and fifty 
presentations. The response may be restored by with- 
holding the stimulus for some 20 sec or more and pre- 
senting it again (recovery by time lapse). In the experi- 
ments on which these observations are based, the animals 
were anaesthetized with urethane-pentobarbitone and the 
recording micro-electrodes directed to the mid-brain by a 
hole drilled in the skull. Thus apart from the tracks made 
by the electrodes the cerebral cortex was intact. 

The tecto-tegmental region of mammals receives an 
extensive innervation from the neo-cortex** and a 
question that remains is whether this structure must be 
present for habituation to occur in the tecto-tegmental 
cells. This question is answered in the experiments 
described here. 

Five rabbits (weights 2:5-3-5 kg) were used. The solu- 
tion and dosage of anaesthetic were the same as in our 
previous experiments’?. Each animal was mounted in a 
stereotaxic frame and the roof of the cranial cavity 
removed. The neo-cortex lateral to the rhinal fissure was 
removed by aspiration, gelatin sponge being used to 
control haemorrhage. Care was taken to avoid damage 
to the optic nerves and tracts. When bleeding stopped, 
a 4 per cent aqueous solution of agar was poured 
over the brain to reduce cardiovascular and respiratory 
pulsations. The pupil of the right eye was then dilated 
and the eye refracted as before. The quadrigeminal bodies 
could be seen clearly through the solidified agar and the 
electrode was lowered into the left superior colliculus 
under direct vision. All penetrations were taken to a 
depth of 10 mm below the surface of the colliculus. At 
the end of an experiment the brain was fixed in situ by 
removing the head and immersing it in 10 per cent formol 
saline. ‘The brain was afterwards removed, examined 
macroscopically to ensure that the optic nerves, chiasma 
and tracts were intact, and then sectioned and stained 
for histological examination. 

The photic stimuli consisted of stationary and moving 
spots of light projected on to a screen. Acoustic stimuli 
consisted of tones and clicks and the tactile stimulus was 
air blown through a rubber tube over restricted regions 
of the skin. During the experiment the intensity of back- 
ground illumination varied from 0-6 to 1:0 f¢.-L. 

Spontaneous impulse activity was usually brisk some 
6-8 h after decortication. Before this, the mid-brain was 
relatively quiet and little spontaneous or evoked activity 
could be detected. 

One hundred and ten units were studied of which 
74 responded to at least one sensory stimulus. Functional 
lamination of the units was more marked mn these pre- 
parations than in those with the cerebral cortex intact, 
the majority of units responding to photic stimuli lying 
between the surface and a depth of 2:3 mm (that is, 
within stratum griseum superficiale and stratum opticum) 
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d the majority of those responding to acoustic and to 
actile stimuli lying between 3-0 and 10-0 mm below the 
rface of the tectum. Between 2-3 and 3-0 mm there 
as a transitional zone in which a few cells (four) could 
be activated by both photic and acoustic stimuli. 
- We used the same criteria for habituation as before, 
namely, that the response should wane within fifty 
presentations of a stimulus delivered at a rate of between 
1 per sec and 1 per 4 sec. We were able to hold for the 
` necessary length of time only fifty-one of the units which 
responded to sensory stimulation. Habituation was 
=. observed in nineteen of them and these units were not 
¿< restricted to any particular depth below the surface of 
the tectum. The time-course of this process was not 
different from that observed previously in intact animals. 
Recovery by time-lapse could be demonstrated in all 
-units whose response to a stimulus waned and is 
illustrated in Fig. 1. This unit responded with a burst of 
impulses when a spot of light was turned on in the middle 
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Fig. 1. Attenuation of response to repeated presentation of a spot of 
- ght at the centre of a unit’s receptive field. When spikes are present 
| they are shown on the upper trace of each record, upward deflexion 
being positive. A photocell placed in front of the light source was used 
to signal ight onset, which is indicated by a downward displacement of 
the lower trace. Read records from left to right. Stimulus (intensity 
~ 15 ft.-B, 2° diameter, duration 1 sec) presented at rate of 1 per 2 sec. 
_. Record 1 shows the response (five spikes) to the first stimulus of the series 

- presented after an inter-stimulus interval of 60 sec. Responses to fourth 
- {record 4) and tenth stimuli (record 10) of the series are shown. An 
_» interval of 40 see intervened between stimuli 10 and 11 and the response 
_ to the eleventh stimulus (five spikes) is shown (record 11), This unit was 
` recorded at a depth of 1-8 mm below surface of the left superior colliculus. 





Scale 0-5 sec 
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of its receptive field. The stimulus (1 sec duration) was 
presented at the rate of 1 per 2 sec. Record 1 shows the 
response (five spikes! to the first stimulus of the series 
which was begun after a period of 60 sec, during which 
no stimuli were presented. Only one spike was evoked 
by the fourth stimulus (record 4) and there was no 
response to the next six stimuli. After the tenth stimulus 
presentation (record 10) the stimulus was withheld for 
40 sec following which it elicited a burst (five spikes) of 
activity (record 11). as 
At post-mortem it was found that the neo-cortex had 
been removed bilaterally in all animals and a varying — 
amount of pyriform eortex, medial to the rhinal fissure, 
remained. a 
This work was supported by grants from the U.S. — 
Public Health Service, National Institute of Neurological © 
Diseases and Blindness. gts 
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Effect of Urgocyton on Capillary Permeability | 

in Rabbits | o, 
Ir has been reported that urgocyton, a non-coagulable | 
and fluorescent protein (polypeptide) prepared from- ox. 
liver, markedly inhibits the bradykinin-destroying activity: —_ 
of haemolysed blood cells and also, to some extent, of 
plasma}. ae ae 

It is known that ths intradermal injection of bradykinin — 
in a guinea-pig witk circulating blue dye regularly in- - 
creases the passage of dye through the blood vessels and 
produces skin lesions of an intense blue colour. This 
response can also be elicited in rabbit skin’. 

We have investigated the effect of intradermal injec- 
tions of urgocyton ia rabbit skin, bearing in mind that 
inhibition of kininase-activity in loco might liberate. 
bradykinin, which could then be demonstrated by the | 
blue skin lesion prodaced in rabbits with circulating blue ~~ 
White land rabbis, weighing 1-8-2-5 kg, were used. 





The dorsal and, in same animals, also the abdominal skin = 


was shaved with an electric razor 24 h before the tests. 
All materials to be tested were dissolved in saline and 
injected intradermal-y in amounts of 0-1 ml. Injection — 
of saline (0-1 ml.) was used in the control animals. Crys- 
talline bovine albumin and crystalline soy bean inhibitor 
were used to test the unspecific response to proteins. 

Ten to 30 min after the intradermal injection, 1 ml./kg 
of 1 per cent Evans blue was injected intravenously. 

Urgocyton from swo different batches prepared as 
described previously’ was administered in doses ranging 
from 0-5 to 0-005 mg. 

For comparison, synthetic bradykinin or kallidin 
(kindly supplied by Sandoz A.G., Basle) was used and 
injected in amounts of 0-001 or 0-002 mg. Haemolysate 
prepared as describe] previously! and carboxypeptidase 
were used as sources of bradykinin-destroying enzymes. 
Crystalline carboxypeptidase B (Sigma Chemical Com- 
pany) was tested for its bradykinin-destroying property 
using the rat uterus method!. It was found that 0-004 mg 
of this enzyme degraded bradykinin as fast as 1 ml. of 
the haemolysate. 

Two to 3 min aftec the injection of Evans blue, visible 
blueing appeared at the sites where urgocyton had been 


pendicular 
injection of 





ur at the site 


y technique. No difference in the response with the 
different batches of urgocyton has been seen. The 

ponse to 0-5 mg urgocyton varied in different animals 

- from 4 to 15 mm and corresponded to that of 0-002 mg 
< bradykinin or kallidin (the response to these synthetic 

_ kinins was identical). The size of the response to 0-5 mg 
-> albumin, 0-5 mg soy bean trypsin inhibitor, and saline 
— never exceeded 3mm. There was little difference between 
_. the dorsal. and abdominal regions of the skin in the 
_ reaction to intradermal injections of urgocyton or brady- 

: kinin. The smallest dose of urgocyton (in four animals) 
h gave a blue spot greater than that of saline was 

























effect of urgocyton could be prevented by treat- 
the animal beforehand with haemolysed blood 
d intravenously. To demonstrate this, 3-5 ml. of 
was removed by cardiac puncture from each animal 
efore the skin tests. The blood was kept at — 20° C 
came haemolysed when warmed to room tempera- 
mmediately before the injections. Intradermal 
ons of urgocyton, and of bradykinin or kallidin, 
shen made as described previously, on the dorsal 
f the rabbits. Ten min later, Evans blue was in- 
‘Intravenously and blueing appeared at the sites 
intradermal injections. Thirty min after the 
on of the dye, haemolysed blood was injected 
enously (each animal was given haemolysate from 
1 blood). Ten min after this injection, intradermal 
ons of urgocyton, bradykinin or kallidin were made 
| abdominal skin of the animal. 
mi. of haemolysed blood were given to each of six 
In four of these, the reactions of the abdominal 
ere identical with those on the dorsal skin. In two 
is, however, no reactions appeared on the abdomen. 
4 mi. of haemolysed blood was injected intra- 
iy, complete inhibition of the reaction due to 
adermal injection of 0-5 mg urgocyton and 0-002 mg 
bradykinin or kallidin on the abdominal skin in five 
ie five test animals was seen. In another eight 
als, previous injection of 4 ml. of haemolysate com- 
tely prevented the reaction to intradermal injection in 
lorsal skin of 0-5 mg urgocyton and of 0-002 mg of 
ykinin, respectively (no abdominal injections were 
n these animals). 
imilar effect, however, could be accomplished by 
ang carboxypeptidase B intravenously in eight 
mals in amounts corresponding to 4 ml. of haemolysate. 
-he demonstration that urgocyton provoked increased 
ary permeability in rabbit skin by intradermal 
. nistration is interesting. The abolition of this effect 
by intravenous injection of haemolysate containing 
< kininase might suggest that urgocyton works through a 
- bradykinin effect elicited by inhibition of local kininases. 
The failure of carboxypeptidase B to imitate the 
_ inhibitory effect of haemolysate is surprising, but it may 
_ be explained by one of the following possibilities: (1) The 
-effect of urgocyton on the capillary permeability is not due 
-to the neutralization of kininase. (2) Carboxypeptidase B 
4s not eapable of penetrating the capillaries. (3) The 
olysate contains other kininase(s) than carboxy- 
dase B. 
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injection. The two failures probably resulted from 


_ dependent Diaphoras : 


Fo 
and Adult Cattle - 
ABORTIONS in cattle have been reported to oceur ¢ 
result of nitrate poisoning’. Although the exact caus 
death has not been elucidated, anoxia due to methae 
globinaemia is believed to be responsible. Recently 
transient deficiency of reduced diphosphopyridine nucleo- 
tide (DPNH)-dependent diaphorase in infants has been 
demonstrated, and it has been suggested that this may be __ 
a major cause of the increased susceptibility of newly born __ 
babies and animals to acquired methaemoglobinaernia’. 
It was also suggested that even lower enzyme activity _ 
would be encountered in foetal erythrocytes*. The _ 
present investigation was undertaken to determine 
whether the abortions occurring in nitrate poisoning of 
cattle could be related to foetal erythrocyte diaphorase. 
levels. on 
Samples were taken from Holstein-Fresian cattled 
slaughter, from foetal calves by cardiac puncture and 
born animals by venipuncture into acid-citrate-d 
(ACD) to which 0-25 per cent sodium chloride had 
added to increase the osmotic strength to a level m 
nearly isotonic with erythrocytes. DPNH-depend 
diaphorase was measured by the method of Scott® i 
porating the more prolonged incubation with so 
nitrite recommended by Ross*. All assays were ca 
out in a Gilford model 2,000 multiple absorbance recor 
at room temperature and only the mitial reaction ra 
were considered. The unit of activity has been defin 
Scott’. 
The results are summarized in Fig. 1. The mean 
throcyte diaphorase level of thirty-nine adult cows 
22-0446 units, while that of foetuses was 1693 
units, and of eight newborn animals was 177451 units 
It is apparent that there are marked differences i 
levels of methaemoglobin diaphorase in the newborn 
and the newborn baby. Average enzyme activity of th 
newborn baby is significantly lower than that of the re 
cells of an adult human being*; that of the unborn. 
newborn calf is spectacularly higher than that of- 
cattle. Nitrite is a normal intermediate in the metab 
of nitrates by the bacterial flora of the rumen of eatt 
It is known that bovine foetal haemoglobin is much m 
susceptible to oxidation to methaemoglobin by nitr 
than is bovine adult haemoglobin®. For these reasons: 
bovine foetus is an especially high risk with regard 
the development of serious methaemoglobinaemia.. 
increase in the DPNH-dependent methaemoglobin d 
phorase may represent an adaptation on the part of cat 
to these special circumstances. $ 
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ult of nitrate poisoning, to rule out the possibility of a 
netic polymorphism. 
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BIOPHYSICS 


Relationship of Ortho-cortex to the Crimp 
Wave in a Double-crimped Wool 
e cortex of a crimped Merino wool fibre comprises two 
ni-cylinders, which differ in both chemical and physical 
perties. The form of the crimp wave is related to 
srnations in the positions of the two cortical components 
n the fibre—the ortho- and the para-cortex’*. The 
-cortex tends to lie on the convex aspect of the 
np wave and the para-cortex on the concave aspect. 
‘he ortho-cortex can be demonstrated inter alia by 
sing with cupric ion in acidic nitrite solution’. 
Wool staples which have two clearly discernible staple 
np forms, one of short wave-length and the other of 
ger wave-length, occur in certain Merino wools from 
me to time. The question arises as to the alternations 
he ortho- relative to the para-cortex, when the situation 
omplicated by the presence of two staple crimps. 
in excellent example of this type of wool was received 
m the Western District of Victoria. The primary 
ped form had 20-22 crimps/in. and the secondary 
| 6 crimps/in. The terms primary and secondary are 
d arbitrarily and purely for reference. A staple was 
ed with cupric ions in acidic nitrite solution (1 per cent 
wic sulphate in 1:5 per cent w/w aqueous sodium 
rite in 3 per cent acetic acid with a wool/liquor ratio 
1: 120 or 1: 150 for 10 min at 65-75° C). Ten fibres 
re withdrawn, of mean diameters ranging from 15y to 
u. -These were thus removed from the staple environ- 
nt and its forces, and cannot be assumed to have 
‘tained their intra-staple forms. However, the primary 
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y crimp and-a longer wave-length secondary 
tly. between. 
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ə to allow examination by the mior 


ig. 1. Tracing of the ortho-cortical layer (black and shaded) in relation to the crimped 

mW of two Merino wool fibres, withdrawn from a staple showing a short wave-length 
crimp. The relaxed fibre has been 
two glass slides to maintain it in a single plane for microscopic 





































fibre was laid on a glass slide and a glass 
lowered on to it to hold the fibre in a singl 
camera lucida image 3f the fibre with the positio 
ortho-cortex inserted was traced by hand. M 
lengths were correct, but the width was doul 


The alternations of the ortho-cortex showed two 
In the first of these, the wave-length of the al 
was constant and in general was asseciated w 
amplitude fibre crim> form. In the second. 
length was longer ani variable and in general as 
with abrupt bends ir. the fibre, which appeare 
with the secondary crimp. Sometimes the abru 
changed immediately back to alternations of th 
phase; sometimes the abrupt form persisted for a 
longer length, before the recovery to the firs 
Fig. 1 indicates two typical cases. i 

_It therefore appeazs that whatever controls the 
alternation of the ortho-cortex may, by the inte 
of its action, lead to she formation of the second: 
of crimp. The alternative may be that the pei 
of alternation is constant, but the length-rate 
shows spasmodic chenges. Since the fibre axis 
fibres tends to twist to and fro along its length 
period equal to the wave-length of the crimp form* 
possible that the abrupt bends may be related to 
effects of the axial twist. Unfortunately, measure 
axial twist is extremely difficult to carry out. 
fibres, because these are so sensitive to tensile- 
sional forces and to -elaxation of echesive set, w 
moisture content chenges?*®, F 








Gordon Institute of Technology, 

Geelong, Victoria, 

Australia. 

1 Horio, M., and Kondo, T., Tezt. Res. J., 28, 373 (1953). 
* Mercer, E. H., Tert. Res. J..28, 388 (1953), Te 
3 Fraser, R. D. B., and Rogers, G. E., Biochim. Biophys. Acta, 12, 

å Fraser, R. D. B., and Rogers, G. E., Biochim. Biophys. Acta, 
ë Corbett, M. J., and Yu, T. 3., Text. Res, J., 34, 855 (1964). ai 
* Rossouw, S. D., J. Text. Imst., 24, T374 (1984), ae 
? Goldsworthy, Y. E., and Tang, W. R., J. Tezt. Inst., 44, T2 


30 { 
3 Woods, H. J., J. Text. Insi., 24, T317 (1983). one 


Crimp Form: a New Factor in Wool S 
We have endeavoured to estimate the spatial g 
tions of single wool fibres by means of static an 
experiments in the decrimping region’. Wh 
fleeces predominantly consist of helical shape 
other fleeces are made up of almost perfectly si 
fibres. Randomized assemblies prepared from 
extreme crimp types reveal striking 
ent properties. One of the most outstanding 
.. results concerns the unique felting behaviour 
of wool fibres. S 

Under the influence of an external im- 
pressed force, assemblies of wool fibres in — - 
aqueous solution become highly entangled 
to form. a dense mass or “felt”. Although. 
this property primarily arises from the — 
unique surface structure of the fibr oS 
satisfactory explanation has been 
for the large variations that occur 
different wools in their ability to felt 
factors to which these variations ha 
commonly been attributed include í 
length and crimpirg. It can be 
strated however, that these param 
of little significance compared wit 
form. 
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Table 1 
Sample Crimp Diameter 
contiguration of felt Fibre Fibre No. of 
ball diameter length crimps 
(cm) (x) (cm) (per cm) 
A Merino Sinusoidal 2:15 22'1 11-4 4-5 
B Lincoln Sinusoidal 2-24 40-0 20:3 0:35 
C South Down Helix 3-42 30-0 12-8 3-6 
D Suffolk Down Helix 3°74 30-4 12-0 4'4 


Table 1 gives the various characteristics of four samples 
of wool, together with crimp form and felting results? 
(a small diameter for the felt ball indicates a high degree 
of felting). There are no marked differences in the fric- 
tional properties of the two sets of samples and it is clear 
that large variations in diameter, length and numbers of 
crimps have little influence on the felting results. The 
only consistent parameter is crimp form. Indeed, the 
felting of the helical fibres is so poor that individual 
fibres can be readily withdrawn from the large irregular 
balls (Fig. 1). ; 





Fig. 1 


The results cast considerable doubt on the traditional 
belief that fine fibres felt at a greater rate than coarse 
fibres. On the other hand, the results not only confirm 
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some observations of Crewther and Dowling’, who varied 
the rate of felting by modifying crimp form, but also 
offer a new explanation for the large variations in the 
felting properties of different wool types*. 
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BIOLOGY 


Uncoupling of Auxin-induced Protein Synthesis 
and Water Uptake by Kinetin 


It is generally recognized that water uptake, synthesis of 
protein, and respiration are intimately related activities 
by which the growth of cells and tissues are controlled. 
Protein synthesis has been implicated in the mechanism 
of water uptake, and it has been shown that substances 
which inhibit protein synthesis also inhibit water uptake’. 
Evidence has also been presented that auxin-induced 
increases in growth and water uptake are not only ac- 
companied by a net increase in protein content*®, but 
are also dependent on the continual synthesis of new 
protein*. Kinetin has been shown to inhibit increases in 
longitudinal growth’ and in water uptake? caused by 
auxin in etiolated pea stem sections; however, it causes 
marked thickening of the sections. This report presents 
evidence to support the thesis that protein synthesis is 
even more intense during this kinetin inhibition of auxin- 
induced growth. 

Pea (Pisum sativum var. ‘Alderman’) seedlings were 
grown in the dark for 8-9 days at 25° C, during which time 
they were subjected to various periods of red light. 
10-mm sections cut from just below the “‘crook”’ region 
were used for the experiments and five such sections were 
made of each sample. The isolated sections were floated 
on 6 ml. of sucrose solution in Petri dishes with or without 
added auxin and/or kinetin, and were incubated in the 
dark for 24h. The growth was assessed at regular intervals 
and the nitrogen content estimated by the routine micro- 
kjeldahl method’. 
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Interaction of indolyl-3-acetic acid (LAA) and kinetin in the growth and nitrogen changes of etiolated pea stem sections. 


S, Sucrose 2 per cent; SI, 2 per cent sucrose + 1 p.p.m. LAA; SK, 2 per cent sucrose + 10 p.p.m. kinetin; SIK, 2 per cent sucrose 
+ 1 p.p.m, IAA + 10 p.p.m. kinetin 
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Our findings confirm those of Katsumi* in that we 
observed that kinetin inhibits longitudinal growth and 
uptake of water in sections floated on sucrose alone and, 
furthermore, suppresses indolyl-3-acetic acid-promoted 
increases in length and green weight. The inhibitory 
effect on the former was found to be more marked than 
on the latter. Exogenous indolyl-3-acetic acid and kinetin, 
supplied individually, brought about almost identical 
changes in protein synthesis and further increase was 
noticed in sections which received both indolyl-3-acetic 
acid and kinetin. An optimum protein content was 
reached after about 12 h of growth in each case. Protein 
changes in indolyl-3-acetic acid-treated sections closely 
paralleled changes in longitudinal growth and green 
weight. It will be seen, however, that although the in- 
crease in length induced by indolyl-3-acetic acid was 
almost quantitatively reversed by kinetin and, moreover, 
the growth of control sections kept on sucrose was in- 
hibited, the increase in protein content was far greater. 

We conclude from these results that there may be no 
direct relationship between the observed enhancement of 
protein synthesis and the growth effects of auxin. Kinetin 
seems to act as an uncoupler of auxin-induced protein 
synthesis and water uptake. This suggests that auxin- 
dependent water uptake may be related to some metabolic 
activity other than to the synthesis of protein, but still 
associated with growth. The correlation usually made 
between protein synthesis and water uptake is most 
surprising. In theory, one molecule of water is released 
for each peptide bond formed during the synthesis of the 
protein molecule. Furthermore, coiling of the peptide 
chain would lock up various hydration sites* with the 
result that the osmotic concentration of the cell sap would 
decline. Indeed, there are examples on record which 
indicate that water uptake may occur in tissues showing 
a net decline in protein synthesis’. 
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Chromosome Number of a Sub-Antarctic 
Rubus 


Rubus geoides from the southern hemisphere is a creeping 
form of bramble with simple, glossy leaves and herma- 
phrodite flowers. It occurs in Patagonia and in the 
Falkland Islands, where it is harvested locally for the 
red raspberry-like fruits. This species can be considered 
to be the southern equivalent of the northern hemisphere 
cireumpolar species of creeping diploid Rubus arcticus. 
R. geoides was considered of possible interest for raspberry 
and blackberry breeding in Scotland because of its hardi- 
ness, lack of thorns, and its ability to produce fruits under 
windy and extreme climatic conditions. Plants raised 
from seeds received from Patagonia have grown well 
both indoors and outdoors in the east of Scotland, although 
its leaves are subject to mildew when kept in a poorly 
ventilated glasshouse and its flowering has been sparse. 
The somatic chromosome number, previously unknown, 
has now been determined from root-tips of two plants’. 
Both these were tetraploid (2n = 28) and within the com- 
plement the contracted chromosomes vary slightly in 
size (Fig. 1). The complement includes only a single 
satellited chromosome, whereas in tetraploid species of 
the true blackberries (Hubati) from Scotland there may 
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Fig. 1. Somatic chromosemes of Rubus geoides (2n = 28). (x 6,552). 
Note the occurrence of anly one satellited chromosome (arrowed) in 
the tetraploid complement 


be as many as five satellites present or two as in the 
diploid raspberry (R. idaeus)’. We have postulated* that 
in Rubus an increase in satellite number may have an 
adaptive function ir relation to climate, especially in 
association with cooler growing conditions; but this does 
not appear to be sc for R. geoides. Furthermore, the 
occurrence of only one satellited ehromosome in a tetra- 
ploid species suggests amphiplasty, which has already 
been found by Heslop-Hartison* in Rubus and con- 
firmed by Tun‘ for rides species hybrids; thus R. geoides 
may be a true breedirg species hybrid. In support of this, 
more flavonoid compenents are found to be present than 
in the two primary northern European diploid species of 
Rubus. 

That R. geoides is a tetraploid has advantages for the 
breeder for it will probably readily hybridize through its 
diploid gametes. Furthermore, owing to wide geo- 
graphical isolation frem R. idaeus it is possible that such 
hybrids between these two species will show strong 
heterosis. 
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Phosphatidyl Carnitine: a Possible 
Intermediate in the Biosynthesis of 
Phosphatidyl @Methylcholine in Phormia 
regina (Meigen) 

CARNITINE can replace the dietary eholine, otherwise essen- 
tial, when Phormia regina larvae are reared on a chemically 
defined diet!:*. When this substitution is made. 8-methyl- 
choline almost completely replaces choline in the lecithin 
of the larva’:*. Simiħr results have been obtained with 
the house fly, Musca domestica Linnaeus’. y-Butyrobe- 
taine can also substisute for choline in the diet*, giving 
rise to phosphatidyl 3-methylcholine®. Recent investiga- 
tions by Hodgson and Dauterman’ have demonstrated 
that trimethyl-(3-hydroxypropyl) ammonium acetate 
(TMAA) inhibits the zrowth of P. regina larvae when the 


choline of the diet is replaced by carnitine — 
or y-butyrobetaine but does not when 
choline is present. Thus, it would appear 
to inhibit one of the metabolic reactions 
between carnitine or y-butyrobetaine and 
the $-methylcholine moiety of phosphatidyl 
8-methyleholine. 

The carnitine, labelled with carbon-14 in 
the methyl groups, used in the present 
investigation was synthesized according to 
the method of Mazzetti ef al.*, and the purity 
established by co-chromatography with 
authentic carnitine. The melting point of 
the synthesized material was 142° C. 
8-Methyleholine was prepared by the hydro- 
lysis of acetyl @-methylcholine and recrystal- 
lization from n-butanol-ether. 

P. regina larvae were grown in axenic 
culture on a chemically defined diet accord- 
ing to McGinnis et al’, as modified by 
Hodgson et al.*. In each experiment, carbon- 
14-p,L-carnitine was included in one set of 
flasks at a concentration of 0-2 mg/ml. of 
diet and carbon-14-p,L-carnitine and TMAA. 








onk g atrati -$ . 3 Fig. 2. Radioactive compounds in the acid hydrolysates of phospholipids from Phormia 
at concenti at ons of 0-2 and 0-17 mg m regina larvae fed methyl-carbon-14-carnitine and trimethy]-(3-hydroxypropyl}) ammonium 
another. Third instar larvae were removed acetate. Hydrolysis producte, were separated by ascending paper chromatography in 
Xi r ap j 4 7 ethanol-ammonia and radioactive areas located by scanning in a “Vanguar pë s rip 
oa the seventh day after inoculation, homo scanner. 1 is derived from the first radioactive peak from a silicic acid—‘Hyflọ Super-Cel 
genized and extracted twice with 10 per column. 2 is derived from the phospholipid eluted from DEAE-cellulose columns with 
cent trichloroacetic acid. The residue was ex- chloroform—methanol (7 : 1) when the first peak from silicic acid- Hyflo Super-Cel’ columns 


tracted three times with chloroform—metha- 


nol (2:1, v/v). Trichloroacetic acid was removed from the 
water by washing with ether. Water-soluble contaminants 
were removed from the lipid layer by washing with 50 per 
cent methanol until no further radioactivity appeared in 
the upper layer. After hydrolysis in 6 N hydrochloric acid 
for 12 h at 110° C, 8-methylcholine and carnitine were 
separated by paper chromatography and the radioactive 
spots detected by scanning in a ‘Vanguard 4 pi’ strip 
scanner. Spots were identified by co-chromatography 


in the following solvents: ethanol—-ammonia, 


n-butanol—water—ethanol-ammonia, 8: 3: 2: 1; n-propanol-— 


ammonia~—water, 85:5: 10. 


Chromatograms of the hydrolysate of the whole lipid 
extract of larvae fed carbon-14-carnitine showed only one 
radioactive spot corresponding to §-methylcholine. This 
confirms the findings of Bieber et al.3:4. When carbon-14- 





Fig. 1. Radioactive compounds in the acid hydrolysate of lipids from Phermia regina 
larvae fed methyi-carbon-14-carnitine. Hydrolysis products were separated by ascending 
paper chromatography in ethanol-ammonia and radioactive areas located by scanning in 
a “Vanguard 4 pi’ strip scanner. 1 is derived from larvae fed methyl-carbon-14-carnitine 
and 2 from larvae fed methyi-carbon-14-carnitine and trimethy!-(3-hydroxypropy}) 

ammonium acetate 


is rechromatographed 


carnitine and TMAA are fed, however, two radioactive 
compounds, $-methylcholine and carnitine, can be found 
in the lipid hydrolysate (Fig. 1). 

Phospholipids were separated on silicic acid—Hyflo 
Super-Cel’ columns by methods previously used with this 
organism}, | 
the lipids of larvae fed carbon-14-carnitine and TMAA, © 
the first and largest peak containing, on hydrolysis, 
both carnitine and $-methylcholine while the last twọ -> 
contained only §-methylcholine. The first peak was = 
rechromatographed on DEAE-cellulose according to the- 
method of Rouser et al.1!, and a peak, eluted with chloro- 
form—methanol (7:1, v/v), proved, on hydrolysis, to: 
contain only carnitine (Fig. 2). 7 

Similar experiments using carbon-14-carnitine without 
TMAA yielded $-methylcholine as the sole radioactive 


Three radioactive peaks were eluted from = 





























hydrolysis product in all three peaks separ- | 
ated on silicic acid—Hyfio Super-Cel’ - 
columns. =e 

The water layers, both with and without. 
the inhibitor, were identical, four radio- 
active peaks being separated by paper 
chromatography. The hydrolysed water. 
layer showed two radioactive compounds,. 
carnitine and $-methylcholine, in a ratio of. 
approximately 95 to 5. i 

The results reported here indicate that 
carnitine is incorporated into a lipid soluble 
compound before decarboxylation to the 
8-methylcholine of phosphatidyl §8-methyl 
choline. The available evidence supports’ 
the hypothesis that this compound is 
phosphatidyl carnitine. The inhibitor, TMAA, | 
previously implicated’ on nutritional grounds | 
in the decarboxylation of carnitine, causes. 
this lipid soluble carnitine derivative to. 
accumulate to the point where detection is. 
possible. A os 

The suggestion was considered that con- 
tamination of phospholipid fractions with. 
an acyl carnitine had occurred. Palmityl 
carnitine synthesized by the method of. 
Bremer! was compared by thin-layer chrom 
atography with the lipid extract obtaines 
after feeding carbon-14-carnitine and TMA: 
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vas shown no to aeieapond’s to any of the radioactive 
;. Short chain acyl carnitines would not be expected 
contaminate washed lipid extracts. 
‘The observation that TMAA is incorporated into a 
10spholipid may be of importance in elucidation of the 
mechanism of its inhibitory action. Thin-layer chromato- 
graphy on silica gel G using chloroform—methanol—acetie 
acid—water (25: 15:4:2) indicates that several of the 
unusual phospholipids formed when dietary choline is 
replaced by other compounds can be separated from each 
Other. Phosphatidylcholine, phosphatidyl 8-methylcholine 
< and phosphatidyldimethylaminoethanol have Frp values of 
0-33, 0-47 and 0-67, respectively. The lipid formed from 
-TMAA has an Ep of 0-19. Furthermore, all these com- 
pounds can be clearly separated from each other after 
being mixed together. In addition to demonstrating that 
.. TMAA is incorporated into a lipid soluble derivative, this 
`- supports the observation of Bieber and Newburgh that 
i dimethylaminoethanol is incorporated into the phospho- 
lipid fraction and is not methylated to form phosphatidyl- 
choline after incorporation. 
- This work was supported by a research grant from the 
Division of Environmental Engineering and Food Pro- 
on, U.S. Public Health Service. We thank Mr. Ewald 
ith for skilled technical assistance. 
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MICROBIOLOGY 


Recoveries of Bacteria after Drying in vacuo 
at a Bath Temperature of 100° C 


For the purposes of preservation, micro-organisms may 
be dried either from frozen or liquid suspensions and the 
=- recoveries are governed by a number of factors, in 
-= -particular by the nature of the suspending medium}. So 
far, bath temperatures of no higher than about 30° C 
appear to have been used to maintain suspensions in the 
liquid state during drying in vacuo. 
~~: Recent investigations of the resistance of bacteria to 
heat in the dried state? ? prompted an attempt to 
determine what fraction, if any, of bacteria would survive 
the actual drying process when it was carried out im 
vacuo and when the ampoules were held at a bath tem- 
erature of 100° C. Under these conditions, drying could 
e expected to proceed very rapidly. 
‘Suspensions of the test organism, Salmonella ndolo 
N.C.T.C. 8700), were prepared in 20 per cent sodium 
tamate? and 0-1 ml. volumes of it were dispensed into 
mpoules (Edwards, 36/H/0800). The ampoules were 
mected to a horizontal manifold‘ charged with phos- 
orus pentoxide and the assembly was connected to a 
edivac SSC20’ vacuum pump. Three drying treat- 
s were studied; the pump was switched on (A) 5 see 
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before the ampoules were nae in ‘Polling water, B i 
at the same time as the immersion, or (C) 5 sèc after: 
immersion. As the suspensions were subjected to reduced — 
pressure and heat, vigorous spluttering occurred and the- 
suspensions dried as ‘foamy flakes on the walls of the 
ampoules. After 30 min, the bath was removed, the 
ampoules were constr.cted, replaced on the manifold and 
exposed for a further 30 min to 100° C at high vacuum, 
after which they were sealed in vacuo. The heat resistance os 
of the sealed desiccates was tested by total immersion of 
the ampoules in a boiling water bath. Using “slow” — 
rehydration procedures*, viable counts on the desiccates ce 
were made immediatzly after the ampoules were sealed on 
and at intervals duriag the secondary heating, o 400o 
The only treatment of the three studied (Table 1) a 
which resulted in heevy loss was treatment C, in which ~~ 
the ampoules were heated for 5 sec before evaporative 
cooling in vacuo began. With the other two treatments, 
where evaporative cooling began at the same tim 
5 sec before the suspensions were exposed to high ti 
perature, appreciable recoveries (5-16 per cent) of 
organism were obtained. The recoveries from treatme 
A and B after heating the sealed ampoules at 100° € 
indicate that they would yield desiccates with 
storage life at ambient temperatures’. 7 
























Table 1. RECOVERIES (LOG) OF Salmonella ndelo AFTER DRYING in pace: eo 
AT A BATH TEMPERATURE »F 100° C AND AFTER FURTHER EXPOSURE: OF 
THE SKAUED DESICCATES TO 100° C CEE wan 


Drying . . Recoveries GOZ) 
treatment Immedistely after After exposure to 100° © for 
{see text) ampouleswere sealed 24h 48 
A 8-9 (16¢per cent) 5-6 4 =, ie fee 
B 84 (5 wer cent) 48 LG tn 
C 5-8 <i <j 


Number of organisms dried (Gog) = 9-7. 





No attempt has been made to measure temperat re 
changes during the brief drying periods in these exp 
ments. The cooling during drying in vacuo wi 
markedly modified b> the heat input from the ba 
the resulting temperatures could be expected to fluctua 
violently. - 

Working at much lower temperatures, and in. mo 
slowly evaporating systems, other workers? found speg 
temperatures within evacuated ampoules to be up 1 
60° C below the temperature of the bath surrounding the 
ampoules. | One 

Whereas it is firmly established that glutamate protec ao i 
organisms during hesting in the dried state, there is no. 
evidence from this or previous work that it does so during 
the early stages of crying. It is, of course, difficult. to 
examine the two stages separately. No suggestion is 
made here that any of the treatments described should ._ 
be seriously considered for preserving organisms, but 
results do indicate taat higher bath temperatures than 
have hitherto been contemplated could be used | 
drying some micro-organisms with a reasonable capent 


ta : ae 
tion of survival. É 
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Fragile Cultures cf Escherichia coli produced by 
Growth in High Concentrations of Various Salts 


SUCROSE-DEPENDENT mutants have been reported which- z 
permit total isolatior. under mild conditions of cellular — 
ribonucleic acid anc proteins from actively growing — 
cultures!. The considerable time and effort required to _ 
isolate equivalent mutants in strains of other genetic — 
provenance had led us to search for a general method to 














eg NT f ragile growing EN This Tomun. 
reports such a technique: growth i in 0-5 M sodium saiphate ° | 
_ or comparable concentrations of other salts. 
= Escherichia coli strain 3000 is cultivated at 37° C in a 
o minimal medium composed (per l.) of potassium mono- 
-hydrogen phosphate, 1-12 g; potassium dihydrogen phos- 
phate, 0-48 g; ammonium sulphate, 0-5 g; MgSO,.7H,0. 
449 g; FeCl,.5H,O, 0:5 mg; glucose, 2 g. The addition 
of increments of sodium sulphate to a series of flasks 
_ produces the altered growth curves shown in Fig. 1. 
At 0-5 M sodium sulphate (or 1 M potassium chloride or 
0-5 M potassium sulphate), growth continues for several 
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Fig. 3. -galactosidase and RNA formation in fragile cultures. E, col 
K 12 3000 was grown in minimal medium containing 0-5 M sodium- 
sulphate and penicillin 15 ujmi, and 4 x 194 M IPTG. [C]-uracil- 
(40 ng/m., 20 ue. jmg) was added at an optical density of 0-25. At inter. 
vals, samples were tested for -galactosidase activity (— O —) and. 
(*C]-uracil incorporated into acid-insoluble RNA (—~@—). Esch — 
is formed in proportion to growth ee eee aa absorption of the culture 

at 420 mp) 





hours, then stops. During this period, cells become 
increasingly fragile up to a maximum of about 70 per cent ` 
of total fragility. Fragility has been measured by troat- ~ 
ing cells with 0-5 per cent sodium deoxycholate and 
measuring the decrease in the percentage of scattering at 
420 mu, the release of induced $-galactosidase, or the 
release of RNA, detected as [‘C]-uracil incorporated in 
0 l 2 3 4 5 6 8 acid-insoluble form (Fig. 2). The most sensitive index. 

Time (h) of the degree of total lysis is RNA release, as is al 


: Fig. 1. Effect of sodium sulphate on growth of E. coli K 12 3000 in found with a sucrose-dependent mutant grown in frai 
jninimal medium at 37° ©. Af the point indicated by the arrow, the 3 P tan g g me 


SEE, indicated levels of sodium sulphate were added to a series of cultures form’. 





-l 








Very similar results have been obtained 

with eleven #. colt strains and variou 

rat A. i B. i media, although the optimum range. 
sodium sulphate concentration varies 

/ 100 Slightly in different cases. By contrast 

Bacillus megaterium KM in comparable 
conditions goes through a fragile, spherical; 
non-growing stage (protoplast ?) and then 
lyses; the extent of the applicability of th 
technique to other types of bacteria 
therefore not clear. k 
The degree of fragility can be increas 
to 100 per cent by the addition of 15 un 
per ml. of recrystallized penicillin: 
(1,500 u/mg)—a concentration which doe 
not affect the growth of the cultures (Fig. 2 
and has no detectable effect on cultures of 
the same strains growing in the absence 
of sodium sulphate. ne 
While the synthesis of RNA or mauesd = 
8-galactosidase in treated strains proċeeds 
m in proportion to growth (Fig. 3)--as does 

© 1 2 3 4 5 6 3 4 5 6 7 the formation of constitutive alkaline phos- 
er Time xh) a gi a oa phatase, total protein and DNA (Fig. 4 | 
e caper pit aerate erp teres a and unpublished results)—the number of 


propyl-f,D-thiogalactoside (IPTG) to induce the formation of B-galactosidase, those forming colonies increases more and 


iMC]-uracil (0-02 ue./ml.), to label the RNA, and in presence of 15 U/ml. y 
penicillin B orio kabene CA) more slowly. The cause of this apparent 
ae aom y ere Pam tene Kax ee were suspended in rf per cent discre epancy becomes obvious on obser 
sodium deoxycholate in order to lyse them. The suspension was then tested 
for absorption at 420 mu to see any reduction in scattering. Total f-galactosidase tion with a microscope: high concentratio 
ac tivity. Fas also measured on tolnenized cells iovith iccaitropheno é Dp of salt permits growth and the initiati 
galactoside as substrate (re ota A was determined as [!C]-uracil visi s apr oi 
incorporated in acid-insoluble form. A portion of the same suspension was of cell division, but the daughter sie 


ce 
oe 


60 


Percentage release 


w> 
o 





20 








~t 
beer) 
pat 
to 









hen een to remove unlysed S and debris and the supernatant sometimes remain attached in a pseudo 
ested for P-galactosidase activity and RNA content to determine the per- 

centage which had been rsleased from the cells. Curve 1, absorption of the streptobacillar form. i 
culture at 420 my; then, after lysis; curve 2, percentage of release of 8- Many chains break apart during | £ 
galactosidase activity; curve 3, percentage of release of [C]-labelled acid in- ling, and all can be shaken apart (Tab 


soluble RNA: curve 4, ercentage of decrease of optical density of cells at. ee 
j e420 my j á without lysmg more than 10-20 per i 
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2. Table 1. FORMATION OF CHAINS OF VIABLE CELLS IN CULTURES GROWING IN 0:5 M SOEIUM SULPHATE 

Sample Absorption Number of chains of n=1 cells Total cells/ml. Chains/mi. Average No. Colony Colony 

ate: at420me n=l 3 5 7 x 10 x 10+ celle/chain formers/ml. formers/cell 
x, 

1 9-225 35 6 47 41 415 49 1-4 

2 0-340 30 21 72 51 4-41 53 O72 

3 0-640 25 40 5 5 145 78 4-86 77 0-55 

4 1-800 40 44 22 21 12 338 139 2-44 139 O41 

2 2-260 43 50 42 22 20 3 3 496 183 2-78 190 0-37 

4* mi 217 49 315 266 1-18 310 OOS 

5+ ae 258 72 402 330 4-22 305 0-82 


“Toa culture of E. coli K 12 3000 growing at 37° C in minimal medium, 0-5 M sodium sulphate was added at an absorption of 420 my of 210; cells 
=: continued to grow exponentially (see Fig. 1). At intervals, samples were diluted and fixed with 1 per cent formaldehyde, and total cells and number of chains 
-u tontaining » cells counted in a Petroff-Hausser bacterial counter. Duplicate samples were plated on rich mediim to measure celony formers per mil. 


* Sample 4 after 1 min agitation on a vibrator. 
+ Sample 5 after 1 min agitation on a vibrator. 

of the cells. Nevertheless, progressively larger chains 
can be observed with time in carefully diluted samples; 
Table 1 indicates the appearance of chains noted 
in a typical experiment (that of Fig. 2). Because 
_ growth is rapidly arrested after two or three generations 
_. of fragile growth, it can be questioned whether the growth 
¿o of treated cultures is ever truly “exponential”. For many 
investigations, the distinction between slow exponential 
> growth and linear growth is unimportant. Nevertheless, 
we have verified an exponential increase in total mass 
= (Fig. 1.) and in the rate of uptake of ["C]-leucine and 
-= {4C]-uracil during growth of the cultures in sodium 
sulphate (unpublished results); in some experiments 
.. {Fig. 4) we have shown that, at any time during growth, 
induction of the internal enzyme 6-galactosidase proceeds 
normally, producing an initial rate of enzyme synthesis 
= which increases with growth as expected for a culture in the 
= exponential phase. Likewise, the enzyme alkaline phos- 
_.. phatase, which is normally found at the cell surface’, 
continues to be made, but is not released from cells; 
at is, very little leakage from or spontaneous lysis of 
these fragile cells occurs. We have confirmed the continued 
>o exponential synthesis of this “surface” enzyme, using the 
: strain S 26 C 200 lacking alkaline phosphatase grown 
in sodium sulphate. This strain makes active enzyme 
-constitutively in the presence of 5-fluorouracil’. Addition 
of 5-fluorouracil to fragile cultures at any time during 
growth therefore leads to the appearance of a burst of 
active enzyme, which is comparable in cultures growing 
_ im presence or absence of sodium sulphate (Fig. 4 com- 

pared with results of Rosen)’. 















Alkaline phosphatase U/ml, 
p-galactosidase U/ml, 





0-2 G4 0-6 0-8 1:0 1-2 
Absorption at 420 my 
Fig. 4. Induction of §-galactosidase and alkaline phosphatase in fragile 


cultures. For 8-galactosidase: E. coli K 12 3000 was grown at 37° C in 
- minimal medium containing 0-5 M sodium sulphate and 15 u/ml. 
. penicillin. At intervals, as indicated by the arrows, 4 ml. samples were 
o ¢pansferred in 50 mi. flasks and 4 x 10-* M IPTG was added. Im- 
mediately before the addition of IPTG and 2 min and 5 min afterwards, 
= Lomb samples were chilled with frozen 20 per cent sucrose solution to 
w00. top further enzyme Induction. Cells were centrifuged and resuspended 
-. n05 ml. #-galactosidase activity was then determined on the toluenized 
= gala (——-O—). For alkaline phosphatase: Æ. coli S 26 O 200 was grown 
- gt 87° C in salts-ghicose medium in presence of 0-5 M sodium sulphate 
and 15 tinl. penicillin. At intervals, 3 mi, samples were transferred to 
-50 mil. flasks and incubated for 15 min in presence of 5-fluorouracil (2-5 
-pgm and thymidine (25 ag/ml.). Cultures were chilled in ice, and 
-cells centrifuged and resuspended in 10 mM tris, a 8&0. Alkaline 
phosphatase was then measured on toluenized cells using p-nitro- 
Á -. phenylphosphate as substrate (ref. 6) (—-@—) 








In other studies we have noted that despite the sharp 
inhibition of T2 phage adsorption by high concentrations ` 
of salt, fragile cultures remain sensitive to infection by the _ 
phage, and are not seasitive to the action of actinomycin 
D. We conclude that a variety of processes (phage adsorp- 
tion, resistance to actinomycin D, nearly complete cell 
division, ete.) which require a fairly intact cell envelope 
continue normally in cultures growing in fragile form in 
sodium sulphate. (In contrast, these processes are not 
carried out by penicillin or lysozymeversene “‘sphero- 
plasts” with damagec. walls’.) Nevertheless, the fragile 
cultures grown in socium sulphate can be totally lysed 
reproducibly, easily, end essentially instantaneously. 

This investigation was supported in part by the U.S. 
Public Health Service. One of us (G. M.) is on leave from 
Istituto di Chimica Fiologica, University of Genoa. 
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Inhibitory Effects of Other Antibiotics on - 
Bacterial Morphologic Changes induced by 
Penicillin G 
ALTHOUGH it has been suggested that tetracycline and 
chloramphenicol antegonize the antimicrobial activity of 
penicillin in vitro anc in vivo'*, several investigators do 
not agree with these conclusions’-* and have suggested 
that variation in methods of assay and experimental 
conditions makes tie interpretation of results very 
difficult. We carried out this work in order to investigate 
the problem using a different method from those used in 
previous experiments, Tests were, therefore, carried out — 
to determine whetker the addition of tetracyclines, 
chloramphenicol, and other antibiotics would prevent the 
formation of spherop.asts, a step which precedes the lysis 

of bacteria exposed to penicillin. 

Three sets of paper disks containing antibiotics were 
prepared in the follewing manner: the disks, 7 mm in 
diameter, were cut frem filter paper. One set was saturated 
with 0-3 ml. of a somtion of penicillin G containing ten 
times the quantity of antibiotic that inhibited the growth 
of Vibrio comma. A second set was treated with a hundred 
times the minimal] inhibitory concentration of the agents 
listed in Table 1. A tird set of disks was prepared by first 
treating them with each of the drugs in Table 1. After 
drying, they were saturated with the same quantity of 
penicillin as was usec in the first set. Heart infusion agar 
containing 5 per cent horse bleod was inoculated by 
spreading 0-5 ml. of an 18-h broth culture of V. comma 
over the surface. After standing at room temperature for 
1 h, the excess fluid was removed from the surface of the 
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Tabie 1. EFFECT OF VARIOUS ANTIBIOTICS ON MORPHOLOGICAL C IANGES I 
Vibrio comma INDUCED BY PENICILLIN 
M.I.C.* for 


Drugs inhibiting Drugs producing no M.LC.* for 


effect of penicillin] V.comma inhibition of penicillin V. comme 

Tetracycline 2 Bacitracin 50 
Chiortetracycline — Vancomycin 25 
Oxytetracycline —- Cephalothin 2 
Demethylchlortetracycline — Polymyxin 16 
Chloramphenicol 2 Colistine s0 
Erythromycin 12 Cycloserine 250 
Oleandomycin 3-2 

Kanamycin 25 

Neomycin 3-2 

Paromomycin 3-2 

Streptomycin 500 


* M.LC., minimal inhibitory concentration (#g/ml.). M.I.C. of penicillin 


for V. comma, 35 units/ml, 


agar and antibiotic disks applied. In the first experiment, 
the drugs were studied individually; in the second, 
combinations of them were used. The cultures were 
incubated at 37° C and cover slip impression preparations 
made at 2, 6 and 18 h. These were dried, fixed in absolute 
methyl aleohol, stained by the Giemsa method, and 
examined microscopically. 

Long filaments and a few spheroplasts were seen in 
impression smears of agar cultures of V. comma exposed 
to penicillin alone for 2 h (Fig. 1). These changes rapidly 
progressed so that after 3 h of incubation two mor- 
phologically distinct layers, an inner one made up almost 
entirely of spheroplasts and an outer one consisting 
primarily of filamentous forms, developed at the border of 
the zone of growth inhibition. Increase in size of the 
spheroplasts was observed after 18 h (Fig. 2). When FV. 
comma was exposed to 100 times the minimal inhibitory 
concentration of either chloramphenicol or tetracycline 
alone, the bacteria enlarged to several times their initial 
size but were not converted to filaments or spheroplasts 
(Figs. 3 and 4). The effects of other antimicrobial com- 
pounds (Table 1) on the morphology of V. comma grown 
in the presence of each compound individually were not 
studied; only the minimal quantity required to suppress 
growth of the organism was determined. 

Spheroplasts and filamentous forms of V. comma did 
not appear when the organism was exposed to combina- 
tions of penicillin with tetracycline or penicillin with 
chloramphenicol; in the presence of the drug mixtures 
bacterial cell size increased to the same extent as was 





Fig. 1. F: 


comma after 2 h exposure to penicillin 
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V. comma after exposure to chloramphenicol or tetracycline alone 
and in combination with penicillin 


Fig. 3. 
observed when each of the “broad-spectrum” antibiotics 
was used alone (Fig. 3). Erythromycin, oleandomycin, 
kanamycin, neomycin, paromomycin, and streptomycin 
in combination with penicillin also completely inhibited 
the capacity of the latter to produce morphological 
changes. On the other hand, mixtures of bacitracin, 
cycloserine, vancomycin, cephalothin, polymyxin, or 
colistin with penicillin induced morphological alterations 
in V. comma identical with those observed when penicillin 
alone was used. 

The results of these investigations suggest that the 
bactericidal activity of penicillin G is suppressed by the 
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Fig. 4. V. comma, untreated 


addition of certain classes of antibiotics but not by others. 
It appears that compounds which exert their antibacterial 
effects by interfering with protein synthesis suppress the 
induction of spheroplast and filament formation. Agents 
which act against organisms by interrupting the synthesis 
of the cell wall or by altering the cell membrane do not 
appear to interfere with the action of penicillin. These 
observations may cast some doubt on the efficacy of 
treatment of infected patients with combinations of 
tetracycline or chloramphenicol and penicillin—which are 
common forms of therapy. Furthermore, these findings 
may offer an explanation for the clinical failures that 
may result in cases where this type of antibiotic combina- 
tion has been used to treat disease caused by penicillin- 

sensitive organisms. Removal of the “broad spectrum” 
agent has, in some cases, been found to result in prompt 
improvement and cure of the infection. 


TE-WEN CHANG 
Louis WEINSTEIN 
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Level of Vitamin Bi in Propionate-grown 
Prototheca zopfli 


THE colourless alga Prototheca zopfii does not require 
vitamin B,, as a growth factor, whereas at least half the 
marine algal flagellates and diatoms which have been 
investigated in pure culture’, the protozoan flagellate 
Ochromonas malhamensis*, and Euglena gracilis’, have 


NATURE 


765 


all been shown to have a growth requirement for this 
compound. 

It has previously been shown that Prototheca assimilates 
propionate by a route involving 6- -hydroxypropionate 
and malonic semialdelyde**. This pathway is presumably 
independent of vitamin B,,, whereas the succinyl-CoA 
pathway of propionate metabolism, present for example 
in Ochromonas*, requires a coenzyme form of the vitamin 
which functions in the isomerization of methyl malonyl- 
CoA to succinyl-CoA. Data on the level of vitamin B,, 
in extracts of Prototheca grown in medium rich in pro- 
pionate were obtained as further evidence that the 
proposed pathway of propionate assimilation is the only 
mechanism involved ia growth on this carbon source. 

The organism was grown on propionate—mineral salts- 
thiamine medium as previously described‘, and the cell 
concentration at the time of collecting was determined by 
counting in a haemocytometer cell. The cells were collected 
quantitatively and resuspended at a final population of 
10° cells/ml. in acetete buffer (pH 4-6) containing one 
drop of 1 per cent (w/v) potassium cyanide solution per 
5 ml. of buffer. After autoclaving at 10 Ib./in.* for 10 min, 
the suspension was passed twice through a French press; 
it was then frozen anc thawed, and autoclaved once more. 
Microscopic examinat.on revealed that almost all the cells 
had been disrupted. The presence of cyanide stabilizes 
any vitamin B,, present; the extracts were protected from 
strong light. 

Microbiological assays were carried out by Dr. M. E. 
Gregory of the National Institute for Research in Dairying, 
Shinfield, Reading. The assay using Ochromonas as a 
test organism failed so detect any vitamin B,, activity. 
The more sensitive Lactobacillus leichmannii assay 
revealed that the extract contained 0-08 myg of vitamin 
B,./ml., but the possibility arises with this organism 
that it is deoxyriboside activity which is measured rather 
than true vitamin B~. Euglena gracilis was finally used 
as the test organism The extraet was centrifuged and 
the clear supernatart was used undiluted and diluted 
ten-fold. The undiluted extract gave no growth, and 
from this it can be ccneluded that cyanide or some other 
substance was presen at an inhibitory level. In the case 
of the diluted extract it was found that growth increased 
with increasing addision to the assay cultures and the 
results calculated at two different levels were similar. 
The value obtained, )-40 myug/ml., can be regarded as a 
measure of true vitanin Bis activity. 

Droop’ has calculeted that in an alga which requires 
vitamin B,, for metabolic processes the level will corres- 
pond to about three molecules of vitamin/u*; Hutner 
et al. have reached « similar conelusion. 

Assuming a molecular weight of 1,357 for the vitamin 
it can be shown that the level of the compound in Pro- 
totheca corresponds tə only 200 molecules/cell. However, 
if Droop’s calculations are applicable to any algal species, 
Prototheca (mean vohime 1,440 u?) would contain about 
4,300 molecules/cell and it is evident that the level of 
vitamin B, in prcpionate-grown Prototheca is some 
twenty times lower shan would be expected if the cells 
required the vitamin for their metabolism. 

These investigations were carried out during the tenure 
of a Department of Scientific and Industrial Research 
research studentship. 
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Lack of Natural Tolerance to Allotypic 
y-Globulins in Rabbits 


THE induction of immunological tolerance to soluble 
proteins can be achieved in rabbits by introducing a 
suitable dose into the foetus shortly before, or the infant 
shortly after, birth!, Yet in the case of the genetically 
determined IgG allotypes?? in rabbits, neither tolerance 
nor sensitization has been recorded, although the maternal 
IgG, which comprises virtually all the plasma IgG of the 
offspring at birth, being received by way of imbibition 
of amniotic fluid‘ can contain an allotypic determinant 
not represented in the offspring’s genotype®-? and against 
which the offspring can afterwards be immunized. The 
purpose of this communication is to document this lack 
of tolerance, although we cannot at present provide any 
explanation for it. 

_ It might be mentioned that ostensibly the allotype 
situation should be well suited to the demonstration of 
tolerance, as the dose received by the infant is prenatal 
and relatively large, while the antigen (as judged by 
normal” rather than adjuvant assisted immunization) 
igs not strongly immunogenic (see later). 

These results arose during the course of nearly a hundred 
routine immunizations of rabbits for the production of 
anti-allotypic sera; the fifty-two recorded were in animals 
of accurately known parentage. 

_ The great majority of the rabbits were immunized by 
injection of Proteus vulgaris X19 coated with rabbit 
anti-Proteus antibody of the appropriate allotype*. In a 
few cases, antigen-antibody precipitates in complete 
Freund’s adjuvant were used?. Both methods were 
satisfactory; the first was preferred partly as being very 
economical of antiserum IgG, partly to avoid the com- 
plications of antibody formation to antigens present. in 
the complex (bovine seralbumin, ovalbumin, ete.), 
although, of course, antibacterial antibodies against P. 
eulgaris antigens regularly appeared. A single course of 
immunization consisted of five bi-weekly intravenous 
injections (in total 3 x 10 organisms) coated with a 
maximum of 2 mg of anti-Proteus antibody. Two or three 
such courses with monthly rests between were sometimes 
necessary. The animals were bled one week after the last 
—mMjection. 
=- dn all cases (about a hundred) such immunizations 
resulted in anti-allotypic antibody production, though 
sometimes three courses were necessary for satisfactory 
antisera. 

_ dn four cases, intravenous iso-immunizations of up to 
fifteen injections with normal rabbit IgG or whole serum 
were used without any evidence of antibody production; 
all these animals later produced antibody to the allotypic 
determinant originally used when immunized by the 
P. vulgaris method. The success of the P. vulgaris method 
may depend on an adjuvant effect excited by the endotoxin 
of the bacteria, combined with an advantageous cellular 
localization. | | 

Of the six well-defined allotypic determinants those of 
the b locus were strongly immunogenic by this method, 
As4 being rather better than As5 and As6: the a locus 
determinants were more weakly so in the order Asl > 
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Table 2. ANTI-ALLOTYPIO IMMUNIZATION IN WHICH MATERNALLY INDUCED 
TOLERANCE MIGHT HAVE OCCURRED l 


, Age at the 
Rabbit Mother's  Offspring’s time of Anti-alloty pic 
No. allotype aHotype first injection antibody produced 
(in weeks) . 
; eae As3/4 12 } 
i s1,8j4 As3/4 13 anti 
3 AsL As2/4 33 -  anti-Asl 
4 Asi,3/4,5 As3/4 45 } 
5 As2,3/4 As? /4 22 anti-As3 
6 A82,3/4,5 A82,38/8 22 j 
7 Asi/4,6 Asl/6 28 i anti-As4 
8 As3/4,5 As3/5 90 j 
9 As3/4,5 Asi,3/4 10 ere 
10 A81,3/5,6  As3/6 is Pf  amth- ARs 
1i Asi/4,6 Asij4 15 ee: 
12  Asi/4'6 Asi,3/4 40 X anti-As6 


As2>As3. At least three courses were needed to raise a 
satisfactory anti-As2 or anti-As3. This gradient in immuno: 
genicity is relevant in considering the tolerance situation, — 

The results of the immunization of fifty-two rabbits of 
known parentage are given in Table 1. The figures in 
bold type indicate in twelve of these the presence of 
maternal allotype which might have been expected to 
be tolerogenic. Table 2 gives further details of these —_ 
twelve rabbits, in particular the age at which immunization =- 
started. eo 

Results of other investigations’? suggest that the - 
duration of neonatally induced tolerance is dose-dependent. __ 
Recent results’ indicate that the half-life of human IgG in ~ 
the infant rabbit is 13 days: that of homologous IgG de- 
rived from the mother in vitro is not likely to be less than 
this. This figure is also consistent with the figures given 
elsewhere’? in the homologous situation if allowance is > 
made for increase of weight, and with earlier results? with = 
rabbit IgG in infant rabbits during the first few weeks of 
life. If one can estimate the dose of maternal IgG received. 
at birth, therefore, the amount of “antigens” remaining at- 
any time thereafter, and available for the maintenance of. 
tolerance, can be calculated. eee 

The IgG content of the plasma of a newborn rabbit is |. 
at least one-third of the adult’ (all being maternally 
derived), that is about 2 mg/ml. If the plasma volume i 
5 ml. a birth dose of at least 10 mg is likely, especially a 
the animal’s tissues and gut are saturated with the proteins = 
of the amniotic fluid. Of this, only about half will be 
““tolerogenic”’ as in the nature of the experiment the mother 
must be heterozygous for the allotype concerned. The - 
data? on human IgG, human and bovine seralbumin -< 
show that doses of between 2-5 mg and 0-1 mg received 
by the infants transplacentally were sufficient to establish 
tolerance which persisted in over two-thirds of cases, until 
the theoretical number of molecules of antigen remaining 
had fallen to a hundred or less. Moreover, when tolerance 
did break, after 6 months or more, the antibodies produced 
were of restricted specificity and usually non-precipitating. .._ 
With a dose of 3 mg (about 10'* molecules) of hetero- 
allotypie IgG in the situation under investigation, there = — 
would still be about 10%! molecules after 20 weeks and. 
10° after 40 weeks (as calculated from Table 2 in ref. 9). 
One would expect, therefore, that nearly all the mmmuniza- 
tions recorded in our Table 2 would have been ineffective 
owing to tolerance, if the autologous antigen were of 
comparable efficiency with the heterologous. 






















Table 1. ANTI-ALLOTYPIC IMMUNIZATION OF RABBITS OF KNOWN PARENTAGE 





Anti-Asl Anti-As2 Anti-As3 Anti-As4 Anti-As5 o Anti-As6 
No. of Mother’s No. of Mother’s No. of Mother’s No. of Mother’s No. of Mother's No, of Mother's 
rabbits allotype rabbits allotype rabbits allotype rabbits allotype rabbits allotype rabbits allotype. 0.0: 
1 As1,2/4 6 Asi/4 1 As?,3/4 1 As1/4,86 1 As1,3/5.8 2 AS]/4.@ o 
1 Asi1,3/4 4 As3/4 7 Asi/4 1 As3/4,5 1 As3/4,5 1 Asij4 | 
2 As1,3/4,5 1 As3/5 i As8i,2/4 1 As2,3/4,5 t Asi/4 3 As3/4,5 
3 As3/4, 1 Asi,3/6 2 Asi,3/4 
3 As1,3/5,6 2 Asl,3/6 
2 As3/5,6 1 Asi/4,6 
i å82,3/4 
1 Asi,3/4,6 
Total 7 11 9 9 10 6 


. In all cases satisfactory anti-allotypic antisera were 
allotypic determinant present in the mother. 





produced. Those in bold type indicate the twelve cases where the immunization was against am 
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-In all the anti-allotypic immunizations recorded there 
was nothing to choose, so far as the strength and reactivity 
of the sera went, between those in which some measure of 
tolerance might have been expected owing to maternal 
“transfer, and those which it would not. Tt is possible that 
=- the endotoxin contained in Proteus vulgaris X19 might 
act to break tolerance when this method of immunization 
is used; but if tolerance had ever been established one 
-would still expect some suppressive effect with immuniza- 
“tions started at 10-15 weeks. Because isologous IgG is so 
poorly antigenic by non-adjuvant-assisted immunization 
even in an animal where tolerance could not have been 
induced maternally, it is difficult to decide whether in 
fact it is possible for any degree of tolerance whatever to 
be induced “naturally” by placental transfer. Experiments 
to throw light on this situation are in progress. 
This work was supported by the Medical Research 
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| Cellular Localization of Carbon-1l4 Endotoxin 
in Cultured Leucocytes 


Tr is well known that the administration of endotoxin 
results in a very rapid increase in size of the reticulo- 
endothelial system (RES). The RES is enhanced not 
only quantitatively but also qualitatively, in that radio- 
actively labelled endotoxin is more rapidly removed by 
the RES of animals which have previously received 
endotoxin®. Tritiated endotoxin administered sub- 
-eutaneously is found initially in the intraendothelial cells 
of the lymphoid channel, and the sinusoidal cells of the 
draining lymph node. By 24 h the large mononuclear 
© cells, infiltrating the area, contain the labelled material’. 
- In a similar fashion, labelled antigens (such as non- 
` endotoxin) which are administered subcutaneously 
_ Joealize in the macrophages of the medullary sinuses and 
the lymphoid follicles of the draining lymph nodes‘. They 
‘are also more rapidly and avidly taken up by immune 
= and immunologically tolerant animals’. 
~ Tt has been reported that labelled endotoxin is found 
mainly in the buffy coat platelets, only 4-8 per cent of 
the granulocytes, even fewer monocytes, and not at all 
in small lymphocytes or the red blood cells*’. A recent 
report from this laboratory demonstrated that endotoxins 
stimulate lymphocyte proliferation in vitro and that 
these effects were related to the antigenicity of the endo- 
toxins used’. In the present investigations, labelled 
endotoxin was found in the macrophages of leucocyte 


eultures which manifested concomitant lymphocyte 
proliferation. 


co The peripheral leucocytes from four healthy young 
adult human beings were obtained and prepared by 
methods previously described’. Their cell suspensions in 
tissue culture medium were divided into 12 ml. portions. 
To the first portion 0-5 ml. of isotonic saline was added, 
. to the second 2 ug/ml. Salmonella enteritidis endotoxin, 
and to the third portion 2 ug/ml. of the same S. entert- 
tidis endotoxin. biosynthetically labelled with carbon-14 
(specific activity 11-2 mc./mg, both kindly supplied by 
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Dr. Edgar Ribi). The cell suspensions were then left 
undisturbed for 5 days at 37° C. 

Four hours before eollection, polystyrene particles (0-2 
ml., 1 : 100 saline diletion, 1-3y diameter, Dow Chemical 
Co.. Midland, Michigan) and 0-33 pg/ml. ‘Coleemid’ (CIBA 
Pharmaceutical Co., Summit, N.J.) were added to each 
culture. The particles are often phagocytized by macro- 
phages, thus aiding in their differentiation from non- 
phagocytic transformed lymphocytes’. ‘Coleemid’ arrests 
mitosis and therefore elevates the mitotic index to 
measurable levels!®. The cell suspensions were collected, 
fixed with absolute methyl alcohol and glacial acetic acid 
(9:1), and slides prepared and analysed as previously 
described’. 

Tritiated thymidire @HTdr 0-360 c./mmole specific 
activity, Schwarz B-oresearch, Inc., Orangeburg, New 
York) was added, 4 1 before collection, to those cultures 
which did not contam carbon-14 endotoxin from two of 
the subjects. Autoracliographs using ‘Kodak ARO were 
prepared and develeped after 2, 6 and 20 weeks of 
exposure??, | 

S. enteritidis endotoxin with and without carbon-I4 
label evoked a significant increase in the median pro- 
portion of transformed lymphocytes from 0:5 per eent in 
the unstimulated cultures to 105 and 60 per cent, 
respectively (Table 1). Concomitantly, the median mitotic 
index increased from zero in the unstimulated to 12 {1,000 
mononuclear cells ia the carbon-14 endotoxin-treated 
cultures. Corroboreting evidenee of lymphocyte pro- 
liferation in response to S. enteritidis endotoxin was 
evident from the increased proportions of *HTdr labelled 
mononuclear cells present in the cultures. The proportion 
of macrophages in the unstimulated cultures was similar 
to the proportion im those exposed to labelled and un- 
labelled endotoxin. These findings indicate that both 
endotoxins stimulated lymphocyte transformation equally 
well and that the radioactive isotope did not cause 
sufficient cell injury to inhibit this response. ! 


Table 1. EFFECTS OF #«ULTURING LEUCOCYTES FoR 5 DAYS WITH 
S. enteritidis ANT CARBON-14 S. enteritidis ENDOTOXIN 
Subjects g Median 
Additive Cell differential A.B. S&. SP, N.B. response 
Saline Mitotic index 1 0 0 o oO. 
Macrophages (%) 12 40 23 20 Zio: 
Transformed lympho- z 1 0 0 Od 
cytes (%) 
Mononuclearcells labelled ~- — 0 0 
with *HTor (%) 
S. enteritidis Mitotic index G 4 0 0 0 
Macrophages (%) 13 15 57 13 13 
Transformed lympho- & 4 10 4 6 
cytes (%) . 
Mononuclearcells labelled — — 3 3 3 
with *HTGr (%) 
Carbon-14 S. Mitotic indez G 10 16 14 12 
enteritidis Macrophages (%) 38 26 30 3 145 
Transformed lympho- A 5 16 21 10-5 
cytes (%) 
Transformec lympho- € 0 0 0 0 
cytes labeded with 
T amass enteritidis 
2 


The autoradiographs of the carbon-14 endotoxin- 
stimulated cultures cid not reveal any localization of label 
greater than that of zhe background over any of the smali 
or transformed lymphocytes in any of the four subjects 
(Fig. 1). Unfortunately, both the platelets and red blood 
cells are destroyed by the method of fixation used, so that 
their degree of labeling could not be assessed. In the 
two experiments in which the friable macrophage cyto- 
plasm was least disrupted by the method of fixation, the 
earbon-14 label was markedly concentrated over or near 
the macrophages (Fig. 2). The grain counts and the pro- 
portion of macropheges labelled could not be determined 
because the labelling was too heavy and the carbon-14 
scatter too great. 

Thus, the carbon-i4 label of the &. enteritidis endotoxin 
was taken up in vitro only by the macrophages, and not 
noticeably by the .ymphocytes which were stimulated 
to transform. This is similar to the observations of 
lymphocyte transformation with M ycobacterium battei 








Fig. 1. nrag pa showing localization of carbon-14 endotoxin label 

in the of its cytoplasm. Note the unlabelled transfcr.ned lympho- 

cyte in right corner of the perur, and unlabelled smali lymphocytes 
below the macrophage (magnification x ¢. 410) 





Fig. 2. A macrophage manifesting localization of carbon-14 endotoxin 
label flanked by an uniahelna early propaan mitotic figure (magnifi- 
cation x c. 4 


organisms. Most of these organisms are phagocytized by 
macrophages, and none is detectable within the trans- 
formed lymphocytes. Furthermore, lymphocytes purified 
in nylon or glass bead columns fail to transform in vitro 
with antigens, despite the fact that these antigens are 
successful in transforming lymphocytes in cultures of the 
same leucocytes before separation'!®, These findings 
suggest that macrophages may play an intermediate part 
in the secondary in vitro lymphocyte transformation 
response to antigens. 

Joost J. OPPENHEIM 
Medicine Branch, National Cancer Institute, 
National Institutes of Health. 

SHELDON M. WOLFF 
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National Institute of Allergy and Infectious Diseases, 
National Institutes of Health, Bethesda, Maryland. 
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N Blood Group System of Pigs 


THE N blood group system of pigs has been identified by 
Hála and Hojný! by means of an antiserum called anti-Na. 
The corresponding antigen, Na, was considered to be the 
product of a gene, Ne. They describe a system of two 
alleles, Ne and N“!!—the latter symbol denotes the 
absence of N". Two additional factors of the N system, 
Nb and Ne, defined by the antisera anti-Nb and anti-Ne, 
have been identified in this laboratory. Inheritance 
studies show that there are three genes: Ne, producing 
factor Na, N’, producing factor Nb, and N", producing 
factors Nb and Ne. Ne and Nė are a pair of contrasting 
alleles, forming a closed system; Ne is a sub-group of Nb, 
and has not been found in its absence. It was not possible 
to verify Hala and Hojny’s claim that Na is a soluble 
antigenic substance. 
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Large-scale Crystallization of Purified Human 
Foetal Oxyhaemoglobin from Cord Blood 


THE crystal shape of pure human adult haemoglobin 
(HbA) has unanimously been described as that of well- 
developed, symmetrical bipyramids':*. Investigations 
of the crystal forms of human foetal haemoglobin (HbF), 
however, have revealed divergent results: hexagonal 
rhombic plates*, probably monoclinic forms* and a mixture 
of dodecahedra and square prisms® have been reported. 
All these investigations were carried out on cord blood. 
Our methods allow the investigation of pure crystalline 
foetal haemoglobin. 

Red cells from fresh heparinized cord blood of full-term 
and premature infants were washed five times with 0-9 
per cent sodium chloride solution and haemolysed by the 
addition of 1-4 parts of twice distilled water to 1 part 
erythrocytes. All preparations were carried out at a 
temperature of 4° C to exclude an increase in methaemo- 
globin concentration. The relative proportion of HbF 
was estimated as described by Betke*; haemoglobin and 
methaemoglobin were repeatedly determined as cyan- 
methaemoglobin. Alkali denaturation of HbA was carried 
out according to Chernoff’. 100 ml. of an approximately 
15 per cent haemoglobin solution were denaturated by the 
addition of 800 ml. 1/12 N potassium hydroxide for 2 min to 
destroy HbA completely. The reaction was interrupted 
by the addition of a 450 ml. saturated solution of ammo- 
nium sulphate containing 0-95 ml. concentrated hydro- 
chloric acid per 100 ml. of the salt solution. The reaction 
mixture was adjusted to pH 7-0. After centrifugation 
(4,000g for 30 min) and after decanting carefully the 
deep red and clear supernatant, denaturated HbA, 
stromata and the more insoluble proteins in the sediment 
were discarded. 100 ml. of 0-5 M phosphate buffer, pH 
7°35, were added to 1 l. supernatant. The salt saturation 
was brought up to 75-80 per cent by gradual addition 
with thorough stirring of solid ammonium sulphate, 
while the pH was maintained at at least 6-5 (if necessary 
more phosphate buffer (pH 7-35) was added). The solution 
was then centrifuged again (4,000g for 30 min) and a deep 
red sediment containing the foetal haemoglobin appeared 
at the bottom. HbF was then dissolved in 0-25 M phos- 
phate buffer (pH 7-4), placed in dialysis bags and dialysed 
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a b 
Fig. 1. a, HbA crystals. b, HbF 


HDF in 0-02 M phosphate buffer, pil 7-4, d, Starch-gel electrophoresis: lithium b 
t: cord blood 


mately 12 mamp, 14 h). Left to righ 


against the same buffer to remove ammonium sulphate. 
The contents of the bags were centrifuged (40,000g for 
20 min) and the supernatant HbF solution crystallized 
by dialysis against 2-8 M phosphate buffer of pH 6-8 
using the method of Drabkin*. During these procedures, 
8-12 per cent methaemoglobin developed. The addition 
of stoichiometric amounts of sodium thiosulphate to the 
dialysis fluid results in the reduction of this methaemo- 
globin to haemoglobin. After continued dialysis for about 
12-18 h the first crystals could be identified by miero- 
scopic examination. The buffer was then renewed to 
allow larger growth of crystals and dialysis continued for 
several days to several weeks. 70-80 per cent of the 
original foetal haemoglobin specimen could be crystal- 
lized 


From solutions of pure foetal haemoglobin our procedure 
yielded exclusively isomorphous crystals, that is, dode- 
cahedra, whereas crystals from human adult haemoglobin 
are typical orthorhombic bipyramids (Fig. la, 10). 

The completeness and uniformity of the crystallized 
foetal haemoglobin were examined (following separation 
of HbF crystals from the mother liquor by rapid filtration 
with suction on a Buchner funnel) as follows: 

(1) Spectroscopic examination of dissolved HbF crystals 
showed the conventional plots of the haemoglobin ab- 
sorption spectra, and the tryptophan fine structure 
band typical of HbF’ at a wave-length between 
288-289 muy. 

(2) Ultracentrifugation (Spinco ‘Model E’ analytical 
ultracentrifuge) revealed a sedimentation constant in 
Svedberg units (S) of 4:4 and a diffusion constant 
(D,o) of 6-6 (values extrapolated to zero concentration). 
The molecular weight calculated from Sa and Da was 
66,000. This figure agrees with those reported for foetal 
haemoglobin’ (Fig. lc). 

(3) Starch-gel electrophoresis™® of re-dissolved pure 
crystalline HbF and HbF in cord blood haemolysates 
showed a comparable electrophoretic mobility (Fig. 1d) 

y with lithium buffer, pH 8-04, and tris-citrate 
buffer, pH 8-7 (ref. 11). 

Measurements with the petrographic polarization micro- 
scope of crystals of pure human foetal haemoglobin 
showed invariably and uniformly isomorphous cubic 
forms (dodecahedra) so far as definite conclusions can be 
reached with optical investigations. Dodecahedra have 
been found in crystallized cord blood preparations 
(carbonmonoxyhaemoglobin) together with square prisms 
by Zinsser and Tang® using X-ray crystallographic 
measurements. 

We thank Prof. H. Roemer and Prof. K. Knörr 
for supplying cord blood and Dr. D. Stéffler for crystallo- 
graphic investigations. We also thank Mr. U. Rudolph 
for measurements with the ultracentrifuge and 


’ Hb LA 
250 mg per cent haemoglobin) 


c d 


stals. c, Ultracentrifugation: 44 min, 42,040 r.p.m., 0-8 and 0-4 g percent 


er, pH 8:04, (120 V Te singer) 


HbF (all sampl-s at a concentration of 


Prof. H. Haselmann for the photographs of the crystals. 
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HISTOCHEMISTRY 


Staining of Paneth Cells with Thioflavine T 


Since the thioflavine T (T.T.) fluorochrome method! was 
first recommended fer the demonstration of amyloid its 
use has been extended widely. Uptake of the dye has been 
shown to occur with myeloma casts*, muciphages in the 
intestinal mucosa**, keratin’, mast cells**, myelin 

in neurones of infantile amaurotic idiocy and some of the 
component cells in the granular cell myoblastoma’, 
acidophils in the pituitary’, juxtaglomerular apparatus 
cell granules in the kidney“? and zymogen granules in 
the pancreas of mice‘. 

While investigating further possible uses of this fluoro- 
chrome it was discovered that Paneth cells in the human 
jejunum were also strongly positive. As a stage in the 
usual method, haematoxylin is ordinarily used as a non- 
specific quencher of tissue autofluerescence. It became 
apparent, however, that the uptake of T.T. by Paneth 
cells was largely dependent on a more specific action of 
haematoxylin. 

In hydrated parafin sections of formalin-fixed jejunal 
mucosa obtained by peroral biopsy it was possible to 
compare in the same section the strongly autofluorescent 
argentaffin cell, the muciphage and the Paneth cell. 
The usual staining procedure? with slight modification 
is as follows: (i) haematoxylin 5 min; (ii) two rinses in 
distilled water; (iii) T.T. for 5 min; (iv) rinse in 1 per cent 
glacial acetic acid then place in same for 3-5 min; 
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(v) two rinses in distilled water followed by mounting in 
equal parts of glycerin and distilled water. We used the 
haematoxylin of Krutsay*® which is constituted as follows: 
0:5 per cent haematoxylin, 5-0 per cent potassium alum, 
0-02 per cent potassium iodate, 0-5 per cent hydrochloric 
acid and distilled water. This acid haematoxylin gave 
better results than those of Ehrlich, Mayer, Weigert and 
an alcoholic Krutsay solution. The T.T. was prepared 
according to Janigan*. Table 1 shows the results of 
omission and simple sequence variation of certain stages 
in the staining procedure. It is clear that the haematoxylin 
effectively potentiates the T.T. fluorescence of Paneth 
cells while quenching the autofluorescence of the back- 
ground, nuclei and argentaffin cells. 

In order to elucidate this phenomenon, two further 
series of sections were treated as in the standard method 
except that, in turn, the haematoxylin solution minus 
hydrochloric acid, and then each of the constituents of 
the solution, alone and in combination, were substituted 
for the full haematoxylin in the staining procedure. In 
one series they were mounted and examined for fluorescence 
after this stage—the T.T. stage was omitted. The results 
are shown in Table 2. Except for hydrochloric acid and 
haematoxylin itself, none of the other isolated constituents 
of the stain or combinations of them appears to play a 
part in the potentiation of the fluorescence of Paneth 
cells. A simple aqueous solution of haematoxylin gave 
the same results as the non-acid containing solution and 
thus the presence of potassium alum and potassium iodate 
is without effect. Haematoxylin is not acting simply as a 
quencher of background and non-specific fluorescence 
as the actual intensity of fluorescence of the Paneth cell 
is markedly enhanced by its use. While haematoxylin 
alone and hydrochlorie acid alone seem to be effective. 
neither when used alone is as effective as the combined 
acid haematoxylin solution. 


Table 1 
Auto- 


fluorescence* Krutsay+ Krutsay-T.T. T.T. T.T.-Krutsay 


Paneth cell — yê = + bw ++++ 1g My ++++I1¢ 
Muciphage — Ve —ve +++ oy M + oy 
Argentaffin 

cell +++ oy —ve — v0 M — Ve 


Ultra-violet source, Osram lamp H.B. 200; microscope, Leitz Wetzler; 
exciter filter, U.G.1; barrier filter, K.430. 
bw, Blue white. Ig, Lime green. oy, Orange yellow. 


* Nuclei are normally autofluorescent. 

t + to ++ ++, Degree of brilliance of fluorescence. 

+ M, Cytoplasmic and granule fluorescence almost masked by nuclear and 
diffuse background positivity. 


Table 2 


Paneth cell Muciphage Argentaffin cel 
Krutsay without hydrochloric acid + bw —ve + OY 
Krutsay without hydrochloric acid 
- Deke ++ Ig + +o0y ve 
Krutsay + hydrochloric acid ++ bw —ve — ve 
Krutsay + hydrochloric acid + T.T. + +++ le + + +oy — ve 
Krutsay constituents alone and in 
combination but without hydro- 
chioric acid and haematoxylin — ve —ve +++ oy 
~" - o t EF. 4 + + 
Hydrochloric acid + bw —ve ++ +0Y 
S ra + T.T. t+ + Ig + + 
Aqueous haematoxylin + bw —ve +oy 
r» ” +T.T. ++ ig ++ oy — ve 


. 

[t will also be noted from Table | that, as observed by 
other workers, muciphages are fluorescent after the usual 
staining procedure. With the filter system we used, how- 
ever, a colour quite distinct from Paneth cells is produced. 
Moreover, if T.T. is applied before the haematoxylin the 
fluorescence of muciphages virtually disappears (compare 
Figs. 1 and 2). Why the reversal of the staining sequence 
has this effect is not understood, but because the Paneth 
cell fluorescence remains unchanged it is obvious that it 
has a greater affinity for T.T. That this might arise from 
metallic zinc, known to be present within Paneth cells, 
was not substantiated. Sections were stained before and 
after extraction of zine by the method of Studzinski"™ 
without any effect on the result. As a control procedure, 
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Fig. 1. High-power photomicrograph of jejunum stained with the 

Krutsay haematoxylin-T.T. sequence. Note the strong fluorescence of 

both the Paneth cell granules and the cytoplasm of the muciphage. 
(=x 1,500) 





which demonstrates the effect 


Parallel section to that of Fig. 1, 
of reversing the staining procedure. The Paneth cell granules fluoresce 
brightly while the fluorescence of the muciphage cytoplasm is scarcely 


Fig. 2. 


apparent. (x 1,500) 

sections of gastric mucosa and prostate were also treated 
similarly (zinc is also present in the gastric parietal cell 
and in prostatic epithelium), While both these cell types 
were not stained by T.T., the acid-producing gastric 
oxyntic cell showed an uptake comparable with that of 
the Paneth cell. This was regarded as additional con- 
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firmation of the importance of an acid moiety in the 
staining reaction. 
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CYTOLOGY 


Fine Structure of Experimentally Produced 
Subsynovial Carbon Granuloma 


RECENT electron microscopic investigations of synovial 
joints have been concerned with the phagocytic nature of 
synovial membrane cells'*. In order to investigate this 
phenomenon further, 1 c.c. of colloidal carbon in the form 
of Indian ink (particles 200-2000 A in diameter) was 
injected into the knee joints of rabbits. 104 days later 
the animals were killed, and large granulomata were 
evident in the subsynovial tissues. This report is con- 
cerned with the structure of these carbon granulomata. 

Portions of synovial membrane and subsynovial tissue 
were fixed in 4 per cent glutaraldehyde? or in Millonig’s* 
fixative and embedded in ‘Epon’. Thick sections (1-5y) 
were prepared for investigation under the light microscope 
and stained with 0-5 per cent aqueous safranin. Ultra- 
thin sections were also cut and mounted on carbon-coated 
grids and stained with uranyl acetate® and lead citrate‘; 
these were investigated with an RCA EMU-2 electron 
microscope. An estimation was made of the character 
and relative number of subsynovial inflammatory cells 
present per high-power light microscopic field for each 
experimental stage. These cells fell into three groups: 
polymorphonuclear leucocytes, cells of the macrophage 
series (histiocytes, macrophages and primitive cells) and 
unclassified cells. By combining the light and electron 
microscopic observations, the phagocytic contributions 
of the synovial membrane and that of the invading 
inflammatory cells could be distinguished. 

The cell most involved in the removal of particulate 
matter of this size from the joint cavity is the invading 
macrophage. A progressive infiltration of the macro- 
phages could be seen: these were first observed free of 
carbon in the subsynovial tissues, then seen to penetrate 
the synovial membrane, to enter the joint cavity and 
finally to appear once more in the subsynovial tissues but 
with an abundance of colloidal carbon in their cytoplasm. 
Such cells appeared to migrate toward one another so 
that light microscopic examinations carried out 104 days 
after injection revealed the large carbon granulomata 
beneath the synovial membrane (Fig. 1). Under the light 
microscope, the areas where the cells congregated could 
be seen to be surrounded by a collagenous capsule which 
possessed a profuse blood supply. The cytoplasm seemed 
to be totally saturated with carbon particles. The nuclei 
contrasted sharply and often showed a prominent nucleolus. 

Under the electron microscope, the configurations of 
the plasma membranes of adjacent macrophages varied 
from the more numerous long, thin finger-like processes 
600-1200 A in length to the less numerous bulb or club- 
shaped terminations (Fig. 2). Occasionally, when observed 
in cross-section, these processes exhibited a circular 
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Fig. 1. Light maaeeee o subsynovial tissue fixed 104 days after intra- 

articular carbon injection. ‘The area of the granuloma is surrounded by 

fibrous tissue. The nuclei, many of which show a prominent nucleolus, 

contrast. sharply with the carbon filled cytoplasm. Stained with aqueous 
safranin. (x 126) 





Fig. 2. Electron micrograpa of adjacent macrophage-like cells (Af, and 

M,) fixed 104 days after intra-articular carbon injection. The extensive 

interdigitation (Ps) of plasma membranes by adjacent cells is well 
demonstrated, (x e. 27,700) 


profile; however, an elongated profile was more usual, 
which indicated that most processes are probably flattened 
and leaf-like and vary greatly in width but are uniform 
in thickness. 

Although extensions of plasma membrane of adjacent 
cells closely approached each other, direct contact between 
adjacent granulomatoes cells was not observed. A space 
of 20-40 A (Fig. 2) separated adjacent cells so that a 
direct cell to cell consact was not observed. A similar 
behaviour has been observed’ in tissue culture and termed 
“contact inhibition”. These plasma infoldings were care- 
fully examined for evilence of thickenings of the plasma 













reased densit between two ool membranes charac- 
tic of desmosomes of adhesion plates found in epi- 

tand in the nervous system®. None of these features 
is observed. 

_ When the phagocytic cells involved in the formation 
of granulomata become closely bound together, cyto- 
plasmie inclusions other than carbon particles for the 
most disappear; this is especially so in the central portion 
of the cytoplasm and around the nucleus. Moreover, in 
larger granulomata, the cells lying in the centre of a 

granuloma show few organelles either centrally or peri- 
pherally. A similar distribution of organelles has been 
“noted in the giant cells of the lung!*. Several explanations 
can be offered; for example, that the fixatives are not able 
easily to penetrate these large cytoplasmic masses. 
- However, the two different fixation procedures used in 
the present work give comparable results, which indicates 
that the method of tissue preparation is not involved. 
_ Another possibility is that the more peripherally located 
cells have been added to the granuloma more recently 
than. the centrally located cells. A fully developed 
inuloma as seen at 104 days post-injection is apparently 
ther mobile nor engaged in the production of extra- 
lar substances (that is, proteinaceous fibres). It 
ms probable, therefore, that these cells would not 
OSS. as many cytoplasmic organelles as are observed 
in cells engaged in more active functions. 
This investigation supports the previous findings!’ 
‘that giant cells are not formed, as had been suggested 
-earlier as a result of the presence of individual 
- Particles too large to be phagocytosed by single cells. 
‘This work was supported by a U.S. Public Health 
‘Service grant. 
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2 “Ultrastructural Transport Mechanism of 
- Messenger Ribonucleic Acid in the Young 
Oocytes of Amphibians 


Tri is now generally accepted that the nucleus is an active 
centre of ribonucleic acid (RNA) synthesis and is perhaps 
‘the sole source of cellular RNA (ref. 1). Much evidence 
has accumulated to substantiate this view, which has 

“raised the interesting question of the possible role of 

RNA as a carrier (messenger) of gene specificity to the 
< eytoplasm, where the ribosomal RNA is thought to be 
involved directly in protein synthesis. 

-= The passage of nuclear RNA into the cytoplasm has 

recently been observed by Balinsky and Devis? and 
. “Beermann? in the course of electron microscope studies 

_. of growing oocytes of Xenopus laevis and of the salivary 

gland cells of Chironomus tentans. No previous account 

-~has been given of the way in which such a passage occurs, 

-except for the description by Beermann, in which he 

-says that the round particles of about 300 A in diameter 

possibly transport forms of the messenger, arrive at the 


eytoplasm nucle slope, get | pa and penetrate oo 
and change: their. shape: “into a tod. o or a dead. The n 


present communication is concerned with the ultra- = 
structural transport mechanism of the messenger in the 
young oocytes of amphibians. a 
Small pieces of the ovaries of Triturus pyrrhogaster and. 
of Rana nigromaculata were transferred immediately to 
cold 1 per cent osmium tetroxide buffered with veronal ee 
acetate. After fixation, the fragments were divided into co- 
single oocytes or small groups of oocytes. They were. 
embedded in ‘Epon 812’ epoxy resin. Young oocytes. ae 
ranging from 100% to 300. in diameter were sectioned _ 
with the Porter-Blum microtome, and thin sections were 
stained with uranyl acetate. They were examined with — 
the Hitachi ‘HU-11A’ electron microscope. eae 
Electron micrographs of the young oocytes of both 
species reveal that the nucleoplasm is irregularly dis- — 
tributed, with many coarse granulated patches. These. 
patches consist of electron-dense particles abou 
300 A in diameter and fibrous structures of the latera 
loop of the lampbrush chromosome conveying the pi 
ticles. These particles are thought to be the result of ge 
activity on the lateral loop, and they may be transpo 
forms of the messenger. Sometimes the granulated loop 
are observed facing the nuclear pores. In such a region, : 
flakes of electron-dense matter can often be found in the- 
cytoplasm, suggesting outflow of the material through the => 
nuclear pores (Figs. 1 and 2). Indeed, high magnification ~~ 
of such a region clearly shows that the round particles oe 
detached from the lateral loop penetrate the pores, leaving. 
behind their conveyor as a smooth loop (Fig. 2). On the 
other hand, in the cytoplasm near the nuclear pore 
expelled material can be seen taking the shape of spindle: 
or dumb-bells. It remains in this form for a time until t 
diffuses into the perinuclear cytoplasm. It is also found 
that the electron-dense flake consists of very fine fila 
mentous structures running parallel to its long axis... 
is tempting to assume that the messenger molecule, s 
long as it is within the nucleus, remains attached to th 
lateral loop, but it detaches from the loop (conveyor 
when it is Just ready to pass the pore. This may happe 
under the influence of certain preferential factors fron 
the cytoplasm, because the granulated loops don 
necessarily show this behaviour even if they lie near thi 
nuclear pore. These particles cannot occur floating freely 
from the loops in the nuclear sap as is the case with the 
salivary gland nucleus of Chironomus*. According to 
Beermann, two lar ‘ge Balbiani rings in the salivary glane 
nucleus of this species produce characteristic round pe 
ticles of about 300 A in diameter. These are probab 
ribonucleoprotein as they are sensitive to RNase ar 
trypsin. These particles are found floating in the nuelea: 
sap, and, under certain conditions, they pass througt 
the pores and change their shape into a rod or a threa 
After having passed, however, they seem to disappear in 
the cytoplasm. He assumes that the messenger molecules 
are combined with transport protein, but that when they _ 
have passed through the nuclear pore they leave their 
vehicle protein behind in order to be picked up by ribo- = 
somes, while the vehicles themselves return to the nucleus, sea 
Balbiani rings and lampbrush chromosome loops” are 
similar to each other in that both have a high RNA/DNA | _ 
quotient and are characteristic round particles of similar: 
dimensions. In addition, the matrix surrounding both. 
the Balbiani rings and the lateral loops consists of RNA 
and protein. It is considered that two substances are 
actively synthesized at the activated chromosoma 
strands, and some quantity of RNA eventually becor 
transferred to the cytoplasm. Although the mechan. 
of such a transfer may be different in detail, depending on 
the species of animals and even in different kinds of e 
it seems likely that it is fundamentally similar in 
animals. At the present time it is not clear whethe 
differences between insects and amphibians in th 
of detachment of the particles from the conveyor ar 
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Fig. 1. Electron micrograph showing outflow of material from the nuclear 

of the oocyte of Rana nigromac (250x in diameter). Charac- 

tic round particles are shown attached to the lateral loops ap ch- 

ing the nuclear membrane and penetrating its pores, changing their shape 

into a rod or a thread. Particles within the nucleus remain attached to 
the lateral loops 





Pig. 2. Electron micrograph showing the round particles attached to 

the lateral loops, near the nuclear pores of the oocyte of Triturus pyrrho- 

gaster (150p in diameter), Particles are shown approaching the nuclear 

membrane and penetrating its pona, ae behind their conveyor as n 
smooth loop 


to species differences or are artefactual. Recently, using 
whole-mount electron microscopic techniques, DuPraw* 
has shown that, in honey-bee embryonic nuclei during 
interphase, the individual chromosomal fibres are attached 
to the nuclear envelope, typically at the edge of annuli. 
Though DuPraw® showed that the functional significance 
of these fibre-annulus attachments is not yet known, these 
findings are consistent with the present observations. 

Fewer flakes near the nuclear envelope are found than 
might be expected from the large number of granulated 
patches distributed within the nucleus. This may support 
the concept of Harris*-* that a large part of the nuclear 
RNA, particularly RNA synthesized on the chromosome, 
is broken down in the nucleus. 

I thank Dr. Mamori Ichikawa for helpful criticism 
of the manuscript and encouragement throughout the 
course of the work. This investigation was supported by 
the Scientific Fund of the Ministry of Education. 
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GENETICS 


Method for the Display of Avian 
Chromosomes 


Waite chickens and other avian species have been widely 
used as subjects in many areas of biology, especially 
embryology, karyological investigations in birds have 
been restricted because of inherent and procedural diffi- 
culties!. The relatively large number of small chromosomes 
seen in birds, the number and morphology of which cannot 
easily be ascertained, has been one discouraging factor. 
Another is the fact that the leucocyte culture technique 
developed by Moorhead et al.*, while generally applicable 
to mammals, is unsuiteble for feral birds. We have found 
that parasites, which are normally found in the blood, 
proliferate in culture and interfere with the procedure. 
This communication cescribes a simple method for the 
display of avian chromosomes whieh has been used with 
a variety of tissues taken from both praecoces and altrices. 

Three to 3-5 h before extirpating the chosen organ or 
tissue, fertile eggs or young birds were injected with 
0-01 mg of coleemide or colchicine (0-1 per cent solution) 
for each 5 g of mass. When embryos were to be used, the 
injection was made mto the yolk sac; neonates were 
injected intraperitoneally. The material to be used was 
finely minced and teased in a drop of Hanks’s balanced 
salt solution in a smal Petri dish giving a cell suspension. 
The suspended cells, bat not the larger pieces, were picked 
up with a pipette and placed in 3 ml. centrifuge tubes 
and Hanks’s solution was added to a final volume of about 
2ml. Sediment was removed from the tubes after standing 
for 2-5 min. 

The tubes were then placed in a centrifuge and spun 
at 84g for 6 min. Witmout disturbing the cells, the super- 
natant liquid was removed with a pipette. One to 2 ml. 
of 0-95 per cent sodium citrate were added and the cells 
were suspended by aspirating and discharging the sus- 
pension with a pipette. After standing for 20 min, the 
tubes were again spun and the supernatant fluid removed. 
The cells were suspended in a small amount of fixative 
(glacial acetic acid-methanol, 1:3) after which more 
was added to a volume of 1-5 ml. Following a 30 min 
period of fixation, the tubes were spun and the super- 
natant fluid removed A small volume of either 45 per 
cent acetic acid or fixative solution was put in the tubes 
and the cells were resuspended. 

One or two drops o` the cell ~~ were placed on 
a clean warmed slide and dried. ile drying, the drop 
was moved around by rotating the slide in order to obtain 
uniform distribution cf the cells. Slides were then stained 
in acetic-orcein, dehydrated in 95 per cent and 100 per 
cent ethanol, cleared in xylene and mounted by placing 
a cover slip over a drop of ‘Piccolyte’ or ‘Permount’. 

If the choice of tissue is not dictated by the experiment, 
it is well to take one undergoing rapid proliferation, at 
the particular age of the organism to be used. Very early 
in the period of incubation, the whole embryo is suitable. 
Good preparations have been obtained from 2 day chicken 
and 4 day turkey embryos. Following organogenesis, 
the liver grows rapidly and may be used. From about 
11-15 days the spleem is undergoing rapid growth and 
yields many mitotic cells. During the later stages of 
incubation of praecoees the bursa of Fabricius and the 
thymus have been successfully used, while in young 
chicks, turkeys or pheasants the bursa and bone marrow 
have been found to be excellent sources of material. 
Bone marrow is obtained by splitting either tibiae or 
femora longitudinally and removing the marrow with a 
blunt probe; it is afterwards handled like other tissues. 

We have not attempted to use the embryonic tissues 
of any altricial birds. However, young sparrows and 
robins taken from the nest 2-10 days after hatching have 
been found to be suitable subjects. The best tissues 
appear to be the bursa of Fabricius and bone marrow. 


— 





10u 
Fig. 1. Photographs of avian ne chromosomes, a, Chicken, 


male (Gallus domesticus); b, ring-necked pheasant, female (Phasianus 
colchicus torquatus); c, robin, female (Turdus migratorius); d, sparrow, 
male (Passer domesticus) 


This relatively simple method, which requires no 
elaborate equipment, may enable a number of investi- 
gators to undertake cytogenetic investigations of avian 
species. The quality of the preparations that has been 
obtained can be seen in Fig. 1. 
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d of Colour Blindness among 
ast Kentish Children 


AN investigation of the frequency of colour blindness 
among East Kentish children was made in connexion with 
research sponsored by the Department of Child Develop- 
ment, Institute of Education, University of London. The 
Ishihara Test (second edition: 24 plates) was used under 
north daylight conditions, and all the children in five 
schools were tested. Two of the schools were in the city 
of Canterbury, two in agricultural communities and one 
in a Kentish coalfield village. The children ranged in age 
from 4-5 to 11:0+ years. ‘Colour blind” responses to 
12/16 plates of figures and/or all the “path tracing” plates 
were required for a diagnosis of colour blindness. The 
frequencies found were as shown in Table 1. 


> 
Table 1 
Boys Girls 
Number tested 505 450 
Colour blind 17 
Percentage colour blind 3-37 0 


The children had been tested with the Kent (Standar- 
dised) Tests. The range of general ability among the 
colour blind boys ran from 78 I.Q. to 134 I.Q., and no 
relationship was found between either educational ratio 
or intelligence quotient and colour blindness. 

The frequency of 3-37 per cent of red-green blind boys 
in East Kent is very low, but accords with the findings 
of Vernon and Straker’, who reported 3-55 per cent for 
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Edinburgh, 3-26 per cent for Chesterfield and 4-37 per cent 
for Romford. Kherumian and Pickford reported 4:12 per 
cent in the Vosges and Moselle. These are the lowest 
frequencies reported for Great Britain and France, and 
they occur in the north and east of Britain and in those 
parts of France which have the poorest soils and are most 
removed from the Mediterranean and English Channel 
coasts, as was pointed out by Postë and Pickford‘, in 
their observations on the possible relaxation of natural 
selection against colour blindness under the conditions of 
civilization. 

In the present investigation the expected frequencies 
of colour blind girls would be less than 3-37 per cent*, 
namely, about one in 1,000 or fewer, and it is not surprising 
that none was found in a sample of 450 girls. 

I thank Prof. R., W. Pickford and Miss Mary Waddington 
for their assistance. 

JOHN RICHES 
2 Nailbourne Close, 
Kingston, 
Canterbury. 
* Vernon, P. E., and Straker, A., Nature, 152, 690 (1943). 
* Kherumian. R., and Pickford, R. W., Héredité et Fréquence des Dyschroma- 
topsies (Vigot, Paris, 1959). 
* Post, R. H., Eugen. Quart., 9, 131 (1962), 
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RADIOBIOLOGY 


Assessment of Body Content of Radioactive 
Strontium following Contamination in 
Adult Men 


ASSESSMENT of the body content of humans following an 
aceident with radioactive strontium, particularly with 
strontium-89 or strontium-90, is one of vital concern. 
Even if equipment for body radioactivity measurement 
is available, its relatively low sensitivity for these isotopes 
makes it important to have other rapid and reliable means 
of estimating the body content. One of us! presented a 
simple relationship between the cumulative urinary 
excretion of radioactive strontium over 21 days, IÑ U, 
and the injected dose R, : 
a =} U 


06 (1) 





It was also shown that following a chronic ingestion of 
radioactive strontium there was a simple relationship 
between D'U and the systemic retention at the time of 
the last ingestion. 

It has been pointed out by Macdonald et al.* that com- 
plete collection of urine over 3 weeks has practical diffi- 
culties and the inevitable delay in assessment of the body 
content of radioactive strontium is undesirable. Additional 
data from experiments in which the gamma-ray emitter. 
strontium-85, was administered to volunteers from the 
Radiobiological Research Unit have prompted us to 
give the problem further consideration. In Tables 1 and 
2 we have compared the urinary excretion of radioactive 
strontium in 5, 10 and 21 days as a percentage of systemic 
content, R,. For the intravenous administrations (Table 
1) the original dose was taken as the value of R,, while 
for the chronic ingestion (Table 2) R, was derived from 
body radioactivity measurements for each subject*. 

It will be seen that the more complete data support 
the original empirical equation (1). However, the gain in 
accuracy by extending the urinary collection to 21 days 
(as judged by the standard errors of the mean values) is 
small. To make the assessment of body content of radio- 
active strontium more rapid, it is suggested that the 


modified formula R, = ae following intravenous in- 


jection is sufficiently exact for the present requirements. 























An Wxéeuow oo 6 mori ; 
2 ABRAYRNOUS ADMINISTRATION 
ce EU (percentage of dose) 


Expt, 0-5 

days “ie í 

40-9 49-6 56-2 

2 43-3 52-0 57-1 

1 51-9 59-7 64-2 

2 52-5 62-0 64-8 

54-5 61:3 63-9 

0:49 0-57 0-61 

nse cent) 5-6 4:5 1-8 


-Table 2. 


CUMULATIVE URINARY EXCRETION OF STRONTIUM, 20, AFTER 

CHRONIC ORAL ADMINISTRATION FOR 21-32 DAY 

ŁU (ne.} SUIR, “ane cent} 

R @5 010 O- O-5 0-10 0-21 

Subject (nc.) days days days days days days 

7 1,050 165 226 282 164 23:9 268 

520 85 124 163 157 216 31:3 

390 92 1 58 246 B18 40:5 

690 162 170 20 182 246 380-1 

610 101 142 179 165 2304 2p4 

ZUR, = _ ~ — 0-18 025 0-32 

error 
(per cent) ~ - -= ~- 8-9 8-1 U4 


Samachson‘ and Macdonald et al.? have attempted to 
ce this assessment from a single observation of the 
ma concentration or one day’s urine collection re- 
x ely, but we feel that such conclusions should not be 
sd on a single observation. However, there will be 
occasions when incomplete urine collections will be un- 
idable, especially when there are difficulties in enlisting 
‘necessary co-operation of the sub jects. We have, 
therefore, examined an alternative approach to the 
oblem. The individual retention equations (each using 
-exponential functions of time)’ for five subjects 
differentiated with respect to time to give expressions 
e excretion rates. From the equation for each 
ject, values were calculated of the retention, the total 
cretion rate and the ratio, F = retention/exeretion 
te, at various times after intake. The ratios are plotted 
t function of time in Fig. 1, but to avoid confusion 
7 those parts of the curves which define the envelope 
he area enclosed are shown. For times up to 18 days 
ter intake, the empirical equation: F = 5-4 e%!%, where 
s the time in days after exposure, predicts to within 
30 per cent the calculated value for each subject. 
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Fig. 1. The ratio of body content to daily excretion rate for five subjects, 
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urinary strontium exerstion is to be na multiplied tog 
systemic content at an7 time up to 18 days after an 
to the body, irrespective of the route of intake. The 
certainty of not more than 30 per cent is acceptab 
purposes of radiological protection and is of the 
order as the day-to-day variations in strontium ex 
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, in Diagnosis and Treatment of Radioactive Poisoning, 


Prevention of Nuclear Damage in Irradiated 
Rat Thymocytes Sy Post-irradiation Oxygel 
Deprivation 


PoST-IRRADIATION exposure of rats to the ne 
inhibitor carbon monoxide has been shown to red 
mortality!?. On the cellular level, respiratory inhibit 
(cyanide, high concentrations of nicotinamide) red 
or entirely prevent tae usual post-irradiation loss 
nuclear structure (pyznosis) when they are added 
cultures of highly radicsensitive thymocytes after irrad 
tion®, The purpose of this communication is to show t) 
radiation-induced loss of nuclear structure in thymocy 
can also be prevented by maintenance of aerobicall 
irradiated cells in an anaerobic environment. Hy 

In the initial experiments, ten 5-week-old Sprag 
Dawley rats were irradiated with 1,000 r. (dose rate: 100: 
min-!) of 250 kV X-rays produced by a Seifort ‘Isovol 
X-ray machine. Ten minutes after irradiation, five rats 
were killed and their bodies stored m an incubator 
37° C. At various times after irradiation the thyn 
was removed from one Eving and one dead rat. Thymocyt 
suspensions were them prepared {in medium 199) 
mediately thereafter the cells were fixed in neutral. forma 
and stained with Delajield’s haematoxylin following | 
method previously dev'sed by Whitfield et alt. = 

Cells with structurally homogensous nuclei began HOES 
appear in the thymuses of the living animals 1 h after 
irradiation (Fig. 1). Br 6 h after frradiation about 85 per =e 
cent of the cells had homogeneous nuclei (Fig. 1). Inthe 
dead rats, on the other 2and, there was very little develop- > 
ment of nuclear homogeneity; the majority of the cells 
contained structurally rormal nuclei.at 6 h after irradiation = 
(Fig. 1). Even 8 h after irradiation only 4-0 per cent of ~~ 
the cells in the dead animals had homogeneous nuclei 
while in the living rats 90 per cent of the thymoeytes he 
such nuclei. 

Because thymocytes became very fragile after 4 k 
the dead rats, the observed difference eould have resul d 
from a differential destruction of damaged cells by ' 
mechanical stresses of tae cytological procedure. Howeve. 
the same results were obtained when unfixed and unstaine 
populations were examined (cells with normal or struc- 












Table L Berger OF Avaznoxte Countvatio% on ON THE ACCUMULATION os OF 
ÀA CRLLS WITH HOMOGENEOUS NUCLEI IN IRRADIATED THYMOCYTE Sts-. 
> not undo the damage which had already been done but 


PENSIONS 


-Timet post-irradiation when cells were Percentage of cell population with 
transferred to anaerobic medium (h) structurally homogeneous nuclei 6 h 
after irradiation (1,000 r.) 


0 15 
5 1-4 
1:0 167 
2-0 32-5 
30 4-7 
Aerobic control 74-2 


 furally homogeneous nuclei could be readily recognized 
in such untreated preparations). 
~The striking difference between the rates of radiation- 
yaduced nuclear changes in living and dead animals 
probably arose from the absence of respiration in the 
anaerobic environment in the dead animal. However, to 
ascribe the effect to anaerobiosis and not to some other 
“post-mortem phenomenon, we were obliged to show that 
oxygen deprivation after irradiation could reduce nuclear 
-damage in cultures of thymocytes. 
Thymocytes were suspended in a glucose~phosphate 
iedium containing 15 mM sodium monohydrogen 
hosphate and buffered at pH 72 with 5-0 mM tris 
(hydroxymethyl) aminomethane. This medium and the 
method of isolation of thymocytes have been described 
in detail by Whitfield et al.4. The kinetics of nuclear 
homogenization in cells maintained in this medium are 
identical to those in the living animal. All suspensions 
ere irradiated under aerobic conditions at 37° C with 
,000 r. (dose rate: 100 r. min-'). The oxygen tension in 
the medium was reduced from the normal level of 3°70 
= mg/l. to 0-14 mg/l. by initially bubbling nitrogen through 
the (cell-free) medium and then continuously passing 
“nitrogen through the gas phase of the cell culture during 
the subsequent period of incubation. Bubbling nitrogen 
through the culture was avoided as the mechanical stress 
and anaerobiosis combined to cause a rapid and complete 
lysis of the cell population. 
~ Reduction of the oxygen tension during the first 3 h 
-after irradiation prevented, or very much reduced, the 
~ -Joss of nuclear structure (Table 1). Transfer of cells to the 
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Fig. 1. The accumulation of celis with structurally homogeneous nuclei 

-in the thymuses of living and dead irradiated (1,000r.) rats. —@, 

- In living rat, stained preparations; @ ----- @, in living rat, unfixed 

and unstained cells. A À. In dead rat (killed 19 min after irradia- 

tion), stained cells; A ~---~ As dead rat, unfixed and unstained 
cells 











5 anaerobic medium ¢ as late ‘as g h ‘after 
















irradiation could 


it greatly reduced any further loss of nuclear structure 
in the population. As an illustration of this, the per- 
centage of cells with homogeneous nuclei in aerobically 
maintained populations 2 h after irradiation was 26-4 
per cent and when the cells were transferred to the anae- 
robic medium the percentage rose to only 32:5 during 
the next 4 h (Table 1); under aerobic conditions, the 
percentage would have risen to 74-2 (Table 1). Three | 
hours after irradiation, the percentage in the aerobically _ 
maintained population had risen to 393 and when the _ 
cells were transferred to the anaerobic medium the per- ay 
centage rose to only 41-7 during the next 3 h (Table 1). 

We conclude now that oxygen deprivation after. irradia: ae 
tion can reduce the amount of nuclear damage in very _ 
radiosensitive cells such as thymic lymphocytes which _ 
when irradiated suffer an early death in interphase. An. 
identical effect has been observed in preliminary experi 
ments with the equally radiosensitive bone marrow. ` 
effectiveness of oxygen deprivation for a relatively. Jon 
time after irradiation under aerobic conditions rules o 
any involvement of the classical oxygen effect (reduction : 
of the number of oxidizing radicals formed during radia- 
tion in the absence of oxygen). 

On the bases of eytologicalt® and biochemical** 
observations the post-irradiation loss of nuclear structure. 
in thymocytes can be attributed to a phosphate-induced 
separation of histones from the deoxyribonucleic acid of 
the interphase chromatin. Such a separation would cause. 
the highly condensed nucleoproteins of the chromatin 
granules and threads of the interphase nucleus to dis- 
aggregate into a structureless, basophilic mass*'®. 

During the first hour after irradiation, the ability of 
the thymocyte nucleus to synthesize oxidatively adenosine 
triphosphate is inhibited®> while the uptake of inorganic 
phosphate and respiration are unaffected at this time??*, 
The free phosphate which enters the nucleus can dissociate 
the histones from the irradiated (and certainly unstable™) 
deoxyribonucleoproteins*. Because phosphate uptake. 
by such cells is propelled by respiration’, any agent. or 
condition which stops or slows respiration would b 
expected to prevent, or at least reduce, the loss of nuclea: 
structure. This has already been shown to be true usin 
respiratory inhibitors®, and the present observations fully 
support this expectation. 
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Radiation-induced Calcium Release and its. 
Relation to Post-irradiation Textural Changes 
in Fruits and Vegetables 


Loss in texture is the most characteristic change in fru 
and vegetables on exposure to ionizing radiation 
Relatively low doses induce extensive softening in tiss 
Consideration of the radiation-induced chemical change 
in pectins—important structural elements of the middi 












LS y contribute to gi A decrease in proto- 
and an increase in the pectin and pectate fractions 
ars and peaches irradiated with 300, 600, or 900 
ds of y-radiation have been correlated with textural 
iges'*, Glegg and Kertesz! considered that degrada- 
_ of cellulose was probably a major factor in post- 
rradiation softening. 

Although, in biological adhesion, the role of certain 
_ divalent cations, especially calcium, has long been known, 
_ it has received little attention in investigations of radiation- 
_ induced textural changes. Adhesion of cells has been 
reviewed in detail by Weissi, Even though the data 
_ presented are, for the most part, based on animal tissue, 
many of them are relevant to plant tissue. _Gelation 
_is known to occur on addition of calcium ions to alginate 
< sol; this results in cross-linking of molecular chains 
i ‘through the coulombic forces which exist between the free 
carboxylic group and the divalent calcium ion. The 
< dependence of the strength of a gel on the concentration 
of calcium present is strikingly illustrated by data provided 
by Bloods. The middle lamella is considered to be a gel 
c mposed largely of insoluble calcium salts of peetic and 
ow methoxyl pectinic acids. Other ions, forming sparingly 
ble pectates, could be involved which stabilize the 
intercellular gel. Also, other substances of macromolecular 
igin certainly contribute to intercellular bonding. 
The evidence for the part played by divalent cations in 
intercellular bonding was provided by Letham'*1?7,_ The 
separation of cells from plant tissues on treatment with 
ethylenediamine tetraacetate (EDTA) or hexametaphos- 
ate (HMP) was shown to be largely dependent on the 
ation of calcium and possibly magnesium ions. After 
ment with HMP, shaking results in considerable 
ration of cells from apple tissue. Addition of either 
divalent or trivalent ions before shaking results in the 
cells becoming recemented. 

. This communication describes the release of calcium 
from Avena coleoptiles and from peaches irradiated over a 
dose range of 50-1,000 krads. Irradiations were carried 
out at ambient temperatures. After irradiation, the tissues 































nductivity water (190 ml.) and shaken (100 strokes per 
in). Changes in specific conductivity were measured 
ith a conductivity bridge. Compared with the controls, 
irradiated tissue very rapidly lost electrolyte, as 
is shown by increases in conductivity. In exploratory 
periments, calcium was detected by reaction with 
glyoxal- bis-2 hydroxy-anil reagent and extraction with 
hloroform; the appearance of a red colour in the organic 
phase indicating the presence of calcium'*. In quantitative 
eriments, the combined dialysate and washings from 
dialysing bag were evaporated to dryness. The residue 
was digested with a mixture of perchloric and nitric acids 
(3:1), 6 ml. On evaporation to dryness, the residue was 
7 dissolved in water and diluted to 25 ml. The amount of 
calcium released was measured by the standard flame 
: -photometric method!*. The amount of calcium retained 
in the tissue was proportional to the dose up to 600 krad, 
after which about 80 per cent of it was released. If the 
_ dose was increased beyond 600 krads, there was no signifi- 
_ cant increase in calcium release. This observation could be 
a significant i in investigations concerning the nature of inter- 
cellular bonding. The calcium release induced by irradia- 
tion is probably independent of enzymatic mediation. 
rradiation at 0° C did not decrease the calcium release 
er the dose range investigated. 
Experiments at the University of Michigan®* with 
mato leaves which had absorbed calcium-45, and with 
ched strawberries which had been stem-fed with the 
ne isotope, independently substantiate these results. 
Release of calcium also occurred in model experiments 
vhich calcium pectate was suspended in water and 
liated. Furthermore, a certain degree of decarboxyla- 
was observed on irradiation of a pectic acid-water 
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— tion number. Such results indicate that the electrovalen 














links between calcium or other divalent cations and 
carboxyl groups of pectic acid are broken on irradiation 
This could result in less of adhesion between cells of | 
tissue. Even though covalent bonds exist in the middl 
lamella which possibly hold together other macromole 
cules, it can be concluded that the release of calcium play 
an important part in radiation-induced softening of frui poe 
and other plant tissue. A complete release of calcium ee eee 
probably not obtained because of its involvement inot i Ai 
modes of combinations. 
Although no explanation was offered by Somr a 
Romani??? for the relasively reduced softening of tiss ae 
in a nitrogen atmosphere, it is likely that in aerobic = — 
irradiation ozone and free radicals associated with the . 
presence of oxygen are more critical factors. A period of 
anaerobiosis will rapidly increase the covalent bonding 
which in turn will affect the strength of the tissue con 
cerned a1, 22 
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Strontiura-90 in Beagle Hair 


In 1963, Hopkins e¢ #l.1 reported the accumulation. of 
significant amounts of strontium-90 in the hair of rats 
which had acquired kiown body burdens of the radio. 
nuclide either by injection or n utero. They further : 
suggested that the anelysis of hair could provide anon- | 
destructive method o7 measuring bene seeking radio- 
elements. The Davis Beagle Project offered a unique- 
opportunity to test ths hypothesis as the diet and the . 
gut-kidney discriminat-on factors are well controlled and. 
known. Accordingly, we assayed the concentration. 0 
strontium-90 in the hai of beagles while the animals we 
on a chronic ingestion regimen of the radionuclide, a 
constant ratios of strontium-90: calcium, as well- 
afterwards. The concentration of strontium-90 in th 
hair was followed up to 1 year after we stopped feedin 
the diet containing strcntium-90, and was correlated wit: 2 
the ratios of strontium-90: calcium for plasma during: oe 
the same periods. ees 











Table 1. STRONTIUM-90 IN BEAGLE HAR o 0 


uc. Srg Ca 

No. g Caf Hair/ Hair 

Levei* dogs g ash Hair Plasma Diet plasma diet 

Ds 3 0-12 0-16 0-17 0-35 0-9 0-46 

-D4 1 0-13 0-31 0-30 1-11 1-0 0-28 

DS 12 0-12 1-38 1:33 3:20 1-0 0-43 

Mean 0-12 1:0 42 
Range (O-11~0-15) (0-8-1-5) (0-23-0-65) 





oo ©The dietary levels D3, D4, D5 are maintained at a 1 per cent calcium 
oo. content (by weight) with a calcium/phosphorus ratio of 1-5 and a three-fold 
zi jnerement in the ratios of strontium-90 : calcium. 


+ The value of the observed ratio is given by the Sr-90/Ca sample __ 


Sr-96/Ca precursor 


Samples of beagle hair (5-20 g) were obtained by clipping 
the hair of the lower neck and upper chest, and in a few 
eases hair was taken from the flanks. Repeat samples of 
_ hair were obtained from the same areas at about 100-day 
.. intervals, or when hair regrowth had completely blended 
with the surrounding hair. The hair was weighed dry, 
washed with water containing a detergent, and rinsed 
with tap water, then deionized water, and finally 1 N 
hydrochloric acid. After drying, the hair was ashed at 
600° C for about 12 h, weighed and dissolved in 1 N 
hydrochloric acid to a standard volume. The strontium-90 
and calcium content of hair and plasma were determined 
‘on the ashed samples using methods described earlier’. 
: The deposition of dietary strontium-90 in the hair of 
beagles during exposure to three ingestion levels of the 
radionuclide is shown in Table 1. The calcium content of 
hair is about 12 per cent of the ash weight, or 0-04 per 
` eent of the fresh weight. During the course of the chronic 
_ ingestion of the radionuclide, the ratios of strontium 90 : 
© calcium for the plasma and hair are essentially equal and 
constant. The strontium-90: calcium ratios of plasma 
- relative to those of the diet represent an overall reduction 
- by a factor of more than two resulting from the combined 
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ratio of strontium-90 : calcium for plasma governs th 
ratio of strontium-90 : calcium for other compartments 
that is, hair and bone, unless there are other intermediate 
and intervening membrane barriers which result in furth 
discrimination, as in the placenta or mammary gland. _ 
The relative specific activities, in uc. strontium-90/ 
calcium, of plasma and hair during and after the chroni 
ingestion of strontium-90 are shown in Fig. 1. The data 
for all dogs are presented as mean values and ranges which - 
have been normalized to the highest ingestion level (D5). 
by multiplication of the values by the appropriate factors. 
which separate the strontium-90 concentrations of the 
different dietary levels. Thus, the ratios of strontium-90:. 
calcium for hair and plasma were nearly constant at 15 
uc. strontium-90/g calcium with the observed ratio of- 
0-45 for all dietary levels. ea 
After we stopped feeding the diet contaming strontium. 
90, there was a rapid decrease in the strontium-9 
calcium ratio of plasma to a normalized value o 
uc. strontium-90/g¢ calcium at 200 days after feedi: 
the animals the radionuclide (740 days of age). In contrast 
the ratio of strontium-90: calcium for hair obtained al 
consecutive 100-day intervals was consistently greater. 
than that of plasma taken at the same time, so that a 
I year after feeding with strontium-90 the ratio of stro 
tium-90: calcium for the hair was about 1-5-2 time 
higher than that for the plasma. K 
Because of the integral nature of hair growth, the ratio: 
of strontium-90 : calcium for hair and bone will demon 
strate similar relative specific activities during the chronit 
feeding of the radionuclide and, following the end o 
feeding, the ratios of strontium-90: calcium for hair will 
reflect the continually decreasing relati 
specific activities of plasma during th 
period of growth. Furthermore, the hai 
plasma ratio will increase as a function 
of the interval between clippings if th 
plasma is sampled at the time of clipping 
However, if the plasma were samp! 
at the midpoint of the growth peri 
these differences would be considerab 
smaller. : 
The accumulation of strontium-90 in hai 
during periods of exposure to the radio 
nuclide affords the opportunity of esti 
ting the strontium-90 concentration. of t 
diet. i 



























































If all the factors in the metaboli: 
i of strontium relative to its transfer frome 
diet to blood, and then to bone and ha 
are fully understood, this form of non- 
traumatic bio-assay offers a less variable” 
approach to strontium-90 contamination 
investigations than either excreta or diet 
investigations. The usefulness of hair in a 
bio-assay method could be extended. tc. 
other radionuclides, for example caesium: 
137, as a possible index of body burden 
and dietary concentration. Bene 

In the Davis experimental beagles, th 
constant relationships between the ratio 
of strontium-90: calcium in the diet 
plasma, bone, and hair during the perio 
of continual strontium-90 feeding afford 
an estimate of the strontium-90 concentra 
tion in the body. When the dog is tak 
off the dietary strontium-90, the unifos 
labelled skeleton provides an endoges 
source of the radionuclide, by way of 




















940 1,040 





Fig. 1. Mean normalized “D5 level’ plasma (top) and hair (bottom) concentra- 

tions, uc. strontium-90/g calcium, while on strontium-90 feed and following the 

end of the period during which strontium-90 was fed to the animals. Mean values 

and ranges for each ingestion level obtained from six dogs D3 level (©); eleven 
dogs D4 level (A); and nine dogs D5 level (@) 


plasma to the hair, and thus supplie 
indirect assessment of that portion of 
skeleton which undergces remode 
during the period of hair growth. — 
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SOIL SCIENCE 


Fluoride Interaction with Clays in Relation 
to Third Buffer Range 


CONSIDERABLE acceptance of a ready exchange of struc- 
tural OH of clay minerals by fluoride ions has been 
reported!; however, so far the evidence rests mainly on 
the appearance of OH in an extraction solution of potas- 
sium fluoride. Recently it was found? that the hydro- 
chloric acid titratable OH formed on the reaction of clay 
minerals and soils in neutral 1 N potassium fluoride 
solution results from the complexing reaction by fluoride 
ions and dissolution of structural aluminium or iron 
from the minerals, by a reaction that can be represented 
as: 


Al(OH), + 6KF — K,AIF, + 3KOH (1) 


No fluoride that could be analytically detected remained 
in the clay or soil sample. A series of carbon replicas of 
micas shows (Fig. 1) that biotite and muscovite surfaces 
are disrupted by the reaction in neutral 1 N potassium 
fluoride solution for 12-24 h. Furthermore, potentio- 
graphic evidence reveals that, on disruption of the 
surfaces of the sesquioxic and the alumino-silicate 
minerals, acidic functional groups such as ‘XAL-OH, and 
XFe-OH, develop in the minerals and this results in the 
appearance of a third buffer range’. This indicates that 
the third buffer range not only arises from the neutraliza- 
tion of excess protons of Al-OH, groups in the positively 
charged hydroxy aluminium polymers formed in the 
interlayer surfaces of expansible clays, but also from 
sesquioxic surfaces in general. The reaction of the titrating 
base with the substituted hydronium surface or edge 
Bea (XM**—OH,) of the oxides of iron, hydroxide of 

aluminium and the alumino-silicates (including allophane) 
is as large as 50-100 m.equiv./100 g. This third buffer 
range is of considerable importance in mid-range soil 
acidity and agricultural liming practice as well as in the 
retention of sodium in alkaline soils. 

The present investigation showed that third buffer 
range developed in the titration with sodium hydroxide 
wof Al(OH), (Merck) and natural gibbsite (<20u) treated 
with potassium fluoride could be reversibly titrated with 
thydrochloric acid (Fig. 2, b versus c). After the reaction 
wf sodium hydroxide with the proton—donor groups on the 
matural gibbsite treated with potassium fluoride, the 
#nineral suspension was sedimented by centrifugation and 
washed five times with an ethanol—water mixture as is 

in the measurement of cation exchange capacity. 
The third buffer range again appeared in the sodium 
hydroxide titration of the washed residue (Fig. 2d), 
wvhich shows that the sodium is only weakly held and 
weadily hydrolysed in water. These results further 
strengthen the argument that the third buffer range 
which appeared in the sodium hydroxide titration curves 


of minerals made to interact with potassium fluoride 
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resulted from the neutralization of the proton—donor 
groups on the mineral surfaces**, and proceeded by way of 
equation (2): 


OH? 5+ 
Mineral Al (or Fe) 4 OHs- +NaOH —-+> 


HS 
Mineral Al (or Fe) ioe ` Na + H,O (2) 


In addition, fluoride-saturated ‘Dowex 21K’ (RF) was 
used to interact with the hydrogen—aluminium vermiculite 
(2-0-2 in diameter). The mixture of clay and ‘H- 
Amberite, IR 120° (HR) was shaken for 2 h, while that of 
clay and RF was shaker overnight. The clay suspension 
was separated by suction on a glass filter. Potassium 
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Electron microgra 
A F iiite and (b) adea shewing the corrosion and fractures 
by interaction with neutral 1 ~ peran ie fluoride for 12 an 
respectively. ng (arro doe ctr Foc fractures as shown by 
Raman and Jackson (ref. 3), to th smooth untreated biotite 
muscovite cleavages. (We t thane Onn Charles Roth for his assistance in 
electror microscopy) 









oxide. (The titration apparatus used was a Metrohm 
otentiograph; the speed of titration was 0-0065 m.equiv./ 
min.) The titration curves (Fig. 3) show that the total 
base consumption of the clay, created by HR interaction, 
‘was one-third reduced on the interaction of RF. This 
ean be attributed to the removal from the clay of 
uminium or iron that can be complexed to form fluor- 
luminate or fluorferrate® in solution, and to release OH 
which then reacts with part of the acid clay. The decrease 
peers || acidity of the hydrogen—aluminium clays by RF inter- 
action is compensated on treating them again with HR— 













“-*" Natural Gibbsite (<20p) 


ü 10 20 80 
m.equiy. of sodium hydroxide per 100 g 


“Fig. 2. leben pe showing the effect of fluoride treatment on the 
-titration curves of gibbsite suspended in 1 N potassium chloride. a, 
Control, with no potassium fluoride treatment, sample washed with 
potassium chloride and then with water-ethanol, and then titrated with 
sodium hydroxide. 6, Sample washed with potassium chloride, reacted 
with neutral 1 N potassium fluoride for 24 h, and then washed with 
water-ethanoal and titrated with sodium hydroxide. p, Duplicate of 
.b. ¢, Sample treated as in 6 and then ole: titrated with hydrochloric 
acid (curve plotted backward, arrows). d, Sample treated as in b then 
‘washed with water-ethanol and titrated again with sodium hydroxide, 
shoving that the full acidity was restored by hydrolysis during washing 
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Fig. 3. Potentiograms showing the influence of hydrogen resin (HR) 
and fluoride resin (RF) treatment on the sodium hydroxide titration 
o curves of vermiculite suspended in 1 N potassium nitrate. a and b, 
. Controls, with no treatment with HR and RF for (a) and sample (b) 
showing no reaction with RF during 24 h. e, Sample reacted with HR 
for 2h. d, Sample treated as in e and then reacted with RF for 24 h. 
¢, Same as 'd followed by another treatment with HR; note that the third 
range has been removed by the RF treatment (curve e compared with 


B curve ¢) 
Proton donor ranges: 1, OH,*; 1, AKOH,),**; NT, [Alz(O0H)s2- n(OHg) a ]** 





haken. for T h. befo. it was “tibrated with odan =- alteration” of hydrogen clays to aluminium clays). 


with hydrogen (and aluminium released the spont: 





The results obtained in the present inve 
indicate that the interaction of fluoride resin with hy 
gen-aluminium clays brings about the remova 
acidic functional groups from the minerals, particu 
the third range (Fig. 3, curve e). In contrast, the rea 
of neutral 1 N potassium fluoride resulted? in the format 
of the proton—donor groups on the mineral surfaces of t 
third range. The RF action is considered to be pre- 
dominantly that of removal of polyalumina which readily 
























forms“? in acid vermiculite, while the potassium. fluoride: 


rapidly removes trivalent ions from the structure, ‘which 
creates weakly acidic XM*+—OH, groups on the surfaces 
und at the same time forms an excess of potassium 
hydroxide (pH 8-11) by equation (1). We attribute. the 
third range buffering’ (Fig. 3), which resulted from trea 
ment of aluminosilicate clays with HR, to alumina s 
groups rather than to aluminosilicate surface e 
teristics. This conclusion is based on the large third 
buffering which arose on the surfaces of pure iron: 
and alumina? (Fig. 2) in the absence of a silica compo: 
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Toxicity of Boron to Rice 


In the course of a study on the chemical retardation 
soil reduction as a remedy for physiological disord 
the rice plant, we observed that despite this retardat 
by calcium nitrate and manganese dioxide the f 
symptoms persisted in one of the four soils studied. 
The symptoms were intervenal chlorosis of the u 
portions of the older leaves, especially along the margi 
and later large dark brown ‘elliptical spots in the affee 
parts which ultimately turned light brown, dried an 
rolled up. They were almost identical with the symptoms 
of boron poisoning in rice grown in culture solution as 
described by Lockard!. The boron content of the stra: 
at harvest was 80 p.p.m. compared with 26-30 p P m - fo 
normal plants. 
The soil was a saline silt loam from the Silo region 
the coast of Taiwan and had a pH of 8-1. Boil solutior 
of the flooded soil contained 9-1 p.p.m. boron {thi 
figure contrasts with 1 p.p.m. boron for two no 
Philippine lowland rice soils). 7 
To ascertain whether the symptoms obsatved in 
Silo silt loam were indeed those of boron toxicity, thes 
variety of rice was grown on two lowland rice 
(Maahas clay~-pH, 6-6; organic matter, 2-0 pe 
and Luisiana clay—pH, 4-6: organic matter, 4:1 
treated with 0, 20, 40 and 60 p.p.m. of boron g 
the form of borax and on untreated Silo silt loam 
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Table 1. INFLUENCE OF ADDED BORON (AS BORAX) ON THE CONCENTRATION 
OF WATER-SOLUBLE BORON (P.P M.) AND THE SEVERITY OF SYMPTOMS OF 
BORON Toxicrry TO Rick on THREB SOs 


. Added boron as p.p.m. of the dry soil 
Soll 20 40 


S - S - Symp- Symp- 
Boron ba Boron foie Boron toms Boron toms 
Silo silt loam 9-1 Moderate — — — — — — 
Maahas clay 09 None 9-3 Slight 176 Moderate 256 Marked 


Luisiana clay 06 None 6-7 Moderate 12:9 Marked 201 Very 
marked 


Within a week, the symptoms characteristic of boron 
poisoning in solution culture were observed in the plants 
treated with 60 p.p.m. boron. The same symptoms, but 
in a milder form, appeared a week later in plants grown 
in the untreated Silo silt loam and in those grown in the 
Maahas and Luisiana soils treated with 20 and 40 p.p.m. 
boron. The foliar symptoms observed on plants grown 
on Silo silt loam were comparable with those on Luisiana 
soil, to which 20 p.p.m. boron or 6-7 p.p.m. water-soluble 
boron had been added. Table 1 shows that, although the 
concentration of water-soluble boron was lower in Luisiana 
clay than in Maahas clay at all levels of added boron, the 
toxic effects were more severe in the former. This means 
that the critical toxic concentration of water-soluble boron 
for rice may vary from soil to soil. 
As coastal soils derived from marine sediments may 
contain from ten to fifty times as much boron as inland 
soils’, boron poisoning may be a hitherto unsuspected 
factor limiting rice production on such soils. 
F. N. PoNNAMPERUMA 
Wen Lin Yuan 

The International Rice Research Institute, 

Los Baños, Laguna, 

The Philippines, 
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AGRICULTURE 


Identification of Gibberellins A4 and A, in 
Immature Apple Seeds 


For many years, plant physiologists have attempted to 
isolate and identify the growth substances which control 
plant growth. Many early attempts failed, largely be- 
cause of the minute quantities of these compounds present 
in plants. Recently, microtechniques such as thin-layer 
chromatography have greatly stimulated interest in their 
identification. 

Luckwill? investigated the auxins present in apple 
seeds, but did not identify them chemically except to 
report the absence of indole-acetic acid*. Nitsch? demon- 
strated the presence of gibberellin-like substances in apple 
seeds, and Kato and Ito‘ extracted such substances from 
apple shoots. On the basis of relative mobility values 
for the gibberellins in paper chromatography, MacMillan 
et al.5 postulated that the apple seed gibberellins demon- 
strated by Nitsch might be A, and Ag. 

In an attempt to identify some of the growth substances 
present in apple seeds, approximately 2 tons of fruitlets 
of the ‘Golden Delicious’ variety were collected from a 
commercial orchard south of Paris between June 14 and 
26, 1961. At this time, the fruitlets were approximately 
3-5 cm in diameter. The fruitlets were kept in storage 
at a temperature of 3° C until the seeds could be removed, 
a process requiring 5 weeks from the first date of collection. 

The bioassays used to detect gibberellin activity in 
the extract were the Avena mesocotyl test*:?, the dwarf 
pea. test®, the lettuce hypocotyl test™!9, and the cucumber 
hypocotyl test#!-5. The Avena mesocotyl test was per- 
formed as described by Nitsch and Nitsch’. 

Pea seeds, variety “Little Marvel’, were planted in soil 
in the greenhouse, 50 ul. of the solutions to be bioassayed 
were applied to the first true leaf 6-8 days after planting, 
and the first three internodes above this leaf were measured 
5 days after treatment. 
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Lettuce seeds, variety ‘Parris Island’, were placed on 
filter paper disks in via:s 19 mm in diameter containing 
0-3 c.c. of the solution t be bioassayed. The hypocotyls 
were measured after 5 days of continuous illumination 
(450 ft.-candles) at 25> C and 100 per cent relative 
humidity. Ten hypocotyls were measured in each of two 
vials for each treatment. 

Cucumber seeds, variety ‘Spartan 27°, were germinated 
on moist filter paper under continuous light (450 ft.- 
candles) at 25°C and 100 per cent relative humidity. 
After 3 days, the seed cots were removed and the seedlings 
planted in vermiculite under the same environmental 
conditions. Twenty-four or 48 h after transplanting, 
20 pl. of the solutions to be bioassayed were applied 
to the epicotyl and adjacent cotyledons, and the length 
of the hypocotyl measuced 2 days after treatment. 

‘Tween 80’ (0-1 per c2nt) was included as a surfactant 
in all solutions, and all control plants were treated with 
this concentration of ‘Tween’. 

On removal from the =ruits, the seeds were dropped into 
cold methanol and transferred to a freezer at — 20° C. 
The seeds were ground and extracted repeatedly with fresh 
methanol, the metharol filtered through paper and 
evaporated in vacuo, and the tissue discarded. The 
aqueous residue remainng after removal of the methanol 
was frozen and lyophilized. The residue was dissolved in 
water, the pH adjusted to 3-0 with hydrochloric acid, 
the solution exhaustively extracted with diethyl ether, 
and the water phase dissarded. The ether was evaporated 
in vacuo and the residue chromatographed (ascending) 
on ‘Whatman No. 17 filter paper using isopropanol/ 
water/ammonia (80:1£-9:0-1) as the developer. The 
area of the chromatograms active in the Avena mesocoty! 
test (Ry 0-5-1-0) was duted with 80 per cent methanol. 
The solvent was removed in vacuo, and the residue 
chromatographed in batches on a column of silica gel 
22 mm in diameter ard 140 mm long, using increasing 
concentrations of seccndary butanol in hexane, both 
solvents having been previously equilibrated with 0:5 
formic acid!4. Two hundred and fifty c.c. of each of the 
following solvents were used in elution: 0-5, 10, 25, and 
100 per cent secondary butanol in hexane. The first 
75 c.c. of the 10 per cert solvent contained approximately 
one-half of the gibberellin activity (dwarf pea test). This 
fraction (fraction A) was reduced to dryness in vacuo, 
the residue dissolved in water, and the suspension, con- 
taining a green precipitate, filtered. The filtrate was 
evaporated to dryness, and the residue extracted with 
ethyl acetate. The ethyl acetate fraction, containing 
the major part of the gibberellin activity, was reduced 
to dryness (fraction B. 


Table 1. ELUTION PATTERN O` GIBBERRLLINS IN COLUMN CHROMATOGRAPHY 
IN SMIGA GEL 


Solvent (percentage of sec-butanol in hexane) 
Gibberellin 0-5 5 10 25 50 
Ay aA 
Ay z 
Ay x 


z 
bybababy 


x 
xX 
oo 
As xX 
® xX 
Fraction Á A g 


Activity detected by bioassay of eluates in dwarf pea teat 
activity; z, minor activity. 


a, major 

Table 1 compares the elution patterns of the nine 
gibberellins with that of fraction A in column chromato- 
graphy on silica gel as described above, with the following 
modifications: column 14 x 140 mm; 100 c.c. per solvent. 
The residue from eack solvent was bioassayed, using the 
dwarf pea test. The gibberellin activity in the extract 
coincided with that oZ gibberellins 4, 5, 6, and 7, which 
could not be separated with this series of solvents. Activity 
was clearly separated from that of the remaining five 
known gibberellins. 


1 
`Ț` 
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Table 2. COMPARISON OF ACTIVITIES OF NINE GIBBERELIANS AND FRAOTION 
B IN THREE BIOASSAYS 


Height in millimetres 
Bioassay 
Gibberellin* Lettuce Cucumber 
Dwarf pea hypocotyl hypocotyl! 
A; 57 ed 638 c 24a 
Ay 42ab 4la 27a 
A; 90 g 99 é 27a 
Å 42ab 81 @ 48 e 
As 48 be 75 d 26a 
As iab 52 b 28a 
As 67 d 11°9 f 56 d 
Aa 38ab 3 6a 240 
Ay 36ab 5-9 be 37 b 
Fraction Bt 44 96 37 b 
Control 30a 8 5a 25a 


* Each gibberellin used at 3 x 10-1° moles per plant (pea and cucumber) or 
per tube (lettuce). 

i Used at 1 g equiv. per plant or tube (lettuce and cucumber) and at 0-56 
and 5-6 g equiv. per plant (pea). Value for pea test adjusted to 1 g equiv. 
per plant by interpolation on semi-log scale. 

cdef, Means not followed by the same letter are significantly different 
from one another at the 6 per cent level. 


The activity of fraction B is compared with that of the 
nine gibberellins in three bioassays in Table 2. The 
extract was active in all three assays, but activity in 
the cucumber hypocotyl assay is particularly noteworthy, 
since both A, and A, are active, while A, and A, are not. 
Hence it appeared that the unknown was either A, or Á, 

In order to characterize further the unknown, thin-layer 
chromatography was used according to the method of 
MacMillan and Suter!5. Silica gel G was used as the adsor- 
bent, and benzene—aceticacid—water (8: 3: 5)as the solvent. 
Plates 150 thick were equilibrated over the lower phase 
overnight, then developed with the upper phase at 25° C. 
Gibberellins were detected by spraying the plates with 
5 per cent sulphuric acid in 95 per cent ethanol, heating for 
15 min at 110° C, and noting the pattern of fluorescence 
under ultra-violet light. Considerable variability was 
encountered from one set of plates to another using this 
system. Each set of plates was first checked with a mixture 
of gibberellins A, and A, to assure that separation would 
occur. When separation was obtained, a sister plate was 
used to compare the Rr’s of the known gibberellins 
with that of the apple gibberellin(s). 

Fig. 1 shows the appearance of such a plate after spray- 
ing with the reagent and heating. The extract contained 
two distinct fluorescent areas corresponding closely with 
the Rr’s of gibberellins A, and A, and separated clearly 
from gibberellins A, and A,. Additional weak fluorescent 


solvent front 
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1 2 3 4 5 7 8 9 10 
Spot No. 
Fig. 1. Thin-layer chromatogram of gibberellins 3-7 and fraction B. 
Spots 1, 5 and 8, mixture of GA, and GA,, O4 ug total per spot; 2, GAs 
about 1:0 wg; 3, 6, and 10, fraction B, 10 g equiv. per spot; 4 and 7, 
GAs 0-4 ug perspot; 9, GA. about 10 ug. Centre area covered by glass 
pate before spraying with 5 per cent sulphuric acid in ethanol and heat- 
g. Areas which flnoresced under ultra-violet ight after heating are 
indicated by circles 
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Fig. 2. Lettuce hypocotyl bioassay of eluates from thin layer chromato- 
gram of GA, (solid line) and fraction B (broken Ime) 


areas appeared just below the position of GA, and near the 
solvent front. The central portion of the chromatogram, 
to which (a) the unknown, and (b) a mixture of gibberellins 
A,and A, were separately applied, was covered with a glass 
plate before spraying, and the edges sealed with tape. 
After spraying, sections of silica gel 1 em in height by 
2 em in width were seraped from the plate (Fig. 1) and 
individually extracted with 1 ml. of 0-1 per cent “Tween 
80’. The eluates were filtered, the filtrates frozen and 
lyophilized, and the residues dissolved in 1 c.c. of water. 
These solutions were bioassayed in the lettuce hypocotyl 
test, using 0:3 c.e. of each solution, and the mean length 
of ten hypocotyls is shown graphically for each section in 
Fig. 2. Gibberellin activity occurred at the Rr’s of A, 
and A, in both the extract and in the GA, mixture, 
although the width of the sections used did not allow for 
separation of the two in the bioassay. The other fluorescent 
zones in the extract were inactive. The unknown is 
therefore a mixture of A, and A,. 

Since gibberellin activity is not confined to the frac- 
tions described above, work is continuing in an attempt 
to identify some of the more polar gibberellin-like sub- 
stances present in the extract. 

We thank the Pépinières Thuilleaux for the apple 
fruitlets, Dr. P. W. Brian and Dr. J. MacMillan for 
samples of gibberellins A, to A,, and Abbott Laboratories, 
North Chicago, Illinois, for a larger quantity of gibberellin 
Ás. This investigation was supported in part by a grant 
from the National Science Foundation. 
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APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or before the 
dates mentioned: 

RESEAROH ASSISTANT (preferably with a degree or equivalent qualification 
in biochemistry) to work on nucleic acid metabolism in cancer tumours—The 
Assistant Secretary General (S5), Brunel University, Woodlands Avenue, 
Acton, London, W.3 (August 19). 

SENIOR LECTURER IN THE DEPARTMENT OF BACTERIOLOGY—The Registrar, 
The University, Liverpool, 3, quoting Ref. CV/169 (August 19). 

ASSISTANT LECTURER or LECTURER IN VETERINARY MEDICINE (Small 
net oe Registrar, The University, Liverpool, quoting Ref. CV/177/N 

ugus : 

JUNIOR RESEARCH FELLOWS (2) IN BovaNy-—The Registrar, The Uni- 
versity, Sheffield (August 20). 

LECTURER IN PHARMACEUTIOS to teach to honours degree standard and to 
undertake research—The Staff Officer, The University of Aston in Biurming- 
ham, Gosta Green, Birmingham, quoting Ref. 490/6 (August 20). 

SENIOR RESEARCH ASSISTANT (with a science or engineering degree) IN THE 
DEPARTMENT OF ENGINERRING SCIENCE, to carry out research ın the feld of 
thermodynamics ın collaboration with Prof. Russell Hoyle—The Registrar 
and Secretary, University of Durham, Old Shire Hall, Durham (August 20). 

RESEARCH OFFICERS or SENIOR RESHARCH OFFICERS (2), and a RESHARCH 
ASSISTANT IN THE COMPUTING CENTRE, to assist in computer prora mmng 
arising from research in all departments of the University—The Registrar, 
University of Essex, Wivenhoe Park, Colchester, Essex (August 21). 

SENIOR TECHNICIAN (with experience in electronics) IN THE DRPARTMENT 
OF CHEMISTRY for assistance with research 1n electron spin resonance spectros- 
copy~-The Registrar, University of Essex, Wivenhoe Park, Colchester, 
Essex (August 22). 

TEMPORARY ASSISTANT LECTURER (preferably with a special interest in 
political and moral philosophy) IN PHi.osorpHy—The Registrar, The Un- 
versity, Manchester, 18, quoting Ref. 180/66 (August 24). 

ASSISTANT LECTURER or LECTURER IN PsyoHotoay—tThe Registrar, The 
University, Keele, Staffordshire (August 27). 

EXPERIMENTAL OFFIOER (with a degree or equivalent qualification in 
physics, chenustry, or 1m an appropriate technological subject, and experience 
In physical methods of qnaivaas IN THE ELECTRON PROBE AND X-RAY 
SECTION OF THE DEPARTMENT OF BARTH SCIENCES—The Secretary, Depart- 
ment of Harth Sciences, The University, Leeds, 2 (August 27) 

LECTURER IN PHYSICAL OR INORGANIO CHEMISTRY—The Assistant Regs- 
yy econ Engineering), The University of Bumingham, Birmingham 

ugus ; 

RESEARCH ASSISTANT IN THE SOLID-STATE ELECTRONICS GROUP OF THE 
DEPARTMENT OF ELECTRICAL ENGINEERING AND ELECTRONICS for work on 
metal-semiconductor junctions, under the direction of Prof. E. H. Rhoderick 
—Prof. E. H. Rhoderick, Department of Engmeermg and Electronics, The 
reat a Manchester Institute of Science and Technology, Manchester, 1 

ugus . 

ASSISTANT LEOTURER IN AERONAUTIOAL ENGINEERING—Prof, A. V. 
Stephens, The Queen’s University, Belfast, Northern Ireland (August 31). 

LECTURER IN VETERINARY PARASITOLOGY IN THE SCHOOL OF TROPIOAL 
rend eau Registrar, The University, Liverpool, quoting Ref. CV/187/N 

ugus ; 

LEOTURER or ASSISTANT LECTURER IN MIGROBIOLOGY IN THE DEPARTMENT 
or Borany—The Registrar, Queen Mary College (University of London), 
Mile End Road, London, E 1 (August 31). 

RESEARCH ASSISTANT (with an honours degree in zoology and preferably 
a special interest ın electron microscopy or nerve physiology) IN THR MARINE 
SOIENCE LABORATORIES, to work with Dr. D. A. Dorsett on the fine structure 
of invertebrate nervous systems—The Registrar, University College of North 
Wales, Bangor, North Wales (August 31). 

RESEARCH OFFICER IN THE DEPARTMENT OF PHYSICS to investigate 
damage occurring in high-power laser systems—The Regstrar, University 
of Essex, Wivenhoe Park, Colchester, Essex (August 31). 

ASSISTANT LECTURER (with special qualifications and research interests m 
petrology, geochemistry or economic geology) IN THE DEPARTMENT OF 

ROLOGY—The Registrar, The University, Nottingham (September 1), 

JUNIOR LECTURER IN BACTERIOLOGY—The Secretary, Trinity College 
(University of Dublin), Dublin, Republic of Ireland (September 1) 

LECTURER or ASSISTANT LECTURER (with an honours degree in engineering 
or mathematics and some experience 1n structural and/or machine vibration 

roblems) IN THE INSTITUTE OF SOUND AND VIBRATION RESKARCH—The 

eputy Secretary, The University, Southampton (September 1). 

LECTURER or DEMONSTRATOR (with interests in the genetics and bio- 
chemistry of micro-organisms) IN THE DEPARTMENT OF GEN ETICS—Dr. 
Sydney Smith, Department of Zoology, The Unrversity, Downing Street, 
Cambridge (September 1). 

LECTURER (with good academic qualifications and postgraduate experience, 
a special interest ın the analysis and design of power generation and distri- 
bution systems, and familiarity with modern methods of analysis and sumu- 
lation of systems, using computer techniques) IN ELECTRIOAL ENGINEERING 
—The Registrar, University College of Swansea, Singleton Park, Swansea, 
South Wales (September 1) 

RESEARCH SCIENTIST or SENIOR RESEARCH SCIENTIST (Physicist) (with a 
Ph.D, degree in physics or postgraduate say bait of equivalent standard 
and duration, supported by satisfactory evidence of research ability) IN THE 
DIVISION OF APPLIED FHYSICS, Commonwealth Scientific and Industrial 
Research Organization, located at the National Standards Laboratory, 
University Grounds, Chippendale, Sydney, Australha, to undertake magnetic 
research——The Chief Scientific Liaison Officer, Australan Scientific Liaison 
Office, Africa House, Kingsway, London, W,.C.2, quoting Appoitment No. 
750/364 (September 3). 

UNITED STEEL COMPANIES FELLOW (enmneenng graduate) IN MECHANICAL 
ENGINEERING for research in the field of fluids or fluid power control—The 
Registrar, The University, Sheffield (September 3). 

SCIENTIST (with a Ph.D. or honours degree, preferably with some additional 
experience in ruminant nutrition) AT RUAKURA AGRICULTURAL RESEAROH 
CENTRE, New Zealand, to assist in a research l programme In dary cattle 
nutrition aimed at evaluating pasture as a feedstuff for growing, lactating and 
fattening stock and at measuring the voluntary intakes of grazing stock, the 
factors which affect these and the feed requirements of grazing animals—The 
High Commussioner for New Zealand, New Zealand House, Haymarket, 
London, §8.W.1, quoting Ref. B13/2/73/2823 (September 5). 

POSTDOCTORAL FELLOW IN THE DEPARTMENT OF CHEMISTRY to work on 
new methods of peptide synthesis in collaboration with Dr. C. J. M. Stirling 
—Dr ©. J M. Stirling, Department of Chemistry, King’s College (University 
of London), Strand, London, W.C.2 ao 9). 

LECTURER or SENIOR LECTURER (preferably specializing ın bacterial or 
virus diseases of plants) IN PLANT PATHOLOGY IN THE DEPARTMENT OF 


AGRICULTURAL BrIoLOGy, Universaty of Ibadan, Nigeria—The Inter-Uni- 
versity Council, 33 Bedford Place, London, W.C.1 (September 10). 

SENIOR LECTURER (graduate :n animal production, agriculture or science, 

with postgraduate specializatior in any one of the major branches of animal 
roduction) IN ANIMAL PRODUCTION at the University of the West Indies, 

Prnidad-—The Inter-University Council, 33 Bedford Place, London, W.C.1 
September 12). 

: LECTURER or ASSISTANT LECOTIRER (interested in any of the fields of animal 

physiology) IN PHYstoLoGgy-—The Secretary, Royal Veterinary College 

(University of London), Royal College Street, London, N.W.1 (September 15). 

LECTURER or SENIOR LEOTUEER (rith special interests ın physical chem- 
istry) IN CHEMISTRY at the Uniwersity of Tasmania, Australia—The Associa- 
tion of Commonwealth Universities (Branch Qffice), Marlborough House, 
Pall Mall, London, 8.W.1 (Austzalia and London, September 16). 

LECTURER (with @ special mnterest im and preferably some practical exper- 
lence In electrical power engineering) IN THE DEPARTMENT OF ELECTRONIC 
AND ELROTRICAL ENGINEERING—The Registrar, The University, Sheffield 
(September 16). 

SENIOR LEOTURER IN PHYSICS, and a SENIOR LECTURER IN THEORETIOAL 
Puysics at the University of <Jueensland, Australia—The Association of 
Commonwealth Universities (Branch Office), Marlborough House, Pall Mall, 
London, S W 1 (London and Brisbane, September 16). , 

UNIVERSITY LECTURER evens with an interest in experimental 
taxonomy) IN Botany and Curator of the Claridge Druce Herbanum—The 
Admunistrator, Botany School, The University, South Parks Road, Oxford 
{September 20). 

RESEARCH FELLOW IN THRE SEDIMENTOLOGY ResmaARCH LABORATORY OF 
THE GEOLOGY DEPARTMENT, to conduct an mvestigation into the sedimen- 
tology (including geochemistry’ physical properties, and clay muneralogy) 
of facies variation 1n the Great Oolite Series of the Malmesbury area~~The 
Registrar (Room 39, O.R.B.), Tae University, Reading (September 30). 

SENIOR LECTURER IN PsyYcHOLOGY at the University of Western Australia 
—The Association of Commorwealth Universities (Branch Office), Marl- 
borough House, Pall Mall, Londen, 8.W.1 (Australia and London, October 1). 

ASSISTANT PLANT CYTOGRNETICIST or ASSOOIATH PLANT CYTOGENRBTICIST 
(with an MS. or Ph.D. degree or equivalent, and training in plant cyto- 
genetics) IN THE DEPARTMENT OF GRENETICS—The Director, Agricultural 
Research Station, University of Puerto Rico, Rio Piedras, Puerto Rico 
(October $1). . 

CHAIR OF MIOROBIOLOGY (Tedical) at the University of Melbourne, 
Australia~The Association of Commonwealth Universities (Branch Office), 
O oak House, Pall Mal, London, 8.W.1 (Australia and London, 

ctober $1). 

AGRICULTURAL OFFICER/STATISTICIAN, Scientific Officer Grade (with a 
degree ın agriculture, botany or sled subject with a sound knowledge of statis- 
tics or a degree in statistics wita an interest in agriculture) for duties which 
will be concerned with the plarming and analysis of scientific investigations 
undertaken by the Board—Tt> Establishment Officer, Potato Marketing 
Board, 50 Hans Crescent, Knigntsbridge, Londan, 8.W.1. 

ASSISTANT EXPERIMENTAL OFFIOER/EXPRRINENTAL OFFICER (with an 
interest ın biophysics) to be responsible for the operation and development of 
techniques using the analytical ultracentrifuge--The Secretary, National 
Institute for Research in Dairying (University of Reading), Shinfleld, Read- 
ing, Berkshire, quoting Ref. 66712. 

Basic GRADE BIOCHEMIST (university graduate in biochemistry or 
chemistry or A R.1.C.) IN THE DEPARTMENT OF CHEMICAL PATHOLOGY for 
duties which will include routin: steroid assays-~The Clerk to the Governors, 
St. Bartholomew’s Hospital, Loadon, E.C 1, quoting Ref. No. ASC/112. 

BIOCHEMICAL RESEARCH ASS3STANT to work an effects of stress in rats— 
Dr. G Curzon, Institute of Neurology, The National Hospital, Queen Square, 
London, W C1. 

BrocsEsusr (Basic Grade, probationary or post-probationary) IN THE 
ASSISTED VENTILATION UNTI, far duties concerned primarily with blood gas 
analysis and biochemical aspect: of investigation into metabolic disturbances, 
ae wih respiratory failare—Thoe Personnel Officer, Royal Infirmary, 

npurga, 

EDITORIAL ASSISTANT (with a degree in science and preferably some 
editonal experience) for the Bicchemical Journal-—The Editorial Board, The 
Biochemical Journal, 20 Park Crescent, London, W.L 

EXPERIMENTAL ECOLOGIST 3r LIMNOLOGIST IN THE DEPARTMENT OF 
BoTany-—Prof. N. P. Badenhvizen, Department of Botany, University of 
Toronto, Toronto 6, Ontario, Ceanada. 

EXPERIMENTAL OFFICER (with a sound working knowledge of chemistry 
and experience of several inst-umental methods) IN THR DEPARTMENT OF 
CHEMISTRY for work concerned with the development and application of 
instrumental analytical techniques and methecds af relevance to chemical 
industry and new processes——lihe Registrar, The University of Manchester 
Institute of Science and Technoogy, Sackville Street, Manchester, 1, marking 
envelope “Experimenta! Officer—<Analytical”’. : 

HISTOLOGIST (with an honour: degree in physiology or zoology or an equiva- 
lent qualification and preferatly previous experience of histological tech- 
niques) IN THE PHYSIOLOGY DEPARTMENT to be ın charge of the histological 
work of the Department and to-collaborate in research, mainly ın the field of 
endocrinology—The Secretary, National Institute for Research in Dairying 
(University of Reading), Shinfidd, Reading, Berkshire, quoting Ref. 21/N/66. 

HISTOLOGY TECHNICIAN (pre=rably with at least one year’s experience in 
histology and with LM L.T. or appropriate G O E. “A” level qualifications) IN 
THE DEPARTMENT OF EXPERIMINTAL PATHOLOGY, Chester Beatty Research 
Institute, Fulham Road, Londoa, S W.3—The Secretary, Institute for Cancer 
Research, Royal Cancer Hospital, 34 Sumner Piace, London, 8 W.7, quoting 
Ref. 301/B/240. 

PHYSIOIST required for one y2ar to develop some diagnostic uses of radio- 
active isotopes including scarning—The Secretary, St. Mary's Hospital 
Medical School, London, W 2. i 

RESEARCH ASSISTANT (with a degree or higher degree in aeronautical, civil 
or mechanical engineering, or paysics, with some research experience) IN THE 
DEPARTMENT OF AERONAUTICS, to engage in fundamental research connected 
with the forces on buildings ami structures due to atmosphere wind-—Prof. 
P. R. Owen, Department of Aeronautics, Imperial College of Science and 
Technology, London, 8.W.7. 

RESHAROH FELLOW (with portdoctoral research experience and interested 
in the possibilty of a permanent University appointment) IN THE DEPART- 
MENT OF PHYSIOLOGY AND BIOCHEMISTRY to assist Prof, K. A. Munday in an 
investigation into the effect of ssmotic changes on biochemical properties of 
subcellular particles of inverteb=ates—The Deputy Secretary, The University, 
Southampton. 

SENIOR TECHNICIAN or TECHNICIAN IN THE DEPARTMENT OF MEDICINE 
to be responsible for technical vork for a research programme investigating 
the chemical control of respiration—Prof. W. I. Cranston, St. Thomas’s 
Hospital Medical School, Londen, S.E.1. 

TECHNICAL OFFICER (with a Enowledge of electronics) IN THE DEPARTMENT 
OF GEODESY AND GEOPHYSICS. to help with the design, construction and 
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_ Maintenance of new instruments for research and to take part in short 
ete eae E scp and eel eater sd ‘he Puy Board, c/o 
epartment o eophysics, Univers O ambridge, dingley Ri 
Madingley Road, Cambridge. __ : j e 

TECHNICIAN (experienced in histological techniques) as personal assistant 
on a research project in the DEPARTMENT OF ZOOLOGY (the work will involve 
tissue culture and histology)—The Registrar, The University, Liverpool 8, 
quoting Ref, 154/N. 


REPORTS and other PUBLICATIONS 
(not included ın the monthly Books Supplement) 


Great Britain and ireland 


Tibrary Buildings 1965. Edited by J. D. Reynolds. Pp. 97. (London: 
The Library Association, 1966. 283 (L A. members, 213.) 18 
Republic of Ireland. Sea and Inland Fisheries Report for 1964. Pp. 58. 
{Dubim: Stationery Office, 1966) 5s 156 
Proceedings of the Society for Psychical Research, Vol. 54, Part 198 
(April, 1966) Further Comments on Cromwell Varley’s Electrical Test on 
Florence Cook By C. J. Stephenson. Fp. 368-417. (London. Society for 
Psychical Research, 1966 ) 12s. 6d.; 2 dollars. [156 
Society of Foresters of Great Britain. Physiology in Forestry-—Report of 
the Sixth Discussion Meeting, Edinburgh, 7 to 9 January, 1966. Pp. 126. 
ae plement to Forestry.) (London: Oxford University Press, 10052 
$ 6 


Memoirs of the Geological Survey of Great Britain—England and Wales 
Geology of the Country around Tenterden (Explanation of One-inch Geo- 
logical Sheet 304, New Series). By Dr. E. R. Shephard-Thorn, J. G. O. 
Smari, G. Bisson and E A. Edmonds With contributions by Dr. F. W. 
Anderson, GQ. P Jones, B. C Worssam and R W. Gallois. Pp. vii+123+6 
plates. (London: H.M. Stationery Office, 1966 } 278. 6d. net. {156 

Petroleum Information Bureau. . Petroleum Industry Statistics- 
Consumption and Refinery Production 1984 and 1965. Pp 8. (London: 
Petroleum Information Bureau, 1966.) (156 

Building Research Station. Digest 71 (Second Series): Painting Metals in 
Buiudings—2—Non-ferrous Metals and Coatings. Pp 4. (London: H.M, 
Stationery Office, 1966) 4d. [156 
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THE NUMBERS GAME 


It takes courage to go among physicists and suggest 
that the United Kingdom may be spending too much 
on nuclear physics. That is the first thing to be said 
about the Presidential Address by Sir Gordon Suther- 
land (see p. 792) to the Institute of Physics and the 
Physical Society (which should long ago have found 
a less cumbersome description for itself). It is also 
courageous to stand up in public and consider how and 
when to call a halt to the steady growth of spending, 
in the past two decades, on research and development. 
Lord Bowden did a lot to set this ball rolling during 
his stay at the Department of Education and Science. 
The Council for Scientific Policy, in its last report, 
took the process an important stage further by pub- 
licizing its preoccupation with the problems of balancing 
the limitless opportunities which exist for spending 
money against the understandable wish of the British 
Treasury that the pace of growth should be reduced. 
Obviously the council will find itself exposed to even 
greater pressures in the months ahead, and if it is to 
know when to yield gracefully and when to dig in its 
heels, it will have to be provided with a rational 
philosophy for deciding what should be spent on 
research and development. If what Sir Gordon has 
been saying should stimulate a search for the objective 
yardsticks which circumstances demand, much will 
have been accomplished. 

But what yardsticks should there be? This is 
where the fun begins. One difficulty is that there is 
bound to be confusion between the questions of how 
to allocate resources between different branches of 
science and how to determine what proportion of a 
nation’s entire wealth should be spent on science as a 
whole. Another is that there is no simple univalent 
rule for calculating how much to spend on research and 
development but, rather, an untidy jumble of incom- 
ménsurable arguments, some of them in conflict with 
each other. Often it is only possible to establish lower 
limits to the amounts of money that should be spent 
on science and technology. Certainly the familiar 
yardstick which consists of the fraction of the Gross 
National Product spent on research and development 
is only the crudest rule of thumb. By making it the 
central pillar of his argument to the physicists, Sir 
Gordon Sutherland may have oversimplified the issues 
and—in. the process—may have given comfort to the 
British Treasury. 

There is no natural law to decree what proportion 
of a nation’s wealth should be spent on science and 
technology. The fact that the United States and the 
United Kingdom spend, roughly the same is’ not in 
itself an assurance that these are the proportions that 
sensible nations ought to spend. Everything depends 
on the goals they set themselves, and on the speed 
with which they seek to attain them In any event, 
in the comparison between Britain and the United 


States, the absolute amounts of effort being spent may 
be more significant shan the corresponding proportions 
of the G.N.P. Except in space research, where Britain 
has been mercifully modest, the smaller nation has 
not openly liniited its ambition in science and tech- 
nology. Should it not therefore spend on research 
and development an amount comparable to what is 
spent in the Unitec States? In other words, should 
not the United Kirgdom be spending 10 per cent of 
its G.N.P. on researzh and development ? Certainly if 
it chooses to spend 2 mere 2-7 per cent, it should more 
openly acknowledgs that this is only a poor man’s 
pittance, and that a great many of the things which 
are done well in ths United States cannot be done at 
all in Britain. 

The comfortable arithmetic based on fractions of 
the G.N.P. conceals the sad truth that in British 
research and devebpment, resources are spread too 
thinly, and that tke most immediate need is to find 
some way of concentrating on a manageable portfolio 
of ambitions. On the long view, it may be necessary 
for smaller nations to acknowledge that the only way 
of keeping up with zhe Joneses is to spend a dispropor- 
tionately large proportion of their wealth on scientific 
research and develcpment. The time may come when 
really well-off naticns spend their wealth on leisure— 
golf and foreign travel—whilé their less successful 
imitators have to keep on slaving away in the labora- 
tories. In other words, there is no particular reason 
why the ‘spending on sdience in Britain should now 
level off a respectful interval below the plateau (as a 
fraction of the G.N.P.) which seems to have been 
attained in the Uni-ed States. Another way of putting 
this is to suggest that if spending on research and 
development is linked to anything, it is to the 
expected growth of the G.N.P. and not to its absolute 
amount. 

In Britain, there are other reasons for believing that 
the growth in experditure on research and development 
should continue for some time yet. For one thing, 
those engaged on “esearch and development are not 
always fully proviced with the resources which make 
for effective work. Not all laboratories are as well 
equipped as the National Physical Laboratory. Pos- 
sibly there are sim-lar problems in the United States, 
and statistics recently compiled by the OECD suggest 
that in 1962 the average spending for each qualified 
scientist engaged on research and development 
amounted to $40,C00, compared with $30,000 in the 
United Kingdom. The difference is scarcely enough 
to account for the differences in rates of pay. Yet in 
both countries it is essential that the fullest use should 
be made of the lim-ted stock of skilled manpower. In 
both places there ic probably room for more growth in 
spending simply sc that people now at work shall be 
éffectively employed. 
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In Britain there is a specific reason why growth 
should continue for some years to come. The univer- 
sities and similar institutions are at present turning 
out more than 20,000 qualified scientists each year, 
and it must be hoped that at least a quarter of these 
will find their way into research and development. 
Indeed, for some years to come, the annual increase 
of the labour force in research and development must 
be expected to grow by 7 or 8 per cent a year if the 
fullest value is to be derived from the expansion which 
the universities have been asked to undertake. In 
other words, the annual cost of research and develop- 
ment should be expected to increase by some £60 
million even without the inflationary pressure of the 
steadily increasing cost of research and development 
of all kinds. Even if, as now seems likely, the G.N.P. 
does not change very much for some years to’come, it 
would be folly to fail to make full use of the skilled 
manpower which has been expensively trained in 
recent years. There are ways of finding lower limits to 
what should be spent on research and development— 
of suggesting how governments should make proper 
use of resources which exist already, or which will 
exist in the years immediately ahead. But what of 
the more distant future ? How many qualified scientists 
and engineers will Britain need in the eighties? How 
much will have to be spent each year if each is to work 
effectively ? There are no ready answers to questions 
like these, yet there is no sign that the trend towards 
increasing dependence on science and technology 
which has been the history of the past three decades 
will now quickly come to a halt. Indeed, things 
point mostly in the other direction. It will be a great 
surprise if the proportion of the G.N.P. being spent on 
research and development comes suddenly to a halt, 
in Britain or in the United States, in 1966. In the 
months between now and Christmas, when British 
government departments will be trying to decide how 
money should be spent in 1967-68, the Council for 
Scientific Policy will be saddled with the task of 
persuading the Treasury that growth is probably 
inescapable. The job would be far easier if the avail- 
able statistics were more reliable. It will be impossible 
if there is too much dependence on fractions of the 
G.N.P. 


MALE AND FEMALE 


Ir is naturally disappointing to read, on page 863 of 
this issue, that an interesting attempt to pre-determine 
the sex of cattle has not so far been successful. For 
some years now, work has been under way at the 
Institute of Animal Physiology of the Agricultural 
Research Council, and British farmers (as well as 
British newspapers) have been awaiting its outcome 
with the greatest interest. They should not now be 
too downcast, for success at this stage may have been 
almost too much to hope for. 

Dr. Keynes and his colleagues at Babraham have 
been following a lead provided by Dr. B. C. Bhatta- 
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charya several years ago, in some experiments with 
rabbits. Then it seemed that if rabbit semen were 
cooled to 1° C to bring to a halt the movement of 
individual sperms, two distinct fractions would separate 
under the influence of gravity, that tending to sink 
more quickly tending to contain a predominance of 
sperms carrying the X chromosomes which determine - 
female offspring. The less dense fraction of the semen, 
on the other hand, would tend to contain a majority 
of Y chromosomes and would, to that extent, produce 
buck rabbits when inseminated into fertile females. 
By all-accounts it is extremely difficult to ensure that 
separation under gravity is not disturbed, which may 
be one explanation for the negative result of the 
experiment with cows at Babraham. But it may also 
be that such differences as exist between the sperms 
which carry X and Y chromosomes may not be 
significant in semen from bulls but just enough to 
make a perceptible difference in rabbits. More may 
be known about this when there has been a chance to 
improve on the statistical validity of the work with 
rabbits. In any event, however, progress is bound to 
be unsure until much more is known about the 
mechanism by which the supposed separation of 
sperms under gravity can be accomplished. The fact 
that X chromosomes are larger and therefore heavier 
than Y chromosomes is not a sufficient explanation, 
for the difference of density that would result is 
insufficient to explain the segregation which is observed. 
But may there not be physiological differences between 
sperms of the two kinds? This is what needs most 
urgently to be determined. Until much more is 
known about the ways, if any, in which the sex 
chromosomes can influence the macroscopic behaviour 
of the sperms which carry them, those who attempt 
to segregate fractions of semen will necessarily be 
working in the dark. 

It does not follow, of course, that there can be no 
hope of determining the sex of cattle until all the more 
fundamental research has been successfully carried 
out. On the contrary, there is such a great economic 
benefit to be won from a way of making sure that dairy 
herds do not waste nearly half their breeding potential 
on unwanted bull calves that experiments are bound 
to continue, and deserve to be supported generously. 
But there are also other lines of enquiry to be followed. 
Talk of implanting fertilized ova of determined sex in 
fertile females is not entirely fanciful, even if there 
can be no assurance that methods which work with 
dificulty in the laboratory, and with laboratory 
animals, can be adapted to the trying circumstances 
of agriculture where, for example, surgical techniques 
are out of the question. Even if further developments 
should show that it is unreasonable to look for success, 
the comparatively modest cost of the work which 
needs doing would be an entirely prudent gamble. 
And fortunately there is no immediate prospect that 
it will be possible to apply any of these techniques 
to human ‘beings, though it may not be too soon 
to ask how society should adapt itself to such a 
possibility. 
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‘NEWS AND VIEWS 


Tribology for Some 
Tur Minister of Technology, Mr Anthony Wedgwood 


., Benn, has now announced the formation of what is to 


- be known as the Committee on Tribology. This is the 
first sign, so far, of the attitude of the British Govern- 
ment to the report of a working party under Mr. Peter 
Jost which appeared under the imprint of the Depart- 
ment of Education and Science earlier this year. The 
committee, soon to be established, is said by the Minister 
. of Technology to be a means of deciding “how the 
= objectives of the report can be most effectively pur- 
-= sued”. It is not, therefore, to be confused with the 
committee whose formation was recommended in the 
report of the working party, and whose function was 
supposed to be the co-ordination of research and the 
provision of a forum for the exchange of information. 
According to Mr. Benn, one of the first questions to 
be asked of the new committee is whether the 
encouragement of better lubrication practices in 
’ British industry is really dependent on the development 
of what the report called “Institutes of Tribology”. 

Since the publication of the report, the Institutes 
of Tribology have become the acid test which separates 
the tribologists from the non-believers. The original 
working party wanted to see the creation of “several 
national centres in lubrication engineering to become 
Institutes of Tribology”. The institutes were to 
undertake research in tribology, provide opportunities 

for post-graduate education and “form and maintain 
` a two-way bridge with industry”, partly by attracting 
industrial men and women to research and teaching 
in tribology, and partly by providing “a specialist 
tribological service to industry on an ad hoc as well as 
a regular basis? Institutes were to be placed near 
- academic institutions for the sake of the education, 
and near industrial centres so as to function effectively 
as consultants. 

This proposal has fallen foul of critics for several 
different reasons. Some, this journal among them 
(Nature, 210, 338; 1966), have argued that the proposals 
are needlessly grandiose. Others have opposed them 
because they seem to cut across the legitimate interests 
of established institutions, and in particular because 
they would be certain to duplicate work that is being 
done, or which should be done, by existing organiza- 
tions for industrial research. The Department of Edu- 
cation and Science has remained somewhat unen- 
thusiastic about the proposals in the report, though 
there is said to have been a welcome for them by some 
members of the University Grants Committee. The 
Ministry of Technology has been hesitant, although 
there is reason to believe that an announcement on 
tribology was at one stage to have been made by the 
previous Minister of Technology, Mr. Frank Cousins, on 
the eve of his resignation from that post. From this 
point of view, the decision to create a new committee 
should be a welcome opportunity to resolve the dif- 
ferences between the tribologists and their critics. If 
' the outcome should be a demonstration of how engineer- ! 


ing departments in universities can more effectively help ‘ 


industry to some of the benefits, often exaggerated, off 


better tribology, nobody will complain. If the result-is 
r merely a better understanding of what the working 


4 


i 


NATURE ki 


- 


787 


party on tribology was really getting at, even that will 
be something gainec. 


ELDO under Scrutiny 


THE view that the European Launcher Development 
Organization (ELDO) has not, so far, been “value for 
money” for the Br-tish Government has been made 
public by a sub-committee of the Estimates Committee 
of the House of Commons (Second Report from the 
Estimates Committee, 1966-67, The European Space 
Launcher Development Organization, H.M.S8.O., '19s.). 
The report stands cut among such documents for its 
topicality; it carries the history of the negotiations 
between the British Government and its European 
partners up to the meeting in Paris on July 7 at which 
a re-allocation of the costs of ELDO among the 
participants was finelly agreed. Some of the verbatim 
evidence in the report is no older than a month. 

For all the reputation of the Estimates Committee 
as a counter of candle ends, the enquiry on ELDO 
seems to have been soncerned as much with the future 
as the past. Jt is made clear, however—possibly for 
the first time—that the French proposal at the begin- 
ning of 1965 for the virtual replacement of the original 
ELDO programme by a much more ambitious venture 
was, at the time, as much of a shock as the circulation 
by the British Government of a memorandum expres- 
sing serious doubts sbout ELDO in February 1966 and 
its public declaraticn to that effect at the beginning 
of June. The sub-committee, by its questioning of 
officials from the oreign Office, did very little to 
define for public purposes how the Government’s 
doubts could have Seen resolved by the decision that 
the scale of its contribution to future costs should be 
27 per cent and nct 38 per cent, although it is also 
now written into the agreements on ELDO that future 
increases of cost wal not automatically be passed on 
to unconsenting partners. 

On the value of the ELDO programme, the com- 
mittee was concerred to establish that the present 
ELDO PAS progranme will yield by 1970 a launching 
vehicle capable of Dutting into a geostationary orbit 
satellites of 150 kg >r so, which will carry some 2,500 
voice channels of zommunication. It was common 
ground among the witnesses that such satellites will 
not be capable of direct television broadcasting, but 
there was disagreement about the extent to which 
they would be abe to form part of a world-wide 
satellite network br the early seventies. ELDO was 
supported with scant enthusiasm by the representa- 
tives of the British Post Office, who held firmly to the 
view that the United Kingdom could secure her 
interests in the fiture of telecommunications by 
negotiations within the international organizations for 
the time being responsible for the development of the 
satellite network. The same exchanges disclosed that 
British companies Lad been invited to tender for the 
six satellites now being developed for INTELSTAT, 
and had not felt akle to put in a bid. 

The sub-committse’s general conclusion is that the 
decisions just reacted on ELDO “are not a solution 
to the real problem’’, and that there is a need imme- 
diately to take dedsions about the long-term future 
of the organization, with adequate guarantees of 
long-term finance. It promises that it will soon turn 
its attention to the general question of space research 
in Britain, and its present report is heavy with hints 
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of how France has arranged that there should be a 
national space programme in parallel with ELDO. 
This prospect of continuity has prompted some 
suggestions that the sub-committee may emerge as a 
British equivalent of the congressional committees in 
the United States, but it is only proper to point out 
that the minutes of evidence now published show that 
it has a long way to go to earn this title. Vital pieces 
of evidence remain unpublished. The pursuit of truth 
is often impeded by gentility. Holding these enquiries 
in public would help to give them point. The lack of 
full-time secretariat plainly shows. 


More Power for Dragon 


At least one dragon is trying to avoid obsolescence. 
The Dragon Project of the European Nuclear Energy 
Agency is moving rapidly ahead with designs for what 
is hoped will be a competitive 1,250 MW (thermal) 
power reactor plant generating 540 MW of electricity. 
The seventh annual report of the Project for the period 
from April 1, 1965, to March 31, 1966, reviews the 
advances that have been made, especially since the 
high temperature gas cooled reactor at Winfrith Heath, 
Dorset, was completed and its full design output was 
achieved. ‘The results have been so encouraging that, 
despite the competition of other operative reactor 
designs such as the United Kingdom’s fast breeder 
reactors, a further £1-5 million has been allocated to 
extend the agreement from April, 1967, to the end of 
that year. There remains the possibility of another 
extension to March, 1970. 

The Dragon project was set up in 1959 under an 
agreement concluded between 12 member countries of 
the European Nuclear Energy Agency, six of which 
belong to the Euratom Commission; the original 
agreement was for five years, but in 1962 this was 
extended to eight years with an increase in the budget 
from £13-6 million to £25 million. An agreement in 
1964 on collaboration with the United States Atomic 
Energy Commission provided for the exchange of 
information and documents and reciprocal visits by 
scientists. A similar agreement was concluded in 
July, 1965, with the Thorium High Temperature 
Reactor Association at Julich, Germany, and permits 
joint use of the Dragon’s major research facilities. 


What to Buy? 


THE perennial question of how a library should spend 
its money on scientific journals may be a little easier 
to answer after the Center for Research Libraries at 
Chicago has finished the programme of research which 
it has persuaded the National Science Foundation to 
finance. The intention is to help libraries to decide 
whether it is better to subscribe to a journal or, alterna- 
tively, to borrow from another library or to buy 
photo-copies of those items in journals when—and 
only when-—they are needed. If speed of access is 
the prime consideration, there may be no substitute 
for acquisition and storage on the spot, although the 
centre points out that libraries may often be able to 
provide a better service for the same cost if they 
acquire several copies of frequently used journals and 
rely on borrowing the others. With journals the 
contents of which fade rapidly into limbo, it may be 
more economical to buy but not to bind. Sometimes 
it will be best for libraries to borrow all but a few 
serial publications. 
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Librarians and the academic committees which 
advise them are familiar enough with these alternatives. 
The Center for Research Libraries hopes to be able to 
help by making a. detailed analysis of the use of serial 
journals, and of the costs to libraries of the various 
stages in handling them. The first product of the 
research programme will be a set of mathematical 
formulae by means of which librarians can hope to 
decide objectively how best to use their budgets. 
But there should also be a wealth of information to 
augment the present scanty knowledge of what really 
happens to the individual copies of the journals after 
they reach the shelves of libraries. The Center for 
Research Libraries has obviously done something to 
win the heart of the National Science Foundation by 
pointing out that some scientific papers which appear 
in journals are read by no more than twenty-five 
people. Much, of course, depends on the meaning of 
the verb to read. 


Healthy Seeds 


Dr. JOHN GRAINGER writes: The International Seed 
Testing Association has begun to publish Series 3 of its 
Handbook on Seed Health Testing (Secretariat of the 
Association, Bennenhaven 1, Wageningen, The Nether- 
lands; working sheets 1-33, except No. 15 and No. 23, 
$1.00 plus $1.00 for special cover). This is a loose-leaf 
folder of thirty-one sheets, each of which gives direc- 
tions for methods of revealing the presence of particular 
seed-borne pathogens. It is introduced and largely 
compiled by Dr. Mary Noble of the Department of 
Agriculture and Fisheries for Scotland, East Graigs, 


Edinburgh, but individual sheets have been prepared 


by Dr. Rohloff of Germany, Dr. Meiri of Israel and Dr. 
Wallen of Canada. The -present series deals with oat 
(three pathogens), Brassica seeds (four pathogens), 
carrot (two), soya bean (one), barley (five), lettuce 
(one), flax (one), rice (seven), opium poppy (one), pea 
(one), sesame (one), wheat (three) and Zinnia elegans 
(one pathogen). This list alone shows the international 
scope of the project. Methods used for examination 
are mainly incubation on or between blotters or in a 
rolled paper towel, sowing in brickstone or sand, or the 
placing of seeds on an agar plate. These simple, suc- 
cessful methods are, however, made precise by the 
specification of standard conditions such as depth of 
sowing, length of incubation at a particular tempera- 
ture, and sometimes the character and diurnal variation 
of illumination. ; 

Particular interest attaches to a method of revealing 
seed-borne lettuce mosaic virus by culture in controlled 
environment—a standard peat medium at a tempera- 
ture of 10° C for 3-5 days in the dark, then 13-19 days 
at 25°—27° C in continuous illumination by warm-white 
fluorescent tubes. Mosaic symptoms appear on the 
first three true leaves of the lettuce if the disease is 
indeed carried by the seed. Washing the seed sample . 
may reveal the presence of some pathogens, while the 
herbicide, 2 : 4-dichlorophenoxyacetic acid (2 : 4-D), is 
occasionally necessary to prevent germination when, 
for example, cabbage seeds are examined for Sclerotenia 
rot. Loose smut of barley can only be revealed by the 
(microscopic examination of embryos. Each sheet is 
‘clearly illustrated by excellent half-tone blocks and 
line drawings of the pathogen as revealed by the 
methods considered. In this the present volume is 
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complementary to another part of the Handbook 


(Series 4 (1) ) by Malone and Muskett, which described 
seventy-seven species of seed-borne fungi for purposes 
of recognition. Since the publication of Series 3, I have 
received ‘working’ copies of eleven further working 
sheets, an earnest that this most important inter- 
national section of agricultural science is being expanded 
energetically. 


Liquid Inorganic Laser 


A Liquip laser radiating at 1:06 microns and based on 
a solution of neodymium oxide in selenium oxychloride 
has been developed by Dr. Adam Heller and Dr. 
Alexander Lempicki, of General Electric and Telephone 


. Laboratories Inc., according to the current issue of 


at 


_ the solvent. 
- selenium oxychloride laser have not yet been deter- 


Applied Physics Letters. The device is a successor to 
an earlier laser based on a solution of a rare-earth in 
an organic chelating compound, the efficiency of which 
was limited by energy absorption by light atoms in 
The working characteristics of the 


mined, but pulses of 1 joule have so far been obtained 
with an input of energy measured as some hundreds 
of joules. 


Long Range Weather 


Tas Meteorological Office is cheerful if restrained about 
the success of its long range weather prediction service 
in its annual report for 1965—the year that saw 
Professor B. J. Mason succeed Sir Graham Sutton as 
director-general (Annual Report on the Meteorological 
Office, H.M.S.O., 9s.). Long range forecasts for a 
period of thirty days ahead have been published twice 
a month for the past three years. On the basis of the 
first two years of the service, the Meteorological Office 
says that results have been slightly better than 
originally expected. According to the annual report 
for 1965, forecasts are assessed after the event by a 
panel of meteorologists, and “marks are given for the 
accuracy of forecasts of temperature, rainfall and 
additional information”. Predicting temperature seems 
to be the easiest, with twenty-eight out of fifty forecasts 
ranking for the mark “good agreement’. On rainfall, 
however, agreement between forecasts and reality was 


. good on fourteen occasions, moderate on seventeen 


and deserving the description “little agreement’ on 
nineteen occasions. 

- The long range forecasts are based on searches of 
records going back to the middle of the nineteenth 
century for analogous patterns of mean temperature 
and mean pressure in the northern hemisphere, and of 
successions of daily weather patterns in the British 
Isles. To predict for September 1966, for example, a 
search is made for weather patterns in August in 
earlier years which resemble that of August 1966. 
The long range weather forecasters are cheerful if they 
ean find several years in which very similar August 
patterns are followed by September patterns which 


. also resemble each other, and they then predict with 


' confidence (though not necessarily with success) that 
| September 1966 will be much the same as the earlier 


Septembers. Evidently this happy set of circumstances 


_is not often repeated, however, and the report also 


points out that much will have to be done before the 
parameters which are really significant in this technique 
of analogous forecasting can be identified. 


NATURE 


789 

What might be called objective long range fore- 
casting is reckoned to be an extremely distant prospect. 
Routine forecasts produced by computers have been 
available for nearly a year, and are said to be already 
as good as those produced by experienced forecasters. 
According to the report, the possibility of producing 
reliable computed forecasts for five days ahead is 
being seriously considered in the United States, and 
is also the motive for the proposed programme of 
World Weather Wstch now being considered by the 
appropriate internazional organizations, and in which 
the Meteorological Office thinks it may be asked to 
play an important fart. 


Academics make Maps 


Dxsprre the fact that many European geological 
surveys rely largely on university personnel for their 
routine geological mapping, the sentinels of British 
geological surveying have long argued against such an 
arrangement. They have claimed that the system does 
not lead to the building up within the organization of 
the stock of experience and knowledge which the staff 
of a good survey neds. Moreover, they are at pains 
to point out that the survey man is a very different 
specimen from the academic geologist. Although the 
latter tends to follow his fancies and become a specialist, 
the professional suxveyor must give—and be seen to 
give-~his wholeheatted and impartial attention to all 
facets of the geolog which he encounters. In the past 
the Geological Survey of Great Britain has suffered 
somewhat from an mnborn fear that a taste of academic 
bliss could entice away members of its staf. 

Recently, with tae advent of new geophysical and 
geochemical methcds of surveying—most of which 
incur organization and finance beyond the reaches of 
many university dspartments—the boot has moved 
gradually over to the other foot. The Survey has 
become less churlisa about entering into co-operative 
schemes with universities. The most recent contract 
to go to a universizy—and the first to deal with the 
production of a one inch geological map—speaks much 
for Sir James Stubblefield’s efforts during his director- 
ship of the Survey to foster relationships with univer- 
sities. Through Prof. Scott Simpson’s persuasiveness, 
the Department cf Geology in the University of 
Exeter has received a contract from the Natural 
Environment Reseerch Council on behalf of the Survey 
(now incorporated in the Institute of Geological 
Sciences). Over a period of 5 years, six postgraduate 
students will work under the joint supervision of the 
University of Exezer and the Geological Survey to 
re-survey the regicn covered by G.S.H.W. One Inch 
Sheet 339 (Teignmouth). This particular sheet was 
chosen because of the need to*revise the Devonian and 
Carboniferous stracigraphy and structure of South 
Devon in the light of recent advances in the stratigraphy 
of South-West Eng.and, and because it is believed that 
the re-investigation of the Bovey Beds and the Haldon 
gravels will yield useful results. Although some of the 
ground has been re-surveyed on a scale of six inches 
to the mile, and alshough there were airborne surveys 
in the mid-fifties, the map itself has not been revised 
since 1909. 

Sir James Stubblefield has made it clear that the 
Geological Survey would be prepared to consider 
approaches from cther university departments with 
the view of further joint projecis. 
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Parliament in Britain 


Tar Minister of Technology, Mr. Wedgwood Benn, 
announced in the House of Commons on August 9 
that the first Institute for Advanced Studies of Design 
will soon be established on the site of the National 
Engineering Laboratory at East Kilbride, Scotland. 
Mr. Benn was replying to a question on plans for 
implementing the recommendation of the Fielden 
Committee to establish such institutes. He said that 
the first institute would be devoted to advanced 
machine and control technology and that a director 
will soon be appointed who will also be a full member 
of the University of Strathclyde. The Establishment 
will be under the Ministry of Technology, but the 
Steering Committee will represent industries, trade 
unions and the university. 


Roventy 55 per cent of the domestic computer 
business is conducted on rental, according to Mr. 
Anthony Wedgwood Benn in a written reply to a 
question about the renting of industrial machinery on 
August 12. He said that the ministry has no informa- 
tion about the extent of renting for other types of 
machinery, but that he is hoping that the new arrange- 
ments for investment grants will lead to “more flexible 
leasing terms” for new types of machinery. 


Reorvurrment of staff for the National Reference 
Library for Science and Invention was said by Mr. 
Goronwy Roberts, Minister of State at the Department 
of Education and Science, to be well under way. His 
written reply to a question on August 11 was that 
thirty-eight librarians and others had been recruited 
since the beginning of the year, although only sixteen 
of these would fill new posts. As yet it appears that 
the part of the National Lending Library housed at 
the British Museum is not open to the public, but that 
what remains in the old Patent Office Library is still 
accessible. 


THE National Foundry College is no longer receiving 
government assistance because it is “a small mono- 
technic’. The subject was raised in the House of 
Commons on August 12, and in a written reply Mr. 
Goronwy Roberts stated that the decision was based 
on the extensive development of the provision by 
local education authorities for higher technological 
education since the college was set up in 1948. In 
the future a more broadly based institution within the 
local authority sector will be better able to meet the 
needs of the foundry and other industries. 


FoLtLowina the recommendations of the Geddes 
Report on the shipbuilding industry, a Shipbuilding 
Industry Board will be set up under the chairmanship 
of Mr. William Swallow, until recently chairman and 
managing director of Vauxhall Motors, Ltd. The 
board’s task is to promote the reorganization of the 
industry, principally by holding discussions with firms 
and unions in advance of legislation. This announce- 
ment was made by Mr. Douglas Jay, President of the 
Board of Trade, in a statement to the House of 
Commons on August 9. He added that implementation 
of the productivity bargains will be deferred for six 
months, in accordance with the White Paper, but that 
both the Government and the Industrial Re-organiza- 
tion Corporation were prepared to give financial 
assistance if required. 
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University News: London 


Pror. J. Brown, at present professor of electrical . 


engineering at University College, has been appointed to 
the chair of light electrical engineering tenable at the 
Imperial College of Science and Technology. Mr. L. 
Castillejo, at present lecturer in theoretical physics and 
fellow of Wadham College, has been appointed to the 
second chair of physics tenable at University College. The 


title of professor has been conferred on the following: | 


Dr. R. A. Kekwick (biophysics, in respect of his post at 


the Lister Institute of Preventive Medicine); Dr. 8. J. ` 
Pirt (microbiology, in respect of his post at Queen 


Elizabeth College); Dr. J. C. Sloper (experimental 
pathology, in respect of his post at Charing Cross Hospital 
Medical School); Dr. R. E. B. Hudson (pathology, in 
respect of his post at the Institute of Cardiology). 


Southampton 


Mr. H. CHARNOCK, at present principal scientific officer 
in the National Institute of Oceanography, has been 
appointed to the chair of physical oceanography. 


Appointments 


Dr. R. §. F. Hennessey, at present head of the Thera- 
peutic Research Division of the Wellcome Foundation 
Ltd., has been appointed assistant research director with 
responsibility for scientific administration. Prof. M. 
Weatherall, at present professor of pharmacology at the 
London Hospital Medical College, has been appointed 
head of the Therapeutic Research Division of the Well- 
come Research Laboratories. 


Dr. B. R. Nizmawan, director of the National Metal- 
lurgical Laboratory, Jamshedpur, has been appointed to 
the United Nations Organization as senior adviser 
(Inter-Regional), Centre for Industrial Development 
(Technological Division) in New York. 


Announcements 


Tue American Society of Plant Physiologists has chosen 
Prof. Daniel I. Arnon, of the University of California 
(Berkeley), as the recipient of its Stephen Hales Award; 
Prof. Kenneth Thimann, of the University of California 
(Santa Cruz), for the Barnes Life Membership Award; 
and Prof. C. B. van Niel, of California, for the Kettering 
Award. At the annual meeting of the Society held at the 
University of Maryland recently, Prof. R. S. Bandurski, 
of Michigan State University, was elected president. 


A NATIONAL Medal of Science has been established. in the 
United States to recognize individuals who have made 
outstanding contributions in the physical, biological, 
mathematical and engineering sciences, and the first 
awards have been made to: Pror. R. H. Bixe, professor 
of mathematics in the University of Wisconsin; Pror. M. 
CALVIN, professor of chemistry in the University of 
California; Pror. H. E. Carrer, professor and head of 
the Department of Chemistry and Chemical Engineering 
in the University of Illinois; Dr. P. CHENEA, vice presi- 
dent for academic affairs in Purdue University; PROF. 
B. L. CRAWFORD, JUN., professor and chairman of the 
Department of Chemistry in the University of Minne- 
sota; Dr. J. C. FLETCHER, president, University of Utah; 
Dr. H. J. Hottomon, assistant secretary of commerce 





for science and technology; Pror. P. J. KRAMER, professor , 


of botany in Duke University; Pror. G. LINDZEY, 
professor and chairman of the Department of Psychology 
in the University of Texas; Pror. W. MoDERMOTT, 
professor of medicine in Cornell University; Dr. R. 
REVELLE, director of the Harvard Center for Population 
Studies in Harvard University; Dr. A. M. WEINBERG, 
director of Oak Ridge National Laboratory. 


A COURSE of instruction in powder technology leading to 
a master of science degree or to the college postgraduate 


y 
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{ diploma will commence at King’s College London in 
į} October. The course will last for one year, and is designed 
i for students who have a first degree in engineering, 
: } physics, chemistry, or certain other approved branches of 
_{ applied science. Further information can be obtained 
-| from Mr. A. Davies, King’s College London, Strand, 
:; London, W.C.2. 


H A. DISCUSSION group for users of gel permeation chromato- 
*§ graphy will be held at Shell Centre, London, on September 
* 13. Further information can be obtained from A. 
f Lambert, Shell Research Limited, Carrington Plastics 
: Laboratory, Urmston, Manchester. 


AN international conference on ‘“‘Forensic Activation 

Analysis” will be held in San Diego during September 

19-21. Further information can be obtained from Dr. 
” Y. P. Guinn, General Atomic, P.O. Box 608, San Diego, 
Y California. 


, A CONFERENCE on “The Physical Basis of Yield and 

' Fracture”, arranged by the Stress Analysis Group of the 
Institute of Physics and the Physical Society, will be held 

_ in the University of Oxford during September 28-30. 

Further information can be obtained from the Meetings 

, Officer, the Institute of Physics and the Physical Society, 
47 Belgrave Square, London, 8.W.1. 


A CONFERENCE on “Nuclear and Particle Physics”, 
arranged by the Nuclear Physics Sub-Committee of the 
Institute of Physics and the Physical Society, will be 
held in the University of Glasgow during September 21-23. 
Further information can be obtained from the Meetings 
Officer, the Institute of Physics and the Physical Society, 
47 Belgrave Square, London, 8.W.1. 


A. CONFERENCE on “The Physics of Semiconducting Com- 
pounds”, arranged by the Institute of Physics and the 
Physical Society, will be held at the University College of 
Swansea during Septembsr 21-23. Further information 
can be obtained from the Meetings Officer, the Institute 
of Physics and the Physical Society, 47 Belgrave Square, 
London, 8.W.1. 


A sympostum on “Plastics and Polymer Technology” 
will be held at the Borough Polytechnic, London, during 
October 27-28. Further information can be obtained 
from the Secretary, Borough Polytechnic, Borough Road, 
London, 8.E.1. 


A SYMPOSIUM on “Solid State and Chemical Radiation 
Dosimetry in Medicine and Biology” will be held, under 
the auspices of the International Atomic Energy Agency, 
in Vienna during October 3-7. Further information can 
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be obtained from the appropriate national authorities 
responsible for atomic energy matters. 


A. symposium on “Combustion in Advanced Gas Turbine 
Systems” will be held at the College of Aeronautics during 
April 4-6, 1967. Papers are being sought for the sym- 
posium and any correspondence should be sent to Dr. 
I. E. Smith, The College of Aeronautics, Cranfield, 
Bedford. 


A SYMPOSIUM on “Microwave Measurement”, organized 
by the Scientific Soziety for Measurement and Automa- 
tion, member orgamzation of IMEKO in Hungary, will 
be held in Budapest during October 12-14. Further 
information can be obtained from the Organizing Com- 
mittee of the IMEKO—Symposium on Microwave 
Measurement, P.O.E. 457, Budapest 5. 


Tue third symposium on “Flames and Industry”, arranged 
jointly by the Institute of Fuel and the British Flame 
Research Committee, will be held at the Imperial College 
of Science and Tecanology, and the Royal Institute of 
British Architects, during October 18-19. Further in- 
formation can be ebtained from the Secretary of the 
Institute of Fuel, 13 Devonshire Street, Portland Place, 
London, W.1. 


A sympostum on ‘“‘Physico-chemical and Biophysical 
Factors affecting tke Activity of Pesticides”, under the 
auspices of the Pestizides Group of the Society of Chemical 
Industry, will be he-d at the London School of Pharmacy 
during April 11-12. 1967. Further information can be 
obtained from Dr. M. B. Green, Imperial Chemical Indus- 
tries, Ltd., Mond Division, P.O. Box 8, The Heath, 
Runcorn, Cheshire. 


A sympostum on “Spectroscopy of Macromolecules” 
is part of the prog-amme of the thirteenth Colloquium 
Spectroscopicum Int rnationale, sponsored by the Canadian 
Association for App_ied Spectroscopy and the Society for 
Applied Spectroscopy, to be held at Carleton University 
during June 19-23, 1967. Further information can be 
obtained from Mr. A. W. Pross, Central Research Labors- 
tory, McMasterville. Quebec. 


A symposium on “‘Ceramic Materials and their Properties”, 
sponsored by the American Ceramics Society, the 
National Bureau of Standards, and the American Society 
for Testing and Meterials, will be held at the National 
Bureau of Standacds in Gaithersburg, Maryland, on 
October 14, Furth=r information can be obtained from 
Dr. Wachtman, National Bureau of Standards, Washing- 
ton, D.C. 


NIGHT SKY IN SEPTEMBER 


All times are in Universal Time 


THE 
MOON 
New Moon 14d 19h 
Full Moon 29d 17h 
PLANETS 
Times of rising (R) and setting (S) during the month 
Name Ris Beginning Middle 
Mercury — Unfavourable for observation 
Venus R Sh 20m 4h 20 
Mars R 1h 50m lh 45m 
Jupiter R lh 15m. Oh 20m 
Satin 48 19h | 20m 18h 80m 


CONJUNCTIONS WITH THE MOON 


Venus 13d 164, £ 8. 
Mars 12d 016, 4° 8, 
Jupiter ok D: o = 
Saturn 428d 8h, 2N. 
End Mag. Dg (10° miles) Zodiacal position 
~ 130 Virgo 
4h 50m ~ 3-4 153 Leo 
Th 40m +19 211 Cancer 
28h 40m — 1-6 534 Cancer 
4h 50m +09 796 Pisces—>Aquarius 


Dg is the distance of planet from the Earth on the 15th of the month. 
OCCULTAXIONS OF STARS BRIGHTER THAN MAGNITUDE +6 AT GREENWICH 


Star RID 
} 189 Tau R 
w Ser D 
| 60 Sgr D 
y Agr D 


Time Meg. 

9d 03h 00 8m +29 
23d 18h 32°7m +18. 

28d 20h 16-1m +30 

28d Oih 67-5m +52 


(D, disappearance; R, reappearance) 


OTHER PHENOMENA 
28d 12h, Autumnal Equinox. 
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HOW TO SPEND MONEY? 


. The following are extracts from the Presidential Address to the Institute of Physica 
and the Physical Society, entitled “Rate of Growth of Expenditure on Science”, 
delivered on May 3, 1966, by Sir Gordoa Sutherland, Master of Emmanuel College, 

Cambridge. 


THE expenditure of the research councils has grown over 
the past 25 years as shown by the figures in Table 1 (taken 
largely from the report of the Advisory Council for Scienti- 
fie Pohey for 1963/64). In 1938/39 the total expenditure 
of the research councils was £1.43 million. By 1964/65 
this had grown to nearly £50 million. The overall com- 
pound annual per cent increase is 14-6 over the 26 years. 
It is on the basis of these figures that the statement is 
often made that Britain has been doubling her expenditure 
on science every 5 years. 

The expenditure of the universities on research in 
science and technology shows a similar trend, although 
the period for which reasonably accurate figures are avail- 
able is much shorter. The figures are given in Table 2. 
Here we find that expenditure has risen from £20 million 
in 1958/59 to more than £50 million in 1964/65. If we 
divide this interval into two periods of 3 years, then the 
compound annual per cent increase increased from 13:3 
for the first three years to 19-1 for the last three. Thus 
in the research councils and the universities the annual 
expenditure is not only rising but the rate at which it is 
rising is also increasing. It is this increase in the rate of 
increase which is rightly beginning to cause concern.- 
If these trends were to continue for even 10 years, the 
expenditure of the research councils would by 1974/75 
have reached a total of about £240 million, which 1s 
considerably more than al government departments 
were spending on civil research (£204 million) m 1964/65. 
A similar extrapolation of the university figures leads to a 
total for the universities from the University Grants 
Committee alone of about £235 million. Thus the com- 
bined total for research carried out at universities and by 
the research councils would be about £475 million in 
1974/75—a total which is nearly equal to the estimated 
combined expenditure on road construction (£192 million) 
and the whole of the Ministry of Aviation (£289 million) 
for the year 1965/66. 


Table 1. EXPHNDITURH BY THE U.K. RESEARCH COUNOILS (£ MILLION) 
1938/8 1947/8 1955/8 1962/3 1964/5 

D.8.LR. 0 89 8 08 6-48 21-87 

A.B.C. 6 32 0-97 4-0 771 

MLB. 0-22 0-77 2-9, 5 86 

N.C — meme 0-21. 0-86 

1:48 4°82 12°89 36-10 494 
Compound annual 144 18-0 158 16-8 
per cent increase 


It is conceded by all scientists that the exponential 
growth of expenditure on science cannot continue indefi- 
nitely at a figure (15-20 per cent per annum) which is 
so out of line with the exponential rate of growth of the 
G.N.P. of the country as a whole (about 6 per cent per 
annum at current prices between 1956 and 1965). How 
can we decide (a) when to start cutting back the rate of 
increase, (b) how much and at what rate to cut back, 
and (c) the correct annual rate of increase at which we 
should finally stabilize ? 

One obvious line of attack is to examine the figures 
available for expenditure on all research in various 
countries and to relate them to the gross national product. 
For Britan, the relevant figures available are given in 
Table 3. It will be seen that in 1955/56 the total expendi- 
ture by government and industry, private and national- 
ized, was only 1-64 per cent of the G.N.P. By 1961/62, 
this had risen to 2-5 per cent, and the best current estimate 
for 1964/65 leads to much the same figure (2:44 per cent). 
Over the past three years of this period, total expenditure 


A 


on research by the four councils and the universities rose 
from 0-21 per cent of the G.N.P. to 0-28 per cent. Over 
the same period, expenditure by all industry showed a 
much smaller rise, that is, from 0:98 per cent of the G.N.P. 
to 1-04 per cent. Thus the compound annual rate of 
increase of expenditure by the research councils and the 
universities (10-1 per cent) was more than. five times that 
of all industry (2-0 per cent) when expressed as a per- 
centage of the G.N.P. Extrapolating these figures, we 
find that in 1974/75 the research councils and universities 
would be spending 0-75 per cent of the G.N.P., while the 
whole of industry would be spending 1:3 per cent. Are 
such figures reasonable ? 

We have seen that Britain’s total expenditure on 
research and development seems to have stabilized at 
around 2-5 per cent of the G.N.P. However, if the rates 
we have been discussing were maintained, then by 
1974/75 all industry together with the research councils 
and universities would be spending 2-05 per cent of the 
G.N.P. If we merely maintain all the other expenditure 
on research as a constant factor of the G.N.P. (1-04 per 
cent), then the grand total of expenditure on research 
and development by 1974/75 would be 3-1 per cent of the 
G.N.P. According to a recent O.E.C.D. investigation, 
the percentages of the G.N.P. spent on research in 1962 
by a number of highly industrialized countries were as 
follows: 


United States 8-1 
United Kingdom 22 
Netherlands 18 
France 15 
Germany 1:3 
Belgium 1:0 


In view of the fact that France and Germany each 
have achieved an economic situation which is much 
stronger than the British, it would seem difficult to 
justify Britain going up to the United States figure of 
3 per cent of the G.N.P. in the next ten years, and surely 
it would be wrong to spend one quarter of that money on 
basic research. Some decrease in the rate of growth of 
expenditure by the research councils and the universities 
on research seems inevitable in the near future. 

The techniques used in pure scientific research are 
becoming more and more expensive as new discoveries 
in one field become applicable to an entirely different 
branch of science; for example, nuclear magnetic reso- 
nance and the Méssbauer effect, discovered by physicists, 
are now widely used in chemical research; electron micro- 
scopes and computers are gradually being used in nearly 
every branch of science. This is often referred to nowadays 


as “the sophistication factor”, that is to say, the addi- - 


tional cost required in order to keep a research laboratory 
up to date technologically. 

We might take the figures for a recent three-year 
period at the National Physical Laboratory to illustrate 
these trends in salaries and equipment costs. The N.P.L. 
is sufficiently large and varied to be representative of a 
cross-section of research laboratories in non-nuclear 
physics, metallurgy, aerodynamics and ship hydro- 

Table 2. EXPENDITURE ON RESEARCH BY UNIV3RSITIES (£ MILLION) as 

1968/9 1959/60 1060/1 1961/2 1962/8 1963/4 1964/5 


U.G.C, 16 4 18 2 19-0 21-2 26 4 31:0 87-1 
R.C. 8-6 46 6-1 7-9 10 1 121° 148fł 
200 228 21 291 866 432 6518 
Percentage of compound 13°83 19-1 
growth rate over 3 years over 2 years 
* Provisional. 
} Estimated. 
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Table 8. EXPENDITURE ON Cry; RESRAROH RELATED TO U.K. Gross NATIONAL Propuctr 


1955/6 1959/60 

G.N.P. at ee prian in £000 million 18-32 227 
Total R ore Din £ milion 800 

(% of G.N. P. ) (1-64) 
Sovana A expe enditure on civil research In £ million ? 
B.C. aes oe univers! ty expenditure in £ million ? 

of 

Private inausty and public corporations in £ million 77°3 

(% of G.N.P.) (0 42) 
Universities alone in £ million 22°8 

(% of G.N.P.) (0-1) 


* icles figure, 


dynamics, doing a 50/50 mixture of pure and applied 
research. During the period under review some rather 
expensive equipment was being acquired (for example, 
payments for a KDF 9 computer of £74,000 were made in 
1962/63 and of £148,000 in 1963/64 and the total staff 
increased from 1,350 to 1,425, nearly 6 per cent in 
the two years). The cost of new equipment for each 
scientist went up from £2,670 to £3,350 in two years. In 
1956/57, the corresponding figure was less than £1,100. 
Whereas new equipment formed only 16 per cent of the 
annual expenditure in 1956/57 that figure had risen to 
nearly 32 per cent by 1963/64. 

The annual increase of 15 per cent in expenditure on 
basic research by the universities and the research councils 
must start to drop eventually, but it could be maintained 
for a few more years if the rate of increase of defence 
expenditure on research and development were still further 
diminished. Moreover, for the past four years the expendi- 
ture of the Atomic Energy Authority on research and 
development has been almost constant at about £54 
million. If the expenditure is constant (at current prices), 
this means that the effort is actually being reduced. It 
could perhaps be further reduced, because several of the 
tasks for which Harwell and Aldermaston were created 
have been accomplished. 


Table 4. ANALYSIS OF N P.L. EXPENDITURE (IN £) 


Per- Per- Cost of new Per- 

Salaries centage centage equipment centage 
and of Equipment of per scientific of 

wages increase increase officer increase 

1961/2 1,878,000 594,006 2,676 Sn 
1962/8 1,446,000 651,000 in two 

years 

1968/4 1,594,000 797,000 8,350 


Undoubtedly the most satisfactory way of producing 
more money for research and development would be to 
increase the G.N.P. at a faster rate. The annual growth 
rate in the G.N.P. of 6 per cent is misleading, because this 
figure is based on current prices for each year. At con- 
stant prices, the real increase in the G.N.P. ovér the past 
five years is only about 3-4 per cent per annum. This 
rate has been surpassed by a considerable factor by 
countries Ikke Germany, Japan and France, countries 
which have been devoting a much smaller fraction of their 
G.N.P. to research and development. Although the 
United States is the country which devotes the largest 
fraction of its G.N.P. to research, it must be remembered 
that this is only so because of a huge programme in space 
research. If this item is eliminated, then the United 
States would be spending & slightly smaller fraction of 
its G.N.P. than Britain. Until about twenty years ago, 
the United States grossly neglected basic science, yet 
its applied science and technology were superb and surely 
played a great part in making its productivity far 
greater than the British in nearly every manufacturing 
industry. During the nineteenth century and the early 
twentieth, Britain was in the forefront technologically 
as well as scientifically, but we have lost our technological 
supremacy in many fields, not only to the United States, 
but to countries like Japan and Sweden. The reasons 
for this change are many and too complex to be analysed 
here, but it is generally conceded that we are not getting 
a sufficiently high fraction of our ablest young men to 
go into applied science and technology. 


793 
1980/1 1981/£ 1962/8 1963/4 1964/5 
24-8 25-8 27-0 28-9 30-8° 
834 750 
(2-5) {2-44} 
187 154 174 204 
(0 54 (0°87) (0 8) 0:68) 
52-8 625 6-5 
(0 21 (0-28) o 35) (0 28) 
247-7 90 
(0-08 (1:04) 
25-1 29 1 86-5 43-1 51-8 
(0-1) (0-12 (0-185) (0-15) (0-17) 


Because our battls to reassert ourselves technologically 
will take some time to win, it is worth considering whether 
we are making the kest use of the government money at 
present being devoted to civil research, and whether some 
changes in the distribition of this money might not be made 
with advantage to ovr technological and economic future. 


Table 6. SOME FIGURES FEOM THR CIVIL ESTIMATES FOR 1966/7 (£ MILLION) 
Department of 


Education and Science Ministry of Aviation 
S.R.C. 33 9 Contribution to ELDO 11-3 
M.R.G. 118 Other space research 33 
A.R.C, 10-3 — 
N.E.B.C.* 54 Total 148 
8.8.2.0. + 0-7 

— istry of A ophnoiody 
Total 622 Total budget aaa U.K.A. E.A. 


* Natural Environment Eesearch Council, 
t Social Science Researct Council. 


An examination ef the Civil Estimates for 1966/67 
reveals some figures which provide food for a good deal 
of thought. These are set out in Table 5. It will be seen 
that expenditure by the Ministry of Aviation on space 
research is greater shan half the total budget of the 
Ministry of Technolozy. However, that is not the whole 
story. Through the Science Research Council an addi- 
tional £5-5 million is seing spent on space research, giving 
a total of more than £20 million, a sum almost as large as 
the combined expend_ture of the Medical Research Council 
and the Agricultural Research Council. Is the expenditure 
of this amount of money justifiable in terms of its returns 
to Britain scientificaly and technologically ? It is often 
argued that “technological fall-out’? justifies a large 
expenditure on space research, and it is certainly a field 
from which we should not wish to opt out completely and 
especially because of the potential return in the field of 
satellite communicatibn. But it is possible\to be active in 
space research with amuch smaller expenditure of money. 

Nuclear physics is another very expensive field of 
research. The estimated direct expenditure on nuclear 
physics by the Scienze Research Council during 1966/67 
amounts to £14-4 milon and of this £1-9 million will go 
as grants to university departments. The total is about 
30 per cent more thar the total expenditure of the Medical 
Research Council or the Agricultural Research Council, 
and more than three tmes the corresponding sum allocated 
to chemistry, metallucgy, biology, technology and the rest 
of physics. Is such an imbalance justifiable ? Is it in the 
best interests of British science and technology ? Is it in 
the best interests of British physics ? Would it not be 
wiser to divert a larger slice of the Science Research 
Council’s cake to sold state physics, to metallurgy, to 
the environmental scBnces, to technology and to chemis- 
try ? The technological fall-out from nuclear physics 
(at least for the next “ew years) is surely far less than we 
can anticipate from ail these other branches of science on 
each of which we spend a small fraction of what we spend 
on nuclear physics. 

If therefore we are eble to decrease our current expendi- 
ture on space researca and nuclear physics, it would be 
quite possible to maintain an annual compound growth 
rate of 10-15 per cent on university research and the 
remainder of the research council research work for at 
least another three yeers. By this time, the new universi- 
ties (the creation of which has been partly responsible 
for the recent steep nerease in the bill for university 
research) might be reesonably well equipped. 
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BUILDING ON SPRINGS 


By R. A. WALLER 


W. S. Atkins and Partners, Epsom, Surrey 


A CONSTANT source of annoyance that has to be endured 
by all who live near railways, especially underground 
railways, is vibration. This is not necessarily so, however, 
where new lines are being built, or where urban areas are 
being redeveloped over or alongside railways. Such 
redevelopment, however, costing each year about £50 
million in London alone, represents a considerable problem. 
Recently in London a building was mounted on springs 
in order to eliminate vibrations generated by a railway and 
transmitted to it through the ground (see Fig. 1). The 
design was to be such as to provide an acceptable level of 
amenity in what were to be high-quality flats. Similar 
specifications in further buildings could well require that 
they also be mounted in this way: a method of establishing 
whether this is worthwhile has been developed!. 

The problem of mounting a complete building on springs 
presents the engineer with many interesting and challen- 
ging problems. Perhaps the most difficult problems to 
overcome are the “psychological” ones met in obtaining 
acceptance for such a scheme. Springs are associated 
with flexibility and not with the ability to carry load. 
Now that a precedent has been created it could be that 
these ‘particular problems will disappear. 
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When a radical change is made in a well-established 
form of construction there are likely to be many side 
effects apart from the obvious problems associated with 
the design of the springs. The following description will 
illustrate how many (undoubtedly not all) of these effects 
and problems were allowed for in the design. 

The first step was to define the design requirements, in 
particular the flexibility required in the springs. This 
followed from a knowledge of the ambient vibrations in 
the ground and of the levels of vibration which would 
be acceptable in the building. The level of vibration in 
the ground was established by direct measurement using 
velocity sensitive probes. The ground vibrated pre- 
dominantly in the frequency band of 20-25 c/s although 
there were some smaller components at lower frequencies 
(the overall velocity amplitude was about 0:04 in./sec). 
These readings were taken while the building that was 
to be demolished to make way for the new one was still 
intact. The new building is about the same weight as 
the old and it was considered that the site conditions 
would not alter significantly or, alternatively, if there was 
a change, that the predominant frequencies might be 
somewhat higher because of the reduction in the mass 
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Fig. 1. Cross-section of building on springs 
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rigidly connected to the ground. (The only change 
measured on the completion of the new building was that 
the lower frequency components were slightly more 
significant. ) 

The thresholds of perception of vibration have been 
widely studied*. Experiments have been carried out with 
people standing, sitting and lying down both parallel 
and perpendicular to the direction of motion. These 
have almost all been for sinusoidal single frequency 
vibration which unfortunately in no way represents the 
pattern of vibrations produced by the trains. At these 
low frequencies, however, peak velocity seems to be a 
reasonable measure of sensitivity and this has been used 
as the criterion. Owing to the considerable variations in 
sensitivities from person to person it is not possible to 
fix a level that would be imperceptible to everybody. 
As with all engineering problems, it was necessary to 
compromise and the level was fixed (0-01 in./sec) such 
that only about a sixth of the population could notice the 
vibrations. The pattern of vibrations generated by the 
trains consists of a number of peaks superimposed on a 
background vibration of significantly lower level and the 
level fixed above was applied to the second highest peak 
recorded. This was an arbitrary decision made to allow 
for the transient nature of the vibrations. The difference 
between the level of the ambient vibration and the 
level which would be acceptable in the building determined 
the flexibility required from the springs and the vertical 
natural frequency of the mounting was fixed at 7 c/s. 
This allowed for the fact that the low frequency com- 
ponents would be magnified. 

Apart from the flexibility the other major requirement 
for the springs was the ability to carry the load of the 
building. The flexibility and load carrying capacity 
determined the type of spring which it would be most 
economic to use. In this case the appropriate type is a 
laminated rubber spring with steel reinforcing plates’. 
Rubber is elastic but virtually incompressible—its bulk 
modulus is much the same as that of water. Between 
two reinforcing plates the rubber tends to flow outwards 
restrained only by its shear stiffness (Fig. 2). The shear 
strain is a maximum at the edge of the plates and limits 
the load that can be applied and the vertical deflexion. 
The thinner the rubber layer the more able it is to carry 
vertical load but the stiffer it becomes. In fact it can be 
shown* that for given load and stiffness requirements the 
volume of the springs is approximately constant. This is 
important because it is the volume which, to a first 
approximation, determines the cost of an individual 
spring. The engineer has, therefore, a reasonably free 
hand to determine the proportions he requires for the 
springs. At one extreme the rubber layers are very thin 
and numerous but because of the high load carrying 
capacity the area of the spring is small; at the other 
extreme the spring has a large area and consists of one 
single thick layer of rubber. 

Generally it will be found best to equate the compressive 
stress in the springs to that carried in thy This 
provides continuity of load carrying 











* Note. Design rules (ref. 4) available fi 
expansion movements in bridges 
rubber slab: 
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load does not have to be spread unnecessarily from a 
column in the building to accommodate a spring. In | 
a reinforced concrete building the eompressive stress in ia, 
the columns will genərally be 1,000 |b./in.* and, as in the 

present building, there is no difficulty in designing the 

rubber springs to an identical figure. In steel structures 

the compressive stresses are higher. While some designs 

of rubber springs have gone up to 2 tons/in.*, and while it 

is theoretically possible to design springs to match the 
compressive stress carried by steel (10 tons/in.*), it is not 

at the moment econemic to manufacture such springs. 

Rubber springs ars non-linear their stiffness increases 
with the speed of bading and their stiffness at small a 
amplitudes is greater than at large amplitudes. Allowance > 
was made for all these factors in the design of the indi- a 
vidual springs which sntailed a vertical deflexion of 0-4 in. 
Without these effects an ideal linear spring would have 
required a deflexion cf 0:2 in. Rubber has the advantage, 
however, of providing damping which is useful in causing 
a rapid decay in any transient disturbance. 
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Fig. 2. Rubber spring. 
It is worth noting in passing that temperature can 
have a significant effect on the behaviour of rubber s 


although, in the present instance where natural rubber | 
was used, it was of no significance. The flexibility is ` 
ected in two ways. There is an instantaneous increase 
; ss as the tenperature fs lowered; for example, 
natural rubber doubles its stiffness. Secondly, 
increass gradually with time owing to 
t low temperatures; for example, natural 
— ZPA: Tha 
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étual ness to stiffn ss of a linear spring with 


e -game deflexion 
‘Ratio dynamic to dentin stiffness 


es Ratio stiffness at service amplitudes to stiffness at 
-amplitude used in dynamic test 


Damping (phase angle) 


{1:5-17 (measured) 
1:14 (measured) 


1:00--1-01 (estimated) 
6° (measured) 


< Perhaps the paramount problem in designing springs 

< for incorporation in the foundation of a building is the 
r - prediction of their useful life. It is quite possible to 

-Jack up a building in order to replace the springs, but 

is is. expensive-—probably too expensive. There are 
ree major ways in which the life of a laminated rubber 
apring could be limited and these were tackled in turn as 
llows: 
Y Corrosion. The corrosion of the steel reinforcing 
tes was. prevented by embedding them 0-25 in. into 
ibber. 
Atmospheric attack. Natural rubber is attacked by 
olet radiation, oxygen and ozone. Fortunately 
re no longer serious problems. The ultra-violet 
ü, which might have initiated oxygen attack, is 
sorbed by the carbon black which is used in the com- 
nding of the rubber. The oxygen attack which 
Tts in deterioration of the physical properties of the 
bber and the ozone attack which results in the cracking 
the rubber where it is strained are both inhibited by the 
ditives used in the manufacture of the rubber. While 
gen and ozone are still, none the less, something of a 
oblem with small sections of rubber (for example, car 
s), with the large volumes involved in the springs used 
», the main body of rubber is very effectively protected 
she outer layers. In particular the critical point at the 
e of the bond between the rubber and the steel reinforce- 
plates is well protected. 
‘Creep. It is difficult to estimate the extent to 
rubber springs will creep over long periods of the 
f.50 years. There are two mechanisms of creep; 
ts from the oxygen attack which would occur 
ously over the years, but in our present springs 
ean be discounted because of their size. The more 
iportant mechanism is due to the effect of loading which 
- produces a creep of approximately 10 per cent of the 
_Ynitial deflexion every decade, that is, every increase in 
ne by a factor of ten. This can be reduced by over- 
ding the springs before putting them into service. In 
ase with an initial deflexion of 0-4 in. it is estimated 
60 years the springs might creep a further 0-1 in. 
hen the building was completed. 


ee. It was stated earlier that the introduction of springs 
< into a eonventional type of building could have a number 

of side effects. The effect of rolling a grand piano from 

one side of the building to the other is fortunately insigni- 
- Beant, but other, perhaps less obvious, effects can cause 
significant problems. The biggest of these is the effect of 
wind. Wind loads are not steady and are generated by 
guste. occurring more or less at random. The problem of 
d gusting is one of random vibration and is amenable 
xme extent to analysis and prediction‘. 
“produce significant™ vibrations in building 
; necessary to examine whether the intro 
bility into the foundations might aggra 
duce the problem where it might not gi 
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in of view of wind gusting, « a “higher: ‘frequency, 2 


still would have further reduced the risk of vibrations ie 


generated by wind, a higher frequency would have. | 
interfered significantly with the isolation of the vibrations. — 
borne through the ground in all directions. ee 
Wind can also generate steady vibrations in a building | 
owing to the shedding of a regular pattern of vortices; — 
this generally occurs with fairly rounded shapes or with | | 
sections with extreme shapes such as those approaching _ 
the flat plate*. In this case, with an approximately square. ~ 
shape and with sharp edges, a steady pattern of vortices 
is unlikely to be set up. The natural frequency chosen 
to avoid problems from gusting would, as it happens, . . 
also prevent trouble on this score because the vortices _ 
cannot be generated at a sufficiently high frequency for | 
the amplitude of vibration to build up. : 
A small margin of safety was allowed in the springs 
because the vibrations which were borne through the- 
ground oceurred at frequencies which correspond with 
the range of natural frequencies to be found in building 
components. So far as possible the floors in particular 
were designed to have natural frequencies away from the 
frequencies of vibration occurring in the ground. It is 
virtually impossible to avoid some magnification. Ho 
ever, if severe magnification had occurred, allowan: 
had been made for the construction to be modified | an 
in an extreme case additional damping layers could have 
been added’. 
Most buildings have to be designed so that in the event 
of fire they will not collapse before the occupants have 
had a reasonable chance to get out. It is probable that 
the rubber springs would burn slowly because of the- 
protection that would be afforded them by a charred | 
outer layer. It is almost certain that they would continue 
to support a load longer than the structure itself (in any 
event, stops were provided to limit the settlement of the — 
building to 0-25 in.). : 
The construction of the building was straightforward; 
it was built on the springs; the rate of building was kept 
uniform and materials were stacked where they were to be 
used in order to ensure that the load was divided between 
the springs in accordance with the design. Having intro- 
duced springs into the foundation it was essential thas 
nothing “bridged? them; all services, for example, 
sewers and gas, were provided with flexible connexions. In 
the same way that, for psychological reasons, the major 
problem in design was obtaining approval for the scheme __ 
in principle, during construction, the major problem was | 
ensuring that the gap under the building was not filled _ 
with unwanted material. Workmen are accustomed to 
plugging such gaps and no matter how often they are 
told they will probably unconsciously continue to fill __ 
any gap that can be filled. As much attention needs to __ 
be paid to designing unbridgable gaps as to designing ae 
cheap and effective springs. pence 
In Dii of all these problems the building was com- _ 
se iao ody sensitive enough to feel any 
b in the building. The economics _ 
well for a difficult site. The co 
0 per cent (springs alone 
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THE classical problem of the motion of a particle in a 
central force field takes on some complications when 
interactions between more than one such particle have to 
be considered and when the radial variation of the force 
is, in consequence, no longer as the inverse square of the 
distance. ‘This problem has a number of applications— 
the accretion of electric charge by dust particles in the 
interstellar gas, the theory of the operation of the Lang- 
muir probe and the development of a satellite wake in the 
ionosphere. This last example forms the central topic of 
this book. 

The book is based on material originally presented at a 
symposium of the American Astronomical Society in 
Washington, D.C., but an attempt has also been made 
to cover. the subject more completely by means of 
additional papers. In all there are fourteen contributions, 
divided into two parts. As is often the case with such 
books, this one presents a difficult problem for the 
reviewer on account of the varying standard of the 
contributions, and also of their completeness of coverage, 
which combine to make it difficult to mdieate how 
thoroughly different portions of the subject have been 
covered. 

Part I deals principally with the interaction with a 
plasma of a charged body which may be moving. This is 
discussed in considerable generality in the first contribu- 
tion by E. J. Opik in a chapter which represents a most 
valuable contribution to the subject, especially in the 
discussion of central force fields where the index of the 
force law is greater than 2. The following chapter, by 
E. H. Walker, develops the ideas of the first for two 
applications-——the potential distribution about a stationary 
sphere in a plasma and about a hypersonic moving object. 
The first of these is the ordinary Langmuir probe; for 
some reason the greater part of the discussion is for the 
physically unrealized case in which both ions and electrons 
are all reflected at the surface of the sphere, though the 
case which actually occurs is also treated. Results for the 
moving object——the case of a satellite wake—are also 
given. It is unfortunate that no comparison with Russian 
work, that of Al’pert and his collaborators, is attempted 
as this is in many respects complementary. In fact, it is 
a noticeable feature of the book generally that the 
references to other work, particularly that done outside 
the United States, are often inadequate. This is possibly 
partly due to its having been a long time in preparation, 
but ıt is a weakness. 

The next chapter, by R. T. Bettinger, deals with probe 
methods of measurement in the ionosphere. This is the 
longest single contribution; from the acknowledgments it 
appears to have been written as È 
reproduced in its entirety, "an im 
review (actually a very 
any event, it was a 
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Soon after the launching of Sputnik I a number of 
different radio-wave propagation effects aroused some 
interest, such as long-distance reception of the satellite 
transmitters. Another effect observed by J. D. Kraus at 
the Ohio State University was thoughi to be scattering of 
WWV transmissions from the satellite or its wake, the 
remarkable feature being the strength of the received 
signal which corresponded to a scattering cross-section of 
104-105 m?, several orders of magnitude greater than the 
geometrical area. To explain this observation provided 
the original incentive for much of the work on satellite 
wakes. However, radio signals are also reflected from 
ionized meteor trails, and the association of some signals 
with satellites has always been controversial. Part II is 
devoted to this topic, and the first three contributions 
(by J. D. Kraus, by T. G. Hame and W: D. Stuart, and by 
T. A. Croft and O. G. Villard) describe different experi- 
mental investigations of this correlation. In the work by 
Kraus, an effort is made to correlate specific strong bursts 
with satellites; it is concluded that positive results are 
obtained. In the next two papers a more statistical 
approach is used but negative conclusions are reached— 
neither investigation yielded effects which could be 
ascribed with certainty to a satellite. The general impres- 
sion left on the reader is that this conclusion 1s more 
likely to be correct. The next three papers (by E. H. 
Walker, by L. Peters and W. G. Swarner, and by K. M. 
Chen) discuss the calculation of the scattering of electro- 
magnetic waves by a satellite wake. Rather oddly, in 
view of the above conclusion, it is found that because of 
the rod-hke form of the trail sufficient energy might be 
focused m an approximately normal direction to give 
effects comparable with those observed. 

The uneven quality of its subject-matter makes it 
difficult to recommend this book without reservations, 
though, at best, as in the chapter by Opik, it is very good. 
The subject-matter for the most part covers a rather 
narrow field and will, therefore, interest specialists. On 
the other hand, three contributions have some general 
application in astronomy and plasma physics and will 
attract a wider audience. The index is comprehensive 
and, for the most part, well selected. A. P. WILLMORE 


QUANTUM APPROXIMATIONS 


JWKB Approximation 

Contributions to the Theory. By Nanny Froman and 
Per Olof Froman. Pp. viii+ 138. (Amsterdam: North- 
Holland Publishing Company, 1965.) 32s. 


TE subject of this book is the mathematical approxima- 
tion method, which to most authors in theoretical physics 
is known as the Wenzel~Kramers—Brillouin (WKB) 
method. Apart from an orthodox derivation of the 
WKB formulae in Chapter 2, the book is based entirely 
on the original work of the authors. 

Their alm dags been to provide a mathematical apparatus 
orous treatment and systematic applica- 
n this, they have added considerably 
the method. The important 
imits of error in applications 
is clearly discussed in 
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The general solution of this system of equations is obtamed 
in the form of four convergent series expansions. For the 
derivation of the exact solution and subsequent discussion 
of its properties (Chapters 4-7) a particularly elegant 
matrix notation is introduced which greatly condenses 
and simplifies the presentation. 

In the final three chapters (9~11) the important points 
emerging from the general theory are illustrated by 
detailed applications to some well-known physical prob- 
lems; these are barrier transmission problems, the bound 
states of a particle in a potential well, and the radial wave 
equation for a spherically symmetric potential. 

The material in this book, which 1s clearly presented 
and well illustrated with contour diagrams, should be of in- 
terest to many theoretical physicists. D. W. Woop 


HYDROGENATION 


Catalytic Hydrogenation 
Techniques and Applications in Organic Synthesis. By 
Robert L. Augustine. Pp. xii+ 188. (London: Edward 
Arnold (Publishers), Ltd.; New York: Marcel Dekker, 
Ine., 1965.) 72s. 6d. net. 


For more than half a century the techniques and mys- 
tiques of catalytic hydrogenation have been fruitfully 
used in synthetic organic chemistry, and a great deal of 
information of what catalyses which reaction and under 
what conditions lies scattered throughout the chemical 
literature. Dr. Augustine has performed a useful function 
in summarizing what is known in this field and presenting 
it ın a form which will be readily assimilated by experi- 
mental organic chemists. 

After a brief introduction, Chapter 2 treats apparatus 
and techniques with quite detailed descriptions of equip- 
ment used both at atmospheric pressure and at elevated 
pressure, with proper emphasis in the latter case on safety 
precautions. Chapter 3 deals with catalysts and condi- 
tions; the preparation, properties and catalytic usefulness 
of hydrogenation catalysts in common use (Raney nickel, 
copper chromite, Adams platinum oxide, palladium on 
charcoal, etc.) are described. The reader could, however, 
be pardoned for forming the erroneous impression that 
there is only one manufacturer of supported noble metal 
catalysts. ~ 

Tt is in the second part of this chapter that Augustine’s 
presentation is weakest. The proper choice of reaction 
conditions is of paramount importance in determining 
the yields of products, but the effect of agitation 1s dıs- 
mussed in one sentence without mentioning diffusion or 
transport control, and although efficient use of the 
catalyst is clearly not a prime consideration in preparative 
organic chemistry, it 1s well established that agitation 
conditions can. effect selectivity in multi-stage reactions. 
The effect of temperature is likewise dismissed somewhat 
lightly. here is no mention of the fact that the mcrease 
in vapour pressure of the solvent with temperature serves 
to reduce the partial pressure of hydrogen and that this 
can under certain circumstances give an apparently 
negative activation energy. The effect of quantity of 
catalyst is also discussed without reference to diffusion 
limitation In a monumentally cumbersome sentence. 
The author’s style in this section is often obtuse, and 
sometimes ambiguous. The sentence (page 46): “AN 
hydrogenations, except that of nitro groups, in which a 
nickel catalyst is used, increase ın rate with the addition 
of base”, besides being ungrammatical, is capable of two 
distinct interpretations: such is the power of the mighty 
comma ! 

There follow two chapters on the hydrogenation of 
functional groups in which the author considers in turn 
the various reducible groups encountered in organic 
chemistry: he starts each section by stating a general 
recipe for the hydrogenation, and subsequently enlarges 
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and qualifies this by means of illustrative examples. 
Perhaps wisely, the author eschews any mechanistic dis- 
cussion, although some further attempt at rationalization 
of the observations would not have come amiss. It is, 
however, these two sections, and the following chapter 
on hydrogenolysis, wich will be most widely appreciated 
and used. 

It is commonplace, to-day, to complain of the price of 
scientific books: meny, I fear, will wonder whether 
72s. 6d. is not too high a price to pay for less than 200 
pages, whatever their value. G. C. Born 


LIVING STRESS 


The Physiology of Human Survival 

Edited by O. G. Edholm and A. L. Bacharach. Pp. 
xxi+581. (London Academic Press, Inc. (London), 
Litd.; New York: Academic Press, Inc., 1966.) 140s. 


In their introductory remarks the editors state that this 
book arose from discussions between themselves about the 
factors affecting the survival of the individual and his 
ability to adapt to changing conditions. They have 
gathered together articles by sixteen writers, physiologists 
and psychologists, relating primarily to the responses of 
human beings to a w-de variety of external and internal 
stresses ranging from. those of extremes of temperature 
and pressure on the >ne hand to sleep deprivation and 
pregnancy on the otker. The editors aimed at bringing 
together all the important information at present available 
on the effects of environmental stress on man meluding, 
where it 1s necessary Sor a more complete understanding, 
accounts of the effects on other mammals. It is relatively 
easy to pick out areas which have not been dealt with in 
this book, but the editors point out that they did not 
intend it to be all-embracing and in certain respects it 
may be regarded as ksing complementary to the volume 
in the Handbook of Physiology series published by the 
American Physiological Society on Adaptation to the 
Environment which dealt with the whole animal kingdom. 
The contributors were asked not to produce a complete 
review of their subject but rather to concentrate on their 
own fields of researen within the subject allocated to 
them. This request has been met by a variety of responses 
so that the scope of tke articles ranges from a comprehen- 
sive review of the efects on man of deficiencies and 
excesses of water and salt intake by W. 5S, S. Ladell to a 
relatively detailed account by J. D. Hatcher of his own 
work on the humorel mechanisms responsible for the 
increase of cardiac outout induced by acute anoxic anoxia. 

The first sıx chapters of the book deal with the responses 
of man to stresses asscciated with changes in his physical 
environment. The firs two chapters, one on the effects of 
cold by L. D. Carlson and A. C. L. Hsieh, and the other by 
R. H. Fox on the effects of heat, reflect the different 
interests of these authors. Thus, while the chapter on cold 
is based on a mathercatical treatment of heat exchange, 
Fox deals at length wish the problems of finding a reliable 
index of heat stress and the techniques for studying and 
determining the physielogical changes responsible for heat 
acclimatization. Hatcher’s account of the cardiovascular 
and respiratory resporses to acute anoxia is followed by a 
comprehensive description by L. G. C. E. Pugh of the 
adaptive responses to hypoxia which occur on prolonged 
exposure to high altitudes. A brief review of the physio- 
logical effects of exp2sure to high pressures by H. J. 
Taylor shows the many phenomena in this field which 
invite further study. Progress in one particular field is 
illustrated by P. B. Bennett’s article on the narcotic action 
of inert gases. An autnroritative account by P. Howard of 
the effects of high and low gravitational forces brings out 
the contrast between extensive present-day knowledge of 
the mechanisms whien underlie man’s reactions to the 
stress of increased grevitational field and the paucity of 
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information concerning the physiological effects of the 
weightless state. 

The second section of the book consists of articles 
which deal with nutritional stress and exercise. In a 
discursive review of nutritional changes, R. A; McCance 
and E. M. Widdowson point out that man has himself 
created the nutritional stress of a surfeit of calories. There 
follows W. S. S. Ladell’s extensive account of the effects 
of the disturbance of water and salt balance. J. V. G. A. 
Durnin presents in a provocative chapter an objective 
evaluation of the value of exercise, and emphasizes the 
need for adequate physical exercise in modern society. 
A chapter by F. E. Hytten and A. M. Thomson on the 
stress of pregnancy presents a summary of the physio- 
logical changes which occur in this condition, and discusses 
in detail the associated changes of food stores and energy 
requirements. 

In the next section of the book, Mary C. Lobban calls 
on the wealth of experimental data which she has collected 
in her studies at Spitsbergen to present some of the 
challenging problems associated with the ‘biological 
clocks’ of the human organism. R. T. Wilkinson describes 
the difficulties which have been encountered in attempts 
to demonstrate physiological and biochemical changes 
as & result of deprivation of sleep. Indeed, he points out 
that it has only recently been possible to demonstrate 
objectively the decrement of performance of which one is 
aware after a sleepless night. 

In a stimulating article A. T. Welford describes the 
present state of knowledge with respect to the psycho- 
logical and physiological mechanisms involved in fatigue. 
This chapter, taken in conjunction with the succeeding 
one by S. M. Hilton, in which he describes his studies on 
the neurophysiological mechanisms underlying emotional 
expression, demonstrates how the artificial barriers which 
have for so long separated psychology and physiology are 
being broken down. 

The final chapter of the book by R. W. Brauer, which is 
entitled “Irreversible Changes”, emphasizes the areas in 
which further experimental work is required in order that 
the physiological processes which underlie human reactions 
to stress may be better understood. 

I enjoyed reading this book and it will no doubt be of 
value to those concerned with human biology. The 
specialist working in one of the more applied fields of 
human physiology will find much of interest, particularly 
in regions other than that with which he is directly con- 
cerned. The editors are to be congratulated on the result 
of their efforts to obtain uniformity of expression between 
the sixteen contributors to this book. J. ERNSTING 


BREATH OF LIFE 


Oxygen 

(Proceedings of a Symposium sponsored by the New 
York Heart Association.) Pp. 283. (London: J. and A. 
Churchill, Ltd., 1965.) 42s. 6d. 


Few substances are as familiar as oxygen. With these 
words the chairman of the symposium committee begins 
his general introduction to the proceedings of a sym- 
posium sponsored by the New York Heart Association. 
Let us hope the spate of books on the biological importance 
of oxygen does not make us contemptuous. However, 
this volume makes a valuable contribution to a most 
important field, despite its appearance so soon after the 
larger work, Oxygen in the Animal Organism, published in 
the International Union of Biochemistry Symposium 
Series. 

The work is divided into four parts, each introduced 
by an eminent authority and followed by a discussion. 

In the first part, introduced by D. Rittenberg, M. Dole 
describes the ‘‘natural history” of oxygen, beginning with 
its cosmic generation and going on to the formation of 
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molecular oxygen in the Earth’s atmosphere. The main 
part of the first paper is concerned with an attempt to 
quantitate the mechanisms for the production of mole- 
cular oxygen. The first of these before the appearance of 
life on Earth is the photolysis of water vapour and the 
second photosynthesis. The production of oxygen per- 
mitted the appearance of other living systems for two 
reasons: it provided an energy-producing mechanism, the 
reduction of molecular oxygen, and in addition the 
appearance of oxygen, at about 1 per cent of the 
present level, was followed by the formation of ozone, 
which acted as a barrier to ultra-violet light. This event 
occurred in the Cambrian era and was followed by an 
“evolutionary explosion”. 

The second paper, by H. Taube, is concerned with 
mechanisms of oxidation with oxygen. It begins with a 
discussion of the relevant aspects of the electronic 
structure of oxygen and goes on to consider oxidation 
mechanisms generally as biological models. 

The second part, on oxygen-transporting pigments, is 
introduced by R. Forster. Only two pigments are con- 
sidered: haemoglobin and myoglobin. They illustrate 
two different types of transport mechanism. Haemo- 
globin transports oxygen in the blood from the lungs to 
the tissues by increasing the capacity of blood for oxygen, 
whereas myoglobin in the tissue facilitates the transport 
of oxygen by a rather different mechanism. That myo- 
globin may facilitate the diffusion of oxygen in tissue is 
a recent hypothesis, and J. Wittenberg considers some of 
the possible mechanisms. In the second paper in this 
section, P. Urnes discusses the important question as to 
how far the magnificent work on the structure of crystal- 
line myoglobin is relevant to the structure of the 
molecule in solution. From observation of the ultra- 
violet optical rotatory dispersion of the solution, he con- 
cludes that no appreciable change in conformation occurs 
on solution. F. J. R. Roughton’s masterly account of 
recent work on haemoglobin closes this section. His main 
theme is the possible role of aggregation of the haemo- 
globin molecule on oxygenation. There seems to be a 
range, from the lamprey, in which aggregation is of 
fundamental importance to the reaction, to the sheep, 
whose haemoglobin shows minimal change of aggregation 
on oxygenation. 

V. Dole introduces the third section, on oxygen con- 
sumption in the cell. In the first paper, entitled “Oxida- 
tion and Peroxidation”’, P. Nicols considers the reaction 
of the haem enzymes with molecular oxygen and dis- 
cusses a different kind of theory of the mechanism. R. 
Butow and E. Racker, in their paper on the mechanism 
of respiratory control, discuss the properties of their new 
model in which the “loosely coupled’ sub-mitochondrial 
respiratory particle is made “tightly coupled” by the 
addition of o-phenanthroline. 

The section is closed by B. Chance, who considers the 
way in which the oxygen and control reactions described 
in the previous two papers could co-operate to establish 
& purposeful metabolic control in vivo. 

The final section, introduced by S. Granick, is entitled 
““Non-Haemoproteins and Oxygen’’. In the first paper, 
Q. Gibson describes the mechanisms of reaction of some 
flavoprotein enzymes with oxygen. These differ from the 
haem enzymes in that oxidation and reduction involve 
two equivalents and the evidence for the existence of 
intermediately oxidized forms is considered. In the 
second paper, E. Frieden, S. Osagi and H. Kobayashi 
survey the interaction of the copper proteins and oxygen 
and consider the correlation between structure and fane- 
tion. Finally, H. Goldfine in his paper “The Evolution 
of Oxygen as a Biosynthetic Agent”? presents a com- 
pletely different aspect of the biological role of oxygen. 
All the other papers were essentially concerned with the 
role of oxygen in bioenergetics, but this final paper con- 
siders it as a synthetic agent, as an integral part of cell 
constituents. 
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Each of the four sections is followed by a general dis- 
cussion, which has clearly been carefully edited but with- 
out losing the spontaneity of some of the comments. The 
book is well printed and reasonably well bound; the 
index, however, contains some errors but it is of a higher 
standard than is sometimes found in published pro- 
ceedings. I. 8. Loyemur 


STAFF OF RUSSIAN LIFE 


Biochemistry of Grain and Breadmaking 
Edited by V. L. Kretovich. Translated from the Russian 
by N. Kaner. Edited by E. Seijffers. Pp. xi+259. 
(Jerusalem: Israel Program for Scientific Translations; 
London: Oldbourne Press, 1965.) 81s. 


Foop technologists, plant breeders and cereal chemists in 
particular will read this book with interest and profit. It 
is @ collection of thirty papers read at the All Union Con- 
ference on Biochemistry and Breadmaking in Moscow in 
1960. The Conference was held by a decision of the 
twenty-first Congress of the Communist Party of the 
Soviet Union as part of the National Seven Year Plan. 
Twenty-six of the papers are concerned with wheat and 
the remaining four with maze, rice, barley and sorghum. 
The Conference was held in 1960 and it is easy to say 
that the papers are now dated. This would be most 
misleading. Some of the problems may have lost a little 
of their novelty, but they still remain, and this book 
brings them together, defines them very clearly and, 
wherever possible, relates them. 

The Conference was opened by N. M. Sisakyan, bio- 
logical secretary of the Academy of Sciences, who stated 
that the Soviet Union is “a grain producing world power 
with unlimited possibilities”, and in which “the crop 
yields and grain quality should be the highest in the 
world’. He read out two resolutions approved by the 
Academy of Sciences, one of which is certainly worth 
pondering over: “The importance of a more concentrated 
effort in tackling the major research problems must be 
impressed on scientists and scientific organizations. They 
must be encouraged to display the maximum possible 
initiative and creative ability, and must keep informed on 
the progress of science and participate in the discussions 
taken on the scientific research policy”. 

A masterly paper by Prof. Kretovich opened the Con- 
ference and outlined the scope of the field of research 
involved in the decision of the twenty-first Congress, Here 
and there he highlighted certain aspects with important 
practical applications, such as the possibilities of breeding 
maize and wheat with a high lysine content, the protein 
complex of flour and the changes it undergoes during 
breadmaking, and the proper drying of damp grain. He 
also emphasized the part that electronics can play in the 
development of automatic analytical methods for use in 
the handling of cereals and in the operations of milling 
and baking. 

It is invidious to single out individual papers, but I 
read with particular interest that on the effects of 
irradiation on the baking properties of wheat by Sosedov 
and Vakar, on the biochemical effects of wheat condi- 
tioning by Zotova and Kretovich, on the structure of 
cereal proteins by Reznichenko, and on the action of 
oxidizing and reducing agents on gluten by Shklovskii. 
Another paper, by Auerman et al., in making a strong 
case for the widespread use of ascorbic acid as a bread 
improver, is of particular interest in Britain in the light 
of recent developments in rapid breadmaking in which 
ascorbic acid is an essential ingredient. 

My most striking impression is perhaps the close 
similarity both of the problems and of the manner in which 
they are being tackled in the U.S.S.R. and in Britain. 
This perhaps is not surprising, yet apart from some 
references to the work of Chibnall and Sanger on the 
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chemistry of proteins, there are practically no references to 
papers published outs de the Soviet Union. But then how 
many references to Eussian work would be found even. 
in a review paper on any aspect of cereal chemistry pub- 
lished in Britain? ‘The book certainly suggests that an 
International Scientife Conference focused on the staff of 
life would present no difficulties over a programme, would 
be well worth while, and any recommendations regarding 
future research woull be unanimous. As Academician 
Sisakyan pointed out, the biochemistry of grain and that of 
breadmaking are of the utmost scientific and practical 
importance and play # major part in his country’s economy. 
In this respect the U3.S.R. is not unique. T. Moran 





Weak Interaction o° Elementary Particles 

By L. B. Okun’. Trarslated from the Russian by S. and M. 
Nikolić. Translatior edited by J. Bernstein. (Inter- 
national Series of Monographs in Natural Philosophy, 
Vol. 5.) Pp. x+292. (London and New York: Pergamon 
Press, Ltd., 1965.) €0s. net. 


Tms book by Prof. L. B. Okun’ of the Institute of 
Theoretical and Experimental Physics, Moscow, is 
intended for gradua+e students who are specializing in 
hıgh energy physics. It really starts from the beginnings 
of the subject, so that ıt can ve put into the hands of a 
research student as soon as he starts work, provided only 
that he has had a reasonable general grounding in quantum 
mechanics. 

In just under three hundred pages it goes systematically 
through the subject cf weak interactions. It starts with a 
general discussion o7 the fundamental interactions and 
defines the operations of space, time, and particle (charge) 
reversal. Then follows a series of chapters on pure leptonic, 
semi-leptonic and ncn-leptonie decays. Calculations are 
presented in considerable detail, and there is no resort to 
“it can be shown”? oz “it is easy to see”. l 

The book is based on lectures originally given in 1960 
and still carries the Javour of that period with its major 
emphasis on parity ron-conservation. Some revision has 
been made during tbe translation in 1964, which consists 
mainly of a long add-tional chapter on unitary symmetry. 
There is, of course, no mention of the recent discovery 
that charge-parity is also not universally conserved. 
This matters less than it might, because it has not yet 
been incorporated in any satisfactory way into the general 
theory, but remains for the moment an isolated freak 
effect of the neutral K-complex. 

Okun’ is one of tha best-known high-energy theoretical 
physicists of the U.5.8.R. with a world-wide reputation 
for his clear thinking and incisive critical approach. The 
translation has been edited by J. Bernstein, also a high- 
energy physicist of international repute, who „has con- 
tributed to the New Yorker, and takes a pride in finding 
the felicitous phrasə. The result is something rare— 
particularly when the transition is from Russian into 
English—a first-rate translation of an excellent book. 

P. T. MATTHEWS 


Selected Problems in Quantum Mechanics 

Collected and editec by D. ter Haar. Revised and aug- 
mented second editicn of Gol’dman, Krivchenkov, Kogan 
and Galitskii, ‘“Protlems in Quantum Mechanics”. Pp. 
vii+402. (London: Infosearch, Ltd., 1964. Distributed 
outside the U.S.A. ky Macmillan and Co., Ltd., London.) 
50s. 


Tx second edition cf this excellent collection of problems 
is certainly to be welcomed. The problems, with detailed 
solutions, cover most aspects of non-relativistic quantum 
mechanics, with a renge of difficulties covering the whole 
spectrum of undergraduate and postgraduate teaching. 
The changes from tie first edition are an increase in the 
number of problers from 333 to 404 and a greatly 
improved typograpkLy. 
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A. collection of problems such as this is usually consulted 
both to test one’s knowledge and to further it. In many 
ways these are separate functions, and perhaps the only 
real criticism of the book is that the two functions are not 
separated well enough. Undergraduate students in par- 
ticular would often want to use the book as a practice for 
examinations, and it is a pity that the simpler problems 
are not differentiated from the others in some way: 
often the only way for such a student to discover that an 
apparently simple problem requires mathematical tech- 
niques beyond his ability, apart from wasting hours of 
effort, is to look firstly at the solution in the back of the 
book! On the other hand, more senior students who are 
using the book as advanced reading might well prefer the 
difficult problems to be clearly grouped together in each 
chapter. 

This is a small point, however, which should not prevent 
this second edition being as widely read as the first, as it 
well deserves. F. H. Reap 


Ultrasonic Engineering 
By Julian R. Frederick. Pp. xii+ 379. (New York and 
London: John Wiley and Sons, Inc., 1965.) 113s. 


Tas author of this book is an associate professor of 
mechanical engineering in the University of Michigan 
and as therefore might. be expected he deals very com- 
petently with the engineering aspects of ultrasonics. 
He has also had the earlier benefit of being associated 
with Firestone when the latter was developing his ultra- 
sonic flaw detection systems, and so Chapter 7 dealing 
with this subject is a very authoritative contribution to 
the literature. Inevitably, through compression into a 
single chapter, the basic theory has suffered somewhat 
in places through inadequacy of explanation, but these 
are small blemishes in a book which 1s written in a lucid 
style and where the text is supported by excellent line 
diagrams. It contains a wealth of practical and theoretical 
information which is by no means restricted to American 
sources. There is an excellent set of references and a 
most useful guide to ultrasonic literature which the 
growing field of users of ultrasonics will find invaluable. 
R. W. B. STEPHENS 


Parliament and the Executive 

An Analysis with Readings. By H. V. Wiseman. Pp. 
xvi+ 271. (London: Routledge and Kegan Paul, Ltd., 
1966.) 188. 


APART from an introduction, largely historical, of 46 pages, 
this book consists of 120 short extracts from writings 
about the relations between Parliament and the executive. 
They range from standard authorities such as Dicey and 
Bentham, Bagehot and Mull to the current writings of 
Sir Ivor Jennings, D. N. Chester, K. C. Wheare and Lord 
Campion, and are classified in eleven sections dealing 
with such subjects as collective and individual ministerial 
responsibility, the power of the Cabinet, the role of the 
House of Commons, questions and the use of committees. 
Scientific aspects of the formation of policy are not 
specifically discussed in these extracts, although the 
introduction shows some awareness of these aspects in 
explaining the choice and arrangement of the extracts. 
There is in fact little of direct interest to the scientist in 
this book and, while the variety of the extracts indicates 
the extent of the field to be considered, the work is unlikely 
to prove more satisfactory for the general reader. The 
extracts generally are too short and the introduction fails 
to gain the coherence which a well-chosen anthology 
should possess. To those embarking on a first study of 
British history or politics it may well provide a useful 
introduction to the literature, but Prof. Wiseman con- 
tributes disappointingly by way of criticism himself, 
though his selection of extracts is representative and well 
designed to assist the formation of a sound opinion on 
the role of Parliament in relation to the increased power 
of the executive. R. BRIGHTMAN 
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DRUGS FROM ANIMALS 


THE first international symposium on “Drugs of 
Animal Origin’? was held at the Istituto di Ricerche 
Farmacologiche Mario Negri in Milan, during May 12-13, 
organized by Prof. Garattini (chairman) and Prof. Leonardi 
(secretary). As expected from the all-embracing nature 
of the title, the topics discussed varied enormously. They 
ranged from recent developments ın the chemistry and 
pharmacology of hormones in well-established endocrine 
fields, to the introduction of new concepts about the part 
played by the body as 1ts own pharmacologist and dispen- 
sing chemist. 

The prostaglandins provided the largest single topic, 
and Prof. Bergstrom (Karolinska Institutet, Stockholm) 
opened the discussion with an excellent review of the 
present knowledge of their structure, biosynthesis, and 
metabolism. With this knowledge available, Dr. Vogt 
(Max Planck Institut, Germany) extended the scope 
to the release of prostaglandins from guinea-pig lung by 
cobra venom and by such milder stimuli as hypertonic 
saline. It would appear that prostaglandins provide a 
normal constituent of the slow-reacting substance released 
in this manner. The wider distribution of prostaglandins 
outside the site from which they take their name (the 
prostate) was clearly shown both by Prof. Horton (St. 
Bartholomew’s Hospital Medical School, London) and 
by Dr. Paoletti (University of Milan). Prof. Horton’s 
work demonstrated the presence of various prostaglandins 
in the central nervous system of the cat and the fowl, and 
showed the unusual pharmacological responses which 
injection of these drugs can induce. Dr. Paoletti’s work 
was concerned with the systemic pharmacological and 
biochemical actions (for example, on blood pressure, heart 
rate, mobilization of glucose). 

Another subject dealt with by a number of authors 
was the control of blood calcrum levels. Until quite 
recently it was believed that the level of blood calcium 
was essentially under the control of parathormone—the 
hormone of the parathyroid gland. Dr. Aurbach (National 
Institutes of Health, Bethesda) presented a summary of 
the chemical, biological and immunological properties of 
parathormone, and suggested a probable structure. How- 
ever, another hormone, thyrocalcitonin, has recently 
been isolated from the thyroid gland, and has been shown 
to possess an important plasma calcium-lowering property. 
This topic was briefly mentioned by Dr. Andreoli (Istituto 
di Patologia Medica, Rome) when considering the broader 
aspects of synthesis, metabolism and actions of thyroid 
hormones. A more detailed study was given by Dr. 
MacIntyre (Postgraduate Medical School, London), who 
described classical endocrine experiments in which per- 
fusion of the vascularly inseparable parathyroid/thyroid 
gland of the dog was performed. Perfusion with blood 
contaming high and low calcium levels resulted in low 
and high systemic blood levels respectively. Use of the 
goat (in which the thyroid and parathyroid glands are 
anatomically separate) strongly suggested that the hor- 
mone is secreted by the thyroid. The hormone was shown 
to act independently of the parathyroid hormone, and 
to produce its effect by increasing bone uptake of calcium, 
an effect probably arising from a reduction in the break- 
down of bone. The possible clinical applications of thyro- 
calcitonin in hypercaleaemia and other diseases in which 
calcium metabolism is upset were discussed, both by Dr. 
MacIntyre and by Dr. Milhaud (Institut Pasteur, Paris), 
but so far only limited clinical results are available. 

Other subjects discussed show the varied nature of the 
meeting. Dr. Schofield (Royal Veterinary College, 
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London) presented evidence obtained from experiments 
in guinea-pigs and sheep which demonstrated the action 
of the placenta on the myometrium, and indicated its 
possible function in labour. Dr. Jung (Universitat 
Frauenklinik, Germany) demonstrated a substance of 
myometrial origin which activated the rat uterus, while 
inhibiting the human uterus. 

Prof. Robson and Dr. Robinson (Guy’s Hospital Medical 
School, London) presented evidence for the presence of an 
anti-inflammatory substance at sites of inflammation, 
with some preliminary data on its possible chemical 
nature. Dr. Masek (Institute of Pharmacology, Prague) 
described the pharmacological effects of palmitoyl 
ethanolamide, a compound which occurs naturally in 
some mammalian tissues, and which has been shown to 
possess anti-inflammatory, anti-anaphylactic, and anal- 
gesic actions. 

Several papers dealt with various aspects of assay 
techniques used to estimate trophic factors associated 
with central control of endocrine function. Dr. De Wied 
(University of Utrecht, The Netherlands) reviewed the 
wn vivo and in vitro methods available for the assay of 
corticotrophin releasing factor. Prof. Martini (University 
of Milan, Italy) then discussed a new technique known 
as the “pituitary depletion method”, which has recently 
been developed in his department. This enables simul- 
taneous evaluation of the activity of hypothalamic 
extracts on all pituitary hormones, and has facilitated 
investigation of the physiological significance of the 
hypothalamic control factors. Finally, in this sphere, 
advances in the techniques of extraction, separation and 
purification of human follicle stimulating hormone were 
reviewed by Dr. Reichert (Emory University, U.8.A.), 
who then went on to discuss the value of available biologi- 
eal assay methods. The preparation of purer samples of 
follicle stimulating hormone has, over recent years, made 
possible much greater accuracy in therapeutic dosage in 
cases of amenorrhoea, thus reducing the risk of multiple 
ovulation. 

B. V. ROBINSON 
J. M. Rosson 


NON-LINEAR ACOUSTICS 


SIxTy-Two people attended the one-day symposium on 
non-linear underwater acoustics, sponsored by the newly 
formed British Acoustical Society and organized on its 
behalf by Professor D. G. Tucker, which was held in the 
Department of Electronic and Electrical Engineering 
at the University of Birmingham on July 19. Professor 
Tucker took the chair for the morning session and Dr. 
R. W. B. Stephens (Imperial College of Science and 
Technology) in the afternoon. 

Three of the five papers presented discussed the sound 
field arising from the interaction of two coincident acoustic 
waves. Professor S. Tjøtta (University of Bergen) presented 
& rigorous mathematical analysis based on the hydro- 
dynamical equations while Dr. H. O. Berktay and Mr. 
B. V. Smith (University of Birmingham) gave alternative 
(and simplified) engineering approaches to the same 
problem. These papers showed that, as a result of the 
non-linear relationships of acoustic pressure with density on 
one hand and compressibility on the other, two coincident 
plane (or spherical) primary waves of differing frequen- 
cies produce virtual sources in the water at the harmonic 
and intermodulation frequencies. These virtual sources 
form a virtual acoustic array in the medium itself, and 
Dr. Berktay discussed in detail some possible transmitting 
applications of the virtual array formed at the difference 
frequency and illustrated these by experiments. He 
showed that a number of desirable results could be 
obtained economically, including high directivity at low 
frequencies with small transducers and a substantially 
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constant beamwidth over a wide range of transmitted 
frequencies. These possibilities could completely revolu- 
tionize the design of echo-sounders, wide band sonars 
and transmit-beam scanning sonars. A small scale model 
of a non-linear sonar system was also demonstrated; 
a narrow beam of acoustic waves at a frequency of 100 
Ke/s was formed from two primary waves in the region 
of 3 Mejs. Professor Tjøtta made the further point that 
if one of the primary waves was used as a “pump” and 
the other consisted of an echo-signal from a distant target, 
parametric amplification of the weaker signal could be 
effected. During the discussion, the similarity between 
the parametric amplfication of acoustic and electronic 
travelling waves was noted, particularly in regard to the 
need to suppress the sum frequency wave. 

Mr. R. T. Smith (Imperial College of Science and Tech- 
nology) showed that an initially sinusoidal wave of high 
amplitude becomes progressively more triangular owing 
to changes in the velecity of propagation of various parts 
of the wave. He also discussed the formation of shock 
waves in liquids and related this to the physical properties 
of the medium. 

In the final paper Dr. V. G. Welsby and Mr. M. H. 
Safar of the Universit 7 of Birmingham described investiga- 
tions of the genera-ion of harmonic and subharmonic 
frequencies when the amplitude of a single primary wave is 
increased to the regicn of the cavitation threshold of the 
medium. As the accustic pressure is increased, the sub- 
harmonic level increeses; but sometimes on approaching 
the cavitation threshcld the subharmonic decreases slightly 
and then, after cavitation, rapidly increases. (On other 
occasions the dip near cavitation is less pronounced or 
even entirely absent; the factors governing its appearance 
have not yet been fally investigated.) On the basis of 
their experiments the authors posed a number of questions 
about the physical mechanisms involved, and discussion 
made it clear that there is considerable uncertainty on 
this topic. 

The British Acoustical Society seems to have got off 
to a good start with a successful first meeting. 


B. K. Gazry 


OB TUARIES 


S E. Hollingworth 


THE sudden death imm London on June 23, 1966, of Profes- 
sor Sydney Ewart Hollingworth, on the eve of retirement 
after 20 years m tke Yates-Goldsmid chair of Geology 
at University Collegs, London, was a shock to his many 
friends. He was the twelfth well-known British geologist 
to die since March 1965. Before beeoming professor 
he had served 25 years with the Geological Survey of 
Great Britain where he had established a high reputation 
as a field geologist vith an independent and critical out- 
look. 

He was born on November 7, 1899, and educated at 
Northampton Schocl. After & short period of Army 
service, he went to Clare College, Cambridge, in 1918, 
where he graduated ~vith first-class honours in both Part I 
and Part IT of the Natural Sciences Tripos, and in 1921 
he was awarded the Harkness Scholarship. In the same 
year he took the external B.Sc. honours degree of the 
University of Londcn and joined the Geological Survey. 
In his first winter he revised some of the geological 
boundaries for pubication of the Shaftesbury one-inch 
map. Hollingworth then took his place in the Survey’s 
Cumberland unit first under B. Smith and later T. East- 
wood to become part-author of the Carlisle, Brampton, 
Whitehaven, Gosforsh and Cockermouth maps. Besides 
studying the Ordoviian, Carboniferous and other bedded 
rocks, he showed trat the Ennerdale Granophyre was a 
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stock and not, as previously supposed, a laccolith. He 
identified the components of the Carrock Fell igneous 
complex and inferred that they were intruded as steeply 
inclined sheets or elongated lenses after the main Cale- 
donian folding and during a trough-like subsidence of the 
region. He also threw light on the glacial retreat pheno- 
mena of western Edenside and the Solway Basin, drainage 
problems of the River Eden and soliftuxion phenomena. 
Inspired by data from Cumberland he made a statistical 
analysis of high-level erosion surfaces in Britain. 

After two years spent mapping in the Droitwich 
neighbourhood he was transferred to work on the one-inch 
maps of the Huntingdon and Cambridge areas. In the 
war years he worked mainly on the structure, stratigraphy 
and reserves of the sedimentary iron ore field developed 
in the Northampton, Wellingborough and Kettering 
areas. As a substantial legacy to geology he contributed 
a demonstration, with other colleagues, that some struc- 
tures revealed in the Jurassic rocks in the ironstone field 
were superficial Pleistocene features caused by adjustment 
forces producing valley bulging and valley side cambering. 
In. all, Hollingworth was part author of twelve of the 
Geological Survey’s one-inch maps as well as a memoir 
on gypsum and anhydrite. The latter subject he amplified 
later when dealing with facies problems in the Permo- 
fie related to evaporite deposition and stratal correla- 

ion. 

Hollingworth was selected for the Geology Chair at 
University College, London, in 1946, in succession to 
W. B. R. King, who moved to Cambridge. He proved to 
be an invigorating teacher. His special attributes were 
to develop competence in field geology and an appreciation 
of the industrial applications of the subject. He initiated 
research by his students in south-west Ireland and, 
subsequently, he established research groups in the 
Caledonian orogenic belt of northern Norway and later 
in Chile. 

Hollingworth had exceptional gifts in debating the 
results of almost any geological research and thus was a 
stimulating but always friendly critic. These gifts were 
canalized into the affairs of the Geological Society of 
London, which he served as Secretary from 1949 to 1956 
and as Vice-President (1956-58 and 1962-64). He was 
President from 1960 to 1962 and received the Society’s 
Murchison Medal in 1959. He leaves a widow and two 
sons, C. J. SvuBBLEFIELD 


Prof. P. Maheshwari 


THE sudden and untimely death of Professor Panchanan 
Maheshwari on May 18, 1966, at Delhi, where he was 
head of the Department of Botany at the University, 
is a sad loss to botany not only in India but throughout 
the world. His was a dynamic and stimulating personality 
and nobody who met him could fail to be impressed by 
his energy, sincerity and simplicity, even if these good 
qualities were occasionally masked by an arrogance that 
could be misunderstood by those who failed to see beneath 
it. Maheshwari was a man of boundless energy and high 
ideals who set himself and his colleagues a very high 
standard in all the scientific work which they undertook. 
He could tolerate nothing that was second rate and he 
did not mince his words when he encountered inefficiency 
or obstruction in any shape or form. He was a good teacher 
with a broad outlook who not only inspired but also really 
cared for his students, who held him in high regard. 
And yet this broadness of vision was accompanied by 
ability to conduct research of a very high order in a 
specialized field, and his life’s work on the embryology of 
plants is known throughout the botanical world. 


Maheshwari was born at Jaipur on November 9, 1904, ~ 


where he later went to school before proceeding to the 
Ewing Christian College, Allahabad, in 1921, graduating 
in 1925. Here, ably influenced and guided by the late 
Dr. Winfield Dudgeon, an American missionary teacher, 
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he took his M.Se. and D.Sc. degrees at the University of 
Allahabad in 1927 and 1931, respectively. Joining the 
staff of Agra College, Agra, in 1930, he became associate 
professor ın 1936. Subsequent appointments were at the 
University of Allahabad (1937-39), Lucknow (briefly in 
1939), and he became reader and head of the department 
of biology at the University of Dacca later the same year. 
The best-known period of his career began in 1949 when 
he was appointed professor and head of the Department 
of Botany at the University of Delhi, a post which he 
continued to hold until he died. 

Maheshwari travelled widely. During his first visit to 
Europe in 1936-37 he was greatly inspired by meeting 
the eminent embryologist Professor Karl Schnarf of 
Vienna, who gave him the idea of writing An Introduction 
to the Embryology of Angiosperms, which was completed 
at Harvard University in 1945. He was a member of and 
held office ın numerous scientific societies, but, of these, 
perhaps particular attention should be directed to the 
fact that he was president of the Indian Botanical Society 
in 1951 and became founder and first president of the 
International Society of Plant Morphologists in the same 
year. This last society is responsible for publishing the 
journal Phytomorphology, first issued in 1951 and of which 
Maheshwari has been the sole editor. i 

Maheshwari’s An Introduction to the Embryology of 
Angiosperms has for many years been widely recognized 
as the leading textbook on the subject written in English, 
and a Russian translation has also been published. The 
more recent Advances in the Embryology of Angiosperms, 
edited by Maheshwari and published in 1963, is also 
widely used. It is impossible here to survey his numerous 
publications in scientific journals and it must suffice 
to say that until quite recently most of them fell into 
the broad field of descriptive morphology with special 
emphasis on the embryology of flowering plants, using the 
term embryology in the broadest possible sense. With his 
marked capacity for sifting and arranging factual informa- 
tion, Maheshwari, having mastered a wealth of detail, 
classified and clarified the main lines of variation in plant 
embryology that are known to occur. He also discussed 
the taxonomic and phylogenetic conclusions that can be 
drawn from. embryological knowledge. In recent years he 
turned his attention to the experimental side of embry- 
ology, and some investigations on this important aspect 
were still in progress when he died. 

Because of Maheshwari’s influence, the study of plant 
embryology and floral morphology has assumed an 
important role in the development of botany in India 
in recent decades, especially among Ph.D. students. There 
may be some who feel that these research exercises have 
been, too repetitive. It must be remembered, however, 
that theoretical conclusions based on descriptive aspects 
of botany are likely to be invalid unless they are supported 
by factual information drawn from investigations that 
are extensive and thorough. It was because Maheshwari 
realized that this is so, and because of his heavy teaching 
and administrative duties, that he adopted the only 
course open to him in seeking the aid of many collabo- 
rators and students to achieve his aim. The result must 
be judged from the synthesis of these exercises which 
Maheshwari achieved rather than on the individual re- 
searches themselves, however valuable these may be. 
Viewed in this light, Maheshwari’s contribution to botany 
is a notable one, especially when we remember that he 
himself regarded his own work as only a part of the even 
broader synthesis of descriptive botany that will become 
possible when his contribution has been added to that of 
related morphological disciplines. 

Maheshwari, who was married at the age of 13, is 
survived by his widow and by three sons and three 
daughters. 

I thank Professor B. M. Jobri and other colleagues of 
the late Professor Maheshwari for providing some of the 
C. R. METCALFE 
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INVERSE COMPTON EFFECT IN QUASARS 


By M. J. REES and Dr. D. W. SCIAMA 
Department of Applied Mathematics and Theoretical Physics, University of Cambridge 


THE importance of the inverse Compton effect in intense 
radio sources has been emphasized on several occasions!~‘. 
In particular, Hoyle, Burbidge and Sargent have sug- 
gested‘ that Compton losses are so serious as to rule out 
some models for variable quasi-stellar sources (quasars) 
unless these objects are very much closer, and less luminous, 
than they would be if their red-shifts indicated a Hubble 
recession. The nature of the red-shifts of quasars has 
not yet been conclusively settled by observations, and 
therefore interest attaches to theoretical arguments which 
give any clue to this problem. In this article we present a 
further discussion of the effect of inverse Compton 
scattering, and hope to show that there are plausible 
models which assume that quasars are superluminous 
objects at cosmological distances. 

Hoyle, Burbidge and Sargent considered a model for 
the variable part of 3C 273 with the following properties: 
(i) the radius of the region emitting the optical continuum 
is ~10!’ em; (ii) the optical contmuum is synchrotron 
radiation; (ili) all the electrons are accelerated within a 
volume with dimensions <10'? cm, and the radius of 
the source is determined by the distance which the radiating 
electrons can move before losing their energy. 

Assumption (i) was adopted in view of the fact that the 
optical brightness of 3C 273B varies with a time-scale of 
@ few months®, and the light was assumed to be syn- 
chrotron radiation because of the observed optical polariza- 
tion’. The variations are assumed to be caused by changes 
in the rate of production of relativistic electrons, and 
(iii) was adopted because of the difficulty of synchronizing 
the different parts of a larger region. We shall discuss this 
assumption later. We note, with reference to (ii), that 
polarized light could also be produced by inverse Compton 
scattering of polarized radio frequency radiation. We have 
previously? suggested a model in which the visible hght 
is indeed produced in this way, and we shall discuss this 
possibility further in this article. (There is, incidentally, 
no evidence that the variable component of the light 
from 3C 273 is polarized.) 

Hoyle, Burbidge and Sargent claimed that their 
assumptions could not be simultaneously satisfied if the 
power output has the value appropriate to a quasar at a 
cosmological distance. We-shall show that their assump- 
tions, strictly interpreted, do not in fact permit models of 
quasars even if they are “local” objects. However, we 
shall argue that assumption (iii) is not physically reason- 
able, and that, if it is dropped and we take a plausible 
value for the size of the region where the electrons are 
accelerated, it is possible to interpret the optical continuum 
radiation from quasars such as 3C 273B as either syn- 
chrotron or inverse Compton radiation. even if these 
objects are at cosmological distances. 


Estimates of the Importance of Inverse Compton 
Scattering 


In Fig. 1 the quantity Prone (defined as c times the syn- 


chrotron lifetime) of electrons emitting synchrotron radia-- 


tion at the optical frequency of ~3 x 10" c/s is plotted as 
a function of magnetic field H. We also plot the radius rg... of 
a self-absorbed source emitting synchrotron radiation at a 
rate ~ 10% ergs/sec/(c/s) at this frequency (the intensity 
appropriate to 3C 273B if it is at a cosmological distance). 
If the electrons are all accelerated in a region which can 
be treated as a point, the larger of these two numbers 
will determine the radius of the source (if we neglect 
for the moment the effect of. Compton losses). If rsa. 
>fsync the lifetime of the electrons will be prolonged by 


the reabsorption of synchrotron radiation, so they will 
be able to reach tae boundary of the emitting region 
despite their very snort synchrotron lifetimes. i 

The “Compton dstance” reomp is also plotted on the 
same diagram. We define this to be ct, where + is the time 
in which an electror would lose half its energy as a result 
of inverse Compton collisions, if it moved in a radiation 
field with energy density equal to the mean synchrotron 
energy density withn the source. If reomp is less than the 
radius of the sourcs, Compton losses will be important, 
and the model will need to be modified to take them into 
account. 

The point emphasized by Hoyle, Burbidge and Sargent 
—that Compton losses are more important than synchro- 
tron losses, and tha> source models of this kind calculated 
ignoring the Compson effect are consequently not self- 
consistent—is shown clearly by the diagram, because 


Tcomp is much less than the radius of the source for any 


reasonable value of the magnetic field strength. If the 
magnetic field were tangled, the source radius might be 
<7syno when thers is no self-absorption. The dis- 
crepancy between 7.omp and the source radius would then 
be even larger. The 2ffect of the inclusion of self-absorption, 
which was not taken into account by Hoyle, Burbidge 
and Sargent, is to reluce the disparity as the field becomes 
very strong, but E would have to become impossibly 
large before the discrepancy disappeared altogether. 

At first sight it may seem surprising that the occurrence 
of self-absorption cen reduce the importance of the Comp- 
ton losses, as one night expect these to be even more 
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Fig., 1. The radius of e spherical source emitting ~ 10°! ergs/sec/(c/s) at 
~3 x104 c/s, in which-the electrons are all assumed to be accelerated at 
its centre. The radius 3 approximately equal to the larger of reyne and 
faa, where rsync is ¢ tres the synchrotron lifetume of the appropriate 
electrons, and fs.a. is tLe radius of a self-absorbing source emitting the 
required flux. The greph also plots rcomp, which 1s defined to be the 
antares which the élertrons would travel in a radiation fleld with the 
mean energy density ef the synchrotron radiation within the source, 
before losing half hist energy as a result of inverse Compton collisions, 
These quantities are only plotted for values of H for which the gyro- 
frequency of non-relati—istie electrons is less than 3 x 10% c/s. The small 
values which this graph gives for the source radius are not physically 
reasonable, for reasons -vhich are given in the section headed ‘Dimensions 
of the Regon where Electrons are Accelerated’ 
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dominant if the net synchrotron radiation loss of the 
electrons is reduced. However, this is not so for two 
reasons: (i) the effect of self-absorption is to increase the 
dimensions of the source, and so reduce the radiation 
energy density; (ii) in a strong field the energy of the 
electrons which emit synchrotron radiation at a given 
frequency is less, and low energy electrons survive longer 
in a radiation field of given energy density. 

If the electrons are all accelerated at the centre of the 
source, it 1s clearly not consistent to treat the Compton 
losses as a mere perturbation when reomp is less than the 
source radius. Furthermore, we can easily see that no 
attempt to take the Compton effect properly into account 
can then lead to a consistent model, for the radius of 
such a model would obviously be smaller than the radius 
we calculated when we ignored Compton losses. The mean 
radiation density within the model would be correspon- 
dingly greater, and there would be an even greater dis- 
crepancy between the ‘‘Compton distance” and the source 
radius. If electrons were ejected from a negligibly small 
region, they would in fact radiate their energy predomi- 
nantly in the form of y-rays (produced as a result of 
repeated Compton scatterings) with energy comparable 
with that of the individual relativistic electrons. The 
radiation would come from a very small sphere opaque 
even to y-rays, and a negligible fraction of the energy 
would be emitted at radio frequencies. Obviously such a 
source could not emit a detectable radio flux unless there 
were an absurdly high y-ray flux. 

It was stated by Hoyle, Burbidge and Sargent that this 
effectively rules out a model in which the optical frequency 
flux from a quasar such as 3C 273B results from Compton 
scattering of radio frequency photons by the same elec- 
trons which are responsible for the radio (synchrotron) 
emission. It is true that such models could not produce 
vastly more energy by the Compton process than by 
synchrotron emission without emitting unreasonably 
large amounts at X-ray and y-ray frequencies by repeated 
scatterings. However, it is certainly possible for the two 
losses to be of comparable importance. One is encour- 
aged to attempt to devise such a model for 3C 273B 
by the fact that the energy radiated in the optical con- 
tinuum is almost certainly less than that emitted at radio 
frequencies <3 x 104 c/s (wave-lengths > 1 mm). A model 
of this kind has been previously suggested by us’, and also 
by Shklovski’. We shall later on describe such a model 
in greater detail, but Fig. 2 immediately suggests that 
such a possibility is likely to be quantitatively reasonable. 
Fig. 2 shows the same quantities as Fig. 1, but this time 
plotted for a source emitting synchrotron radiation with 
an observed intensity of ~300 flux units at 3x 10" ejs 
(which is consistent with Epstein’s observations’ of 
3C 273 at millimetre wave-lengths). We see that the 
“Compton distance” exceeds the radius of the source 
when the field strength >30 G (and also when H 510-5 G, 
though we may ignore this case because the source would 
then be too large to exhibit rapid variations). We em- 
phasize that this result is only obtained when allowance is 
made for synchrotron self-absorption. If the radius of 
the source were determined by the very short synchrotron 
lifetime of electrons in a field 230 G, the radiation density 
would be very high, and the Compton losses would be too 
great. 


Dimensions of the Region where Electrons are 
Accelerated 


In the preceding section it was assumed (following 
Hoyle, Burbidge and Sargent‘) that Compton losses would 
not be serious if the Compton lfetime of electrons moving 
in a radiation field with the mean energy density of syn- 
chrotron radiation within the source exceeds the time 
they would take to cross the source. However, we shall 
show that, if the electrons all originate in a small region 
at the centre of the source, Compton losses are more 
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important than this criterion would suggest. This is 
because the energy density of the scattered radiation is 
bound to exceed the synchrotron radiation density 
(implying that the model requires drastic modification) 
at points close enough to the centre, even if the original 
criterion indicates that Compton losses are not important. 

If synchrotron self-absorption occurs, the energy 
density of synchrotron radiation will be almost uniform 
throughout the source. We can assume, as a rough 
approximation, that the electrons have a mean outward 
velocity (~ c) which is independent of r. The electron 
number density will then be proportional to r~*, and the 
rate of production of Compton scattered photons, per 
unit volume, will also be proportional to r-*. Provided 
that the scattered photons escape from the source without 
undergoing further scattering, the energy density of the 
Compton scattered radiation within the source œ r-t. H, 
on the other hand, synchrotron self-absorption is neg- 
ligible throughout most of the source, the synchrotron 
radiation energy density œ 7 (implying incidentally 
that there must be a small self-absorbing region near the 
centre), and the Compton scattered radiation density 
will be œ 7-2. In both these cases, therefore, the energy 
density of inverse Compton radiation relative to that of 
synchrotron radiation œ r-!. So however small this ratio 
at the boundary of the source, it will become large at 
points sufficiently near the centre. The model then 
becomes inconsistent, for the reasons discussed in the 
preceding section. It is therefore impossible to devise a 
model producing a significant amount of synchrotron 
radiation in which the relativistic electrons are assumed 
to originate at a point, even if reomp, as defined earlier, 
is much greater than the source radius. This remark 
applies equally strongly if quasars are ‘local’ objects, and 
the required luminosity is comparatively low. 

Other physical considerations obviously set lower 
limits to the size of the volume within which the relati- 
vistic electrons can be generated. The total energy which 
& quasar at a cosmological distance would radiate during 
its lifetime may well be in excess of 10° ergs, and an object 
capable of liberating this amount of energy must have a 
very great mass. Because the Schwarzschild radius of a 
mass of, say, 104% gm is ~ 10" em, it is clear that the 
relativistic particles in a realistic model cannot be assumed 
to originate in a region many orders of magnitude smaller 
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Fig. 2. The same quantities as in Fig. 1, plotted for a source emitting 
~10°5 ergs/sec/(c/s) at a frequency ~3x 10" o/s 
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than the whole variable source. The larger this region 
has to be, the more difficult it becomes to synchronize 
variations in. the rate of electron production over the whole 
volume. (It was for this reason that Hoyle, Burbidge 
and Sargent preferred not to assume that the electrons 
were being accelerated throughout the source.) We 
shall suggest in the next section some possible models. 


Models for 3C 273 and Similar Variable Quasars 


The first point to be made is that there are reasonable 
models capable of accounting for the optical variability 
of quasars on the assumption that they are at cosmological 
distances, and that the optical continuum is synchrotron 
radiation. For example, if the particles are being accele- 
rated throughout a sphere of radius ~ 10!* cm containing 
a magnetic field >100 G, the synchrotron hfetime of 
electrons radiating at visible frequencies will be shorter 
than the Compton lifetime (though these will both be much 
shorter than the time it would take for an electron to 
cross the source). The Compton losses will therefore be 
comparatively unimportant. 

But there are also possible models in which the optical 
flux results from Compton scattering. If the observed flux 
at 3x 101 e/s (~ 300 flux units) 1s synchrotron emission, 
Fig. 2 shows that the dimensions of the emitting region 
must be ~5 x 10% emif H ~100G. The electrons respons- 
ible for this synchrotron radiation will have y ~ 50, and the 
radiation. produced when, such electrons scatter millimetre 
wave-length photons will be in the optical range. The 
observed flux density of the optical continuum is ~ 0:03 
flux units®»®, so the energy radiated in this range is ~10 
per cent of the total emission at frequencies <3 x 101! c/s 
(allowing for the factor ~ 10° difference in the frequency 
ranges). Using this fact we can easily determine the 
minimum size of the region within which the electrons are 
accelerated. We require the ratio of the Compton to 
synchrotron energy densities to be ~y at the boundary 
of the source (~5x 107 ecm radius). This ratio rises like 
r-l within the source, and within an energetically reason- 
able model it must not become >1. Therefore, we must 
take the dimensions of the region where the electrons are 
accelerated to be >5 x 1016 cm (see Fig. 3). Is this region 
too large to vary synchronously in time-scales of a few 
months ? Fortunately not, because if the magnetic field 
strength ~ 100 G, the Alfven speed 2¢/10 provided that 
the gas density < 10° atoms/c.c. This is an entirely reason- 
able requirement, and indeed unless the gas density were 
less than this the ionization losses would be so great as 
to prevent the acceleration of the electrons. The total 
energy in the magnetic field ~ 10°’ ergs, which is plausible 
on energetic grounds. 

It follows from the usual self-absorption arguments 
that the radio flux at frequencies <3 x 10" ejs cannot 
come from the same small volume as the higher frequencies. 
The variable component of the flux observed!*-!? at 
frequencies >1-4 x 10° c/s would be emitted in a region a 
few parsecs in radius, as we have discussed in previous 
papers?3, and the non-varying low frequency flux 
could of course come from an even larger region (in which 
H < 100 G). The existence of lines in the optical 
spectrum of 3C 273B implies the presence of excited gas, 
which is likely to be in the form of a shell surrounding 
the intense source of the continuum radiation*?:* 14.15, in 
which case it would absorb energy at optical and radio 
frequencies from the interior. 


The inverse Compton effect plays an important part 
in quasars, and restricts the properties of permissible 
models. If the relativistic electrons are accelerated 
throughout a sphere of radius 108-10" em, there are 
models in which the optical continuum can result from 
either synchrotron or inverse Compton emission. The 
magnetic field in such models ~100 G, and the Alfven 
velocity in such a strong field will be so high (2c/10) that 
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Tig. 8. A model for the central part of 3C 273.B ın which the optical con- 
tinuum arises from inverse Compton seattermg of radio frequency 
synchrotron radiation, H ~ 100 G, and the particles are accelerated In a 
sphere of radius ~ 5 x 10* cm which contams a massive object. The ob- 
served flux at ~ 3 x10" cs(~1 mm wave-length} comes from a sphere of 
radius ~5 x10" em. The ratio of the energy densities of synchrotron 
radiation and visible hghs is 10: 1 at the outside, but increases to about 
1°‘ 1 at the surface of he inner sphere. The radio flux observed at 
frequencies of less than 3 x10" c/s must come from a larger volume 


the variations in the-rate of acceleration of particles could 
be synchronized ovez a region of the required size in such 
a way as to give rise to the observed variations. It would 
be difficult to distirguish observationally between these 
two alternatives. I the “local” theory is adopted, the 
radiation density within. the variable part of the quasar 
can be reduced by a large factor, and this obviously 
simplifies the construction of a model. However, we believe 
that there are no compelling arguments which force us 
to abandon the cosmological hypothesis. 

Note added in preof. Optical observations of 3C 273 
by J. B. Whiteoak (Z. Astrophys., 64, 181; 1966) cast 
doubt on the reality of the linear polarization reported in 
ref. 6. Although polarization of the optical continuum 
would strongly suggest that some of the hght was syn- 
chrotron or mverse Compton radiation, this hypothesis 
would remain very probable even if the hght from quasars 
were found to be urpolarized. 
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MILLISECOND RADIO PULSES FROM JUPITER 
By Dr. E. E. BAART*, C. H. BARROW and R. T. LEE 


Radio Observatory, Department of Physics, The Florida State University, Tallahassee, Florida 


AN experiment has been conducted to study the charac- 
teristics of the very short duration pulses which are 
sometimes observed in the decametre wave radiation from 
Jupiter. These pulses have been observed on a number 
of occasions during the 1965-66 apparition. Preliminary 
results indicate that the occurrence probability of this 
type of radiation is related to the System III Central 
Meridian Longitude (1957-0) somewhat differently from 
the more normal type of radiation, being relatively larger 
for the subsidiary sources B and C than for the main 
source A. Furthermore the correlation with satellite Io is 
more pronounced for events containing the short pulses 
than for other events. l 

The bursts of radiation from Jupiter usually have 
durations of between 0'2 and 10 sec with a gradual rise 
and fallin intensity and a fairly smooth profile. Following 
the Recommendations for Standardization of Reporting 
Procedures! recently proposed, S, N and L type bursts 
can be distinguished as defined in Table 1. Several 
observers?-* have reported receiving bursts with durations 
of the order of milliseconds, and for the purpose of dis- 
cussing these another class of bursts, I, is arbitrarily 
defined having durations less than 50 msee. These latter 
pulses have sometimes been referred to as “spitting” 
pulses in the literature. É 


Table 1. Burst CLASSIFICATION 


Character of emission Suggested 
Burst type Time scale ; NASA Name 
in seconds classification 
Very short ed than í dg 
Short 0 05-0-2 § 
Normal 0 2-2 0 2 N 
Long re pais than 3 L 


* Arbitrarily assigned for this article. 


Observations have been made of the left- and right- 
handed components of the radiation at 16, 18 and 22 Mc/s, 
and of the total power at 14 Me/s. The polarization 
measurements have been made using the method of 
Barrow’ utilizing crossed five-element Yagi antennae, 
hybrid rings and separate receivers for the two senses of 
polarization to avoid the uncertainties that might arisefrom 
switching techniques. Identification was by normal aural 
monitoring techniques®, but in addition the total power 
was recorded at 18 Mc/s using a broadside array having 
a null in the direction of Jupiter. This antenna served 
as a monitor to help discriminate static pulses which 
might have the same appearance as Jovian I-pulses. A 
phase-switched interferometer was operated at 18 Mejs 
throughout observing periods as a further means of 
identifying that Jupiter was active during the period. 
The outputs of the polarimeters, the 14 Mc/s receiver and 
the 18 Mc/s null receiver were recorded by an eight 
channel electric writing high speed recorder using chart 
speeds of up to 50 mm/sec and post-detection time con- 
stants down to 5 msec. Most of the recordings of storms 
containing significant numbers of I-pulses were made 
using a time constant such that the minimum measurable 
pulse width at half-height was 7 msec. The reception of 
faint stations was eliminated by manually tuning the 


receivers over about 100 ke/s whenever signals were’ 


received. Static pulses were easily identified by their 
wide bandwidth and lack of polarization. The null 
monitor antenna and the interferometer were primarily 
for increasing confidence in the identification. 


* On leave from the Department of Prysics, Rhodes University, Grahams- 
town, South Africa. 


Jupiter radio storms were observed on ninety-two 
occasions on 62 days during the period November 2L 
1965-March 17, 1966. The burst structure showed a 
continuous range extending from the slowly varying 
L-bursts lasting for tens of seconds to isolated -pulses 
with durations of 10 msec or less and separations of the 
order of a second. About half the storms included a few N- 
and L-bursts present with I-pulses superimposed. These 
N- and L-bursts were usually among the most intense in the 
storm and the -pulses were seldom present for more than 
l or 2 min. 

-There were eighteen storms which contained appreciable 
I-pulse activity. In sixteen of these storms J-pulses 
occurred for at least 15 min and the J-pulses were as 
intense as, or more intense than. any N- or L-bursts 
which might have been present at the same frequency. 
On occasions, the J-pulses were isolated as in Fig. 1 but 
as the storm progressed they tended to cluster together 
so that the envelopes of their peaks looked like N-bursts. 
Frequently they seemed to have such short separations 
(10 msec or less) that the recorder pen would not return 
to its zero level between pulses. On many occasions 
I-pulses were present on one frequency while N-bursts 
were present on others. On these occasions, however, the 
profiles of the N-bursts were usually very irregular. Two 
sections from one of these -pulse storms are shown in 
Figs. 2 and 3. In Fig. 2 there is strong J-pulse activity 
at 22 Me/s which exhibits both senses of polarization with 
mostly N-bursts at 14, 16 and 18 Mc/s. There is no 
activity on the left-hand 16 Me/s channel. In Fig. 3, 
17 min later, [-pulses continue on the 22 Mejs right-hand 
channel but there is little or no activity on the left-hand 
channel. At 16 and 18 Mc/s the activity is confined to 
S- and N-bursts with very weak left-hand channel 
activity at 18 Mc/s but appreciable left-hand channel 
activity at 16 Me/s. N-bursts are also present at 14 Mc/s. 
It is clear that both the burst structure and the polariza- 
tion can vary considerably from one frequency to another 
during a single event. The -pulses were usually not 
present for the entire period of the storm. In most cases 
they were preceded or succeeded by N- or L-bursts on 
the same frequency. This behaviour is summarized in 
Table 2 which shows the System IIL (1957-0) longitudes 
for which the [-pulse storms were observed. 

A histogram of a number of events against System IT 
(1957-0) longitude is-shown in Fig. 4 for all the storms 
observed. Observations at all frequencies have been 
combined for this purpose. Also shown in Fig. 4 is a 
similar histogram for periods of -pulse activity only. 
The histogram for all the storms has the typical shape 


Table 2. System ITI (1957-0) LONGITUDES FoR MAJOR J-PULSE KYENTS 


Event duration _ -pulses 

Date Begin End Begin End 
November 21, 1985 164 187 164 187 
November 28, 1965 150 190 188 188 
November 30, 1965 85 144 103 143 
December 14, 1965 96 136 117 126 
December 20, 1965 300 344 303 340 
December 28, 1965 224 296 239 250 
January 18, 1966 211 24B 218 222 
January 21, 1968 277 $41 277 $29 
January 22, 1966 96 146 108 146 
January 28, 1966 241 8336 245 338 
January 29, 1966 124 185 124 178 
January 30, 1966 157 232 157 223 
February 2, 1966 279 4 302 354 
February 23, 1966 129 187 129 180 
March 1, 1966 1 18 1 18 
March 2, 1966 117 202 117 184 
March 8, 1966 348 354 348 354 
March 16, 1966 160 190 160 190 
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Fig. 1. Specimen record showing isolated T-pulses at 16 and 18 c/s 
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Fig. 2. Specimen record showing strong -pulse activity at 22 Mc/s with N-hurstsat 16 and 18 Mc/s 


F January 22, 1966 Time: 0434 UT A,, e137) PH 


E BENN 
CEE PTET ET TCE ELE EEE ELE HER H E E EHTE ER 
PRRRASEOSNONROTIADANNTIONE NUNN NTEN E ER ESAS RELEASE SO SCSRE EASE REPRE ORV ERAS SSS ORR ERROR RESO EOSS 


22, MaE E E Tiere ATERUNKNRT-CERANENURARERENTORRERENNRNNERRE-ERUNEN 





pE E ee Ra bea e adada a ar a eiet A LELEL E EE ER HHHH e 



















UEM SRRASABARCERRAESERRC BOA ebreh eerti Hte MREJELE SZZCEF 
4100 esis Ep epeh eaanne. i icf E-F E ty FR SERRA SBRAAMAABAMRT ASSESS. A-ha hee eee ee EH aeSeuanacsae: 
PE E Gore REE E Hapag CEE EEr r hir eiti HE E pet EA ARA EE E] Si: Ae eR ASS SF 
saCsSaevir AHE E FEH H wii RS SM EIR HAE HH HHHH EEEL El-Rei- Ekel eei etat t ELEERI dR I EE PEETI 
PEET LT TAT] If, Ban HEMO PEAS UP ius PERA JENN SNGSE NEEE |). KRAE SRNE a7 E LETIN IA TA ETA ITI TA LPH 
i mee e Fa Pye allele ae EMUR TER id z Haii: riri Heh PARTITIE ean aunwewaned LA ee eh bh x TEE ROFL SULIT PENRE 
rt r SCT rte EPA EUSkaka Try itt tt ee ci ba nl tn Tni ATAT T 
- ane an MERE Bam byte SOAnARARooS 
BARNES cA o Ly tate del ey i ea, -pi 
HAHH- -ttd Q rldet toe ty TE EER 
ABSA RRSP bi me ERANNNNRENENPOTJTEREE 
ETE A sod vie WR i ind. a isin Mie aa ht de Lire a R APS ad Bd die Ph Dd 





PREsRENSCANEN ARDADAN PORANNE NS FITTI TEE ATIT et eee 
































SEBERHEEGN HEA Biststlt PEEP RE ae eG -TE- EERIE EE StS EEE eT Ep POTEET TTT TH ETE At oS 
; Danset EE ARA ER A E REEE REE A AE EEEE E 

18 Mc 2/ s*R „H PE EE RRGRGRScin SEs WEBB REREREAMCOReC Ree 
maane ROS CSSSGESSES/ IEE URSSGh.SUREEEE ty] HEE FE pak akiai 

mae eS EEE SES /NNNRRE ach SI NUCUOABABHRMBESUSOE! Sr sDat 

EEPE E EEE EE EERE] NANNUMRREFAN V ANENNRE SUSESEMBSB COGS SEE HE 
RASA SAAN RADARO DAEA NNAM APAN By Gn" JESERRRE Cie RT Tt eit tap Pe is 
BEDE A RATTAT ITET tee te HETET EEEE HER ET elak Pp reidet hakat ehta 
BERET CRPE HH EP et tt THIELE RED Baik xamriomacecrsscle 
Bunosnaenn aaa BRUAERRORUBhD AEE ao REE EEE 

18 Mc/s L.H etter DRANUMMAMGHMENANM Sapsnesces 
eee He ere eee B= on 

EER E R EE REEE EEEE E ER E A EEE] ts ae 
rorya ee” hat eo p Lal tn a DOr et he) = P = 
ope eee EEE PPE et EE aea Pe TATI APTIT bs sts 


itt 


an 
SASSER MMs. 8 tt ff fad pet eT SEE CFE: auna LETT F] 
SLCOSESRL fete alet PITT Pier ET td SRUGRERECMMEOSS Sa eee 


BRRREROM iS EC ER ELIOT RERGREEREO EE 
PEPCK SENSE tL epi ttr rt th 
SSE cb JLOUE CESS ea CRE e SRR h 
POENGER Bonoaas HA eas ie eee E EE EL ery 
SEEGER epal PSBADE ESONENENN U A tAE E A REE E EE T eE Blea EGBAECREE SA SER 
ya = a 
JERONE Roce ORAN NPD INENNNRNN SC AER REC EE SoS PEE HITT IPE cn T 0c em SEL el 


~ anrc ` KEPP Eases 
16 Mo/s D.H eP E a AE 





IB 














Sched h ye NS aa KSEE eee 
wees beta deg PS RER. i | izi RB : 
B. 


23 
+ 
fa 





















raat teh RELE ETIE] 
A MANEBEE FEHER EER ARME HA 
AE olat PAEA ATARLAR Ra ta Ey tak P 
a MAIC ASNE AHUN 
TF EREET E EEFT ETEF] Baai DRANGE: SADA ENNK EI 
AHA ER EAH EET ett II FITAS IEG 





CMEEGMRGARUAEECERSUREEENNE AAN EESORRENUEMRE mie 

Ti ey; S AER BERCCECEL REEL HEC I ah Gal ee DEERE oan 
AHH Eee eE rera pee SAS SOM MEMEO otk! 

EERE EEE PET CSSRSEREERBUISRESERFETERREDE BN: NESNRGRNLN SRSA OE BmM ates a 
E R PE n BR eE cue’ A a 
j SRREKNSNSERANRE aima AEE EPt HH H TARA T pe H ERETT 


Fig, 3. Specimen record showing T-pulses at 22 Mc/s simultaneously with L- and N-bursts-at 14, 16, and 18 Me/s. Note 
the almost complete absence of activity on the left-hand channels at 22 and 18 Me/s compared. with 16 Me/s and com- 
pared with the section of record taken 17 min earher in Fig. 2 
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Fig. 4. Histogram of a number of events against System ITE (1957-0) 
longitude for all events and for I-pulse events only 


observed in previous years with “sources” A, B and O 
defined by longitudes 190°-280°, 70°-190° and 280°-360° 
(ref. 1), respectively (sources A and C are unresolved). 
The interesting feature, however, is that most of the 
I-pulse storms are associated with sources B and C rather 
than source A. 

Smith and Douglas? have suggested that L and N 
type burst structure may result from diffraction in the 
interplanetary medium.’ The present work suggests two 
possibilities. First, that the radiation associated with 
the B and C sources is produced within a smaller region 
than that from the source A, giving rise to a finer 
diffraction pattern which is produced by the inter- 
planetary medium. (We thank Dr. W. C. Erickson for 
this suggestion.) The presence of J-pulses at one fre- 
quency and not at others may be an indication of the 
different depths and thus sizes of the source regions in 
the Jovian magnetosphere at which the different fre- 
quencies are produced. Alternatively, the J-pulse 
structure may be present in the radiation when it leaves 
Jupiter and not be produced during propagation through 
the interplanetary medium. Further study of I-pulses 
may thus prove valuable in clarifymg the production 
mechanism of all Jovian decametric emission. 

It is worth noting that, for the ninety-two events con- 
sidered in this preliminary investigation, the correlation 
with satellite Io (ref. 10) is more clearly indicated for 
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events containing {-pulses than for other events. More 
observations are required, however, to establish a con- 
clusive result in this respect. 

In conclusion, ıt might be appropriate to summarize 
the evidence that the I-pulse radiation originated from 
Jupiter. (a) The J-pulses formed an integral part of a 
Jupiter storm as identified by the usual techniques! and 
also by the 18 Mc/s phase-switched interferometer. The 
f-pulses were received on aerials pointing towards Jupiter 
but not on an seral with a null in that direction. (b) The 
f-pulses were only observed as part of a normal Jupiter 
storm and were usually preceded and/or succeeded by N- 
bursts at the same frequency. The -pulses usually 
clustered together so that the envelope of a group showed 
the form of an N-burst as in Figs. 2 and 3. They ware 
usually accompanied by N- or £-bursts at other fre- 
quencies and less often by J-pulses at other frequencies. 
(c) The bandwidth of the J-pulses was always less than 
4 Mc/s and individual pulses never occurred simultaneously 
on the different frequencies. A large proportion of the 
pulses were 100 per cent circularly polarized as shown in 
Fig. 3. Terrestrial static pulses have bandwidths con- 
siderably greater than 4 Mc/s and produce simultaneous 
pulses over a wide range of separated frequencies. Also, 
static is not polarized and does not occur in long series 
of closely spaced pulses of the type shown in Figs. 2 and 3. 
(d) The I-pulse radiation seems to be correlated with two 
central meridian longitude regions of Jupiter. Also, no 
-pulse storms occurred when the central meridian longi- 
tude was between 20° and 100°. 

In view of the foregoing it would seem to be most 
unlikely that these I-pulses were not connected with 
Jupiter in some manner. 

We thank Mr. J. D. Merritt, Mr. D. P. Morrow and Mr. 
G. M. Resch for assistance with various phases of the work. 
The research is supported by the National Aeronautics 
and Space Administration. 
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RELATIVISTIC STATES OF POSITRONIUM AND STRUCTURE OF 
FUNDAMENTAL PARTICLES 


By Dr. P. F. BROWNE 
Faculty of Technology, University of Manchester 


THERE is much to suggest that the interrelationship of 
the fundamental particles, which is the basic problem of 
particle physics, may turn out to be analogous to the inter- 
relationship between the various atoms in the Periodic 
Table of the Elements. It has been too readily forgotten 
that the simple pictorial models of Rutherford and Bohr 
provided the key to a successful theory of atomic structure, 
and are probably indispensable as a conceptual guide for 
the application of wave mechanics. In this article my 
aim is to find an equivalent model for particle structure. 
The particle states will be distinguished from the atomic 
states in that they are relativistic. 

Consider the relativistic positronium system, in which 
an electron and a positron rotate about their common 
centre of mass, C, with a velocity, v, which is close to the 


i —_— 


velocity of light, ce. We shall adopt the rest frame of the 
centre of mass, C, the inertial frame. The radial distance 
to either particle will be denoted by r, so that the particles 
are separated by 2r. The particles will be assumed to 
rotate about C in a common circular orbit at opposite 
ends of a diameter. The force exerted on either particle 
will be due to the time-symmetric (half-advanced and half- 
retarded) field of the other, since the particles do not 
radiate in stationary orbits. 

We wish to calculate the fields of the positron at the 
position of the electron. Ifthe positron were at rest in the 
mertial frame then the required field would be simply the 
electric field, E’ = e2r’/(2r’)®. In a frame of reference in 
which the positron moves with velocity v in a direction 
normal to r’, let the electric and megnetic fields be E and 


~ 
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H respectively. Then from the transformation of fields? 
we know that: 


E = yE’; H = yv x E’/e (1) 
where y = (1 — v?/c*)-t, These fields will exert a Lorentz 
force on the electron, the instantaneous velocity of which 


is equal and opposite to that of the positron. Noting that 
H =v x Efc according to equation (1), we obtain: 


F = — e(E — v x H/e) = —e[E — v¥ x (¥ x E)/c#] = 
ey(1 + v2/o*)r 
i (2) 


where we have used r’ = r. We assume that this force 
law is ae instantaneously in the case of circular motion 
(v = or). 

The question of the magnetic interactions between the 
particles such as spin,—orbit,, spın,—orbitg, spin,-sping, or 
orbit,—orbit,, requires a brief digression. Let us adopt 
the attitude that the Bohr-Sommerfeld (B-S) theory 
has the status of an alternative language to quantum 
theory in the sense that every phenomenon will have a 
description in either language. We contend that with 
suitable generalization, B-S theory is capable of yielding 
predictions to any required accuracy. We view the B-S 
quantization rules as boundary conditions which are 
Imposed on a continuum of classical field momentum- 
energy by the act of measurement. The field will satisfy 
Maxwell’s equations, generalized by introduction of the 
non-linear term fT'afug in the source current density, 
where Teo% is the Maxwell tensor for the field and vg is the 
4-velocity of the charge the motion of which is being 
considered. It is in respect of the non-linearity of the 
generalized classical field that the deviation with quantum 
electrodynamics occurs, because in the latter theory 
linear superposition of states is an axiomatic postulate. 
The postulate leads to great simplifications (particularly 
in many electron systems), but it is achieved at the 
expense of having to introduce operator algebra. ‘Thus 
in the Jordan—Wigner quantum field version of electro- 
dynamics, the wave-function is not a classical field 
variable only because it is subject to anticommutation 
rules. These rules are a direct expression of the Pauli 
Principle, so that this Principle may be regarded as a 
consequence of the artificial linearization of the “‘field’’, 
and it will not be required in classical field cum B-S 
theory. 

To return to the question of magnetic couplings, we 
know that spin effects were first introduced in quantum 
theory by means of the Pauli spin matrices as an empirical 
“extra” to Schrodinger’s wave mechanics. Later the spin 
effects emerged automatically from Dirac’s relativistic 
wave mechanics. We expect the same to happen in the 
classical field cum B-S language; that is, spin effects may 
be introduced either as an extra to a non-relativistic 
theory or they may emerge automatically from relativistic 
equations. 

The former type of approach is well recognized. By 
imagining a spinning sphere with charge distributed 
uniformly over the surface the combination of magnetic 
and electric fields gives rise to electromagnetic momentum 
which bears a ratio to the magnetic moment of one-half 
the ratio for orbital revolution. Ifthe angular momentum 
of the spinning electron ıs S, then the magnetic moment is 
u = (e/mc)S. The spin-orbit coupling can now be derived. 
In the rest frame of the electron the electric field of the 
nucleus, E, is transformed into the magnetic field, H = 
v x Efc, which interacts with the moment to give the 
coupling energy p.(v x E/c). To see how this energy is 
transformed when we return to the rest frame of the 
nucleus we express it in the form 1.5, where wy is the 
Larmor precessional frequency of the moment about the 
field H. On transforming back to the rest frame of the 
nucleus there arises in addition to the orbital motion of 
the electron the Thomas precession, or = — {v x a)/2c?, 
which has to be added to the Larmor precession (a is the 


NATURE 


811 


acceleration of the electron). Inserting a = — Ee/m, we 
see that wr = — iwz. Hence the spin-orbit coupling 
becomes 4u.(v x E,c) (ref. 2). For the case of an observer 
who chooses to remain in the rest frame of the nucleus, 
the coupling arises from the interaction of E with an 
electric moment o? the electron. The electric moment 
arises because the relativistic addition of the orbital 
and spin velocities >f the charged sphere gives the sphere 
a distorted appearence causing the centre of charge to be 
displaced from the centre of mass. Since the charge is 
piled up on the side with the highest velocity and reduced 
on the other side, she spin axis of the electron tends to 
align itself normalky to E and v (in order to maximize 
coupling energy). It can be shown that the orbital and 
spin moments precess about the direction of the resultant 
moment’. 

The second type >f approach is well exemplified by the 
famous Bohr-Sommerfeld treatment of the relativistic 
hydrogen atom. This treatment, it will be recalled, was 
actually superior to the early Schrodinger wave mechanics, 
and the agreement of the result with that of Dirac’s wave 
mechanics is descrtoed by Eisberg (ref. 2, page 356) as 
“one of the most amazing coincidences to be found in the 
study of physics”. We contend that the result is not a 
coincidence, but that because the theory is relativistic, 
spin-orbit coupling 1s implicitly taken care of (without 
introduction of any spin parameter). In the same way 
spin effects will emerge from our relativistic equations. 
It would be superfluous and wrong to add terms to describe 
magnetic interaction. 

With this justification for the force law (2), we proceed 
to equate it to relativistic centrifugal force, obtaining: 


ane EF a) =F a 
For the case of a circular orbit without precessional 
periods, the B-S quantization rules yield: 


2ymer = nh (4) 
Eliminating mr between equations (3) and (4), we obtain: 


ay a ta oe Ty ae a et) (5) 
where: 
eh fe). 2. 4a 
15 On fa) aa > eae (8) 
The quadratic equation (5) has the two solutions: 
Y= ga lent +) l Sate] Lt a (70) 
1 1 
2 — _~_ [{4y2 1 — 8) w  — n? "b 
Ya g APADA mye) ii? (76) 


where we expand tne square root term up to terms of 
order nt 1n the smal. quantity, 7. 

Since 7 is small tre first solution gives non-relativistic 
motion, while the scond gives ultrarelativistic motion. 


In the former case we can put yi ~ 1 + v/e. Thus 
to good approximation: 
Ui A ea 
c 2n Bian 120) 
yo = = 13% (8b) 


Using these results, the radii of the stationary orbits as 
obtained from equation (4) are: 


nh? 





= 9 
Tni me ( a) 
1/ e? nja n- e 
m = 5 Gro) E T ~ Sat 


Formula (9a), wita n = I, gives the radius of the first 
Bohr orbit of the hydrogen atom, a,. The electron and 
positron are therefore separated by 2a). If we had adopted 
the rest frame of th= positron rather than the centre of 
mass frame we showd have obtained the same result by 
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introducing a reduced mass, m* = 4m. Thus, the first 
solution yields the ordinary non-relativistic states of 
positronium with which we are already familiar. 

The second solution, however, gives something quite 
new. The stationary orbits all have radii very close to 
$7y, where ra = e?/mc* = 2-818 x 10-18 cm. The particles 
are therefore separated by rẹ The constant rẹ is some- 
times known as the classical electron radius, but this 
significance must not be taken literally. In fact, there 
has recently been a return to the old view that the mass 
of the electron is purely electromagnetic, in both classical’ 
and quantum theories*?, Rohrlich® has shown that the 
energy and momentum in the field of the classical electron 
form the 4-vector, — fT fygd,, where dt, is an invariant 
3-volume element; this removes an old difficulty. 

The energy states for the second (relativistic) solution 
are: 


5 g? Vn? 
En = 2yame? — YL G Po (10) 
~ Ynme? 
~ 137nme* 


where equation (3), with v ~ c, has been used, and yn has 
been obtained from equation (8b). 

Sternglass® was the first to obtain relativistic positron- 
lum states of this type. However, his force law appears 
to be in error because he does not work out the centrifugal 
force in an inertial frame before transforming to the rest 
frame of the positron, and also because he introduces the 
Thomas precession as an “extra”? when quantizing 
angular momentum, not realizing that this precession is 
already implied by relativistic equations. His stationary 
energy states have twice the value (10). Schild! has 
taken advantage of the time-symmetry of the fields in 
deriving a force law from a Fokker or Wheeler-Feynman 
action principle, in which the field variables do not appear. 
He fails to obtain the relativistic energy states for reasons 
that are nob immediately apparent. We may note, 
however, that the relativistic energy states would dis- 
appear from our analysis also, if the +¥v/c*® term of the 
force law (2) were replaced by a —v*/c? term (this would 
be wrong because the instantaneous velocities of the 
electron and positron are opposite). 

With the value of y, given by equation (8b) for n = 1, 
the interaction potential energy of the electron and 
positron becomes: 


137e? gy he vy he 
4r i c? 27 o S c? To 


The rotation of the electron constitutes a current, ejer, 
where t= xrv. The orbital magnetic moment (nr3/4 
times this current) is therefore er,/4 since v œ e. The 
spin magnetic moment of the electron is (e/mc)fh. If 
Uo and us denote the orbital and spin magnetic moments, 
respectively, we have for the interaction energy of these 
dipole moments the formula: 


Vi = Hols .. Stole _ oh 

3 To? To 

This has the same magnitude as our relativistic interaction 

potential energy (11). Thus the coupling given by the 

force law (2) in the relativistic limit is of the form (spin),— 

(orbit),, where the suffixes 1 and 2 denote the two particles. 

It would appear that forces of the same order as strong 

nuclear forces can be obtained from relativistic electro- 

dynamics. All nuclear forces may be electrodynamic 
in nature. 

To return to the significance of our new energy states 
(10), it will be noted that the energies are positive. This 
igs in contrast with the non-relativistic case where the 
positive energy states are continuous. Evidently each 
of the two leptons (we restrict this term to refer to an 
electron or positron, and later we shall include a neutrino 
or antineutrino) contributes 4(137)mc? to the ground state 
energy of the relativistic positronium system. ‘This 


(11) 


(12) 
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system probably decays too rapidly to be observed as a 
fundamental particle. However, in view of the magnetic 
character of the coupling, it is not unreasonable to postu- 
late that a relativistic system containing N leptons 
would have rest energy close to $N(137)mc*. It is a curious 
and hitherto unexplained fact that the rest energies of 
the mesons are indeed close to integral multiples of 
3(137)mc?. This empirical law has been known for some 
time™-13, In Table 1 the rest masses predicted by the 
empirical law and the observed rest masses are compared. 
The muon would contain 3 leptons, the pion 4, the kaon 14 
and the proton 27 (for the more massive particles accumu- 
lated corrections will become significant). The x° has a 
rest energy which is 9mec* less than that of nt or x- and 
about 10mc* Iess than predicted. The m? consists of two 
relativistic positronium units which may be coupled by 
this energy. The 7 meson, a resonance particle with a 
rest mass of 1072-0 (expressed in units of mc*), could be 
regarded as built up from nt + n + n? + n°, which 
yields a total rest mass of 1074:8. 


Table 1. PREDICTED AND OBSERVED REST MASSES 


Particle Spin N 4137) N Observed mass 
- (me?) 
Bt, w $ 3 205 5 2068 
a? 0 4 274-0 264 2 
at, n- 0 4 274 0 273-2 
x 0 14 959-0 074-5 
ott, oe~ 0 14 959-0 966 8 
o 4 2 1,848- 1,836-0 


If the spin vectors of the leptons within a composite 
particle are aligned parallel, the resultant spin will be 
half-integral or integral depending on whether the number 
of leptons is odd or even. The spins of the composite 
particles do indeed appear to obey this rule (Table 1). 

In the case of the muons charge is conserved. We can 
say that the ut consists of two positrons and an electron, 
the u- two electrons and a positron. No neutral muon 
has been discovered. The neutral pion also presents no 
problem since it consists of two electrons and two positrons, 
and not unexpectedly decays into two photons. The 
charged pions, however, present a difficulty if charge is 
conserved. On the grounds that each constituent lepton 
contributes 4(137)mc* to the rest energy we have assigned 
four leptons to the charged pion, and this is consistent 
with its spin of zero. One of the leptons, while making 
the standard contribution to the rest energy, does not 
apparently contribute to the charge. Could this particle 
be a neutrino, for which we have as yet found no role ? 
But how is a neutral particle able to interact magnetically 
with electrons and positrons ? 

Perhaps the answer is that the charged pions are 
excited states of the muons, and therefore contain only 
three charged leptons. The distinction between the first 
excited state of a three-lepton system and the ground 
state of a four-lepton system may be without significance. 
For example, rather than describe the n° as two positron- 
ium units we might, in accordance with equation (10), 
regard it as the first excited state of a single positronium 
unit. The neutrino would then acquire a significance 
like that of the photon—~it would be a means of carrying 
away a half-integral quantum of angular momentum. 
In the decay of the muon, pt —-et + v + 0, we see that an 
electron pair may annihilate into a neutrino pair. 

If helium ions are bombarded with electrons, it is 
found that the capture cross-section is greatest at certain 
kinetic energies. These resonances occur when the kinetic 
energy plus the ionization potential for the level into 
which the electron is captured are just sufficient to excite 
the electron in the ground state of the helium ion into a 
discrete level, resulting in a doubly excited state which 
we shall denote by He” (ref. 14). The reverse process is 
the autoionization of He’, namely, He” —> Het + e-, and 
is known to occur in times of order 10-# to 10-1? sec. 
It is now possible to create doubly excited states directly 
from helium by absorption of radiation in the vacuum 
ultra-violet’. We wish to point out the strong analogy 
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tw @ 2 atoionization of He’ ‘and a padana 
rti Je | decay. ‘In the case of the autoionization, the 
ergy available to liberate one electron comes from the 
-fall of the other electron from an excited level to the 
-ground level and is discrete. Hence the electron is liberated 
_with a preferred kinetic energy. By analysing the kinetic 
< energies of the decay products of certain fundamental 
particles analogues of He”, termed resonance particles, 
have been discovered. 
~~ Phe short lifetime of the resonance particles (10-** sec) 
x indicates that they decay by allowed transitions. The 
=o longer-lived mesons, with lifetimes of the order of 10-'° 
> gee, are really metastable states, the decay of which must. 
“proceed by a forbidden transition. The spontaneous 
decay of fundamental particles is possible because their 
energies are positive. 
cocco We would argue, therefore, that all matter is built up 
< from electrons and positrons, in accordance with a previous 
suggestion’, Only electromagnetic and gravitational 
fields will exist in Nature. If the mass of the electron is 
“purely electromagnetic, then the energy in the electro- 
magnetic field will be the source of the gravitational field, 
d the neutrino (as described here) will become the 
elementary partiele of the gravitational field. 
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If all matter is built up ior. electrons and positrons, 
one has to explain the absence of antimatter. Gra | 
suggested that the conservation of parity i chemi al a 
syntheses may have an analogue in the evolution oe 
universe of particuar parity from an initial chance — 


asymmetry. 
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RADIAL SPREAD OF A LIQUID STREAM ON A FORIZONTAL PLATE 
















“isa common observation, seen, for example, in a 
chen sink, that a stream of liquid falling vertically on 
a horizontal plate spreads out radially in a particular 
anner. Around the point of impingement there is a 
“circular zone in which a thin layer of liquid moves 
-radially with a high velocity. At the edge of this region 
the liquid layer abruptly becomes much thicker and 
-consequently flows radially at a much lower velocity. 
-This transformation is called the “hydraulic jump”. 
“This article deals primarily with the region inside the 
jump. 
os Recently, in one of the very few papers on this subject, 
Watson! applied the boundary layer theory to the analysis 
of flow inside the jump. The flow is characterized by a 
boundary layer that begins at the stagnation point and 
2ases in thickness with radial spread. The expenditure 
gy due to the creation of new surface was not 
ered. The fluid velocity outside the boundary layer 
onsidered to remain almost constant and essentially 
to the falling stream velocity, U,. By assuming a 
s flat-plate profile for the velocity distribution, 
atson obtained an approximate solution of the boundary 
a layer equation in the usual manner. 
~~ Beyond a certain radial distance r > ry, the viscous 
stresses are taken to affect the free surface such that the 
whole flow is considered to be of boundary layer type. 
- Therefore, for distance r > rfe the surface velocity 
decreases with inereasing radial distance. 
 Aecording to Watson’s analysis, the merging of the 
<: boundary layer and the surface takes place at (r)/a)R-/? = 
0-3155, where Reynolds number R = Q/va (Q being the 
volume flow rate of the falling stream, v its kinematic 
viscosity, and a its radius). Although some experiments 
were carried out by Watson on the spread of a falling 
“stream on a horizontal plate, his results do not prove or 
A disprove the applicability of the theoretical analysis 
iven. 
n the present. investigation several experiments were 
i insight into the nature of the region 
culations: are made concerning the 

























By R. G. OLSSON and E. T. TURKDOGAN 


Edgar C. Bain Laboratory for Fundamental Research, United States Steel Corporation, 
Research Center, Monroeville, Pennsylvania 


applicability of simpe theoretical net to saka hydro 
dynamics of this syssem. 


The falling streams were generally formed at an orifice j 
in the base of a constant head calming tank. The head _ 
of the liquid in the tank was 9-9 em or 18-3 em, and th | 
free-fall height of the jet to impact was 10-2 em. 
volumetrie flow-rate of the liquid was varied from € 
111 em*/sec by varying the orifice radius from 0-1 
0-40 cm. The experiments were carried out using differ ey 
liquids, for example, ethylene bromide, water or water— = 0 
glycerine solution, sueh that the kinematic viscosity could. 
be varied from 0064 to 0-052 cm*/sec. The stream 
diameters at the defloxion plate were calculated. 

The impingement ef water from a conventional tap on. 

a plate was also observed. By careful adjustment of the 

tap, a relatively smoath stream of water could be obtained. | 
The diameter of the stream was measured with callipers 
close to the surface of the defiexion plate. The volumetric 
dow-rate in these experiments was varied from 41. to 2 
182 cm/sec. ORG hes, ae 

In the first series o7 experiments, an attempt was made are 
to determine the kinetic energy of the liquid inside the  _ 
jump as a function of radial distance. The jet was dire cted 
to the centre of hor#ontal disks having diameters. such lA 
that the liquid flies from the edge, forming an “umbrella”. 

If surface tension effects were negligible, the profile of the 
umbrella would clearly be parabolic with apex at the edge 

of the disk (like a ball or projectile launched horizontally). 
However, it was observed that this profile was decidedly 

not parabolic. This marked departure is shown in Fig. 1. 

In all cases the initia’ slope of the profile is definitely: not car 
zero, and furthermore, actual contraction of the umbrela 
occurs for sufficiently. great fall. Clearly surface tens mo 
plays a marked part. Or ane 

In the second series of experiments, the thickness of the | 
liquid layer inside ard outside the hydraulic jump was 
measured as a functicn of radial position for a number of —— 
jets, using different iquids. In these experiments the — ž— = 
stream was directed rormally on to the surface of a large 
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glass plate and depth measurements were made with a 
vernier height gauge having a needle pointer. 

Some of the results obtained on thickness profiles using 
different liquid streams are given in Fig. 2. The curve 
drawn by dotted lines for a particular case is calculated 
film thickness, h, for inviscid flow, that is, h = a?/2r. The 
observed difference between the measured film thickness 
and those computed for inviscid flow manifests the viscous 
flow effect within this region. Depending on the Reynolds 
number of the falling stream and the kind of liquid used, 
the average film thickness inside the jump was within the 
range 0-01—0-09 em, and after hydraulic jump, the thick- 
ness increased to 0-1-0-3 cm. Outside the jump little or 
no variation in film thickness was noted with increasing 
radial distance. 

Several high-speed motion pictures (2,000 frames/sec) 
were taken of various falling liquid streams spreading 
radially on a horizontal plate. The high-speed photo- 
graphs in Figs. 3 and 4 are examples showing the appear- 
ance of the falling stream and of the radial flow for water 
and a water-glycerine solution. Because of the low 


FALLING 
STREAM 
22 cm/sec 
lcm 
- 


COMPUTED PAR/ BOLIC PROFILE 
(NO SURFACE TENSION EFFECT). 


AVERAGE FILM THICKNESS 
h~ 0.025 cm 





Fig. 1. Experimental umbrella profile for a methylene bromide stream 
impinging on a small disk 
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Fig. 2. Liquid} thickness profile in radial flow from stagnation point 
using different liquids 
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Fig. 3. High-speed photograph (1/2,000 sec) of radial flow of water stream 
impinging on a horizontal plate. R = 14,800, a = 0-25 em, rj = 5:3 cm 





Fig. 4. High-speed photograph (1/2,000 sec) of radial flow of water- 
glycerine solution stream impinging on a horizontal plate. R = 2,730, 
a= 024 cm, rj = 280m 


kinematic viscosity of water, that is, v ~ 0-01 cm*/sec, the 
stream (Fig. 3) is rough and consequently is responsible 
for the formation of ripples on the surface of the region 
inside the jump. The height of these ripples could not 
be measured with any degree of accuracy; furthermore, 
as seen from the photograph in Fig. 3, the ripples interfere 
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Fig. 5. Surface velocity, Us, of the liquid inside the jump using water 
and water—glycerine solution 


j some eaten with measurements of film thickness. In 
the case of water—glycerine (Fig. 4), having v = 0-05 em?/ 
sec, both the stream and the radial flow are very smooth. 
-> When high-speed motion pictures were taken, v very 
mall pieces of cork were dropped on to the region within 
he jump and were used to measure the surface velocity 
radial flow. As can be seen from the examples given 
‘ig. 5, the surface velocity remains essentially constant 
most up to the position of the hydraulic jump, for 
hich (r;/a) R-*? is between 0-84-0-89 for the examples 
considered. That is, according to the present experimental 
work, the boundary layer does not extend to the surface 
(rja) R- = 0-3155 as derived by Watson from the 
pplication of the boundary layer theory but at a much 
‘eater radial distance, if at all. 
“It should also be mentioned that the surface velocity 
estimated from the rate of propagation of the ripples 
(Fig. 3) agrees reasonably well with those determined 
from. the motion of cork particles on the surface of the 
liquid.. The attempts to measure the surface velocity 
utside the jump have not been successful, 
Another point of interest is that although the surface 
velocity, Us, inside the jump remains constant, it is 
¿= decidedly less than the velocity of the falling stream, Ug. 
. However, the indications are that the ratio Us/U» 
approaches unity with increasing Reynolds number of the 
lling stream. ‘The significance of this observation is not 
ear ‘at present. 


a The experimental data have given some indication of 
Ee the complexity of the system under investigation. It is 
-= clear that even an approximate solution of the Navier— 
< -= Stokes equation for the radial flow considered becomes a 
“very complex mathematical problem. 
Under these circumstances, all that can be done is to 
look for some empirical correlation which may summarize 
} the data in a more condensed form. As an example, 
=o Fig. 6 shows the variation of the jump radius 7r; as a 
- function of Reynolds number for various liquids. In order 
to obtain a meaningful correlation for several liquids 
together, surface tension effects would also have to be 
considered. Since the present experiments were conducted 
over a narrow range of surface tensions, no such corre- 
lation was attempted. 
~The decrease in the magnitude of the liquid stream 
momentum brought about by the radial spread can be 
estimated from the height, , and radius of the hydraulic 
jump. The momentum flux of the falling stream is 
QU (= pQ?/xa*). If it is assumed that the velocity 
Ofle of + 3} z, relatively slow-moving region beyond 
ap i is fairly flat, the momentum flux just 
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beyond the jump is pQU; (= pQ?/2nr;d;). . Consequently, 

the ratio of their magnitudes is given by: Bge" 
momentum flux after jump _ œ 
momentum ‘lux of falling stream ~ 2rd 


which is found in the present experiments to be within 
the range 0-02—0-04 

The momentum flux just before the jump is obtained 
by adding the momentum flux required to maintain. the 
standing wave to the momentum flux just beyond the 
jump. This gives: 


pQ?/Znrid; + mrj eg (d? — h?) 


where A is the film thickness just before the jump and g 

is the gravitational constant. Since h is small compared 

with d, the ratio of magnitudes is given by: 

Q?/2nrjdj + mrygd* 
Q?/ ra? 

In all the experiments carried out, this ratio was a to 

be within the range: 0-07—0-16. 

Observed variaticns in these ratios could not be: cor- 
related as a functbn of independent variables. of the 
falling stream. D 

The corresponding ratios of kinetic energy are obtained: oe 
by squaring the mementum ratios. The kinetic energy a 
ratio is quite small before the jump and effectively. 2 Zero — 
after the jump. 

It is possible to estimate the portion of kinetic energy 
loss brought about by expansion of the surface. For the 
expansion to the jump radius the rate of loss of kinetic 
energy due to the surface tension effect at the free surface 
is given by: 


momentum flux before jump 
momentum flux of falling stream — 


dE 
J = 2nrjU sy 


where y is the surfaze tension of the liquid. The lanetio i 
energy of the falling stream is equal to 1/2 pQ Uj. Since — 
the kinetic energy o¢ the stream is almost entirely lost ae 
the jump, the fraction of kinetic energy loss. ‘dos: FOR 
surface expansion is given by: oe 
4nrgyUs 

QU? ! 

In the several experiments in which surface sil fi 
measured, this ratio for water was about 50 pe 
for the water—glycezine solution about 20 per ce 
remaining kinetic energy losses are primarily du 
viscous effects. a 
It is to be expected that an increase in viscosity {w 
all other things remaining the same) will result in a greate 
loss of energy due tə viscous effects per unit area. 51 
the kinetic energy evailable is limited, this will 3 rest 
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Fig. 6. Variation of jump radius 7; with Reynolds number R and: kire- 
raatic viscosity of Hquid 











ump, fatthor expansion of the surfs o the 
will be slight. As a result, the product rU, in this 
All tend to be constant. If it is again assumed 
© ey profile remains fairly flat throughout this 


tle id thickness, d, also peas to remain constant for a 
given tase. 
‘The thickness d of the liquid layer can be increased, as 
cee: desired, by placing a ledge around the splash plate. "An 
 Enerease- in d will, of course, reduce the jump diameter. 
























dubiligation i in aqueous phases of insoluble amphi- 
bstances by association with more soluble similar 
esis of interest, not only from a purely physico- 
point of view but also because of its industrial 
nts) and biological applications. 

articular problem to be discussed here concerns 
bilization of phospholipids and cholesterol in 
cal fluids—particularly bile. About six hundred 
es representing all possible proportions of bile 
ecithin, cholesterol, and water were prepared and 
wed with a polarizing microscope and 250 of these 
sed by X-ray diffraction. Pure sodium cholate 
used as the bile salt (solubility in water at 20° C = 
per cent). Cholesterol recrystallized four times from 
methanol (final melting-point 148° C was used), and 
pure egg lecithin was prepared in this laboratory’. 
der to maintain the pH of the mixtures greater than 
which there is almost no free bile acid), the 
led water used was brought to pH 10 with sodium 
oxide and stored under nitrogen. All experiments 
carried out in the region of 22°-24° ©. 

salt is very soluble in water, but cholesterol is 
totally insoluble. Lecithin is not soluble in water 
ells to form a paracrystalline phase. Even in very 
olumes of water lecithin simply forms a dispersion 
‘swollen phase’. 
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ARY AND QUATERNARY AQUEOUS SYSTEMS CONTAINING BILE SAL1 
= LECITHIN, AND CHOLESTEROL ‘ 


By DONALD M. SMALL*, MARTINE BOURGES and D. G. DERVICHIAN 


Service de Biophysique, Institut Pasteur, Paris 





Fig. 1. NaC, Sodium cholate; W, water; L, lecithin; Chol, cholesterol. 1¢, 2ọ and 8p, Zones of one phase, two phase and. three phases, 3 L tt 
: ‘paracrystalline phases (see text); IV: isotropic solution (see text) : 






Say 

As a falling liquid stream spreads radially on a hee: 
zontal plate, the surface velocity of the region within the 
jump remains essentially constant almost up to the 
position of the hydraulic j jump. It is found experimentally a 
that the ratio of the surface velocity to the initial velocity. o: 
increases from 0-6 to 0-84 as the Reynolds number for the 
stream increases from about 3,000 to 20,000. The kinetic 
energy of the falling stream is essentially completely 
dissipated at the hydraulic jump. The fraction of kinetic. | 
energy expended in the creation of new surface is shown. 
to be quite large. : 


“Watson E. J. J.” Fluid Mech., 20, 481 (1964). 

















Ternary Systems. maT 
system, the three ternary systems: (a) bile salt—chol 
sterol-water, (b) lecithin—cholesterol-water, and (c) bi 
salt—lecithin-water, were investigated. Ternary phas 
diagrams representing these systems are presented i 
Fig. 1. It can be seen from Fig. la that the ability 
sodium cholate to solubilize cholesterol is very weal 
the quantity of cholesterol solubilized in water represents. 
at the most 2 per cent of the weight of sodium cholat 
present, regardless of the quantity of water. All mixture 
with more than 2 per cent cholesterol, or more tha 
56 per cent sodium cholate (as a percentage of weight. « 
all three components), form either two or three phases 
The phases are: (1) the isotropic solution containing 2 pe 
cent or less cholesterol solubilized by the bile salt; (2) the 
crystals of sodium cholate; (3) the crystals of cholesterol. 
However, it can be seen in Fig. lb that up to 33 per cent 
cholesterol (which corresponds to a molecular ratio. wit 
lecithin of 1: 1) can be incorporated in a paracrystal 
phase given by lecithin and water. This system, howeve: 
never forms an isotropx: micellar solution. 

The system bile salt—lecithin—water is of some intere: 
as it gives three paraerystalline phases labelled I, I 
and III in Fig. le and an isotropic solution (phase IV 
Phase I is analogous to the “neat soap” of th 
aqueous soap systems. All the mixtures with compositior 
falling into this area show a lamellar structure with: 
long spacings (D) ranging from 38 Å to 75 A ance co 


C 










preesnt | but also the amount of bile salt i in the lipid ingots: 
ius, for example, the thickness (dz) may fall from 
425 A to 335 A with increasing hydration and, at a 
--gertain constant water concentration, dy falls from 42 A 
to 81 A with increasing bile salt concentration. The 
< o ealeulated area per molecule in this layered structure 
varies from 70 A? to 59 A?. These mean molecular areas 
-correspond to those obtained with similar proportions of 
< lecithin and cholic acid spread as monolayers and com- 
pressed to a pressure of 25-30 dynes/em (ref. 3). 
Phase II, although isotropic, is very thick, almost 
id and gives long spacings corresponding to a face- 
red cubic lattice. This phase is probably made up of 
ecahedrally deformed spherical micelles of lecithin 
bile salt packed in a face-centred cubic lattice. It is 
gous to the cubic phase described by Luzzati et al. 
ain soap and detergent: systems. In this phase D 
es from 39 A to 43-5 A. 
hase IIT is analogous to the ‘middle soap” in aqueous 
ap systems and gives long spacings corresponding to 
xagonally packed indefinitely long cylinders as de- 
by Luzzati et al.4 for the “middle soap”. Depending 
proportions of the components, the axis to axis 
l (D). ‘between the cylinders ranges from 395 
0 A. The calculated diameter (dz) of the lipid 
rs ranges from 32-5 Å to 49-5 Å. Either an inerease 
dration or an increase in bile salt content of the 
lers produces a decrease in the diameter of the 
lers. The calculated water thickness between the 
ent cylinders ranges from 5 A to 25 A. The calculated 
er molecule in this phase varies from 96 A to 116 A?. 
areas are the same as those found with similar 
proportions of lecithin-cholic acid mixtures spread as 
monolayers compressed to a pressure of 6 dynes/em 
. 3). 













































Phase IV is an isotropic micellar solution. This phase 
nds up to and includes a mixture containing nearly 
ual weights of the three components (36 per cent bile 
lt, 34 per cent lecithin and 30 per cent water). In order 
-gain some information about the micellar dispersion in 
is phase preliminary light-scattering measurements 
re performed on aqueous solutions containing 2 per 
sodium cholate and increasing amounts of lecithin. 
micellar weight rises gradually from 1,650 for a 
t sodium cholate solution to 16,500 for a solution 
ing about 3 per cent lecithin and 2 per cent sodium 
late. Further addition of lecithin up to 5 per cent 
sa slight fall in micellar weight to 15,000. 
‘The zones between these four different areas represent 
compositions which produce two coexisting phases or 
three phases of fixed composition. These phases can be 
-= -crystalline (sodium cholate crystals), paracrystalline (I, 
II, ITD) or the isotropic solution (IV). 
“The effect of changing the nature of the bile salt should 
be emphasized here. The same series of systems was 
- prepared, but this time a mixture of naturally occurring 
conjugated bile salts extracted from beef bile was sub- 
stituted for the pure sodium cholate'. The diagram ob- 
tained was very similar, so far as the paracrystalline 
hases I, II, and IJI were concerned, when compared 
ith the diagram obtained with pure sodium cholate. 
m the lower limits of the isotropic phase (IV) were 
nilar; the only difference was the disappearance of the 
pper linear frontier, which meant that an increasing 
nount of bile salt could be added without there being 
paration into erystals. This is understandable 
is remembered that the mixture of naturally 
is soluble in, water in all proportions — 


























Fig. 2. NaC, Sodium cxolate; W, water; L, lecithin; Chol., sks rol. a 
I, O, Wi = paracrystalline phases ge ae a 
IV: isotropic solution iii 








“salt for sodim: cholate 
mixture. The maximum cholesterol which could be 
. ubilized. by this mixture of conjugated bile salt was 
‘per cent at 24° C as opposed to 2 per cent for the sodium 
Hate. While the solubility of the conjugated bile salt 
xture is much greater in water than sodium cholate, 
pacity to solubilize cholesterol is almost the same. 
Quaternary systems. It seemed that the best way to 
sent the quaternary system was to examine the modi- 
_ fication of the ternary diagram (bile salt—lecithin—water) 
`> when cholesterol was added as a fourth component. 
Indeed, the addition of cholesterol to the various phases 
of the ternary system did not change their general struc- 
ture but simply modified the frontier of their corresponding 
areas on the diagram. This is clearly shown in the series 
of diagrams in Fig. 2. Each of these triangular diagrams 
‘corresponds to a constant overall percentage of chole- 
7 Sterol- only the percentages of the other three components 
ovary. Thus Fig. 2a, which corresponds to 0 per cent 
holesterol, is simply a reproduction of the ternary 
am Fig. Ic simplified to show only the contours of 
our separate phases. The others, Figs. 2b-j, ag aa 
overall percentages of cholesterol 0-5 per cent, 1 per 
t 2 per cent ... 25 per cent. 
t can be seen that, in phase I, up to 25 per cent chole- 
rol can be associated with the lecithin and bile salt. 
y analysis indicated that in these quaternary systems, 
se I remained lamellar, phase IT cubic, and phase III 
agonal. The presence of cholesterol in these phases 
sed a slight increase in the long spacing (D) compared 
at the corresponding points in the ternary system, 
as if the lipid layer was in a more condensed state. 
finding is in accordance with what is observed with 
ced films of lecithin and cholesterol spread on water’. 
Here the presence of cholesterol reduces the partial mole- 
ar area of lecithin, showing that the chains of the 
thin are in a more condensed state. 













































A CHEMICAL REACTION WITH A MEMORY EFFECT 





te. 100 pe per tènt, ‘bile salt: for t the 











-With these diagrame ate our disposal; 6 tae given nthe ji 
is an aqueous solution containing as its main soluble 
component bile salt and as its primary insoluble com- 
ponents lecithin and cholesterol, the question naturall 
arises as to which region of the diagram the gall bladder 
bile falls in and what might result from variation in ita: 
composition. ! 
An average normal human gall bladder bile contains z 
about 92 per cent water, 3-5 per cent bile salt, 3 per cent. 
lecithin, 0-5 per cent cholesterol and 1 per cent other 
components—for example, bile pigments (mostly in the 
form of water soluble bilirubin dighicuronide), protein, =. 
and inorganic anions and cations. If we neglect the minor = 
changes in Fig. 2 which these other components may 
produce, we can compare bile with a system having a o 
composition of about 93 per cent water, 3-5 per cent bile ~ 
salt, 3 per cent lecithin and 0-5 per cent cholesterol, the = 
corresponding point of which falls in the region of the. 
isotropic phase IV at the point marked X in Fig. 2b. Bee 
The composition of gall bladder bile, especially in 
pathological cases, has been shown to vary widely* s: 
If bile is to remain a micellar solution, however, its com- 
position must be within the confines of phase IV. Indeed, 
from an examination of these diagrams it is possible to 
predict that a change in the percentage of any of the 
components (cholesterol, lecithin, bile salt and water) 
may lead to the formation of crystals of cholesterol or 
one of the paracrystalline phases (I or ITT). y 


1 Small, D. M., Bourgès, M., and Dervichian, D. G. (to be published). 
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: A MECHANISM frequently encountered in reaction kinetics 
| consists of an, ae 


A < B, for which k- ® k4: 
ka 


followed by an o reaction of B: 


Ae FO D —> ete. (I) 
key khe k 

During such a reaction the concentration of B will be 
smaller than that corresponding to the unperturbed 
equilibrium A zB, in particular if k, is not small relative 

to kie 
The present article reposts a type of reaction in which 
the set of equations (I) is contained, but in which during 
_ the reaction the concentration of B becomes greater than 
that corresponding to an unperturbed equilibrium AzB. 
"his unusual behaviour is due to a reaction (4) of A and C, 
regenerating the intermediate B and yielding the final 













f product D: 
ka kz 
A == B —> C 
Ray ks 
ae (TI) 
D 










The assumption that k- k4, is retained MONE ogi this : 
article. Moreover, it is assumed that 


reaction (4) is fast* relative to (—1), (2) i 
and (3), and , conditions — 
reaction, (— 1) is not much faster than (2) | a 


Then each quantity of B reacting to give C will immediately 

be replenished by reaction (4). As a result, the concentra- 

tion of B and thus the reaction rate, —d[A]/dt, which 

under these conditions tends to k [B], will decrease only 

slowly, while A may be consumed rapidly. Under these 

conditions the consumption of A proceeds mainly by way 

of reaction (4) and only to a small extent by way of (1). 
Reactions proceeding by way of mechanism {IT) under 

the conditions « possess some properties which are at 

first sight paradoxical. For example, the reaction rate is 

not a single valued function of the concentration of A, 

because the ‘history’ of the system also has its effect. This 

is seen most clearly when the conditions « are fulfilled in => 

the extreme, namely when: i 







ki, k- and k are zero, while - 
kı — œ (at least ‘very large’) . 
[Bh #0 | 


* The quantities compared here are the products of rate co natant i, 
concentrations. 


conditions @ 
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he soitision that B B should be given an initial value 
d y has to be made in order to start the reaction. 
i Under aa p the system reduced to: 






K 
(IT) 





In such a system B remains constant and equal to any 
initially given value [B]e since any B disappearing by 
way of (2) is instantaneously regenerated by (4). 
Since [B] is constant, the reaction rate —d{A]/dé will 
also be constant, althou igh [A] continuously decreases: 


L = 0 = k [B] + & [A] [C] 






































mi dil = k [4] {C] = k, [B] = k, [B], = constant 
ithe ae of C thus increases, being inversely 
oportional to [A] during the reaction. 

(An apparent objection to this reasoning seems to 
be that, since d[B]/dt + d[C]/dé = 0 irrespective of 
the values of k, and ka while d[B]/dt-> 0 when 
k,—> œ, [C] would have to be constant. In the 





ud. the product k, [A] [C] can remain constant by 
rtue of the indefinite value of the product 0 x oo. 
1 k, is finite, although S>k,, [C] will be very small 
to. [B]: Then d[B]/dt will no longer be zero, 
ave a small value, approximately zero so long 
} does not tend to zero. The relative changes 
By] will be small, but, since d[B]/dt + d[C]/dt = 

ie relative changes i in [0] will be appreciable.) 
‘Now if k}, and k- are not truly zero, but reactions 
and — | are negligibly slow relative to the other 
reactions in mechanism (II), then [B], will be a function 
: of [A],, for example: 


[B]e 


-The initial rates of such a system will then be found to 
e nth order in [A], if a series of experiments with different 
initial concentrations of A is carried out. During each 
experiment, however, the rate will be zero order in [A], 
-. since each experiment conserves the initial rate until [A] 

. has dropped to zero. For n=1 this situation is shown in 

‘Fig. 1. 
tcan also be seen from Fig. 1 that the rate ~ d[A]/dé 
ch systems i is not a single-valued function of [A]. At 
en value of [A], say x, the rate can have any value 
depending on the “history”--that is the initial 
centration, of A—of the system. 

‘The phenomena displayed in the most extreme form by 
mechanism (ITI) under the conditions 8 and y will be 


= K {Ah (condition y) 


d[A] 


* 
. 
. 
* 
x Se oe eRe ee ae 
` 
bS 
* 


[A] 


| He 1. Full linea; cates of separate runs; dotted line, initial rates, Aga 
“-fanetion’ of time the systems run from right to left 
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extreme case p, [C] is indeed constant, namely zero, & 
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referred to as the “memory effect”, which has the following 
characteristics: 

(a) The rate —d_A]/dt is of zero (or very low) order 
in [A] so long as [4] does not drop to very low values, 
while the initial rate is of a higher order in [A]p. 

(b) Consequently, she reaction rate is not a single-valued | 
function of [A]—except at the start of the reaction—but is 
co-determined by tks “history” of the system. (The term 
“memory effect’? wll be used in connexion with homo- 
geneous systems. Im heterogeneous systems the “ageing” 
of, for example, solid phases provides a simple manner 
of making the behaviour of the system dependent on- its 
history. A long-known example of a reaction possessing — 
different orders witk respect to concentration and o time 
is the thermolysis o7 acetaldehyde at 500° (ref. 1).) E 

If the conditions for a mechanism (II), «, are fulfilled i 
but not in the exəreme (like 8), then the non-single- 
valuedness of —d[4]/dt as a function of [A] remains, 
but the rate of separate runs is not exactly constant. An- 
experimental example of this situation is given in Fig. 2. 
In the course of the reaction the reaction rate decreases 
far more slowly thaa the measured concentration. 
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Fig. 2. Plot of reaction rate against conceniration in systems 
(0-05 —-0-1~-0°15 mmole), NeOCH, (0-2 | 


Cuga(N One 
mmole) and (@-C,H,}),NO- (0-002 
mmole) in 30 ml. methanol, 30° C, anaerobic conditions 


The differential squations describing the kinetics. of | 
mechanism (II) cannot be solved analytically, ever for. 
the simplified probem (IIT), with kyAo. The systems : 
(II) and (III) are, however, easily simulated on an elec- 
tronic analogue coraputer. 

Kinetics of the a’orementioned type were encountered na 
in the reduction of cupric-phenanthroline complexes by- 













methanol, catalysec by the stable free radical ai-e-buty = $ 


nitroxide (t-C,H,), NO. : 

Solutions of cupric nitrate and o-phenenthroline ds 2 | 
ratio) in methanol containing some NaOCH, are stable at 
30° C in the absence of oxygen, unless a catalyst is added. 
In such solutions tae copper ion and phenanthroline (¢) a 
largely combine to a complex ion Cul'g,. (The resection: 
is described in deteil elsewhere’. In the present article — 
those complications which do not contribute t 
“memory effect”, such as the further co-ordinatio) oe 
Cuo, with 9, CH,O- or CH,OH or the existence of two- 
parallel oxidation reactions of methanol, have been ignored. 
for simplicity.) Thelatter is comparable with compound A 
in diagram (II). To a small extent this complex dissociates: 
according to: 






Cug, = Ci» + 9 

The kinetics indizate that only the complex Cu" (B 
in diagram (IT) ) is reduced by methanol and a catalyst, 
to form Cu'o (C ). The fate of methanol and catalyst in 
this reduction is irrelevant to the present discussion. 
Suffice it to say tha: their concentrations remain constant: 
throughout the reaction. The co-ordinatively unsaturated — 
cuprous complex Ci'@ ean be converted into the 3 E 
more stable Cu'ọ, (D) in two ways: (a) The reaction with 
free phenanthroline: 


Sue + p-> Dug, 
which will be iat el slow because [ọ] is small. (b) An 
electron transfer resection with Cu™9,: 
Cu'o + Cuo, — Cuo n Cuo, 






1 ‘of the cupric oaeiae complex by 
ol can be assembled in a diagram analogous to (II): 


o = phenanthroline 


rentally, the reaction is started by adding the 
} the methanolic solution of the eupric phen- 
complex. The total concentration of cupric 
s as a function of time is followed on a recording 


appr atery r raer 

dande the reaction this order i is eona hy lower 
the basis of an equilibrium Cug, z> Cug+ 9, the mr 
concentration of Cug and the initial rate would. b 
expected to be proportional to [Cup], since [Cup] s 
[p] The complications giving rise to an approximate fi 
order in Cu™o, are discussed in ref. 2.) The rate is not- 
single-valued function of [Cug,], because the syster 
‘remembers’ its initial conditions. | 

The reactions of diagram (IV) were simulated on aa 
electronic analogue computer. k- and k, (which wer 
assumed equal for simplicity) were varied, while k,,/k 
k, and k, were given constant values such that the ti 
needed for completion of the reaction was of the order © 
5-10 min. It was seen that k, needs to be only abou 
10x k- in order to obtain a memory effect comparable 
that illustrated in Fig. 2. 

I thank Dr. H. A. Vreedenberg for helpful discussion 


1 Letort, M., J. Chim. Phys., 34, 206, 207, 355, 438 (1987). y 
* Brackman, W., and Gaasbeek, C. J., Ree. Trac. Chim., 85, 221 (1968 


NSE RECEPTORS OF Multicotyle purvisi DAWES, 1941 (TREMATODA, 
ASPIDOBOTHRIA) 


By KLAUS ROHDE 


Department of Zoology, University of Malaya, Kuala Lumpur, Malaysia 


erally assumed that one of the adaptations to a 
ay of life in Platyhelminthes is a reduction of 
» receptors. It is, therefore, of great interest 
pecies of trematode sense receptors were found 
not only more diversified than known from any 
e, but even more complex than in free-living 


‘Three types of sensory bulbs in the oral sucker of Cercariaeum. 
(After ref, 4) 


free-living turbellarians may have, besides eye- 
‘statocysts, a variety of sensory bristles, some 
chemoreceptors, others as tangoreceptors or 
eptors (see, for example, ref. 1), the only sense 
known from digenetic trematodes, are free 
ings below the cuticle (see especially refs. 2 and 
bulb like terminal swellings of neurosensory cells 
tuticle’-> (Fig. 1). Eye spots are often present in 
larval stages, but are generally lost in the adult 
sitie stage. For monogenetic trematodes, Wright and 
allum“ describe simple “tactile organs” with a long 
hai The marginal organs of Aspidobothria, 
were considered to be sense organs by some early 
, are not sensory in nature, but ampulla-like 
üres filed with glandular secretion. 
rnecke’, Blochmann® and Pintner® have shown that 
vies have simple types of sense receptors similar to 
3 of trematodes. 


In the course of histological investigations of Mul 
cotyle purvisi Dawes, 1941 (Fig. 2), using the slight 
modified urea-silver nitrate method as described by 


Fig. 2. Multicotyle purist Dawes, 1941.. Whole mount. . 
cirrus pouch; S, suckerlet of: adhesive disk; AD, adhesi 
laria; O, ovary; T, testis; D, Laurer’s canal; Tyin 
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Gurr’®, an astonishing variety of sense receptors was found, 
This variety is even greater than that of free-living 
turbellarians. The statement that parasitism in Platy- 
helminthes leads to a reduction of their sense receptors 
cannot therefore be applied to this species. 

In Multicotyle, the least specialized sensory elements 
are free nerve endings which can be found below the 
cuticle in most parts of the body (Figs. 3 and 44). They 
are most common in the suckerlets of the adhesive disk 
and on the walls separating them, and in the oral opening 
and the region surrounding it and behind it. They occa- 
sionally penetrate a short distance into the cuticle. Often 
their ending is branched in a T-like fashion. They must 
not be confused with the network of connective tissue the 
fibres of which often look very similar, especially those in 
the suckerlets of the adhesive disk. Because of this 
similarity, the eonnexion of a fibre to large nerves was 
used as the only criterion for its nervous nature. Free 
sense hairs are very common on the adhesive disk and 





0.03 mm 
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probably in the oral opening; they arise from the sub- 
cuticular nerve endings and pierce the cuticle to form a 
small knob-like projection on its surface (Fig. 3B). On rare 
occasions, such sensory hairs were also seen penetrating 
the thick dorsal cuticle. It is, however, possible that these 
are in fact secretory ducts. (In the suckerlets, the hairs 
could often be traced to the free nerve endings which 
supports the view shat they are of a sensory nature. 
However, it cannot de ruled out that at least some of the 
“hairs” are secretory ducts and the knob-like projections 
secretory droplets. Final clarification of this point would 
be possible by invest- gations with an electron microscope.) 

Relatively few nerve fibres penetrate into the cuticle- 
forming loops (Fig. 30) or clubs consisting of a coiled up 
nerve fibre (or fibres?, Figs. 3 and 4D). While the 
former were mainly found on the adhesive disk, the 
latter are thinly scattered on the lateral and dorsal parts 
of the main body. Sometimes, the clubs are solidly 
stained, thus concea-ing any fibres. 


? 
Y 





Figs. 3 and 4. Sense receptors of Multicotyle purvisi Dawes (Fig. 3, camera lucida drawing; Fig. 4. photographs). A, Free subeuticular 


nerve endi 


: B, free sensory hairs; C, loops of nerve fibres ip cuticle; D, coiled up nerve fibres and small clubs in cuticle; Æ, large 


clubs in cu cle around mouth opening; F, small subcuticular capsules; G, capsules in cuticle; Hsmall capsules in cuticle of adhesive 
: I, sensory bodies in cuticle of walls separating suckerlets of adhesive disk; K, small sensory bodies in and around mouth; A.#., 
horizontal section; A.v., horizontal view 








| in g Sa aberat in the oath cavity) are lar ge, solidly 
d-bodies which are sometimes surrounded by 4 
sule (Figs. 3 and 4E, maximum size 60 x 36u). 
is possible that these are derived from the smaller 
bs in other parts of the body. 
Small capsules are dispersed throughout the region 
ow the cuticle of the main body. They can be con- 
ered to be free T-shaped nerve endings surrounded 
_ capsule (Figs. 3 and 4F, maximum size 5-4 x 3-6p, 
lly about 25 x 2-5u). The terminal solid plate is 
1 absent. Occasionally, the capsules penetrate for a 
+ distance into the cuticle. An apparent further 
7 velopment of these small subcuticular capsules are 
large capsules which are distributed in most parts of the 
“body. They are often located in an elevation of the 
ticle and show a considerable variability in size (Figs. 
and 4G, maximum size 7:0 x 7:4u). They are largest 
d most common in the regions dorsal and lateral to the 
ul opening (but not in the mouth cavity) and rarely 
ecur on the adhesive disk. Typically, the capsule is a 



























= os pear-shaped body with a long projection reaching below 


ruticle. A thick nerve fibre crosses the capsule, forming 
ee shaped figure in its widest part. Terminally, it either 
-Cforms a solid plate which sometimes bears a short hair-like 


Te process” passing beyond the surface of the cuticle, or it 


occurs. without such a plate, and becomes very thin and 
often passes to the surface where it forms a knob-like 
-projection or a long sensosy hair. In horizontal sections, 
the capsule appears homogeneous and surrounded by a 
en strongly granular cuticle. A modification of this kind 
of capsule is the smaller capsule found on the ventral 
disk; in the lumen of the mouth cavity, on the lip sur- 
-rounding the mouth opening, and in the regions ventral 
and lateral to the mouth opening (Figs. 3 and 4H, max- 
um size 3-4 x 36u). In this type, there is no thick 
shaped fibre in the capsule. Instead, the fibre is usually 
Sia traight and extremely thin and forms a very long sensory 
hair at the surface. Normally, there is a small plate-like 
- swelling of the fibre at the base of the hair which probably 
¢orresponds to the body of discrete amorphous material 
- deseribed by Dixon and Mercer’ in the sensory bulb of 
the cercaria of Fasciola hepatica. 
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Large. bodies ‘are very cangpiouctia a common 
ihe walls separating the suckerlets of the adhesive disk 
(Figs. 3 and 47, maximum size 6-0 x 7-2u). The large 
terminal plate of this sense receptor seems to consist of a 
fused nerve fibre. Sometimes the end plate is very thin, 
which indicates a possible relationship with the ‘simple f 
nervous loop (see Fig. 3C). It is also possible that: 9. 
they are derived from the large pear-shaped capsules = 
(see Figs. 3 and 4G) in which the terminal plate has = 
become abnormally thick. This is indicated by the =- 
structure of smaller capsules which are very common on Ase 
the lip around the oral opening and inside the mouth 
cavity (Figs. 3 and 4K, maximum size 3-0 x lp) € 
These capsules resemble the receptors illustrated in Figs. 
3 and 4G, but they have an extremely thick terminal 
nerve fibre and usually a very thick terminal plate. Theo cc 
possible relationship of the various types of sense receptors Seon 
is illustrated in Fig. 5. USERS 

The number of sense receptors is greatest around and | 
behind the mouth and on the adhesive disk. In a specimen, — 
6-1 mm long, the following numbers of receptors were- 
counted: in the prepharyngeal region (310 long), dorsal, 
360; ventral, 260; in the mouth cavity, 140. Most 
common in the mouth cavity and on the lip surrounding 
it were sense receptors, as illustrated in K, but there. 
were also many ‘H’s’. In the regions dorsal, jersey and 
ventral to the oral opening there were mainly ‘G’s’, 
also a considerable number of ‘H’s’. Besides He sense 
receptors, numerous free nerve endings were present. | 

In another specimen, 3-1 mm long, the posterior half 
of the prepharyngeal region (100u long), excluding the 
mouth cavity, contained about 160 sense receptors, while a ` 
portion of the body, 300u long and beginning 600, behind | 
the anterior end, contained about thirty-five ‘J s’, sixty 
‘H’s’, thirty-five ‘C’s’ and a great number of sensory | 
hairs and free nerve endings on the adhesive disk, and — 
seventy ‘F’s’ and ‘G’s’ and five ‘D’s’ on the main body, 
primarily its dorsal portion. A part of the body, 300g long - 
and beginning 2-9 mm behind the anterior end, contained- 
about forty ‘7’s’, 115 ‘H’s’, ten ‘C’s’ and a great number o 
sensory hairs and free nerve endings on. the adhesive d 
and twenty-five ‘#’s’ and ‘G's’, five ‘H’s’ and two ‘D's’ on 
the main body. There were hundreds of free nerve endings 
and at least some dozen free sensory hairs in each suckerlet 
of the adhesive disk. 

The numbers given are only approximate and probably — 
minimum values, because it is often difficult to count all. 
sense receptors, especially in areas where they are closely 
packed. Most difficult to find are the small bulbs located 
below the cuticle (‘F’). 

After staining in hot 2 per cent silver nitrate solution 
the openings of the sensory bulbs appear as black spots- 
on the cuticle. It is doubtful, however, whether all bulbs ` 
are stained, especially those without a hair piercing the === 
cuticle. Thus, this method cannot be used for counting 6 
the sense receptors. ee 

Regarding the function of the different receptors, it 
seems probable that ‘A’, ‘F’, ‘I? and ‘K? are tangos ào 
receptors, because they do not ‘possess hairs which might c- 
be stimulated by chemicals. No statement about the 0) 
function of the other types is possible at present. ee 

I thank Miss Lilian Lim and Mr. Teh Kok Leng for pone 
their technical assistance. This work was supported by = 
a grant from the Deutsche Forschungsgemeinscha‘t. 
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MORPHOLOGICAL AND SEROLOGICAL ANALYSIS OF 
LEPTOSPIRAL STRUCTURE 


By Pror. R. YANAGAWA and Pror. S. FAINE 


Department of Bacteriology, University of Sydney, Australia, and Departmert of Veterinary Microbiology, 
Faculty of Veterinary Medicine, Hokkaido University, Sapporo, Japan 


THERE is no serological or chemical information about the 
nature of the morphologically identifiable structures of 
the leptospiral cell nor have there been investigations of 
the cellular localization of antigenic sites. This informa- 
tion is of importance in microbiology because of the 
unique structure of the genus Leptospira and its relation- 
ship to the structure of other genera of spirochaetes, and 
of taxonomic importance because of the complex and 
increasingly confusing serological relationship between 
serotypes of leptospires. An understanding of leptospiral 
structure may help elucidate some unexplained aspects 
of the pathogenesis of leptospirosis'. This article reports 
the morphological identification and partial purification 
of cell-walls from pathogenic L. tcterohaemorrhagiae, 
describes perimural fibrils and suggests the nature of 
antigens corresponding to various cellular components. 

It has been generally agreed that leptospires have three 
main structures, a protoplasmic cylinder, an axial filament 
and a cell envelope*. As a result of thin sectioning of 
leptospires Babudieri® showed that the axial filament 
was covered by and located inside the envelope. 
Simpson and White* reported that the protoplasmic 
spiral was a hollow tube which contained material of 
low electron density. 

Serologically-active antigenic fractions of leptospires 
have been extracted with ethanol-*, deoxycholate? and 
phenol’, but no morphological observations were made 
of the cellular location of extracted material. Recently, 
Ginger" identified muramic acid in Borrelia duttoni and 
L. biflexa. He suggested that spirochaetes should have 
cell-walls structurally similar to the bacteria. 

In the present experiments L. icterohaemorrhagiae was 
cultivated in Korthof’s medium with 8 per cent rabbit 
serum for 4-7 days at 30° C, washed twice with 0-01 M 
phosphate buffer, pH 7-2, and resuspended in buffer to 
one-twentieth of the volume of the original culture. 

Initially, serologically antigenic fractions were extracted 
from the washed cell suspensions by the following agents: 
ethanol (final 50 per cent, 4° C overnight, repeated more 
than twice), n-butanol (final 50 per cent, shaken at room 
temperature for 5 min, 4° C overnight, aqueous phase 
used), ethyl ether (excess amount, shaken for 5 min and 
kept overnight at room temperature, aqueous phase 
used), phenol (final 50 per cent, 65° C for 10 min, aqueous 
phase used), sodium deoxycholate (L. Light and Co., 
final 1 per cent in 0-01 M phosphate buffer solution, pH 
7:2, 45° C for 4 h), trypsin (B.D.H., 1 mg/ml. in 0-06 M 
phosphate buffer solution, pH 7-8, 37° C up to 3 h), 
lysozyme (Armour, 20-1,000 yug/ml.), penicillin (10- 
100,000 vu), DNase (Sigma, 0-5 mg/ml.), RNase (N.B.C., 
0-5 mg/ml.). A Hughes bacterial press!* was also used. 
Ethyl ether, n-butanol and ethanol were removed from the 
aqueous phase by evaporation at 37° C. The extracts or 
soluble parts were separated from the cell residue by 
centrifugation and used as antigens for precipitin reaction 
in gels. Cell residues, examined by light and electron 
microscopy, were also used as antigens in agglutination. 
Precipitin reaction in gels and agglutination-lysis tests 
followed standard techniques. Homologous strain anti- 
serum was obtained by immunizing rabbits with whole 
cultures of intact leptospires, yielding an agglutination- 
lysis titre of 10-4. 


For electron misroscopy, residual cells after washing 
and further treatment were fixed overnight at 4° C in 
0-5 per cent osmium tetroxide in veronal buffer, pH 7-3. 
Fixed leptospires sedimented by centrifugation at 17,000- 
25,000g for 30 min and washed twice with distilled water 
were mounted on Formvar’ grids, and either shadowed 
with gold—palladium at an angle of 30° or stained with 
2 per cent phosphotungstic acid which was adjusted with 
1 N potassium hydroxide to pH 7-2 or were hardened in 
2 per cent agar, dehydrated, embedded in ‘Araldite’ and 
sectioned with an ‘LKB 4800A’ ultratome. Sections were 
stained with either phosphotungstic acid or lead’ and 
examined in a Siemens ‘Elmiskop I’ electron microscope 
at initial magnificasions up to 40,000 times. 

Estimations of muramic acid and glucosamine were 
made spectrophotcmetrically following the method of 
Park, described by Perkins and Rogers". 

Washed leptospizes were treated as described and the 
antigenicity of the supernatant fractions was examined 
by precipitin reactions in gels with immune serum against 
whole organisms. Ethanol and n-butanol extracts each 
contained an antigenic fraction which gave three similar 
lines. Phenol extracted a similar antigenic fraction which 
gave a faint line. No appreciable antigenicity was found 
in the extract or supernatant of the cells treated with 
ether, trypsin, lysezyme, or penicillin and in the cells 
disrupted with the Hughes press. 

Treatment with deoxycholate produced a fraction 
containing antigens which formed five lines, including 
all three of those fcund in ethanol, n-butanol and phenol 
extracts. The common lines were spaced near the anti- 
serum well or between the anti-serum and antigen wells, 
while the characteristic lines of deoxycholate extracts 
were formed close to the antigen well (Fig. 1). Residues 
of the cells treated with ethanol or n-butanol could be 
further extracted with deoxycholate. The extract thus 
produced gave three or four lines, which included all the 
lines characteristic of deoxycholate and also one or two 
lines common to ethanol or n-butanol extracts. 





Fig. 1. Immunodiffusion of rabbit antiserum to whole L. iclerohaemor- 

rhagiae (8) with the ‘ollowing extracts of homologous leptospires: 

deoxycholate (1), butanol (2), deoxychelate extract of ethanol- 
treated ce ls (5), ethanol (6) and phenol (7) 





re 2. Cell wall of L. icterohaemorrhagiae. A vestige of spiral structure remains where 
is adherent perimural material. Shadowed electron micrograph. (x e. 11,850) 


The optical density of leptospiral suspensions was 
reduced within 0-5-1 h when treated with deoxycholate 
and was further reduced after washing and trypsinization. 
Suspension density was also reduced after pressing but 
not by other treatments. Under dark-field, leptospires 
were seen to retain their shapes. Trypsin caused a slight 
reduction and deoxycholate a great reduction in refrac- 
tility which was not appreciably changed by ethanol, 
n-butanol, ether or phenol. When the cells were treated 
with trypsin after deoxycholate, the refractility was 
greatly decreased. Pressing caused leptospires to ag- 
glutinate into large clumps allowing the individual 
apparently disrupted cells to be seen only with great 
difficulty. 

Under the electron microscope, whole leptospires 
clearly showed their three basic structures—namely, a 
protoplasmic cylinder, an axial filament and a cell en- 
velope. A regular fold or apparently cord-like structure 
twisting all over the protoplasmic body was noticed under 
the envelope. 

Ethanol treatment caused incomplete removal of the 
envelope and the axial filament but the electron density 
was not reduced. After deoxycholate treatment with 
constant shaking, the outermost cell envelopes were 
removed and the axial filaments were completely lost. 
Cells thus treated appeared to have surfaces rougher 
than when untreated, and their electron density was 
lowered. 

Trypsinization of cells already treated with deoxy- 
cholate made the leptospires flat, straight and less electron- 
dense. Occasionally a fibrous structure was revealed on 
the cell body, details of which are described in a later 
paragraph. Similar results were also obtained when 
trypsinization was applied to the cells treated with both 
ethanol and deoxycholate. Almost all nucleic acid, 
measured by the absorption of 260 my of a 1 N perchloric 
acid extract (70° C for 20 min), was lost from the deoxy- 
cholate and trypsin-treated cells. Agglutinability was 
reduced by these treatments (Table 1). 


Table 1. AGGLUTINABILITY OF LEPTOSPIRES AFTER CHEMICAL TREATMENT 


Leptospiral antigen Morphology Reciprocal agglutina- 
suspension after treat- tion-lysis titre (50 
ment with per cent agglutina- 
tion end-point) 
— Whole cells 10,000 
50 = cent ethanol, nine Cells only partially 
es deprived of envelopes 
and ajal ents 1,000 
Deoxycholate and DNase Cells deprived of 
envelopes, axial 
filaments and DNA 100 
cħolate, trypsin, Only cell walis and 
DNase and RNase some prosopinaraio 
material 100 


Table 2. MURAMIC ACID AND GLUCOSAMINE IN LEPTOSPIRES AFTER CHEMICAL 


TREATMENT 
Leptospires Muramic acid Glucosamine 
treated with Morphology (per cent cent 
dry wt.) s wt.) 
— Whole cell 0-7 2-4 
Peat and Cells deprived of 
DNase envelopes, axial 
filaments and DNA 26 3-3 
Deexycholate Cell walls with some 
trypsin, DNase cytoplasmic 
E Nase materials 3-7 40 
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After shaking successively with deoxy- 
cholate, trypsin, DNase, and RNase, the 
preparations under the electron microscope 
showed filamentous cell residues with some 
intracytoplasmic material still remaining. 
Estimation of muramic acid and glucos- 
amine (Table 2) showed that the propor- 
tionate muramic acid content of lepto- 
spires was gradually increased during 
progressive purification. This is evidence 
that the flat filamentous shape con- 
tains muramic acid and that it could 
be cell wall. Glucosamine content was 
similarly increased progressively during purification 
but the increase was less than in the content of mura- 
mic acid (Table 2). These findings confirm the con- 
clusion that the long filamentous shape was the lepto- 
spiral cell wall and thus the basic morphological entity of 
leptospires. Cell walls were further purified by more 
drastic procedures including pressing which did not clump 
cell walls as it did whole cells. The preparation obtained 
after treatment with deoxycholate, DNase, trypsin, 
pressing, deoxycholate, DNase, trypsin and RNase is 
shown in Fig. 2. Many of the cell walls were straight, 
very flat and contained apparently internal granules. 
Occasionally foldings were seen which may have been an 
indication of their original spiral. The width of the 
purified cell walls was about half that of the whole cells. 
Thin sections of leptospires were examined to observe 
particularly their cell walls. A section of a whole lepto- 
spira (Fig. 3) showed the three main structures and also 
demonstrated a three-layered cell wall consisting of a less 
dense layer between two denser layers. Partially purified 
cell walls showed a lightly staining tubular appearance 
when sectioned, but bounding membranes were not 
clear. 

In the course of electron microscopy, fine fibrils were 
observed in preparations which had been treated with 
deoxycholate without shaking and immediately fixed 
with osmium tetroxide. Ten min trypsinization after 
deoxycholate treatment also clearly showed several 
fibrils twisted around cell walls (Fig. 4) but longer tryp- 
sinization of 0-5-1 h destroyed them. They were never 
seen in whole cell preparations not treated with deoxy- 
cholate. Some fibrils remained attached to the cell body 
by one or both ends, while others were released at one or 
both ends. On each leptospira there appeared to be six 
or more fibrils each estimated to be 60-80 A in individual 
diameter, and wound or tightly coiled around the lepto- 
spiral cell wall as seen in shadowed preparations. The 
fibrils were clearly different from the axial filament be- 
cause they were coiled or wavy, were never seen in un- 
treated cells, and were observed either in cells where an 
intact axial filament could be seen attached to one end, 
or after treatments where the axial filament was com- 
pletely released. The most suitable treatments to demon- 
strate the fibrils were different from those required to 
show cell walls. The protein composition of the fibrils 
was suggested by their susceptibility to prolonged trypsin 
treatment and their staining with phosphotungstic acid. 
Loss of the spiral shape coincided with the loss of fibrils 





Fig. 3. Thin section of a leptospira, (Karkovsky lead strain) ( x 40,000). 
A triple-layered structure corres g to cell wall is seen between the 
two darkly-stained masses of axial filament 
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Fig. 4. (a) Spiral fibrils between lep 


acid in a parallel preparation to that shown in a(x e. 13, 


or their matrix after trypsinization. This body of evidence 
points to the fibrils as a structural entity distinct from 
cell wall and axial filament, possibly responsible for the 
spiral shape by coiling like a tight spring around the 
cell wall to produce a spiral structure. 

The findings show that leptospires are bacteria with 
cell walls structurally and chemically similar to other 
bacteria. However, methods such as crushing or de- 
compressive rupture’ appear to be unsuitable for pre- 
paring cell walls without chemical treatment beforehand. 
Sodium deoxycholate does not cause complete lysis, as 
is commonly supposed, but strips the outer cellular layers, 
causing reduction of optical density and of refractility 
in dark-field, and immediate leakage of intracellular 
enzymes**, 

Three main layers may now be recognized in the lepto- 
spira. The outermost envelope is removed both by 50 
per cent ethanol and deoxycholate, which also loosens 
and removes the deeper perimural fibrillar layer. Although 
the ethanol extract contains the erythrocyte sensitizing 
(HL) carbohydrate®” it also removes protein antigens 
on repeated extraction", probably from layers deeper than 
the envelope. Since agglutinability is reduced after 
repeated alcohol extraction and almost completely absent 
in cell wall preparations (Table 1) and anti-HL antiserum 
does not agglutinate (unpublished observations), the 
agglutinating antigens are deeper than the envelope and 
in the perimural layer. The second layer comprised the 
perimural fibrils and their matrix. It is possible that the 
perimural fibrils correspond with those thought by 
Mélbert** to originate in the axial filament, by Simpson 
and White‘ to be in the thick wall of the protoplasmic 
cylinder, and seen in ‘‘degenerating”’ leptospires’’. 

The fibrillar perimural structure may be of taxonomic 
importance among members of the Treponemataceae. 
Fibrils, usually thought to originate from the axial 
filament or bundle, may be found in Borrelia or Tre- 
ponema. Further experiments are clearly required to 
elucidate whether they may not correspond to the peri- 
mural fibrils of Leptospira. It would also be important 
to establish to what extent differences in the nutritional 
environment are reflected in metabolic changes manifested 
as qualitative or quantitative changes in antigenic con- 
stitution and in structure. The third layer beneath the 
fibril-containing perimural layer is the triple-layered 
cell wall proper, containing muramic acid and enclosing 
the cytoplasmic contents. It is not spiral but is a straight, 
hollow, collapsible tube. Given that the axial filament 
is flexible as well as straight, these observations are 
compatible with and explain the infinite flexibility of 
spirochaetes in semi-solid environments and their im- 
mediate return to a straight form in liquids. 
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ny a spirals seen after treatment of a leptospira with 

deoxycholate and trypsin, The axial ent of this leptuspira was attache 

but apparently intact (x e. 27,000). (b) Fibrils positively-stained with phosphotungstic 
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Tne last main structural component is 
the axial filament which Ritchie and 
Ellinghausen"® showed to be multi-stranded 
within a sheath and suggested was double. 
Neither duplicate nor multiple axial fila- 
merts were seen. However, although the 
evicence for more than one axial filament 
is inadequate, it is very likely on theoretical 
grounds that two axial filaments may be 
found. The axial filament may be regarded 
as a locomotor organelle attached to an 
end-knob inserted into or originating from 
an intracellular specialized apparatus!’ 
fron which originates a presumably electri- 
cal contractile impulse. In a fluid the 
morement of the axial filament causes the 
spiral to rotate and the leptospira to 
more. The possible arrangements are 
(1) a single axial filament inserted at 
one end, (2) a single axial filament 
inserted at both ends, (3) a double 
axial filament inserted at one end, 
and (4) two axial filaments inserted 
one at each end. 

In order to explain the movement in both directions in 
cases 1 and 3 it is necessary to assume that an end-knob 
apparatus can generate such an impulse either away from 
it or towards it. It is hard to envisage a mechani 
explain a centripesal impulse, so that it is unlikely that 
there can be only one end-knob. Furthermore, in cases 
1 and 3 the possibilities on division are that (a) dis- 
similar daughter cells will be formed in one of which the 
axial filament is unattached and thus non-functional, 
(b) the daughter call which did not receive a maternal end- 
knob will form one and unite it with the existing fragment 
of inherited axial filament; this idea envisages a unique 
and highly improbable mechanism for the newly-formed 
intracellular end-Enob to “‘trap’’ and unite to form a 
functional physiological unit with an existing axial 
filament which lies outside a considerable layer of cell 
wall and perimural material. Alternatively a new end- 
knob may be formed, leading to the growth of a new 
axial filament or filaments in addition to the unattached 
fragment derived from the mother cell. In case 2, the 
axial filament may divide with cell division but in sub- 
sequent generations the problems must be the same as 
described for (1) and (3), unless the alternative is en- 
visaged that there is formation of a new end-knob and 
“trapping” of the axial filament as in (b). If a new end- 
knob and axial fiament were grown, the daughter cells 
would have two axial filaments as in (4). In case 4, 
two axial filaments are each attached to a terminal end- 
knob. On division, there would be two similar daughter 
cells, each capable-of prompt formation of a new end-knob 
at the newly-formed end, able to give rise to an axial 
filament which woald elongate as the leptospira lengthened, 
until the form of she parent cell was attained. Thus the 
criteria of morphalogical similarity of daughter cells with 
mother cells and with each other, of simplicity and of 
microbiological amd biological probability are fulfilled. 
It would be possible to test this hypothesis of axial 
filament formation by investigating the distribution of 
forms corresponding to all stages in (4) in cultures during 
conventional or Guring synchronized growth. A similar 
mechanism of replication of multiple axial filaments in 
Treponema species has been published by Listgarten and 
Socransky**. 
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OUGH certain strains of Rous sarcoma virus (RSV) 
nown to induce tumours in rodents!-, it was not 
ary recently that the Bryan strain of RSV showed 
e of similar properties. Rabotti et al.4 described 
ata induced in hamsters inoculated intracerebrally 
high doses of Bryan RSV and it was suggested by 
authors that the virus may contain a mixture of 
ypes of RSV, one affecting only birds and the other 
ing both birds and mammals. The latter, if present 
all amounts, would only become apparent if high 
f Bryan RSV were used to inoculate mammals. 
off et al obtained subcutaneous sarcomata in ham- 
injected with high doses of Bryan RSV, but so far 
ports have appeared of tumour induction in mice 
ats with this virus. 

he RSV used in this laboratory was originally obtained 

Dr. W. R. Bryan (National Institutes of Health, 
esda) in 1959 as a frozen sample of “high titre” virus. 
was inoculated into young (4-week-old) East Lansing 
15. White Leghorn chicks obtained through the 
ay of Dr. C. le Q. Darcel from a flock reared in 
ion by the Canada Department of Agriculture, 
_ Diseases Research Institute (Western), Leth- 
‘Alberta. The resulting tumour tissue was used as 
Ə of virus for further inoculation and ever since 
ther crude cell-free tumour homogenate or tumour 
emselves have been passaged weekly in the same 
chicks in order to maintain a constant supply of 
or cells. Throughout this time many assays of the 
content of the tumours have been made. These 
ave been performed either on the chorioallantoie mem- 
branes of fertile eggs or in tissue culture by the method 
of Temin and Rubin*. Eggs and embryos from a flock of 
White Leghorns maintained in isolation by the Poultry 
Science Department of this University were chosen for 
this purpose after considerable testing of available sources. 
Over the years the assays have consistently shown that 
the tumours yield 10*-10* or more pock or focus forming 
units of virus per gram. 

‘During the past 6 years we have frequently attempted 
to induce tumours in rodents with our RSV without 
success. The first indication that this virus was oncogenic 
for mice came to our attention as a result of an experi- 
ment designed to test the possible effects of inositol 
protection’* of RSV on its infectivity for other species 
and the “activation” of RSV by a factor in fast-growing 
tissues as described by Stewart and Landon’. 

Crude RSV was prepared by homogenizing tumour 
tissue either in Hanks’s balanced salt solution (BSS)}° 
or 5 per cent myo-inositol solution. Mouse embryo 





.. extract (MEE) was prepared by homogenizing near-term 


5 i Swiss embryos in an equal volume of BSS or 5 per cent 


inositol and centrifuging to clear the homogenate of cells 
and debris. Portions of MEE were mixed with part of 
the corresponding virus suspensions and BSS or 5 per 
cent inositol were added to other samples of the virus _ 
suspensions so that each animal received the same amount * 
of virus. The original virus preparations were assayed in 
fertile eggs and the virus mixtures were inoculated sub- 
cutancously into newborn (24 h old) Swiss mice. These 
mice were originally obtained from Connaught Medical 
Research Laboratories, Toronto, and have been pen-bred 
and maintained for several years at this University. 








Table 1. INCIDENCE AND TIME OF APPEARANCE OF TUMOURS AFTER THE 
INOCULATION OF RSV IN VARIOUS MEDIA INTO NEWBORN Swiss MICE 


Litter inoculated with 10° Time of Tumour 
P.F.U.* RSV in the following No.of No.of appearance of incidence 


media mice tumours tumours(weeks) (%) 
BSS 21 14 9-30} 86 
5 per cent inositol 16 10 10-28 63 
BSS + MEE 13 5 10-30 38 
5 per cent inositol + MEE 18 7 9-22 39 


* Poek forming units (chorioallantoic membrane assay). 


It is apparent from Table 1 that tumours appeared in 
all groups of mice within 9-10 weeks after inoculation. 
No evidence was found of any enhancing effect of either 
inositol or MEE on the ability of RSV to infect Swiss 
mice. 

Several of the tumours arising were transplanted to 
both newborn and adult Swiss mice and one is at present 
in its fifth passage. The latent period of appearance of 
this tumour is now approximately 2 weeks in adults given 
0-2 ml. of a 1: 10 tumour cell suspension subcutaneously. 
Attempts to transplant several of the tumours to 4-week- 
old chicks have failed, which indicates that no infective 
RSV is elaborated by the cells. Histological sections were 
made of many of the neoplasms and stained with haem- == 
atoxylin and eosin. Most of them could be characterized => | 
as anaplastic spindle cell sarcomata and, in some cases, = 
fibrosarcomata (Fig. 1). Rhabdomyoblast-like cells were = 
observed when invasion of skeletal muscle occurred, 
as described for hamster RSV-induced tumours by 
Eidinoff® (Fig. 2). The results of this experiment were 
surprising in view of our failure to show any ability of 
Bryan strain RSV to infect mice in previous tests with 
similarly potent virus extracts. It was of interest, there- 
fore, to see if the virus could induce tumours in rats as == 
well. ; 

Two litters of newborn Wistar rats were inoculated 
with approximately 10° pock forming units RSV sub- . 
cutaneously. Within 10 days, fluid-filled cysts developed 
in some of the animals. At 3 weeks after inoculation, one 
animal was killed and on autopsy was found to have two. 
cysts each approximately 1-0 em in diameter and a solid — 
tumour weighing 1:3 g. Within 3 months all but one of the » 
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seventeen rats injected had developed multiple cysts and 
tumours (often weighing several grams), usually with both 
types of lesions appearing in the same animal. It was fre- 
quently observed that small tumours grew from the interior 
walls of the cysts and this was confirmed by histology. The 
tumours were all anaplastic spindle cell sarcomata which 
tended to remain encapsulated until well advanced 
(Fig. 3). No evidence of metastasis was found in mice 
or rats even in animals dying with tumours they had 
carried for several months. Attempts to transplant the 
rat tumour cells to both rats and chickens failed, the 
latter observation indicating that no RSV was produced 
by the cells as was the case with the mouse tumours. 

We have never used Schmidt-Ruppin RSV in our 
laboratory. However, in view of the close similarity of 
the behaviour of our RSV with the Schmidt-Ruppin 
strain it was felt of importance to try to establish by 
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Fig. 1. Section of mouse sarcoma induced with Bryan RSV., Anaplastic 
spindle cell sarcoma (haematoxylin-—cosin stain, x 80) 


Fiz. 2. Section of mouse sarcoma induced with Bryan RSV, Rhabdomyo- 
blast cells suggesting rhabdomyosarcoma in areas where muscle tissue 
is affected (haematoxylin-—eosin stain, x 320) 


Fig. 3. Section of rat sarcoma induced with Bryan RSV, Anaplastic 
spindle cell sarcoma (haematoxvlin-eosin stain, x 80) 


NATURE 


827 


neutralization tests whether our RSV had altered its 
antigenic properties. Through the courtesy of Dr. Robert 
M. Dougherty, cf the Department of Microbiology, 
Upstate Medical Center, Syracuse, New York, we obtained 
samples of chicken antisera to both Bryan strain and 
Schmidt-Ruppin RSV. Neutralization tests were per- 
formed by mixing snown amounts of our RSV with known 
amounts of the artisera and incubating for 1 h at room 
temperature before assaying on chick embryo cells. The 
results of two tests are given in Table 2. 


Table 2. EFFECT OF INTUBATING OUR RSV WITH CHICKEN ANTISERA TO 
BRYAN STRAIN AND SCHMIDT-RUPPIN RSV FOR 1 H AT ROOM TEMPERATURE 
BEFCRE ASSAY IN TISSUE CULTURE 


Focus-forming unita per plate 
Exp. 1 Exp. 2 


Type of antiserum 

None - 170 

Anti-Bryan rt 0 0 
Anti-Schmidt-Rupping > .?? 11 65 


Although only small amounts of Schmidt-Ruppin anti- 
serum were available for the tests, it is apparent that our 
RSV was neutral zed by both types of antiserum. It 
should be pointed out that no cross-neutralization occurs 
when these antisera are reacted with the heterologous 
virus. Comparisoa of the morphology of the foci formed 
in tissue culture by our virus with those formed by Bryan 
and Schmidt-Ruppin viruses showed that our virus con- 
verted chick fibrcblasts to typical Bryan foci consisting 
mainly of round cells and quite unlike those produced by 
Schmidt-Ruppin virus. This was confirmed for us by Dr. 
Dougherty". 

Three properties of our RSV confirm that we still 
maintain in this laboratory a virus which has retained 
the characteristics of Bryan strain RSV. These are: (1) 
consistent and high virus titres found in tumours resulting 
from its inoculation into young chicks (10%-10* pock- 
forming or focus-forming units per gram of tissue); 
(2) complete neutralization by Bryan chicken antiserum ; 
and (3) the round-cell morphology of foci produced in 
tissue culture. The last property is shared by some 
other strains of FSV, but not by Schmidt-Ruppin virus. 
That a change hes occurred in the virus is borne out by 
its neutralization by Schmidt-Ruppin antiserum and by 
its ability to proGuce tumours in mice and rats. Further 
evidence for such a change is provided by the observation 
that the virus wil produce tumours in newborn hamsters 
with the very short latent period of 2 weeks. Whether 
or not the antigenic change noted here has anything to 
do with the oncogenicity of our RSV for rodents is open 
to question, especially in view of the recent report of 
Eidinoff et al.5. These authors used RSV obtained directly 
from Dr. Bryar for their demonstration of tumour 
induction in harsters. 

It is true, however, that there now seems to be no 
difference between the European and North American 
strains of RSV ia their oncogenicity for rodents except 
for their relative virulence. Further work with our strain 
is under way including immunological and cytological 
investigations. These will be reported at a later date, but 
preliminary cyto ogical restilts indicate that the mouse 
tumours exhibit sypical mouse chromosomes. 
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IVE polyploid series in many plant genera, par- 

in Angiosperms, testify to the prominence and 
Importance of quantitative variation in nuclear genetic 
< Material during the evolution and divergence of numerous 

 Bpe In. sharp contrast, but not uncommonly, are 
| , genera which show little or no trace of poly- 
„are composed of species with! consistently 
omosome numbers. In these diploid groups 
ppear on the face of it that variation in the 
uclear material has played little or no part 
ergence and evolution. However, this im- 
constancy in nuclear material in the diploids 
96 more apparent than real. For example, 
reported a ten-fold difference between the 
contents of two diploid Liliaceous species 
er, though considerable variation between 
pecies*. The indication is that large changes 
at of nuclear material may take place quite 
tly of change in chromosome numbers such as 
- This article is a brief account of a survey 
in Lathyrus, Vicia and Lolium, meant to de- 
e extent of quantitative variation in nuclear 
articularly in DNA, between diploid species 
genera. Evidence is also presented which 
the origin of such variation and, finally, the 
es of such variation in genetical terms are 
ussed. 







































; Lathyrus 
enus comprises, almost exclusively, diploid 
i fourteen chromosomes. Although the chromo- 
er is constant, there is a considerable variation 
yme size between species (Fig. 1) and therefore 
f variation in the amount of genetic material. 
difference in chromosome size cannot with any 
assumed to reflect a real difference in mass. 
in size could reflect merely differences in coiling 
water content and could be quite independent 
ariation in the content of nuclear material, 
A. It was thought desirable for this reason 
in in the first place whether the size variations 
ated with variation in dry mass. For this 
easurements were made by interference micro- 
she dry mass of isolated 4C nuclei in different 
species. These values are plotted against the 
od some volumes of the different species as estimated 
fr easurements of mitotic metaphases (Fig. 2a). 
The volumes were calculated assuming the chromatids 












a a b 
SHtotie metaphase in (e) Lathyrus angulatus and (b) L. Birsutus. 
ae ix e, 1,260) 
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to be cylindrical in form, an assumption which, although — 
not necessarily strictly true, is a reasonable enough 
approximation. Fig. 2a shows a clear correlation between 
chromosome size and mass, and a considerable variation. 
in nuclear dry mass between the related diploids is equally 
clear. That part of the variation in nuclear dry mass and 
in chromosome volume is associated with a variation in 
nuclear DNA is confirmed by nuclear DNA measurements. 
made by Feulgen photometry. Values of 20 nuclear DN/ 
are plotted in Fig. 2b, against chromosome volume fo 
twelve Lathyrus species. Of particular interest is.‘ 

nuclear DNA variation, by a factor of up to 3-5, betwee 
diploid species within this genus. The variation is equ 
valent to that found between 2z and 7z in a polyploi 
series. The evolution of these fourteen-chromosome 
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species. DNA measurements by Feulgen photometry in ten nuel 
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Lathyrus diploids has certainly not proceeded indepen- 
dently of variation in the amount of nuclear material, 
ineluding variation in nuclear DNA. 


Vicia 


Vicia species are nearly all diploids, some with fourteen 
chromosomes, some with twelve. As in Lathyrus, there is 
a large variation in chromosome size between the species. 
That these size differences reflect differences in dry mass 
and in nuclear DNA is confirmed, as in Lathyrus, by the 
interference and photometric measurements respectively, 
as shown in Figs. 3a and 3b. Again there is anything but 
constancy with respect to nuclear mass and DNA between 
the diploid species. A seven-fold variation in nuclear 
DNA distinguishes Vicia sativa from Vicia faba—a 
variation equivalent to that between 2x and 14a. 


Lolium 


As in Lathyrus and Vicia there is a considerable, though 
lesser, degree of variation in nuclear DNA between the 
diploid species, all of which have fourteen chromosomes. 
DNA data for six species are given in Fig. 4. It will be 
seen that the amounts of nuclear DNA vary by about 
30 per cent between species. It will also be observed that 
the species fall into two distinct groups, inbreeders 
with the greater amount of DNA which, as would be 
expected, have larger chromosomes, and outbreeding 


Dry mass (10-"* g) 


DNA (arbitrary units) 





120 


40 80 
Chromosome volume oe 
Fig. 3. (a) Dry mass of isolated 4C nuclei in icia species plotted against 
chromosome volume. (b) 2C nuclear DNA values plotted against 
chromosome volume. (1) FV. a olia; (2) V. picta; (3) V. sativa; 
(4) V. hirsuta; (5) V. narbonensis; (6) V. lutea; (7) F. sepium; (8) V. faba 
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Inbreeders 


Cutbreeders 


Fig. 4. Nuclear DNA =mounts in Lolium species. (1) L. perenne; (2) L. 
muitifiorum; (3) L. rigidum; (4) L. remotum; (5) L. temulentum; (6) L 
iaceum 





— 
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Fig. 5. 


temulentum. T 


Pachytene nu leus in a pone mother cell of L. perenne x L. 
he looe (arrowed) 


indicates chromosome duplication 


species with less naclear DNA and with smaller chromo- 
somes. Whether the relationship between the amount of 
nuclear DNA anc the breeding system is widespread 
or not can only be determined by further surveys. Cer- 
tainly the relatiorship is not universal because no such 
clear-cut correlation is found in Lathyrus. In the mean- 
time we note once again in Lolium a large variation in 
nuclear DNA between related diploids, quite independ- 
ently of variation n chromosome number. 

Having establisied an inconstancy in nuclear DNA 
between related diploids in a number of genera, the 
question that imraediately arises is by what means the 
variation originates. The twe most likely possibilities 
are that increase m DNA may arise through (a) length- 
wise duplication of chromosome segments, that is, an 
increase in chromcsome length, or (b) increased polynemy 
(strandedness) of the chromosomes, that is, an increase 
in thickness. In genetic terms the distinction between 
the two possibilitees is important. The first implies an 
increase in map Jistance and replication of some loci. 


+h large and small chromosomes and species with large 

i small amounts of nuclear DNA respectively. At 

thytene chromosome duplication in these hybrids 

uld result in loops of the unpaired extra chromosome 

oe ents. An investigation of this kind has been carried 
voutin Lolium and is briefly described here. 








Lolium perenne x L. temulentum 


i. perenne has smaller chromosomes than L. temu- 
lentum” and, it will be recalled (Fig. 4), the lower nuclear 
DNA content. The amount of nuclear DNA in the F, 
hybrid is, as would be expected, intermediate between 
that of the parental species’. A pachytene nucleus in a 
pollen mother cell of the hybrid is shown in Fig. 5. The 
arrow marks a typical loop. Loops of this kind along with 
ired terminal segments are evidence for chromosome 
ication. This evidence does not exclude the possi- 
of differences in polynemy between the chromo- 
of the two species. It does show that in part at 
the variation in chromosome size results from the 
cation of chromosome segments. 






















; evident from these data that a correspondence in 
osome number even between species of the same 
does not necessarily imply a correspondence in the 
tity of nuclear material. As we have shown, the 
antitative variation in nuclear material, including 
ar DNA, may be enormous. Evidence from Lolium 
s that at least some of this variation is accounted for 
iromosome duplication. Darlington has also pointed 
ous that pairing of chromosomes found at meiosis 
many haploids is evidence of duplication being wide- 





tE is widespread agreement that natural background 
tion contributes to the observed mutation rate in 
anisms but to our knowledge there is no evidence 
that it affects any other biological phenomenon of either 
animals or plants. 
_.-The question of a responsiveness to the natural back- 
ground radiation is of interest for many reasons. One of 
_ these pertains to a possible influence of the radiation on 
the rates of such fundamental biological activities as, 
for example, cellular oxidations. The intensity of back- 
ground radiation not only varies with specific locations 
over the Earth, but the range from weakest to strongest 
fields may involve an increase of about a hundred-fold. 
The average level of basal or standard metabolism or 
of “spontaneous” activity of an organism could (other 
things being equal) conceivably reflect differing back- 
ground intensities. If no such general relationship could 
be demonstrated, two possibilities would still exist: 
either there is actually no effect or there is a masking, 
compensatory biological reaction. A second point of 
interest bears on a possible contribution of the radiation to 
the informational input for the geophysically related 
temporal and spatial organization of the activities of the 
organism, or the timing system of the biological clock. 











>. ih. diploids is, however, questionable because of the ex ent 
_ of the variation. Polynemy could also be involved. As 
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yet, however, there is no convincing evidence for it. 

It is worth noting’ that Angiosperm species in general 
have much higher amounts of nuclear DNA than mammals.. 
So also have Amphibia. Whether this implies some 
difference in the organization or in the function of the : 
nuclear DNA between the different groups remains to be 
seen. 

One surprising feature of our results is the magnitude 
of the nuclear DNA variation between species of such close. _ = 
genetic relationship. The dipolids Lolium perenne and © 
Lolium temulentum, for example, are morphologically. ae 
much alike and, it will be recalled, hybridize quite readily. 0 
Moreover, the hybrid between them is fertile to the extent 
of setting about 12 per cent seed on backecrossing*. ORS 
Evidently variation in the amount of nuclear DNA may 
not necessarily be directly reflected by variation in pheno- — DiR 
type. It may be that much of the nuclear DNA is “un- wees 
informative’’. 

Finally, and from a genetical standpoint, one obvious 
distinction between change in chromosome material 
associated with polyploidy as compared with that reported | 
independently of polyploidy is that the former is achieved 
at the expense of increasing the number of linkage groups 
whereas the latter is achieved without changing the number 
of linkage groups. The distinction is of importance in : 
relation to the release of variability at meiosis. In this _ ae 
respect alone the distinction may be of adaptive 
importance. 

We thank the Agricultural Research Council for support- 
ing much of this work. One of us (G. H. J.) holds an Agri- 
cultural Research Council postgraduate studentship. 
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It has been reported that the degree of darkening of 
fiddler crabs relative to appropriate controls is influenced — 
by superimposing lead plates over a wooden cover under | 
which crabs are otherwise shielded!. This is presumably — 
a response to increased cosmic ray showers (Rossi effect)... 
Whether increased showers darkened or lightened the Beer 
crabs varied with a daily rhythm. Darkening occurred ae 
at a time of lower metabolic rate and lightening at a | 
time of higher rate with a persistent 24-h rhythm?)5, ee 

More recently, the orientational responses of planarian a 
worms in very weak caesium-137 gamma fields were 
investigated*®, It was found that ‘north-bound’ worms 
showed what appeared to be a systematie annual variation 
in direction and amount of turning in response to a field: ii 
about twice the background presented from the right. oote 
The variation included both clockwise and counter- 
clockwise turning, and paralleled in a striking manner a 
persistent annual variation in metabolism, or in response 
to photoperiod, reported for a widely diverse selection of 
animals and plants*-!°, These observations suggest that. 
responsiveness to very weak radiation may be related 
some way to a geophysically correlated variatio: 
metabolic rate. Not only have persistent annual varia‘ 
in metabolism been established, but a persistent, po 
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ig. 1. A, Top view of horizontal “‘race-track’’ mouse cage. B, Side view 
f same, showing knife-blade pivot and continuous water- -supply. For 
seale dimensions, the outer diameter of the race-track is 8-5 in, 


asic solar-daily pattern of metabolic variation has also 
een defined, which has a common form in widely different 
kinds of organism". 
| experiment was designed to determine: (1) whether 
changes in level of radiation have any measurable 
ence on the overall spontaneity of an organism; (2) 
ether the characteristic, fundamental 24-h pattern of 
me tabolic variation is reflected in any comparable varia- 
‘tion im responsiveness to a very weak radiation field. 
‘his article describes and discusses our findings. 
~The hourly spontaneous activity of four white mice was 
monitored quantitatively throughout a 3 month period 
Cunder conditions of alternating periods of one and a half 
‘times and about eight times the level of the natural 
‘background radiation. To monitor the activity, rocking 
horizontal “racetrack” actographs were constructed of 
25 in. screen. The general form of the “track”’ is shown 
1 Fig. 1. The track was pivoted slightly eccentrically 
knife-edge support so adjusted that there was always 
sion on a recorder arm irrespective of the location of 
he mouse in the actograph. Very slight rocking move- 
: nents produced as the mouse ran around the track were 
< recorded mechanically through a ‘spring-tension system 
~~ by pen and ink on a moving drum. Two actographs, 
oo. about 22 in. from centre to centre, were placed on the 
< northern edge of a wooden table (NE and NW) and the 
other two were placed the same distance apart on the 
southern edge (SH and SW). The two pairs of actographs 
-: were separated by about 36 in. The table was situated 
near the centre of an otherwise unoccupied room illumi- 
nated for the duration of the experiment only through 
-windows along the south and west sides. The mice were 
‘therefore subjected to day-night changes in illumination 
‘and temperature. Food and water were always available 
in excess. The activity of each mouse for each hour was 
‘registered on a 24 h clock driven drum which moved 
forward 1 em/h while moving at right angles to the 
direction of rotation at about 1 em/day. The latter 
“movement permitted several days of continuous, un- 
-interrupted recording on the same drum. The drum carried 
‘millimetre graph paper. In this way the duration of 
„activity was. recorded to the nearest 6 min. 
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A gamma-ray source was prepared which consisted of 
24 uc. of caesium- 137 deposited on filter paper sand- 
wiched between ‘Pkxiglass’ plates. The activity for all 
four mice was monitored under conditions in which 
for alternating periods (usually each of 72 h) the source 
was placed beneath the table top, first 8 in. below a point 
centred between the two mice at one end of the table and 
then below a point centred between the other two mice: 
when the position of the source was changed, this. was 
done at about 10 a.m. When the y-ray source was in 
place it was at an average distance of 13-5 in. from the 
closest two mice—thus raising the total ambient. radiation ; 
to about eight times background (“irradiated” or “‘experi- 
mentals’’)—and at she same time at an average of about 
41 in. from the two more distant mice—thus providir 1g 
an intensity about 1-5 times background (“non-irradiated” | 
or “controls’’). 

A mouse was plazed in each of the four actographs on 
June 18, 1964, and the gamma source was placed at once 
between the NE-NW mice. No data were used until 
the time of the changeover of the source to the southern 
end of the table om June 25. This initial period allowed 
the mice to become accustomed to the apparatus. There- 
after, all mice uncerwent fourteen periods as- controls 
alternating with the same number of periods as expert 
mentals. Recording finished on September 18. R 

For each of the twenty-eight periods the average hourly. 
activity was deternaned for the experimental and control | 
mice. In the course of the experiment one pair of mice — 
acted as a synchromous control for the other pair and a 
consecutive, alterneting control for itself. It was hoped 
that this method wauld take into account and compensate 
for differences in natural spontaneity among the individual 
four mice. By exteading the experiment over a 3 month 
period, randomization was effected of differences between 
experimentals and zontrols whieh were not synchronous: 
in time; that is, differences arising from variations i yo 
illumination, temperature, and geophysical phen 
correlated with the weather, time of month, ete 
position of the mise on the table and any diffe 
between the cage »ecorders were controlled in tha 7 
four mice and cage recorders contributed equally to > the: 
experimental and control samples. a 

Each of the four mice showed its own specific ‘mean ; 
24-h pattern of activity for the 3 month period. a 
however, showed predominantly nocturnal activity. - 
There was no conspicuous difference between the mean’ 
specific detailed pazterns for the same individual for the 
days on which it served as experimental and control. 
As the variations in environmental temperature - and. 
illumination were tae same for all four mice, i it was clear 
that the differences between the four mice in their mean. 
daily patterns represented individual peculiaritie no 
response to the sams environmental variations. The mean.. 
daily pattern of activity for all the control mice is shown 
in Fig. 2 together wth the mean pattern for all the experi- 
mental mice. Fig. 34 shows the mean daily pattern. of 
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Fig. 2. Mean daily cyc of activity for all four mice during the 3- month 


investigation while in the higher (broken line) and lower (solid fine) 
gamma. flekis 


12 
‘Time of day 


ly variation in activity of the contro! mice relative to that of 
experimentally elevated y-radiation field compared with 
msumption of (E) potato, (C) carrot and (D) mealworm, showing 
form which persists in carefully controlled “constant” conditions 
different kinds of living systems. The variations are expressed 
tage-deviations from either the daily mean rates or of the 
ae values from midnight to 1 a.m, 


between the activity of the controls and experi- 


tly differences are plotted as percentages of the 
an for all mice. A positive value indicates that 
mental animals were less active than the controls. 
period of activity per hour was 0-1749 h for the 
and 0-1714 h for the experimentals. Fig. 2 
that no statistically significant difference in 
xontaneous activity is likely to exist between the 
> range in the daily variation is very large in 
on with any possible mean influence of the 
radiation. Only further experiments can reveal 
the observed overall 2-0 per cent depression at 
er level of radiation compared with the lower 
ents a real, reproducible difference. However, 
mean hourly differences (Fig. 34) were considered 
ametric y? test showed these to differ from random 
tion (P< 0-05), favouring the side of depression. 
curly differences ranged from an apparent 16-9 
depression in activity in response to the higher 
lative to the lower one at 5 a.m., to a 17-6 per cent 


| i ase at 9 a.m. The distribution of values about zero 


ared more like asymmetfical bimodal than a random 
40n. 

esults of this experiment suggest that the increase 

ase of activity in response to the presence of the 

radiation field depends on the time of day. It 

ily not accidental that the apparent daily varia- 

he response of mice to the higher y-radiation field 


ation and at constant temperature. It has been 
doit34 that this polyphasic daily variation in 


-$O 


es of 


some mean geophysical eycle or cycles of factor 
an those normally controlled in the laboratory. 

The 24-h pattern of respiratory variation for potatoe 
(Fig. 3B) is for the 12-month period from February 
1964-January 31, 1965, including the period of the presen 
investigation. This same specific daily pattern in th 
potato has been recorded for 9 consecutive years, wit 
more than a million potato-hours of data. The coefficien p 
of correlation between the consecutive corresponding 
mean hourly values for the metabolism of potatoe 
(Fig. 3B) and the apparent mouse response to y-irradiatio 
(Fig. 34) was 0-561 (¢ = 3-16; P<6-005). The dail: 
variation in mouse response to the weak y-radiation level 
is very similar to the geophysically-dependent variation. 
in potato metabolism. Much of the remaining differenc 
between these two daily patterns appears to be a con 
sequence of unexplained variations about a common 
general cycle-form rather than about zero. This is sug. 
gested by the greatly increased similarity which at one 
becomes evident when 3-h moving means for the two a 
compared (Fig, 4A). n 
Some earlier results!® from experiments with rat 


th 


offered an opportunity to determine whether a deep 
seated 24-h variation underlies the circadian rhythm 
The mean activity for each clock hour of the day h 
been determined for a male white rate using hourly da 
from 58 consecutive days. This specific duration of th 
experiment was suitable for analysis because it allowed. 
at one and the same time the randomization of a large 
amplitude, rather regular, mean 25-25-h circadian cycle. 
which scanned the solar day almost exactly three times 
and a mean lunar-day variation of rather large amplitude. 
which scanned the day almost exactly twice. The residual 
24-h variation, converted as were the mouse data to a 
3-h moving mean of percentage deviations from mean. 
hourly activity, is shown in Fig. 4B. A general similarity. 
with the cycles of Fig. 44 is evident and the cycle shows 
the maximum at 8-7 a.m. and the broad evening maximum.. 
Rats and mice, unlike potatoes, beans, carrots, meal 
worm larvae, and young chick ernbrycs, are organisn 


Activity 
difference (per cent) 


Oxygen 
consumption 
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Activity (per cent) 
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Fig. 4. A, Comparison of 3-h moving means of the daily variations in. 
apparent response of the mice to the increased radiation and oxyge 
consumption In potatoes investigated during the same year. Thet 
relationships were based on more than 4,000 mouse-hours and more ti 
100,000 potato-hours, respectively. B, Mean solar-day variation 
to coexist with an overt 25-25 h circadian and a lunar-day varii 
male rat (ref. 16) during 1,392 consecutive hours. of activity m: 
in constant low ilhimination, This was exposed as a residual va 

after compicte randomization of the other two components 
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with a conspicuous overt circadian. periodicity. Although 
. Fig. 44 strongly suggests that a 24-h component of some 
i ae geophysical activity underlies the observed 24-h circadian 
variation, Fig. 4B suggests that this type of 24-h com- 
“- ponent underlies a circadian periodism even while, under 
>c -eonditions of constant illumination and temperature, its 
overt cycles regularly deviate from the 24-h length. 
~The fact that mice show mean deviations (Fig. 34) for 
specific hours of the day ranging rather sharply from a 
stimulation of more than 15 per cent to a depression of 
‘the same order, together with the rather nice mean balance 
between the two over the course of a 24-h period, suggests 
that the overall relative stability observed under different 
levels of radiation exists only within the framework of an 
orderly mean 24-h pattern of variation in responsiveness. 
As with many other otherwise well regulated physiological 
= phenomena, the overall constancy is invaded by a 24-h 
~ Variation. 
<o There appears to be a good correlation between the 
-ou fundamental extrinsically derived, polyphasic 24-h varia- 
_ tion in the consumption of oxygen and the response to 
very weak y-radiation field, but the results in Fig. 2 
show no comparable relationship between the large 
ircadian variation in activity and the response to radia- 
on, despite the far larger range of overall metabolic 
variation which must be involved. This suggests that 
variations in other still uncontrolled environmental 
<> factors rather than metabolic rate as such are determining 
othe strength and direction of the influence of a very weak 
field of y-radiation on the mice. Just as there seem to be 
specific times of day when a substantial response of one 
nother sign is present, so conditions may be found 
turally, or be created experimentally, in which overall 
1 influence of small alterations in the radiation fields 
an be observed even with organisms such as mice. 
It seems reasonable to presume that the general poly- 
hasie pattern of daily variation in oxygen consumption 
ound in several widely diverse animals and plants 
reflects a corresponding pattern of sensitivity to the 
ambient natural radiation level. This seems especially 
probable since both field strengths used here lie well 
©- within the range of intensities naturally occurring over 
-othe Earth’s surface. 
oo. That sensitivity to background radiation contributes 
~ “to the temporal organization of the living organism is 
suggested by the finding that, background radiation shows 
=a characteristic mean daily variation with a range of the 
order of 2 per cent. A statistically significant correlation 
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continuing over several months has been reported between 
the day-to-day deviations frora the mean daily cycle 
form of oxygen corsumption in potatoes with the com- 
parable deviations in the level of background ionizing 
radiation’. It was not established whether the correlation 
reflected a direct response to the radiation. | 

Perhaps it is equally significant that a mammal, here 
the mouse, has a more basic physiological 24-h variation 
underlying its circadian rhythmic system (Figs. 3A and 
4A). The specific pattern of this variation seems to be 
shared with a very diverse selection of other animals and 
plants. It is possible that this variation or a related 
variation may exist- for all terrestrial organisms. 

The general similarity of the mean 24-h oscillatory 
pattern whether measured with actographs or respiro- 
meters in organisms with or without overt circadian 
rhythms points to she existence of a widespread, if not 
universal, deep-seeted solar-day biological variation. 
Its mean accuracy is evident from its apparent phase- 
locked relationship to the hour-angle of the Sun. The 
persistence of this same specific relationship, indicated 
by the maxima at 6-7 a.m. and in the late afternoon, 
whether the ambient temperatures are those of a laboratory 
room or of an arbitsarily set constant-temperature water- 
bath implies complete independence of temperature. 
Such a variation ceuld be one of the long-sought. tem- 
perature- and drug-independent timing oscillations Foro 
the biological clocks. 

This research was supported by a contract withthe 
Office of Naval Research, and by grants from the National 
Institutes of Health and the National Science Foundation. 
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NEPHRECTOMY-POTENTIATED TISSUE CHANGES 
WITH PARTICULAR REFERENCE TO GLOME 


ULONEPHRITIS 





By Pror. J. GOLDBERG, S. R. GREENBERG and Dr. R. V. MILLISER 
Departments of Microbiology and Public Heatth and Pathology, The Chicago Medical School, Chicago, lilinois 


During the course of investigations of renal hyperplasia 
induced by excision of a kidney, it was noted that rats 
which had been given anti-normal rat serum rabbit serum 
(NRSRS) followed by unilateral nephrectomy, showed 
marked histopathological changes in the kidney which 
oo remained. The changes found were: marked swelling of 
-~eapillary tufts with obliteration of Bowman's space, 
without evidence of inflammatory cell invasion; marked 
=. cortical degeneration; cerebral oedema; after 4 days, 
© mononuclear cell infiltration of the bronchial perivascular 
areas. This article reports the findings of a series of 
experiments which extend and confirm these original 
7 _ observations. 
o- -Sprague-Dawley rats, each of about 200 g, were fed 
. ca standard rat diet and individually caged. The 
animals were randomly divided into groups as shown in 
Table 1. | 








The NRSRS was produced by intravenous injection of 
rabbits with three 0-1 ml. portions of Sprague-Dawley 
rat serum per week for 2 weeks. Four days after the 
final injection, the rabbits were bled by sterile cardiac 
puncture and the serum tested for anti-rat serum pre- 
cipitins using a qualitative test. The sera were positive 
when tested with an antigen dilution (rat serum) of 
1: 10,000. 


Tale 1. TREATMENT GROUPS 


(1) Rats receiving 3 ml. normal rabbit seram, 

(2) Rats receiving 3 ml. normal rabbit serum and subjected to unilateral 
nephrectomy. 

(3) Rats subjected to unilateral nephrectomy. 

(4) ‘Rats receiving 3 ml. of anti-normal rat serum rabbit serum, 

(5) Rats receiving 6 nel. of anti-normal rat serum rabbit serum, 

(6) Rats subjected to sham operation only. 

(7) Rats receiving 3 ral. of anti-normai rat serum rabbit serum and also 

. subjected to sham: operation, 

(8) Rats receiving 3 ral. of anti-norma! rat serum rabbit serum and sub- 
jected to unilatera: nephrectomy. 


B34 





Pig. 1. Section of kidney 24 h after the final serum injection following 
nephrectomy. Note the cortical tubular degeneration present at this 
time. (Haematoxylin and eosin, x 220) 





Fig. 2. Section of kidney 24 h after the final serum injection. Note the 
marked degeneration and necrosis of the cortical tubules. (Haema- 
toxylin and eosin, x 50) 


Twenty-four and two hours before nephrectomy, each 
rat received intraperitoneally 1-0 ml. of NRSRS. Under 
nitrous oxide—-ether anaesthesia, the left kidney was re- 
moved through a mid-line abdominal incision, The renal 
vessels were carefully ligated to avoid excess bleeding 
and the abdominal wall was sutured in layers. Twelve 
hours after nephrectomy, a third and final injection of 
1-0 ml. of NRSRS was given intraperitoneally. Control 
animals were on a similar time schedule. The rats were 
killed by decapitation at various time intervals after 
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operation and kidneys, lungs and brains were removed. 
The tissues were fixed in neutral formalin. Paraffin 
sections 3—4u thick were prepared and stained with haema- 
toxylin and eosin, periodie acid—Schiff stain (McManus 
PAS technique) and the Heidenhain—Azan stain. Kidneys 
removed at operation were treated in a similar fashion. 
The twelve animals that were given NRSRS and ne- 
phrectomized showed the following changes: in kidneys 
removed 12 h after nephrectomy no glomerular changes 
were noted, although appreciable tubular degeneration 
was present. The tubular cells were pale, many of the 
nuclei indistinct; the cell boundaries were often unclear. 
Twenty-four hours after kidney excision, the capillary 
tufts were oedematous, but little or no evidence of in- 
flammatory cells could be discerned. There was consider- 
able degeneration of the cortical tubules (Fig. 1), and 
the cortical vessels were distended. Cortical changes 
reached a maximum at 48 h. At this time many tubular 
cells had undergone marked degeneration and necrosis 
(Fig. 2). The areas affected were pale and cells in such 
regions had lost their outlines. In some cells, the nuelei 
were shrunken. At 4 days the cortex began to assume a 
more normal appearance; the epithelial cells had a recog- 
nizable outline and the congestion was reduced. The 
changes observedin this series are similar to those originally 
found, except that the glomerular changes tended to be 
less accentuated. Capillary swelling and mural oedema 
in afferent arterioles were also observed (Fig. 3). At 
24 h, congestion and oedema were also noted in the 
brain; the perivascular and perineural spaces were 
widened and the capillaries were dilated (Fig. 4). After 
3 days, focal perivascular and interstitial collections of 
large mononuclear cells, some of which were plasma cells, 
were noted in the lung associated with the larger pul- 
monary vessels (Fig. 5). It must be emphasized, however, 
that all these changes were only observed in rats which 
had received the serum and undergone nephrectomy. 
Control animals that had been inoculated only with 
NRSRS, normal rat serum only, unilaterally nephrecto- 
mized only, sham operated only, given twice the amount 
of NRSRS fonly, or given normal rabbit serum and 





Fig. 3. Section of kidney 24 h after the final serum injection following 
nephrectomy. Observe the marked swelling of the vascular endotheliam 
of the capillary tuft and afferent —— ai (Haematoxylin and eosin, x 
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subjected to unilateral nephrectomy, did not reveal any 
signs of tissue pathology. It was only when the NRSRS 
was combined with unilateral nephrectomy that histo- 
pathological changes appeared. 

In order to substantiate further the histological ob- 
servations described here, the experiments were repeated 
and, in addition, an intravenous injection of sterile Evans 
blue solution was used before nephrectomy. Three 
millilitres of sterile 2-5 per cent Evans blue in saline were 
injected into the tail vein of each animal at the time of 
the second injection of antiserum. The animals were 
killed after 12, 24, 48, 72 h, 4 and 5 days and the tissues 
observed grossly. Only in those rats subjected to unilateral 
nephrectomy and NRSRS were changes in vascular 
permeability found. At 24 h to 4 days the Evans blue 
dye was observed at the renal corticomedullary junction; 
staining was intense at 24 h but tending to be reduced at 
later periods. No dye was observed at 12 h or at 5 days. 
In addition, in three of the animals the dye was noted in 
the sclera and in the tracheal cartilages. We wish to 
emphasize that rats under other treatment régimes 
exhibited no extravasation of dye. The results are 
summarized in Table 2. 

These results indicate that only the combination of 
nephrectomy and antiserum initiates these vascular 
changes. It may also be pointed out that the histopatho- 
logical changes in the kidney closely parallel the transuda- 
tive changes observed with the Evans blue technique. 

From the results obtained we can assume that the 
occurrence of the pathological changes described arises 
from the simultaneous presence of two factors, one con- 
tributed by the injection of antibody directed against the 
normal host component and the other contributed by the 
unilateral nephrectomy. Although it has not yet been 
shown, it is reasonable to assume that the injection of 
anti-NRSRS results in the production of circulating 
antigen-antibody complexes, which are probably soluble, 
as such complexes could be assumed to be in antigen 
excess. (Since this article was originally prepared, we 
have obtained essentially identical results using washed 
rat serum-NRSRS precipitate as a substitute for the 
NRSRS.) The presence of these complexes by themselves 





Be Sees OF morsel. oorh 26 h afier She Snel serum | ection 
eo gonna The widening of the perivascular peri- 
neur spaces is illustrated. (Haematoxylin and eosin, x 50) 
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. 5. Section of lung 4 days after the final serum injection following 
sja aane A collect-on of mononuclear celis around a vessel is shown. 
(Heematoxylin and eosin, x 50) 


is not sufficiently active to produce histopathological 
changes. The effect of the second factor may result from 
unilateral nephrectomy, for this procedure has been 
shown to have a direct effect on the production of hyper- 
plasia in the contralateral kidney**, and serum from a 
nephrectomized animal may be passively transferred and 
exert a hyperplastee effect’. Argyris and Trimble* have 
demonstrated that damage to the mouse kidney, such as 
by multiple needle insertion, results in the appearance of 
increased mitotic activity in the contralateral organ— 
which is another indication of humoral transfer. 

The result of nephrectomy cannot be considered to be 
merely mechanical, for if the effect of nephrectomy were 
merely to change the ratio of kidney surface to circulating 
fluids, then it might be assumed that twice the con- 
centration of serum antibodies should have the same 
effect on a non-nephrectomized animal. This was shown 
not to occur. 

It may be postulated that the presence of these two 
factors in the host initiates a series of activities which 
produces changes ir the vascular permeability which then 


Table 2. EFFECT ON RA? OF UNILATERAL NEPHRECTOMY COMBINED WITH 
ADMINISTRATION OT ANTI-NORMAL RAT SERUM RABBIT SERUM 


Changes noted in 
Histopathology noted vascular permeability 
Treatment of rat in contralateral (Evans blue tech- 
kylney nique) 
Normal rabbit serum 
3 x imli. None None 
Normal! rabbit serum plus J 
nephrectomy None None 
Sham operation None None 
Sham operation anti- 
normal rat serum rabbit 
serum None Not done 
Anti-normal rat serum 
rabbit serum 3 x 1 ml. None None 
Anti-normal rat serum 
‘rabbit serum 3 x 2 ml. None Not done 
Unilateral nephrectomy None None 
ti-normal rat Kidney tubular de- Dye noted in cortico- 
rabbit serum 3 x 1 ml, gone — a a, — 
nat = dilatation: cerebral sclera of 3/12 rats 
ema and mono- 
nuclear infiltration of 
lung 















1erulonephritis. — 
Pas hese results also indicate that the effects of the changes 
are not localized to the kidney. It may well be that the 
. - aetion is on the vascular system in other areas of the 
wae _ body such that it changes the permeability of the vascular 
«bed, and thus allows transudation to occur in many 
as. An illustration of this may be the marked capillary 
tation and oedematous reaction in the brain. We 





die i in- kialon cal. renal: alterations “interpreted aa Holigge:t the. rOn in. ahe lung is F and tha 






focal collection of. large mononuclear cells may have a 
phagocytic action. It is noteworthy that the cells were 
not observed until three to four days after injection, well — 
after the period of time when renal changes were noted. 
1 Selye, H., and Pentz, E. L, Canad. Med. Assoc. J., 49, 264 (1943). Pe 
* McLean, c. BR., Fitzgerald, J. D. L. Younghusband, Q. Z., and Hamilton; 
J. D., Arch. Path., 51, 1 (1951), 
? Lowenstein, L,, and Stern, A., Science, 142, 1479 (1963). 
t Argyris, F. S., and Trimble, M, E., Anat. Ree., 150, 1 (1964). 


TRANSFER OF METABOLIC ENERGY TO SODIUM 
By Dr. EDWARD S. HYMAN 
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¥ living membranes can bring about a net flow of 
‘from a dilute solution on one surface to a more 
entrated solution on the other surface. Somewhere 
in this membrane the activity, or energy, of sodium 
be reversibly raised to exceed that of the recipient 
nin order that sodium will flow against the overall 




















not possible rigidly to quantify the activity or 
ther parameter of the energy of an individual ionic 
es. However, measurements can be made that will 
comparative values in solutions that are nearly alike. 
ws are lessened when estimates by one method 
mfirmed by a second method using different assump- 
pH measurement is an example of this type of 
surement, and ApH is an estimate of a difference in 
enion activity, a parameter of energy. In the course 
nvestigation of an analogous concept for sodium!, 
rations on one series of salts stand out as unique 
eir implications, although not unique in the pattern 
m salts. Because adenosine triphosphate (ATP) 
ates in sodium metabolism, its relationship to 
; sodium activity deserves special mention. 
TP is a substituted tripolyphosphate with the fifth 
26 involved as an ester to ribose. Thus sodium in 
ATP may be expected to resemble sodium in salts 
> sodium tripolyphosphate family. Sodium ATP 
from sodium pyrophosphate in that the pK, of 
ATP is near pH 7-0 (pK is a function of ionic 
h and of the specific cation). In essential meta- 
CATP hydrolyses to the diphosphate (ADP), a 
uted pyrophosphate, with the liberation of nut 
0 cal/mol. The ADP anion has a maximum charge of 
nd its 0-1 N sodium salt has a pK, at pH 6-51, 
pared with pH 6-68 for 0-1 N Nas., ATP. The terminal 
sphorus which is split off appears as orthophosphate, 
or free, as an ester, or as an amide. 
e activity per unit concentration or activity coefficient 
um (y*wa) may be expected to follow roughly 
ression of the Debye—Hickel equation, for example, 


| 0523y u 
Log Y Na = — 
" l+ Ju 


ce where i i is the ionic strength. For sodium salts at the same 
7102 rmality, ų increases with anion valence in the relation- 




















at 37° C 








O ERDI 3, PERCENTAGE OF SODIUM BOUND AS ESTIMATED FROM CONDUCTANCE 
eee AND TRANSFERENCE 
@ ATP family 


rmality Na,P,0, Na,ATP Nass ATP Na,ADP Naos ADP NaH, PO: 


be 29-8 
pooo 24-9 22°83 19-5 15-0 12-3 oo 
3 18-7 16-8 13-6 10-6 8-5 Vd 
1 12:3 10-6 11-9 Ti P2 0-5 

6-008. 8-9 T9 69 5-4 2-6 i 

b) Mixtures and complexes 
-o Normality Nass {ADP + P) Na,MgATP NaMgADP 
ti 12-1 12°8 SO 


0-08 90 «© 6-8 





Log y*Na 


ship u = $(1 + anion valence) x normality. Hydrolysis — 

of ATP-* or of ATP-*5 to anions of lower valence w ithout 
a change in normality also results in a lowering of ionic . 
strength. Sodium activity would be expected to rise. 

Estimates of y*ya in this series of salts using a sodium- 
sensitive glass electrode and a reference electrode with . 
liquid junction® are shown in Fig. 1. It was assumed that. 
yt = y+ in sodium chloride. The glass electrode. 
was checked against a sodium amalgam electrode to > 
eliminate the possibility of an artefact of the glass resulting 
from anion sensitivity. The curves for log y*w, fall pro- 
gressively below the Debye-Hückel limiting slope (8) 
in the order of increasing anion valence. 

This separation of curves is due to ion binding which 
increases with anion charge. The ion binding is similar 
to that reported by Wall and Doremus® for the non- 
esterified pyrophosphate and tripolyphosphate. Applica- 
tion of their method’, involving conductance and trans- 
ference, gave the results shown in Table 1. The bound 
fraction is almost a linear function of anion charge at any 
normality, and is roughly a parabole function of the = 
square root of the normality at any valence. The data . 
may Pe py a F by the empirical set of parabolas. 
B= 5 (V-1) Xè in which B is the bound fraction, 
V the ae value of the anion valence and N the 
normality. By potentiometry and by conductance- 
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Fig. 1. Apparent activity coefficient of sodium in sodium salts of. the 
ATP family plotted alongside the Debye-Hückel limiting slope (5) an 
a simple expression to the Deby e-Hitickel equation (Eg). The shaded 
area contains points from the same potentiometric data recaleulated: 
for the free fraction of sodium by conductance-tranaference or ex 
polated by the equation for the bound fraction. a, NaH. PO,: b, Nag: ADP 

C, Na,ADP; d, Nas. sATP: é, Na, ATP: $, Ka P.O f, ase ses ee 
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eo he transference, more sodium is’ ‘bound by P,O,-* than by 
Pea ATP- perhaps because of the more concentrated charge 
oo of the P,0,-4. (The data for non-esterified pyrophosphate 
cooo may be fitted to the surface generated by arbitrarily 
> assigning an extra half charge.) Recalculation of ytya 
© based on the concentration of unbound sodium results in 
mapping of the curves into the shaded area in Fig. 1. 
This area contains the curve (Hq) of the Debye—Hickel 
equation given above and approaches the Debye—Hiickel 
limiting slope (S) from above as expected for fully dis- 
sociated salts. Thus the magnitudes of the bound fractions 
as estimated by two methods are comparable, and relative 
values for ytxa are rational. These data show that hydro- 
lysis of ATP will release a significant portion of the bound 
sodium fraction. 

The partial stoichiometric equation for the reaction 

_ involving the 3-5 salt may be written, 


Nas ATP = = Na;.; (ADP + P) 


In Fig. 2, estimates of y‘y, of the left and right sides of 
>o o> the equation are plotted against the molarity of the 
sodium because that is a fixed quantity. Separation of 
= these curves includes both the effect of a change in y 
and a change in the bound fraction. At 0-1.N the rise in 
sodium activity is about 22 per cent, which would require 
about 110 eal/mol. This may be regarded as a transfer 
>o to sodium of a fraction of the energy liberated in hydro- 
lysis. 
_ Enzymatic hydrolysis probably involves the stable 
mono-magnesium complex. The corresponding salts are 
Na,MgATP and NaMgADP, which are essentially 1:2 
-1+1 salts. The same mechanism holds. Estimates 
tya for these salts and for an equimolar mixture of 
NaMgADP with NaH,PO, (the hydrolysis products) 
> shown i in e 3. Estimates of bound sodium are again 
given in Table 1 
This relationship uniquely fits the notion of the sodium 
unp. At a given temperature and normality, y*na may 
iffected only by a change in the medium or a change in 
ion distribution. The constant (0-523) in the Debye- 
Jückel equation includes the dielectric constant of the 
-medium. It has been found that to change sodium activity 
_reversibly by altering the medium, by adding uncharged 
_or dipolar substances, requires large additions because 
he solvent water is 55 molar. A change by altering the 
distribution of anion charges is theoretically more suitable 
~ for the task. Hydrolysis of ATP is the most prominent. 
instance of such change. (The addition of an equal number 
. of moles of a strong monobasie acid to Na;.,ATP would 
result in a similar reduction in ionic strength and in 
on binding, but would result in a much lower pH. The 
pK, of sodium ATP is about pH 4-4 compared with the 
lue of pH 6-2 on the right side of the equation.) The 
mzyme ATPase is present in cell membranes*, and the 
: drolysis of ATP is believed to occur there. This 
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Fig, 2. Effect of the hydrolysis of ATP on the activity coefficient for 
io godiam. : The abscissa is the square root of the normality so as to include 

eyes ; the: ‘effect of a change in ionic strength i 
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Fig. 3. Effect of hydræysis on y*wa of Na,MgATP. Data for manger: ia 


NaMgADP, NaH.PQ and Na,(MgAPP + P) are plotted against. the 
square root of the aormality to inchide the effect of ionic strength © 
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enzymatic hydrolysis of ATP is affected by digitalis and 

by other agents which affect the transport of sod um 
across the membrane in vivo. Thus the rise in sodium 

activity described. provides the most reasonable explana- o 
tion for the rise inion activity which is necessary to pomp Sh 
sodium against a gradient. 

The transfer of energy to sodium is obligatory. “The 
quantitation in æ water medium is only approximate. i 
Teleologically, thereaction appears wasteful. In a medium 
of lower dielectric constant, perhaps a cell membrane, the 
rise in Y*na should be greater. Cation selectivity. is wi 
eee anes it is conferred Seba the menun or- 















cra or some interned! fate would ‘be free: ‘of t the 
structure.) i 

There are other consequences. If sodium . is. ‘the only 
Po cation present, the Donnan BE i 





hy drogen ion iy Ora h affect the’ og aerial 
across a living membrane which is permeable to both 
species. Should this rise be a periodic or a trigge 
function, changes in membrane potential such 
electrocardiogram and the transmitted impulse 
then be generated. Large electromotive forces, even thai 
of the electric eel. could be created by a series of ells, i 
each deriving elecsrical energy from this hydrolysis... 
To sum up, by potentiometry, conductance and P 
ference sodium acsivity rises with the exothermic hydro- 
lysis of sodium adenosine triphosphate, or its mono- 
magnesium salt, bscause ion strength and ion association 
are both lowered. This hydrclysis is associated with in 
vivo sodium transport against a gradient. The rise in 
sodium activity suggests a sodium pump analogous to the 
heat pump. Poon 
This investigation was supported by grants from the Bo 
U.S. National Institutes of Health and the Am io 
Heart Association le ee 
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ASTRONOMY 





O relation between Peculiar Galaxies and 
Radio Sources 


Ane has claimed? that more peculiar galaxies than can 
_ be statistically expected lie about midway along lines 
ose pairs of radio sources. We have investigated 
icance of these claims and, although we have 
the observed distribution might occur by 
only one sky out of a hundred, we nevertheless 
t much of the correlation is caused by 
ional selection; (ii) non-uniform large-scale 
of galaxies and radio sources; (iii) normal 
ng of galaxies, radio and peculiar included. The 
of the last two points is emphasized by the 
right radio sources occur preferentially in 
the sky with a high density of galaxies?. 
stigated the correlation between two classes of 
pulation A (usually a class of peculiar galaxy) 
ion B (usually 3C radio sources) by plotting 
sphere. The angular distances from each mem- 
she two nearest members of B were measured. 
ses of comparison, a control population was 
by moving population A one hour back in 
he measurements were then repeated. Members 
in or Moving into the galactic zone of avoid- 
15°, were omitted and the survey was limited 
hern hemisphere. The positions of the objects 
from the catalogues*-5, 

basis of Arp’s claims we defined a “pair” to 
o D separation less than 2-2° and a “‘triplet’’ 
an A to second-nearest B separation less than 
ests were conducted on four- fold tables of 
mparison (control), “paired”? and “‘non-paired’’, 
*s $ tests on the mean of the distances from 
he nearest B. These tested whether the number 
rs was significantly different from the number 
he control. When an entry in the table was 
| x’ test was abandoned in favour of an 
ability test. To test for collinearity of the 
© internal angle 0 between lines joining the 
7 galaxy to the two nearest radio sources was 
d. For the most compact triplets a Student’s 
s conducted on the means of 6° and {90-6°| to 















































less qualified); 30N, 30 “N” type galaxies only. 


LETTERS TO THE EDITOR 


Tabie 1 
Nas, Nos. Prob Prob. Correction for Prob. 
A Population B B z (per {per effect Gi (per 
f cent) Test 2 cent) cent) : f 
78 FYI 83 Anti-correlated insign 
78 ¥YV2 69 0-61 40-0 Insignificant 
78 BCN 12 Anti-correlated insign 
78 Quasars oar Anti-correlated insign 
78 30C galaxies 103 7 40-0 Insignificant 
33 3C tpairs) 250 2-46 15-0 Insignificant 
33 83C AAA ita 250 7-8 <1-0 Significant 
33 180 - - Exact probability 0-8 Significant — 
250 30 cain 250 755 <10 z? Corrected 3-0 Borderline significance 
250 Ditto OQ 173 6-1 10 Borderline significance 
250 30 aipee) 250 7BL <10 Borderline significance 
250 Ditto Og 173 9-8 0-1 x? Corrected 2-0 Borderline significance 
66 All Arp 250 2-46 15-0 Student’s ¢ 30 “t” Corrected 25-0 Insignificant 
66 Arp 102-45 33 71 <10 Exact probability 1-4 Unreliable 
250 Arp (pairs) 250 238-0 <1 x? Corrected) 15 Significant 
250 Arp(triplets) 250 21-4 <0-1 Significant a / 
98 30 galaxies 08 2-9 15-0 Student’s# 2-0 “2” Corrected 10-6  Anti-correlated insign t 
19 ao triplets (including Student's £ on 8° 25-0 r cla ton 50-0 = Insignificant 
: 37 closest triplets (omitting Student’s £ on 8° 90:0 Student's t on 30-0 Insignificant 
~quasars) 90-8 


-Vorontsov-Velvaminov Tables 11—16 inclusive; V F2, Vorontsov-Velyaminov Tables 5-8 inclusive; OQ, omitting quasars; 3C, regio: o som 


aira defined to have an angular separation less than 4-5° (so chosen in order to obtain sufficient numbers for tests). 
here is an automatic bias in our method when populations 4 and B are identical. 







test for significant deviations from 90° and 45° respectively. 
None was found. JESS 

In Table 1, the sixth column gives the probability from 
the 7? test that a correlation greater than or equal to o oo 
that obtained is due to chance. An attempt to allow for- es 
effect (ii) altered this probability to that given in the 
tenth column. Le 

The correction for effect (ii) was made by recalculating See 

2 with allowance for the hourly distributions in R.A. ofo - 
both populations, for the real, and control results. The 
null hypothesis was made that the number of pairs i 
each hour R.A. is proportional to the product of th 
numbers of populations A and B in that hour. The. 
numbers of paired and non-paired members of population 
A e peoien on this basis were then used to evaluate the 
corrected y?. These so derived give much less signifieant 
probabilities. Similar corrections produced similar results ` 
for Student’s t-test. ise 

In discussing the results it should be stated that we ar 
not convinced that we have removed all effects arising 
from (ii) and have made no allowance for (i) and (iii); 
borderline significance (2-5 per cent) is thus not con- 
vineing. 

The correlation between peculiar galaxies numbered 
102-145 in Arp’s catalogue and quasars is based on small 
numbers and is sensitive to the preeise separation used 
to define a pair. There is a marginally significant correla- 
tion between all Arp’s peculiar galaxies and radio sources, — 
and a more significant one between Arp’s special galaxies 
(Nos. 102-145) and radio sources (about the 1 per cent — 
level). Unfortunately, we were unable to investigate 
the normal clustering effects fully but, from the photo- 
graphs in Arp’s catalogue, it appears that Arp’s special 
are more often in clusters than members of his othe 
groups. a 

In conelusion (i) the evidence for correlation or non- 
correlation between quasars and peculiar galaxies is 
inconclusive; (ii) there is no evidence that triplets ar 
approximately collinear; (iii) evidence for real correlatic 
between peculiar galaxies and radio sources is weak. ` 
will have over-estimated the significance of the deviatio 
from chance by neglecting the internal clustering of each 
species, for example, peculiar galaxies are clustered; thu 
the effective population is smaller and the value of 
deduced y? should be decreased. 
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radio outbursts are more “frequent than in average 
sters. Some of the triplets are indeed in the directions 
f prominent clusters of galaxies. We thank Dr. Arp for 
j comments on this paper. 
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PHYSICS 


‘ar infra-red Spectroscopy at High Pressures 


-PRESSURES sufficiently high to give significant distortion 
to crystal. lattices or dense amorphous systems have been 
sed in combination with spectroscopic observation for 
ome years. The efforts of Drickamer et al.! have been 
nspicuously successful in this field but their spectroscopy 
3-been in the ultra-violet, visible and near infra-red 
gions where the primary transitions are electronic. 
ve. developed a new technique in which very high 
assures are combined with far infra-red spectroscopy 
where absorption by lattice modes dominates, providing 
seful information about intermolecular interactions. 
Ikinson and Sherman? have made a beginning in this 
d by making studies on alkali halides used as the 
ressure transmitting media in Drickamer’s techniques. 
“However, in this article we describe methods which are 
of general purpose in the sense that the transmission of 
_the system allows features at any far infra-red wavelength 
to be studied. The new technique is complementary to 
ray studies under pressure in that information can 
obtained about the changes of intermolecular forces 
ith changing lattice parameters and crystal structure. 

The main experimental problem in this research is to 
‘reconcile the conflicting requirements of high radiation 
transmission through the sample and maintenance of 
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we have eared the effect of pressure € on ch 
The reason for tae choice is found in the res 
earlier far infra-red work where it was showr 
chlorobenzene has a well-marked isolated 
can be attribute] to an interm 
absorption resulting from this might well] 
be strongly affeeted by changing the. disté 
molecules as is indeed the case. In additio: 
of a liquid derived from a dipolar molecule we 
liquid carbon disulphide the constituent mo 
which have a larze quadrupole moment. - 

Cube anvil deve. This is an adaptation. of fe 
Bureau of Standards (Washington) “six anvi 
apparatus’*. Two opposite anvils have f 
terminating in €-1 in. diameter holes at the 
The latter are sealed by single erystal quart 
the optic axis perpendicular to the plane fac 
particular arrangement was found to give 
strength. The “quartz windows were tr 
frequencies lower than 200 cm- except for ar 
band at 125cm- The transmitted radiation wa 
by a Michelson. interferometer’. With an 
signal to noise ratio, spectra from 10-200 
resolution 4 em~twere obtained. Direct absol 
measurements eculd not be made in this de 
same precision as those in the hydraulic devi 
variation in the movement of the anvils wit 
load. Reasonable corrections can be mad 
where thick samoles and thin. windows are us 

Absorption experiments were carried out un 
on liquid and sclid forms of chlorobenzene 
disulphide. The high pressure cell was con 
enclosing the liquids inside a thin walled 
cylinder which was sealed at each end by 
windows, sample thicknesses being of the. 
15 mm. Pressare calibrations are made 
manganin wire resistance gauge and by. th 
discontinuity in Bismuth at 25-7 kbars. In or 
different solid phases in chlorebenzene a mean 
ing temperatures greater than 200° C was ne 
graphite sleeve heater was ineorporated, theref 
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Fig. 1. High pressure six anvil cube device and Michelson inserferometer 











tion of a similar one developed by Drickamer‘, 
n this case larger apertures were used. The 
is not capable of reaching the pressures that 
ined in the cube anvil device but has a number 
tages within its range: (1) a reduction in the 
o- obtain spectra of given resolution because 
ertures (f/2) and windows (0-25 in. diameter) 
“thus increasing the amount of transmitted 
(2) pressure measurement is more convenient 
ger sample volume because a manganin wire 
© can be used during a run; (3) the positions of the 
ws are continuously adjustable and thus the sample 
ess can be varied over quite a wide range. 










ocenily obtained some new results for the 
ed absorption spectra of solid and liquid chloro- 
carbon disulphide up to pressures of 35 kbars. 
on spectrum of liquid chlorobenzene was 
vith the particular view of improving the 
ng of the “‘pseudo-lattice” absorption mechan- 
‘many polar liquids. Fig. 2 illustrates values 
absorption coefficient as a function of fr equency 
d hydrostatic pressure. The point at 29-7 cm~ 
ermined at atmospheric pressure with a CN 
The internal consistency between different runs 
è high-pressure hydraulie cell was +5 per cent. 
ificance of these results will be discussed on a 
casion. 
gnan? has shown from volume eny measure- 






















nr a at 20° C. If the pressure is then raised 
bars and the Vii eck Neeka raised to 250° C for 


) id fon is obtained: The two spectra EA m 
confirm the existence of these two solid forms. 
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D Frequency, vy fem) 
2, Far infra-red absorption in chlorobenzene. 
with hydraulie device: . experiments with six andl 


deyiee. Liquid: x, 0- 6 kbars: 2-3 kbars; O, 4-4 kbars. Solid I, 
0: kbars (©); solid. Ti, 20 kbars € ~ = =}, Temperature, 20° C 
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Fig. 3. Far infra-red absorption in carbon disulphide. ~ Experi- 
ments with six aavil cube device. Liquid: x, 1 atm.; +, 3 kbars; CI, 
11-6 kbars. Solid: ©, 12-0 kbars; A, 12-7 kbars. Temperature, 20° © 


100 





Increasing the pressure to 35 kbars has cnly a small effect 
on the spectrum, the absorption features moving to slightly 
higher frequencies. 

Carbon disulphide can be frozen at room temperatare 
with a pressure of 12-13 kbars. It appears from the 
spectra shown in Fig. 3 that there is a very considerable 
increase in the total absorption up to and through this 
phase change, which cannot be simply explained by un- 
certainties in sample thickness and polycrystalline scatter- 
ing. Even allowing for the 20 per cent greater compres- 
sibility of carbon disulphide pressure evidently has a 
much greater effect on the molecular interactions of 
quadrupolar carbon disulphide compared with dipolar 
chlorobenzene. 
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Surface Wave Velocity Measurement 


I HAVE found! that surface wave velocities can be con- - 


veniently and accurately derived by measuring a critical: 
angle at which, when an ultrasonic beam is reflected from 
a solid surface in a water bath, there is a violent change. 
in the waveform of the reflected wave train. This occurs 
when the surface wave velocity and the wave velocity: in 
the water are related by way of Snell’s law for an angle £ 
refraction of 90°. Although the indication is accur 
and has proved valuable for elasticity measurement, ti he 
reason for this behaviour has not been entirely clear: Bi 
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The transfer of the wave from the water, 
with acoustic impedance 1-5 x 10° for a 1 cm? 
beam, is to a thin surface film of the solid— 
the surface wave only penetrates about one 
wavelength. At 5 Mc/s this would be about 
0-5 mm and the acoustic impedance would 
be about 10°, that is, lower than that of the 


water. In the neighbourhood of the angle at 
which the wave conversion occurs most 
efficiently, therefore, a phase change of 
about 180° occurs and this affects the 


reflected wave too. Because the waves used 
in this experiment are not plane waves, the 
incident beam can be considered to be partly 
of an angle of incidence greater than the 
mean angle and partly at a smaller angle. 
The extent of this effect can be deduced 
from the angle of lag of the radiation in the 
appropriate circumstances as calculated by, 
for example, Goodwin and myself*. It is 
thus possible, when such a beam encounters 
a solid surface in water, that one part of the 
beam produces a surface wave of one phase 
and the other another surface wave 180° out 
of the phase and that partial cancellation 
occurs. This leads to a reduction in the 
amplitude of the reflected wave and this 
is used as already outlined to determine 
surface wave velocity. 

Devices utilizing this principle have been used? to 
investigate the elasticity of single crystals and that of 
elastically anisotropic polycrystalline aggregates both in 
bulk form and in sheets. Furthermore, the method of 
measurement has proved to be of value* in investigations 
of surface stresses (it enables third order elastic constants 
to be determined); there are also signs that the method 
can be used to show up incipient fatigue in a non-destructive 
manner before a crack actually develops. 

In the past the two devices which have been developed 
to investigate this phenomenon have been rather com- 
plicated and difficult to construct, but new much simpler 
forms have now been evolved. In these a single trans- 
ducer acting as combined transmitter/receiver produces 
a beam which is first reflected from the surface under 
sxamination, then again, but at normal incidence this time 
from an acoustic mirror (an air-backed thin film), then 
back to the specimen again and thence to the original 
ultrasonic transducer now operating as a receiving trans- 
ducer. An ordinary ultrasonic flaw detector can often 
be used in this way. 

It is believed that this simplification will encourage 
the use of these devices (one form? of which does not need 
a water bath) both in research and also in industry. 


Figs. 1-3. 
Fig. 2. 
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Radiofrequency-induced Gas Plasma at 
250—300 kc/s 


INDUCED plasmas in static gases at atmospheric pressure 
were first reported by Babat!. A plasma torch based on 
inductive coupling between a radiofrequency field and a 
flowing, ionized gas was developed by Reed? and later by 
Reboux*, Mironer and Hushfar* and Marynowski and 
Munroe®. In all cases, the frequencies used were in the 
megacycle range. 


NATURE 


Argon plasmas in 5 cm diemeter torch, Fig. 1. 
Dual frequency (3:8 Mc/s aad 280 ke/s). Fig. 3 


841 





High frequency (3-8 Mc/s). 
Low frequency (280 Ke/s) 


Because the “‘skain thickness’ for radiofrequency heating 
increases with a d&crease in frequency, the use of a lower 
frequency can be expected to produc e a larger plasma 
with a more uni‘orm temperature. Reed*® states that 
attempts to initiate a plasma at 400 ke/s were unsuccessful, 
and similar results have been reported by Radyne, Ltd.’, 
with a 100 kW, hgh impedance output generator. How- 
ever, Reed’ has pointed out that “starting a plasma is a 
separate problem from running it after it is started”, and 
Dymshits and Koretskii* have recently deseribed induced 
plasmas operating at frequencies as low as 290 ke/s. The 
latter authors gave only limited experimental details, but 
appear to have initiated the plasma by temporarily 
reducing the pressure. 

We have used an alternative method of initiation in 
which a pilot plasma was established in the megacycle 
range and power was then coupled into this plasma from 
a second work cail energized at 280 ke/s. Experiments 
were carried out m a simple quartz- -glass torch similar in 
principle to that described by Reed’ but with an outside 
diameter of 5 cm and two tangential gas inlets. The two 
radiofrequency generators used were not designed for 
plasma work, but were readily available in the same 
laboratory and were of appropriate frequency ranges. 
They were: (1) Radyne C155/SR, nominal output power 
rating 15 kW, nominal frequency 4 Mc/s; work coil four 
turns, 6-5 em internal diameter, 3-5 em long. (2) Ther- 
mioniec 500, nominal ge power rating 20 kW, nominal 
frequency 375 kes. The output from this generator was 
stepped down by means of a 22 : 5 transformer in order to 
provide a suitably high inductance load with a practicable 
size of work coil. The optimum work coil was found by 
experiment to be eight turns, 5 em internal diameter, 
7-0 em long. This was situated so that its upper end 
was 4-5 cm below the lower end of the Radyne work 
coil. 

An argon plasma was initiated at a gas flow rate of 
about 60 1./min, by lowering a graphite rod into the upper 
(3-8 Mc/s) field and applying maximum power from genera- 
tor No. 1. When the lower coil was energized (280 ke/s), 
the plasma spread down the torch into the region of the 
lower work-coil (Fig. 2) and increased in brightness. It 
was found possible to switch off the higher frequency 
output and main»ain the plasma on the lower frequency 
alone (Fig. 3), bus the power and diameter of the plasma 
then decreased. Attempts to initiate a plasma at 280 ke/s, 








na by each generator have yee been Tanio. 
values were obtained by a load substitution 
he power dissipated in a dummy load, a graphite 
X the dimensions required to produce the same 
aog tions as the plasma itself, was determined by 
2 he equilibrium temperature of the graphite 
w stream. of nitrogen and assuming that the 
ied was equal to the rate of loss of heat. by 
onvection losses are comparatively smali). 
T method has been shown by Reed? to give results 
which agree well with those obtained by using the con- 
water-cooled calorimeter. The output from 
No. 2 was about 13 kW with generator No. 1 
nd 10 kW with generator No. 1 switched off. 
surements on generator No. 1 indicated an 
ver of approximately 7 kW. 
pears to be no reason why still lower frequencies 
e used provided that: (a) suitable means of 
incorporated, either by the use of a high- 
lot plasma as in the present work or possibly 
reduction as apparently used by Dymshits; 
of the plasma torch is inereased. 
ledge the assistance of E. Wilkinson (photo- 
G. Brett (construction of quartz and glass 
nd C. Tee (electronics). 
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easurement of Polonium-210 in Human 
: Blood 


T 10 is a ea a E ERA 


Z burdens of this isotope a are a determined by 
“measuring its activity in tissue samples or urine®tè, 
Tissue samples other than teeth are not readily available 
during ae leh. and 24 h urine collections bess be 















gi plo e a E and counting technique. The 
ement of polonium-210 concentration in blood 
; be a practical method of estimating body 
of this isotope, as well as of its parent lead-210°. 
à Laer has been shown to contain trace amounts 
un we have related blood concentrations 
cing habits in a group of middle-aged men. 
mil. samples of fresh clotted blood were weighed and 
in 30 ml. of hot concentrated hydrochloric acid, 
plating cells with 0-5 N hydrochloric acid and 
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Polonium-210 (pe./kge whole blood) 


fil 


CIGAR- CIGAR& PAST NON- 
ETTE PIPE SMOKERS SMOKERS 
SMOKERS SMOKERS 


Fiz. 1. Polonium-210 concentrations measured in 10 ml. blood samples 
from 100 healthy men 45-54 years of age 


50 mg ascorbie acid, and the polonium plated on to silver 
planchets!?. The planchets were counted for 48-72 h 
in low background gas-flow proportional counters’. Polo- 
nium-210 concentrations as low as 0-3 pe./kg blood could __ 
be reliably measured by this method. Blood samples were 
obtained from 100 healthy men between the ages of 45 
and 54 years, all of whom resided in one suburb of Boston. 
Detailed smoking histories were obtained from these 
men, and they were divided into four groups: current 
cigarette smokers, current pipe and/or cigar smokers 
only, past cigarette smokers (had been regular smokers 
until a year or more previously), and individuals who had 
never smoked. 
The results are presented in Fig. 1. The average 
polonium-210 concentration in smokers was 1-72 pe./kg _ 
blood, compared with 0-76 pe./kg in non-smokers. Al- 
though a significant difference existed between blood 
concentrations in cigarette smokers and non-smokers 
(P < 0-001), a two to three-fold variation among individuals 
was present in each group. Such variation has also been 
observed among polonium-210 concentrations in pub >i 
monary tissues of different individuals’. In addition, 
we have examined other body tissues including liver, 
spleen, kidney, urinary bladder and bone obtained at 
autopsy from ten cigarette smokers and four non-smokers. 
Average concentrations were very similar to those re- 
cently reported by Hill’, but up to a three-fold variation | 
in concentrations in each organ was observed among _ 
individuals. 4 
The variation in blood concentrations may in part f 
result from dietary factors. As Hill has pointed out, 
polonium-210 concentrations differ widely in various: 
foodstuffs; beef and lamb kidney and certain shell fish, 
for example, may contain relatively large amounts of th 
isotope!. Ina preliminary study of possible dietary effects, 
several blood samples were drawn from an 85 kg subject 
before and after a meal containing about 100 pe. of == 
polonium-210 (200 g of beef kidney). Blood polonium- 210 
concentrations were 0-98 pe./kg before the meal and rose. 
to a maximum of 1:56 pe./kg 12 h after the meal, whic 
suggests that a significant fraction of the isotope presen 
in food is absorbed into the blood. 
In separate experiments in four heavy cigarette smokers 
blood samples were obtained before and at regular inter 
vals after sudden complete cessation of smoking. Bl 
polonium-210 concentrations fell an average of 27 pe 
cent during the first week after smoking was sto 
but thereafter changed very little HEPIE he nex 
weeks, a 
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In addition to the polonium-210 normally snhaled and 
ingested by the general population, it has been estimated 
that cigarette smokers retain an excess of about 1:5 
pe./day per twenty cigarettes, much of which may be 
cleared from the lungs in the mucous sheet and 'swal- 
lowed*,?, The present results indicate that such small 
differences in chronic environmental exposure to polonium- 
210 can be detected in 10-ml. blood samples from exposed 
individuals. The values reported here should serve as a 
baseline to evaluate concentrations found in blood of 
individuals possibly exposed to high environmental levels 
of polonium-210 or its parent isotopes. In preliminary 
experiments, detectable concentrations of radium were 
found in 10-ml. blood samples from two normal individuals. 
Analysis of small blood samples, therefore, may also prove 
useful in estimating body burdens of alpha-emitting iso- 
topes other than polonium-210. 

We thank Dr. Edward P. Radford, jun., of the Univer- 
sity of Cincinnati College of Medicine for confirming our 
counts on several of these samples in his laboratory. 
This work was supported by a grant from the Bureau of 
State Services, U.S. Pubhe Health Service, and by a 
grant from the Rockefeller Foundation. 
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Caesium-137 in Edible Freshwater Fish 
KNOWLEDGE of radioactivity in fish is largely limited to 


determinations made of the strontium-90 occurring in. 


certain ocean species and to some attempts at the evalua- 
tion of caesium-137 content (757Cs) of the same or similar 
specimens. Hasanen and Miettinen! found concentrations 
of the order of nanocuries of caesium-137 per kilogram 
(ne./kg) in freshwater fish. These were taken from lakes 
in Finland during 1962 and 1963 in the course of an 
investigation into sources of caesium-137 other than 
caribou and reindeer meat in the Laplander’s diet. This 
finding could have been predicted from the earlier work of 
Pendleton and Hanson*, which demonstrated the rapid 
accumulation of caesium-137 by various aquatic forms 
through several trophic levels in a freshwater pond 
contaminated with caesium-137. Caesium-137 in these 
organisms was found to reach concentrations several 
orders of magnitude greater than those found in the 
surrounding water. ` 

During the first 3 months of 1965, the concentrations of 
caesium-137 present in freshwater fish available commer- 
cially in the Chicago area were similar to those found 
carher in Finland (Table 1). The fish (which were pur- 
chased at random in local food markets) were boned 
fillets (except for smelts) and ready to cook. Both the 
concentration of caesium-137 and of potassium-40 were 
determined by gamma-ray spectrometry in 1-2-kg samples 
of fresh fish using conventional low-background tech- 
niques. A number of varieties of ocean fish were also 
examined and showed appreciably lower concentrations 
of caesium-137 but similar potassium levels (Table 1). 
This inherent difference between salt and freshwater 
species as regards the content of caesium-137 had been 
previously noted by Hásänen and Miettinen!. 

The caesium-137 concentration present in fish depends 
primarily on three factors: (1) the concentration of 
the radionuclide in the water environment; (2) the 
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accompanying level of potassium. (ratio of caesium;13}: 
potassium); (3) the position of the fish in question 
in the aquatic focd chain (that is, the trophic -level). 
Published values >f caesium-137 in salt and freshwater 
are sparse. However, monthly measurements In Lake 
Huron showed average concentrations of 0-4 and 0:3 pe./l. 
during 1963 and 1964, respectively’. During this same 
interval the concensration in lakes and rivers in the vicinity 
of Chalk River, Ortario (presumably uncontaminated by 
reactor wastes), wes three to four times greater than that 
in Lake Huron’. Surface waters of the Pacific Ocean 
sampled in md-1933 indicated an average level of 0-6 pe. 
caesium-137/l. (ref 4). Profiles of caesium-137 activity in 
ocean water have shown decreasing concentration with 
depth®. Judging ty the limited data available, there did 
not appear to be appreciable differences between, the 
concentration of .caesium-137 in salt and freshwater. 
However, the possibility exists that closed lakes which 
do not possess large dilution capacity may contain higher 
levels of caesium-I37 because they collect the run-off from 
large areas. Corrversely, because of the large dilution 
effect possible in she oceans, the effective concentrations 
may be much low#r than that observed in surface waters. 

The potassium. rontent of the oceans is ten to several 
hundred times greater than of freshwater. The value in 
the oceans, based on a large number. of analyses, is fairly 
constant, and is given as 380 parts per million (p.p.m.)*. 
The few measurements taken in the Great Lakes show 
values of a few ¢.p.m., with smaller lakes and rivers in 
the area, containing somewhat higher amounts’. Amounts 
in closed lakes ir. this region and further north are an 
order of magnitade higher, with values approaching 
marine concentrazion in some instances’. The concentra- 
tions of rubidium and stable caesium are several orders 
lower than that oZ potassium in both salt and freshwater 
and are almost insignificant®’. H 

The greater cor.centration of caesium-137 in freshwater 
fish, seen in Tabls 1, probably reflects, in the first place, 
the higher caesium-137 : potassium. ratio present in fresh- 
water*. The trophic level is also a factor—as shown by the 
higher caesium-137 concentration in carnivorous fish as 
opposed to plankton feeders and other non-carnivorous 
fish, in both salt and freshwater. The lower concentra- 
tions in lake perch and smelt may also result from younger 
age at capture as well as different feeding habits. 

The question now arises as to what effect the presence 
of relatively high concentrations of caesium-137 in fresh- 
water fish may hae on the average intake by human beings 


Table 1. CAESIUM-1387 AND POTASSIUM IN SALT AND FRESHWATER FISH 
PURCHASED BETWEEN JANUARY AND APRIL 1965 
3708 Potassium 137C 
Species* Feeding habits (pe./ke (g/kg peig K 
wet weight) wet weight) 
Freahwater fish 
Lake tiout Carnivorous f 2,210 2°49 887 
aA í 3,874 3 50 1,197 
sy ; 2,923 2-90 1,068 
Pike "e 2,610 3°58 729 
r 5 1,428 3-25 489 
3 = 1,167 247 472 
Whitefish Plankton 1,816 3 57 369 
j s 328 8-51 93 
ne A 285 3:65 73 
Lake perch ië i 365 2 89 126 
is a5 330 2-96 Lil 
Smelts si 327 2-60 126 
i 377 3°17 119 
Marine fish 
Flounder Bottem feeder, 24 2-88 83 
mciluses, ete. 
Halibut Carncvorous 62 5-26 11:8 
Ocean perch Plan=ton, annelids 32 3°08 10-4 
93 ” ” 39 56 3°11 18 0 
Ocean catfish Carncvorous 43 4-04 10-8 
Haddock is 86 4-02 16-4 
Salmon i$ 71 3°51 20-2 
me 43 4-17 103 
Red snapper di 12 1-76 68 


* The common or cemmercial names of fish are used here instead of taxon- 
omic names because of the difficulty in determining the latter with any 
precision with frozen, dressed fish. 

F ‘Carnivorous’ is meant to imply feeding on fish and other animals smaller 
than the fish in question, 
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in their diet and on the resulting body burden. Measure- 
ments of caesium-137 in the diets of inhabitants of the 
Chicago region have been made as part of the ‘Tri-City 
Food Sampling Program’’*, During 1964 the average adult 
intake of caesium-137 was found to be 200 pc./day or 
45 pe./g potassium. Whole body measurements of human 
subjects in the Chicago area showed a relatively constant 
average level of 150 pc. caesium-137/g potassium during 
the latter half of 1964 (ref. 10). This concentration of 
caesium-137 in man was taken to be the equilibrium level 
attributed to an intake of 200 pc./day for several months. 
The composite diet in question contained 8 kg of fish and 
73 kg of meat per annum. The fish actually sampled in 
the study were primarily saltwater varieties, and accord- 
ingly the daily intake of caesium-137 from fish was ~ 5 pe. 

If we consider that equal amounts of salt and freshwater 
fish are consumed each day; and take average values from 
Table 1, the daily intake of caesium-137 from fish becomes 
15 pe. Restrictmg the fish consumption to fresh- 
water varieties results in an average mtake of 30 pc. 
caesium-137/day from fish. This will, at most, produce a 
15 per cent increase in the average daily intake of this 
radionuclide. Those persons who consume larger quantities 
of fish than implied by the standard diet, or who substitute 
fish for meat, will have a correspondingly higher daily 
intake of caesium-137. An extreme, though still feasible, 


example would be one in which an individual, on an ' 


otherwise normal diet, ate a pound of carnivorous fresh- 
water fish per day and little or no meat. This would lead 
to an intake of 1,200 pe./day and an equilibrium body 
burden. of 900 pe./g potassium (according to the relation- 
ship that 200 pc./day intake will lead to an equilibrium 
burden of 150 pe./g potassium). For a 70 kg man (standard 
man), containing 140 g of potassium, the whole-body 
burden. of caesium-137 would be 0-13 uc. The body burden 
of caesium-137 in Eskimo and Laplander populations, 
depending wholly or in part on caribou and reindeer as e 
source of fresh meat, ranged from a few tenths of a pe. to 
as high as 3-0 ue. during 1964 (refs. 11-13). Thus it would 
appear that individuals living in the United States and 
Canada (and probably in the mid-latitude regions of 
Europe and Asia also), who regularly consume as much as 
& pound of carnivorous freshwater fishin a day, could 
approach the caesium-+137 body burden of Arctic and 
sub-Arctic peoples who depend on caribou or reindeer as 
a prime source of meat. 

We thank Dr. R. W. Wolfgang of this Division for 
advice concerning the feeding and other habits of the 
fish involved in this study. This work was supported by 
the U.S. Atomic Energy Commission. : 
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A Liquid Scintillation Method for measuring 
Carbon-14 Uptake in Photosynthesis 


THE accurate determination of the radioactivity of stock 
sodium carbonate solutions and the correction of the 
radioactivity of membrane filtered algae to zero thickness 
are two of the greatest barriers to accurate productivity 
measurements using carbon-14. 

The purpose of this paper is to outline a method which 
has been very useful in a recently completed photosyn- 
thesis study, and which may offer a solution to these 
problems. 

Goldman! has dealt successfully with these two prob- 
lems by oxidizing all organic carbon to carbon dioxide, 
and measuring carbon-14 activity in the gas phase. This 
method is relatively time consuming, and it does not 
adapt itself readily to the rapid counting of large numbers 
of planchets. 

Jitts and Scott? have used liquid scintillators to estimate 
zero thickness corrections by counting labelled plastic 
films on a Geiger—Miiller counter, then dissolving the films 
In liquid scintillator solution to determine the activity 
accurately. In their calculations it is assumed that the 
quenching properties of plastic film are similar to those of 
the equivalent weight of algae. 

The advantages of the method described here are: 
(1) All photosynthesis determinations may be corrected 
individually for self-absorption and counting efficiency. 
(2) The high efficiency of liquid scintillation counting 
makes more rapid and more accurate counts possible. 
(3) The method is adaptable to field use, and saves 
considerable time in handling papers and planchets. 
(4) The activity of stock solutions can be determined 
accurately and directly, using the same method. 

The scintillator solution is made up as follows: 100 g 
naphthalene; 7 g 2,5-diphenyl oxazole (PPO); and 0-3 g 
dimethyl, 2,2,p-phenylenebis (5 phenyloxazole) (dimethyl- 
POPOP) are dissolved in 1 1. of reagent-grade dioxane. The 
scintillator solution may be used for counting aqueous 
carbon-14 samples of all sorts; it gives good counting 


- efficiencies even when it contains almost 30 per cent water‘. 


Determination of carbon-14 uptake by algae. After 
termination of a photosynthesis determination the algae 
are filtered on to a ‘Millipore’ membrane in the usual 
manner. The membrane and its contents are transferred 
directly to a liquid scintillator vial containing the scintil- 
lator solution; vigorous shaking will dissolve the damp 
‘Millipore’ quickly. Dry ‘Millipore’ membrane is insoluble 
in this scintillator solution, and so membranes must be 
taken directly from the filtering apparatus while they are 
still wet.. The membranes must be completely dissolved 
before counting commences or the results will be highly 
variable. A slight greenish tinge, which may cause colour 
quenching, will appear in the scintillator solution just 
after the membrane has been dissolved if the layer of 
phytoplankton is particularly heavy. This colour dis- 
appears within a few hours, and counting should be 
delayed until it disappears. ' 

Samples must be counted’ at above. 5° ©, since the 
solution freezes at 3°-4° C. After counting, an. appropriate 
volume (10-100 lambdas) of carbon-I'4 labelled liquid 
toluene standard is added to each’sample, and'all vials 
are re-counted. The vials must be shakén immediately 
before counting in both-cases, as the algae (or remnants 
thereof) settle out within a few minutes. The addition of a 
thixotropie gel, such as ‘Cab-O-Sil M-5’ (Godfrey L. 
Cabot, Inc.), should eliminate this problem with very little 
loss of counting efficiency, if‘an ‘automatic counter is to be 
used, or if samples are of very low activity. The counting 
efficiency for each vial is Æ = (C’—C)/S, where O” is 
the number öf counts per minute measured after addition 
of the toluene standard, OC is the number of counts per 
minute of the sample alone, S is the actual radioactivity of 
toluene standard added in disintegrations per minute, and 
E is efficiency: of the counting apparatus (all counts cor- 
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rected for background). The correction for self-absorption 
will vary slightly from sample to sample. CJE will give 
corrected figures (d.p.m.) for carbon-14 uptake. 

Activity of carbon-14-labelled sodium carbonate stock 
solutions. A small, accurate volume of stock labelled 
sodium carbonate solution may be pipetted directly into 
a vial of the scintillator solution and counted. The vials 
may be standardized and corrected for efficiency in the 
same manner as for algal samples. Ten to twenty-five 
lambdas of stock solution will normally be adequate, if 
the stock activities are of the order of 5-10 uc./ml. 

The following results represent counts on planchets 
selected at random from a day’s photosynthesis determina- 
tions on a small turbid pond. All determinations were 
earried out in 250-ml. reagent bottles suspended directly in 
the lake from a transparent float. 0-5 ml. of labelled 
sodium carbonate solution of approximately 5 uc. was 
added to each bottle. The incubation time was 4 h, from 
10 a.m. to 2 p.m. Exactly 75 ml. from each bottle were 
fixed with 0-5 ml. of 40 per cent formalin and filtered on to 
a ‘Millipore’ HA membrane, 2 in. in diameter. Membranes 
were first dried and counted with a “Tracerlab’ FD-1 gas 
flow Geiger—Miiller tube with a ‘Mono-mol’ resin window 
and a “Tracerlab Compumatic IT’ scaler; then dampened 
and counted as described above in a “Tracerlab’ LSC-10 B 
liquid scintillation counter using the same scaler. 

The efficiencies of both the gas flow and liquid scintilla- 
tion method were calculated from the corrected liquid 
scintillation counts as determined by adding carbon-14- 
labelled toluene standard. 

The counts and comparative efficiencies of the two 
methods are set out in Table 1. 


Table 1 
Gas flow Liquid Actual carbon 
Depth (m) Geiger—Muller scintillator uptake by algae 
(d.p.m. -p.m {d p.m} 
Surface 4,416 10,283 28,638 
1 3,787 11,735 32,671 
2 1,418 3,814 10,616 
2 1,478 4,384 12,205 
5 244 726 2,022 
5 248 748 2,082 
Dark bottle 282 547 1,523 
Average percentage efficiency of counting Standard deviation 
Gas flow 13-09 1-47 
Liquid scintillator 35-92 0 65 


The high counting efficiency and low standard deviation, 
coupled with the individually determined efficiencies and 
reduced manipulation of filter membranes, make the 
liquid scintillation method desirable where primary 
production is very low or erratic. 

I thank Prof. G. W. Comita of the North Dakota State 
University Department of Zoology for providing space, 
field equipment, and financial support, and Dr. D. C. 
Zimmerman of the North Dakota State University 
Chemistry Department for the use of radiation detection 
facilities, as well as for several helpful discussions on liquid 
scintillation counting. I also thank Prof. Comita, Dr. 
Zimmerman, Mr. Charles Elton and Mr. Christopher 
Mathews for reading the manuscript. This investigation 
was supported by a U.S. Public Health Service Special 
Fellowship to me, a National Science Foundation grant 
to’ Prof. Comita, and by the North Dakota Institute 
for Regional Studies. 
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Analysis of Vokatile Substances in Samples 
containing Noon-volatile Substances by 
Process Gas Chromatography 


RECENTLY, we experienced difficulties with the auto- 
matic analysis by zas chromatography of a process 
stream consisting of s liquid mixture of organic chemicals. 
These arose because traces of non-volatile tars and poly- 
mers in the sample eventually accumulated in the entrance 
of the first column ofthe chromatograph. (This chromato- 
graph normally uses two columns to perform the analysis 
and has a thermal corductivity detector. The first column 
is used to separate and backflush volatile heavy ends out 
of the analyser; the second column completes the separa- 
tion of the substances to be analysed.) Eventually, after 
a series of analyses, the accumulation of non-volatile 
materials in the first column was sufficient to block it 
completely, thus putiing the analyser out of commission. 
The analyser was, ix. fact, injecting 10-ul. samples every 
15 min into a 0-125-n. bore column. The concentration 
of non-volatiles was about 0-5-1-0 per cent by weight. 
Blockage occurred after 7-10 days of continuous 
operation. 

The problem deser.bed here rarely arises in gas chroma- 
tography in laboratcries, as the frequency of analysis is 
rarely as high. Ever if a column blocks up in the labora- 
tory, it is usually an. easy matter to change it. This state 
of affairs cannot be tolerated with a process instrument 
where a minimum cf 6 months’ continuous operation is 
almost mandatory. It was, in fact, essential that this 
problem be solved to-achieve fully reliable on-line analysis. 
This has now been done and this communication describes 
the essence of the nsthod. 

I considered that it was necessary to remove the non- 
volatile materials from the first column by washing the 
column with a liquic solvent. An immediate objection to 
this is the damaging effect of the solvent to the column. 
This can be avoided. by using an extra column which we 
call a “cleanse column” together with a column switching 
valve. The cleansa column is. in fact, an unpacked 
0-125-ın. bore tube about 1-2 ft. lang and the system is 
operated as follows. 

The sample is injected into the cleanse column. The 
non-volatile constitcents of the sample stick to the walls 
of the cleanse column tube and the volatiles pass on to the 
analytical columns. The column switching valve is then 
shifted. This isolates the sample valve and cleanse column 
from the rest of the chromatograph. While the analysis 
proceeds, the cleans column and sample valve passages 
are flushed out with a suitable solvent to remove the 
non-volatiles. Residual solvent is removed by purging 
the lines with pure dry instrument air. 

Before a subsequent analysis is due to commence, the 
column switching valve is reversed, thus re-connecting 
the sample valve ard cleanse column into the carrier gas 
supply. This is done during the time the first column is 
being backflushed, so that residual air is purged clear by 
the carrier gas flow and does not affect the analysis. The 
next analysis cycle zan then be commenced. 

The system uses some 40-60 ml. of solvent per analysis 
or 4-6 l. per day. A solvent recovery still is used in 
conjunction with tne analyser. The solvent must, of 
course, readily dissolve the non-volatiles m the sample. 
The boihng-point ef the solvent should be preferably 
some 20°—30° C above the analyser operating temperature. 
This is to prevent formation of vapour locks in the lines, 
thus preventing free flow of the solvent. ‘The solvent 
should be sufficiently volatile. however, otherwise a 
prolonged air purge is required to remove remaining 
traces from the syssem. before starting the next analysis. 
The technique described above has permitted non- 
interrupted operation of a process chromatograph for 
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almost 6 months at the time of writing, where previously 
the maximum period was 10 days. 

To the best of my knowledge, this is the first example of 
the technique being used in on-line process analysis. It 
is understood that a similar technique has been tried in 
the laboratory with a process chromatograph for the 
removal of sugars’ in the analysis of wines. This analyser 
was not, however, ever installed on a running process. 

I thank those staff of Beckman Instruments, Inc., who 
encouraged me to try out the technique. 

C. S. F. PINE 


Instrument Development Group, 
Engineering Department, 

Imperial Chemical Industries, Ltd., 
Heavy Organic Chemicals Division, 
Billingham, 

Co. Durham. 


* Turner, G. S., in Gas Chromatography, Brighton, 1964, edit. by Goldup, A., 
323 (Institute of Petroleum, London, 1965) 


Microwave Spectrum of Sily! Isocyanate 


TEE microwave spectra of silyl isothiocyanate! and silyl 
azide? have shown them to be symmetric and asymmetric 
tops respectively. We report here that silyl isocyanate 
has a spectrum which, although that of a symmetric top, 
has numerous very unusual features. 

The spectrum consists of several series of lines with first 
order Stark shifts separated by about 5 Ge/s. Each series 
extends over about 2 Gejs and is roughly divided into 
groups. The lower frequency groups of each series are 
clear cut, but beyond about the third they become more 
complicated and are difficult to distinguish. The lowest 
frequency group of each series was assigned to the ground 
vibrational state and gave a good fit when frequency was 
plotted against K?. In particular the lines assigned to 
K = 1 show no splitting and the lines K = 3 show the 
characteristic intensity increase of molecules with three 
equivalent protons, this indicating a symmetric top. 

The bulk of the remaining lines were assigned to mole- 
cules in excited states of a low-frequency vibration. Those 
groups attributed to the first excited state each possessed 
an. l-type doublet and a central group, indicating a degener- 
ate vibration, associated with bending of the heavy atom 
chain. The intensities of the groups suggested a vibration 
frequency of less than about 50 cm~, and the splitting of 
the l-type doublets, assuming the small amplitude approxi- 
mation, yielded about 30 cm-'. This figure should be 
compared with 54 cm-! m silyl isothiocyanate! and 
220 em~ in silyl acetylene*+; apparently the present low 
value arises from a very low restoring force in the bending 
rather than the atomic masses. 

Spectra were obtained of the most abundant and isotopi- 
cally substituted species. Molecules containing silicon-29, 
silicon-30 and carbon-13 were studied in natural abund- 
ance, whereas artificial substitutions of oxygen-18, 
nitrogen-15 and deuterium were made using the reaction 
of cyanic acid and trisilyl amine*®. In all symmetric cases 
the simplest analysis of the data yielded very large values 
of the centrifugal distortion constant Dyg (500-670 
ke/s), while Dy was “normal” (about 1 ke/s). With 
more detailed treatment significant higher order constants 
were found in some cases. The partially deuterated, 
slightly asymmetric, molecules gave a straight line 
through the points K = 0, 2, 3 and the mean of K = 1 
when frequency was plotted against K*; the slope gave 


a value for Dyx. The points K = 4 and 5 were well off . 


(14-90 Mc/s) the lines. All calculated constants are in 
Table 1. 

An attempt was made to determine the “‘r,”’ structure; 
this method attempts, with much success for “‘regular”’ 
molecules, to approximate the equilibrium structure to 
withm a few thousandths of an gstrom unit®. All 


atoms except nitrogen were placed using Kraitchman’s 
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Table 1. ROTATIONAL AND CENTRIFUGAL DISTORTION CONSTANTS OF 
SILYL ISOCYANATE 
Rotational 
Species constant(s) B,{C,) Ds DIE Others 
(Mc/s) (ke/s)j (Ke/s) (ke/s) 
SH N CHO 2,517-888+0014 09402 8410+138 AS { P $ 9 
+ 1-3) x 10- 
SIH, NIOO 2,484-455+0022 138403 61837416 2 = aes 
+ 6) x 10- 
soSiH, uN HOHO 2,452 814 +0 025 13404 5987+07 
SIH ENCHO 2,517 748+0 027 ELitO3 6746422 RT D - aa 
+ 2-4) x 10- 
SIH N?O 2,484 489 + 0 095 46+14 648 +22 
SIH, HNE CHO 2,500 419+ 0 04 1 (as- 4 627-9407 
sume 
“SIH, NCO 2,387 680 +0016 -0686+403 8002+408 
SiD, NCH O  2,331:769-+ 0 021 09403 5338405 
SiD, N HOO 2,305 948 + 0-062 3-310 5183402 
VSID HNHCHO  2,281:170 +0-01 1 {as- 507 044-1 
sumed) 
SiH DYNUCHO 2,461°94 637 
2,488 43 
SIHD, HN 010 2,400 88 578 
2,37612 


equations’; because nitrogen is near the cenbre of mass 
its true “f” position was difficult to determine. It was 
placed using, besides a simple first-moment method, a 
double first-moment procedure in which the shift im 
centre of mass on full deuteration was observed from the 
change in “‘r,”’ positions of silicon. From this two simul- 
taneous centre of mass equations were set up having as 
unknowns the nitrogen position and the height of the sily! 
pyramid. These first moment values agreed and were 
used in the derived structure. Table 2 contains this as 
well as those of related molecules. It is seen that the 
present N-——C distance is much shorter than that of the 
other molecules, suggesting that the nitrogen and/or 
carbon positions may be incorrectly determined. While 
this is entirely possible, it is noteworthy that the present 
C—O distance is comparable with that of related molecules 
and that the S—O distance is 0-068 A shorter than the 
sum of the Si-N distance in silyl isothiocyanate and the 
N-O distance in cyanic acid. Furthermore, the derived 
H-Si and D-Si parameters show no self-consistency and 
are very different from those of other silyl compounds. 


Table 2. STRUCTURE OF SILYL ISOCYANATE AND RELATED. MOLECULES 
r{0-C)  r(C-N) 7{(N-Si) = r(H-Si) 

Molecule Ref. (A) (A) (A) (å) <(H-Si-H) 

SıH;, NCO Present 1179 1 150 1:699 1°506 110° 24’ 

SiD,NCO Present 1 514 112° 12’ 

StH,NCS 1 1-211 1-714 1°488 111° 27 

SiH,CI 8 1-488 110° 58’ 

StD,ci 1-480 110° 52° 

StH,CCH 3 1-488 110° 12’ 

HNCO 10 1 171 1:207 

CH, NCO 11 1-18 119 

(SIH) N 12 1:54 


Thus silyl isocyanate, though a symmetric top, 1s an 
unusual one, in comparison with both chemically related 
molecules and other symmetric tops. Other isocyanates 
(cyanic acid, methyl isocyanate, germyl isocyanate!*) 
and isoelectronic silyl azide all have bent heavy atom 
configurations. Nevertheless, the low frequency band, 
with its correspondingly low force constant, reflected im 
the very high values of Dyg (ref. 14), suggests that the 
force constraining silyl isocyanate to the symmetric 
configuration is rather weak. The vibration is probably 
of large amplitude, with considerable anharmonicity, 
which makes use of the small amplitude approximation 
dubious, particularly in treating /-type doublets and 
deriving structural parameters'®. The latter is especially 
evident here. The K-irregularities of the partially deuter- 
ated species probably arise because the energies of the 
rotational levels involved are becoming comparable with 
those of levels in the first excited vibrational state, with 
possibilities of Fermi resonance. 

From first order Stark splittings of the lines K = 2 and 
3 of the transition J = 4—5 a value of 2:15 + 0:10 D 
was obtained for the dipole moment. 

We thank E. A. V. Ebsworth for his active interest. 
M. C. L. G. thanks the Royal Commission of 1851 for an 
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overseas scholarship. J. C. T. thanks the Science Research 
Council for a maintenance grant. 
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New Metal-rich Phosphides of Niobium, 
Tantalum and Tungsten 


PREVIOUS investigations!’ of the niobium—phosphorus 
and tantalum~phosphorus systems indicate that only two 
intermediate phases occur m each system, a monophos- 
phide (which shows a varying amount of stacking disorder 
in the structure) and a diphosphide. These results are 
based on investigations of the products formed when the 
metals react with phosphorus at temperatures below 
1,100°C. In the tungsten—phosphorus system, the 
occurrence of tungsten monophosphide and a high and a 
low temperature form of tungsten diphosphide has been 
observed*-*. No further intermediate phases appear to be 
formed by direct reaction between tungsten and phos- 
phorus below 1,100°C. It has been reported, however, 
that tungsten phosphides containing less than 50 atom per 
cent phosphorus can be prepared by fused salt electrolysis. 
Thus, Hsu et al.° obtained a crystalline compound of 
composition W;P by electrolysis of a fused sodium 
metaphosphate bath containing tungsten trioxide and 
sodium chloride at temperatures below 900°C. This 
compound was described as having the body-centred 
tetragonal iron triphosphide-type structure with cell 
dimensions a = 9890 A; c = 4808 A. 

I have started a re-investigation of these systems and 
have extended the studies to include temporatures much 
higher than those previously covered. Some preliminary 
results are quoted here. 

In the first stages of the re-investigation, phosphide 
samples were prepared by heating mixtures of red phos- 
phorus and theappropriate metals in evacuated and sealed 
silica tubes. X-ray powder analyses of these products are 
in general agreement with the earlier work, while some 
new features were observed relating to the stacking- 
disorder phenomena in the niobium monophosphide and 
tantalum monophosphide structures®. These new observa- 
tions will be discussed in a forthcoming paper to be 
published elsewhere. In agreement with Hulliger’s recent 
report®, niobium diphosphide and tantalum diphosphide 
crystallize with the niobium diarsenide-type structure. 
Tungsten diphosphide, originally reported to crystallize 
with molybdenum diphosphide-type structure’, has 
recently been obtained with the niobium diarsenide-type 
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structure’. In the >resent investigation the occurrence 
of both forms of tungsten diphosphide was confirmed; 
the molybdenum diyhosphide-type phase forms when the 
reaction temperature exceeds about 700°C, while the 
niobium diarsenide-sype occurs at lower temperatures. 
Heat-treatment of tne high-temperature form at 600°C 
for two days did not yield any detectable amounts of the 
low-temperature form, which shows that the trans- 
formation is very sluzgish. The two phases have the same 
ideal crystallographi: formula, but small deviations from 
the ideal composition for one or both cannot be excluded. 

In preliminary astempts to explore the systems at 
temperatures above 1,100° C, phosphide samples initially 
prepared m silica rubes were heated in an argon-arc 
furnace. The phosphorus losses on rapid heating were 
found to be surprisingly small for samples containing less 
than 50 atom per cert phosphorus, and X-ray examination 
of the products indmated that several new intermediate 
phases had been formed. 

Rapidly arc-melted tungsten—phosphorus samples 1n- 
variably consisted o? three phases: «-tungsten, tungsten 
monophosphide and a further phase. The diffraction lines 
from this phase can be indexed on the basis of a body- 
centred tetragonal unit cell having dimensions @ = 
9-858 A; c = 4:800A4. Comparison with the diffraction 
pattern of Mo,P (a-7,5-type structure?!) indicates a very 
close structural resernblance, and it seems highly probable 
that the two compoands are isostructural. The composi- 
tion W,P is therefor assigned to the new tungsten phos- 
phide. It appears likely that this phase is identical with 
the W,P phase obtained by Hsu eż al. The unit cell dimen- 
sions agree fairly wel and in the absence of single-crystal 
data it is very difficalt to make an unambiguous distinc- 
tion between the Fe,P- and the a-V,8-type structures, as 
explained in refs. 7 and 11. 

The powder patzerns of the arc-melted niobium- 
phosphorus and tantalum—phosphorus alloys showed 
greater complexity taan those of the tungsten—phosphorus 
alloys. At about 25 atom per cent phosphorus, phases 
crystallize with the Ti,P-type structure and accordingly 
seem to be Nb,P and ‘T'a,P. These compounds are probably 
the most metal-rick in their respective systems. More 
phosphorus-rich preparations yielded very line-rich dif- 
fraction patterns (particularly in the case of the niobium 
phosphides) which could not be easily interpreted. 
However, well-developed single crystals were often formed 
in the alloys, and »xtensive X-ray investigations using 
single-crystal techniques have therefore been started. So 
far, a tantalum phosphide with the composition Ta,P, 
has been characterized crystallographically by a combina- 
tion of single-crystal and powder methods. The unit cell 
is orthorhombic ani contains four formula units. The 
space group is most probably P n n m and the intensity 
data indicate strongly that all atoms occupy 4g positions 
in this space group. 

Since the technique of arc-melting produces alloys 
which are frequently grossly inhomogeneous, a phase- 
analysis of arc-melted alloys cannot be expected to furnish 
reliable information. about the phase-relationships at high 
temperatures. A series of high-temperature annealing 
treatments under -vell-definetl conditions has therefore 
been started. Detaled reports of the phase-analytical as 
well as the X-ray crystallographic data obtained will be 
published elsewhere. The crystellographic data obtained 
in the present preliminary investigation are collected in 
Table 1. 

In view of the present results it might be asked whether 
the new phases obtained by arc-melting are in fact 
thermodynamically unstable at lower temperatures or 
whether other factars, such as activation energy barriers, 
prevent their formation below 1,100°C. <A conclusive 
answer to this quession cannot be reached in the absence 
of quantitative thermodynamic information. However, 
there are strong reasons to believe that W,P is truly 
unstable at lower zsemperature. While this phase can 
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Table 1. CRYSTALLOGRAPHIC DATA ON NIOBIUM, TANTALUM AND TUNGSTEN 
PHOSPHIDES 

Phosphide Structure type a (A) b (A) c (A) p° 
Nb,P Fi P 10:128 5 091 
NbP NbAs 3-334 11°377 
NbP, NbAs, 88715 3-2663 7 5194 118-097° 
Ta;P TLP 10 154 5 012 
Ta,P, (orthorhombic) 14 420 11-547 3-400 
TaP NbAs 8:319 11 341 
TaP, NbAs, 8:8808 3 2877 7 4882 119-308° 
WP a~¥,8 { 7} 0 858 4:890 
We MnP 5 732 3 249 § 222 
a- P: NbAs, 8 5022 3-1895 7 4660 119 367° 
-WP MoP, 8-168 311 161 4-973 


The unit cell dimensions were determined in Guinier-Higg type focusing 
cameras using copper Ka, radiation with silicon (a = 5:4305 A) as the mternal 
calibration standard. 

For NbP,, TaP, and a-WP, a least-squares refinement of the powder 
diffraction data indicated standard deviations for a and c of 00007 A, for 
b 0 0002 A and for 8 0 005°. The relative accuracy of the unit cell dimensions 
for the remaining phases is estimated to be higher than 0 03 per cent. 


obviously be retained from the high-temperature range 
owing to the rapid cooling process in the arc furnace, it 
disappears completely from W,P-containing samples on 
annealing at temperatures between 800° and 1,000° C, 
and the only remaining phases are tungsten and tungsten 
monophosphide. Hsu et al. reported that their W,P 
phase was unstable above 900° C. This suggests that the 
energetic conditions prevailing during electrolysis permit 
the formation of metastable W,P, which can then be 
recovered only at moderately high temperatures without 
extensive decomposition. 

The Nb,P and Ta,P phasos remain unchanged after 
prolonged heat-treatment at 1,000°C, and it therefore 
appears likely that their formation at low temperatures is 
prevented by reaction kinetic factors only. 

This investigation is supported by grants from the 
Swedish Natural Science Research Council. 

Sria RUNDQVIST 
Institute of Chemistry, 
University of Uppsala. 
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Photochemistry of the S-Nitroso Derivatives 
of Hexane-!I-thiol and Hexane-I,6-dithiol 


S-NITROSOHEXANE-1-THIOL, CH,(CH,),SNO, and di-(S- 
nitroso-)hexane-1,6-dithiol, ONS(CH,.),SNO, were pre- 
pared by the method reported by Saville!. Their electronic 
spectra in hexane solution were measured and were found 
to be similar to the spectrum of S-nitrosotoluene-«-thiol?. 
The relevant data are presented in Table 1. 


Table 1, ELECTRONIC SPECTRA OF THE S-NITROSO DERIVATIVES OF THIOLS 


max e &max Amat Ema\ 
Thiol (A) (M em} (A) Gi em) 
Toluene-a-thiol 589009 28 3406 1030 
Hexane-l-thiol 5500 21 8400 840 
Hexane-1,8-dithiol 5500 42 8400 1830 
Assignment to transi- 
tions, |) mena ae Nyg—> 2* 


As can be seen from the data in Table 1, the e values 
for the di- and mono-S-nitrosated hexane thiols bear a 
ratio to each other of very nearly two as would be 
expected from their structures. 

Irradiation at 3650 A of the mono compound in 
methanol solution causes photolysis according to the 
stoichiometry : 


hy 
2RSNO ——» RSSH + 2NO (R = hexane) 
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The reaction mechanism is similar to that reported for 
the photolysis of S-nitrosotoluene-a«-thiol*. 

Irradiation of the di-nitrosated compound at 3650 A 
caused photolysis, and the products were a wax-lke solid 
and nitrie oxide. The solid product had a melting point of 
35° C and a molecular weight (Rast’s method) of 285. 
Elemental analysis was consistent with the empirical 
formula (CH,),8.. From these data it would appear that 
the solid product was largely 1,2,9,10, tetrathiacyclo- 
hexadecane. , 

The mechanism of the photolysis probably includes the 
following steps: 


hy 
ONS(CH,),SNO ——» ONS(CH,),S: + NO 


ONS(CH,),8,(CH,),SNO + NO 


20ONS(CH,),S- —> S(CH,),S,(CH,),S 
| | 


h 
ONS (CH, )ex(CH,),8NO—> ONS (CH, (OH)68 +NO 


S(CH.).52(CH,),5 + NO 
| 


Work is proceeding on this and similar systems in 
order to elucidate a general mechanism for the photolysis 
of compounds containing two SNO groups. 

Jack BARRETT* 
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Effects of Solvents on Acetylcholine 
Conformation 


In earlier communications’? we reported the results of 
our investigations with acetylcholine and related sub- 
stances. These led us to conclude that the acetyl group is 
activated primarily by an inductive influence of the 
quaternary nitrogen. This conclusion was based in large 
measure on the carbonyl stretching frequencies which were 
observed for acetylcholine and 1ts homologues in ethanol, 
as well as on their rates of hydroxylamimolysis in water. 

In a recent communication, Canepa and Mooney‘ 
challenged these data and conclusions. They reported the 
carbonyl stretching frequencies for acetylcholine in water 
and ethanol and called attention to the well-known 
influence of the solvent on the carbonyl stretching fre- 
quency. They suggested that the solvent -hydrogen-bond- 
ing to the carbonyl group could explain the observed 
difference in the energies of absorption between acetyl- 
choline and ethylacetate and, more? particularly, they 
dismissed the possibility of an inductive Gnium effect. In 
a subsequent paper Canepa® proposed’ that the con- 
formation of acetylcholine in the crystal and in water 
involved an interaction between the quaternary nitrogen 
and the unshared electrons on the ester oxygen. Although 
no data are offered which support his conclusions for the 
behaviour of acetylcholine in aqueous solution, he insisted 
that the bond angles encountered in the crystal allow an 
interaction between the positive-charged onium nitrogen 
and the ester oxygen. 

We have undertaken to examine some of the points 
raised by these publications and wish to report the results 
of our investigations of acetylcholine and related homo- 
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ing frequency for the carbonyl group and 


\ 0 the position of quaternary ammonium 
ji Q- CH, je c—— CH; \ group. 
ii CHy / i CHs / OR Cm cy This conclusion is supported by results 
hta A hink D Hey e N ri * from sxperiments in which deuterium- 
ar CH2 ~~ S re i labelled dimethylsulphoxide was used as a 
re A | | i solvens. No shift was observed in the 
HaC CH, 2 art Ht- ON oy : carboryl absorption spectra of acetyl- 
H.C : cholins and its homologues, indicating no 
1 9 3 solvens proton interaction with this func- 
Figs 1-3 tional group of the molecule. 


logues and derivatives ın a number of solvents which 
support our conclusions of an inductive influence by the 
quaternary nitrogen on the carbonyl stretching frequency 
and which can account for the “active” acyl character of 
acetylcholine. 

The sources, or the synthesis, of all the compounds 
examined have been reported in our previous publica- 
tions)? with the exception of N-acetoxytrimethylammon- 
jum bromide. This substance was prepared by the method 
of Geiger®. The determinations of the infra-red spectra 
were carried out using a Perkin-Elmer ‘221-G’ spectro- 
photometer programmed for maximum resolution. Atten- 
uated total reflectance (ATR) spectra were determined 
using a Perkin-Elmer ATR accessory with a KRS-crystal. 
Nuclear magnetic resonance studies were carried out with 
a ‘Varian’ spectrometer at 60 Mc/s in deuterium oxide. 


Table 1. INFRA-RED SPECTRA BY TRANSMISSION 


DMSO Cs z o) Ethanol (% Z o 
CH, 0 
Cia WO rCee Nas Br i777 cm 1783 em 
CH3 
CH3 O 
i l 
CHs-N-CH,~O- -CH; C/O 1772 1780 
CH, 
CHy 
il © 
CH3-N-CHe-CHa-0-C-CH3, CI 1744 1760 
CH3 
CHa 
t tt © 
CH3-N-CharCHa=CHe=0-C-CHy, I 1737 1752, 1732 
CH3 
CHa 0 
CH3-N-CHa-CH2-CH2-CH2-0-C-CH3, 1 1734 1748, 1728 
CH3 
CH3, 0 
DN-CHe~CHe-0-C-CH3 1733 1748, 1728 
CHy 
tI 
Cny-CH2-0~C~CH 1733 1748, 1728 


The data given in Table 1 report the carbonyl stretching 
frequencies in dimethylsulphoxide for a number of esters 
related to acetylcholine. These results show quite clearly 
that, in a solvent with which no hydrogen bonding can 
take place, there exists a relationship between the stretch- 


Table 2. INFRA-RED SPECTRA BY 
DMSO (v=o) 


100% 


ATR 
Ethanol (v 


80% 50% 100% 
CHz 0 
CHiy-N-CHa-CHp-O-C-CHs 


cH; ci® 


742cm} 1742em™! 17330m! | 1756em"! 


CH 


i d 
oN-CHz-CH2-0-C- CH3 1730 1729 1723 


CH; 


il 
CHy-CHz-0 -C-CH3 1730 1730 1744, 1727 


g=0) 
50% 


737cm 


1744,1727 1723 


The closer the onium group is to the 
carbonyl group, the ʻigher is the observed energy. More 
particularly there is an evident impact of the quaternary 
nitrogen in acetylchcline when one compares its carbonyl 
spectrum with that >f dimethylaminoethylacetate. 

Furthermore, this result firmly argues against an inter- 
action between the quaternary nitrogen and the ester 
oxygen in that one vould expect a greater effect on the 
carbonyl stretching trequency of 3-dimethylaminopropyl- 
acetate methiodide and even 4-dimethylaminobutyl 
acetate methiodide since the bond angles would allow an 
even closer approaca than in acetylcholine (see Figs. 1 
and 2). 

The values for th® Vco=ọ of acetylcholine, dimethyl- 
aminoethylacetate, and ethylacetate in DMSO, and 
DMSO-—water, ethanol, and ethanol—-water are recorded m 
Table 2. It is eviden> from these data that, while a solvent 
effect may be readily observed, the Vq.o for acetylcholine 
is clearly greater tkan the related dimethylaminoethyl- 
acetate. For example, in 50 per cent DMSO the Vco=o 
for acetylcholine is 1,733 em-! and only 1,723 cm-! for 
dimethylaminoethylacetate. 

A more dramatic demonstration of the impact of the 
onium nitrogen. on she carbonyl stretching frequency is 
shown in Table 3. The addition of hydrochloric acid to 
dimethylaminoacetase to neutralize the solution shifts 
the Vo=o toward shat of acetylcholine; making the 
solution somewhat acid increased this effect. Surely 
it is reasonable to assume that the proton reacts with the 
unpaired electrons cm the nitrogen (it being the stronger 
base). The resultant onium character of the nitrogen 
behaves like the queternary nitrogen in acetylcholine and 
influences the carbonyl stretching frequency in a like 
manner. 


Table 3. EFFEOT OF pH ON Yono 


tn 50% Ethanol ---------- 723cm"! 
CH3, i 
N-CH—CHa-0-C—H; pH 7-neutrafized with HCI 173! " 
chy 


At pH 2 with HCI--------- 


There remains theremote possibility of a conformational 
interaction betweer the unshared electron pair on the 
ester oxygen and a >roton from one of the methyl groups 
on the quaternary nitrogen (Fig. 3). The inductive in- 
fluence of the onium nitrogen is marked and is evidenced 
by the shift in the infra-red C-H stretching frequency to 
3,008-3,010 em-}. 

An attempt was made to evaluate the contribution of 
this species to the conformation of acetyl- 
choline m solution by examining the 
nuclear magnetic resonance spectra of this 
substance and related compounds. In 
short, no evidence for such interaction was 
observed. The methyl protons on the 
onium nitrogen exhibit a sharp absorption 
band at 6-8 + like choline chloride and 
tetramethylammonium iodide. (We thank 
Dr. 4. Dolby and C. Wilkins for carrying 
out these observations.) 

Other evidence, which challenges the 
hypctheses of interaction between the 
unshared pairs of electrons on the 


H0 


1727em™! 
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ester oxygen and the onium nitrogen, emerges from 
reactions involving carbonium ion intermediates 8 to a 
hydroxy group. These carbonium ions show no stabiliza- 
tion from a neighbouring hydroxyl group and these 
experiments argue against interaction of the type pro- 
posed’. 

Finally, in investigations of a cyclic conformation for 
choline sulphate, nuclear magnetic resonance studies 
revealed no methyl absorption splitting. This would have 
been expected from the restricted rotation of two of three 
methyl groups on the onium nitrogen. The single absorp- 
tion for the methyl group in deuterium oxide and 90 per 
cent CD,OD, 10 per cent deuterium oxide ruled out 
electrostatic interaction between the sulphate and the 
quaternary nitrogen. The fact that this more highly 
favoured six-membered ring conformation does not exist 
in solution emphasizes the unlikelihood of any interaction 
between the quaternary nitrogen and the ester oxygen®.” 

This work was supported by a grant from the U.S. 
Public Health Service. J. H. F. is a career development 
awardee of the U.S. Public Health Service. 
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BIOCHEMISTRY 


Solubility-composition Relations of Gluten 
Proteins 


Ir is thought that the tertiary structure of a globular 
protein in aqueous solution is quite largely conditioned 
by the interactions between the amino-acid residues and 
water. In general, the expected result is a folding of the 
polypeptide chain(s) such that the charged residues are 
at the surface of the molecule while the uncharged 
residues are packed in the central regions of the molecule. 
The structure is stabilized by hydrophobic interactions 
and intra-chain hydrogen bonding in the interior, and at 
the surface by hydrogen bonding with water’. The 
ability of this theory to account for the behaviour of 
some globular proteins has led to attempts to derive 
relationships between composition and structure that 
may have predictive value. Two examples are Fisher’s 
“law”? and Hatch’s’ polar ratio. In 1908, proteins were 
classified by British and American committees according 
to their solubility4; there may therefore be a relation 
between this classification and the predictions obtained 
by applying the suggesttons of Fisher and Hatch. 
Glutenin and gliadin, the exemplars of two of the nine 
solubility classes of simple proteins, were used in an 
attempt to predict their properties in solution from their 
amino-acid composition. 

Fisher’s limiting law has the basic proposition that 
polar residues have a very limited solubility in the interior 
of a soluble protein molecule and that non-polar residues 
have a very limited solubility in the outer shell of the 
molecule. For spherical molecules with a polar outer 
layer of constant thickness (4 A), the volume of polar 
residues in the surface will be proportional to the square 
of the diameter, while that of the non-polar core will 
increase as the cube. Thus the ratio p between the 
volume of the external (polar) shell and the internal 
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(non-polar) core will fall sharply with increased diameter. 
The ratio p has been calculated for some thirty protems 
by Fisher and he has shown that the p values are usually 
greater than the limiting value ps for a sphere of appro- 
priate dimensions. In those instances in which p is 
appreciably less than ys the proteins are known to poly- 
merize readily, presumably as a result of hydrophobic 
interaction between exposed non-polar portions of their 
cores. 

Fisher’s method of calculation applied to the amino- 
acid compositions reported by Wu and Dimler® for gliadin 
and glutenin gives values for p of 0-195 and 0-25. Cor- 
responding ps values are given by ideal spherical proteins 
of molecular weight 2-05 million and 1-1 million. It would 
therefore be predicted that gliadin would only be stable 
in solution as ‘a spherical molecule with a molecular 
weight of at least two million while glutenin could exist m 
solution as stable spherical molecules of half this weight. 
In fact, the molecular weight of gliadin is in the range oi 
40-50,000 (ref. 6) and it behaves in solution as a reversibly 
associating system’; glutenin appears to be hetero- 
geneous with a particle size of 1-4 milion. Viscosity 
data® indicate that at low ionic strengths it is stable in 
an expanded form which would require p> ps (ps for 
1 x 10% = 0-025; for 4 x 108 = 0-15). 


Table 1. WATON PoLAR-APOLAR RATIO 


Haemoglobin (human) 1-03 (extreme) 
Lactic dehydrogenase . 116 
Structural protein (mitochondria) ey 


lia 
Median of forty-eight proteins 
Glatenin 47 
Cytochrome c (horse) 2 
Tropomyosin 2 99 (extreme) 
Ratio 1f glutamine and asparagine residues‘are apolar 
Gliadin 0-17 


Glutenin 0-33 
Ratio if glutamine and asparagine residues are ambivalent 

liadin 0 38 

Glutenin 0°61 


Recently, Hatch® has calculated a polar : non-polar ratio 
for forty-eight proteins with “no obvious peculiarities of 
amino-acid composition, such as occur in collagen, for 
example”. Whereas Fisher (following Nemethy and 
Scheraga®) regards glutamine residues as non-polar, Hatch 
includes them in his polar count. (If this is done in applying 
Fisher’s law a minimum molecular weight for glutenin of 
16,000 is found—which would require a remarkably high 
surface—volume ratio for stability at its observed molecular 
weight of several million.) The position of gliadin and 
glutenin in relation to the extremes and median of Hatch’s 
values for forty-eight proteins is shown in Table 1. It 
will be seen that Hatch’s ratio would not indicate any 
unusual properties of gliadin and glutenin either in 
solubility or other properties listed in his paper. Never- 
theless, the proteins are unusual enough in their solubility 
properties to have been regarded as types of solubility 
classes. It 1s true that their compositions have “obvious 
peculiarities” (one-third glutamine, one-sixth proline) and 
perhaps this is one reason for the relative failure of 
Hatch’s ratio as compared with Fisher’s law in predicting 
their properties. If Nemethy and Scheraga® are followed 
in considering glutamine and asparagine residues essen- 
tially non-polar, ratios of 0-17 and 0-33 for gliadin and 
glutenin are found. (If they are placed in Hatch’s class of 
ambivalent residues together with histidine, tyrosine and 
tryptophan the ratios are 0:33 and 0-61.) These values 
seem more in accord with the general character of pro- 
teins with low Hatch ratios. 

The greater success of Fisher’s law, when applied to 
gliadin and glutenin, than of Hatch’s ratio suggests that 
glutamine residues should not be regarded as having any 
polar attributes that would enforce their presence at the 
protein surface. The greater effort of computation neces- 
sary in applying Fisher’s law appears worthwhile, 
although in its application it may be necessary to assume 
that a local preponderance of non-polar residues in a 
polypeptide chain may enforce their presence at the 
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surface, thus giving an opportunity for hydrophobic 

interaction in molecules that otherwise appear able to 

adopt a purely polar exterior conformation. Future 

attempts to relate protein composition with protein 

properties in solution should consider those classes of 

proteins with more extreme solubility properties and 

include the seed proteins and the protamines and histones. 

M. V. TRACEY 

C.8.1.R.0. Wheat Research Unit, 

North Ryde, 

New South Wales. 
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Facilitated Diffusion in Mouse and Rat 
Erythrocytes 


Tue discussion of the effect of narcotics on the perme- 
ability of erythrocytes which appears in some text-books?-* 
is based on a report by Jacobs and Parpart*. These 
authors showed that n-butyl alcohol decreased the perme- 
ability of erythrocytes of crtam species to glycerol and 
increased the permeability to glycerol in the erythrocytes 
of other species. In all cases reported, butanol increased 
the permeability to thiourea. Davson suggests in several 
of his writings (for example, ref. 2) that narcotics decrease 
the permeability “in certain special cases of erythrocyte 
permeability ... [of]... those substances that apparently 
show an unusually rapid rate of penetration’’. Similar 
_ results were reported by Hunter et al.5, and it was sugges- 
ted that a carrier mechanism, or facilitated diffusion, was 
involved in these “special cases”. 

These data might suggest that glycerol crosses the mem- 
brane of some erythrocytes by facilitated diffusion and 
crosses others by simple diffusion but that thiourea always 
crosses by simple diffusion. That this might not always 
be the case is suggested by the results of Jacobs et al.°. 
They reported a series of quite obvious differences between 
the permeability of the red cells of rats and mice. One of 
these differences was the rather rapid rate of penetration of 
thiourea into mouse cells as compared with rat cells. Smce 
these data suggest that the thiourea permeability of mouse 
erythrocytes might be another example of a “special 
case”, the present experiments were performed to check 
this point. 

Rat (Rattus rattus and R. norvegicus) and mouse (Mus 
musculus) blood were obtamed by decapitation, the blood 
being collected in a large volume of isotonic, phosphate- 
buffered sodium chloride solution without anticoagulant. 
The cells were washed three times with this solution. 
Permeability measurements were made using a densi- 
tometer’. A portion of mouse cells was added to 03 M 
thiourea in water with and without butanol and the rate 
of haemolysis was measured at 0° C. Since the perm 
of rat cells to thiourea is considerably lower, it w 
to usa volume-change measurements with 
They were equilibrated in a solution of 
buffered, isotonic sodium chlor 
measured by adding ag 
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Fig. 1. Effect of butanoEon the permeability of mouse and rat erythro- 
cytes to thiourea. 1, Enemolysis of mouse cells in 03 M thiourea. 
2, Haemolysis of mouse zells m 0-1 M butanol in 0-3 M thiourea. 8, 
Shrinking of rat cells, Tceviously equilibrated in thiourea, in sodium 
chloride solution. 4, Shcinking of rat cells, previously equilibrated in 
thiourea, in 0 2 = butanol in sodium chloride solution 


rat cells to thiourea 1 the presence of butanol has already 
been reported‘. The decrease in the permeability of mouse 
cells to thiourea in the presence of butanol has not been 
reported, but is whet would be expected if the perme- 
ability of these cells to this nan-electrolyte represents 
another example of a,*‘special case” of permeability. 

Other data includzd by Jacobs et al.* suggest that in 
addition to glycerol‘, sthylene glycol and urea permeability 
in rat cells represent: additional ‘‘special cases”. To test 
this point the effect of butanol on the permeability of these 
cells to the three ncn-electrolytes was also investigated. 
Concentrations of 0-Land 0-2 M butanol were investigated. 
Glycerol permeability was measured using the shrinking 
technique at 30° C. Ethylene glycol permeability was 
measured at 0° C by both the shrinking and haemolysis 
techniques, while haemolysis measurements at 0° C were 
used to mvestigate she permeability to urea. Relative 
times were calculated by dividing half the total time for 
the experimental curve by half the total time for the 
control curve. Thus, a relative zime greater than unity 
indicates a decrease in permeability, while a relative time 
less than unity indicates an increase. The following 
relative times were obtained: glycerol, 6:3; ethylene 
glycol, shrinking, 3:7; haemolysis, 2+4; and urea, 1:4. 

These data indicase that the permeability of at least 
mouse erythrocytes to thiourea is decreased by butanol 
just as this substanse decreases the permeability of red 
cells of several specs to glyceral. In eddition, butanol 
decreases the permeability of rat cells to glycerol, ethylene 
glycoland urea. According to the interpretation suggested 
in ref. 5, facilitated diffusion appears to be involved in 
these four cases. Thus, to Fig. 8 of ref. 5 a right-handed 
symbol (facilitated dtffusion-butanol inhibition) should be 
added to the urea greup for the rat, to the ethylene glycol 
group for the rat, to she thiourea group for the mouse and 
to the glycerol groug for the rat. 

The experiments were performed in the Biology Depart- 
ment, University of the Andes, Bogota, Colombia. We 
thank the Rockefeller Foundation for a grant in support 
of this work. 
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Sulphydry]l Reagents and Rh Activity of 
Erythrocyte Stroma 


It has recently been shown that the Rh activity of 
lyophilized human Rh-positive stroma could be abolished 
with certain sulphydryl reagents, that this could be 
prevented by the concurrent addition of excess thiol, and 
that the loss was reversible with one such reagenti. It 
was not established whether the antigenic activity of 
non-lyophilized erythrocytes shows such an effect. The 
resolution of this problem was hampered in the case of 
intact cells by the presence of soluble sulphydryl systems, 
including haemoglobin and glutathione*, and in the case 
of non-lyophilized stroma both by the occlusion of these 
soluble components, and by the difficulty of quantitation 
of wet stroma. The results of the present experiments 
suggest that the loss of Rh activity of lyophilized stroma 
brought about by sulphydryl reagents is equally true of 
stroma which has not been lyophilized. 

Two methods of obviating occlusion were used. The 
first may be termed a pH shuttle, and consisted of washing 
the intact cells in 0-9 per cent sodium chloride, rupturing 
in distilled water, adjusting the pH under continuous 
monitoring to 8-3 with trisodium phosphate, then adding 
citric acid to pH 5-5, followed by centrifugation. The 
residue was then taken up in 15-20 times its volume of 
distilled water and the process repeated. At the higher 
pH the suspended phase assumed approximately colloidal 
dimensions and occluded material was released. Five or 
six such shuttle steps were required and 1b was noted that 
some loss of Rh activity resulted. A second method was 
then used which did not appear to result in loss of activity. 
Rapid freezing at the temperature of solid carbon 
dioxide was substituted for the pH shuttle, and the 
material was washed with distilled water. The freeze- 
thaw procedure was repeated twice. 

Using stroma washed with the freeze-thaw method a 
fine uniform suspension was made up volumetrically in 
distilled water, a measured portion removed, lyophilized 
and weighed, and the relation between dry weight and 
volume calculated. Twenty mg of the lyophilized suspen- 
sion was matched with the corresponding volume of non- 
lyophilized stroma. The samples wore washed with 
0-1 M sodium phosphate buffer (pH 7-0), centrifuged and 
treated with 10-* M p-chloromercuribenzoate (Nutritional 
Biochemicals) in the same buffer for 60 min at 22° C with 
agitation. <A similar set was treated with phosphate 
buffer only. The experiment was repeated using 3 x 10-4 M 
reagent. The specumens were then centrifuged, washed 
twice with phosphate buffer, and 1 or 2 ml. human 
isommune anti-D suitably diluted in normal human 
serum were added. The dilution was standardized so that 
20 mg of untreated O Rh positive lyophilized stroma could 
just remove all anti-D activity after 60 min mcubation at 
37° C, and subsequent centrifugation. Similarly for the 
present experiments the supernatants after centrifugation 
were studied for residual anti-D activity against t 
sinized O positive erythrocytes, as previously described?. 
The results are summarized in Table 1. The partial loss 
of activity with the lower concentration of p-chloro- 
mercuribenzoate and the aomplet 
concentration were indistinguish 
non-lyophilized stroma. In e 
was noted when 0-1 
Organic) was present, 
results of simil 
(NMirtritinnal 
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Table 1. RH ACTIVITY AND p-CHLOROMERCURIBENZOATH 


Resulting loss} 

O positive stroma Treated with 5 ml. of Rh activity 

Non-lyophilized shia Paar buffer, pH 7 None 

Non-lyophilized — M PCMB in phosphate Partial 

Non-lyophilized 3x 10-* M POMB ın pron Complete 

Non-lyophilized 3x10+*M PCMB andO1M2-ME* None 

in phosphate 

Lyophilized Phosphate buffer None 

Lyophihzed 10+ M PCMB mm phosphate Partial 

Lyophilized 383x107 M PCMB in phosphate Complete 

Lyophilized 3 x10- M PCMB and 0-1 M 2-AD8 None 


in phosphate 
Twenty-mg specimens were all from the same sone and were incubated at 
22° C for 60 min with agitation. After washing twice with phosphate, anti-D 
serum was added and incubated for 60 min at 37° C. 
the supernatant was studied for residual anti-D activity. 
* 2-mercaptoethanol. 


Table 2. Ru Activity AND N-ETHYLMALEIMIDE 


After centrifugation, 


Resulting loss 
O positive strome Treated with 5 mi. of Rh activity 
Non-lyophilized Phosphate buffer None 
Non-lyophilized 0 M NEM ın phosphate (at 22°) Partial 
Non-lyophilized 102 M NEM in phosphate ee (at ane Complete 
Non-lyophilized 10- M NEM and 01 M 2-ME None 
phosphate (at 37°) 
Lyophilized Phos hate buffer None 
Lyophilized NEM m phosphate (at 22°) Partial 
Lyophihzed ios M NEM in phosphate (at 37°) Complete 
Lyophilized 10° M NEM and 0-1 M 2-M PE m None 


phosphate (af 37°) 
Procedure as in Table 1 with the indicated incubation temperatures, 


on the lyophilization process itself. These results show 
that such sensitivity does not depend on lyophilization. 
Freezing of intact erythrocytes without drying is not 
associated with significant disruption under certain 
circumstances’ and it would not be anticipated that 
freezing and thawing of stroma would result in changes 
comparable to lyophilization. The present investigation 
does not show whether the Rh antigen of the intact 
erythrocyte is capable of reacting with sulphydry] reagents. 

This investigation was supported by grants from the 
National Institute of Arthritis and Metabolic Diseases, 
National Institutes of Health and the National 
Foundation. 

I thank Gary L. Rodney for technical assistance. 
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Copper Transport in Mammalian Tissues 


RECENTLY, Neumann and Silverberg! presented results 
of experiments which were very similar to those 
which we had briefly reported earlier?3. They concluded 
that amino-acids facilitate the transport of copper at the 
cellular level and presented conclusive evidence to support 
this. They further concluded that the facilitation of 
copper transport by amino-acids fulfils the criteria of an 
“active transport system’’, as 1t is dependent on tem- 
perature, concentration and oxygen, and operates against 
a chemical concentration gradient. 
elieye that the latter conclusion cannot be based 
egidence presented by Neumann and Silverberg. 
two criteria, dependence on temperature and 
, apply equally to the processes of simple 
_ Dependence on oxygen may 
ical energy—but this is 
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greater than 1-0 between the c.p.m./mg of tissue and the 
c.p.m./mg of medium during the incubation may simply 
be the result of a larger number of avid binding sites for 
copper in a unit weight of the slice as compared with the 
- number in the unit weight of the tissue. Thus the 
possibility that the transfer of copper through the cell 
membrane occurs by diffusion or facilitated diffusion 
cannot be excluded on the basis of the results presented 
by Neumann and Silverberg. 

In a paper quoted by Neumann and Silverberg, Ussing‘ 
states emphatically that the “definition (of active trans- 
port) excludes cases where a substance 1s concentrated in 
a cell by being bound to some cellular constituent as is 
the case with many dyes”. He rightly regards it essential 
that the concentration of free, unbound ions should be 
known before one accepts that the maintenance of a 
chemical concentration gradient is meaningful in terms of 
the designation of a transport mechanism. Neumann and 
Silverberg did not measure the concentration of free Cutt 
in the medium or the intracellular compartment. 

It is for these reasons that we do not regard Neumann 
and Silverberg’s claim that facilitation of copper transport 
by amino-acids fulfils the criteria of an “‘active transport” 
as having been proved. Their data and the results of 
similar experiments which we carried out do not exclude 
this possibility, but neither they nor we have as yet 
experimental proof of an active transport of copper. 

ANDREW Sass-KorTsak 
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Department of Paediatrics, 
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Adsorption of Lactate Dehydrogenase to the 
Particulate Fraction of Homogenized Skeletal 
Muscle 


We have recently conducted an investigation of the 
factors involved in the release or retention of lactate 
dehydrogenase (LDH) from the particulate fraction of 
chicken breast muscle. By appropriate procedures, we 
could effect essentially a complete release or retention. 
The major factors were the »H and ionic strength of the 
homogenization media; high pH and high ionic strength 
caused a greater solubilization of the enzyme. The 
influence of other factors could be explained in terms of 
their effect on pH and ionic strength. Adjusting condi- 
tions for the retention of LDH activity in the particulate 
fraction does not, however, establish that this enzyme 
occurs in @ particulate or bound form in situ. Other 
possibilities such as co-precipitation, adsorption. and 
physical entrapment must be considered. 

We had shown earlier that co-precipitation was not an 
important factor in the removal of LDH from the soluble 
fraction’. This was accomplished by creating in the 
absence of any particulate material the same conditions 
that allow extensive retention of LDH in the particulate 
fraction of a muscle homogenate after centrifu 

Two points argue against any extensive c 
of entrapment as an explanation for the partier 
of LDH in crude homogenates. These are th 
ness of recovery of LDH in the particulate fr 
centrifuged homogenate which can easily b 
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Initially, it appeared that adsorption of soluble LDH 
to the particulate fraction during homogenization was 
extremely unlikely. We based this on two criteria. One 
was the almost corplete association of LDH activity in 
the particulate fraczion that can be obtained under certain 
conditions and the other was our observation that there 
was increased retertion in the particulate fraction with a 
decrease in concensration of tissue’. It was necessary, 
however, to examine these phenomena more closely 
because of the sens:tivity to pH and ionic strength of the 
distribution of the LDH between soluble and non-soluble 
components. Essertially, what we attempted to do was 
to mix solubilized. LDH with particulate fractions of 
muscle from whick the LDH had been removed under 
conditions that wculd duplicate as closely as possible 
those occurring when muscle is homogenized. We were 
interested in seeing whether we could get re-adsorption, 
whether the extent of re-adsorption would be sufficient 
to account for what we observe in homogenized muscle, 
and whether re-acsorption follows the same type of 
binding pattern, that is, increases with decreasing tissue 
concentration, as in homogenized muscle. In Table 1 the 
percentage re-adscrption of solubilized LDH to the 
particulate fractiom of muscle is shown as a function of 
tissue concentration. The extent of rebinding is sufficient 
to account for the amount of LDH associated with the 
particulate fractio. when muscle is homogenized, and, 
further, the patterr. of binding with tissue concentration 
is the same. In thase experiments we kept the ratios of 
LDH activity, buffer concentration, and amount of 
particulates constact. This would mean that the concen- 
tration of buffer in the final homogenate would decrease 
with decreasing tissue concentration and would imply 
that the final buffer concentration in the homogenate is 
the determining factor in re-adsorption and not the ratio 
of buffer to LDH or bindmg sites on the non-soluble 
fraction of the muscle homogenate. The pH was main- 
tained at 6-6, at wouch value essentially no LDH would 
be removed by precipitation’, and it ıs similar to the pH 
of many samples o homogenized chicken breast muscle. 

In an attempt to distinguish between an adsorption of 
soluble LDH. during homogenization (which certainly 
appeared possible from the data of Table 1) and location 
of LDH with the muscle particulates in sttu, experiments 
were carried out to determine the distribution of LDH in 
muscle cell homogenates by differential centrifugation ın 
two situations. In me, an LDH-rich particulate fraction 
was prepared by Lomogenization in water and centri- 
fugation, while in the other the LDH-rich particulate 
fraction was obtained by re-adsorption of solubilized 
LDH to muscle particulates from which the LDH had 
been previously rencoved by salt. All other conditions of 
the procedures were kept constant. Table 2 summarizes 
the data obtained in one experiment. Other experiments 
gave comparable sults. No major differences were 
observed between tne two procedures in the distribution 
patterns regarding LDH. or protein The LDH activities 


Table 1. ADSORPTION OF LDH AS A Funcrion OF TISSUE CONCENTRATION 












Tissue LDH activity* LDH activity in 
concentration {umoles DPNHimin/g ee Oe supernatant 
{per cent w/v) Supernazant Resieue fraction (per cent) 

30 770 1,820 ge 37 
20 1,130 1,410 20 
a 2,135 16 
1,617 tå 
1,854 02 
<O1 


he 10 per cent (w/y)} 
740 eae DP? 


edm chloride. 
ely dialysed 
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Table 2. DISTRIBUTION OF LDH IN Various SUBCELLULAR FRACTIONS 
FROM MUSCLE 
Specific activity of 

LDH (umoles Percentage Percentage 

Fraction DPNH/min/mg of total of total 

protein) LDH activity protein 
Resuspended <A* Bt A B A B 
homogenate 6-7 5-7 F: = agi A 
1 30 3°0 aed 59 10 9 120 
R, 8-9 58 34-8 39-5 36 0 41-0 
Ra 8-1 89 46-4 36 2 41-0 310 
R, 79 46 6-2 758 5-6 108 0 
R, 3-4 $8 03 0-3 06 06 
S, 11-8 147 7:7 59 48 4-4 


_ * Sample 4 was des by homogenizing the muscle (10 per cent . w/v) 
in distilled water followed by centrifugation at 105,000g for 80 min. Almost 
all the LDH remains with the particulate fraction by this technique. The 
supernatant fraction was extensively dialysed against 15 mM histidine buffer, 
pH 70. Then enough solid sucrose was added to make it 088 M. The 
particulate fraction was then resuspended ın this soluble fraction by homo- 
genization in a Potter-type homogenizer. It was then centrifuged at 105,000g¢ 
for 1 h. The supernatant fraction (S;) was decanted. ‘The residue was 
resuspended in 0:88 M sucrose, 15 mM histidine buffer, pH 7-0, and the follow- 
ing centrifugations were performed: 2,000y for 7 mm (R,); 15,000g for 10 
min {R-}; 70,000g¢ for 40 min (R,); 105,000g for 60 min (R,); the super- 
natant fraction from the final centrifugation was labelled S,. 

+ Sample B was prepared by homogenization of a 10 per cent preparation 
im 150 sodium chloride followed by centrifugation at 105,000g for 1 h. 
This causes most of the LDH activity to go into the supernatant fraction. 
This fraction was dialysed extensively against 15 mM histidine, pH 7 0, and 
then enough sucrose was added to make it 0-88 M. The residue was washed 
twice by rehomogenization and centrifugation in 150 mM sodium chloride and 
15 mM histidine, pH 7 0, respectively. It was then taken up In the dialysed 
supernatant fraction, rehomogenized and subjected to the same differential 
centrifugation as described for sample A. 

LDH gouviiy was determined by the procedure of Wu and Racker (ref. 6), 
Protein was determined by a biuret procedure (ref. 7). 

The total LDH recovered was 78 per cent for both samples 4 and B. The 
protein recovered was 72 per cent in both cases, 


of sample B were somewhat lower than those of A, which 
may possibly have been caused by the extended dialysis of 
the LDH of sample B. We conclude from. this that the 
pattern of rebinding of soluble LDH to the non-soluble 
muscle fraction is similar to that obtained when the 
muscle is homogenized directly under conditions which 
lead to retention of the enzyme. In other words, not 
only the extent of retention but also the distribution of 
LDH among various subcellular fractions of muscle 
homogenized under conditions conducive to retention 
could possibly be attributed to adsorption of soluble 
enzyme to the particulate fraction after homogenization. 
The capacity of the muscle particulate fraction in binding 
LDH is considerably greater than the amount of LDH 
normally present in the tissue. We have prepared 
LDH-rich particulate fractions which have bound more 
than six times the quantity of LDH originally present. 

We cannot say definitely at this time on the basis of 
our results whether LDH exists as a soluble cytoplasmic 
enzyme, is bound to subcellular fractions, or exists in an 
equilibrium between soluble and non-soluble phases. 
Several reports using a cytochemical approach have 
indicated that LDH is bound to the subcellular structures 
of muscle**, and Amberson et al.® arrived at a similar 
conclusion by a different approach. In view of the high 
binding capacity of the particulate fraction of muscle. 
any investigation which purports to show the particulate 
nature of muscle LDH must take into account the 
possibility of adsorption of a soluble enzyme. 

This work was supported in part by a grant from the 
U.S. Public Health Service, Division of General Medical 
Sciences. The technical assistance of Mrs. Aldythe 
Sawyer is gratefully acknowledged. 
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L-Lysine Dehydrogenase Deficiency in a Patient 
with Congenital Lysine Intolerance 


RECENTLY, a new metabolic defect, which was believed 
to arise from congenital lysine intolerance, was deseribed 
in a 3-month-old baby girl!. An enzymatic impairment 
in the pathway for the degradation of lysine seemed the 
most probable explanation of the main finding, that is, 
high plasma lysine levels. Because the enzymes responsible 
for the metabolism of lysine in human beings had not pre- 
viously been investigated, efforts were made to find an 
enzyme system capable of degrading lysine. This report 
presents evidence for the existence of a hitherto unknown 
enzyme, L-lysine: nicotinamide-adenine dinucleotide 
(NAD) - oxidoreductase (deaminating) (trivial name: 
L-lysine dehydrogenase) ın human liver homogenates. 

Fresh human liver was cut into small pieces, added to 
four parts of a 0:05 M tris-buffer (pH 8-8) and homo- 
genized in a glass Potter homogenizer with a loose fitting 
glass pestle. The homogenate was centrifuged at 1,500g 
for 3 min and the clear supernatant used for enzymatic 
assay after dilution with nine parts of buffer. The standard 
incubation medium contained: 0-4 ml. 0-95 M L-lysine 
in 0-05 M tris-buffer (pH 8-8), 0-05 ml. of a 0-06 M NAD- 
solution, 0-02 ml. 0:05 M cysteine and 0'3 ml. of the 
1:50 homogenate. The reagent blank contained buffer 
instead of substrate, After pre-incubation of the mixtures 
in a 37° C water bath for 10 min, the formation of NADH. 
was measured in an Eppendorf photometer at a wave- 
length of 366 nm at 37° C and recorded with a W+W 
recorder. Enzyme activities were calculated and expressed 
in pmoles lysine metabolized per minute. Experiments 
were also performed without cysteine at 25° C, as with 
increasing temperature the activity decreased. 


30 


20 with . 
cysteine 


37°C 


10 


Moles lysine/1 | homogenate 





Fig. 1 


As can be seen from Fig. 1, a linear relationship exists 
between the amount of lysine metabolized and time. 
The presence of cysteine results in a two- to three-fold 
merease in activity. These results strongly suggest that 
the proposed reaction? ?: 


L-lysine + NAD + H,O—-«-keto-e-amino caproic acid + 
NADH, + NH, 


is catalysed by a specific deaminating amino-acid de- 
ase with NAD acting as hydrogen acceptor. 

timal conditions had been established, liver 
of the patient was assayed for lysine dc- 
e activity. The results are summarized in 
indicate a deficiency of L-lysine: NAD- 
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oxidoreductase. Because a defect of this enzyme results 
in clinical hyperlysinaemia it is suggested that in man the 
first step in lysine degradation is achieved by oxidative 
deamination. 
This work was supported by the Schweizerischen 
Nationalfonds. 
W. BÜRGI 
Medizinisch-chemisches Institut der 
Universität Bern und Zentrallaboratorium des 
Kantonsspitals, Aarau. 
R. RICHTERICH 
Chemisches Zentrallabor, 
Inselspital Bern. 
J. P. COLOMBO 
Universitäts-Kinderklinik, 
Bern. 
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a-Glycerophosphate Dehydrogenase in Mouse 
Adrenal Cortex 


In the adrenal cortex of the mouse, non-NAD-linked 
a-glyeerophosphate dehydrogenase can be demonstrated 
in the mitochondria and shows an interesting distribution 
which is different from that of the Krebs cycle enzymes. 

Sections of adrenals from mature mice were cut and 
frozen-substituted using the method of Chang'. The dis- 
tribution of mitochondrial non-NAD-linked «-glycero- 





Fig. 1. Section through the 
chemical distribution of 
ZG, Zona glomerulosa; 


adrenal 
a-gl i oe mar dehydrogenase (x 125). 
ZF, zona | — culata; ZR, zona reticularis; 
Fig, 2. Section through the adrenal cortex of mouse 


cortex of mouse showing histo- 


showing the histo- 
chemical distribution of succinate dehydrogenase (x 125). Abbrevia- 
tions as in Fig. 1. 
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phosphate dehydrogenase was found by the histochemical 
method of Farber*. It was observed that this enzyme is 
confined to the zona glomerulosa of the adrenal gland 
(Fig. 1). Companion sections stained for succinate de- 
hydrogenase activity showed the latter enzyme, and thus 
the activity of the Krebs cycle, to be more intense in the 
fasciculate and retieular zones and comparatively faint in 
the glomerular zone (Fig. 2). 

It has been suggested that non-NAD-linked «-glycero- 
phosphate dehydrogenase plays a part in the utilization 
of reduced NAD generated outside the mitochondria and 
that it is part of a system alternative to lactic dehydro- 
genase which maintains a high rate of glycolysis. It thus 
seems likely that the glomerular zone of the mouse 
adrenal cortex depends on glycolysis for a major part of 
its energy requirements compared with the fasciculate 
and reticular zones, which apparently depend more on 
the Krebs cycle activity as a source of energy. 

It may be added here that the adipose tissue around 
the adrenal capsule also shows a high «-glycerophosphate 
dehydrogenase activity. A similar high enzyme activity 
has been reported by Farber? in the adipose tissue about 
the kidney. 

S. SIVARAM 
D. R. SHARMA 


Department of Zoology, 
Government Sciences College, Jabalpur. 
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Medical Center, Kansas City, 1964). 
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Identification of |-(o-Carboxyphenylamino)- 
I-deoxyribulose and Anthranilic Acid 
in Cultures of the Basidiomycete 
Schizophyllum commune 


In the course of investigation of indigo biosynthesis in 
mutant strains of Schizophyllum commune, these strains 
were found to produce a number of interesting compounds 
which were released into the medium. Both the pig- 
mented strains (130 and 2456) and the non-pigmented 
strains (699 and 2417) were grown either in flasks on a 
shaker or in a carboy with aeration. A minimal medium 
was used containing in each litre of distilled water: 20 g 
glucose, 1-5 g (NH,),HPO,, 120 ug thiamine hydrochloride, 
0-46 g KH,PO,, l g K,HPO, and 0-5 g MgSO,.7H,0. 
After filtering through cheese cloth to remove the 
mycelium, the medium was brought to pH 4-0 with 0-1 N 
hydrochloric acid and extracted with an equal volume of 
ethyl acetate. A dark red material was obtained after 
drying the extracs overnight over anhydrous sodium 
sulphate and concentrating it by distillation at 35° C 
under vacuum to about 3 ml. 

Chromatography of the extract resulted in the detection 
of two unknown compounds which showed an intense 
blue fluorescence under ultra-violet light. Chromato- 
graphy on Whatman No. 1 paper, using several solvents 
and location reagents (2 per cent dimethylaminobenz- 
aldehyde (PABA) in 80 ml. acetone and 20 ml. hydro- 
chloric acid, and dimethylaminocinnamaldehyde (DMCA) 
in 90 ml. acetone and 10 ml. hydrochloric acid, both 
applied by dipping) showed that one of the unknown 
compounds was identical to natural anthranilie acid 
(Table 1), while the results with the second unknown 
compound indicated it to be 1-(o-carboxyphenylamino)- 
1-deoxyribulose (CDR)* (Tables 2 and 3). 


—COOH 
—NH—CH,—CO—CHOH—CHOH—CH,OH 


* Abbreviations used: SDRP, 1-(o-cerboxyphonyiamino) | eee. 
d; PRA, N-(5’-p 


br pag par AA, anthranilic osphoribosy!) anthranilic 
d; InGP, indolyl-3-glycerol phosphate; CDR, 1-(o-carboxyphenylamino)- 
1-deoxyribulose. 





. “CDR w was. ‘extracted -fron 








at -100° C for 5 min? resulted in breakdown of CDR and 
arance of anthranilic acid, due to cleavage of the 
lecule. This alkaline lability is expected from an 
Amadori compound?. 
_.. ‘The extract of pH 7-7 was also used in the preparation 
| of 2,4-dinitrophenylhydrazone of CDR. Addition of 0-5 
pe nid to 4 2,4- -dinitrophenylhydrazine in 2 N hydrochloric 
ne the buffer extract resulted i in the formation oF an 








os 





7 The athanol- washed PRGA was used for 
P iira violet absorption spectroscopy. At pH 7-7, the 
absorption spectrum (taken with a ‘Beckman DB’ 
spectrophotometer) was similar to those obtained from a 
hydrazone derivative of a synthetic CDR by Doy and 
Gibson? (Fig. 1). 

x iven though synthetie CDR was not available in this 
riment, the colour reactions (especially with alkaline 
)-tripheny! tetrazolium chloride), the behaviour during 
4 ine hydrolysis and the ultra-violet absorption spec- 
trum clearly show that CDR is produced by pigment- 
producing strains of S. commune. Neither CDR nor 
@pthranilic acid was found in strains that lacked the 
ent. CDR was suggested by Yanofsky* as a possible 
rmediate in the tryptophan pathway and was later 
ified in a culture medium of mutant strains of 
bacter aerogenes, Escherichia coli** and Salmonella 
murium*, all blocked at various stages in tryptophan 
nthesis. On the other hand, strains of S. commune that 
duce CDR and anthranilic acid do so on minimal 
dium without addition of any intermediate of trypto- 
biosynthesis. It is possible that the presence of 
eee culture medium of an Season strains cae S. 




















a, Ri VALUES, COLOUR REACTIONS, AND FLUORESCENCE OF THE 
i : FIRST UNKNOWN COMPOUND AND ANTHRANILIC ACID 


Rpof Ry of Fluorescence 
un- AA — PABA DMCA under ultra- 
known (standard) vioiet light 
0-87 0-87 Yellow Brown —> pink Strong blue 
0-7 O75 i s s 
0:31 0-32 >» ʻi 3 
0-67 0-70 2 os ; 
0-86 0-88 i a ys 
ace “a 0-90 0-90 n ” xs 
PyrAm l ‘70 0-70 33 r PE 
BaktAm tt 0-83 0-83 55 z n 


* Methanol-n-butanol—benzene—water 2:1:1: 1L Ascending. 

“$20 per cent borate buffer, pH 8-8, 80 per cent isopropanol, saturated with 
sodium chloride. Descending. 

È Isopropanol-ammonia (880)-water 20:2:1. Ascending. 

$ Eight per cent w/v aqueous sodium chloride~giacial aerie acid 100 : 
Descending. 

i 2-Butanoel~acetic acid—water 120 : 30:50. Descending. 

“ n-Butanol-ethanol (70 per cent)~water 4:1:1. Ascending. 

** Pyridine~ammonia (380) 4:1, Ascending. 


++ n-Butanol—ethanol (70 per cent)-ammonia (880) 1:1:2. Ascending. 


Table 2. Rp VALUES OF THE SECOND UNKNOWN COMPOUND AND REPORTED 
VALUES OF SYNTHETIC CDR 
Rp of Rp of 
Solvent unknown synthetic CDR Reference 
MBBW 0-85 0-85 3 
BuaA* 0-75 0-68 5 
MePr-PO,¢ 0-77 0-76 5 
Ethanol (75 per cent) 0-72 z 0-72 5 
* Water saturated butanolacetie acid 95 : 5. Descending. 


t Methanol-propanol-0-1 M phosphate buffer pH 6-01:2:1. Ascending. 


Table 3. COLOUR REACTIONS OF THE SECOND UNKNOWN COMPOUND 





Colour reagent “olour Inference Reference 
ao Ammonium Blue-green Reducing sugar 9 
a molybdate 
Alkaline silver nitrate Brown Reducing sugar 10 
2,4-dinitrophenyl- Orange Ketose 11 
hydrazine | 
tarbazol-cysteine Pink Ribulose or 12 
Ages «, xylulose 
- Dimetkylaminobenz- Purplish Deoxypentose or 13 
aldehyde, 60° C deoxy pentoside 
Dimethylamino- Yellow Aromatic amines 14 
henzaldehyde 
Alkaline 2,3,5- Immediate intense Amadori rearrange- 10 


red at room 
temperature 


‘triphenyl tetra- 
zolium chloride 


ment products 






buffer at pH 7-7. Hydrolysis era 1 N sodium hydroxide :. 


















1-0 
2 
g 
Faby 
ga 
B 
= 

S 05 

0 

200 240 280 320 360 400 
Wave-length (mz) 
Fig, 1. Ultra-violet absorption spectrum of 2,4-dlinitrophenythydrazine ° - 


of CDR at pH 7-7 


glycerol- phosphate and 1-(o-carboxyphenylamino)-1-de- 
oxyribulose-5-phosphate that brings about an accumula- > 
tion of CDRP and WN-(5’ -phosphoribosy]) anthranilie 
acid. The lability of PRA is increased by acid a 
decreased by alkali. In acid, PRA undergoes spon- 
taneous hydrolysis to anthranilic acid and ribose-5~ 
phosphate. Such a partial block will result in the accumu- 
lation of anthranilic acid and the non-phosphorylated 
form of CDRP, that is, CDR (ref. 7). The same pigmented | 
strains that accumulated CDR and anthranilic acid were | 
also found to accumulate indolyl-3-acetic acid’. It might = 
indicate that anthranilic acid and CDR can participate in. 
reactions other than those that lead to tryptophan 
synthesis. 
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Early Effect of Ethionine on Liver Affinity 
for iron 


INCREASED affinity for iron by the liver was shown to. 
occur in vivo and in vitro when ethionine was fed to: 
animals from 1 to 3 weeks'-°. After 3 weeks of feeding 
ethionine there was a oe in the affinity of the liver 
for iron, so that by 4 weeks there was no significant 
difference between the experimental and the contro 
animals, By 6 weeks the affinity effect had been reversed. 
by the liver so that the animals treated with ethioni 
had a decreased affinity when compared with the contro 
The purpose of the present experiment was to determi 
the changes in the affinity before 1 week of ethio 
treatment, as it is known that changes in the liver oc ti 













EXPRESSED AS À . PeR- 





Sian 
AD. level 
0-50 P=0-05 
0-99 P <0 05 
0-70 P>v-05 
0-56 P<0-05 


ery rapidly after feeding ethionine’. The present 
xperiments were designed to observe any possible 
© = changes in affinity shortly after the administration of 
ethionine and to correlate this with certain morpho- 
| = Jogical and histochemical changes observed previously’. 
Male albino rats of the Sprague-Dawley strain were 
used, each weighing approximately 300 g. They were fed 
a synthetic diet containing 18 per cent casein? by way of 
< tubes. The experimental animals received 0-5 per cent 
d,l-ethionine in the diets, and in the control animals the 
thionine was omitted. Each animal in the first group 
eceived 3-5 g of the diet 12 h before killing. The other 
nimals—those killed after 1, 2 and 3 days—received 
0-5 g of diet per day in three divided feedings over 12 h 
eriods during the day and they fasted for 12 h before 
g killed. Livers were removed, sliced, and incubated 
5 ml. of Ringer’s solution containing 10 me. iron-59 
he form of ferrous sulphate. The method of incubation 
is identical to that described previously’. Liver slices 
vere then removed, washed in 15 ml. Ringer’s solution 
+ 0-5 h and then counted in a well-scintillation counter. 
6 results were expressed as percentages of the standard, 
ch was 2 ml. of the original incubating fluid counted 
1 min. The data were analysed using Student’s t 
t for paired- comparisons. Because of the design of the 
periment, comparisons could be made only between 
perimental and control values at any given interval, 
t not between different intervals. 
The data shown in Table 1, and the mean difference in 
u uptake between the experimental and control groups 
or each interval, are plotted in Fig. 1. Twelve h after 
hionine feeding, the radioactive iron uptake in the liver 
ras lower in the experimental than in the control animals. 
wever, the difference in affinity was considered to be 
tatistically marginal (P = 0-05). By 1 day, the affinity 
the liver of ethionine fed animals for iron was sig- 
ificantly less than in the controls (P < 0-05). However, 
2 days there were no statistically significant differences 
etween the experiments and controls (P > 0-05). By 
o days the livers of ethionine-fed animals showed an 
nerease in the affinity for iron (P < 0-05). This increase 
similar to that seen at subsequent periods up to 3 
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An attempt was made to cc 


etonne: aAmninistnat on’ with “the alterations 

histochemically deraonstrable RNA, diastase resist 
periodic acid—Schiff {DPAS)-positive material and 
the liver’. This was performed by assigning arbi 
1+ to each degree of change in RNA, DPAS-pos 
material, and iron observed previously® and plotting 
against the presently observed changes in affinity {F 
It can be seen that at the times when there was 
decrease of RNA and initial increase in DPA 
material and iron, the affinity for iron in the ethi 
animals was lower than in the controls. This occ 
12-26h. Afterwards there was increased affinity a 
with further increase in both DPAS-positive mate 
iron, but no further changes in the histoc 1€ 
demonstrable RNA. i 

The initial depression of liver affinity for iro? 
sponds to the reported rapid inhibition of pro 
thesis®?. It corresponds also with the maximum 
of histologically demonstrable RNA in the livers 
It is tempting to speculate that the decreased affi 
iron in the liver at an early interval of ethionine 
tration is associated with depressed synthesis 
ferritin along with the general inhibition of | 
synthesis*:?. However, some of our recent data i 
that apofer ritin synthesis may not necessarily 
other protein synthesis®. 

On the basis of the intimate association of iro 
tion and developmeat of DPAS-positive materis 
been suggested that the DPAS-positive mate 
develops before iron deposition is associated wit 
increased affinity for iron®. However, the initial in 
of DP»S-positive material and the initial appear 
histochemically demonstrable iron® corresponds + 
decreased affinity cf the liver for iron in the pre 
experiment (Fig. 1). Furthermore, after prolong 
ethionine feeding a decrease in liver iron® was noted 
time when affinity was decreasing’, while a DPAS-pos 
material was still present in abundance. From 
would appear that other additional factors are at pla 
that the DPAS-positive material represents a sit 
with changing physicai—chemical properties. : 

This work was supported by a grant from the ‘Na iti 
Institute of Arthritis and Metabolic Diseases, N 
Institutes of Health, U.S. Public Health Service. 
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Rapid Column Chromatography of Purine | 
Pyrimidine Bases on ‘Ectaola’ Cellulose 
Room Temperature and Elevated Pressu 


A NUMBER of methods have been published for the col 
chromatographic separation of the purine and pyrimi 
bases!. The shortcomings of these are their slow rat 
flow and the fact that the separations require up to three 
days. In view of the biochemical importance of these 
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Fig. 1. Diagram of gradient elution system 
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heterocyclic components, faster techniques for their 
qu ntitative estimations are needed. 
fter testing various ion exchangers, namely, ‘Dowex’, 
iberlite’, and ‘Sephadex’, for their efficiency of separa- 
; we found that ‘Ectaola’ cellulose achieved the most 
sfactory results. “Ectaola’ has previously been used 
for column chromatography of nucleic acids? as well as for 
the thin-layer chromatography of nucleic acid derivatives’. 
dification of these methods was used in the present 
It involves a gradient elution procedure at slightly 
ted pressure and allows the separation of the five 
ically most important bases in about 60 min at the 
molar level. Less common bases and the nucleic 
s may also be separated by this technique over longer 
iods of time. 
winciple, the procedure uses a buffer gradient system 
¿I N sodium chloride in ammonium hydroxide and 
onium chloride at pH 10-60, and (2) distilled water 
d with hydrochloric acid to a pH of 275. All 
have sufficiently low density in the range of 240- 
Ap. 
» major steps of the method are illustrated in Fig. 1. 
m the buffer reservoir containing a sodium chloride 
r, a continuous flow is supplied into the mixing 
nber filled with buffer at pH 2-75. A magnetic stirrer 
vides effective mixing of the two buffers which are then 
aped through the ion-exchange column at constant 
s of flow, giving a linear gradient elution pattern. The 
orption character istics of the eluant are finally meas- 
d with a Gilford spectrophotometer (model 2000). 
‘he ion-exchange column consists of a high-pressure 
m tube 65 cm in length and 0-5 cm in inner diameter, 
‘with a slurry of 200-325 mesh of ‘Kctaola’ (Brown 
Berlin, New Hampshire) for the lower 45-cm section. 
he upper 20 em of the column are only provided to hold 
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Ion-exchange chromatogram of the five major nucleic acid bases 
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resin or introduced during the loading of the column. 
Each analysis is preceded by the introduction of 8 mi. of 
ammonium hydroxide and ammonium chloride buffer pH 
10-60 (ionic strength 0-2) which is followed by 10 ml. of the 
pH 2-75 buffer. This provides an increased hydroxyl ion 
retention by moving from top to bottom of the column‘, == 
For calibration a standard mixture of purine and pyrim- o = 
idine bases (2-5 umoles/ml.) dissolved in sodium hydroxide 
(pH 10:6) is added to the column. The sample is allowed = 4 
to penetrate the top layer of the resin bed. Afterwards, 
the upper 20 cm of the column is filled with the pH 2: ‘15. See 
buffer; after all connexions are secured, the analysis is 
started. The tubing from the mixing chamber to the top. 
of the nylon column holds exactly 20 ml. of pH 2-75. 
buffer. The salt gradient is established by a constant. 
supply of the sodium chloride buffer (pH 10 -60) to the 
mixing chamber containing exactly 125 ml. of pH 2-75. 
buffer. The pump is set at a flow rate of 96 ml./h; this- 
results in a back pressure of about 35 lb./in.*. A complete _ 
development of the five common nucleotide bases 1s 
accomplished in less than 90 min (Fig. 2). The spectro-- 
photometric measurements are taken at 260 um. 
To locate the position of the individual base, each com- 
pound is run separately. It should be pointed out that- 
the positions of uracil and thymine are almost identi 
(Fig. 2) when run separately. To achieve a separatior 
between these two bases an extended equilibration of th 
column with ammonium hydroxide (6 h) and at a faster 
rate of flow (120 ml./h) is recommended (Fig. 3). To test- 
application of the method outlined to biochemical. 
research, the bases of hydrolysed DNA and RNA are- 
recorded in Fig. 4. Aside from the common bases of both 
nucleic acids, three additional peaks appeared on the- 
elution chromatogram; they are marked by the Roman 
numerals I-III. They correspond to the positions of. 
methyl-cytosine (I), uric acid (II), and hypoxanthine (ITI). - 
The areas under the peak can very easily be used for the- 
quantitative determination of each base present in the 
sample. Because the Gilford spectrophotometer recor 
the data in a linear fashion and the peaks are perfectly 
shaped, a simple digital integrator can simultaneously - 
print out the area under the peaks as they emerge from. . 
the column. The recovery of each component is in the 
range 95-100 per cent. s 
In summary, a pressure-gradient-elution technique. fo 
rapid and quantitative separation of the purine and: 
pyrimidine bases is presented. The separation of the 
bases can be achieved within 60 min at room temperature. = 
The precision is better than 5 per cent for the individual 
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base at the 10-30 moar level. The wide application, of this 
technique to biochemistry and related sciences is obvious: 
The work was supported by research grants from the — 
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Chemical Nature of the Pigment se 
Enoplus communis 


At the anterior end of the free-living marine ne 
Enoplus communis are situated two pigment spots, 
red-brown in life. Their superficial appearance is ve 
reminiscent of eye-spots. Schultz! suggested that. these 
pigment spots were excretory granules and were not i i 
any way associated with photoreception. B 
Unlike the eye-spots of some marine nematode: it : 
is no lens structure cr well-defined perimeter. The pi 
is localized in two lateral pockets inside the cesophages 
tissue, and having posterior to the pigment spo’ 
areas of granular pigment which extend back 
the oesophageal tissue. É 
In an attempt to eharacterize the pigment, a num 
solvolysis experiments were carried out, and s] 
bleaching reagents used. The pigments were fix 
formalin and were found to be readily soluble in con- 
centrated sulphuric acid; they were, however, wholly’ 
insoluble in concentrated hydrochloric acid. The pigments | 
disappeared in normal sodium and potassium hydroxides. 
in a few minutes. They were quite unchanged in- r 
organie solvents as diethyl-ether, chloroform, ben ene, . 
acetone and xylene They did not dissolve ine 
chlorohydrin, but this is only specific after sopar Ol 
from the protein component’. 3 
After dissolving the spots in concentrated 8 
acid, there was a pertial return of the colour on t 
with water’. : 
Strong bleaching was found in concentrated aad 50 
cent nitric acid and weak bleaching was recorded ee 
solutions of hydroges peroxide (6 per cent, w/v), potassium — 
dichromate (2-5 per cent, w/v), and potassium - porii 
manganate (1 per cent, w/v) es ooa 
These results, to together with the dark brown colour. 
granular consistency, strongly suggest that the “eve- 
is melanin, and is therefore unlikely to be involved. direct 
in photosensitivity. N. A. Crop 
Ashurst Lodge, a 
Imperial College of Science and Technology, 
University of Londen. 
1 Schultz, E., Zool, Anzzit.,. 95, 241 (1981). 
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Occurrence of B-Lysergic Acid and 6-Methyl | 
ergol-8-ene-8-carboxylic Acid in Cultures of- 
Ciaviceps purpurea 


Over the past few years we have been examining: the. A 
composition of ergot alkaloids produced in vitro by strains: 
of Claviceps purpurea isolated from sclerotia growing on 
grasses in England. It was noted that exhaustive chloro- 
form extraction of culture filtrates adjusted to pH 8-4. 








) aaora o analysis of tho: chiecotora: 
| raction showed chanoclavine to be the principal 
component present accompanied by small quantities of 
elymoclavine and the ergotoxine group. Chromatography 
of the butanol fraction revealed only one fluorescent, 
Ebrlich-positive spot which was inseparable from p-lyser- 
gic acid and 6-methylergol-8-ene-8-carboxylic acid, the 
r of lysergic acid recently obtained from cultures of 
Boni alit, We now have re-examined culture filtrates 
3 of a strain of C. purpurea originally isolated from Spartina 

townsendii to investigate further the composition of the 

_ butanol fraction. 

<o The fungus was grown in submerged culture on a rotary 
700 r.p.m., 10 cm eccentric throw) at 24° C in 
Erlenmeyer flasks containing 100 ml. of the 
g medium modified from Stoll et al.§ (values in 
at): calcium nitrate, 0-1; epsom salt, 0-025; 
um dihydrogen phosphate, 0-025; potassium 
+, 00125; FeSO,.7H,0, 0-0033; ZnSO,.7H,0, 
sucrose, 10; asparagine, 1; cysteine hydro- 
de, 0-001; yeast extract, 0-01; distilled water, pH 
Jaximum alkaloid production (100 ug/ml.) was 
eached within 10 days. 

One litre of culture filtrate adjusted to pH 8-5 was 
ed with chloroform (3 x 500 ml.) and then, at 
< with n-butanol (3 x 500 ml.). The residue 
from the butanol extracts (142 mg) was applied 
of ‘Zeo-karb 225 (H*)’ ion exchange resin and, 
ashing with water, the fluorescent band was eluted 
M ammonium hydroxide to give 66 mg of an off- 
solid. The ultra-violet absorption spectrum showed 
he principal chromophore present in this material 
ponded to that of the A*°-acid (Amax287 my) although 
absorption in the region of lysergic acid (Amax312 my) 
o° observed. 

og the Da outlined by Kobel et al.*, the 









































ee peace with lithium aan hydr ide in 
obtains aa es oan, In this way 15 me of solid 


AN standard. Together. with the ether 
ice presented, identification of these reduction 
cts clearly established the presence of lysergic 
id 6-methylergo]-8-ene-8-carboxylic acid in the 
-extract. This is the first time that the A*®-acid 
een demonstrated as a C. purpurea metabolite. 
sergic acid, in trace amounts, has previously been 
orted® in culture filtrates of mixed cultures of C. 
rpurea and a Claviceps sp. isolated from Pennisetum 
A yphoideum but, to our knowledge, the present investiga- 
tion gave the first identification of p-lysergic acid in pure 
cultures of C. purpurea. 

We thank Dr. J. Rutschmann of Sandoz, Ltd., Basle, 
| for za supplying a pure sample of the A’: ®.acid, 
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pre Or : 
concerning ‘the chemical constituents and potential 
for shrimp of the south Atlantic Ocean, and points: 
way to further systematic investigations of the link: 
selected food chains, such as that of phytoplankton 
zooplankton—=fishery resources. n 

The shrimp, Artemesia longinaris Bate, which feeds on 
plankton, inhabits shallow waters from southern Brazil: 
to Argentina; it enters the commercial catch off Mar del: 
Plata, Argentina. Specimens were collected with a coarse 
plankton tow net from the Argentine R.V. Zapiola in 
March 1965 off Mar del Plata. The average wet weight of — 
these animals was 2:73 g. The meat was separated by- 
hand from the shells and heads of 138 individuals, and the 
components frozen and dried in a vacuum drying oven. 
Afterwards, the meat and shells were prepared for chernical 
analysis (Food and Drug Research Laboratories, Maspet! 
Long Island, N.Y.) by grinding them separately to a fir 
meal in a Wiley cutting mill. The shrimp meal had. 
pleasing yellow colour, an attractive smell, and F 
flavour. Such qualities could possibly help to make th 
material acceptable for protein enrichment of soups, bread, 
crackers and other foodstuffs. 

The dry matter in the crude whole shrimp was abdu 
32 per cent of the wet weight. The hard chitinous shel 
together with the heads and other attached mat 
amounted to 14 per cent of the original wet weigh 
Thus 18 per cent of the fresh shrimp could be converted 
to dry meat, The approximate composition of the dried — 
shrimp meat and shells is given in Table 1. The calculated | 
protein of the whole dried shrimp (65-6 per cent, or 21 per 
cent of the wet weight) is comparable with the protei 
content of lean beef, ox liver, salmon or turkey. : 

The amino-acid constituents of the meat and shel 
portions of the shrimp were determined by colum 
chromatography, after acid hydrolysis, according to the 
general methods developed by Moore, Spackman and 
Stein?, It was found to be necessary to assay cyst: 
microbiologically® owing to the fact that losses of t 
amino-acid were encountered in the ion-exchange proced 
with the shrimp meat hydrolysate. Alkaline hydrol 
of portions of the samples was performed when tł 
materials were prepared for tryptophan analysis‘. 

Amino-acid profiles of shrimp meat and shells are shown 
in Table 2. The glycine and valine content of the shel 
was higher than in the meat, while cystine, histidi 
methionine, and tryptophan were more abundant in 




































Table 1. APPROXIMATE COMPOSITION OF SHRIMP MEAT AND SHELIS AFT 
DRYING (ACCORDING TO METHODS GIVEN IN REF. 1) 


Determination Results Sat 

(per cent) ee 

Meat Shells Whole shrimp 
Fat 6:98 18-70 12-6 
Ash . 1572 84-42 23-4 
Protein (N x 6-25} 78-94 48-29 65°6 


Table 2, AMINO-ACID COMPOSITION OF DRIED MEAT AND SHELLS OF SHRI 3 
Percentage of each in the protein. pni 
(N 


Amino-acids = 16§ basis) 

Dried meat Dried shells 
Alanine 4-97 
Arginine 503 
Aspartic acid 13-96 
Cystine 2-80 
Glutamic acid 15-51 
Glycine 7°57 
Histidine 3°13 
Isoleucine 3°24 
Leucine 6-65 
Lysine 


Methionine 
Phenylalanine 
Proline 

Serine 
Threonine 
Tryptophan 
Tyrosine 
Valine 


Total 
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meat. It is possible that the recovery of tryptophan was 
ini in the analyses. Comparison of the amino- 
acid profiles in the meat of A. longinaris Bate with that of 


the common canned shrimp* sold throughout the United 


States shows that they have a similar composition. In 
this respect it would also be of interest to make a similar 
analysis of the common krill (Euphausia superba Dana 
and other species) which is abundant in the Antarctic 
seas. In Antarctica, krill occupies the intermediary link 
in the food chain from primary phytoplankton to whales 
(or penguins). Because of the decline in whaling, it would 
be advantageous to focus special attention on the crus- 
taceans formerly eaten by whales, with the view of 
utilizing this abundant supply of food for man. It has 
come to our attention? that in the Philippines shrimp 
shells are ground into a powder, mixed with flour and 
eggs, and fried to make a crisp delicacy. This would suggest 
that the chitinous materials could be put to some use 
when whole shrimp powder becomes available for human 
use. It is hoped that chemical and nutritional investi- 
gations on krill and other unconventional sources of marine 
foods will find application in the production of protein 
enrichments for the human diet. 

We thank the Vetlesen Foundation and the National 
Science Foundation for financial support. We also thank 
Captain Ricardo Bustamente of the Servicio de Hidro- 
grafia Naval, Buenos Aires, Argentina, for helping in tho 
collection of the crustacea. 
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Electrophoretic Fractionation of Heat- 
denatured Eucollagen 


In the early stages of collagen fibrogenesis, soluble forms 
of collagen can be extracted with salt solutions; as 
the tissue develops, dilute acids and acidic buffers are 
needed. Eventually these reagents also become ineffective 
as a relatively insoluble form of collagen is elaborated. 

is transformation or ‘‘maturing” is believed to be caused 
by an increase in the number of intramolecular and inter- 
molecular cross-links!. 

Soluble material can be obtained from this mature 
collagen by a preliminary treatment with cold alkali. As a 
result of this, it is possible to dissolve in this medium 
a large proportion of the collagen that was previously 
insoluble in citrate buffer (pH 3-7). Such alkali-treated 
collagen is called “eucollagen”*. This communication 
reports the preparation and electrophoretic analysis of 
eucollagen solutions prepared from the shin tendons of 
cattle. 

The flexor tendons from the shin of a calf foetus, a 
3-4-month-old calf and a 14-month-old steer were frozen, 
comminuted, immersed in liquid nitrogen for a few seconds 
and then shattered in a percussion mortar and pestle. 


_ The neutral salt-soluble collagen was removed by extrac- 


tion in solution of sodium chloride. Each sample was 


extracted for 24 h in a cold solution of sodium chloride, 


after which the mixture was centrifuged at 1,500g for 


= 30 min. The tissue residue was then removed, ground 


_ with sand in the cold, and then subjected to extraction 
_ procedures for two further periods—the first for 5 days, 
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and the second for 24h. The supernatant was removed 
by centrifugation at 1,500g for 30 min at each stage, and 
all extractions were carried out at 4° C. 

The tissue residue that remained after the extraction 
with sodium chloride was then washed twice with cold 
water, and the acid-oluble collagen was extracted from 
it by two periods of treatment in citrate buffer (pH 3-7, 
0-15 M). Each extraction lasted 3 days and was per- 
formed at 4° C. On each occasion the tissue residue was 
removed by centrifugation at 1,500g for 30 min. 

After extraction of the acid-soluble collagen the tissue 
residue was washed twice with cold water and used for 
the preparation of eucollagen. The method used was 
essentially that described by Higgs and Reed*. Unless 
otherwise stated, the stages of preparation were carried 
out at room temperasure. They were as follows: (a) the 
samples were allowed to stand overnight at 20° C in a 
saturated solution of sodium sulphate; (b) 5 days at 
20° C in 5 per cent sodium hydroxide saturated with 
sodium sulphate; (c) three successive treatments, each for 
l h with saturated solutions of sodium chloride; (d) lh 
treatment with saturated solutions of sodium chloride 
containing sufficient acetic acid to bring the pH to 6-0; 
(e) 4 h standing in distilled water the pH of which was 
adjusted to 6-0; (f) two 12-h period of standing in dis- 
tilled water pH 6-0 at 5° C; (g) four successive immersions 
each lasting 2 days, n 0-15 M citrate buffer (pH 3-7) at 
8° C; (h)a fifth extraction in 0-15 M citrate buffer (pH 
3:7) for 2 days at 8 C. These procedures provided a 
solution of eucollagea, which was then centrifuged for 
30 min at 2,000g to remove any large debris, and finally 
used for electrophoresiec analysis. 
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Fig. 1. Samples 1-3. Evurollagen prepared from the shin tendons ofa 
3-4-month-old calf. Samples 4-8. PEccollagen prepared from th 
tendons of a calf foetus. Samples 7-9. Eucollagen prepared from 
shin tendons of a 14-month-old steer 
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In the electrophorstic study a discontinuous buffer 
system was used in the vertical apparatus described by 
Smithies*, A gel was prepared with 10 per cent starch and 
5 per cent urea in € buffer Which consisted of 0:1 M 
glycine brought to po 3-0 (at 20° C) with lactic acid. 
This was poured into the end sections of the apparatus, 
and when the gel had set, a second gel which contained 
12 per cent starch and 5 per cent urea in a buffer of 2 mM 
aluminium lactate (brought to pH 3-0 (at 20° C) with 
lactic acid) was poured into the centre section. 

Before electrophoresis the eucollagen solution was 
dialysed for 12 h against the aluminium lactate buffer 
containing 0-5 M sucrose; and then incubated at 37° C 
for 30 min immediately before the application of the 
samples to the starck gel. Electrophoresis was carried 
out at 2° C for 7 h at 400 V, 25-30 m.amp. 

The results are shown in Fig. 1. They demonstrate the 
separation achieved >y this electrophoretic technique, 
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and that ENTE of inaolible’ collagen increases as the 
animal approaches maturity. 
a D. J. CARMICHAEL 
Food Science Department, 
_ School of Agriculture, 
_ University of Nottingham. 
f ar in Intern. Rev, Connect. Tissue Res., edit. by Hall, D. A., 2, 245 
Courts, A., Biochem. J., 741288 (1960). 
~: Higgs, D. G., and Reed, R., Biochim. Biophys. Acta, 78, 265 (1963). 
 S Smithies, O., Biochem. J., 71, 585 (1959). 










“Utilization of Adenine but not Nitrate as 
Nitrogen Source by Prototheca zopfii 


CULLINMORE! has recently reported that Prototheca zopfit 
(Cambridge Collection strain No. 263/5) will utilize buty- 
rate as the sole carbon source for growth, but only after 
lag period of 3 days. It is presumed that this represents 
; period of enzyme induction. We have been investigating 
ome aspects of the nitrogen metabolism of this strain of 
*rototheca and have observed that while adenine can be 
ed as the sole nitrogen source there is again a lag period 
ae efore growth commences. In this case, however, the 
lag is only about 30 h. (Fig. ‘il ). The increase in dry weight 
obtained suggests that ring nitrogen of the adenine mole- 

7 oe is utilized in addition to the amino group. 

-. Pure cultures of Prototheca zopfii were grown in 100-ml. 
lenmeyer flasks containing 20-ml. of the medium used 
reviously?, but with the ammonium nitrate omitted 
d with the addition of 1 per cent glucose and 10-5 M 
iamine®. 140 mg nitrogen/l. was then supplied either as 
amonium sulphate, potassium nitrate or adenine. After 
toclaving, the pH of the medium was 6-1. The flasks 
“were inoculated under aseptic conditions and were shaken 
in darkness at 25° C. The dry weight of algae in cultures 
_was determined by means of sintered glass filter crucibles 
-dried in an oven at 80° C. 

- Inorganic nitrogen assimilation by Chlorella vulgaris 
& been extensively studied and it was shown that the 
<= activity of the nitrate reductase is inhibited by ammonium 

assimilation‘ and further that the synthesis of the enzyme 

_is repressed by ammonium’. We assumed that this situa- 
ion might apply to Prototheca zopfii, which is generally 
- considered to be a colourless Chlorella®, and were interested 
to determine whether adenine as well as ammonium would 

repress the production of nitrate reductase. However, a 

preliminary experiment showed that the alga is unable to 
_. utilize nitrate as sole nitrogen source as is shown in Fig. 1. 

We are not fully convinced that this observation is 
.. previously unrecorded but in the investigations known to 

us the alga was grown in media which contained either 
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Fig, 1. Growth of Prototheca zopfii with various nitrogen sources in the 

medinm, +, 140 mg NL as ammonium sulphate; 28 mg N/l. as 

ammonium sulphate: @. 140 mg N/L as adenine: A, "140 mg N/L as 
potassium nitrate 
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ammonium chloride or ammonium dulphade as s nitroge 
source. This derives from Barker's? original work in 
which a medium containing amraonium chloride was use 
and the significant observation was made that growt 
was still dependent on the addition of small quantities 
of yeast extract owing to the requirement for thiamine*® 

It has been suggested that the fact that Protothec 
zopfit contains a definite plastid®1° implies that it arose 
from a mutation rendering it incapable of synthesizing ee 
chlorophyll". At present it is not known whether the. 
alga is unable to synthesize nitrate reductase, as in the 
case of the Chlorella mutant isolated by Shafer e¢ al.®, or. 
whether nitrate assimilation is actually blocked at the 
stage of nitrite reductase. In Ar kistrodesmus'? the nitrate. — 
reductase requires as coenzyme reduced nicotinamide 
adenine dinucleotide (NADH,) and the nitrite reductase 
reduced nicotinamide adenine dinucleotide phosphate > 
(NADPH,). The latter enzyme is particulate. Similarly 
a nitrite reductase requiring ferredoxin has been associated 
with chloroplasts isolated from several higher plants!*. 
Thus there seems to be a definite possibility that the 
inability of Prototheca to utilize nitrate is associated w 
the absence of a functional chloroplast. If this is indeed 
the case the biochemical differences between Prototheca 
and Chlorella are more complex than the inability to 
synthesize chlorophyll, and as a consequence carbohydrate 
by photosynthesis, would indicate. The assimilation « 
ammonium by yeast leads to a stimulation of the pento: 
phosphate pathway of glucose oxidation to satisfy tk 
requirement of the glutamic dehydrogenase for NADPH 
(ref. 14). Although it is quite clear that Prototheca zopfii is 
capable of degrading glucose by this pathway™ a com 
parable coupling to nitrogen metabolism may not hav 
developed. 
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AGRICULTURE 


incidence of Rhizoctonia in a Cultivated and- | 
a Fallow Soil in Hong Kong tee 


Tus arable land available in Hong Kong is very limited and 
farming is so intensive that the annual pr oduction of 8- 
vegetable crops, often on the same land, is commor 
For many reasons, especially from an accumulat, 
of soil-borne pathogens, this might be expected to hax 
a deleterious effect on the soil. 
= comer igon! of one fungi Po ma cultivated ¢ a 
het at least two genera of fun; gi Pe are an ba 
causal agents of soil-borne diseases were more prevaler 
in the cultivated soil. Pythium sp. was only isolate 
from the cultivated soil. Whereas the occurrence © 
Fusarium dimerum was high in this soil, it was seldom 
found in the fallow soil. i 


No. 505! ene 20. 1966 
-Because it was rarely poai to isolate the common 
= a fungus Rhizoctonia by this method, a modification of 
<. the method devised by Papavizas and Davey? was used 
nstead. Mature lima bean (Phaseolus vulgaris L.) stems 
-were flushed in running tap water for 1-2 min, immersed 
in-a 10 per cent solution of bleaching powder for 30 sec, 
-and then washed in sterile water. The stem internodes 
were then cut into 1/8 in. segments, and buried in samples 
-= of freshly collected cultivated and fallow soils (stored in 
glass troughs). After incubation at 23°-24° C for 3 days, 
<= the stem segments were washed first in tap water to 
> remove the attached soil particles and then in five changes 
of sterile water in a Griffin’s electric shaker for 2 min. 
The stem segments were then damp-dried between sheets 
of sterile blotting paper and transferred to plates of 2 per 
= cent water agar. Any fungal colonies growing out from 
< othe stem segment after 24 h incubation at 23°-25° C were 
< sub-cultured on PDA plates*. In general, because only one 
=> small colony appeared after such a short incubation 
period, one isolation was made from each stem segment. 
_ During June-August 1964, a total of 260 stem segments 
vere plated out for the two soils. The results showed 
hat, whereas 41 per cent of the lima bean stem segments 
‘from the cultivated soil were colonized by Rhiz- 
ta, only 2-7 per cent of the segments from the fallow 
| were infected. It thus became clear that Rhizoctonia 
yas far more abundant in the cultivated soil than in the 
fallow soil. 
-= It is tempting to suggest that cultivation of the soil 
ulted in the build-up of Rhizoctonia but evidence to 
pport this is lacking. Moreover, the pathogenicity of 
-both Rhizoctonia and the other possible pathogenic genera 
isolated in the previous study? has not been established 
is yet. There were no serious outbreaks of any soil-borne 
disease in the intensively cultivated cabbage fields. The 
:- reasons for the absence of disease are not known; it is 
possible, however, that the micro-organism was not 
vathogenic, or that it was not sufficiently virulent. Un- 
favourable weather conditions or perhaps resistance of 
... the erop may also have played a part. 
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= An Attempt to predetermine the Sex of Calves 
by Artificial Insemination with Spermatozoa 
separated by Sedimentation 


‘BHATTACHARYA! ‘2 has described a method for separating 
_ from rabbit semen two fractions of sperm with which he 
_. achieved a significant degree of predetermination of sex. 
He suggested that the separation depends on the tendency 
of the female producing X-sperm to sediment more 
rapidly than the male-producing Y-sperm, when the 
= $perm are rendered immotile by cooling to 1° C and then 
allowed to sink under the influence of gravity for 12 h 
through a column of a viscous egg yolk medium. This 
communication describes briefly the results of experiments 
` designed to examine the applicability of Bhattacharya’s 
_ technique to cattle. 

= Specimens of about 1-5 ml. of semen from either Here- 
ord or Friesian bulls were provided by the Cambridge 
‘attle Breeding Centre. After 24 h for treatment at 
Babraham to separate the fast and slowly sedimenting 
permatozoa, samples from the top and bottom of the 
olumns were given code numbers and returned to Cam- 
ridge. For the first series of separations an egg yolk/ 
lycerine medium (‘A’) was used, in conjunction with the 
ass apparatus described by Bhattacharya’. Later separa- 
ions were carried out in a milk/glycerol medium (‘B’), 
vith an apparatus consisting of a stack of stainless we 
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sheets drilled with holes to form columns which could be 
fractionated by slidiag the sheets sideways. Between 
November 1964 and July 1965, 411 cows were inseminated 
with fractionated semen (24 h old), and 191 of them became 
pregnant, giving a ccnception rate of 46-5 per cent. A 
control group of inseminations using untreated semen 
from the same collections gave 192 pregnancies in 310 
cows, a conception rete of 61:9 per cent. The 191 test 
pregnancies yielded 153 calves of known sex, of which 
eight were twins; in forty-two cases the sex of the calves 
was not reported, usually because of sale of the cows 
before calving. A comparison of the predicted and actual 
sexes of 139 of these calves is given in Table 1. Fourteen 
returns (eight males and six females) were excluded from 
the analysis, either because a non-standard technique was 
used (for example, medium ‘A’, but the stainless steel 
apparatus), or because sperm counts made after the 
semen had been dispatched to the inseminators showed 
that there was doubt whether the samples were the best 
representative ‘top’ or ‘bottom’ fraction. Of the tw ins, 
there was one pair of males and one pair of mixed sex in 
each of the two categories, medium ‘A’ predicted female, 
and medium ‘B’ predicted male. In 136 calves of the 
control group the sex of which was returned, there were 
sixty-nine males and sixty-seven females. 


Table 1. StMMARY OF CALVING RESULTS 


Technique Predicted sex Actual sex 
Medium ‘A’, glass apparatas Male 2M 18F 
ie Female 32M BIE 
Medium ‘B’, stainless steelapparatus Male 12M 1E 
5” Female 13M 10F° 
Medium ‘B’. deep freeze method Female 15M 19 F 
Total 84M 89F 


Another batch of tairty-seven heifers was inseminated _ 
in San Francisco in August and September 1965. The 
semen was allowed tc sediment in glass tubes containing 
medium ‘B’, and the bottom fraction was selected after 
the column had been quickly deep frozen. AH the heifers 
became pregnant, but twenty of them had to be insemin- 
ated twice or more with the fractionated semen. Ths 
animals were slaughtered after 35-60 days of pregnancy, _ 


except for one which was allowed a normal delivery, The _ 


sex of the foetus was determined from a macr oscopic 





inspection of the primary sex organs, except for oo ne 





rejected cases where development was incomplete. 


can be seen in Table 1, the sex distribution was again not Be. 


very far from equality. . 

Although in these experiments the predictions were not | 
successful, subsequent work has indicated that the tech- 
niques used here for differential sedimentation may not 
be entirely free from disturbing factors, and by applying 
slightly modified methods Schilling? has apparently 
obtained greater sucsess in predetermining the sex of 
calves. Further biological tests of the significance of the 
variation in sedimentation velocity among spermatozoa 
are clearly needed. 

We acknowledge the help of Mr. H. J. Ballinger, who 
collected and analysed many of the data. 
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Blueber oO 


slueberry to Gibberellic Acid 
reviously noted!* that the lowbush blueberry, 
ium angustifolium Ait., will respond to gibberellic 
A) placed on the open flower, by the formation of 
enocarpie fruit. It has not been possible to effect 
same response in the field on any broad scale. The 
asons for this are not understood, but some evidence 
n obtained to suggest that certain clones are more 
mate tive to GA than others. The period of receptivity 
to the growth substance is also well defined and the 
- parthenocarpic fruits seem to swell up more slowly than 
-do seeded. berries. 
= Because in a practical field operation there is no 
<- possibility of excluding pollinating insects, only a limited 
ae iment could be established to determine whether 
application of GA curtails normal fertilization or whether 
the opposite effect occurs. 
tative cuttings in the greenhouse were induced to 
by subjecting them to a regimen of 8 h of light per 
When flowering became general in eleven clones, 
‘opened flowers were selected, unopened buds and 
owers were excised, and one of the following treat- 
was administered: (1) treatment with water 
itrols); (2) hand pollination; (3) treatment with GA 
water (50 p.p.m.); (4) sprayed with 50 p.p.m. GA, 
and 48 h later hand pollinated; (5) hand pollinated 
and 48 h later sprayed with GA at 50 p.p.m. 







































C RELATIONSHIP BETWEEN SEED CONTENT AND PHYSIOLOGICAL 
i AGH 


i: 2 Early ion 
No. of berries 1 
< Percentage of seedless 2-5 62-5 
- No. of seeds ,462 153 — 
> Mean seeds 28-6 (29°3) 3-8 (10-2)* 


acketed numbers include only fruits with seeds. 


2. RELATIONSHIP BETWEEN SEED CONTENT AND TREATMENT 
k Distribution of berries with Mean No. 


Frai Seeda respect to seed content seeds per 
A R oe ss 11- +30 fruit 
= B 2 oe ===- so =- 
BO 1,412 oo 10 20 20 28-2 
23 50 16 5 2 —- 25 
2s 007 oo 5 il 12 32-4 
58 1,238 16 iL 20 17 21-3 


nen the fruits matured, increased in size and changed 
our, they were harvested and seed counts were made 
ly (June 4-July 17). These data are presented as 
fruit (harvested before June 15) and late fruit 
ted June 16-July 17) in Table 1. The seed content 


able 2. . 
e early fruit was heavily seeded, while the berries 
suring later generally contained fewer seeds. The 
a of Table 1 indicate that only three berries that 
formed parthenocarpically had matured sufficiently for 
the early harvesting. None the less, treatment with GA 
- yesulted in a greater seb response (84-3 per cent) than did 
-hand pollination (62-3 per cent). Between the time when the 
‘set was estimated (14 days after treatment) and the date 
of harvesting, 58 per cent of the GA-induced fruits were 
Jest. When the flowers were sprayed with GA and polli- 
‘pated 24 or 48 h later, no parthenocarpic fruits were 
formed but ten seedless berries resulted from the applica- 
tion of GA subsequent to hand pollination. 
= The results of this work support the finding* that 
“physiological maturity in the blueberry is expedited by 
“Inereased fertilizations. Furthermore it would seem 
that the stimulus to form fruits parthenocarpically from 
GA either is not quantitatively sufficient to permit ripen- 
ww within the season, or incompletely substitutes for the 
atural stimulation to form berries that follows fertiliza- 
ion, These possibilities are indicated both by the lateness 






‘follows the | 
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: application of this com es not dup 
(at least in its entirety) the natural ‘“‘berry-buildin 
processes that stem from pollination and fertilization 
Also the force of the response to GA depends on the clone 
treated. a 
These data support other observations that suggest a 
considerable variability in the setting of fruits in Va: 
angustifolium. One clone at Tower Hill, New Brunswick, 
has never set fruit. Another produces large fruits 
usually with a low seed count (4-2 seeds/fruit, this experi 
ment). Some clones are natural parthenocarps. ae 
G. W. Woop. 
W. B. COLLINS — 
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BIOLOGY 


Influence of Oestrogen on the Loss of the 
Zona Pellucida in the Rat 


In the rat, the fertilized egg normally loses its zona. 
pellucida about 10 h after it reaches the uterus. Blasto 
cysts flushed from the uterine cavity before 12 a.m. 
the fifth day after the onset of a positive smearing reactii 
are still surrounded by their zonae, but those flushed i 
the early afternoon of the fifth day have lost their zonae!? 
Implantation begins some 6 h after the loss of the zo 
(110-114 h after ovulation)}. oe 

When the ovaries are removed before noon on the fou 
day of pregnancy, the blastocysts do not implant, ł 
the zonae disappear at the norma! time—that is on th 
afternoon of day 5. Blastocysts of ovariectomize 
animals treated with 5 mg progesterone also lose thei 
zonae at this time and do not seem to differ from th 
of normal or untreated ovariectomized animals. a 

If the ovaries are removed on day 2 of pregna 
however, and the rat is treated with 5 mg progeste 
per day, the zona pellucida persists until the eighth € 
of pregnancy. In this period the blastocyst assume: 
spherical shape owing to the enlargement of the embryo 
cavity. On day 8 these blastoeysts rupture their zo) 
but do not implant until oestrogen is given together wi 
the progesterone. Unless oestrogen is supplied, th 
ruptured zona persists undissolved in the uterine ca 
The dose of oestrogen (17-b-oestradiol) required to bring 
about the dissolution of the zona is less than that (0-05 mg) 
required for implantation. ane ae 

These results show that oestrogen is necessary for the 
dissolution of the zona pellucida in the rat. The loss of 
the zona pellucida at the normal time in animals ovariee- 
tomized on day 4 of pregnancy suggests that small. 
quantities of this hormone are produced before the fou 
day of pregnancy. The results also suggest that delay 
implantation is not related to the persistence of the zé 
pellucida. K 
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ymphatic leukaemia in ‘cattle was described!. 
communication reports my latest findings concerning 
abnormality. It appears that in Sweden cattle 
omosomes have only once before been investigated 
sing modern techniques. On that occasion Melander? 
nd the chromosome number in animals of the Swedish 
ed SLB to be 60; all autosomes were characterized by 
ing strictly terminal centromeres. The existence of 
centric chromosomes has now been verified in several 
groups of animals including cattle*-*. 
In order to obtain further information on the chromo- 
os of Bos taurus in Sweden, animals belonging to the 
edish breeds of SLB and SRB from mid and southern 
weden were studied. Using a modified form of the blood 
ue-culture technique’, counts were soon made of the 
hromosome numbers of 1,134 animals. Eighty-nine per 

t appeared to have 60 chromosomes, a figure which 
eed with previous counts (Figs. 1 and 2). One hundred 
nd twenty-two animals were found to possess a com- 
lement of 59 chromosomes of the type mentioned above’, 
a number of bulls were included in this group (Fig. 3). 
yur bulls, only 58 chromosomes were found per cell 
4). All the animals which were investigated appeared 
mal and some of the bulls have since been used for 
ificial insemination purposes. Until now only animals 
the SRB breed have been found with this chromosome 
rmality. 
would appear that the chromosome abnormality 
din these cattle is a case of intraspecific chromosomal 
morphism. This type of variation—-centrie (chromo- 
ne) fusion, or translocation of the Robertsonian 
96-——is relatively common in invertebrates*-". It may 











igs 1. Zy = 60, male. The autosomes have been arranged as nearly as 
possible according to decreasing size. ( x 900) 





in ‘The autosomes have been arranged according 
Y Bereaniny. size, (x 900) 
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2n=59, male. Note that two telocentric chromosome 


Fig. 3. 
subtelocentric chromosome, (p 


replaced by a fone 


dk aoo M 
AS SA Aah ob 
Sa BA Gk an 
ade ae ka | aa 





Fig. 4. 2n=58, male. Iastead of two telocentric chromosome ; 
subtelocentric chromosome pair is present. (x po 


exist in the lizard Gerrhonotus scincicauda™, and i 4 
also been described ia some mammals. 
The first example of the abnormality in naon 
described in Sorex araneus. Besides an X Y, Y, sex chr 
some system in the male??, extensive studies have re 
two races, one monomorphic and one polymorphii 
number of chromosomes varies between 21 and 31 
the number of chromosome arms remains constant 
Though the European genus Mus seems to be 
genetically uniform, the African sub-genus Leggada 
tains both inter- and intra-specific variation of the ce 
fusion type. Recently, Matthey* found chrome 
numbers 31, 32, 33 and 34 in the species M. minutoides > 
musculoides. ‘This sonstitutes a typical Robertsonian. ae 
system. Another species, M. triton, appeared to h ie 
rather more complicated translocation system thai 
Robertsonian pattern’. In M. minutoides minu 
from South Africa the complements consisting of 1 
19 chromosomes were observed. Some animals y 
chromosomes had an N.F. = 36, thus all A ESR 
bi-armed. In the sarae population individuals weri 
with an N.F.=35. This reduction resulted from a 
centric autosomal irmversion. Cytologically, this $ 
only differed from another species or sub-species fro: 
same area, M. minutoides indutus (2n= 36), by transl : 
tions of the Robertsonian type. Furthermore, Matthey — 
suggests that “this raixed population is the last phase x oE 
a previous polymorpaic system splitting in two species. in : 
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statu nascendi”. On this basis it is possible to get sympatric 


speciation resulting from chromosomal mutations. This 


theory contradicts one proposed by Mayr", who claims 
that groups require to be geographically isolated from 
each other before speciation can occur. 
c AIntra-specific chromosome polymorphism was reported 
_ previously in Gerbillus pyramidum® and Acomys cahir- 
-tnus™, However, hybridization experiments revealed 
-that there are reproductive barriers between the different 
cytogenetic types, which indicates that an advanced stage 
in speciation has been reached by both groups”, 
-dn a study of some species of Acomys®*, Matthey ob- 
served two chromosome numbers in the members of a 
race of A. minous. A metacentric chromosome was found 
to be the cause of the difference; this would appear to 
represent a more complicated type of polymorphism than 
that explained by the Robertsonian type. 
_ Centric fusion of telocentric chromosomes is a common 
thnaracteristic of neoplastic tissues?! and is frequently 
und in cells in tissue culture?%-28, As outlined by White’, 
and also pointed out by Ohno et al.?5, a translocation of 
this type is of adaptive significance because new gene 
complexes are formed with different recombination values 
ative to the position of other gene loci. Little or no loss 
OF genetic material is thought to occur and the number of 
chromosome arms is constant as is the DNA content per 
nucleus, 
<o The Robertsonian type of chromosome translocation 
-which we have described in cattle is the first example of 
s type of rearrangement observed in domestic animals. 
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Cuticular Structure in”the” Phalangida 


Apart from passing references such as that of Kastner! 
to the cuticle of Trogulus, there is no information about 
the cuticular structure of the Phalangida. Histological 
investigations of the cuticle in three species of the Pal- 
patores revealed a marked difference between the cuticle 
of the dyspnoic Nemastoma lugubre (Mull) and the two 
eupnoic species Leiobunum rotundum (Lat.) and Phalan- 
gium opilio Lin. 

In the two eupnoie species the situation is closely com- 
parable with that of insects? and scorpions?. In cuticle 
with an overall thickness of 14 there is an endo-cuticular 
component 9u thick and an exo-cuticle 4u thick. The 
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boundary between these two components is sharp ando 
comprises an area which has little affinity for aniline blue, 
orange G or acid fuchsin. It is perhaps comparable wit 
the amber, or quinone tanned, exo-cuticle of scorpions® 
The endocuticle differs from the relatively homogenecon 
exo-cuticle in its laminate structure. These laminae have | 
a strong affinity for aniline blue and a slight residual affinity ` 
for acid fuchsin. In addition to these two major components 
there is, on the selerites, an epi-cuticular layer corre- 
sponding to the cuticulin of the epi-cuticle in scorpions. = 
This is bordered externally by further thin epi-cuticular © 
components. oy 

In the arthrodial membranes the exo-cuticle is absent _ 
and they comprise a 2u heterogeneous epi-cuticular com. 
ponent overlying the strongly laminate endocuticle which — 
is uniformly stained by aniline blue. Foose 

In contrast the thick cuticle of Nemastoma lugubre 
comprises numerous laminae which are closely and regu- 
larly packed in the external 3-5u. but less so in the internal. 

192. In neither of these regions do the laminae have- 
any marked affinity for the foregoing stains. The most. 
internal laminae do, however, have a slight positive reactio 
with acid fuchsin. Throughout the body the external 
closely packed laminate region contains the melanin which 
gives the species its characteristic colour. This is only = 
lacking in the region of the two white spots. a 

In general the staining reactions of the arthrodial. 
membranes, in which the epi-cuticular component is aci¢ 
fuchsin positive and the endo-cuticular component 
aniline blue positive, compares with the condition in 
other arthropods. In view of the fact that the endo- 
cuticle of Phalangium and Liobunum is also aniline blue | 
positive with a residual affinity for acid fuchsin, it would 
seem that sclerotization only affects the exo-cuticle. ~ 
The limitation of the acid fuchsin positivity in Nemastoma 
to the innermost lamina suggests that in this genus which, — 
together with the Cyphophthalamae, Laniatores and 
Trogulidae, has long been known from superficial inspec- 
tion to have a harder cuticle, this hardening is associated: 
with the sclerotization of the entire thickness of the 
cuticle. It is further seen that in all three species th 
endo-cuticular component of the sclerites with its loosely 
laminated structure is more closely similar to the structure 
of the endo-cuticular component of the arthrodial- 
membrane than is the case in scorpions where the 
laminae of the arthrodial membrane are more marked in. 
adult animals than are those of the endocuticle. 

C. A. GRAINGE 
R. G. PEARSON 
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‘Wavy~Fused’ Mutants in the Medaka, 
Oryzias latipes 


Arpa! first reported the occurrence of wavy and fused _ 
vertebral mutations in the medaka. These characters are _ 
simple recessive to normal and are independent of all = 
known genetic characters and sex. The vertebral column: _ 
of the wavy fish curves dorso-ventrally (Fig. 1 B) and some 
centra of the fused fish are fused (Fig.1C). Fig.1 AD show 
the backbones of normal and wavy-—fused fish. Recently, 
Takeuchi? also reported a wavy mutant of the medaka — 
which had appeared in the breeds of Yamamoto in Nagoya. 
University and this mutant was used in the present experi 

ment. Although the wavy mutant is a simple recessive, the 
way in which it expresses itself suggests the presence of- 
modifiers of the principal gene. The fused mutant used 
here originally appeared in Aida’s breed and has bee 
kept in the laboratory of Yamamoto (Nagoya). A detaile 
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genetic investigation of the fused mutants was performed 
by Yamamoto et al.*. 

Fishes were treated with 2 per cent potassium hydroxide 
for several hours and stained by alizarin S before they were 
examined under the microscope. The F, offspring of the 
male wavy mated to female fused was normal. Of 1,294 F, 
offspring, 885 were normal, 314 fused, 85 wavy and 10 
wavy—fused. The ratio of normal plus wavy to fused plus 
wavy—fused is about 3: 1 with a P value of 0-95. However, 
the ratio of normal plus fused to wavy plus wavy—fused is 
far from three to one (P<0-01). The result agrees with the 
earlier findings’. If the wavy and fused genes are on homo- 
logous chromosomes, the appearance of wavy—fused fish 
must arise from recombination, and the recombination 
fraction calculated from the number of /,-offspring by the 
“maximum likelihood method’’! is about 40 per cent. The 
value of the recombination fraction is unusually high and 
the foregoing hypothesis may not be true. The separation 
in F,-offspring is better interpreted as follows: the 
fused and the main wavy genes are not on the homologous 
chromosomes. The relatively small numbers of wavy and 
wavy-fused offspring may arise from modifiers of wavy 
gene and the weakness of wavy—fused fish. 


KUNISUKE TAKEUCHI 
Biological Institute, 
Faculty of Science, 
Nagoya University, 
Chikusa-ku, Nagoya, Japan. 
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Control of Lazeral Bud Inhibition, Flower 
Emergence and Dormancy in the Blackcurrant 


IN south-east Englend vegetative growth in the blaek- 
currant starts in April and ceases in July or early August, 
by which time shoots are about 60 cm long, bearing from 
twenty to thirty buds which usually start to initiate 
flowers from late June onwards. Normally, they do not 
break until the following spring. 

In the field, promature bud break during the summer 
can be observed in shoots with damaged growing points, 
or occasionally after extensive leaf fall caused by an early 
and severe attack o? Pseudopeziza ribis. This suggested 
that apical dominance and/or the presence of leaves may 
contribute to the maintenance of buds in a quiescent 
state during the summer. 

To investigate the role of these two factors, experiments 
were carried out on the variety ‘Wellington XXX’ durmg 
1964 and 1965. 

Treatments consisted of either complete defoliation of 
whole bushes or the removal of the apical 2 in. of each 
shoot at weekly intervals beginning on June 1 and June 
15, respectively. Ir untreated control bushes extens:on 
growth, assessed by weekly measurement, had ceased by 
July 15. 

The results of these two experiments are summarized 
in Table 1 from which it will be seen that both treatments 
cause buds to break. Defoliation, however, is con- 
spicuously more effeetive than decapitation. In the earlier 
defoliations bud break was distributed throughout the 
length of the shoots: following later treatments, however, 
there was a tendency for it to be restricted to the upper 
region only. By ccntrast, decapitation allowed the top 
two or three buds only to break and these were situated 
immediately below the pruning cut. Decapitation was 
effective in inducing bud break only up to the time of 
cessation of extension growth whereas defoliation caused 
bud break for a further five weeks. 

During the period of extension growth, therefere, 
natural inhibition a>pears to be caused by a combination 
of apical dominance and leaf inhibition. After extension 
growth ceases buds seem to be inhibited by effects emanat- 
ing from the leaves rather than the apex. From the end 
of August, when lateral buds appear to have entered full 
winter dormancy, leaf removal failed to induce bud 
break. Once this stage has been reached under normal 
field conditions, an adequate period of chilling at tempera- 
tures below 45° F (ref. 1) is required to ensure bud break 
in the following sprong. 

These results suggest that, apart from the apical 
dominance effect, growth inhibitors may be synthesized 
in the leaves and passed back into the buds, thus playing 
the principal part in preventing their growth. The presence 
of substantial amounts of inhibitor was demonstrated by 
El-Antably* in short-day grown blackcurrants. 

One of the strikimg results of the defoliation experiment 
was the fact that leaf removal allowed the newly initiated 
flowers to emerge within a few weeks of their formation. 
Clearly there is no specific inhibition of the flower buds; 
their failure to emerge in the first season would seerr to 


Table 1, NUMBER OF BUDS BREAKING PER SHOOT 
Apex removed, Apex intact, 


Treatment leaves present leaves removed 
date (mean of 3 bushes) (mean of 4 bushes) 
June 1 — f 8:25. 
8 — 12:256 
15 2:06 12:50 
eee 1-29 11-00 
29 0-45 13°75§ 
July 6 0-09 11°75§ 
13 0-03 50§ 
20t 0-00 6°75 
27 0-00 4°25 
Aug. 3 0-00 Snot 
10 0-00 2-00 
17 0-00 0-255 
24 0-00 0-00§ 


* Flower initiation in untreated bushes. 
Cessation of extension wth in untreated bushes. 
tion of vege: ative growth only. 
§ Regeneration of vegetative growth + flowers. 





ion in ‘Wollington XXX? (akae 
just before the cessation of exten- 
growth (ref. 3 and compare with 
)- In sectioned buds this was seen 
ve occurred by June 22 in 1964, 
8.23 days before the cessation of 


Petri dish 
. web beid 
together by 
rubber band N 





: ion growth. The first defoliation 
treatment (June 1) induced vegetative Fig. 1 
‘only, whereas defoliation on or 


after une 8 resulted in the emergence of flowers also. 
‘These observations suggest that the first irreversible steps 
towards flower initiation had already occurred in the buds 
2 weeks before the first initials could be detected. This 
conclusion was supported by data obtained in 1965 when 
n the field were maintained in an actively growing 
. by artificial illumination or gibberellic acid 
ome weeks before extension growth of untreated 
had ceased. Where the treatments were applied 
n 2 weeks before the microscopically detectable 
flower initiation (early July), the plants con- 
to grow vegetatively and flower initials were not 
when the buds were examined several weeks 
uds of untreated control plants carried advanced 
at this time. Where treatments were applied less 
wo weeks before flower initiation was observed, 
developed in the lower buds of treated plants 
te the continuation of extension growth. 
| I. G. Cozens 
E. H. WILKINSON 
De artmont of Horticulture, Wye College, 
ity of London, Nr. Ashford, Kent. 
G; G., and Wilkinson, E. H., Hort. Res., 4, 2 (1964). 
tably, H. M. M., thesis, Univ, Wales (1965). 


G G., and Wilkinson, E. H., Proc. Sixteenth Intern, Hort. Congr. 
ls, 1962, 1 (1962) 
id Wareing, P. F., J. Hort. Sci., 36, 1 (1981). 
























iological Activity of Volatile Fungal 
Metabolites 


T survey has measured the effects of volatile 
tes from sixty-two fungal cultures on chosen 
ters of growth and reproduction of five assay species, 
Rhizopus sexualis (Smith) Callen, Chaetomium 
Kunze ex Fr., Stereum hirsutum (Willd. ) Fr., 
llus niger van Tiegh., and Botrytis cinerea Pers. 
he sixty-two species tested consisted of thirteen 
cetes, thirteen Ascomycetes, six Basidiomycetes 
rty Fungi Imperfecti, representing a wide range of 
ese species were tested using the simple apparatus 
in Fig. 1; each test consisted of a comparison of 
‘eplicate cultures, each containing the assay fungus 
| : upper agar plate and the test fungus on the lower 
FEA With three replicate controls each containing the 

aaay fungus on the top plate and sterile agar on the lower 

plate. 

In these conditions the gases from forty-one of the 
sixty-two species had a significant effect on the rate of 
inerease of colony diameter of at least one of the assay 
species. ‘Table 1 summarizes these observations. 

The relatively crude measurements have not revealed 
any interactions affecting rate of increase of diameters of 
coli nies of R. sexualis, but two test species (Saccharomyces 

cerevisiae, Schizosaccharomyces octosporus) produced at 
~ least twice the least significant inhibition of all the other 
fo assay species; one (Fomes annosus) es more 














Table 1 
No ‘species hav- Chae- Asper- 
ingasignificant Rhizopus tomium Stereum gilius Botrytis 
effect. (P=0-05) serualis globosum hirsutum niger cinerea 
‘Inhibitory 0 11 15 4 19 
Stimulatory 0 2 3 7 5 
ON measured effect 62 49 44 52 38 


ti Agar used for grow 
of assay fungus 





m ‘Cellophane’ membran 


Agar used for growth ae, 
of test fungus 


Assembly used for the tests of effects of vclatile metabolites 





than ten times the least significant inhibition of ©. eee 
globosum and of A. niger, and almost twice the least. 
significant inhibition of S. hirsutum and of B. cinerea 
There were many more inhibitory than stimulatory 
reactions, and most of the stimulation was very slight. 

The survey has also examined the effects on zy gospore 
production by R. sexualis, perithecial formation by € 
globosum, and conidial formation by A. niger and B 
cinerea. The effects on these very different repr oducti 
processes varied, as was to be expected. Sixteen speci 
significantly stimulated zygospore production, six specie: 
inhibited it significantly (P= 0-05). Empirical observation 
indicated that two species (Saccharomyces cerevisiae 
Ceratocystis coerulescens) inhibited perithecial productior 
by ČC. globosum by more than 50 per cent, and three spec: 
(Mucor plumbeus, Ceratocystis coerulescens and Fom 
annosus) stimulated zygospore production in R. sexuali 
but inhibited perithecial production in C. globosum. Eight 
species inhibited conidial production by A. niger and/or 
B. cinerea by more than 25 per cent. 

This work has been carried out to give a preliminary . 
indication of the likely frequency of occurrence of such - 
metabolites, in expansion of earlier work in these labora. 
tories! and by Lésel*?. These published results are com- 
parisons of means of observations of three replicate dishes _ 
in a single series of experiments. The main stimulatory | 
and inhibitory effects have been confirmed by other 
experiments, but many of the differences are too small - : 
justify discussion without further information. The gener 
pattern, however, suggests that the occurrence may. ‘be 
widespread. No consistent relationship appeared in the 
range of effects on the measured characters of growth or of 
reproduction, and the distribution of activity showed no 
consistent relationship to any standard taxonomic syster 
The survey is being continued by investigations of 
distribution of occurrence of such metabolites, of the 
effects on fungi and on green plants, and of their chemie 
structure and mode of action. Individual cases are beir 
examined in detail; for example, active constituents: 
gas mixtures from cultures of Saccharomyces cerevisiae 
and of Fomes annosus have been identified by gas chroma- 
tography and biological tests of authentic pure compounds, 
and full descriptions are being published elsewhere (for 
example, ref. 3). CuristTIne M. Dick: 
S. A. HUTCHINSON ` 
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In vitro Development of Microfilariae of i 
Macacanema formosana in Mosquito Cell 
Cultures 


EARI? reported the maintenance of microfilariae in mixt 
199 plus dog serum for 61 days. Sawyer and Weinste 
and Weinstein? reported development of the microfil 
of Dirofilaria immitis and Wuchereria bancrofti, — E 
tively, to late first-stage (‘ ‘sausage-form”) larvae 
communication describes the in vittro developm nt 
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Figs. 1-5. Larval stages of Macacanema formosana showing development 

occurring in the presence of Aedes aegypti cells in culture. Fig, 1. Micro- 

filaria from blood of monkey. Fig. 2. “Pre-snusage” form days 3—4 in 

culture, Fig. 3. “Sausage” stage day 5 in culture, Fig. 4. Second stage 

larva days 6-9 in culture. a 5. a stage reached in culture 
ys 


Macacanema formosana microfilariae through second- and 
possibly to third-stage larvae in the presence of Aedes 
aegypti cells in culture. 

The A. aegypti cells are those of Grace*t and have been 
maintained in serial culture for 3 years. They have been 
adapted by Suitor® to a growth medium consisting of 
0-5 per cent Philosamia cynthia haemolymph, treated 
according to Grace*, plus 10 per cent foetal bovine serum in 
Grace’s’ insect cell culture medium (GMA). The cells are 
cultured in 2-oz. glass or plastic screw-capped bottles at 
28° C and have a generation time of approximately 42 h. 

Microfilariae were obtained from the blood of a Taiwan 
monkey, Macaca cyclopsis. Five-ml. samples of blood 
containing 70-80 microfilariae/mm* were drawn and 
placed in tubes containing heparin. Blood was held for 
12-16 h at approximately 30° C until utilized. To separate 
microfilariae from the blood, 1 ml. samples were diluted 
in 10 ml. of 0-02 per cent saponin in Ringer’s saline, 
pH 7-2. Complete lysis of the red cells occurred on in- 
cubation with intermittent shaking at 37° C for 15 min. 
The samples were washed by centrifuging at 1,500 r.p.m. 
for 4 min, discarding the supernates, and resuspending 
the pellets in 5 ml. of GMA. After the washing was re- 
peated, samples were recentrifuged, as above, the super- 
nates discarded, and the pellets resuspended in complete 
insect cell growth medium with or without A. aegypti cells. 
The growth media were not changed for the duration of 
the experiment. 

Preliminary results indicated that development of the 
microfilariae failed to take place at 28° C, but did take 
place at 22° C. Since the insect cells in culture were able 
to multiply at 22° C, the following results were all obtained 
from experiments carried out at that temperature. 

Development of the microfilariae was observed daily 
by direct-light and phase-contrast microscopy. Measure- 
ments were made with a calibrated ocular micrometer. 

M. formosana microfilariae were 145-200u by 3-0-3-8u 
when isolated from the monkey blood (Fig. 1). 
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Microfilariae in ecmplete insect cell medium without 
cells became sluggish within 2 days. They grew to 
190-230. by 6-7-5 im approximately 6 days, after which 
many of them became vacuolated. Most of the micro- 
filariae were dead by the seventh day. 

In the insect cell medium with growing and multiplying 
cells microfilariae developed in the following manner: 

On the third and fourth days (Fig. 2), the larvae became 
shorter and broader. Their movement was sluggish and 
their interior somewhat granular in appearance. A 
distinct tail was present. 

On the fifth day (Fiz. 3), the larvae reached the “sausage” 
stage. Movement during this period was minimal. 
“Sausage” stage larrae measured 120-1284 by approxi- 
mately 9-6u. Internal granulation was heavy. 

On the sixth to mnth days (Fig. 4), the larvae grew 
rapidly in length and narrowed slightly. Ninth day 
larvae measured 230-270u by 6-8u. The interior of the 
larvae cleared partiaily and flexion movements increased 
during this time. hase-contrast microscopy revealed 
internal developmens. 

On the fourteenth to seventeenth days (Fig. 5), the 
larvae reached the maximum stage of development 
attained in this experiment. They measured 290-303 
by 6-9:-6u. These larvae were active and some made 
“probing” motions with the anterior end. 

On the nineteenth day (Figs. 6 and 7), observations of 
larvae by phase-contrast microscopy showed the presence 
of a mouth, oesophagus, nerve ring, and intestine. The 
external cuticle of the larvae had separated but had not 
been shed. Larvae survived up to 33 days but developed 
no further. At the tame of death, the larvae were heavily 
vacuolated and in a state of degeneration. 

The development of internal organization (oesophagus, 
nerve ring, and intestine) in the M. formosana larvae after 
5 days in vitro indieated that the larvae had reached 
second stage. However, no moult was observed. By the 
nineteenth day the mouth had opened to the exterior of 
the larvae and the cesophagus, intestine, and nerve ring 
had become more distinct. The larvae at this stage had 
moulted but still retained the external cuticle, and so the 
tail and the anal plug were still present. Although it 
cannot be stated thet the “infective” stage was reached, 
definite development of second and possibly third stage 
larvae occurred. At-empts to test the infectivity of the 
larvae are planned. 

No apparent reaction occurred between M. formosana 
larvae and the insecs cells nor was multiplication of the 
cells impaired by the presence of the larvae. In several 
experiments where eell development was slowed during 
the initial days of incubation, apparently because of the 
lack of adequate amaunts of growth-promoting substances 
in the medium, larval development was also retarded. 
This suggests that conditions necessary for cell develop- 





Figs. 6-7. Phase-contras microscopy of M. formosana larvae showing 

development attained in 19 days in the presence of A. aegypti cells in 

culture. ES, Oesophages; INT, intestine; NR, nerve ring; MC, 
mosquito cell 
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‘ment are similar or identical to those necessary for de- 
velopment of the filarial larvae. K 

. The life cycles of many parasites involve insects as 
intermediate hosts. An in vitro method for investigating 
this phase of development of a parasite, offering con- 
ditions closely approximating the environment in the 
insect, is highly desirable. Insect cells in culture may 
provide this method. 
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Types of Group Selection 


‘THE terms group selection and intergroup selection? ? have 
en used in referring to a variety of phenomena including 







-` reeently the evolution of behavioural social systems 


involved in population control*+. Since the phenomenon 
of group selection promises to receive greater attention 
-from students of evolution in the future, I feel that a 
clarification of terms at this time will help to prevent 
confusion. The “groups”? under consideration may be 
quite different from each other and the action of natural 

. selection on them will depend on the nature of the group. 

_ At least two extreme types of group can be recognized: 
the family or lineage group and the population. Inter- 
mediate types occur, especially in species in which culture 
-is important, but only the extreme types will be discussed 
here. The lineage group is a sub-group within a popula- 
- tion, and is defined on the basis of kinship. A population 
in the ecological sense, although it may also have a com- 
mon lineage, is generally defined from other populations 







.. spatially, irrespective of lineage. Theoretically the two 


€oncepts can overlap, but in practice this is not embar- 
_ -¥assing. The term kin selection may be applied to lineage 
groups (following Smith’ in part). The evolution of 
parental care, whether behavioural, morphological or 
physiological, may be attributed to kin selection. 
-o The simplest lineage group is composed of one or more 
_ parents and their offspring. In the typical case the family 
-group disperses before the first generation has reached 
maturity. In some social insects, a few species of birds, 
and in some other animals, the young remain with the 
parents and help to raise subsequent broods, as in some 
cases of “helpers at the nest”, Among birds, in the 
Mexican jay (Aphelocoma ultramarina)’, fairy wren (Malu- 
‘Tus cyaneus)’, Australian magpies (Gymnorhina dorsalis’ 
and G, tibicen)’, and some other species", territories may 
be defended by social groups larger than pairs, in which 
incipient communal behaviour may occur; but the most 
extreme development of this evolutionary potentiality in 
birds appears to be the situation found in certain anis 
(Crotophaginae) in whicheall phases of breeding may be 
communal, In the latter cases, the extent to which 
inbreeding determines the genetic composition of success- 
ful groups is not known but deserves study. 
Assuming lineage to be important in the latter cases, 
we can then recognize a continuum among various species 
in the importance and complexity of the family or lineage 
group and in the number of generations in which it may 
stay together as a unit. The existence of such a con- 
tinuum is provided for in the expression ‘inclusive 
fitness” in Hamilton’s'? model for kin selection. It is 
possible at all positions on this continuum to recognize 
the existence of competition between lineage groups. This 
may be done whether the unit is a pair of titmice and their 
brood and the competition influences the evolution of 
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Table 1, CHARACTERISTICS OF Two TYPES OF GROUP SELECTION 





f Kin selection Interpopulation selection 
Simple Complex Slight Large oe 
extreme extreme ecogeographie ecogeographic: 
separation separation 
Lineage Simple Communal Irrelevant Irrelevant 
relationship family group 
Duration of One Indefinite indefinite Indefinite a 
group generation ae 
Gene ex- Unrestricted Partially Partially Nearly absent 
change restricted restricted RE 
between by social by geography 
groups : behaviour . 
Competition Sympatric Sympatric Allopatric Allopatric 
between 
groups 


clutch size??? (simple extreme in Table 1) or if the unit is- 
a flock of anis (Crotophaga spp.) and the competition _ 
determines the social organization and behaviour of the _ 
flock and species (complex extreme in Table 1). The critical — 
point in all these cases is that the group is characterized 
(to varying degrees) by a common lineage, which is 
characteristically maintained by social bonds within a 
population and with no important ecogeographic isolation 
from other such groups. The evolution of the ability to: 
form such social bonds is also provided for in Hamilton’s* 
model. ae 
Smith® has referred to one extreme of this continuum _ 
as “group selection” and to the other extreme as “kin -> 
selection”. In my opinion, because these cases may be. 
recognized as lying along a continuum (provided for i 
Hamilton’s'* model) they should all be interpreted as 
representing one phenomenon, which may conveniently 
be called kin selection, or perhaps lineage selection. To OE 
use the term “group selection” for any of these cases is 
confusing, as Wynne-Edwards®* has used “group selee- 
tion’’ and “intergroup selection” in explicit reference to 
intraspecific interpopulation competition, which is quite _ 
a different phenomenon. In order to avoid confusion I = 
propose the following definitions: selection between ~~ 
lineage groups within populations will be called kin > 
selection; selection between spatially defined (allopatric) = 
populations of a species will be called interpopulation, 
selection (see Table 1). E 
Whether the term group selection will eventually prove- 
useful as a generic term to include both kin selection and 
interpopulation selection remains to be seen. The dif-. 
ferences between the two are significant. Kin selection < 
depends on sympatric competition between lineage groups 
within a population and can be treated theoretically in a 
manner comparable to individual selection”, since the. 
basic time unit is most frequently the generation and the 
lineage groups are not prevented from interbreeding 
except partially in the complex cases, as in species witl 
communal territories. Interpopulation selection depends 
primarily on allopatric competition; the basic time units. 
are the time constants for extinetion and colonization, | 
and it may require a different type of mathematical 
expression, such as game theory, Fas 
This investigation was supported in part by a research 
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No. 505! 


Apolysis in Arthropod Moulting Cycles 


For many years comparisons of moulting cycles in 
the Arthropoda have suffered from lack of a generally 
accepted terminology. The most ambiguous word, 
especially for Insecta, has been “moult”, which has been 
~~ to denote two completely different events in the 
cycle. 

The colloquial meaning of ‘“‘moult”’, like that of “la mue” 
and “der Hiut t°, has always been the visible 
shedding of the old shell, or exoskeleton, at ecdysis. 
When Snodgrass! wrote, “Moulting, with arthropods, 
is the separation of the old cuticle from the new cuticle 
formed beneath it; ecdysis is the emergence of the 
insect from the moulted skin”, he was attempting to 
wrest the term moult away from its colloquial sense to 
apply it to an earlier, preparative event in the cycle: 
an event that had already been sharply distinguished 
from ecdysis in Crustacea by Drach? and in Insecta by 
Hinton’, 

Unfortunately, although the distinction between the 
two events was recognized to be of great physiological 
importance‘, and the term ecdysis was generally accepted 
for shell-shedding, the earlier event never received a 
specific name’. 
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skin. We are indekted to Prof. D. E. Eichholz for sug- 
gesting the new term. 
P. M. JENKIN 
H. E. HINTON 
Department of Zoobgy, 
University of Bristal. 


! Snodgrass, R. E., Smithsen. Misc. Coll., 107 (7), 1 (1947). 

* Drach, P., Ann, Inst. Oedanogr. Monaco (N.S.), 19, 103 (1939). 

* Hinton, H. E., Nature, 157, 552 (1946), 

t Passonneau, J. V., and Williams, C. M., J. Exp. Biol., 30, 545 (1953). 
* Jenkin, P. M., Gen. Comp. Endocrinol., 5, 688 (1965) 


Light-on and Light-off Effects on the Circadian 
light Activity in the Mosquito Anopheles 
gambiae 


A PRELIMINARY investigation of the flight activity of 
female Anopheles (Célia) gambiae Giles (Lagos strain) fed on 
sugar has been uncertaken using a modification of the 
recording technique described by Jonest. Groups of five 
or ten recently emerged adults were placed in a ‘Perspex’ 
walled chamber (e. 1-5 1.). This was placed in a sound- 
proof box in a constant temperature room, maintained at 
24°-26° C. The mesquitoes were supplied with a small 
quantity of 15 per cent glucose solution with a cotton 
wool ‘“‘wick’’, whick also served to maintain a relative 
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(A-F) The successive changes in the form of the integument of an arthropod 



















ecdys s 


endo, endocuticle: 


during and after the moulting cycle. 


epi, epicuticle; exo, exocuticle; m, moulting membrane or ecdysial membrane 


We now propose apolysis for the freeing of the epidermal 
cells from the old exoskeleton in any arthropod. It can be 
clearly seen in sections (Fig. 1), and is most like D, among 
the stages described by Drach* for Crustacea and “‘moult- 
ing” as defined by Snodgrass! for Insecta. Together with 
the secretion of at least some layers of the new cuticle and 
digestion of the old, apolysis is an essential preparation 
for the ecdysis which usually, though not necessarily, 
follows. 

Apolysis is derived from the Greek 'axé)uci, meaning 
“a freeing from” or, more particularly, “the loosing of a 
bandage”; it stands in contradistinction to ecdysis 
(€xducis), which means the actual “sloughing” of the 


humidity in the chamber of 65-85 per cent. Artificial 
lighting (150-200 lux was used during both the rearing and 
experimental periods, and the light régimes were con- 
trolled with a simpli time switch. Flight activity was 
recorded acoustically for periods of up to 1 week, and a 
direct record of the ectivity was made with a pen marker 
on a kymograph with a continuous paper roll attachment. 
A similar recording “channel”, without mosquitoes, was 
used to record any unwanted acoustic or electronic 
interference which was loud enough to operate the pen 
markers. 

Groups of females subjected to alternating periods of 
12 h light and 12 h dark had periods of intense activity 
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lasting about 20-30 min following both 
the light-on and the light-off signals. 
They were inactive during the remainder 
of the light period, but were usually active 
in “bursts’’ throughout the dark period. 
A 2 h dark period included in the first 9 h 
of a 12 h light period produced no re- 
sponse. If the light was switched off 3 h 
early, there was no immediate increase 
in activity, but the insects became 
active 1-2 h earlier than usual. If the 
light was switched off 6 h late, the onset 
of activity was delayed until the light 
was switched off. 

There was no obvious cyclical pattern of activity in 
mosquitoes kept in constant light throughout their life, 
but cyclical activity with a period of about 23 h followed 
a change to constant dark. The active part of the cycle 
lasted about 12 h and the first period of activity started 
with the light-off signal. It is not clear from these findings 
whether the change resulted from the synchronization of 
the individual cycles which were previously out of phase, or 
whether the cycle was started by the change from light 
to dark. 

The light-on and light-off responses differed in their 
esse latencies. Light-on activity usually started 
within a few seconds of the signal, whereas the onset of 
light-off activity was delayed usually for 1-5 min. 

It would seem from these results that the pattern of 
flight activity is controlled by an endogenous rhythm 
similar to that which controls oviposition and sugar 
feeding in other mosquitoes*. The cycle has a free- 
running period in the dark of less than 24 h and light 
appears to have an inhibitory effect on activity. Thus, 
in alternating light and dark, activity is synchronized 
with the external régime by the delaying effect of light. 
Eyles and Bishop* have observed that egress of Anopheles 
quadrimaculatus from their resting places at sunset can 
be prevented by artificial illumination. The cycle is not 
immediately responsive to light-off signals given 3 h or 
more earlier than usual. The latency of the light-off 
response and the similarity with the results of other work*® 

| that a hormonal cnechanism is involved’ and that 
light acts by inhibiting secretion. The speed of the light-on 
response suggests that it is mediated directly by the 
nervous system and may be a “‘startle’’ reaction to the 
sudden switching on of the light. Pre-adaptation of the 
insect to the dark may be an important constituent of 
this reaction. 

We thank Mr. G. Davidson and Miss W. Wall, of the 
Ross Institute of Tropical Hygiene, for supplying the 
mosquito eggs. M. D. R. Jones 

M. G. Forp 
J. D. GILLETT 
Department of Biology, 
Brunel University, 
London, W.3. 
1 Jones, M. D. R., J. Insect Physiol., 10, 343 (1964). 
* Haddow, A. J., Gillett, J. D., and Corbett, P. S., Ann. Trop. Med. Parasitol., 
55, 343 (1961). 
* Gillett, J. D., J. Insect. Physiol., 8, 665 (1962). 
. ets; A D., Haddow, A. J., and Corbett, P. 8., Ent. Exp. App., 5, 223 


* Eyles, D. E., and Bishop, L. K., Publ. Hlth. Rep. Wash., 58, 217 (1943). 
* Harker, J. E., The Physiology of Diurnal Rhythms (Cambridge, 1964). 
* Haddow, A. J., and Gillett, J. D., Ann. Trop. Med. Parasitol., 51, 159 (1957). 


HAEMATOLOGY 


Haptoglobin Types in Dried Bloodstains 


THE determination of haptoglobin types in dried blood- 
stains has until recently met with very limited success. 
The method for determining haptoglobin types using 
starch gel'-* is the most satisfactory technique available 
for serum samples. Direct transposition of this technique 
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Fig. 1 


to bloodstains has been tried by many research workers®~? 
both in starch and acrylamide gels. The patterns obtained 
from stain material differ considerably from those shown 
by fresh serum samples. It is extremely difficult to inter- 
pret the results as they can be obscured by the excess 
haemoglobin present and it can only be done if the stain is 
very fresh (that is, not more than about 3 days old). The 
problem of excess haemoglobin can be overcome by 
subjecting the sample to a short preliminary electrophore- 
sis in starch gel at pH 6-5 (tank buffer: 0-04 M disodium 
hydrogen phosphate adjusted to pH 6-5 with ortho- 
phosphoric acid; gel buffer: 20 ml. tank buffer diluted to 
150 ml.). At this pH, haemoglobin moves towards the 
cathode while the haptoglobin/haemoglobin complex moves 
towards the anode. r 30 min electrophoresis at 
6 V/em, a block of gel about 1 cm? is removed on the 
anodic side of the origin and inserted into a gel at pH 8-6 
with a buffer system according to Poulik*. However, 
we required a method which was accurate and would 
allow the determination of haptoglobin types in stains at 
least one month old. These conditions have been met by 
using an immuno-electrophoresis method. 

Immuno-electrophoresis was carried out using the 
buffer system described by Hirschfeld for Ge groups? using 
l per cent ‘Ionagar’. (Tank buffer, 1-38 g barbituric acid, 
8-7 g sodium barbitone, 0-384 g calcium lactate, 2 1. 
water. Gel buffer, 0-553 g barbituric acid, 3-503 g sodium 
barbiturate, 0-512 g calcium lactate, 1 1. water pH 8-6.) 

The gels were cut into the pattern shown in Fig. 1. 

It was found that antigen slots give better definition 
of precipitate ares than the more usual circular wells. 
It also enabled sufficient antigen to be inserted into the 
gel while keeping the origin narrow. Enough stain 
material to fill the antigen slot was soaked in a minimum 
of gel buffer for 30 min—1 h before inserting it into the gel. 
Electrophoresis was carried out at 6 V/cm for 4-5-5 h at 
4° C. Anti-haptoglobin serum was used to fill the central 
trough and diffusion was allowed to proceed for 24-36 h 
at 4° C. Most batches of antisera were diluted 1: 4 with 
gel buffer. The haptoglobin types could be determined 
by the differing position, length and shape of the precipi- 
tate ares, as shown in Fig. 2. 
















tion of the Cae of ee arc. "Thee are indicated by 
ws in Fig. 2. The interpretation of the length and 
shape of the are will follow with practice if attention is 
centred on the peak of the arc. In many cases it is possible 
to read the precipitate arcs in the wet gel. We have, 
however, found it better to reserve final judgment until 
' saline washing (24 h), drying and staining the gel in amido 
black are completed. Weak precipitates can be seen clearly 
after this procedure. As the position of the ares shifts 
-= progressively towards the cathode with age of the stain 
=<: components, stains of a similar age and of known hapto- 
globin types should be run as controls at the same time 
as the suspect material. This should be done on each run 
as slight variation of movement can occur from one run 
to the next depending on the operator. 
Stains up to 3 months old have been correctly typed. 
~The type of cloth which forms the substrate of the stains 
seems to have only a quantitative effect; more material is 
required (in area of cloth) if the substrate is cotton than 
if it is wool. The intensity of the bloodstaining also has 
considerable bearing on this, of course. Experience is 
required in estimating the correct: amount of material to 
use. 
Many hundreds of these determinations have now been 
made in this Laboratory both on test and case material 
and. we are satisfied that this is a method which can be 
ised in the routine examination of bloodstains in forensic 
boratories. 
AJI this work has been performed with Shandon immuno- 
electrophoresis equipment and Dutch Red Cross antisera. 
After this work was completed a report by Hallermann, 
iwi and Sturner® came to our notice which describes 
work on similar lines. Hallermann ef al. suggested the 
use of a modified gel buffer containing glycerine. Its 
mposition is: Solution A, 7-505 g glycine, 3-85 g sodium 
hloride, 11. water. Solution B, 0-1 M sodium hydroxide. 
-5 ml. of solution A are mixed with 37-5 ml. of solution 
B giving a buffer of pH 10-0, u = 0-15. This is diluted to 
u = 0-05 and mixed with an equal volume of barbituric 
lactate gel buffer mentioned earlier. The tank buffer 
emains the same as before. We have tried this and find 
that on some occasions the separation is marginally better, 
vhile on other occasions no difference can be detected. 





































Bryan J. CULLIFORD 
B. G. D. WRAXALL 


Metropolitan Police Laboratory, 
2 Richbell Place, 
London, W.C.1. 


inithies, 0O., Biochem. J., 61, 629 (1955). 
mithies, O., Nature, 175, 307 (1955). 
mithies, O., and Walker, M. F., Nature, 176, 1265 (1955). 
"Poulik, M. D., Nature, 180, 1477 (1957). 
“Culliford, B. J., Nature, 198, 796 (1968). 
ervais, P., and Viescou, CL, Ann. Med, Leg. (1965). 
a ' Migauchi, C., Rep. Nat. Res. Inst, Police Sci., Tokyo, 17, 3 (1964). 
-$ Hirschfeld, J., Sei. Tools, 7, 2 (1980). 
w BESET W., , Kiwi, M., and Sturner, K. H., Dtsch. Z. ges. gerichtl. Med., 


= Morphological Variations in the Eosinophil 
< Granule revealed by Cytochemical Methods 


MoRPHOLOGICAL variations in the human eosinophil 
anule under electron microscopic examination have been 
cently recorded!. Furthermore, other variations in the 
eosinophil granule have been described before!. In fact, 
t seems probable that there are two or more different 
’opulations of granules. 
This concept is substantiated by my own findings®?, 
regularity and morphological features of sudanophilia 
eroxidase activity i in human peripheral blood eosino- 
wer ied in an attempt to provide normal data 
eedin g investigations. Material was obtained from 











NATURE 





104 normal adults o? both sexes. The reactions of eosino- Has 
phils have been observed using Sheehan and S ~ 
and Washburn’së methods, for sudanophilia and peroxi- 
dase activity, respectively. toate 
Both sudanophilis. and peroxidase activity were ‘cient ar 
im appearance and intensity in all the granules of 83 per 
cent (82-8 per cent, sudanophilia, 83-1 per cent, peroxi- 
dase activity) of the eosinophils. However, in 17 per cent 
the positive granules showed wide variations in number, 
size, shape, colour, and distribution. In many cases 
several varieties of granules occurred in one eosinophil. 
Thus, sudanophilia parallels peroxidase activity ir 
human peripheral blbod eosinophils and both may exh bit 
different features in the granules of one eosinophil. 
Sufficient materiel now exists to support a we king 
hypothesis on ideatification and characterization of 
distinct eosinophil granules with evolutionary. and 
functional criteria. RON 
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Coagulant Activity of Tiger Snake (Notechis 
scutatus scutatus) Venom 


TIGER snake venom kas the ability to clot blood. Holden :: 
and Blomback* have presented evidence that prothrombin, 
Factor V and calcium ions are required for the ve 
convert fibrinogen te fibrin. We have studied the 
of this venom on Avera Ark owe factors 









constituent a m the venom. S 
In preliminary experiments with plasma aa it ib. 

was confirmed that tae venom exerts its optimal coagulant 

activity only in the Sresence of kaeT Factor: 





a the rinogen - 
neither activated nor destroyed Factor X. When purifisd 
bovine Factor X (ref. 3), or Factor X in human serum, 


(Rabi PhEPmancticnle, Ltd.).. 







was incubated at 37° C with tiger snake venom (Koch- — 
Light Laboratories, Uutd.), phospholipid and calcium ions, = 
no activated Factor X was produced; if, however, after 
30 min Russell’s viver venom was added, it converted ` 
all the Factor X to the active form (Xa). This isinteresting 
in itself, as no other venom has yet been shown to be 
capable of activatmg prothrombin and incapable of 
activating Factor X (refs. 4 and 5). 

Blémback? has proposed that the coagulant substance 
of tiger snake venorm acts on, Factor V, and as a result: 
Factor V acquires the ability to activate prothrombin. 
In his experiments, incubation of a partially purified 
Factor V preparation with the venom produced a pro- 
thrombin converting activity which increased with time. 
However, we have repeated these experiments with pure. 
bovine Factor V (ref. 6), and have found that incubation _ 
of Factor V with the venom, with or without phospholipid a 
(‘Inosithin’) and calcium ions, produced no progressive 
increase in coagulant activity, but rather a gradual ` 
inactivation occurred. 

The rate of activetion of purified bovine prothrombin | 
by the venom in purafied systems was studied, with condi- 
tions as described elsewhere’. The effect of adding — 
Factor V, phospholivid (phosphatidic acid/phosphatidyl- 
choline, 1:1) and calcium ions to prothrombin and the 











se et : daa å ‘prothrombin assay in whieh Xe is: added and 



























` Percentage of prothrombin (tiger snake venom assay) 


120 


te ‘Correlation between tiger snake venom assay and Xa assay of 
ae prothrombin. Regression line of y on x 


nom in various combinations is shown in Table 1. The 
sults are expressed as relative rates of prothrombin 
tivation, and are compared with those obtained with 
tivated Factor X (Xa). It can be seen that the venom 
d Xa have very similar properties; however, in the 
ence of calcium, Factor V increases the rate of pro- 
nbin activation by the venom, but not by Xa. 


i A COMPARISON OF THE RELATIVE RATES OF PROTHROMBIN ACTIVATION 
TOER SNAKE VENOM (TSV) AND Xa IN THE PRESENCE OF FACTOR V, 
PEE HOMEEN? AND CALCIUM Ions IN VARIOUS COMBINATIONS 


Relative rates 





eae torr: Mixtures With TSV With Xa 
Prothrombin 0-033 0-36 
‘othrombin + phospholipid < 0-10 <0:27 
; Prothrombin + Ca 1-0 1-0 
oo. ‘Prothrombin + V + phospholipid 4°5 — 
oo Prothrombin + V 223 0-87 
J» Prothrombin + ere + Ca 27-0 501 
Prothrombin + V + Ca 145-8 311-0 
i othrombin + Y + phospholipid + Ca 4,687°5 1,610-0 


Iti is known that Xa is adsorbed on to some phospho- 
jids in the presence of a divalent metal, and this is also 
we for the venom coagulant activity. As shown in Table 2, 
-Ra and the venom activity are adsorbed on to phos- 

phatidic acid/phosphatidyleholine (1:1) in the presence 
of calcium, barium or strontium ions, but there is little 
adsorption in the presence of magnesium. Moreover, 
both the venom activity and Xa show little ability to 
form a complex with an emulsion of pure phosphatidyl- 
choline, which suggests that a negative surface charge 
on the phospholipid micelles is required for the formation 
of such complexes’. 





‘Table 2, ADSORPTION oF TIGER SNAKE VENOM (TSV) AND Xa on TO EMUL- 
SIONS OF PHOSPHATIDIC ACID/PHOSPHATIDYLCHOLINE (PA/PC) AND PHOS- 
‘FHATIDYLCHOLINE (PC) IN THE PRESENCE OF DIVALENT METALS 


Activity adsorbed 
Phospholipid Divalent {per cent) 
metal TS Xa 
PA/PC None <3 0-02 
PAPC Ba 105 63 
PA/PC . Sr 29 13 
PA/PC Mg 6 0-16 
PA/PC Ca 100 100 
PC Ca. 7 8-7 


In view of these findings, we felt that the venom could 
be. used in a one stage assay of prothrombin. Various 
“modifications of the original one-stage prothrombin assay 
T - of Quick? have already been introduced in order to increase 
the specificity of the test. Spaet and Cintron® have 
















converts prothrombin to thrombin in the presence of 
a high concentration of Factor V, fibrinogen, phospholipid — 
and calcium ions. However, the test requires purified- 
Xa, and it occurred to us that a similar assay could þe- 
designed in which tiger snake venom would be used 
instead of Xa. | oe 

0-1 ml. of the citrated plasma to be tested, diluted 1/ 10. pe 
in buffered saline (pH 7-5), was added at 37° C to @I ml. 
of oxalated barium sulphate absorbed bovine plasma... _ 
Then 0-1 ml. of 0-025 M calcium chloride was added, ~ 
followed quickly by 0-1 ml. of a mixture of ‘Inosithin 
(Associated Concentrates, Ltd.) 1-4 mg/ml. and tiger snake = 
venom (60-120 ug/ml.) or Xa. Serial dilutions of normal 
citrated human plasma in buffered saline between 1/10. | 
(100 per cent) and 1/1,000 (1 per cent) were assayed and 
a log dose was plotted against log clotting time. In a — 
typical assay with the venom, the 1/10 (100 per cent) 
and 1/100 (10 per cent) dilutions of the normal plasma 
gave clotting times of 11 and 31 see respectively, and th 
assay gave a blank clotting time of 80-90 see. Asi ignificant 
correlation was obtained between the results given by. 
the venom assay and those given by the assay with Xa. 
(Fig. 1) in a study of forty-five different plasmas (correla- 
tion coefficient: 0-96). | 

A comparison was also made between the venom assay. 
and the two-stage prothrombin assay}". Plasma sample: 
sent to the laboratory for a routine two-stage prothrombin 
test which gave a “prothrombin” estimation of less than 
50 per cent were also assayed by the venom test. As 
shown in Fig. 2, there is a considerable discrepancy ` 
between the estimations given by the two assays. E 

The essence of the two-stage test is such that an abnor- => 
mal level of plasma antithrombin activity might affect `- 
the result of the assay. Therefore, each plasma included `= 
in this study was assayed for its thrombin inhibitor(s) 
activity’®. The plasmas which have a thrombin inhibitor(s) 
activity higher or lower than 115 per cent of normal have 
been indicated in Fig. 2, in order to illustrate the major. 
source of discrepancy between the assays which is associ 
ated with a rise of plasma thrombin inhibitor(s), as well. 
as the frequency of occurrence of these abnormal levels in 
the group studied. 

The most likely explanation of this discrepancy is that 
the two-stage test gives unduly low prothrombin estima- 
tions when there is a high titre of plasma thrombin- 
inhibitor(s). In cases of obstructive jaundice, there is- 
often a rise in antithrombin JII (ref. 11), and this may =~ 
oceur with or without vitamin K deficiency. Therefore, <> 
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Fig. 2. Correlation between the two-stage prothrombin test an th 
prothrombin assay with tiger snake venom, O, Thrombin inhibi a 
2115 per cent; @, thrombin inhibitor < 115 per cent | 
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the inability to correct a low two-stage test by the paren- 
teral administration of vitamin K might not necessarily 
indicate a severe parenchymal liver lesion. 

F. JOBIN 

M. P. Esnour 
Nuffield Department of Clinical Biochemistry, 
University of Oxford, 
Radcliffe Infirmary, 
Oxford. 
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IMMUNOLOGY 


Immunofliuorescent Staining of Globule 
Leucocytes in the Colon of the Sheep 


THe nature and fate of the globule leucocyte are of 
particular interest in relation to the immune mechanisms 
of the gut since it has been shown to increase during 
helminth infection! and appears to have certain affinities 
to plasma cells and Russell’s body cells which have been 
shown to contain antibody*. 

Four previously worm-free sheep were experimentally 
infected with 1,500 infective larvae of Oesophagostomum 
columbianum and killed after ten weeks of infection. 
Tissue samples were taken from the colon and caecum of 
each animal and fixed in Helly’s and Carnoy’s fluids and 
cold acetone, embedded in paraffin wax and sectioned at 
4u according to the method of Culling’. 

Fluorescein isothiocyanate-conjugated rabbit anti- 
guinea-pig and rabbit anti-sheep globulin were obtained 
from Difco, Detroit. Rabbit anti-human serum was pre- 
pared according to the technique of Kabat and Mayer* 
and conjugated together with normal rabbit and human 
sera using fluorescein isothiocyanate following the tech- 
nique of McDevitt et al.°. 

Sections of sheep colon were stained using rabbit anti- 
sheep globulin to detect globulins within cells; the rabbit 
anti-guinea-pig globulin and anti-human serum were used 
to test the specificity of this reaction. Further controls 
were made using conjugated normal rabbit and sheep 
globulin and unconjugated rabbit and sheep serum to 
test for non-specific attachment and for fluorescence of 
the serum proteins themselves. Phosphate buffered saline 
controls were used to test for fluorescence of the unstained 
sections. A slide of the aqueous mountant alone was also 
tested for fluorescence. 

All the histological sections were first taken to water 
in the usual way and rinsed in phosphate-buffered saline, 
pH 7-2, for 15 min. Each slide was then flooded with the 
test fluorescent stain or control solution and left for 1 h. 
The slides were all rinsed using phosphate-buffered saline 
twice for 15 min and once for 1 h; these were then 
mounted using aqueous mountant and scanned. 

All microscopy was done using a Leitz ‘Ortholux’ 
microscope with transmitted ultra-violet and white light 
with a dark ground condenser D1.20 A and an FI. Oel. 
95/1.32 objective with an Oel. 100/Fl. Oel. 95 x D1.20 
stop inserted. Photographs of all the sections were taken 
with a Leitz ‘Orthomat’ photographic attachment using 
Ilford Pan F 50 ASA film. 

Only in the sections stained with conjugated rabbit 
anti-sheep globulin was any fluorescent staining noted. 
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All the globules ix the globule leucocytes fluoresced 
(Fig. 1) and the plasma cells showed a similar fluorescence. 
In many of the plasraa cells large fluorescent globules were 
shown which were o` a similar size to those in the globule 
leucocytes. No fluorescence above a faint non-specific 
level was noted on any of the control sections (Fig. 2). 





Globule leucocyte stained with fluorescein isothiocyanate- 


Fig. 1. 
labelled rabbit anti-sheep serum 





Glebule leucocyte from a control slide 


Fig. 2. 


It can thus be concluded that the cytoplasm of the 
globule leucocyte contains condensations of globulin. The 
similarities betweer the staining, the nuclear structure 
and the presence of globules of similar size and shape in 
the plasma cells and the globule leucocyte suggest that 
there is some relationship between these cells. 


Corrin Dosson 


Department of Paresitology, 
University of Queersland, 
St. Lucia, Brisbane. 
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* Susceptibitity of Old World Monkeys to 
Yaba Virus 


Beareroft and Jamieson? reported an outbreak of a tumour 
epidemic in the laboratories of the West African Council 
. for Medical Research in Yaba, Nigeria, among imported 
rhesus monkeys. Andrewes et al.>3 showed that this 
epidemic resulted from a virus of the pox group. Sproul 
et al.’ classified the tumour as a histiocytoma. Earlier, 
we. reported’ that Asiatic monkeys (Macaca mulatta, 
Macaca irus and Macaca speciosa) wre susceptible 
to the virus, and that a tumour developed, following 
accidental inoculation, in a laboratory worker as well as 
in five cancer patients. By contrast, African monkeys 
(Cercopithecus aethiops, Cercopithecus aethiops pygerythrus, 
-Cercopithecus mona and Cercocebus fuliginosus) imported 
om east and west equatorial Africa are resistant. The 
oo hesis was advanced that this virus may be endemic 
in certain areas of Africa and that most African monkeys 
_ develop immunity at an early age. 
| one approach to investigating this hypothesis, a 
er of young monkeys from African species born in 
lony or in zoos in the United States were inoculated 
taneously with dilution series of Yaba virus sus- 
ns. Animals from the same species imported from 
ea were also inoculated. Each virus suspension used 
his investigation was also inoculated into at least 
Macaca speciosa imported from Asia. “Takes” were 
-defined as production of lesions at least 0-5 em in diameter 
which persisted for at least 3 weeks, which showed charac- 
stic histological features+* and, when homogenized and 
te eted subcutaneously into Macaca mulatta, produced 
os milar lesions. 



























Table i 
Takes/No , inoculated 
Species African U.S Asiatic 
on import ben import 
> nty mangabey (Cercocebus fuliginosus) 0/4 2/2 
ervet monkey (Cercopithecus aethiops 
pugerythrus) 0/4 1/ 
wbis baboon (Papio anubis} 0/3 a 
tas monkey (Erythrocebus putas) 0/1 1] 
umptail macaque (Macaca speciosa) 1/1 10/10 


Table 1 summarizes the results. All African monkeys 
_ born in the United States and all Asiatic monkeys devel- 
Oped tumours with 10-°-10-4 as the maximal effective 
E tions of the virus; none of the imported African 
ceys showed any reactions. These results seem to sup- 
he hypothesis that African monkeys acquire immu- 
Yaba virus in their natural habitat; resistance does 
em to be species specific. It must be kept in mind, 
ever, that in this investigation most of the monkeys 
n in the United States were young (several months 
yond weaning), while most of the imported monkeys 
peared somewhat older, although their exact age was 
2 rown., Another weakness of this experiment is the 
-small number of African monkeys born in the United 
States which were available for investigation. 

- This work was supported by grants from the American 
Cancer Society, the Natiomal Cancer Institute, National 
Institutes of Health, U.S. Public Health Service, and the 
United Health Foundation of Western N.Y. 
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| State University of New York at Buffalo. 
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and Leucocyte ‘Glucose-¢-phosphate 
Dehydrogenase in Italians from Various 
Ethnic Groups 


Previous investigations of drug- induced and fava bean- = 
induced haemolytic anaemia in subjects with a deficiency =- 
of glucose-6-phosphate dehydrogenase (G-6-PD) have 
demonstrated that they are similar both in their clinical 
characteristics and in the mechanism of genetic trans- — 
mission of the enzyme defect. Nevertheless, a considerable... 
amount of evidence has accumulated to indicate that this -> 
enzyme defect reflects heterogeneous genetic mechanisms - 

in various ethnic groups. It has been demonstrated 
that the enzyme deficiency may be complete or inter 
mediate, that it may affect erythrocytes alone or involve - 
other tissues!-*, and that the enzyme protein may differ. 
in its characteristics in cells from subjects of different 
ethnic groups*-?—ineluding its electrophoretic behaviour. | 

These investigations were almost exclusively under 
taken with the erythrocyte enzyme. It is well known tha 
in affected Caucasian male subjects the leucocyte G-6-PD 
is deficient while it is normal, or almost normal, im 
Negro subjects of both sexes’. The enzyme activity ` 
is very low (rarely more than 2 per cent of the controls: 
and thus not suitable for assay) in the erythrocytes from- 
sensitive Sardinian subjects which we have extensively: 
studied®*-!!, and usually in sensitive Caucasian sub=: 
jects*:*-12, Accordingly the leucocyte enzyme is especially. 
suitable for an investigation of the properties of the 
mutant enzyme in this ethnic group. | 

In this investigation, a careful study has been made 
of the properties of leucocyte G-6-PD and a comparison 
has been made with the erythrocyte enzyme of sensitive 
subjects from several ethnic groups. The present research | 
is concerned with investigations of a group of twenty-nine. 
subjects from three Sardinian families, from a Sicilian» 
family and from a north Italian family. Our results 
indicate alterations in electrophoretic patterns of leuco 
cyte G-6-PD from the sensitive subjects, and hetero 
geneity in the characteristics of the enzyme among the- 
families from Sardinia, Sicily and north Italy. 

The families studied were identified when the propositus- 
was admitted to hospital with a haemolytic crisis. The- 
propositi are: case Nos. 5, 11, 12 and 20 for a fava bean- 
induced haemolytic episode; case No. 24 for a rifocin- 
induced haemolytic episode; case No. 29 for a peoe 
induced haemolytic crisis. 

Crude samples of the enzymes were prepared as pre 
viously described*. The modification of the Tsao tech 
nique! for descending starch-gel electrophoresis which w 
used has already been described", as have the procedure: 
for the G-6-PD and 6-phosphogluconate dehydrogenase 
(6-PGD) assays used to determine the protein and haemo ; 
globin content}. 

Fig. 1 shows an example of the electrophoretic migra 
tion of erythrocyte (case Nos. 9 and 16) and of the leuco- o 
cyte (case Nos. 3, 12 and 24) G-6-PD from normal and a 
mutant subjects. Two bands were frequently present = 
in the preparations of the leucocyte enzyme, both foroo 
male and female normal and mutant subjects. The | 
faster moving band is more intensively stained and results 
from G-6-PD activity, while the slower one is much less. 
apparent and can be attributed to 6-P-GD. We were able __ 
to show that this slower band was in fact 6-P-GD and not. 
a G-6-PD isoenzyme in the following ways: (1) The colour. 
was developed in the usual manner, the slice was ther 
carefully washed and the blue tetrazole stain develope 
in the presence of 6-phosphogluconate as substrate. The 
new stain appeared in the same band as the slower com 
ponent and gave added intensity to the latter. (2) Wher 
two symmetrical gel slices were separately stained. fo 
G-6-PD and for 6-P-GD, there was a perfect col 
pondence between the 6-P-GD band and the a 
band which appeared in the G-6-PD slice. oe 
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= electrophoretic mobility. 
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stre ic behaviour and activity of the eryth- 
'ocyte and leucocyte from twenty-nine subjects 
ph okak in Table 1. The results can be summarized 
as follows: 


Doe subjects from the three Sardinian families showed 

y similar behaviour in the hemizygote subjects 

e e 3, 4, 5, 6, 7, 11, 12 and 20) and in the homo- 
zygotes (case No. 2), with the complete erythrocyte 
defect and with leucocyte G-6-PD markedly diminished 
(the activity was about 50 per cent of that of the controls) 
and altered in its electrophoretic behaviour (the rate of 
flow was slower). In the female heterozygotes (case Nos. 
9, 10, 16 and 19), the erythrocyte G-6-PD showed a lowered 
activity and a slower electrophoretic mobility, while the 
leucocyte enzyme was normal. Case No. 17 could be 
classified as an abnormal homozygote and was of special 
interest because of its features: it exhibited a very low, 
but still detectable, level of activity and we were able to 
demonstrate (by the activity level and the electrophoretic 
run) the defect both in the red and in the white blood cells. 
Our results clearly indicate that in the Sardinian mutant 
subjects the leucocyte enzyme defect has an unusual 
genetic trait and this was also the case for the erythrocyte 


enzyme. 

(2) The north Italian family can be considered an 
interesting variant. As a matter of fact, both in the male 
(case No. 24) and in the female mutants (case Nos. 23 
and 26) the erythrocyte enzyme shows an intermediate 
activity and normal electrophoretic behaviour. The 
has a normal activity but slower 
It is also different from what 
has been described for the Barbieri family*, and for some 
intermediate Greek'*, German and Irish* mutant subjects. 

(3) The only alteration which we could detect in the 
Sicilian family was the markedly slower electrophoretic 
migration of the leucocyte G-6-PD. It is apparent from 
the anamnesis that both the mother and a son had had 





N, F, F, F; 
ie su cocytes G-6-PD 
Ja paroh gol bani mah o eg ts. ay The leucocyte enzyme: 
Decal Ferale to cane Nos, 0 and 16. gr etai hr Lbr mt phg N alee to 


Adani aeia 
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et AOSE MAYIS EL MopBmITY or G-6-PD FROM 
main Lzvcooress or Noat AND MUTANT SUBJROTS 


A A oroen 
Case Subject seer 


No. ae oh phoresis t a Se eee 








Normal 15212 100 132-6 11-8 yer 
L. family (Sardinian) 
1) Pietro father 14-6 1 140:3 100 
2) Assunta mother N.D.t - 745 92 
3 Aldo son ” = 62-9 87 
4) Carlo son vs - 70-8 91 
5) Pino son a = “0 90 
Michele son in -= 51-7 a3 
Piero son - 64-2 88 
Lina daughter 13-8 100 151-4 100 
(9) Natalia daughter 73 69 129-3 100 
10) Maria ter 70 78 138-5 100 
11) Ignazio son of Maris N.D.t - 52-6 93 
T. family (Sardinian) 
12) Mario father N.D.¢ = 71-2 89 
13) Irene mother 15-0 100 132-4 100 
14) Pino son 13-8 100 116-5 100 
15) Anna daughter 14-7 100 141-6 100 
6) Rosa daugh 7-2 71 122-8 100 
17) M. Teresa danghter 2-2 77 763 90 
B. ( inian) 
18) Luigi father 15-6 100 147-6 100 
19) Clara 7-2 81 131-4 100 
20) Andrea son N.D.t 62-3 91 
21) Paolo son 140 100 125-8 100 
B. family (north Italy) 
22) Carlo father 13-8 100 153-0 100 
23) Maria mother 5-0 100 134-6 91 
24) Alberto son 8-2 100 143-2 81 
25) Giovanni Carlo’sfather 15-8 100 118:4 100 
26) Assunta Maria's mother 6°38 100 130-6 78 
P. (Sicily) 
o father 16:1 100 137-4 100 
28) Amalia mother 13:8 100 141-0 77 
29) Placido 13-5 100 132-5 76 
*A unit of activity of G-6-PD is defined as the amount of re- 
quired to give ir o ey 5 OS my Se The 
tyds referred to 1 g of haemoglobin and that for 


related to case N 24 and 
ALONE panied Guth ot various DOAR 
t Not detec 


haemolytic episodes “ollowing the ingestion of peas and 
drugs. 

These results suggest a heterogeneity of G-6-PD de- 
ficiency in various Mediterranean ethnic groups and offer 
some evidence for a definite alteration in the electro- 
phoretic pattern of tae leucocyte G-6-PD from sensitive 


subjects. 
This study was ported by a grant from the U.S. 
National Institutes of Health. 


We thank Dr. Paul Marks, ent of Medicine, 
Columbia University, New York, for his kind suggestions 
and for help in the preparation of this communication. 
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also the adjacent and abdominal muscles. 
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Ehrlich Ascites Tumour and by Sarcoma 
S-180 BALB 


ACKERMAN?!? reported a selective incorporation of 
-iodine-131-labelled atabrine by lung and subcutaneous 
~ Novikoff hepatoma and Walker carcinosarcoma-256 
_ tumours. In order to provide more information concerning 
the usefulness of this labelled compound for the localization 
- and diagnosis of malignant tumours, we investigated its 
uptake by Ehrlich ascites tumours and sarcoma S-180 
BALB. 

A group of BALB mice was inoculated with Ehrlich 
ascites tumour cells. Eight days later they were injected 
subcutaneously with 10 ue. of iodine-131-labelled atabrine 
(specific activity, 0-12 me./mg)*. Groups consisting of 
five animals each were killed 1, 2 and 5 days after the 
‘Injection. The intraperitoneal exudate was immediately 
withdrawn with a syringe and centrifuged at 3,000 
- 3pam. for 15 min. Both centrifugates and supernatants 
were counted for radioactivity with a scintillation counter; 
in addition, the radioactivity in the liver, spleen and leg 
muscles was measured. A control group of healthy animals 
injected with the same dose of iodine-131-labelled atabrine 
= was killed at the same time intervals; the intraperitoneal 
eavity was washed with distilled water and the water 
- counted for radioactivity under the same conditions. As 
the experimental group, the radioactivity retained by 


Uptake of lodine-I3I-labelled At b 










-othe liver, spleen and muscles of control animals was 
measured. Table 1 gives values corresponding to the 
Specific activities found (c.p.m./g tissue). 

. A similar injection test was performed on a group of 


five BALB mice with sarcoma S-180 BALB. These 
_ tumours were produced by inoculating tumour-cells 
. 20 days beforehand. The animals were killed 5 days after 
the intraperitoneal injection of the iodine-131-labelled 
oatabrine. The subcutaneous tumours were excised and 
The radio- 
activity was counted in each case (Table 1). 


Table 1. VALUES OF THE SPECIFIC ACTIVITY {C.P.M./G TISSUE) 












we Phage n 1 day 2 days 5 days 
arch ascites tumour 
adine-131-labelled atabrine (injected subcutaneously) 
Cells (centrifugate)* 135 + 87f 1044 19 107 + 71 
pxcidate 
- Liquid (supernatant)* 300 + 215 8i +4 438 119+ 39 
een 332 + 150 3882 + 125 Sl + 35 
Laver 278 +1386 317 +125 263 + 98 
0 Masele 159 + 106 72+ 21 12+ 7 
ntraperitoneal washing* 98 + 15 38 + 21 13 + 16 
een 380 + 265 425 +1 138 + 98 
i 426 + 105 466 + 137 764 + 365 
Mu 112 + 39 98 + 54 68 + 29 
o Sarcoma, 8-180 BALB 
-- Jodine-131-labelled atabrine (injected intraperitoneally) 
Sarcoma Qi + 30 
Muscles (leg) 89+ 44 
Muscles (abdomen) 97 + 39 


* opm. mhl. 
+ Standard deviation. 


The experimental results revealed that the activity 
incorporated by the Ehrlich ascites tumour cells remained 
almost unchanged throughout the experiment; the control 
group showed no significant activity. The pattern of 

uptake and elimination by the liver and spleen was similar 

“in both groups and the observed variations between them 

_ could be related to the influence of increased fluid content 
-im the body of tumour-bearing animals. The most sig- 
nificant finding was the retention of iodine-131-labelled 
_ atabrine by the tumour cells, whereas in the other tissues 
normal and ascitic animals the radioactivity decreases 






-c considerably. The liver, however, is the exception to 


the rule. This organ has previously been shown to be 
responsible for the elimination of this labelled compound 
through the gastrointestinal tract’. 

The sarcoma S-180 BALB showed slightly greater 
activity than the surrounding leg muscles. 


ee NATURE. 







- These findings seem to corroborate the preferential — 
uptake of certain aminoacridine compounds by the _ 
tumour tissue observed by Ackerman. bt ee 

L. J. ANGHILERI*® 0 
Comisién Nacional de Energia Atémica, i 
Buenos Aires, Argentina. 
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Interaction of Poly-2-vinylpyridine-l-oxide 

with Silicic Acid ae 
TuE ability of poly-2-vinylpyridine-l-oxide (P204) tò 
prevent the pathogenic action of quartz particles in the — 
lungs of experimental animals and the cytotoxie effect in oe 
cell cultures has been repeatedly demonstrated’. Its _ 
mode of action is uncertain. Apparently it does not act 
by coating the particles because it is more effective if the 
P204 is added to the culture or is injected intraperitoneal 
into the animal than if the dust is pre-treated with it. 
Weiss and Harvey? suggested that P204 may be oxidized 
in the tissues to poly-2-vinyl-6-hydroxypyridine-1l-oxide — 
which might interact with silicic acid formed by dissolution 
of the quartz. They demonstrated that stable cationic ` 
silicon complexes are formed between 2-hydroxypyridine- _. 
l-oxide and orthosilicie acid. We have found that inter- 
action occurs between poly-2-vinylpyridine-1l-oxide itself — 
and silicic acid by hydrogen bond formation. 
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Fig. i 


Poly-2-vinylpyridine-l-oxide in chloroform has an 
electronic absorption spectrum with a peak at Amax= 
272-5 my (see Fig. 1 and Table 1). In ethanol this peak is 
shifted to Amax = 268:5 my and there is an additional peak — 
at Amax= 220 my, the latter being obliterated by chloro- 
form. In water P204 gives peaks at 213 my and 260-5 mp. 
These values indicate that polyviny!pyridine oxide forms 
hydrogen bonds with water and with ethanol. When the 
oxide is dissolved in freshly prepared 0-01 M aqueous silicic __ 
acid, the peaks are at 213 my and 259 my. The shift of 
the longer wavelength peak indicates that the oxide _ 
hydrogen bonds more strongly with silicic acid than witk 







Table 1. ABSORPTION SPECTRA OF POLY-2-VINYLPYRIDINE-1-ONIDE <n 


Solvent max Bmax 
(mu) 
Chloroform 272-6 6,436 
Ethyl aleohol 268-5 6,486 
Water 260-5 5,800 
Aqueous silicic acid* 259-0 4,550 


* When the solution stood for 24 h, Amax shifted to 257-0 (¢mas = 4,500) ; 
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water. If this solution is allowed to stand for 24 h, the 
¿peak shifts further to 257 mu. It is probable that this does 
not arise from polymerization of the silicic acid, but from 
unfolding of the polymer chains which makes more groups 
available. If the silicic acid is allowed to stand for 24 h 
before admixture with the polymer, the absorption peak 

is at 259°5 mu. 

It would seem that the action of polyvinylpyridine 
oxide in preventing the pathogenic action of quartz may 
result from the direct action of the polymer itself, without 
its previous oxidation, in mopping up orthosilicic acid as 
it is formed in macrophages. These observations support 
the view that the pathological changes in silicosis are 
initiated by orthosilicie acid resulting from the dissolution 
of silica particles in the cytoplasm of phagocytes. 

l The P204 was prepared by oxidizing polyvinylpyridine 
(Midland Tar Co., Ltd.) with hydrogen peroxide in acetic 
acid. This report results from research sponsored by the 
Asbestosis Research Council. 
P. FE. HOLT 
E. T. NASRALLAH 
. Department of Chemistry, 
=o «University of Reading. 
A Sehlipkéter, H., Jahrbuch 1964 des Ministerprisident des Landes Nord- 
a . rhein Westfalen-Landesamt fiir Forschung, 451 (Westdeustcher Verlag. 
a Weiss, A., and Harvey, D. R., Angew. Chem., Intern. Edit., 3, 698 (1964). 





Some Effects of Certain Naturally Occurring 
- Oestrogens on the Anterior Pituitary Glands 
7 of Rats 


Tue earliest investigations of the effects of oestrogens on 
the cytology of the anterior pituitary gland were made 
using oestrone!-* which was first isolated in crystalline 
-form in 1929. Diethylstilboestrol, a synthetic substance 
with oestrogenic activity, has been used in most of the 
=o more recent work’, In this communication the cyto- 
logical effects of chronic administration of the naturally 
= occurring oestrogens—oestrone, equilenin, 16-epicestriol 
~~ and oestriol—on the anterior pituitary gland of ovariec- 
- tomized rats are compared: the action of the last three has 
not been previously investigated. Measurements of the 
_ DNA content of individual nuclei from pituitary glands 
. of rats treated with the oestrogens and of controls were 
made using Feulgen micro-spectrophotometry. 
Sixty-three female Sprague-Dawley rats were divided 
into seven equal groups. Six groups were ovariectomized 
at 90-100 days of age: one group was maintained as 
ovariectomized controls, a second group was injected 
subcutansously with 1 ml. corn oil daily, and the third, 
fourth, fifth and sixth groups were given daily 0-05 mg 
of oestrone, equilenin, 16-epioestriol and oestriol respec- 
tively, each dissolved in 1 ml. of corn oil. The seventh 
_- group was maintained as intact controls. The rats from 
- groups 3, 4, 5 and 6 were killed at 3, 6 and 14 months 
-after starting oestrogen treatment, together with the 
appropriate controls. The pituitary glands and the uteri 
were weighed. Each pituitary was cut sagittally with 4 
razor blade, just beyond the lateral edge of the posterior 
“lobe. Prints of nuclei were taken on coverslips from the 
cut surface: these were freeze substituted, hydrated 
and then stained under rigorously controlled conditions 
with the Feulgen procedure’. The photometric absorption 




















Total No. 2N* 
Treatment of nuclei No. of Percentage 
measured nuclei of total 
Tntact 31 28 90-3 
Ovariectomized + oil 36 33 91-7 
-= Qvariectomized + oestriol 76T 76 4100 
_ yvariectomized + 16-epicestrioi 103 ł 06 94-1 
 Ovariectomized + equilenin 89t 85 95-4 
 Ovariectomized + oestrone 164} 105 64 
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by single nuclei at &46y. was measured using a Deeley type 
integrating microdensitometer’* and this gave a measure 
of their DNA content in arbitrary units. A search was 
specially made in each print for abnormal nuclei. The 
larger piece of pituitary was fixed either in 10 per cent 
formolsublimate or, more satisfactorily, in a fixative 
containing chrome-slum®. Sections (3u) were cut coronally 
at intervals through each pituitary, and were stained 
with the periodic acid-Schiff (PAS)-trichrome method 
and by a modification of an aldehyde thionin~PAS— 
trichrome method". 

In each case the effects of naturally occurring oestrogens 
were evident after 3 months of treatment and further 
treatment usually resulted only in an accentuation of 
these effects. After ovariectomy the gonadotrophs 
became degranulated, enlarged and vacuolated, having 
the typical appearance of “castration cells’. Treat- 
ment with any of vhe four oestrogens almost suppressed 
this change at 3 and 6 months and in the 14 month group 
no “eastration cells” were seen. In the case of oestrone 
treatment for 3, 5 and 14 months the PAS-positive 
granules of most o7 the gonadotrophs consisted of a few- 
coarse clumps capping the nucleus. With 16-epioestriol 
and equilenin this appearance of the PAS-positive granules 
was manifest at 14 months, and with oestriol, although thè. 


“castration cell’? vacuoles were absent the gonadotrophs 


were very abundant and appeared normal with well 
granulated cytoplasm at 3, 6 and 14 months. 


Table 1. Prrorrany GLAND WEIGHT (4G) OF OVARIECTOMIZED RATS 
TREATED WEITH OESTROGENS AND OF CONTROLS 

Pituitary gland wt.* (mg) at 

Treatment 3 months 6 months 14 months... 

Intact 15-2 14-4 re 
Ovariectomized 13-5 155 12-5. 
Ovariectomized + oil 14-7 14-8 16-0 
Ovariectomized + oestriol 140 20-6 182. 
Ovariectomized + 16-epioestriol 159 17:9 25-0 

Ovariectomized + equilenm 15-1 23-0 -l 
Ovariectomized + oestrone 19-5 24-2 $2-3 
{range 3G 2e 

176) 


* Bach valne is the meen for three animals. 


Oestrone inducec so massive an increase in the number 
of acidophils that she glands assumed an abnormal and 
tumorous macroscepic appearance after 14 months of 
treatment. The weight of the pituitaries was greatly 
increased in rats treated with oestrone (Table 1). In areas 
of acidophil proliferation the cells had enlarged nuclei with 
an “empty” appeerance, the chromatin forming a rim 
against the nuclear membrane; there was a large central 
nucleolus. During the normal oestrous cycle there is an 
increase in the number of mitotic figures in the acidophils at 
oestrus when increesed levels of oestrogen are produced, 
We found that only pituitaries treated with oestrone 
had abundant mitetic figures in the acidophils. Table 2 
shows the distribution of nuclei from 14-month treated 


rats according to their content of DNA measured in... 


arbitrary units with the microspectrophotometer. . Only 


oestrone treatment had the effect of greatly increasing ee 


the proportion of nuclei with amount: of DNA greater: 
than that of diploid nuclei (2N); some nuclei had amounts. — 
greater than that at the tetraploid mode (4N). In equilenin © 

and 16-epicestriol ~reated rats, in intact controls, and in 
ovariectomized controls given oil, there were a few nuclei 
with DNA conterts above the diploid amount. No 
nuclei with more ENA than the diploid amount could be 


Table 2. DISTRIBUTION OF NUCLEI FROM 14-MONTH TREATED RATS ACCORDING TO THEIR CONTENT OF DNA MEASURED IN ARBITRARY UNITS 


DNA väe 







Between 2N and iN 4N More than 4¥ 

No. of Percentage No. of Percentage No. of Percentage 
nuclei of total _ nuclei of total nuclei of total 

aa gs Gy Sse Ears. 

PA 55 i PAST ere eens 

i 49 aes ae 

1 2-3 j 1-1 

18 7 12 73 












Table 3. UTERUS WENEH? (MG ARIECTOMIZED RATS 

a ONSPROGENS AND OF CONTROLS 0 

| Uterus wt.* (me).at 

Treatment $ months 6 months 14 months 
Intech ç 646 500 gp 
Ovarlectomized 131 117 135 
Ovarieetomized + oil 124 129 226 
Ovariectomized + oestriol 640 477 718 
Ovariectomized + 16-epioestriol 501 404 G28 
Ovariectomized +equilenin 506 616 = 
Ovariectomized + oestrone 705 561 764 


a Hach value is the mean for three animals. 


found with oestriol treatment. Treatment with each of 
the oestrogens resulted in the maintenance of the weight 
of the uteri, which was greatly reduced by ovariectomy 
and by ovariectomy with corn oil (Table 3). 

Under the conditions of our experiment only oestrone 
treatment induced (1) a great increase in the numbers of 
acidophils, (2) the presence of numerous mitotie figures 
| the- acidophils, (3) the presence of abundant nuclei 
contents of DNA greater than the normal presumed 
id amount (2N) and even exceeding the tetraploid 

mount, and (4) a great increase in the weight of the 
itary gland. The presence of many mitotic figures 
“many nuclei with a DNA content between the 2N 
and 4N amounts in the oestrone treated rats indicates 
that the latter are probably interphase nuclei which are 
synthesizing DNA in preparation for cell division. The 
occurrence of relatively numerous nuclei with contents 
_ Of DNA well above the 4N value suggests that the increase 
| e number of acidophils is not due to a continuous, 
otherwise normal, stimulation by oestrogen as 
gested by Clifton and Meyer, but that the cells are 
normally stimulated by oestrone treatment, and that 























some of them have assumed characteristics usually 
possessed only by malignant cells. 

_ AL four of the naturally occurring oestrogens showed 
oestrogenic activity by preventing the development of 


stration cells” in the pituitary gland after ovariectomy ; 
me was the most effective and oestriol the least. 
rand Fieser™“, however, report that the oestrogenic 
cy of oestrogens administered subcutaneously as 
mined by “bioassay in rats” is such that oestrone is 
er than oestriol and oestriol is greater than equilenin ; 













by oral administration oestriol is more active than 
Gestrone. Furthermore, Loraine et al found that 


-L6-epioestriol is less active than oestriol when assessed 
by the Allen and Doisy?! vaginal smear test. In our 
experiment all the oestrogens maintained the weight 
of the uteri which fell drastically after ovariectomy 
(Table 3). _ Lauson et al., however, found that in assays 
based on increase in uterine weight in intact immature 
rats oestriol is more potent than oestrone”. 

We thank the British Empire Cancer Campaign for 
Research for financial support and Dr. G. F. Marrian for 
the supply of oestrogens. 
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Effect of Thorazine (Chlorpromazine) on 
i Collagen Metabolism a 
Ix the course of an investigation of the effeet of partial 
body X-irradiation on collagen metabolism we used 
thorazine (chlorpromazine) as an aid in immobilizing 
rats'. We found quite unexpectedly that the incorporation 
of ecarbon-l4-labelled amino-acids into collagen was 
markedly suppressed during the first month, and con- 
siderably enhanced 2-4 months after the injection of the _ 
drugs. The effect of thorazine on collagen metabolism 
was observed in all tissues, but was most pronounced in. =- 
bone collagen. Because of the involvement of bone — 
collagen, we feel that our findings should be brought to = 
the attention of clinicians who may be treating fracture 
cases with, among other drugs, thorazine, a drug whieh 
may impair the healing process. | eo 
Granulomata were induced in rats by implanting _ 
polyethylene sponges in the flanks of 50 day old Sprague= 
Dawley rats, by a method similar to that described by- 
Boucek and Noble?. The sponges were collected after. 
7 days, sliced, and incubated with constant shaking in. 
5 ml. of Puck’s medium N-16 containing 0°39 pe jml. ofo: 
2-carbon-14-glycine and 5 per cent newborn calf serum = 
in an atmosphere of 95 per cent oxygen and 5 per cent 
carbon dioxide. After the incubation was over, total - 
collagen was extracted from the sponges using boiling _ 
water and the collagen thus extracted was purified by- 
precipitation with trichloroacetic acid and acetone. 
‘The purified material was dissolved in 2-0 ml. of water 
and a 0-1 ml. portion plated on planchets for counting im 
a windowless gas-flow counting system. Another portion 
was used for the spectrophotometric determination of the 
collagen content at 280 mu using a solution of commercial 
gelatin as a standard. In order to correct for differences 
in the cellularity of different granulomata, the specific 
activity of collagen (c.p.m./mg) was normalized on the 
basis of the DNA content of the sponge, determined by 
the method of Webb and Levy‘. : 
Two types of experiments were carried out with the. 
in vitro system described: (1) incubation of granulomata 
removed from granuloma-bearing rats injected intra- 
museularly 1, 24, 48 and 72 h earlier with 3-75 mg thorazine . 
per 100 g body-weight (Table 1) and (2) incubation of 
granulomata from uninjected rats after addition of various 
amounts of thorazine to the incubation mixture (Table 2). _. 
The data shown in Table 1 indicate that there is a- 
significant increase in carbon-14 incorporation 72 h after 
the injection of thorazine. In addition, there appeared to. 
be a slight depression of isotope incorporation 24 and 48 h. 
after the drug was injected, which manifested itself after 
3 h of incubation, although this is not highly significant. 
The increase in isotope incorporation on the third day 
after injection resembles changes seen in the intact animal 
long after thorazine injection. At present we cannot 
















‘Table t. EFFRCT or INJECTION oF THORAZINE ON THE in viro SYNTHESIS OF 


COLLAGEN 
Time after injection Incubation time {h) , 
of thorazine 2 a 
(h) 
1 183 495 78S 
| 195 480 
24 228 246 378 
286 ace ae 
4R 254 44 H4 
ý 311 328 5RS 
72 455 960 1,590 
545 ad He 
ininjecte 296 452 oe 
i ae (270-324) (282-642)  (650-1,185) 








The figures in columns 2-4 represent carbon-14 activities expressed as.. 
GA anne of collagen per wg of DNA per g dry weight. With the exception 
of the control values, each activity value represents the result obtained with 
two granulomata from one animal, the granulomata having been incubated 
separately, but then combined for the isolation of collagen. In the. ease of 
the uninjected contro! rats the single, centred figures in columns 2-4 represen 
average carbon-14 activities of collagen obtained from ex riments with 
four rats, each bearing two granulomata. As in the case of the thorazine 
injected tats, the granulomata were incubated separately and then combined 
for isolation of collagen. The figures in parentheses represent the ranges 


values obtained. 













RAZINE TO THE INCUBATION 
= Carbon-14 activity 


1,252 + 500* 
2,372 + 800 
1,590 + 600 
1,443 + 200 
, 835 + 150 
= = 425 + 170 
: - egbon:14 ati jation (based on three separate experiments). o 
: explain this change in collagen metabolism due to the 
- injection of thorazine. 
_.. The results shown in Table 2 demonstrate that thorazine, 
“when supplied in sufficiently high doses (2,500 pg), has a 
pronounced inhibitory effect on the incorporation of 
- earbon-14-glycine into collagen. There is no clear evidence 
at any time of an in vitro stimulation of the incorporation 
~of labelled glycine into collagen by thorazine, as seen in 
the in vive experiments. It is not possible to compare the 
drug concentrations prevailing in these in vitro experi- 
- ments with the level of thorazine present in the granulomata 
after injection of thorazine, since we did not investigate 
~ the distribution of the drug in the injected rats. If one 
sumes a random distribution of the drug in the rat, there 
ld be approximately 2 ug in the granuloma, a level 
siderably below that achieved at the lowest con- 
ration of thorazine in the in vitro experiments. Since 
ihe stimulation of the incorporation of carbon-14-glycine 
to collagen after injection of the drug was not observed 
til the third day after the injection, it is conceivable 
; the effect of thorazine on collagen metabolism is 
< secondary to some other effect of the drug, perhaps 
on the endocrines, such as on pituitary’ or adrenal 
ands*. 
=e Fbis work was supported in part by a research grant 
_ from the National Cancer Institute, National Institutes of 
Health, U.S. Public Health Service, and in part under a 
. contract with the U.S. Atomic Energy Commission at the 
~ University of Rochester Atomie Energy Project. 
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PHARMACOLOGY 


a _ Effects of Actinomycin D and Puromycin 
on Chromosomes of Cultured Human 
Leucocytes 


OTINOMYCIN D is a potent antibiotic with cytotoxic 
roperties in tissue cultures!~* which has been used in the 
eatment of human neoplasms*-*, The action of actino- 
ein may depend on its capacity to bind with DNA, 
us inhibiting RNA synthesis. It has also been sug- 
gested that it is the synthesis of the DNA-primed RNA 
hich is inhibited**. Puromycin, also an antibiotic, is 
eved to inhibit protein synthesis in a wide variety of 
ganisms and tissues by causing premature release of 
plete... polypeptide chains from the ribosomal 
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The purpose of the experiment “dedoribed. here was. too a 
investigate the comparative effects of actinomycin D and. 7 
puromycin on mitotse activity and chromosome. morph- oe 
ology in cultured human leucocytes. Venous blood: was o 
drawn from healthy adult donors, and a modified version 
of the Moorhead technique for leucocyte culture was — 
used. The blood samoles were divided into 5 ml. amounts, _ 
to which 0-05 ml. of phytohaemagglutinin (Difco, form _ 
M) was added to facilitate the agglutination of red cells. 
The plasma obtained from 5 ml. of blood was pipetted 
into 5 ml. of synthetic tissue culture medium. (TC 199, | 
Difco) containing 905 ml. of phytohaemagglu nin. — 
Graded concentrations of actinomycin D and puromycin _ 
dihydrochloride were added to separate cultures. ae 
antibiotic was dissclved in TC 199 in the follo. 
gradation of concentrations: 0-01, 0-05, 0-1, 1-0, 2: 
and 3-0 ug/ml. The actinomycin D was obtained: 8 
The puromycin had to be passed through a Swinn 
because the commercial preparation was not steril o 
drops of colchicine +1-0 x 10-* M) were added to “oh oe 
culture 4h before collection. The cells were fixed in gl awe 
acetic acid : methanal (1:3). Slides were flamed over an — 
alcohol lamp and stained with Giemsa. Metaphases were z 
examined for abnormalities in cultures ranging from low 
to high antibiotic concentrations. The mitotic index: was _ 
determined by counting the number of metaphases ‘ ae 
1,000 cells. A 
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Fig. 1. Plot of incidence of metaphase against time for ice a . s : 
exposed to 0-02 ug/ml. seule 2 4 (©), and 3-0 ug/ml. puromyeln, ae 


There was complete inhibition of mitotic activity. a ia 
cultures containing more than 0-02 ug/ml. of actinomyci ses 
D. The first noticeable effect after administering increasi 
amounts of the antibiotic to the cultures was a decrease in. 
the mitotic index. It was not possible to analyse twenty- 
five metaphases in those cultures with more than 0-015 yg- 
per ml. because very few metaphases were found in the i 
higher concentrations. s 

No metaphases were found iñ cultures containing more 
than 3-0 ug/ml. of puromycin. Twenty-five metaphases. a 
were examined in the cultures containing 0-01, 0-05, CL 
1:0 and 2-0 pg/ml. of puromycin. Less than twenty-five ` 
metaphases were found in the cultures of 2-5 and 3-0 yg 
per ml., and so fewer than twenty-five were analysed. 

Fewer cells were found in the cultures containing 
higher concentrations of puromycin and actinomycir 
These cells tended tø be in clusters, and some of ¢ 
had a granular appesrance. This may have been due to > 
a toxic action on the leucocytes by both antibioties. No — 
morphological alteretions of the chromosomes were 
observed, such as bre aks, or the translocation-like ross- 
configurations produced in leucocyte cultures with mito- 
mycin C (ref. 21). 
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.. To-study the effects of 0-02 ug/ml. actinomycin D on 
E ups for varying periods of exposure up to 72 h, 
the appropriate amount of antibiotic was added 72, 48, 
24, 16 and 4 h before collecting the cells. The same pro- 
cedure was followed using 3-0 ug/ml. of puromycin. The 
results are shown in Fig. 1. Inhibition of all mitotic 
activity was most evident after the antibiotics had been 
in the eulture for more than 24 h. No metaphases were 
_ found in the cultures exposed to the antibiotics for 48 or 
“more hours. 
The actinomycin D used in this experiment was obtained 
“from Merck, Sharp and Dohme, Rahway, New Jersey; the 
oe from Nutritional Biochemical Corp., Cleveland, 
Ohio. 

This work was supported in part by a research grant 
from the U.S. Public Health Service and a training grant 
from the National Institute of Arthritis and Metabolic 
Diseases. 

-© We thank Robert J. Schlegel and Patricia Lewezak 
Í for helpful suggestions. 
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4-Cyano-2-iodo-6-nitrophenol: a New 


Fasciolicide 


AR some drugs are effective against the adult liver 
fluke Fasciola hepatica in sheep and cattle, none is yet 
available that provides adequate control of the immature 
fluke at a tolerated dose fate. 

= For several years we have sought novel fasciolicides'. 
An interesting level of activity against the mature fluke 
found for the known anthelmintic 2,6-di-iodo-4-nitro- 
phenol (disophenol) (1)? led us to synthesize and test a 
wide range of substituted phenols and their derivatives: 


OH OH 
I I I NO, 
: \ 
“a 
NO, CN 
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One of these, EEN E i 
thesized by Mr. D. R. Broad) (M& B 10,755) (I 
showed high activity against both the adult and immat © 
flukes and was selected for fuller evaluation’. 2 
‘Mé& B 10,755’ is a yellow, almost odourless, crystal 
line solid, m.p. 137°--138° C. It is sparingly soluble in > 
water, but moderately soluble in most common organie 
solvents. The phenol is a fairly strong acid (pKa 285 in 
water) and forms stable salts with inorganic and organie- 
bases. The N-methylglucamine salt (Mé& B 10, T55A*) 
is a yellow solid, which is freely soluble in water (65-70 per 
cont w/v at room temperature) giving a substantially 
neutral yellow solution. a 
The acute toxicity of ‘M & B 10,755’ in experimentally a 
infected (Fasciola hepatica) rabbits, sheep and calves: 
(Table 1) was established by oral dosing with a suspension © 
of ‘M& B 10,755’ in tap water, and subcutaneous or 
intramuscular injection of a 57 per cent w/v aqueous 
solution of the N-methylglucamine salt, ‘M & B 10,7554", | 
containing 34 per cent w/v ‘M& B 10,755’. Deaths 
resulting from toxicity occurred within 24 h of dosing. 
In the surviving sheep treated with 40 mg/kg, panting, 
respiration and increased body temperature were recorded... 
A transient local reaction followed treatment by injection 
and in some of the sheep and calves treated at doses- 
above 20 mg/kg a sterile local reaction was found at the — 
injection site. The results in breeding sheep treated ever 
28 days with 20 or 10 mg/kg by subcutaneous imjectior 
starting before tupping, showed no adverse effeet on- 
oestrus or reproduction. 






Table 1, ACUTE ORAL AND PARENTERAL MAXIMUM TOLERATED DOSE OF 
‘M & B 10,755’ IN RABBITS, SHEEP AND CALVES AND THE MINIMUM EFFECTIVE. 
DOSE AGAINST MATURE Fascicla hepatica ae 


Minimum effective dose ; 


Maximum tolerated dose against the mature 





Experimental (mg/kg) F. hepatica (mg/kg) - 
host Subcutaneous/ Subcutaneous/ = 
Oral intramuscular Oral intramuscular l 
Rabbit 100 70 19 -10 
Sheep 75 40 50 8 
Calf 75 40 50 8 








In activity tests against mature Fasciola hepatica in = 
rabbits, sheep and calves the compound was administered 
by oral dosing or parenterally, and the results (Table H 
show that in sheep and calves the compound is more- 
potent by the latter route. à 

Dosing by the subcutaneous route was selected for- 
testing against parasites of different ages. Sheep and 
calves experimentally infected with a single dose of 30 
metacereariae produced from a laboratory-maintain 
strain of Limnaea truncatula were treated after 4, 6, 8 
10 weeks. The effect of treatment was assessed by countin 
the number of mature and immature flukes found in the- 
liver, bile ducts and gall bladder at post-mortem exam- 
ination carried out 12 to 14 weeks post-infection. The 
results are summarized in Table 2. These show that 
treatment with ‘M & B 10,755’ at 20 or 34 mg/kg body- _ 
weight as early as 4 weeks after infection produced a _ 
reduction in the number of flukes, and after 6 weeks» 
20 mg/kg eliminated the infection in the sheep. Against — 














Table 2. RESULTS OF THE TREATMENT WITH ‘M & B 10,755 oF 4-, 6-, 8- AND. 
10-WEEK OLD Fasciola hepatica INFECTIONS IN I EXPERIMENTALLY INFECTED a 
SHEEP AND CALVES 


Thterval Sheep Calves 
(weeks) Dose Mean 
between (me/kg) No.of Percen- Mean Percen- ~ 
infesta- of No. para- tage of No. No. of tage of... 
tionand ‘M&B treated sitesre- Reduce- treated parae reduc- 
treatment 10,750 * covered tion sites tion > 
4 34 5 12°2 88 . 
20 6 $2 68-5 3 20 76 
6 20 5 0 100 3 9 8 S 
10 5 29-2 70 
8 10 5 8-8 $6 4 6 98 
10 10 $ 0 106 3 0 100 
4 36 64 3 20-7 7 
Untreated 15 101-5 — 7 Ge) = 





* Administered by subcutaneous injection using a 57 per cent w/v solute i 
of "M& B 10,7554 (34 per cent w/v ‘M & B 16,755’). ees 
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the 10 week old infection the effective dose in both species 
Of animal was between 5 and 10 mg/kg body weight. 
These data suggest that routine treatment with ‘M & B 
~ 10,755° may prevent the acute disease as well as effectively 
© control the chronic disease, produced by the mature (older 
than 8 weeks) fluke. 
Field experiments, further to investigate the potential 
of the compound in the control of fascioliasis in ruminants, 
are in progress. 
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Citrinin—a Fungistatic Antibiotic and 
Narrowing Factor 


_ Dvurine growth, fungi produce substances which have 
_. morphogenetic effects when applied to apices of actively 
growing hyphae. Factors which induce vacuolation, 
~ branching and other effects have been described!. The 
_ application of drops of culture filtrates to the margins of 
_ fungal colonies growing on agar is a suitable method for 
_ the demonstration of these morphogenetic factors, owing 
-to the fact that developmental and ageing effects are most 
= readily detected in this juvenile region. During a survey 
_ of culture filtrates from a large number of fungi which 
= were being tested in this manner, one of the culture 

filtrates produced in the tips of the test fungus an abrupt 
_ and immediate change such that the subsequent growth 
Of the axis was of considerably smaller diameter. The 
- effect persisted after the treatment for more than 1 h 

and was followed by a gradual recovery until after 1-5-2 h 
., the apex was again producing a hyphal tube of about the 
- Original diameter. No cytoplasmic change was evident in 
. the treated tips. Branching was occasionally induced near 
.. the point of abrupt narrowing but was not invariably 
associated with the effect. The phenomenon of narrowing 
s of particular interest in relation to morphogenesis of 
she fungal colony as characteristically those hyphae pro- 




















duced behind the margin in the still developing but older 
- regions of the colony are narrower than those at the 
_ extending margins. An understanding of the mechanism 
of hyphal narrowing could enlarge our knowledge of the 
process of ageing in fungi, and could also provide informa- 
_ tion helpful in elucidating the normal processes of hyphal 
- extension growth. 
The culture filtrate effective in producing narrowing in 
his survey was found to have become unintentionally 
ontaminated with a species of Penicillium. Filtrates 
ym pure cultures of this fungus produced the same 
ffect, whereas those of the intended inoculum did not. 
After further investigation of the narrowing factor, the 
ontaminant was identified on morphological criteria as 
P. citrinum Thom. This identification was later supported 
xy an antibacterial spectrum test?. Before the morpho- 
ogical identification of the producer fungus the narrowing 
actor was isolated as a yellow erystalline compound. 
This later proved to be citrinin. P. citrinum, IMI 24307, 
obtained from the Commonwealth Mycological 
stitute Culture Collection, Kew, Surrey, and when 
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grown under conditiors similar to those used for the Belfast 
strain it gave a similar narrowing effect and similar 
yields of citrinin. 

In most of our studies the fungus was cultured in a 
liquid medium containing 7-0 g glucose; 0-5 g MgSO,.7H,O; 
0-2 g potassium dihycrogen phosphate; 0-1 g ammonium 
nitrate; distilled water to 11. Then 100 ml. quantities in 
500 ml. flasks were inoculated and incubated under static 
conditions. As measured by our biological assay of narrow- 
ing, best yields of the factor were obtained at 30° C after 
seven or more days. The yields of citrinin under these 
conditions were much lower than those reported by 
Hetherington and Raistrick* under their conditions. These 
workers were able te precipitate citrinin directly frora 
their culture filtrates by adding concentrated hydrochloric 
acid, and they obtained yields of 1-5-2-0 g/l. Acidification 
of our culture filtrates gave no detectable precipitatior.. 
We first obtained citzinin by acidification of the culture 
filtrate and extraction with diethyl ether. The ethereal 
layer was separated, concentrated and extracted with a 
saturated solution of sodium bicarbonate. The sodium 
bicarbonate phase was acidified and extracted with ether. 
The ethereal phase centained the narrowing factor, and 
after removal of the ether by evaporation the solid 
residues were dissolved in hot ethanol and the long yellow 
needles allowed to crystallize out at low temperature. 
These crystals in aqueous solution were active in causing 
narrowing at a concentration of 1-2 p.p.m. At high cor- 
centrations the hyphae were killed. After characterization 
of the narrowing factor a simpler isolation method wes 
adopted whereby the reduced volume of the initial acidic 
ether extract was shaxen with a small volume of a satur- 
ated solution of sodium bicarbonate. On acidification cf 


the aqueous phase, the solution became so saturated with _ 


citrinin as to result in a heavy precipitation of micre- 
crystals. These were filtered, washed, dried and recrys- 
tallized from ethanol. The crystals obtained in this way 
from the Belfast strain of P. citrinum melted at 166°- 
168° C with obvious decomposition. Analysis of the 


carbon and hydroger. content closely agreed with that _ 


reported for citrinin®. Further proof of identification 
was afforded by infra-red and nuclear magnetic resonance 
spectra. The infra-red spectrum agreed with that pub- 
lished for citrinin by Kováč et al.‘. 

The standard test fungus used in our survey and in 
subsequent investigateons of citrinin as a narrowing factor 
was Aspergillus niger v. Tiegh. grown as previously 
described’. Other funzi tested in the same way and found 
to respond to citrinin solution by narrowing were Pythium 
mamillatum, P. proliferum, P. ultimum, Phytophthora 
parasitica, Absidia glauca, Mortierella sp., Mucor hiemalia, 
M. plumbeus, Rhizopus stolonifer, Neocosmospora vasinfecte, 
Neurospora crassa, Serdaria fimicola, Trichoderma viride 
and Armillaria meilec. as well as the producer strain cf 
Penicillium citrinum. Thus representatives of each majer 
group of the fungi show the response, as does the organism 
which produced the factor. The production of citrinin i8 
not confined to P. ciérinuwm. Other producer species are 
P. velutinum®, P. steckii?, P. notatum’, P. lividum, P. 
phaeojanthinelum, P. chrzaszezi, P. implicatum, P. cstreo- 
sulphureum, Aspergillas terreus? and A. candidus™. It is 
not possible at this stage to know what significance 
citrinin might have as a general fungal morphogen as 
there is no record of any search for citrinin in genera 
outside the Aspergilleles. 

In addition to the iavestigation of the action of citrinin 
on hyphal tips we are undertaking a study of its effects 
on the germination of fungal spores. Citrinin has been 
tested in 1-5-50 p.p.m. solutions on sporangiospores cf 
Rhizopus stolonifer. In a concentration of 1-5 p.p.m. tke 
spores germinated mach more slowly than in controls 
and the germ tubes were more branched. However, the 
hyphae were of regular diameter. At concentrations of 
6-25 and 12-5 p.p.m. there was some distortion of growta 
with a very irregular ayphal diameter and a sinuous out- 
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line. There was a tendency for the average germ tube 
length to decrease with an increasing concentration of 
ciirinin. At 25 p.p.m. the spores swelled considerably and 
produced papillae but no germ tubes. There was no 
indication of germination at 50 p.p.m. After a further 
incubation period of 12 days the spore suspensions were 
re-examined, and in solutions of 12-5—50 p.p.m. no further 
development had occurred since the 24 h period. At the 
end of 13 days the spores and germlings were found to 
be still viable and capable of normal growth on transfer 
to a suitable medium. 

Citrinin, which was isolated in 1931 (ref. 3) and first 
described as an antibacterial antibiotic in 1941 (ref. 11), 
has been thoroughly investigated for activity against 
bacteria, and has also been tested against bacteriophage", 
sarcoma tissue, amoebae", paramoecia!®, animal cells?*, 
and higher plant cells’. Considering that it is a fungal 
product it is surprising that it has not been more thoroughly 
investigated in relation to its effects in fungi. The only 
two records which we have been able to find relate to the 
fact that it was found to inhibit the formation of adaptive 
enzymes in the metabolism of phenolic compounds by 
spores of soil fungi?*, and that some plant pathogenic fungi 
show growth inhibition when inoculated to nutrient 
agar containing 500-1,000 p.p.m. citrinin’®. Other fungi 
were little affected, and at concentrations lower than 
500 p.p.m. citrinin had no significant effect on any of the 
fungi. These media containing citrinin, however, appear 
to have been heat sterilized and it is known that citrinin 
is thermolabile. Our own results indicate that for at 
least one fungus the minimum fungistatic concentra- 
tion is of the same order as the published minimum 
inhibitory concentration for Staphylococcus aureus (30-40 
p-p-m.). 

Because of its toxicity to animal tissues, citrinin appears 
to be unsuitable for chemotherapy as applied orally or by 
injection. However, citrinin has been reported to be 
effective as an ointment or powder for surface application 
in skin affections*™®?1, and it may have no adverse effect 
when applied to the cornea or mucous membranes". 
Because many fungal infections of animals are superficial, 
citrinin may have possible applications in the control of 
such diseases. 

We thank the Medical Research Council for supporting 
this work. 


Peter M. ROBINSON 
Davip PARK 
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Enzyme Histochemistry of Developing 
Human Muscle 


THIS communication reports an attempt to establish the 
sequence of events in the process of differentiation of 
developing human muscle into the two types of fibre. 

By histochemical methods it is possible to recognize 
two basic types of muscle fibre in human muscle'-*. It 
was suggested that these fibres be called type I (rich in 
reduced nicotinamide~adenine dinucleotide (NADH)- 
diaphorase and poor in phosphorylase) and type II (rich 
in phosphorylase and poor in NADH~—diaphorase), respec- 
tively. Subsequent authors have shown that type II 
fibres are also rich in mitochondrial «-glycerophosphate 
dehydrogenase* and in myosin ATPase’. 

In an earlier report on developing muscle* it was 
noted that, in the muscle of the newly born infant, as in 
certain newborn animals, the fibres are already fully 
differentiated, as in the adult, into the two basic fibre 
types, which are present in about equal numbers. 

Twenty-one muscle specimens from twelve newly born 
full-term human infants and forty muscles from twenty- 
one newly born premature human infants (with birth 
weight less than 2,500 g) were obtained at autopsy. All 
had died within 48 h of birth. 

Various muscles were dissected from seventeen human 
foetuses, ranging in gestation from 12 to 26 weeks. These 
were obtained mainly from therapeutic abortions, but a 
small number resulted from spontaneous abortions. 

In addition to routine histological stains (haematoxylin 
and eosin, Van Gieson, and periodic acid—Schiff), the 
NADH-diaphorase’, phosphorylase? and myosin adenosine 
triphosphatase’ reactions were carried out, In the new- 
born full-term infants all muscles showed a differentiation 
into two types, as in the mature adult muscle (Fig. 1). 
The newborn premature infants also showed a sub- 
division of the muscles into two fibre types, and, with the 
exception of one infant of 26 weeks gestation (weighing 
840 g), the distribution of the two types of fibre was 
approximately equal. The one exceptional infant had a 
disproportionately large number of type II fibres (poor in 
NADH-diaphorase) and a very small proportion of type I 
fibres. 

Of the seventeen foetuses, five showed a very similar 
pattern. These were the five largest in the series and 
ranged in gestation from approximately 20 weeks to 26 
weeks. In all their skeletal muscles there was a differentia- 
tion into two fibre types, but there was a disproportion 
between the two types. The vast majority belonged to 
type IT and only a small proportion were of type I (Fig. 2). 


“=>. a 
i? tts ts : PG r | 
AIDAS 5 ) 





‘ bA 


D» 


o e 


Fig. 1. Section of quadriceps of full-term new-born infant, (Phosphory- 
lase reaction, x 100) 


AuGusT 20, 1966 





Fig. 2. Section of triceps of human foetus after a) weeks" gestation, 


(NADH -diaphorase reaction. x 1 





Fig. 3. Section of on of human foetus ion 13 weeks" gestation. 
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The proportion of type I fibres ranged from about 3-10 
per cent of the total. These type I fibres were in the 
upper range of fibre diameter. - 
remaining twelve foetuses, ranging in gestation 
from 12 to 18 weeks, did not show this pattern of dif- 
ferentiation. In some of the muscles all the fibres reacted 
uniformly for a particular enzyme system. In others 
there was some variation in enzyme activity of the fibres. 
However, this variation did not follow any consistent 
pattern and frequently clusters of either strongly or 
weakly reacting fibres occurred together (Fig. 3). Despite 
the variation in enzyme activity, these fibres could not be 
correlated enzymatically with the type I and type II 
fibres of mature muscles, as some fibres rich in ATPase 
were also rich in NADH-diaphorase and phosphorylase, 
and conversely. 
Human foetal muscle can thus be divided into three 
phases of development by histochemical enzyme stains. 
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In phase 1, approximately 12-18 weeks’ gestation, there 
may be some variation in enzyme content of different 
fibres but this is not consistent and there is no clear cut 
sub-division into type I and type II fibres. In phase 2, 
approximately 20-26 week’s gestation, there is a clear 
cut sub-division into type I and type II fibres, but type I 
form only a small preportion of the total and are larger in 
diameter. In this phase the type I fibres correspond in 
appearance and distribution to the so-called b fibres 
described by Wohlfert*® in the developing muscle. In 
phase 3, from about 30 weeks’ gestation onwards, there is 
a sub-division into type I and type II fibres, giving a 
checkerboard pattern, as in mature adult muscle, and 
with an approximate equal distribution of the two 
types. 

This work was supported by grants from the Muscular 
Dystrophy Group o° Great Britain and the Sheffield 
University Researeh Fund. I am grateful to Miss Julie 
Franks and Miss Bridgette Warrington for technical 
assistance, and Mr. A. T. Tunstill for the photomicro- 
graphs. 

Victor Dusow1Tz 
Department of Child Health, 
University of Sheffield. 
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Staining and Typing of Langerhans’ Cells 
in the Skin of the Black Guinea-pig 


RECENTLY I described! some cytomorphic forms of the 
epidermal Langerhans’ cells*-* in the black guinea-pig. 
This communication reports a method of classifying these 
cells. 

A saline suspension of the digest of the pure epidermis 
from the ear of the guinea-pig, prepared according to the 
method devised by Shukla, Karkun and Mukerji*, is 
mounted on albuminzed slides and treated with (a) a 
solution of 3,4-dihydrexyphenylalanine (DOPA) according 
to Laidlaw and Blackberg*, (b) Masson-Fontana stain 
for melanin according to Pearse’? and (c) Harris’s haema- 
toxylin and eosin and Mayer’s haem-alum stain for 
nucleus as described by McManus and Mowry’. The 
Langerhans’ cells, one of the constituents of the epidermal 
digest, become stained by this process and can be observ 
under a bright field microscope. The cells i 
five, four, three and two dendritic processes are identified 
and classified as Type I, II, IM and IV, respectively. A 
summary of the characteristic features of each type of 
Langerhans’ cells is g-ven in Table 1. 

The Langerhans’ calls of Types I-IV show a gradual 
reduction in the size, number of dendritic processes and 
the cytoplasmic contents (Figs. 1-12). These cells demon- 
strate a degenerative change in the internal structure. 


Table 1. CHARACTERISTIC FEATURES OF TYPES I-IV LANGERHANS CELLS 


nenon cell types 


Characters examined I Ill IV 
ucleus 
a Shape ti Egg shaped on T soge ke 
Size read x x x 
Co a n Veslouler Vesicular Shrunken Shrunken and crenated 
Stainability with haematoxylin Basophilic Basophilic Deeply basophilic Deeply basophilic 
guant Ample Reduced Thin rim sround nucleus Scanty 
tainability with eosin Slight Slight Weally ponttivo Ponev 
+ + 
Location of melanin Periphery of the body and Dendritic processes Sbsent Absent 
c processes 
DOPA reaction Positive at periphery of the Positive at dendritic Negative Negative 
body and dendritic processes processes 
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Figs. 1-4. Types I-IV Langerhans’ cells after DOPA reaction. It is weakly positive in Type I, weaker in Type Il and negative in 
Types IM and IV 


Figs. 5-8. Types I-IV Langerhans’ cells after Masson-Fontana stain, which demonstrates melanin (m) in the dendritic 


and periphery of the cell in Type I, in the eS gonan in 
ce 


MORRA 
Type II, at the roots of dendritic processes in Type IH. Type 


oes not show melanin granules 


Figs. 9-12, Types I-IV Langerhans’ cells after Mayer's haem-alum stain. The large vesicular nucleus (n) in Type I is gradually reduced 
in size in Types I, II and IV 


The well defined oval, vesicular, basophilic nucleus in 
Type I gradually give way to the triangular form in Type 
OI (Fig. 11) which in turn is transformed to the fusiform 
and deep and diffusely staining nucleus in Type IV 
(Fig. 12). The sparse peripheral melanin in Type I (Fig. 
5) is gradually reduced in quantity in Type II (Fig. 6) 
and Type II (Fig. 7) and becomes obliterated in Type IV 
(Fig. 8). Again, cells of Types I-IV show a progressively 
weak DOPA reaction which indicates that there is a 
gradual regression in their capability to synthesize 
melanin (Figs. 1—4). 

The changes observed in the Langerhans’ cells of 
Types I-IV are reminiscent of the ischaemic degeneration 
of the pyramidal cells of the cortex’, when the cells 
gradually disintegrate and disappear. Billingham and 
Medawar‘ postulated a similar type of degenerative 
extinction for the Langerhans’ cells. The observations 
made here support his view. 

I thank R. K. Saraut for his technical assistance in 
this work. 

Central Drug Research Institute, 
Lucknow, India. 
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Evidence for the Discharge of Cholinesterase 
into Canine Eccrine Sweat 


AN outstanding feature of the eccrine sweat glands in the 
paw of the dog is that pseudo-cholinesterase is abundant 
in their secretory cells'-*. During an earlier investigation? 
it was noticed that the inside of the lumen of the sweat 
ducts in the toe-pads of the dog often gave histochemical 
reaction for pseudo-cholinesterase. This finding led us to 
assume that the cholinesterase in the gland cells might 
be discharged into sweat. The work reported here provides 
evidence in favour of this assumption. 

Thirty-one experiments were performed on seven 
puppies aged 2-10 months and on one adult dog aged 
about 2 years, all of which retained good ability to sweat 
on the foot pads spontaneously as well as in response to 
local application of sudorific agents such as acetylcholine 
or acetyl-6-methyleholine (mecholy}). 

The sweat droplets, which were produced on the toe- 
pads or the central pads either spontaneously or by local 
injection of mecholyl at concentrations of 10-*-10~ g/ml., 
were collected with a fine glass capillary tube under a 
stereomicroscope. Each sample of sweat (about 0-1—0-2 mg) 
was added to 2 ml. of an incubation solution of the type 
used in Gomori’s modification’ of Koelle’s histochemical 
method for cholinesterase*~?. Acetylthiocholine and 
butyrylthiocholine were used as substrate for the enzyme. 
Within half an hour of incubation at 37° C with either 
substrate, the solution exhibited a slight but definite 
white cloudiness, which became increasingly intense as 
the incubation was prolonged. This turbidity was found 
to result from the formation of fine rod-like or needle- 
shaped crystals in the incubation solution. If before 
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incubation eserine salicylate was added to the solution 
at a final concentration of 10 M, no such sedimentation 
was observed, which indicates that this reaction probably 
results from cholinesterase activity in the sweat and that 
the precipitated crystals are copper-thiocholine. 

In another series of experiments, the sweat which was 
secreted spontaneously or by stimulation with mecholyl 
was blotted on to a piece of absorbent paper. After it 
had been dried for a few hours in the refrigerator, the 
paper was treated according to the histochemical tech- 
nique used to demonstrate the presence of cholinesterase 
in tissue sections‘. Following incubation for about 4—5 h 
at 37° C with either acetylthiocholine or butyrylthio- 
choline, the paper was dipped into a solution of 0-2 M 
ammonium sulphide. A marked dark brown colour 
(indicating the production of copper sulphide) developed 
on the paper at the sites where the sweat was absorbed 
(Fig. 1 A and B). Incubation with butyrylthiocholine 
always produced stronger staining than with acetylthio- 
choline, and both reactions were found to be completely 
inhibited by 10-° M eserine salicylate, and further by 
diisopropylfluorophosphate (DFP) at concentrations as 
low as 10-* M. 
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. Staining reaction caused by cholinesterase contained in the 

eccrine sweat. A, The sweat collected with a glass apnay tube 

was absorbed on to a re of blotting paper and incubated with butyryl- 

thiocholine for 4 h., region where sweat was absorbed showed strong 

cholinesterase reaction. B, A piece of smooth-surfaced absorbent paper, 

which had been pressed for about 20 sec to a toe-pad showing profuse 

, was incubated with butyrylthiocholine for 5 h. Note many 

stained dots revealed at the oA varo the sweat droplets were 
absor 


As a control experiment, normal saline was placed on 
the foot pad showing no sweating for a certain period of 
time, and tested in a similar manner to the other experi- 
ments. But neither sedimentation nor staining reaction 
was obtained with either substrate. 
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From these findings it is evident that the eccrine sweat 
from the paw of the dog contains cholinesterase and that 
it is almost exclusively of the pseudo-type, which is 
identical in its properties with the cholinesterase detected 
in the glandular tissuas*. Furthermore, the cholinesterase 
activity in the sweat gland coil was histochemically found 
to be reduced after profuse sweating. All these findings, 
when taken together with the previous observation that 
the lumen of the sweat duct was often plugged with a 
substance reactive for pseudo-cholinesterase®, suggest that 
the intracellular cholinesterase in the canine eccrine sweat 
glands is actually diseharged into the glandular lumen in 
association with the production of sweat. 

In this connexion t will be recalled that the pancreas 
of the dog also characteristically contains pseudo- 
cholinesterase in the alveolar cells and that it is dis- 
charged into the pancreatic juice’. The physiological 
significance of the presence of pseudo-cholinesterase in 
the dog's eccrine sweat glands as well as of its discharge 
into the sweat remains uncertain and requires further 
investigation. 

I thank Prof. M. Wada for his advice in preparing this 
report. I also thamk Hoffmann-La Roche, Inc., for 
generous supplies of acetylthiocholine and butyrylthio- 
choline, and Merck and Co., Ine., for DFP. 
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Enzymatic Activity of L-Glutamic Dehydro- 
genase in Liver Mitochondria of Adult and 
Foetal Rats 


CONSIDERABLE differences in the radioactivity of carbon 
dioxide expired by liver slices of mother and foetal rats, 
after incubation with 1-“C-1L-glutamate, indicated a lower 
enzymatic activity of the 1-glutamic-dehydrogenase 
(GDH) of the foetal kver compared with the adult liver!. 
The low activity of a large number of enzymes in foetal 
organs is known, but the oxidative enzymes generally are 
an exception, and usually show a higher activity in foetal 
than in maternal organs (for a comprehensive survey, 
see ref. 2). An increese in the activity of GDH was ob- 
served during foetal development in the central nervous 
system of pigs and menkeys*. 

We examined livers newly removed from healthy 
gravid rats and their foetuses, from the seventeenth to 
the twenty-second day of pregnancy. The tissue was 
broken down in a glass“Tefion’ homogenizer in ten volumes 
of 0-25 M sucrose, and afterwards centrifuged for 10 min at 
600g. The mitochondrial fraction was obtained from the 
residue by centrifuging twice for 10 min at 10,000g. We 
added one volume pe” cent of “Triton X 100’ to the last 
fraction. Activity was determined by a modification of 
the method of Strecker in a Zeiss spectrophotometer at 
340 nm and 25°C ir the following medium: 2-35 ml. 
0:2 M phosphate buffer, pH 8-3, 0-5 ml. 10-* M nicotin- 
amide-adenine dinucleotide (NAD), 0-1 ml. 10-* M potas- 
sium-L-glutamate and 0-05 ml. mitochondrial suspension. 
Activity was measured in AH,,,/min mg protein, and the 
amount of protein in the mitochondrial suspension was 
determined after Lowry. 
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considerably lower than in the maternal ones; approxi-  earlier!. The activity consisted of groups of cell discharges _ 
-mately similar values were obtained only for the twenty- eee 
second day. The oxidation of L-glutamate is thus inhibited, 
both with GDH and by way of transamination, since a boom Oe ck RE. “at TOC EEEE 
of transaminase activity comparable to that of the A "INEN l CUA ddl ditd iis 
tis reached only at birth. However, this means that — dE BAHWA?! 
glutamate is available for protein synthesis—an TEE 
tant reason for the relative resistance of the foetus 
maternal lack of protein, which has been shown 
mentally’. The low activity of GDH in foetal liver 
ondria accords with the high respiratory quotient 
octal livers", which indicates an almost exclusive 
ation of carbon hydrates. 
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Adrenergic Beta-receptor Blockade and 
5 Anaerobic Metabolism 
; known that adrenaline accelerates glycogenolysis in 
er and in muscles, which leads to an elevation of the 
concentration of blood sugar and blood lactate’. During 
ork (and especially with high work loads) there is a 
ubstantial increase in the concentration of blood lactate, 
yhich is mainly produced in the working muscles*. This 
can in part arise from increased adrenergic activity during 
work. The purpose of the present investigation was to 
test this assumption by means of an adrenergic beta- 
blocking agent. 
~ Yn four eases, the arterial lactate concentration was 
studied at rest, during work and 3 min after work. They 
¿were determined again after oral administration of 15- 
- 20 mg propranolol, an adrenergic beta-receptor blocking : . l 
agent. At rest, the mean lactate concentration was l Pb p 
069 mmole/l. and this remained unchanged after pro- a 
-pranolol. During heavy work, the mean lactate concen- 
tration was 3-00 mmolé/l. and 3 min afterwards was 
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eas 9 
271 mmole/l. Both these figures were lower after ore eek 
ay < propranolol (mean = 2-16 mmole/l. and 1-77 mmole/I., bass: i ie a Cae 
respectively). The decrease was significant (P< 0-01) Fig. 1. A, Generalized thalamic spindle. Rhythmic activity obtained by 
during the blockade for eleven out of the twelve samples. four microelectrodes (1-4), Lb mm apart, placed along a frontal line; and 
u | ° ttha 7-25 mm under the dorsal surface of the thalamus. e Verba 
G Seoms that the effect of adr energic activity on the lines of the upper four traces indicate the spikes in the corresponding 
metabolism, especially during and shortly after muscular microelectrode records. iB Localized thalamic spindle, | Recording as 
aaa, l i a period of rhythmic activity in trace 1 only, followed by 16 
work, is at least to some extent an effect of beta-receptors. <chivity in trace 8 only, ‘The start of a generalized spindle can be see 
CURT FURBERG on the right-hand side. C, Duration of spindle activity recorded from th 
ese a , /UR : same four electrodes asin A and B, plotted as thick horizontal bars. 
Department of Clinical Physiology, lines facilitate: à comparison of the onset andi stop of spindle activity et. 
aaa erie T. be different electrode locations. D, E and F, Three examples of general 
5 niversity of Umea, Sweden. spindles, Time from an arbitrary 0-point along the ordinate, the tt 
$ between successive bursts of spike discharges along the abscissa. 


Goodman, L. S., and Gilman, A., The Pharmacological Basis of Therapeutics trode location given by filled circle in insets. In D, the spindle f 

_ {The Macmillan Company of New York, 1958). is similar in all locations, although the onset varies, In E and 
Best, C, H., and Taylor, N. B., The Physiological Basis of Medical Practice spindle frequency is different at varions electrode locations, and 
<. {The Williams and Wilkins Company, Baltimore, 1955). times alters during the spindle a 
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followed by a positive wave, the sequence repesting itself 
from three to about twenty times (Fig. 1 A and B). 

In most experiments, spindle activity was obtained 
from all electrode tracks, irrespective of their location in 
the thalamus. Contrary to the location of the slow 8-sec 
waves recorded by Morison et al.*, spontaneous thalamic 
spindles occurred more frequently in laterally and ven- 
trally situated nuclei than in more medial and dorsal 

ups. 

Fully developed spindle sequences often occurred in 
one electrode location without any concomitant activity 
at the others (localized spindles, Fig. 1B). They could 
occur at all electrode sites. 

However, rhythmic activity frequently occurred almost 
simultaneously in all four electrode locations (general 
thalamic spindles, Fig. 1A and C). Although an approx- 
imate simultaneity was recorded, the start of the spindles 
obtained by the various electrodes differed from some 
milliseconds to a second (Fig. 1C). In each spindle, the 
particular electrode position in which the rhythmic 
activity first appeared was determined. Such “leading” 
was observed at all thalamic locations, but the tendency 
to lead was greater in the lateral nuclei than in the medial 
ones. Furthermore, the internal spindle frequency and the 
rate of spindle occurrence was often higher in lateral than 
in medial thalamic nuclei (Fig. LD, E and F), and higher 
in ventral than in dorsal locations. Typical spindle activity 
could be recorded from n. ventralis postero-lateralis 
and the peri-cruciate cortex after removal by suction of 
the medial 3 mm of the thalamus. Cell groups, separated 
by 1:2-2 mm, frequently discharged in a phase-locked 
manner, indicating driving of one cell group by the 
other, or of both by a common pacemaker. 

The evidence reported does not support the idea of one 
or more medial thalamic nuclei serving as an indis- 
pensable and common pacemaker area for the rhythmic 
thalamic and cortical 10/sec activity. On the contrary, 
the possibility of rhythmic activity starting from virtually 
all thalamic nuclei leads to a concept of many facultative 
pacemaker areas within the thalamic complex. Given 
certain conditions, rhythmic activity may spread from 
one thalamic nucleus to others by projection axons, 
thus giving a general thalamic spindle which may influence 
much of the cerebral cortex. When rhythmic activity 
remains local, the spindle activity is found in one 
thalamic group and in its restricted cortical projection 
area only. 

This work was sponsored by a U.S. Public Health 
Service grant from the National Institutes of Neuro- 
logical Diseases and Blindness and by the Swedish 
Medical Research Council. 
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Synaptic Delay and Conduction Time in 
Brain during Exposure to Simulated High 
Altitudes 


RELATIVELY few techniques are available for the investi- 
gation of the long-term effects of physiological variables 
on conduction times and synaptic delay in the brain. 
The lateral olfactory tract (LOT) and prepyriform cortex 
provide a system whereby these parameters may be 
measured in rats chronically implanted with electrodes’. 
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Fibres of the LOT synapse with dendrites of the pre- 
pyriform pyramidal cells*. When the LOT is electrically 
stimulated by a singe shock, both the presynaptic LOT 
potential and the postsynaptic prepyriform response may 
be recorded from electrodes placed in the prepyriform 
cortex (Fig. 1). As the LOT potential first approaches 
and then invades the recording area, the adjacent cortex 
acts first as a current source and then as a sink; hence 
the presynaptic potential is biphasic—first positive, then 
negative. The time from stimulus artefact to negative 
crest of the presynaptic potential is a measure of con- 
duction time along the LOT and the time from the 
negative peak to beginning of the prepyriform response 
is a measure of synaptic delay (Fig. 1). 





1 msec 


pod 


s Bee 


Fig. 1. Pre- and post-syuaptic potentials recorded in the prepyriform 
cortex after electrical stimulation of the lateral olfactory tract (LOT). 
The initial low amplitude biphasic (positive-negative) response after the 
stimulus artefact is the potential of the LOT. Only the beginning of the 
prepyritorm response is shown. The time from stimulus artefact to 
negative crest of the LOT potential (a-b) measures conduction time along 
the tract. The time from creat of the LOT potential to beginning of the 
doe pe response (b-c measures synaptic delay between fibres of the 

OT and prepyriform prramidal cells, Latency of the prepyriform 

response is the time from a toc 


The susceptibility of synaptic transmission and con- 
duction rate in the brain to the deleterious effects of 
short-term exposure to high altitudes has been demon- 
strated', but the effeets of exposure for several days have 
not previously been investigated. Therefore, in the present 
experiments, the effeet of exposure for 3 days to simulated 
altitudes of 3,800 m (12,500 ft., 475 mm of mercury 
pressure) and 5,490 m (18,000 ft., 380 mm of mercury 
pressure) on conduction time along the LOT and synaptic 
delay between tract and cortex were investigated in 
twelve rats chronically implanted with electrodes. Control 
pressures were 755 mm of mercury. General procedures 
for implantation of electrodes, electrical stimulation and 
recording, and simulation of high altitudes have been 
described previously’. Electrodes were bipolar (No. 26 
wire, 1 mm tip separetion). Rectangular pulses (0-03 msec 
duration, at twice the threshold intensity—usually 500 
uamps) were delivered to the electrode in the LOT by 
means of a “Tektronix’ pulse generator and stimulus 
isolation unit. Responses were amplified with a ‘Grass’ 
Model P5 alternating current pre-amplifier and were 
photographed with an oscilloscope camera. Experi- 
mentation was begua 1 month after implantation, when 
electrical activity had stabilized. Six different rats were 
exposed to each altitude, 

Pre-exposure control means and standard errors were 
as follows: 0:94 + @-02 msec for conduction time along 










the LOT; 0-60 + 0-01 msec for synaptic delay; and 
54 + 0-04 msec for total latency. During exposure for 
days to either altitude, conduction time, synaptic delay 
“and total arney were significantly (t test, P < 0- T 
prolonged after 2, 24, 48 and 72 h at altitude (Fig. 2). 
greater percentage increase in synaptic delay than nm 
“eonduetion time was observed at both altitudes: synaptie 
delay was increased 24-32 per cent and conduction time 
11-17 per cent at 5,490 m; synaptic delay was increased 
cog. 15-23 per cent and conduction time 5-9 per cent at 

3.800 m. The degree of change in total latency was inter- 
mediate between the changes in synaptic delay and con- 
duction time. None of the indices measured showed any 
improvement with time at altitude; rather, the degree of 
change was slightly greater toward the end of the 3 days. 
After return to sea level pressures, conduction time and 
synaptie delay returned to normal more rapidly after the 
stay at the lower of the two simulated altitudes: values 
did not differ significantly from control levels 1 h after 
turn from simulated 3,800 m altitude, but were still 
significantly prolonged 1 h after return from 5,490 m. All 
values were within 2 per cent of pre-exposure control 
vels 24 h after arrival at sea level pressure. 
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‘ig. 2. Effects of exposure for 3 days to twosimulated high altitudes and 
of return to sea level pressures on synaptic delay between fibres of the 
lateral olfactory tract (LOT) and prepyriferm pyramidal cells, on latency 
of the prepyriform response, and on conduction time along the LOT. 
Values are expressed as parcem i change from pre-exposure control 
values 


Most of the previous investigations of hypoxia and 
z synaptic transmission have been concerned with the 
< effects on autonomic or spinal synapses of stagnant hypoxia 

due to circulatory arrest with a resultant accumulation of 
carbon dioxide, and have emphasized that peripheral 
-synapses are relatively resietant to the effects of this type 
-of hypoxia’. The present results show that the hypoxia 
of high-altitude exposure prolongs synaptic delay and con- 

. duetion time in a brain system, even at the relatively 

oo moderate altitude of 3,800 m. Also, synaptic delay is 
altered to a greater degree than is conduction time at both 
altitudes, in agreement with previous observations on the 
effects of 2-h altitude exposure’. No doubt these types 
of changes contribute to the disturbances of central 

 mervous function observed at altitude’. An important 
-+ additional finding of the present experiments is that the 

_ prolongation in synaptic delay and in conduction time 
did not improve during the 3 day exposure to either 

-.. altitude, but in fact tended to become even greater with 
_ time at altitude. However, despite the rather marked 
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changes at altitude, ie return to coad a occur re 
rapidly after descent to sea level pressures. | 
This work was supported by a research grant from the ' 
U.S. Public Health Service. 
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Isolation and Analysis of Adenovirus 12 
Sub-units from Adenovirus Type 1|2-infected 
Cells 


THE isolation of adenovirus 12 group-specific (“A”) and 
type-specific (“C’’) antigens has been described by 
Huebner et al. The method used for isolation of the sub 
units was step by step elution from columns of diethyl 
aminoethyl cellulose (DEAE). Because the amount of 
material available at a given time varied, reabsorption was 
less important in this procedure than with gradient elution | 
procedures. Eluent changes were regulated by a series of 
tests using cell protein alone in order to eliminate the = 
possibility of widening or tailing of bands. Virus-antigen 
mixtures were equilibrated with 0-01 M phosphate buffer. 
at 68 pH before application to the column of DEAE, — 
which was prepared in 0-01 M phosphate buffer at pH of 
7-2. All operations were carried out in a cold room. 
Sodium chloride solutions were prepared in 0-01 M 
phosphate buffer at 6-8 pH so that there was a constant 
pH but an increase in salt concentration during elution. 
An investigation of the effectiveness of changes in salt: 
concentration versus changes in pH with cell protein” 
showed that a constant pH was desirable and that changes 
in salt fronts were predictable. It was necessary to re-eyele 
eluates once or twice over fresh columns in order to obtain 
purified material in single peaks. A critical aspect of the 
procedure was the resin exchange capacity of 0- 56 m. : 
equiv./g. | 
A model 130 ‘Spectrochrom’ analyser (Beckman Instru 
ments, Inc.) was used in co-operation with the Dairy 
Products Laboratory, Department of Agriculture. The 
adenovirus 12 sub-units isolated by triple cycling from 
DEAE columns, as already described, were each fraction- 
ated on ‘Sephadex G-200° prepared with phosphate- 
buffered saline and eluted under constant pH of 7:6 and: 
constant conductivity. A precision dual-beam spectro- Je 
photometer was incorporated into the ‘Spectrochrom’.._ 
analyser which made it possible to scan the ‘Sephadex ee 
G-200° column effluent at any three wavelengths. One. 
hundred drops were collected in each tube and simul- 
taneously monitored at 220, 280 and 540 mz. The flow 
rate was about 12-5 e.c./h. Seventy-five samples were. . 
collected. Each peak was analysed by complement 
fixation tests of pooled, concentrated eluents; random 
ized samples of pooled, concentrated eluents were use 
throughout the separation with the ‘Spectrochrom’ 
controls (see legends on Figs. 1 and 2). By means of this. 
molecular sieve operation, and using known standard 
which included serum proteins, milk proteins and certain 
enzymes, it was possible to determine the molecular weigh 
(calculated at the peak) of the materials in question". 
Figs. 1 and 2 give some results of ‘Spectrochrom’ studie 
of adenovirus type 12 “A” and “C” antigens. Fig. 
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7 shows the ‘Spectrochr om’ analysis of separation on 
‘Sephadex G-200 of adenovirus type 12 “A” antigen 
group) which had been purified by triple cycling on 
DEAE anionic exchange cellulose. By direct calculation, 


the molecular weight of adenovirus type 12 “A” antigen 
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denovirus 12 rabbit “A” antisera, 1-50 dilution (4 v.). t Adenovirus 

bbit “C” antisera, 1-50 dilution (4 U.). + Adenovirus 12 hamster 
jour antisera, Laboratory for Infectious Diseases (LID) pool 13, 1-20 
‘dilution, broad-reacting. § Adenovirus 12 hamster tumour antisera, 
LID Vargosko pool 2, 1-20 dilution, narrow-réeacting 
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Eluent No. 

2. ‘Spectrochrom’ analysis of adenovirus 12 type-specific “C” anti- 
gen at three different wavelengths 
Complemeni-fixation antigen titre 


A* (S: + Yo t Ts a | 
tarting material 0 1:16 1:4 0 0 
‘Peak I 0 0 0 0 0 
Peak H 0 1:8 1:4 0 0 
$ emaining eluent 0 Q Q Q 0 


denovirus 12 rabbit “A” antisera, 1-50 dilution (4 V.). ¢ Adenovirus 
T2-rabbit “O” antisera, 1-50 dilution (4 t.). ł Adenovirus 12 hamster 
tumour antisera, LID pool 13, 1-20 dilution, broad-reacting. § Adeno- 
virus 12 hamster tumour. antisera, LID Vargesko pool 2, 1-20 dilution, 
aoe rears 1 Adenovirus 31 hamster tumour antisera, LID pool 
` FF3079, 1-40 dilution 
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was found to be 190,000. Analysis by complement 
fixation confirmed the biological specificity of this group- 
specific antigen in that neither the type-specific nor the 
virus-induced antigens associated with cells could be 
demonstrated (see legend, Fig. 1). | 
Fig. 2 shows the separation obtained for DEAE triple- | 
cycled purified adenovirus 12 “C” (type-specific) antigen. 
The calculated molecu.ar weight of “C”’ antigen (peak IT) 
was 63,000. Complerment-fixation tests of the purified 
type-specific antigen Gee legend, Fig. 2) also confirmed ` 
our previous observation! of the presence of antibody _ 
to adenovirus 12 type-specific (“C”) antigen in broad . 
reacting hamster tumeur antisera. Complement fixation. o. 
tests were negative with narrow reacting hamster tumour _ 
antisera which gave specific measurements for the presence. 
of virus-induced antigenic material associated with cells. 
By means of electron microscope analysis, Valentine and- 
Pereira’ had been able to conclude that the molecular | 
weight of the adenoviris type 5 “A” antigen was 210,000, . 
while that for the “C° antigen was 70,000. Another _ 
component (Fig. 2), however, was eluted before and im... 
connexion with “C”?; the molecular weight of this coms >00 
ponent (peak I) was calculated to be 137,000. It is not 
known at this time what this component might be, as ne 
complement fixation reactions were seen with broad and. 
narrow reacting hamszer tumour antisera or with Eron i 
specific antisera (see legend, Fig. 2). a 
By the use of a 0-25 =m cuvette path length, the 540 mu S 
wavelength was monitored in order to rule out any inter- -> 
ference that might arise from coloured material. It can. 
be seen in Figs. I and 2 that the group specific adenovirus: 
12 antigen consisted of 220 my material with one-quarter o o 
280 my material, whereas the type-specific adenovirus 12 i. 
antigen consisted main y of 220 mu material. Roe 
We thank the following for technical assistance: H. © 
Turner for complemert-fixation testing, A. Uter and: Ale 
Persi for column chrematography and J. Salasin, Dr- 
Byron Leach and Dr. Kenneth Fox for ‘Spectrochrom’ 
analysis. 7 
This investigation was supported by a contract with the 2 
National Cancer Institate. | 
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A Method for the Rapid day of Newcastle 
Disease Virus 


METHODS at present available for the detection and. - 
quantification of infectious Neweastle disease virus o: 
(NDV) particles includ plaque assays'’, the development... 
of haemagglutinating activity and/or death of fowl 
embryos*, the appearance of cytopathic effects*, and the 
enumeration of virus irfected cells by fluorescent antibody = 
staining’. With the exception of the last technique, all = 5 
these methods require a minimum of 3 days for adequate > 
evaluation. The adsorption of erythrocytes to infected —_ 

cell monolayers as a means of detecting certain non-cyto~ e. 
pathie myxoviruses® suggested to us a method for titrating 
NDV. This communication reports an assay for infectious — 
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virus on to susceptible monolayers. The rapidity and 
reproducibility of this assay technique have made it 
exceptionally useful in our studies on the synthesis and 
properties of NDV. 
~The HEp-2 cells used in this study were propagated in 
Eagle’s minimal essential medium containing 10 per cent 
1activated calf serum. Two strains of NDV, California 
914 and OS (obtained from D. A. Wolff, ‘Ohio State 
iniversity), were used in this investigation and yielded 
identical results. The assay was accomplished as follows: 
confluent HEp-2 cell monolayers in 5-0 cm Petri dishes 
were inoculated with 0-2 ml. of virus at an appropriate 
dilution, and adsorption was allowed to proceed at 37° C 
for 30 min with occasional redistribution of virus-contain- 
ng fluids. Residual unattached virus was removed with- 
t further washing, and 5-0 ml. of fresh growth medium 
e added to each dish after which incubation at 37° C 
was continued. Twenty-four hours after virus inoculation, 
> growth medium was replaced with 3-0 ml. of a chilled 
spension of 0-5 per cent chicken erythrocytes in 0:15 M 
odium chloride. After the erythrocytes had settled on to 
monolayer (this usually required 20 min), unadsorbed 
‘cells were removed by washing the monolayers several 
imes with chilled saline. The haemadsorbing foci could 
e seen with a dissecting microscope with an opal glass 
tage at x 10-20 magnification. The appearance of foci 
nder these conditions is shown in Fig. 1. A direct 
plationship was found to exist between the relative virus 
onecentration and the number of haemadsorption foci 




















Haemadsorption foci produced by NDV-infected HEp-2 cells 
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Fig. 2. Relationship between the relative virus concentration and the 
number of haemadsorption foci appearing in HEp-2 cell monolayers 
24 h after virus inoculation 


Results from such a titration: can : 
be accurately determined 24 h after inoculation of the — 


expre meee in terms ar aay inner focal units (HrU 


as suggested by Watkins for herpes simplex virus? ` 

The adsorption of the virus to cell monolayers in Peta 
dishes was measured by the subsequent appearance’ 
haemadsorption foci following various intervals of conti 
between virus and cells. The adsorption of NDV to HE 
monolayers was found to be maximal 30-40 min afte 
inoculation and was in good agreement with the finding 
of Rubin et al.*, who studied the adsorption of NDV t 
chick embryo cell monolayers. 

Experiments with antiserum prepared against th 
strain of NDV have shown that in vitro incubation o 
NDV with antiserum for 30 min at 37° C comp 
abolished the ability of the virus to form haemadsorp 
foci. The addition of antiserum to the medium bathi 
infected monolayers during the incubation period als 
inhibited haemadsorption. Antiserum added for 30.7 
to monolayers 24 h after virus inoculation (at which ti 
haemadsorption foci were fully developed in con 
monolayers) resulted in a loss of the erythrocyte-bi 
capacity of infected cells. Marcus® has observed a simi 
effect with NDV-infected HeLa cells. 

The assay system described here offers distinet adv 
tages over previously described methods for quantificatio 
of NDV infectivity. The need to maintain embryo1 
eggs or the preparation of primary chick embryo n 
layers is circumvented, as a serially passed line of | 
can be used in this assay. Agar ove erlays, staining and th 
use of antisera are unnecessary. Perhaps the mai 
advantage of our system is that accurate results are av 
able considerably earlier than they are with conventwi 
plaque assay methods. The properties of this syst¢ 
indicate that it may be of value, not only in experimen 
studies with NDV, but also in clinical situations whe 
time is an important factor. 

This work was supported by the National Institutes 
Health and the Van Wert County United Health Found; 
tion Fund. 





RONALD J. As 
H. Curt Buse 
Department of Microbiology, 
University of Cincinnati, 
College of Medicine, 
Cincinnati, Ohio. 


! Levine, S., and Sagik, B. P., Virology, 2, 57 (1956). 
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t Hotchin, J. E., Deibel, R., and Benson, L. M., Virology, 10, 275 (1960) 
? Watkins, J. F., Virology, 26, 746 (1965). 

* Rubin, H., Franklin, R. M., and Baluda, M., Firology, 3, 587 (1957). 
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SOIL SCIENCE 


A Chemical Index of Soil Nitrogen 
Availability 


Many laboratory methods of obtaining an ind = É 
availability of soil nitrogen to plants have been prop 
but biological procedures involving estimation. o: 


been generally preferred!. However, recent worl 
shown that the results of these incubation procedur 
greatly affected by the method and duration of sto 
of the soil sample before analysis. This has led 
renewal of interest in chemical methods, because it-se 
likely that the results of chemical methods will 
affected by preliminary handling: and ee of th 
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sample than the results of incubation methods. A chemical 
approach to the problem of obtaining an index of soil 
nitrogen availability is also encouraged by the experience 
that chemical methods of analysis are usually simpler 
and more rapid and precise than biological techniques. 
Studies in our laboratory of chemical methods of obtaining 
an index of the availability of soil nitrogen to plants have 
led to development of the following procedure which 
appears suitable for routine analysis of soils. 

Five grams of < 2 mm soil is placed in a 125-ml. 
Erlenmeyer flask, 30 ml. of water is added, and the 
soil-water mixture boiled under reflux for 60 min, using 
a rheostat-controlled electric hot-plate. Twenty millilitres 
of 10 per cent (w/v) solution of potassium sulphate is 
added to the cooled soil-water mixture, the flask swirled 
for a few seconds to mix the contents, and the mixture 
filtered under suction (Whatman No. 42 filter paper). A 
20-ml. portion of the filtrate is pipetted into a 50-ml. 
Kjeldahl flask designed for use with the steam distillation 
apparatus as described by Bremner and Keeney’, and 
treated with 2 ml. of concentrated sulphuric acid. The 
flask is then heated on a micro-Kjeldahl digestion rack 
until the water has evaporated and the digest is cleared, 
and digestion is continued for 30 min after clearing. After 
completion of digestion, the flask is allowed to cool, about 
10 ml. of water is added (slowly, and with shaking), and 
the flask cooled under a cold water tap. Five millilitres 
of boric acid indicator solution? is added to a 50-ml. 
Erlenmeyer flask marked to indicate a volume of 35 ml., 
and the flask placed under the condenser of the steam distil- 
lation apparatus. The cooled Kjeldahl flask is connected to 
the distillation apparatus, 10 ml. of 10 N sodium hydroxide 
placed in the funnel of the apparatus, and the alkali slowly 
added to the Kjeldahl flask by raising the funnel plug. 
Steam distillation is initiated by closing the stopcock on the 
steam bypass tube of the distillation apparatus, and the 
distillation stopped by opening this stopcock when the 
distillate has reached the 35 ml. mark on the receiver 
flask (the rate of distillation is about 7:5 ml./min, and the 
period of distillation about 4 min). The ammonium— 
nitrogen in the distillate is then determined by titration 
with 0-005 N sulphuric acid from a microburette graduated 
at 0-01 ml. intervals. 

The procedure described and other laboratory methods 
of obtaining an index of soil nitrogen availability were 
evaluated by applying them to twenty-five surface soils 
having widely different nitrogen contents and by com- 
paring the results with those obtained in a greenhouse 
study of the availability of the nitrogen in these soils to 
ryegrass. The laboratory procedures were applied to soil 
samples which had been air-dried, crushed to pass a 2 mm 
sieve, and stored for 2 months in tightly sealed glass 
bottles. The incubation methods evaluated included the 
technique described by Bremner? which involves an 
estimation of the (exchangeable ammonium + nitrate + 
nitrite)-nitrogen produced by incubation of soil under 
aerobic conditions at 30° C for 14 days, and a modification 
of the incubation procedure of Waring and Bremner’, 
which involves an estimation of the ammonium —nitrogen 
produced by incubation of soil under waterlogged, con- 
ditions at 40° C for 7 days (this modification was used 
because it was found to give better results than the original 
procedure involving incubation at 30° C for 14 days). 
The chemical methods evaluated included the alkaline 
permanganate distillation procedure of Subbiah and 
Asija*, the sodium hydroxide microdiffusion method of 
Cornfield’, total soil nitrogen as determined by Kjeldahl 
analysis, and the procedure proposed here. 

The relationships between the results of the laboratory 
methods and nitrogen uptake by ryegrass are given in 
Table 1. It can be seen that the results of the aerobic 
and waterlogged incubation methods and of the chemical 
procedure proposed were more highly related to nitrogen 
uptake by ryegrass than were the results of the other 
methods tested. 
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Table 1. RELATIONSHIPS OF RESULTS OF VARIOUS LABORATORY METHODS 
AND NITROGEN UPTAER BY RYEGRASS (TWENTY-FIVE SOILS) 


Correlation 
Mezhod coefficient (r}* 

Incubation 

Aerobic 0-71 

Waterlogzed 0 73 
Chemical: 

Proposed. 077 

Subbiah and Asija 0-48 

Cornfield 0 45 

Total sol nitrogen 0°52 


*r> 040, P=0 05; r>05L P=001; r>0-62, P=0-001. 


The chemical method described was developed from 
investigations of a procedure proposed by Livens® in- 
volving Kjeldahl estimation of the nitrogen extracted 
from soil by boiling weter. We confirmed Livens’s finding 
that his procedure provides a good index of the availability 
of soil nitrogen, but found that difficulties encountered in 
filtration of boiling water extracts of soils made this 
method ‘impractical for routine analysis of soils. The 
method proposed has the advantages that it requires only 
a small sample of soil and yields an extract which is 
readily filtered and analysed. The extracts obtained by 
this method contain more nitrogen than those obtained 


. by Livens’s method, because the procedure adopted 


extracts exchangeable ammonium as well as nitrate and 
organic nitrogen. The Kjeldahl technique used for 
analysis of these extracts recovers the ammonium and 
organic nitrogen present, but excludes most of the 
nitrate. Besides bemg simple and precise (standard 
deviation, about 1 p.p.m.), the procedure proposed has 
an important advantage over incubation methods in thas 
its results are not affected by air-drying or by air-dry 
storage of soil samples before analysis. For example, by 
this procedure, the averages of the values obtained of the 
extractable nitrogen Or twenty-five soils were 48 p.p.m. 
using field-moist samoles, 49 p.p.m. using freshly air- 
dried samples, and 43 p.p.m. using samples which had 
been air-dried and stored for 2 months before analysis. 


D. R. Keeney 
J. M. BREMNER 
Department of Agronomy, 
Iowa State University, 
Ames, Iowa. 


1 Bremner, J. M., Agronomy, Ð, 1824 (1965). 

* Bremner, J. M., and Keeney, D. R., Anal. Chim, Acta, 82, 485 (1965), 
* Waring, 8. A., and Bremnez, J. M., Nature, 202, 1141 (1964). 
“Subbiah, B. V., and Asija, G. L., Curr. Sei., 25, 259 (1958). 

* Cornfield, A. H., Nature, 187, 260 (1960). 

* Livens, J , Agr. Louvain, 7,27 (1959). 


Unusual Sorption of Caesium by Vermiculite 


SEVERAL recent reports! show that micas and vermiculite 
exhibit a strong affinity for caesium in dilute solutions. 
These sorptions, however, have been carried out in the 
presence of free electrolyte and the quantities sorbed 
were measured after equilibrium was reached. This com- 
munication describes an unusual time course of sorption 
of caesium by vermiculite in the absence of free electrolyte. 

Montana vermiculise was suspended in 1 N sodium 
chloride solution and stirred in a Waring blender. The 
suspension was then washed free of excess sodium chloride 
and the particles smaller than 2u were separated by 
sedimentation. Portions of the suspension containing 
particles smaller than 2. were saturated with potassium or 
calcium by five centrifuge washings with 1 N solution of 
the chloride of the cation. Next excess electrolyte was 
removed and the colloid was suspended in water. Then, 
portions containing bout 0-1 g vermiculite were with- 
drawn and centrifuged. The colloid was then suspended 
in 50 ml. of 10-4 N caesium chloride solution labelled with 
caesium-137. After verious periods of time a 3-ml. portion 
was withdrawn from the mixture, centrifuged and the 
caesium-137 activity in the supernatant liquid determined 
by a scintillation counter. The vermiculite used in this 
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Contact time (h) 


Sorption of caesium by calcium- or potassium-saturated ilhte 


40 60 100 200 400 600 


Fig. 1. 

(TH) and vermiculite (Vr) as a fanction of time. Caesium sorbed was 

determined by the difference between the activity of the original and the 
i final solution in contact with the mineral 


experiment consisted of about 90 per cent vermiculite and 
about 10 per cent interstratified vermiculite—biotite and 
had an exchange capacity of 140 m.equiv./100 g as 
determined by the method of Sawhney et al.¢. A 2-0-2u 
fraction of Fithian illite was similarly treated. . Sorbed 
caesium was calculated from the difference between the 
activity of the caesium solution added and that of the 
supernatant liquid. 

The results (Fig. 1) show that a slight increase in the 
amount of caesium sorbed by calcium-saturated illite 
occurred during the first few hours and it then remained 
constant, while the amount of caesium sorbed by potas- 
sium-saturated illite decreased slightly with time. On the 
other hand, the amount of caesium sorbed by calcium- 
saturated vermiculite continued to increase with time, 
while that sorbed by potassium-saturated vermiculite 
continued to decrease with time. Caesium sorbed by 
potassium-saturated vermiculite decreased from 82 per 
cent of added caesium at the end of 2 h to only 59 per cent 
at the end of 480 b. Further, in neither vermiculite was 
equilibrium reached even after 500 h. In contrast to this, 
when free electrolyte was present, equilibrium was reached 
in less than 24 h (ref. 1). The decrease in caesium sorbed 
by potassium-saturated vermiculite occurred at 5°, 25° 
and 80°C. Experiments showed that small amounts of 
potassium displaced from clay by caesium did not interfere 
in the determination of caesium-137 activity. 

Attempts were next made to find an explanation for 
this unusual behaviour of potassium-saturated vermiculite. 
From the decrease in caesium sorbed with time, it is 
obvious that a maximum of caesium is serbed very quickly, 
perhaps instantly, by a potassium-saturated vermiculite. 
This may change the mineral lattice so that caesium is 
extruded out of the interlayer edge sites where 1t is sorbed 
from dilute solutions?. 

A. possibility suggested by J. A. Kittrick is that if potas- 
sium-saturated vermiculite in water is partially expanded 
by some water molecules in the interlayers, then the 
sorption of a less hydrated ion, caesium, at the inter- 
layer edges of some crystals would bring the layers closer 
together. This would increase the attraction between the 
layers and would collapse the lattice. Since potassium 
would be the dominant interlayer cation and caesium 
would be only on the interlayer edges of these platelets, 
their c-axis spacing would be 10 A. And, since caesium 
has a larger diameter, ıt will not fit into the collapsed 
10 A spacing, and thus would be extruded out because of 
the steric effect. 

To test this hypothesis, the c-axis spacing of potassium- 
saturated vermiculite to which 10-4 N caesium chloride 
had been added, and caesium-saturated vermiculite was 
determined by X-ray diffraction. Portions from above 
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vermiculite suspensions were centrifuged, and the colloid 
was suspended in minimum water. These thick suspen- 
sions were transferred to glass slides and X-rayed when 
wet, just short of flowing. A ‘Norelco’ X-ray diffraction 
unit with a flat specimen holder and a wide-range 
goniometer was used. 

Wet potassium-saturated vermiculite had a 23 Å, a 
11-5 A and a 10 A spacing; the potassium-saturated 
vermiculite was, thus, found to be partially expanded. 
No change was detected in these spacings when 10+ N 
caesium chloride was added to potassium-saturated 
vermiculite. This would be expected, since the sample is 
still saturated primarily with potassium, and only a small 
fraction of it has caesium on its interlayer edges. On the | 
other hand, wet caesium-saturated vermiculite had a 
collapsed 10-8 A c-axis spacing as against a 12 A observed 
by Barshad’. This supports the postulate that the caesium 
sorption, by a potassium-saturated and partially expanded 
vermiculite, brings the layers closer and may, thus, 
increase the attraction between the layers and collapse the 
lattice. i 

The results obtained support the hypothesis that 
caesium, being a larger ion than potassium, is extruded 
from the potassium-saturated and collapsed 10 A lattice 
of vermiculite, and hence a decrease in sorbed caesium is 
observed. 

This investigation was supported in part by a contract 
with the U.S. Atomic Energy Commission. 

B. L. SAWHNEY 
Department of Soils and Climatology, 
Connecticut Agricultural Experiment Station, 
New Haven. 
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4 Tamura, T., and Jacobs, D. G., Health Phys., 2, 891 (1960). 

$ P Craig, Doris, and Lewis, R. J., Sou Sci, Soc, Amer. Proc., 27, 


¢ Sawhney, B. L., Jackson, M. L., and Corey, R. B., Sol Sci., 87, 243 (1959). 
7 Barshad, I., Amer, Min., 85, 225 (1950). 
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“Significant” and “Highly Significant” 


THE proposal by Dr. Miller! for quantitatively defined 
terms for various degrees of probability seems to me to 
þe excellent. I would like to suggest, however, that the 
word ‘‘conclusrve”’ for the case where P <0:00] is un- 
desirable. The term “‘conclusive” suggests that no further 
work need be done and that no alternative interpretation 
is possible. In fact, an industrious person who does a 
few thousand experiments on the effects of a similar 
number of different chemicals on a particular biological 
process will expect to find a few of these apparently giving 
effects at the P <0-001 level owing to random chance 
even if none of the chemicals has any real effect at all. 

It is almost certain that this occurs from time to time 
in the pharmaceutical field and little harm is done, at least 
in informed circles, by the statement that a particular 
result gives the probability specified, because 1t will be 
realized that much work may still be needed before the 
result can be regarded as genuinely established. If the 
term “conclusive” were used in the scientific literature at 
this stage, however, it could have a most undesirable 
result. When used in the advertising sense to the general 
public the word “conclusive” really cannot be expected 
to mean anything except conclusive. The word “‘decisive’’, 
though this case is not quite so serious, does seem also to 
suffer from the same disadvantage. 

J. H. FREMLIN 

Department of Physics, 
University of Birmingham. 


1 Miiller, D. A., Nature, 810, 1190 (1966). 7 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk are open to the public) 


Thursday, August 25 


TELEVISION SOCIETY (in the Conference Suite, I.T.A., 70 Brompton Road, 
London, 8.W.3), at 7 p.m.—Discussion Meeting on “Should Britain have 
a Single or Dual-Standard Colour Television Service?” 


” 


ba 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or before the 
dates mentioned: 

RADIOCHEMISTRY TECHNICIAN/SBNIOR TECHNICIAN (preferably familiar 
with the techniques of working with radioactive isotopes)-—The Director, 
Scottish Research Reactor Centre, East Kilbride, near Glasgow (August 26). 

ASSISTANT EXPERIMENTAL OFFIORR, SOIL CHEMIST (with a pass degree in 
science with chemistry as a major subject, H.N.C. in chemistry or an equiva- 
lent qualification) to undertake work involving the analysis of soil and plant 
materlals—~The Secretary, Hull Farming Research Organization, 29 Lauder 
Road, Edinburgh, 9 (August 27). 

TEMPORARY LECTURER or TRBMPORARY ASSISTANT LEOFURER (suitably 
qualified graduate) IN GEOLOGY IN THE FACULTY OF Scrmnog, to give lectures 
and practical classes in metamorphic petrology to second- and third-year 
ee and to assist with some practical classes in mineralogy and 
crysta ogre hy—The Registrar, The Universty, Manchester, 13, quoting 
Ref. 183/66/Na (August 27). 

ASSISTANT LEOTURER or LECTURER (with a special interest ın Eastern 
Europe (excluding the U.S.S.R.) and some knowledge of an Eastern European 
language, or prepared to learn one) IN GEOGRAPHY—The Registrar, Univer- 
sity of Nottingham, University Park, Nottingham (August 29). 

BIOOHEMIST (honours graduate in chemistry or biochemistry) IN THE 
CHEMICAL PATHOLOGY DEPARTMENT, Queen Elizabeth Hospital for Children, 


London, E.2—The Group Secretary, Administrative Offices, Hackney 
Hospital, London, E.9 (August 31). 
BIOCHE MST (with at least an honours B.Sc. in biochemistry, or, if medically 


qualified, extensive biochemical experience) IN THE DEPARTMENT OF 
ANATOMY, Queen's College, to join a team of biologists mvestigating cellular 
and subcellular effects of high pressure oxygen on organs in culture—The 
Secretary, University of St. Andrews, Queen’s College, Dundee (August 31). 
LECTURER IN VETERINARY PARASITOLOGY—The Registrar, The University, 
Liverpool, quoting Ref. CV/187/N (August 31). 
LECTURER or ASSISTANT LEOTURER IN PHYSIOS—The Registrar, Untversity 
College of Swansea, Singleton Park, Swansea, South Wales (August 31). 
LECTURER or ASSISTANT LECTURER (with a specialized knowledge in 
physical oceanography, particularly hydrology) IN THE DEPARTMENT OF 
eet Deputy Secretary, The University, Southampton 
ugus ; a 
RESHAROH ASSISTANT (with an honours degree in physica or metallurgy 
and a knowledge of electronics) IN THE DEPARTMENT OF GEOLOGY, to col- 
laborate in continumg electron microprobe studies of minerals with emphasis 
on solid solution relationships of sulphide, oxide, metal and silicate phases 
and to be responsible for the operation and maintenance of microanalytical 
8 anaa i University College, Gower Street, London, 
.C, ugus : ` 
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SENIOR LEOTURER/LECTURER IN PHARMACY at Rhodes University, ` 


Grahamstown, South Afmca—The Association of Commonwealth Univer- 
sities (Branch Office), Marlborough House, Pall Mall, London, 8.W.1 (South 
Africa and London, August 31). 

LECTURER or ASSISTANT LEOTURER (with an honours degree in engineering 
or mathematics and some experience in structural and/or machine vibration 
popes) m the Institute of Sound and Vibration Research-~The Deputy 

ecretary, The University, Southampton (September 1). 

LECTURER or DEMONSTRATOR (with mierests ın the genetics and biochem- 
istry of micro-organisms) IN THE DEPARTMENT OF GENETICS—Dr. Sydney 
Smith, Department of Zoology, University of Cambridge, Downing Street, 
Cambridge (September 1). 

LECTURER (with good academic qualifications and postgraduate experience, 
a special interest in the analysis and design of power generation and distmbu- 
tion systems, and preferably familiarity with modern methods of analysis 
and simulation of systems using computer techniques) IN ELECTRICAL 
ENGINEERING-—-The Registrar, University College of Swansea, Singleton 
Park, Swansea (September 1). 

SHELL-MEX and B.P. LECTURHE (with a degree in medicine, physiology, 
psychology or engineering and experience in some aspect of aeronautical 
vibration and noise problems) IN THE INSTITUTE OF SOUND AND VIBRATION 
ce Deputy Secretary, The University, Southampton (Septem- 

er 1). 

EXPERIMENTAL OFFICER IN THE DEPARTMENT OF GROLOGY to act as 
curator of the teaching and research collections of rocks, minerals and fossils, 
to be responsible for some museum-type display work, and to supervise the 
departmental library and map collection—The Registrar, The University, 
Manchester, 18, quoting Ref. 184/66/Na (September 8). 

TUTOR (preferably with a higher qualification in medicine) IN MEDICINE— 
er i The University, Manchester, 18, quoting Ref. 188/66 (Sep- 

mber 3). 

LEOTURER or ASSISTANT LECTURER (preferably with interests in either 
physical or economic geography, particularly of the developing countries) IN 
THE DEPARTMENT OF GHOGRAPHY, Fourah Bay College, The Univermty 
College of Sierra Leone—The Inter-University Council, 88 Bedford Place, 
London, W.C.1 (Sep-ember 5). 

LECTURER (suitably qualified ın sociology or social anthropology, with a 
higher degree and some experience of lecturing or tutonng at the under- 
graduate level) IY SOCIOLOGY at the University of New England, Armidale, 
New South Wales, Australia—The Association of Commonwealth Univer- 
sities (Branch Office), Marlborough House, Pall Mall, London, 8.W.1 (Aus- 
trala and London, September 5). ; 

SUPERINTENDENT (with appropriate qualifications, for example, in veter- 
inary science or pathology) OF THE ANIMAL HOLDING AND BREEDING UNXIT, 
to assist ın planning the proposed unit and to supervise it when established 
—Mr. G. BR. Anderson, Assistant Registrary, The Old Schools, Cambridge 
(September 5). 

LECTURER or ASSISTANT LECTURER IN PSYCHOLOGY at Queen’s College, 
Dundee-—The Secretary, University of St. Andrews, Queen’s College, Dundes 
(September 8). i 

ASSISTANT EXPERIMENTAL OFFIOER (with O.N.C. in appropriate subjects, 
or equivalent, or expecting to obtain O.N.C. this summer, and preferably 
ex-Service candidate) IN THE INDUSTRIAL DIVISION OF THE DEPARTMENT OF 
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GEOLOGY, University of Ibaden, Nigeria, to work in the geochemical labora-.’- . 


te 


tory on the chemical analyss of silicate rocks and minerals—-The Inter-. "ere 


University Council, 33 Bedfor-. Place, London, W.C.1 (September 9). 

VETERINARY PATHOLOGIST: (M.B.C.V.S. or its equivalent with _ post- 
graduate training and practical experience in veterinary pathology) in the 
Ministry of Agriculture’s V=terinary Research Laboratories, Stormont, 
Belfast, Northern Ireland, t> collaborate in the routine diagnostic and 
research activities of the laboratories and may be required to undertake 
lecturing duties in the Faculty of Agnculture m Queen’s University —The 
Secretary, Civil Service Commussion, Stormont, Belfast, Northern Ireland 
{September 9). - . 

LECTURER (graduate in sciere, already with, or wishing to have, experience 
and research opportunities ic virology including clinical virology) IN THE 
reie a BACTERIOLO-Y—-The Secretary, The University, Aberdeen 

eptember 10). 

RESHARCH FELLOW (with a good honours degree or equivalent qualification 
1n engineering or physics) IN TIB DEPARTMENT OF ELECTRICAL ENGINEERING 
for the fundamental study of hah voltage power cables including heat transfer 
ae ae Deput- Secretary, The Univermty, Southampton 

eptember 10). 

UNIVERSITY DEMONSTRATOR (with an honours degree in engineering, 
agricultural engineering, or  ppropriate postgraduate training) IN AGRI- 
OULTURAL ENGINEERING, to wach and conduct original investigations on 
farm machinery and implements and their uses—The Secretary, School of 
nbn a University of Cambridge, Downing Street, Cambridge (Sep- 

ember : 

CHAIR OF MATHEMATIOAL StatisT10s—The Registrar, University of Liver- 
pool, Liverpool (September 17). e 

LABORATORY SUPERINTENDENT and ADMINISTRATOR (with experience in 
administration and preferably a knowledge of laboratory organization and 
professional qual:fications)—of. S. V. Perry, Department of Biochemistry, 
University of Birmingham, B=mingham 15 (September 19). 

UNIVERSITY LECTURER (peeferably with an interest im expermental 
taxonomy) IN BOTANY and CRATOR OF THE CLARIDGE DruoH HERBARIUM 
—The Admumustrator, Botan e School, University of Oxford, South Parks 
Road, Oxford (September 20°. 

EXPERIMENTAL OFFICER/ASISTANT EXPERIMENTAL OFFICER (candidates 
over 22 should have a degreein mathematics or physics) IN THE UNIT OF 
STRUCTURAL CHEMISTRY, to assist with computational aspects of X-ray 
crystallography—The Secretazy, Agricultural Research Counci, 15 Regent 
Street, London, 8.W.1 (September ie : 

LECLURER (preferably witH special interests in physical chemistry) IN 
CHEMISTRY at the University df Otago, Dunedin, New Zealand-~The Asso- 
ciation of Commonwealth Universities (Branch Office), Marlborough House, 
Pall Mall, London, 8.W.1 (New Zealand and London, September 30). 

LEOTUBER/SENIOR LECTURER and a LECTURER IN CIVIL ENGINEREING at 
the University of Sydney, Amstralia—The Association of Commonwealth. 
Universities (Branch Office), Clarfborough House, Pall Mall, London, S.W.L 
(Australa and London, Septenber 30). ; 

DIRECTOR OF THE FITZWOLIAM MUSEUM—The Registrary, University 
Rh ae Old Schools, cambridge, marking envelope “éonfidential” 

ctober 10), 

DIRECTOR OF THE NATIONAL INSTITUTE FOR RESEARCH IN DARYNG— 
The Secretary, National InstSute for Research ım Dairying, University of 
Reading, Shinfield, Reading, Ferkshire (October 15). 

CHAIR OF GENERAL PHILOS)PHY (History of Philosophy and Systematic 
Philosophy) IN THE FACULTY oF PHILOSOPHY of the University of Berne, 
Switzerland—Du:rector of Pabl® Education of the Canton of Berne, Munster- 
platz, 3000 Berne, Switzerlan:. (October 31). 

ASSISTANT EXPERIMENTAL JFFICER or EXPERIMENTAL OFFICER IN THE 
DEPARTMENT OF GROLOGY, for mineral analysis by X-ray spectrometry, to 
take charge of an analytical =rvice and initiate developments using X-ray 
fluorescence and electron-mitroprobe techniques—The Assistant Bursar 
(Personnel), University of Reeling, Reading, Berkshire, 

GRADUATE BIOCHEMIST or CHEMIST (wishing to proceed to a higher degree) 
for research on soluble collagens of the human intervertebral discs, using: 
recently developed chemical and physical techniques—The Registrar, 
Bradford Institute of Technolegy, Bradford, 7. 

GRADUATE BIOOHEMIST or ORGANIO CHEMIST at the Chester Beatty 
Research Institute, to assist ıt research into the nature and consequences of 
the binding of chemical carchiogens to nucleic acids and proteins in vivo 
using radioactive techniques—The Secretary, Institute of Cancer Research, 
ois E Hospital, 34 Sumner Place, London, 8.W.7, quoting Ref. 
301 L 
. HISTOPATHOLOGIST (with a -medical or veterinary degree, postgraduate 
experience in histopatholo and preferably general research and/or a 
specialized knowledge of histachemistry) IN THE DEPARTMBNT OF EXPERI- 
MENTAL PATHOLOGY, Chester- Beatty Research Institute, Fulham Road, 
S.W.3—-The Secretary, Instituse of Cancer Research, Royal Cancer Hospital, 
34 Sumner Place, London, 8.*Y.7, quoting Ref. 300/G/25. 

LECTURER (with particular Exterests in transition metal chemistry, and an 
active interest ın research) IN INORGANIO CHEMISTRY-~The Registrar, 
University of Manchester Institute of Science and Technology, Sackville 
Street, Manchester, 1, marking=nvelope “‘Lecturer—Inorganic Chemistry”. 

PHYSIGIST, BASIO GRADE (hcnours graduate, male or female, in physics) in 
a newly established medical piysics department serving Cornwall and South- 
West Devon, based in new premises at Plymouth General Hospital—The 
Hospital Secretary, Plymouth Jenera! Hospital, North Friary House, Green- 
bank Terrace, Plymouth, Devan. , 

PHYSIOLOGIST) BI0-PHYBICIS= to study pine response to controlled 
changes in environmental cortitions—D. C. Page, H of Personne] Ser- 
Poets vnc Electricity Council, Research Centre, Capenhurst, Chester, quoting 


POSTDOCTORAL RESBAROH ERLLOW IN THE DEPARTMENT OF CHEMISTRY 
for research on solid state Raman spectra, using the new Cary 81 Laser/arc 
Raman spectrometer, in the general field of inorganic chemlstry-—Prof. I. R. 
Beattie, University of Southar-pton, Southampton. 

POSTDOCTORAL RESEARCH FSLLOW IN THE DEPARTMENT OF CHEMISTRY, to 
work with Dr. B. Capon on an investigation of bifunctional catalysis—The 
Registrar, The University, Leister. 

RESEAROH ASSISTANTS (witt a degree, or equivalent, in engineering, and 
prepared to carry out researcl- in electmcal engineering, under guidance) IN 
THE DEPARTMENT OF ELEOTR-OAL AND CONTROL ENGINEERING, Liverpool 
Regional College of Technologs, Byron Street, Liverpool, 3—The Director of 
Education, Education Offices, _.4 Sir Thomas Street, Liverpool, 1. 

RESEAROH PHYSICIST (prefsrably with a higher degree and relative 
experience) IN THE PHYSICS DEPARTMENT, to undertake an investigation of 
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electron scattering using 400 kV electron diffraction camera with a recently 
constructed energy analysis facility—The Assistant Bursar (Personnel), 
University of Reading, Reading, Berkshire. 

SPEOTROGRAPHIO THOHNICIANS IN THR DHPARTMHNT OF MINNS AND 
TACHNICAL SuRVRYS, to determine trace elements in rocks, minerals, ores, and 
related materials of interest to Research Scientists engaged in geological, 
geochemical and mineralogical studies—The Civil Service Commission of 
Canada, Ottawa 6, Canada, 

TECHNICIAN or SENIOR THOHNIOIAN (with a special knowledge of electronic 
thas eile beer in physiology et THE DEPARTMENT OF 

TRY—The Acting Bursar (Personnel), Univ 
Reading, Reading, Berkshire. j ' } TENE 

TECHNICIANS and SENIOR TECHNICIANS IN THE DEPARTMENT OF PHYSIO- 
LOGICAL CHEMISTRY to assist with laboratory classes and to help with 
research work-~-The Assistant Bursar (Personnel), University of Reading, 
Reading, Berkshire. 

TECHNICLANS/JUNIOR TECHNICIANS (2) (preferably with e ence in 
sterile techniques and/or tissue culture) IN THE CYTOGENETIOS SEOTION OF 
THE NUFFIELD UNIT of MEDIOAL GENETICS, where a study of human chromo- 
somes 1n relation to abnormal development, including cancer, is being carried 
out—The Registrar, The University, Liverpool, 8, quoting Ref. 193/N. 

TECHNICIAN (student or junior status, preferably with previous experience 
in immunology, biochemistry or microbiology) IN THE DEPARTMENT OF 
Te yet to vo on atrial a of ar rags re my Secretary, 

-Fleming Institute o crobiology, St. Mary’s Hospital Medical 
School, Paddington, London, W.2. Sr a : 
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PREPRINTS GALORE 


THosE brave spirits in the United States who would 
launch a formal scheme for circulating preprints of 
scientific papers are mostly at fault by being over- 
zealous (see Nature, 211, 333; 1966). But may they 
not also be unreasonably innocent of practical pro- 
blems ? Certainly the experience of the Information 
Exchange Groups being run from the National Insti- 
tutes of Health in the United States, and referred to on 
page 904 of this issue, should be a stern warning to the 
would-be managers of the Physics Information Ex- 
change (PIE). The memoranda circulated by Dr- 
Albritton, who administers the torrents of preprints 
now flowing in and out of biological laboratories 
throughout the world, are as clear a proof as anybody 
could expect that the benefits expected from the 
information exchange groups are likely to prove illu- 
sory. 

To say this is not to imply that the IEG system is 
without value of any kind. On the contrary, as Pro- 
. fessor Michael Woodruff has made plain (Nature, 211, 
560; 1966), individual scientists can profit greatly from 
this kind of service. But there are others who find the 
arrival of bundles of preprints with successive deliver- 
ies of mail a far from welcome phenomenon. 
For one thing, there are frequently too many of them 
for busy people to be able to digest. And though there 
is always the chance of coming across something of 
great value and immediate interest, the depressing 
truth is that the gold is accompanied by a great bulk 
of unwanted dross. One result is that some members 
of the Information Exchange Groups have decided 
they can afford to wait until research reports eventually 
appear in print. Really hot news, after all, has its 
own ways of getting into circulation. (It will be fascina- 
ting to see how long it is before authors start circulating 
to colleagues who are particularly concerned documents 
which will no doubt be known as pre-preprints.) The 
usefulness of the IEG system is bound, of course, to 
vary from one field to another, and even from one 
laboratory to another, but that is only to be expected. 
It is nevertheless worth recording simply because the 
sponsors of these print systems always suppose that 
what they have to offer will be of unalloyed benefit at 
least to those who are recipients—as distinct from 
providers—of information. Even that assumption is 
not as safe as it may seem at first sight. 

None of this, however, is a good reason for complain- 
ing at the magnanimity of the National Institutes of 
‘Health. If the IEG system were simply an adjunct 
to the existing means of communication between pro- 
fessional scientists, it would not matter if some of those 
—on the mailing lists found their presence there of little 
value. But things are not, unfortunately, as simple as 
this.c The TEG scheme, like the PIE that may follow, 
is not a part of the world’s natural resources which 
can be.used or ignored as circumstances suggest. For 
one thing, it involves the deliberate spending of sub- 
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stantial sums of morey, so that it is proper and indeed 
essential to ask whether the same resources might not 
be spent more profitably in other ways. But these 
schemes are also important—and suspect—because, 
if they continue, they cannot fail to have an important 
influence on the character of the scientific literature 
and, therefore, on ths character of science itself. 
There is enough in Dr. Albritton’s memoranda to 
show that the cost of organized preprint circulation 
may be very much more than has previously been 
calculated. He estamates that the cost of a fully 
developed system would be $5 million a year, though 
that is probably an optimistic calculation. The cost 
of the IEG circulation is at present thought to be 
roughly $100 for each member—or enough to supply 
each of them with several free subscriptions to orthodox 
journals. Is the berefit really worth that cost ? And 
if the National Instisutes of Health are really anxious 
to help the flow: of information between scientists, 
might they not do tetter by helping to provide some 
of the common servizes that could make the orthodox 
channels of communication more efficient, more effec- 
tive, and more speedy? Questions like these have 
received only the most cursory attention, no doubt 
because they are difficult to answer. But to flood the 
world with preprints is the most facile of all solutions. 
The effects of the preprint circulation schemes on the 
balance of the litereture as a whole can be inferred 
without too much dificulty from Dr. Albritton’s breezy 
account of the practical problems of preprint circulation. 
The fact that the delay in what is called the “‘print- 
shop” can be as muzh as two months, with an extra 
month or so for those who do not type their manv- 
scripts properly, wil not surprise the organizers of 
conventional journals. There is no doubt a Parkin- 
sonian law to the effect that the demand by those with 
something to say on any uncontrolled channel of com- 
munication is certain to increase to the point of satura- 
tion. The difficulty, sf course, is that IEG cannot take 
steps to choke off the demand without violating the 
basic principle that itmust be indiscriminate and undis- 
criminating. (Even so, it would surely have been well. 
within the spirit of she law if Dr. Albritton had re- 
strained himself from issuing his tactless document 
with the slogan “Why not send it to. us NOW ?”) 
The truth is, of course, that there is a sharp and irrecon- 
cilable conflict between the laudable wish of the pre- 
print circulators to have everybody on their mailing 
lists, and their fond pretence that they are not engaged 
in the publication business. No amount of fine print 
among the rules of membership can alter that. So 
long as the circulation of preprinis is sufficiently wide, 
within the scientific community, for scientists to be 
able to claim priority for their discoveries—and to 
make fools of themselves as well—then the system has 
all the properties of a channel af publication, and is 
intended to have then. Its defects are inaccessibility, 
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impermanence, illiteracy, uneven quality, and lack of 
considered judgment. Preprint publication differs 
from the more conventional kind, however, in that 
authors expect to publish twice, and that disputes 
over issues such as priority must be settled by reference 
to the chairman of the group concerned, and not by 
looking in the library. It would be good to know how 
the IEG chairmen would seek to deal with offenders 
who claim that they habitually throw their preprints 
away. It is proper to record that PIE is potentially 
more dangerous than IEG, because the names of those 
with access to the system would not be known to the 
organizers. It is probable that both systems, in their 
present forms, are more of a threat to the continuing 
health of scientific research than a fair wind in its 
favour. 

But if not preprints, then what ? The defects of IEG 
and PIE are no excuse for hiding from the problems 
which stimulated their emergence. One of these is 
the speed—or lack of speed—which attends publication 
in the orthodox journals. It is entirely proper that 
scientists should wish to see their work published as 
quickly as possible. The wish to establish priority is, 
or should be, only a small part of the reason for asking 
that publication should not be long delayed. It is 
much more important that the exchange of ideas is an 
essential part of science, and that the rapid exchange 
of ideas makes science more alive. Obviously there 
is a lot which orthodox journals should and could do 
to make publication faster, by better organization, 
the use of new printing processes and even of the 
telephone. Any way in which computers and data 
processing systems can help to make the literature 
more manageable and more accessible is obviously a 
deserving cause. It would be entirely in order if the 
institutions in the United States now being asked to 
lavish support on preprint circulation were to spend a 
fraction of the sum required on helping the journals 
to become more efficient. 

There remain a number of nasty qualitative problems, 
Journals seek to be discriminating, and in part their 
reputations depend on how well they succeed. There 
is evidence that, in the past, the influence of the 
continuing criticism by the Journals of what is eventu- 
ally published in the literature has itself been an 
important formative influence in science. It has 
encouraged thoroughness and measured judgment. 
It has discouraged triviality and repetitive work. 
But the question now arises of whether the literature 
is not ripe for some much more drastic transformation. 
Much of it is hard to read. Much of it is less effective 
a means of communicating ideas and information than 
it could and should be. And, of course, there is too 
much of it. These characteristics of the existing 
arrangements for publication need careful attention 
by the scientific professions as a whole. Ifthe National 
Institutes of Health are as well disposed towards the 
cause of effective publication as they seem to be, they 
could do a lot to help. The energy they choose to 
dissipate in Dr. Albritton’s print-shop will be much 
less valuable. 
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OLD soldiers never die, and it is much the same with 
laboratories. Professors Richard Post and Marshall 
Rosenbluth, two members of the University of Cali- 
fornia, have drawn attention to an interesting and 
important problem by speaking out in defence of the 
Culham Laboratory they have been visiting in Britain. 
Quite properly, they say that the laboratory is a splen- 
did place “unexcelled in the world”. They go on to 
hope that the kind of basic research carried out at 
Culham will not be restricted as a result of the British 
Government’s wish to use its substantial effort in 
research and development as a means of helping 
the economy move forward faster. What they do not 
say is that the Culham Laboratory was formed at a 
time when there were fond hopes of turning thermo- 
nuclear research to most spectacular practical results, 
and that its present concern for more academic work 
—which includes the development of the first ESRO 
satellite at a cost of £3 million pounds—reflects the 
recognition there has been that plasma physics is not 
child’s play. The laboratory has done well to survive, 
let alone to become a centre of excellence. 

It remains a real question to ask how Britain should 
make full use of Culham and of other laboratories 
which pursue academic—in the sense of uncommercial 
—ends but which are not incorporated into univer- 
sities. Professors Post and Rosenbluth are probably 
right in saying that too crude an attempt to divert 
academically minded men into other pursuits would 
persuade a great many of them to emigrate, but in 
itself that is not an overwhelming argument. If the 
British Government is persuaded that academic plasma 
physicists contribute nothing to the economy, in its 
present mood it would probably be glad to say goodbye 
to those who do not wish to change their ways. The 
difficulty, and the real cause for anxiety, is that 
activities which seem purposeless on a short time-scale 
can be enormously important in the long run. This is 
where too crude a decision could be dangerous and 
there is a possibility that, in its anxiety to balance 
the books, the British Government will make the 
pendulum swing too far against research as such. 


It is inevitable that laboratories such as Culham > , 


will be the first to feel this pressure. It will be interest- 
ing to see how they stand up to it. Trying to define 
how the investment made in them may eventually be _ 
returned should be a healthy exercise. To argue that 
a pool of skill must be maintained is sensible, thc _' 
not overwhelming by itself. (Undertaking contract, 
work for ESRO, in which Britain is the pr cipal 
partner, is not a convincing reason for survival.) 
The ideal would be if these laboratories could find 
some way of being much more closely integrated with , 
universities, for then they would be able to claim 
with justice that their activities were at least helpful 
in educating students. The schemes which exist for 
taking postgraduate students at these public labora- 
tories are not a sufficient answer to this need. 
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NEWS AND VIEWS 


Public Exploitation 


Brirain’s National Research and Development Cor- 
poration expects to be committed up to its present 
borrowing limit of £25 million by 1968, according to 
the annual report for 1965-1966 published last week. 
The Managing Director, Mr. J. D. Duckworth, is 
hopeful, however, that Parliament will extend this 
limit by another £25 million. “If we don’t get more,” 
he said, “we must start cutting back on our commit- 
ments quite soon until our present investments start 
paying back.” Despite the Government’s decision to 
, decrease research expenditure, Mr. Duckworth does 
: not feel that the present financial difficulties will 
affect the position of this corporation; the sums 
involved are relatively small and would be invested in 
development and industrial application, not research. 
“It is in our area that Britain’s economic future 
depends’, he added. Informal discussions take place 
continually between the NRDC and the Ministry of 
Technology, but more formal negotiations with the 
Minister will probably begin in the near future so that 
a new Act can be presented to Parliament during the 
next session. 

The NRDC was established under the Development 
_of Inventions Act of 1948 to develop inventions 
derived from publicly supported research and inven- 
tions from other sources which lack a sponsor. The 
original Act was amended in 1954, 1958 and 1965; 
the 1965 Act increased the borrowing powers of the 
NRDC from £10 to £25 million. The corporation is 
designed to act as a link between research and industry, 
but is increasingly participating in joint ventures with 
industries both to speed up development of important 
innovations and to spread the cost of taking risks. 
Within the past year it has also tried to encourage 
innovation by sharing risks with the user as well as the 
developer of new products, although the NRDC only 
provides some capital and is repayed if profitability or 
productivity increases. Mr. Duckworth stated that at 
present only 10 per cent of the corporation’s funds are 
being used in this new venture, but he expects that the 
proportion will greatly increase in the near future. 

The increased activity of the NRDC is shown in the 
figure of £865,000 for receipts in the nine months to 
‘the end of March from licensing, dividends, sale of 
equipment, and development levies. Nearly £4 million 
has been spent, and of this more than £3 million on 
projects. In 1965 the total spent on projects was a 
mere £500,000. 

During the last nine months the NRDC has taken 
on twenty-eight new projects, bringing its total to 
.121; 155 others are at present under consideration. 
“ae corporation continues to support hovercraft 
development and is supporting a hoverferry, the CC6, 
beig developed by Britten—Norman, Ltd. This is 
designed to carry four to five cars and between thirty 
` and forty passengers. Support for fuel cells, started in 
1955, continues. According to Mr. Duckworth, the 
cells are not yet economically feasible, but the United 
States is interested and American licences have led to 
an exchange of information that should strengthen 
the technical position of the British effort. 

New projects include the development of synthetic 
insecticides related to natural pyrethrum, which com- 
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bine the lack of toxicity of the natural pyrethrins with 
significantly lower costs. There is a metal polish 
additive which may be useful in making such metals as 
copper, zine, steel and aluminium more resistant to 
tarnishing. NRDC is also supporting projects in such 
areas as teaching machines, minimal farm cultivation, 
and a multi-gas burner, and is anxious to support 
computer-controlled automation studies. 


Culham Despondent 


Two visiting scientists at Culham Laboratory of the 
United Kingdom Atomic Energy Authority are 
pessimistic about its economic future. The two 
American physicists, Prof. Marshall Rosenbluth of the 
University of California and Prof. Richard Post of 
the Lawrence Radiation Laboratory, in a letter to 
the London Times on August 23, stated that they have 
“heard rumours that due to the present financial crisis, 
scientific research activities not involving an immediate 
financial return may be curtailed in Britain”. They 
go on specifically to praise the Culham Laboratory as 
unexcelled in the field of plasma physics. “A labora- 
tory such as Culham is a precious national asset, 
difficult to come by”. 

Prof. Rosenbluth has said on the telephone that 
Culham scientists are more worried about money 
than they have been during his frequent visits in the 
past, but added that he has no specific knowledge to 
justify his pessimism or that of his colleagues at the 
laboratory. However, he and Prof. Post state that if 
there is a cut-back on research funds, they “believe 
the majority of the creative leaders would be inclined 
to join the ‘brain drain’ and come to the United 
States”. 

The Ministry of Technology was not prepared to 
comment on the general situation of government aid 
for research which is closely tied to the economic 
situation in Britain as a whole; it does admit, how- 
ever, that generally it is becoming more difficult to 
get money. The UKAEA, the publie corporation 
directly responsible for Culham, says that it, like 
other public organizations, had been asked to save 
£2 million pounds.in the next year, but that as yet no 
decisions had been taken as to where these cuts should 
be made. While it was very possible that some cuts 
would be made at Culham, there was no general policy 
to reduce the proportion spent on basie research. 


Earthquake in Turkey 


On Friday, August 19, 1966, an earthquake of 
approximate intensity 9 on the Modified Mercalli 
Scale occurred in Eastern Turkey from an epicentre 
near latitude 391° N., lomgitude 414° E., between 
Varto and Hinis in Mus Province. This is some 50 
miles south-south-east of Hrzerum and between 
Erzerum and the western end of Lake Van. The area 
is remote and mountainous, and it is believed that 
more than 2,000 people died and that many more 
were injured. The shock was felt in the Soviet Union. 
Aftershocks are continuing and at least one of these 
was felt as far west as Istanbul, though no damage 
was done there. 

Turkey is a country of which every part is liable to 
earthquakes, the most stable area being just inland, 
near the centre of the south coast (in Asia Minor). 
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The earthquakes have their foci at depths ranging 
from the surface to some 100 km, though normally the 
depth is about 13 km. The deeper foci lie roughly on 
an east-west line starting from near the centre of the 
west coast of Turkey-in-Asia. The shocks vary greatly 
in magnitude; there are about eight shocks a year of 
magnitude 5 or greater on the Richter logarithmic 
scale. The earthquakes often begin from old foci, 
occasionally from new ones, and many of these are not 
near towns. An earthquake at Erzincan on December 
26-27, 1939, killed 23,148 people and injured 8,029. 
16,629 buildings were completely destroyed (see 
Nature, 145, 13; 1940). 

Most Turkish earthquakes are of tectonic origin, due 
to “Alpine” orogenic pressure. Slipping occurs when 
this pressure exceeds that required for movement, 
usually along one or more of the deep ancient geological 
faults which abound. The first point which yields 
becomes an earthquake focus. One such structural line 
runs through Miirefte, Izmit, Bolu and Gerede, and, 
although it is a line of earthquake epicentres, it also 
has such an influence on relief that it is both a very 
densely populated zone and a corridor for communica- 
tions. Two other active faults are the Kayas and 
Akpinar faults. 

The general geological structure of Turkey awaits 
clarification. Three ideas at present hold the arena: 
(a) that it merely consists of strong transverse anticlines 
and synclines, sometimes faulted along the edges; 
(b) that it consists of a ‘“Zwischengebirge’”’ between the 
Pontine and Taurus Mountains; (c) that at Kirsehir 
is a Pontine nappe and that the Anatolian thrust at its 
base is essentially a boundary between the Pontic 
(Black Sea) and Taurus (Mediterranean) pre-Tertiary 
rocks which differ in facies. 

On account of the enhanced interest at the University 
of Istanbul, Turkey is now better provided with seismo- 
graph stations than formally, and some advanced 
seismological work is being undertaken. N. Canitez 
and S. B. Ucer have recently recomputed all Turkish 
epicentres between January 1947 and December 1959, 
using a digital computer. The accuracies of the new 
epicentres and times of origin are about +0-1 degrees 
and 1-0 seconds respectively. Pn arrivals at epicentral 
distances less than 16° were used, together with an 
iteration method which used the local velocity of Pn 
waves. The standard deviation in both latitude and 
longitude for the new epicentres is less than +0:1 
degree. The same authors have also investigated the 
mechanism of some seventy earthquakes which 
occurred in or near Turkey between the years 1936 
and 1965. 


Help with Computers 


THE Ministry of Technology is continuing to support 
the development in Britain of new computer tech- 
niques. It has just announced that, under its 
Advanced Computer Techniques Project, twenty-one 
new contracts worth more than £1 million, and sup- 
ported: jointly by the Government and industry, have 
been placed in the past year. The Government has 
also allocated an additional £600,000 for new contracts 
which are expected to be placed by April 1967. 

The project was started under the Department of 
Scientific and Industrial Research in 1963, when the 
then government considered there was not enough 
research and development to maintain a viable com- 
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petitive position in the world computer market. Seven 


contracts costing about: £325,000 have been completed 
so far. The ministry’s aim is to support projects which 
are too uncertain or too long term to commend them- 
selves to industry, but which lie in areas that must be 
developed if the industry is to grow. 

The prevailing view is that research and development 
are chiefly required in the development of fast storage 
devices, the design of systems and in the working out 
of a cheap and reliable technology of peripheral equip- 
ment and software. 


Fresh Fish to Eat 
Tae report for 1965 of the Director of the Torry 


Research Station (H.M.S.0., 5s. 6d.) lays greatest stress ; 


on the need for technical innovation in the British 
fishing industry. The traditional fishing grounds are 
yielding fewer fish of the types most appreciated by 
the British public—cod, haddock, plaice and herring— 
so that the station’s development of methods which 
minimize wastage of fish between catching and con- 
sumption is of particular importance. Superchilling 
of fish in liquid air, pre-packaging wet fish and dip 
coating of fish in liquids which produce a flexible surface 
film are methods which have been tried. Another pos- 
sibility is to fillet the fish before freezing at sea in order 
to eliminate thawing and refreezing of fish for filleting 
to be carried out. 

Even if spoilage of fish is minimized, however, it 
seems unlikely that all needs can be satisfied without 
the introduction of hitherto unexploited species such 
as redfish, dogfish, saithe and mackerel. These fish 
could be marketed in traditional ways or as com- 
ponents of made-up products such as fish sausages or 
fish cakes. A further possibility is to extend the fishing 
grounds to the South Atlantic, and work has been done 
on the preservation of fish at higher ambient tempera- 
tures in preparation for such a development. 

Since these problems are essentially of a practical 
nature, a shift in the emphasis of the station’s work 
away from basic research has occurred, and will be 
encouraged. Basic research work, however, still makes 
up a considerable proportion of the station’s effort, 
and bacteriological and biochemical investigations have 
continued to be carried out. 


Microbiologists in Moscow 
Ar the end of July over five thousand microbiologists 





from nearly fifty countries assembled at Moscow State ° 


University for their ninth quatrennial congress. More 
than 1,500 papers were presented or made open for 
discussion and they covered most aspects of micro- 


biology. Statistics such as these immediately raise the : 


obvious question of the usefulness of this kind of 
meeting (writes one of the participants). Indeed, the 
poor standard of many of the communications was such 
that one would have wished for a more thorough selec- 
tion in the preparation of the programme. Be that-as 
it may, a great deal of interest emerged during the 
course of the congress which afforded—and which, 
through the agency of its published proceedings, will 
continue to afford—an ideal opportunity for micro- 
biologists to survey their rapidly expanding subject. 
One of the undoubted consequences of this huge 
meeting was the chance of informal discussion with 
colleagues, and a recurrent theme in these exchanges, 
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i {particularly as expressed by Soviet and other scientists 
' from the Soviet Union and from Eastern Europe, was 
| he applicability of microbiological discoveries to 
: industry and agriculture. Several sessions were con- 
' cerned with applied aspects; and discussions of the 
‘ automatic control of microbiological processes, and of 
| the engineering equipment required, attracted much 
| attention. Developments in this area of microbiology 
' \in the next few years will be rapid and far-reaching. 
_ The fuller exploitation of micro-organisms in the 
3 \production of vaccines, antibiotics and a vast array of 
‘organic materials, as well as the problem of producing 
more food, are of the greatest importance. It was clear 
from the views expressed in Moscow that the increasing 
‘contributions of industries based on microbiology 
: |hold promise for the future. 
i \ Important information on the complex interactions 
. ‘between microbes and their hosts is coming from 
what is called gnotobiclogy — investigation with 
organisms free from germs or specifically inocu- 
lated. These are uniquely useful in the study of 
` physiological processes and diseases in the absence of 
a microbial vector. With the advent of commercially 
: lavailable animals free from germs, and the isolator 
_ ‘chambers for keeping them like that, gnotobiology is 
advancing rapidly. Included in the programme at 
[Moscow was the use of germ-free techniques in the 
care of patients, which can be critical for those with 
‘impaired immunity mechanisms, as well as in containing 
‘ contagious diseases in hospitals. 
The gnotobiotic implications of space travel were 
ı also discussed. During long space flights there may be 
: a high probability of a lethal simplification of the gut 
i flora and the cross-contamination of pathogens. This 
~ less publicized problem of space exploration is of great 
practical significance to the technologist. 

Apart from presenting a comprehensive report of 
the contemporary scene, an international meeting of 
this nature must also look to the future. To a gratifying 
extent the organizers of the Moscow congress were 
successful in establishing this balance which, consider- 

y ing the great diversity of subject matter embraced by 
` microbiology, was no small achievement. 


eg 


Yopulation Excursions 


{Tne birth rate is still falling steadily in Britain, 

i according to the provisional figures for the June 

quarter recently issued by the Registrar General; it 

_ {is estimated that there were 215,000 live births during 
- ithe quarter, giving a rate of 17-9 per thousand popula- 

‘tion compared with rates of 18-5 and 19-2 for the 
ı corresponding quarters of 1964 and 1965. At the same 
| time, the infant mortality rate has remained low—18-2 
per thousand live births is estimated for the second 
quarter, versus the 1965 average of 19 per thousand. 
Only Sweden and the Netherlands have appreciably 
lower rates, while the United States averaged 25 deaths 
per thousand live births in 1965. 

The birth rate. may be falling but it is still well 
above the mortality rate; the Registrar General’s 
Quarterly Return for the March quarter of 1966 
reports that there were 862,290 live births in 1965 and 
only 549,379 deaths, of which 24,254 were from violent 
causes. The most prolific killer is still coronary and 
arteriosclerotic heart disease; it accounted for more 
than a fifth of all deaths in 1965 and at 113,451 is the 
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highest number recorded. In the past 10 years, deaths 
from this cause hav2 increased by 50 per cent. How- 
ever, the number of deaths from myocardial degenera- 
tion has been steadily declining and reached a record 
low last year of 38,267. The other three main causes 
of death were pneumonia, bronchitis and stroke—the 
first two accounted for 60,595 deaths, and the latter for 
78,149. Compared with these figures, the number of 
violent deaths seems quite small and is the lowest 
figure in 3 years; accidents involving motor vehicles 
caused 7,515 deaths, which is an increase in the past 
2 years. The most publicized causes of all—murder 
and war—were responsible for only 317 deaths. 

For the future, tha Registrar General estimates that 
the population of the United Kingdom will have 
increased by 7-0 million by 1981, and that nearly all 
this increase will Lave occurred in England. The 
largest growth is expected to be in East Anglia, the 
Midlands and south-west England, with percentage 
increases of 30, 20 and 17 respectively; south-east 
England, at present containing 35-5 per cent of the 
English population, is expected to grow at only 12 per 
cent over the period, or less quickly than the national 
average. 


Respiration Physiology 

De. Pani Huee-Jonzs writes: The scientific 
publication explosion is becoming a threat to the 
assimilation of kno-vledge almost as alarming as the 
population explosion to the assimilation of food. So 
it is now no longer Dossible to welcome a new journal, 
as it was a few decades ago, without first assessing the 
need for its existences. The first number of Respiration 
Physiology has just been published this year with an 
eminent internatioral editorial board and two dis- 
tinguished physiologists as editors—Pierre Dejours of 
Paris as the day-tc-day editor and Wallace Fenn of 
Rochester New York as honorary editor. Is there 
need for such a journal ? 

It is interesting co reflect on where articles about 
respiratory physiology, published im English, have 
hitherto appeared. In Britain the obvious place has 
been the Journal af Physiology, but with the out- 
standing success and interest in mneuro-muscular 
physiology in Britein during the past decades, the 
proportion of artizles in that journal about the 
physiology of respiration has declined. Thus a rough 
analysis of the contents of the Journal of Physiology 
for 1925 compared with 1965 showed the following 
percentages: in 1925, neuro-muscular articles 22 per 
cent, cardio-respiratory 28 per cent, endocrine 28 per 
cent, other 22 pe? cent, compared with 1965, 
neuro-muscular 53 >er cent, cardio-respiratory 13 per 
cent, endocrine 15 par cent, ofher 19 per cent. During 
the period the total size of the journal increased from - 
46 articles to 201; the number of neuro-muscular 
articles increased from 10 to 106 while those on cardio- 
respiratory subjects increased only from 13 to 26. 

It might seem that in Britain interest has shifted 
away from human and mammalian respiratory physiol- 
ogy (so ably pioneered here by Haldane, Barcroft, 
Hill and others) tewards neuro-physiology after the 
success of Sherington, Adrian, and others who have 
followed the Oxforc ‘and Cambridge Schools. In fact, 
with the decline m interest in respiration among 
British physiologists there has been a marked increase 
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in interest among clinical research workers. Some of 
this applied and clinical respiratory physiology has 
been published in journals such as Clinical Science, 
but much has been published in the United States. 
There the Journal of Applied Physiology has increased, 
not only in absolute size but in the proportion of its 
articles on respiratory physiology, so that the number 
in March 1966 was a mammoth volume weighing 
2:75 lb. and having no less than forty-six articles in it 
on respiratory physiology out of a total of about 
seventy. -Obviously, there is a demand for space to 
publish articles about applied respiratory physiology. 

What are the credentials of the new journal 
Respiration Physiology? First, it is an international 
journal in English. Secondly, it seems to aim to bring 
together the different fields of respiratory physiology 
from cellular respiration, through comparative respira- 
tory physiology in animals, to applied clinical physiol- 
ogy of man. Unlike the Journal of Applied Physiology 
it is a speciality journal for respiration physiology—as 
its name implies. 

In the first number of Respiration Physiology 
there are nine papers of original research including 
articles on a theoretical analysis of aquatic gas 
exchange, experimental work on respiration in an 
elasmobranch fish, chemical control of breathing in 
rats, on the pressure flow characteristics of isolated 
dog’s lungs, on temperature and respiration on sleep, 
and articles on human breathing including gaseous 
diffusion on the airways, the effects of posture on 
compliance, on chemoreceptor block and on the 
determination of carbon monoxide transfer—a wide 
variety within the speciality of respiration by authors 
from the United States, Britain, Germany and New 
Zealand. If this journal can maintain the high 
standard of contents and layout of its first number it 
should surely succeed. 


Information Exchange 


Soviet scientific and technical information specialists 
have just completed a three-week tour of Britain, 
visiting institutions and organizations concerned with 
storage, dissemination and retrieval of scientific and 
technical information. A similar visit to the Soviet 
Union was made by a team of British information 
specialists in May 1963. The tour was organized by 
the International Scientific Relations Division of the 
Department of Education and Science in Britain. The 
nine delegates, led by Mr. N. B. Arutynov, head of the 
Directorate of Scientific and Technical Information, 
State Committee for Science and Technology, Moscow, 
visited twenty government and industrial libraries 
and research establishments. 


Appointments 


Dr. J. B. Apams, director of the Culham Laboratory, 
has been appointed a full-time member of the United 
Kingdom Atomic Energy Authority for 5 years as from 
October 1. 


Mr. G. J. Berit has been appointed director of the Royal 
Observatory, Hong Kong, in succession to Dr. I. E. M. 
Watts, who has been appointed to the headquarters of the 
World Meteorological Organization in Geneva. 


Pror. D. J. Finney, professor of statistics in the Univer- 
sity of Edinburgh, and Mr. J. K. Steward, head of the 
Mathematics and Computer Department of Imperial 
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Chemical Industries, Ltd., have been appointed to the 
Computer Board. These appointments complete the 
membership of the board, the establishment of which was 
announced in the House of Commons on August 3. 


Pror. I. S. ZHELUDEY has been appointed deputy director 
general of the International Atomic Energy Agency for 
the Department of Technical Operations, in succession to 
Prof. G. A. Yagodin. 


Announcements 


THe Culham Laboratory of the U.K. Atomic Energy 
Authority is to be awarded a contract worth roughly 
£3 million by the European Space Research Organization 
(ESRO). The authority will be the principal contractor 
in the development and construction of the first of the 
three satellites now included in the ESRO programme. 
This will be largely concerned with astronomical work. 
The intention is to launch a 30-in. Cassegrain telescope 
working in conjunction with a spectroscope working 
in the ultra-violet between 900 A and 3300 A. 
hoped that the alignment of the telescope will be accurate 
to within one-tenth of a second of are. The entire payload 
will weigh 500 Ib. and the entire package will be 10 ft. 
long and 40 in. wide. The present plan is that the satellite 
will be launched in 1971 using the ELDO launcher for 
getting off the ground. 


Four new coastal surveying ships, designed to operate 
in any part of the world independently for long periods, 
have been ordered by the British Royal Navy. The new 
ships, being built by Brooke Marine, Ltd., of Lowestoft, 
will replace the four converted Bay class frigates which 
have been in service since 1950. When they are com- 
pleted, the Royal Navy’s surveying fleet will consist of 
four ocean survey ships, four coastal survey ships and 
seven smaller boats. 


Tue Canadian Society for Chemical Engineering has been 
formed within and as a part of the Chemical Institute of 
Canada. The new society will represent the institute in 
the field of chemical engineering, both nationally and 
internationally. The society’s first officers are those of 
the institute’s former Chemical Engineering Division, 
now replaced by the new society, and are: President, 
Dr. D. B. Robinson, chairman of the Department of 
Chemical and Petroleum Engineering in the University 
of Alberta; Vice-President, Dr. W. H. Gauvin, director 
of the Noranda Research Centre, Pointe Claire, Quebec; 
Secretary-Treasurer, Dr. N. E. Cooke, Engineering Depart- 
ment, CIL, Montreal. The new society’s first annual 
meeting will take place during the sixteenth Canadian 
Chemical Engineering Conference which it is sponsoring in 
Windsor, Ontario, during October 17-19. 


Tue Harkness Fellowships of the Commonwealth Fund 
of New York are offered each year for study and travel 
in the United States. Candidates must be citizens of 
the United Kingdom or a present British Colony, and must 
be between the ages of 21 and 32. Further information 
can be obtained from the Warden, Harkness House, 38 
Upper Brook Street, London, W.1. 


A JOINT meeting of the Biological Engineering Society and 
Stichting voor Biofysica will be held at Utrecht durmg 
September 22-24. Further information can be obtained 
from W. J. Perkins, The National Institute for Medical 
Research, Mill Hill, London, N.W.7. 
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A CONFERENCE on “Advances in Electron Microscopy”, ' 


arranged by the Electron Microscopy and Analysıs Group 
of the Institute of Physics and the Physical Society and 
the Electron Microscopy Section of the Royal Micro- 
scopical Society, is being held at the Institution of Elec- 
trical Engineers during September 26-28. Further infor- 
mation can be obtained from the Meetings Officer, the 
Institute of Physics and the Physical Society, 47 Belgrave 
Square, London, 8.W.1. : 
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Tun third field meeting of the North of England Soils 
Discussion Group is being held at Merlewood Research 
Station, Grange-over-Sands, Lancashire, and in the 
Morecambe Bay area, during September 26-28. Further 
information can be obtained from H. T. Davies, National 
Agricultural Advisory Service, Yorks and Lancs Region, 
Government Buildings, Lawnswood, Leeds, 16. 


Tue ninth International Cancer Congress will be held, 
under the auspices of the International Union against 
Cancer, in Tokyo during October 23-29. Further informa- 
tion can be obtained from the National Organizing 
Committee, Ninth International Cancer Congress, c/o 
Cancer Institute, Nishisugamo, Toshima-ku, Tokyo. 


A CONFERENCE on ‘Electron Nuclear Hyperfine Inter- 
actions in Spectroscopy” will be held in Wellington 
during October 17-21. Further information can be 
obtained from Dr. R. M. Golding, Conference Secretary, 
Royal Society of New Zealand, c/o Chemistry Division, 
D.S.1.R., Private Bag, Petone, Wellington. 


Tur sixteenth Canadian Chemical Engineering Conference 
of the Chemical Institute of Canada will be held in 
Windsor, Ontario, during October 17-19. Further in- 
formation can be obtained from Dr. P. M. Reilly, Polymer 
Corporation, Ltd., Sarnia, Ontario. 


Tue sectional meeting of the World Power Conference, 
the theme of which is “Problems of Future Years in 
Energy -Utilization”’, will be held in Tokyo during October 
16-20. Further information can be obtained from the 
Japanese National Committee, World Power Conference, 
c/o Japan Power Association, Daido Building, 1-46 Shiba 
Minamisakuma-cho, Minato-ku, Tokyo. 


A symposium on the “Optimization of Chemical Pro- 
cesses”, organized by the Royal Institute of Chemistry 
and the Society of Chemical Industry, will be held at the 
University of Manchester on October 12. Further 
information can be obtained from Mr. L. Winestone, 
Geigy (U.K.), Ltd., Tenax Road, Trafford Park, Man- 
chester 17. 


A CONFERENCE on “Engineering of the Future in the 
Rubber Industry” will be held at Royal Leamington 
Spa during October 6-7. Further information can be 
obtained from Mr. A. L. Smith, Controller of Development 
Compounding, Tyre Compounds Laboratory, Dunlop 
Rubber Co., Ltd., Fort Dunlop, Birmingham 24. 


THE sixth International Congress of Clinical Pathology 
will be held in Rome during October 3-8. Further 
information can be obtained from Segreteria del VI 
Congresso Internazionale di Patologia Clinica, Via dei 
Penitenzieri 13, Rome. 


CORRESPONDENCE 


We Wuz Robbed 


Sim,—lIf the object of the World Cup series were to determ- 
me the identity of the best playing team, your editorial 
comment would be justified. But m fact its object, albeit 
inexplicit, is something much more sophisticated—the 
generation, abreaction and (one must hope) the control of 
aggressions in a ritualized form. Because we badly need 
an emotional technology of this kind I for one would be 
sorry to see it reshaped, unless it were in the direction of 
making the therapeutic acting-out more effective. For 
the operation to succeed, there must be a climatic final 
contest, there must be built-in uncertainties and unfair- 
nesses (otherwise nobody would have the opportunity of 
being robbed in a context which does not generate military 
spirit), and there must be a referee to respect or blame: 
possibly the ritual would be more effective if, symbolically 
at least, he were eventually killed and eaten, but the 
present system is an insightful compromise. 
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The selection of the “best” team is accordingly a 
pretext for an important anthropological manoeuvre. 
That this manoeuvre has grown intuitively rather than 
as the result of planning adds to its effectiveness, and is 
typical of a rite. It is an inexpensive project compared 
with, say, the literal snactment of the shamanic enterprise 
of Moon travel, and with the restraint imposed by sports- 
manship, however variously interpreted, I think it is 
beneficial. We have too few safe outlets for aggression, 
rivalry and boasticg. We should not let scientism 
disturb those which ve have. 

I am, Sir, etc., 
ALEX COMFORT 
Department of Zoolazy, 
University College, 
London. 


Drop More Names 


Str,—I am a regular aser of Science Citation Index (8.C.1.) 
and wish to comment on your recent remarks about it 
(Nature, August 6, 1266) because I suspect that you have 
not used the Index for its proper purpose, which is to 
search the literature “or references pertaining to a current 
scientific problem. 

Your description cf the principle on which the Index is 
compuled is correct, bat your statement of the fundamental 
idea behind S.C.I. aad your implication that the use of 
8.C.I. ıs limited to the pursuit of this idea in any particular 
case appear to me superficial. In my view 8.C.I. enables 
one to answer the questions: ‘“Has it been done? Has it 
been thought of? Has it been criticized, proved, or 
disproved ?”? §.C.I. permits the questioner to exploit 
fully his own intelligence and experience in his analysis 
of the literature without having to rely on the arbitrary 
choice and use of key words by abstracters. An abstracter 
might neglect minor points which later become of major 
umportance to someore else and might even misunderstand 
& paper. 

The following exemple illustrates the way in which 
citations found in &C.I. act as the “labels”? by which 
“ideas”? in the literature can be traced. A researcher 
planning an experiment to distinguish between certain 
hypotheses considere the range of possible results and 
their bearing on his hypotheses. Even at this stage he 
can make a list of she key papers to which he thinks 
he would have to refer when finally writing his own paper 
on this research, chossing this list so that it characterizes 
as many as possible of the aspects of his research. He 
now finds the citat-ons of his listed papers in 8.C.I. 
Publications which ete two or more papers from his list 
are likely to be useful Many of those which cite only one 
can quickly be dismised as irrelevant on the basis of their 
authorship, or the journals in which they appear, or their 
titles (which are fourd in the source index). If there are 
no relevant citations, she research worker’s idea is probably 
new. 

My experience suggests that literature problems can 
be solved with 8.C.L, within an hour or two of raising 
them, more completely and quickly than with conven- 
tional abstracts. Your alternative suggestion of search 
by computer is open to the objection that those with the 
most to learn, undergraduates and graduate students, 
might not have rap.d access to the computer service. 
Furthermore, althouzh computers are quick, a citation 
service by computer would suffer from delays in booking 
time and in supplying in the correct form the information 
required for a searcn. The questioner would probably 
want to alter this information on seeing the results of the 
search, whereas the -ndividual user of 8.C.I. can modify 
his search procedure as he goes, according to his findings. 

Yours faithfully, 
Martin DAVIES 
Harvard Medical Sckool, 
Boston, Massachuset-s. 
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FOUR YEARS OF INFORMATION EXCHANGE 


Tae National Institutes of Health in the United States 
have for four years been running a rapidly growing system 
for the exchange of preprints between scientists working 
in biological fields. The first information exchange group, 
started in April 1961 on an informal basis, has now been 
joined by six other groups. The speed with which these 
networks, which have sometimes been called “invisible 
societies’, are growing can be told from the fact that 
information group No. 7, barely a year old, had 1,100 
members in April of this year and is expected to reach 
2,000 by the end of 1966. The organizers of the scheme 
are now reaching the point at which they must apply for 
permanent financial support for a version of the experi- 
ment which has been running, and an appropriate request 
has apparently been made through the administration of 
the National Institutes of Health. At the same time, what 
is called A Report to the Members has been circulated by 
Dr. Errett C. Albritton, the director of the information 
exchange programme. This is valuable insight into the 
working of the information exchange and its problems. 


Faster Publication 


According to Dr. Albritton: “The overall objective 
[was] to accelerate the advance of medical science by 
subsidizing quick scientist-to-scientist communication 
on an experimental basis within a group of scientists 
{and later six more groups) in which there existed a high 
degree of identity of research interests’. He argues that 
the informal exchange of information between scientists 
working close to each other in laboratories, or sharing 
the same coffee room, is a model for the kind of exchange 
of information that information exchange groups should 
promote. “Since taxpayer’s dollars would support this 
experiment, the IEG had to be clearly differentiated 
from media of communication already serving science, 
and IEG’s service had to be convincingly related to actual 
acceleration of the advance of science. The distinction 
between the service to science as proposed, and that 
supplied by journals, involved dimensional differences 
on two separate scales, one of speed of communication of 
research findings, the other of excellence of what was 
communicated. . . . Journals sacrifice speed to achieve 
excellence; IEG would sacrifice excellence—if it did nat 
already exist in a communication—to achieve speed. 
If it did not already exist [sic], for many or even most of 
the communications in this subsidized professional corre- 
spondence might be of such high excellence that the 
journal would require no alterations whatever. But that 
would be an individual matter—the IEG would have no 
screening or review mechanism for assuring excellence.” 

Dr. Albritton compares the exchange of information 
within the exchange groups to the exchange of information 
at symposia and also cites the practice of the Proceedings 
of the U.S. National Academy of Sciences, in which papers 
submitted by-members of the Academy are published 
without being refereed. He adds that the justification 
for spending taxpayers’ money on such a scheme cannot 
simply be speed and that there must be “convincing 


reason to believe that the experimental operation proposed 
would actually accelerate scientific discovery and thus 
lie within the mission of-the NIH”. He quotes Dr. Philip 
Handler, one of the original sponsors of the information 
exchange groups, as saying that the chief object is to 
“accelerate the progress of scientific discovery” by 
updating “the frame of reference in which the scientist 
makes his day to day research decisions’. There are said 
to have been two chairmen of information, exchange groups 
who have supplied instances in which members were 
saved from embarking on projects because they learned, 
through the information exchange group to which they- 
belonged, that the work had already been done elsewhere. 

“Polls of membership by two IEG chairmen have sup- 
plied actual instances in which members were saved 
embarking on a project that another member had just 
completed, and instances of radical revision of plans, 
triggered by incoming information. Dr. Handler did not 
expect these spectacular instances to be frequent in 
occurrence; ITEG’s main impact would lie in the more 
informed decisions it made possible, throughout the 
research area, in every research laboratory. 

“Sufficient documentation does not exist as yet for an 
appraisal of the impact IEG is having to accelerate the 
advance of scientific discovery. Statistical data on the 
average and range of the time-span between dispatch of 
scientific memos from the NIH print shop and the 
appearance of the same research findings in print in & 
journal are not as yet available. But the longer that time, 
the more near to ‘actually current’ -is each recipient- 
scientist’s frame of reference for his day-to-day research 
decisions.” 

On the cost of the system, the Report to Members has 
very little specific detail to provide. The cost for 1966 is 
said to be “by no means small” and equivalent to twenty 
average research grants. Dr. Albritton has calculated 
that if all the 18,000 recipients of National Institutes of 
Health grants were members of information exchange 
groups, the overall cost would be $5 million. This, of 
course, is probably a figure which takes account of the 
financial economies that would arise if there were even 
more members-—~in other words the present cost per 
member is likely to be greater than it would be when all 
National Institutes of Health grant holders were enrolled. 

The Report to Members points out that the seven 
information exchange groups are formally autonomous. 
“The IEG Office does the observing, but otherwise serves 
only as a mail drop for scientists who wish to communi- 
cate their research findings speedily to their colleagues 
around the world. The experiment is costly and thus must 
be limited. These seven groups are regarded as a sufficient 
pilot run out of the 250 to 300 possible scientific groups 
the NIH might come to support.” 

Dr. Albritton’s memorandum continues: ; 

“Priority. Reference to priority in a recent memo from 
the writer needs elaboration. The TEG clearly has some 
of the attributes of a scientific society, formed, however, 
solely to speed communication. Basic in such a ‘society’ 
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is the observance of the ethics of priority. Without 
confidence in such observance, no scientist would care to 
accept membership. When the successive IEGs were 
organized, each, through its chairman and/or co-chairman, 
adopted as one of the conditions of membership the 
commitment to observe priority. 

“One of the gratifying findings in the experiment has 
been the almost complete absence of any failure to observe 
priority, traced in its rare occurrence to a hasty reading of 
a memo received. The finding has been communicated to 
the membership for the benefit of any of the more recent 
members who may have less than complete security in 
quick communication of their own research findings. 

“Quoting Material in Memos. The consensus among 
the IEG chairmen regarding bibliographic references to 
scientific memos may be repeated here for the benefit of 
the newer members. It is that inasmuch as a memo is not 
a ‘publication’ (1t falls in the category of private profes- 
sional correspondence), it may not be referred to in a 
bibliographic reference except as a ‘personal communica- 
tion’ from the author of the memo. (It should, of course, 
be cited, if the writer of the published paper is a member 
of the IEG or has had access to an IEG memo through 
the courtesy of a member.) Prudence suggests that the 
writer of the paper [should] consult with the author of 
the memo to see if he still stands by the statement to be 
quoted. (Some IEG members make it a practice to dis- 
patch at once to the author of a particularly interesting 
memo a request for a reprint of the article when it finally 
appears in a journal.) 

“Membership Policy. Again for the sake of the newer 
members: Every research finding in an IEG’s research 
area is potentially needed, quickly, by some member. 
If the finder is not a member, his findings are missing 
from the information stream. And just this much is 
missing from the stream’s impact to accelerate research 
progress. Scientists not doing research in an IEG’s 
research area belong in some other IEG, maybe yet to be 
formed; but scientists who are doing research in the 
TEG’s limited area should be in, if they are capable of 
independent research. 

“The Recent Delay in Dispatch of Memos. In the past 
two months the time between receipt of memos and their 
dispatch has been rapidly extended in the NIH Print 
Shop, until, in some instances, a memo has stayed in the 
shop as long aş two months. This has been explained to 
us as temporary, due to a heavy load of research grants 
printing falling on the Print Shop at the same time as they 
were suffering from an unforeseen shortage of operating 
staff. The emergency has not ended at the time of this 
writing, but we are assured that they will try to move 
back to a week or ten days as their normal production 
time. 

“What is the Future for IEG? The IEG remains an 
experimental programme. The chairmen and co-chairmen 
and other close observers believe IEG is here to stay. If 
it is, the programme will be taken out of the experimental 
category and will be able to extend its coverage to other 
research areas. However, still under consideration by 
higher administrators is the question whether the amount 
of acceleration TEG gives to scientific progress is worth the 
cost. An increase in speed seems a possibility; cutting 
costs is a possibility. Hither should help toward an 
affirmative answer.” 

Dr. Albritton says that there has been an increase in 
the number of memoranda contributed by each member 
of the group as the years have gone by. He estimates 
that 80 per cent ‘of the memoranda circulated at the 
beginning of the experiment eventually appeared in print 
in ordinary journals, and suggests that the present ratio 
is nearer 90 per cent. 

It would, of course, be wrong to think that the volume 
of literature flowing into the National Institutes of Health 
can be processed without trouble. In an earlier note 
headed “Memos Must Be Camera-Ready !’ Dr. Albritton 
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advised members thet “the IEG Office is receiving so 
many manuscripts (trpescripts) each week that have to 
have additional work before they can be printed, that we 
are having to make a drastic change in procedure. Here- 
after, memos that are camera-ready will be processed first 
and rushed on to the NIH print shop, but those requiring 
more work will be set side in a waiting file—to be attended 
to when we can gettochem. Itis worth your investigating 
whether your secretery has the erroneous idea that a 
typescript that is ‘journal-ready’ is automatically also 
‘camera-ready’. Whas we send to the NIH print shop 
must be ready for the zamera”. 

This note goes on t explain that pages must be num- 
bered, glossy prints must be mounted, and that pages 
that have to be turned sideways must be legible when the 
top is turned to the let. By the end of the year (1966) Dr. 
Albritton expects that the delay in processing manu- 
scripts before sending them to the “print shop” would be 
& month. He follows with practical advice “‘Addressed to 
Secretaries” which includes the helpful paragraph: “Now 
for a suggestion that-will give more ‘class’ to the memo, 
if it does not seem tcp complicated to you. If all tables 
and all figures are sezregated to the back of the memo, 
it gives more class to the printed job if FIGURES can 
head a right-hand page; and the same for TABLES, 
and the same for BIBLIOGRAPHY. Right-hand pages 
are odd, you remember. If one of these headings is about 
to be on an even-numbered page you can prevent it by 
inserting a blank page, giving it the even number, and 
proceeding on from there”, 


Why Not Get it tc Us NOW? 


Dr. Albritton writes: 


Information Exchange Group No. 1, now entering its 
sixth year with ovez 700 members, has demonstrated 
conclusively that research findings can be disclosed 
through the IEG months before journal publication, 
without jeopardizing criority. In fact, it is now clear, the 
IEG has brought intc existence new and potent safeguards 
to priority. The protective factors seen to exist within the 
IEG, that do not exist outside, may be pointed out: 

1. Assume that a memo by scientist “A” contains a 
research finding that must be mentioned in a memo or 
published paper by scientist “B”, else he fails to give A 
due priority credit. Every scientist is motivated to respect 
priority, but scientiss B has added motivation: he has 
committed himself m one of the conditions of IHG 
membership. B honours his commitment in relation to A 
all the more in view of the fact that all his peers in the 
group are witness to A’s priority. 

2. If B’s memo should actually fail to give A the priority 
eredit due him, A has the opportunity to call it to B’s 
attention, privately, before the paper comes out in @ 
journal. (If B’s paper is already in print, A still has 
recourse to the next procedure.) 

3. If A does not get satisfaction from B in private cor- 
respondence, A can lay the matter before the IEG chair- 
man. The chairman will, of course, satisfy himself that A 
has a valid complamt, but then can privately bring 
irresistible pressure on B. A also has the option of sending 
a memo through the Exchange. ` 

There are now 2,580 members in the seven LEGs, and 
1,200 memos have bæn transmitted, all priority protected. 
It is obvious, of course, that a paper sent through the 
IEG is better protected than one published without prior 
circulation through the IEG. Even more obvious: the 
earlier a paper is sent to the IEG Office, the surer the 
author can be that hə actually will have priority. Surest 
of all will be the acthor who sends the paper through 
TEG as soon as the ast page is pulled out of the type- 
writer. Waiting until it is accepted by a journal is an 
unnecessary precautien—the delay, even detrimental. 
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LIQUID STATE PHYSICS 
By Pror. H. N. V. TEMPERLEY 


Department of Applied Mathematics, University College, Swansea 


Liqvuip state physics has had a very curious history of 
leaps forward with periods of stagnation. The present 
advances were triggered by some extensive machine 
calculations published in 1957 (refs. 1 and 2). Because 
of the importance of the liquid state to almost every 
human activity, empirical knowledge abounds. Ever 
since the atomic hypothesis was taken seriously there 
have been attempts to understand the properties of 
liquids at a more fundamental level and it has probably 
always been realized that atoms and molecules show weak 
attractions at long distances and strong repulsions at 
short distances, and that the most characteristic properties 
of a liquid (a fimte bulk modulus yet no resistance to 
shear) are somehow accounted for by such interactions. 
There are still many gaps in our knowledge; for example, 
we still do not know the most stable solid structure 
associated with any reasonable law of interaction. It is 
highly probable (but has not yet been formally proved) 
that the most space-saving way of packing spheres is in 
a cubic or hexagonal close-packed arrangement, but 
recent work by Bernal, Frank and others makes it plausible 
that various disordered arrangements become possible at 
densities only slightly less than close-packed. Intuitively 
it can be expected that a disordered structure can be 
distorted with httle expenditure of energy if the average 
density is kept constant, so that the absence of permanent 
resistance to shearing forces can be understood. 

So matters stood when van der Waals published his 
famous equation in 1873. This showed that the critical 
temperature of a gas, below which condensation becomes 
possible, could be understood as a balance between energy 
and entropy. Putin another way, above this temperature 
the effect of thermal! agitation always overcomes the effect 
of the attractive forces between molecules and the sub- 
stance fills the vessel uniformly; below this temperature, 
for sufficiently high densities, the attractive forces prevail 
and most of the assembly condenses. Very recently, 
rigorous work by Uhlenbeck and others has shown that a 
van der Waals’s type of equation is the rigorous conse- 
quence of giving the attractive forces a range which is 
long compared with the molecular diameter. Forces 
between real molecules fall off fairly rapidly with distance, 
and it is now known that the corresponding equation of 
state would be more complicated analytically. Neverthe- 
less, yan der Waals’s theory remains a very valuable 
first approximation to the description of condensation 
and the liquid state. 

No real advances in our knowledge took place until the 
thirties and forties except the pioneer efforts of Lmdemann 
(later Lord Cherwell), Braunbek, Born and others to 
understand how a solid crystal could become unstable at 
a sufficiently high temperpture. These gave some very 
important insights, but the concept that was to be the 
analogue for a liquid of the lattice structure of a solid 
only emerged very gradually. This key concept is that 
of the distribution function, discovered experimentally 
in the twenties by X-ray studies of liquids. Imagine an 
observer standing on a particular molecule. Because of 
its finite size, neighbouring molecules can only approach 
to a certain distance. A typical molecule will be sur- 
rounded, on the average, by a ‘“‘shell’? of nearest neigh- 
bours, these in turn by a second “shell” and so on. The 
hypothetical observer would then see an average density 
of matter, oscillating with the distance from him with a 
period comparable with the molecular diameter, merging 
eventually into a constant density at very large distances 


from the typical molecule. This distribution function can 
be inferred from X-ray or neutron scattering experiments. 
In 1935 Kirkwood showed that it was in principle possible 
to calculate this function g(r), the local density at a 
distance r from a typical molecule, theoretically, given 
the function V(r), describing the interaction energy of two 
typical molecules at a distance r. At very low densities, 
the probability of finding two typical molecules at a 
distance r apart is proportional simply to the Boltzmann 
factor exp (— V(r)/kT’); however, as the density increases, 
this has to be modified to allow for the fact that our 
typical pair of molecules is surrounded by others, the 
problem resembling the ‘“‘self-consistent’’ calculations of 
quantum mechanics. By successive approximation we 
obtain a series expansion of g(r) in ascending powers of 
the density. Various approximate summations of this 
expansion lead to integral equations for g(r), which can be 
solved numerically if V(r) is assumed known. The early 
studies of Kirkwood’, and Born and Green‘, turned out 
to be rather unreliable at liquid densities, but we now 
have a considerably better understanding of the mathe- 
matics and physics of the problem of calculating g(r), and 
thus of the equation of state, of a “simple” liquid like 
argon, for which the molecules can be safely considered 
to be spheres which interact with forces that are central 
and non-directional. (A molecule like water or alcohol 
has none of these desirable properties, and the theoretical 
study of such liquids is still at an early stage.) For simple 
liquids, methods now available enable the equation of 
state to be predicted to within a few per cent; the mam 
uncertainty is now in our knowledge of V(r) for real 
molecules. 

Tt can be said that the direct study of the distribution 
function g(r), which can be measured experimentally 
apart from its connexion with the equation of state, has 
practically superseded most other models of the liquid 
state, though these are still valuable physically. Among 
them we may mention the folowing: 

(a) The “hole” model. A liquid was thought of as being 
like a crystal lattice from which some of the molecules are 
missing. If we suppose that the lattice becomes unstable 
when. a certain percentage of places are empty we obtain 
a rough theory of melting. 

(b) The “cell” model. A typical molecule is supposed 
to be confined to a small region of the liquid by the 
repulsive fields of its neighbours. Occasionally it can 
squeeze between its neighbours and migrate through the 
liquid, this process being associated with viscous flow. 

(c) The “significant structure’ or “‘cybotactic”’ model. 
A typical molecule ıs supposed to spend a proportion of 
its time in surroundings resembling a crystal and the 
remainder in a gas-like environment. This statement 
is to be understood statistically; the model does not 
actually assert that crystal fragments of various sizes 
are physically present in the liquid. 

The experience with these tentative models has been 
very similar to that with the older theory of van der Waals, 
namely, that by suitable choices of constants some liquid 
properties can be accounted for numerically, while others 
are reproduced in order of magnitude. In the light of 
recent work it seems that such models stand or fall to 
the extent that they approximate to the surroundings 
of a molecule in a real liquid. These will certainly be 
something between those of a crystal and a gas, but the 
“significant structure” approximation is probably rather 
crude. The “‘cell’? model takes account of just the first 
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“shell” of neighbours surrounding a typical molecule 
and smooths out the effect of the more distant shells, 
which are allowed for in theories involving the distribution 
function explicitly. The approximation behind the 
“hole” model ıs also rather rough. 

Within the past five years there has been a considerable 
revival of interest in theories of the hquid state. This 
interest has been mainly confined to classical liquids. 
The theory of the two forms of liquid helium has followed 
the general lines laid down by Landau and Feynman 
with considerable success, but further progress probably 
awaits a better understanding of the fundamental theory 
of classical assemblies, with which this article is concerned. 

In 1957 the theorist received a serious shock. Reliable 
machine calculations}? then became available for the 
equation of state of the simplest assembly that has any 
claim to resomble a real liquid, the assembly of rigid 
spheres without attractive forces. At densities that can 
reasonably be considered to correspond to the liquid 
state (about 60-70 per cent of the close-packed density) 
it was found that none of the then available theories was 
satisfactory. The integral equation approaches due to 
Kirkwood’, and to Born and Green‘, predicted pressures 
that, at such densities, were too low by factors of the 
order of three. The “cell” or ‘free volume” model 
fared almost equally badly, and ıt has since been found 
that it is a more appropriate description of the solid rather 
than of the liquid state. Finally, a comparison with an 
equation of state based on the first four virial coefficients 
confirmed what had long been suspected, that expansions 
in ascending powers of the density become poor at hquid 
densities, an umpression that was confirmed by calculations 
of the fifth and sixth virial coefficients for this model. 

Fortunately, theoreticians were not deterred by this 
challenge. Examination of the Karkwood and Born- 
Green approaches showed that, by a piece of bad luck, the 
fundamental “superposition approximation’? that they 
made becomes unreliable at unexpectedly low densities. 
It does correctly describe the initial departure of any gas 
from perfection and, in fact, also correctly reproduces 
the third virial coefficient, but will not bear the long 
extrapolations from densities at which departures of a 
vapour from perfection first become noticeable to the 
density of the liquid (which may be several hundred times 
greater). In 1958 Percus and Yevick® introduced a new 
form of integral equation, effectively based on the Debye- 
von Kármán picture of a solid (in which the normal modes 
are elastic waves, and the displacements of atoms from 
their equilibrium positions in the lattice are assumed to 
be small). They had to introduce a number of approxima- 
tions of rather obscure significance in discussing how the 
spectrum of elementary excitations might vary with 
density, and how this spectrum of a liquid is related to 
that of a solid. 

The proof of the pudding is in the eating; there can 
be no doubt that the Percus—-Yevick equation fares better 
than most of its rrvals in describing the consequences, not 
only of the ‘‘rigid sphere” interaction, but also of other 
interactions, such as the “Lennard-Jones 6-12” inter- 
action, that are reasonably good representations of the 
attractions and repulsions of real molecules®. Direct 
comparison with experiment is inconclusive, even with a 
simple liquid such as argon—the interaction function is 
imperfectly known and interactions involving three or 
more atoms are perhaps significant. It has become usual, 
therefore, to compare the predictions of integral equations 
with Monte Carlo calculations of the equation of state 
for the same interaction, rather than directly with experi- 
ment, when trying to test their accuracy. 

Why does the Percus—Yevick equation fare so very 
much better than the Kirkwood or Born—Green approach 
when it also involves approximations the effect of which 
is hard to assess ? This question is under active investiga- 
tion; so far only a few hints have emerged. Passing 
from solid to liquid densities involves a factor of only 
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about 1-1-1-3 compared with factors of the order of 
hundreds when passing from vapour to liquid. A solid-like 
model thus has a betser chance a priori. It has also been 
shown that some of the terms amitted by the Percus— 
Yevick equation teri to balance out’. These are only 
hints that make us ask for more ! 

The study of transport effects, initiated by Kirkwood 
in 1946, has also contmued intensively, notably by Prigo- 
gine and his school im Brussels’, and by 8. A. Rice and his 
collaborators in Chicago’. Gradually we seem to be 
progressing from ‘‘crder. of magnitude” to reasonably 
reliable calculations of transport coefficients. As with 
equilibrium properties, some approximations are always 
necessary, and the penalties exacted for sloppy derivations 
or injudicious approximations can be even more severe 
than in equilibrium -heory. 

Tt is pertinent to ask what we can expect in the way of 
“technological fall-o.t’’. The conferences on the liquid 
state held in 1963, sponsored by the Institute of Physics 
and by General Motors, and the Washington Conference on 
Critical Phenomena Feld in 19665 all concentrated mainly 
on fundamentals. The same 1s likely to be true of a 
Faraday Society Discussion planned for April 1967. It is 
very satisfying that we seem to be approaching a situation. 
in which we shall be able to relate equilibrium and trans- 
port properties of a liquid to the intermolecular interaction 
function in the sorte of ways that are already possible 
for a solid or gas, bu~ can we expect spectacular develop- ` 
ments in liquid state shysics comparable with the transis- 
tor, the laser, the superconducting magnet, the special 
magnetic materials aud the magnetic storage devices that 
solid state physics has given us ? 

It can justly be sad that studies of equations of state 
are matters for expects only, but this is far from being 
the case with the closely related subject of phase transi- 
tions of liquids and solutions. A particularly striking 
feature of the 1965 Washington Conference on Critical 
Phenomena was its en-phasis on the fundamental similarity 
of many different types of phase transition. In some 
cases the nature of tae assembly and the precise details 
of the interaction seam to matter little, in others they 
can be crucial. E 

The technical impertance of being able to predict in 
what circumstances & moving liquid will boil, emit gas, 
deposit a solid preciptate or freeze scarcely needs empha- 
sis, yet the controllicg factors are nearly always poorly 
understood. The emcssion of gas from a liquid can have 
very serious results, as in the formation of bubbles in 
the blood or in cavitation in pipes and near propellers, 
or in the formation of voids in castings. (In other cases, 
as in the design of pumps and impellers, it is possible to 
exploit the occurrence of cavitation. The lifting effect 
of gas bubbles in a liqaid can help its circulation in certain 
types of process.) Ih other situations it may be very 
important to prevert the formation of bubbles. In 
certain types of beating the lubricant is in a state of 
tension and it may be important to know in what circum- 
stances one may expect to avoid cavitation. In botany 
various situations axe known in which sap is under 
tension. The vising of sap appears to result, at least 
partly, from tension developed,in the leaves by evapora- 
tion through the stomata’. The ejection of spores by 
the common fern aries"! from the gradual drying out of 
certain cells, the liquid contents of which finally break, 
enabling the cell to aat like a catapult when the tension 
is suddenly released. 

It can also be important to know in what circumstances: 
a liquid may be ‘expezted to freeze or to deposit a solid. 
As with gaseous solutions, a mere knowledge of equilibrium» 
thermodynamics or szatistical mechanics is not enough. 
It is well known that s solution of a gas or solid in a liquid: 
can often be preserved indefinitely at considerable: 
supersaturations if suitable precautions are taken, but. 
why can some solutions supersaturate so much more: 
than others ? The equilibrium theory of solutions can be 
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said to be reasonably well understood and it has many 
similarities with theories of phase transitions, but non- 
equilibrium phenomena show many more idiosyncrasies 
than do equilibrium ones. Why, for example, can many 
liquids be obtained in a glassy state but others, such as 
water, can never be supercooled below a certain limiting 
temperature ? When ice is formed from supercooled 
vapour, why can its crystal habit be changed quite a 
number of times within quite a small range of tempera- 
ture? These are a few of the fascinating questions which 
are poorly understood, yet are likely to be of great techni- 
cal significance. 

Mention of the phase transitions of water reminds one 
of their meteorological importance. Condensation of 
water vapour plays a dominant part in cloud formation 
and is one of the main sources of energy of tornadoes and 
hurricanes. Many problems of cloud physics, such as the 
icing of aircraft, are closely related to the problems of 
the supercooling of water and of nucleation effects. So 
far, the progress of experiments in “‘rain making”, and in 
modifying the course of hurricanes, by the artificial 
seeding of clouds has proved rather disappointing, but 
this is not a reason for saying that theoretical and experi- 
mental study of these matters is useless. The mechanism 
of electrification of thunderclouds is, according to some 
theories anyway, intimately associated with the freezing 
transition. The suggestion that an artificial thundercloud 
could be produced in the laboratory and then used as a 
cheap high voltage generator probably belongs to science 
fiction, but there is a strong case for careful study of 
effects associated with the freezing and evaporation of 
polar liquids (on which very little is known theoretically). 
One question of very considerable technical importance 
is a study of the factors that determine the rate of evapora- 
tion of a water surface. Can it be significantly retarded 
by any feasible surface treatment ? If so, this would be 
of importance in irrigation and the management of 
reservoirs. Or can it be, hastened? This would be of 
importance in the distillation of sea water and the design 
of boilers and related equipment. f 

Until very recently, it has been almost taken for granted 
that the interactions between ions in a liquid metal were 
of “many body” type. However, recent work by March?* 
and his colleagues suggests that there is an effective 
interaction between ions not differing greatly from the 
“screened coulomb” interaction between ions in an 
electrolyte. Such work must lead, in due course, to better 
understanding of the crystallization and melting of metals. 
If the interaction can indeed be treated as effectively 
between pas of ions only, the theoretical treatment 
becomes very much simpler than if it is of the many body 
type. Thus, we may expect this work to have considerable 
impact on metallurgy. 

These are some of the likely direct benefits to various 
sciences of a study of the liquid state. Among indirect 
benefits mention can be made of the study of fluidized 
powders and slurries. A powder can be brought into a 
state bearing striking resemblances to a liquid if a gas is 
blown through it from below. The effect is that each 
particle is no longer completely imprisoned by its neigh- 
bours, but migrates over a certain ,“‘free volume”. This 
relationship is very like that between neighbouring 
molecules in a liquid. Indeed, a fluidized powder can 
have a “free surface” and a “vapour phase’’- and- can 
“find its own level’? and have other properties very like 
those of a liquid. So far the study of fluidized powders 
has been mainly on empirical lines, but comparison with 
the “rigid sphere’? model of a liquid is likely to be 
extremely fruitful, and should throw light on the transport 
of solid particles through pipes by liquids or by gases— 
a subject of considerable technological importance. 

We indeed see a strange history of fundamental advances 
such as the discovery of the van der Waals equation, 
Kirkwood’s pioneer work on the liquid distribution 
function and on transport coefficients and modern machine 
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calculations on the equations of state of simple models 
having been separated by long gaps. At the 1963 confer- 
ence in London a large number of experimental studies 
were reported, using techniques ranging from neutron 
scattering to spectroscopic study of melts, while theoretical 
work ranged from studies of “lattice” and other idealized 
models to the thermodynamics of mixtures. Although 
the subject is still mainly one for specialists it calls for 
relatively small investments of money and technical 
effort. Because it is hard to think of a science that is not 
in some way concerned with the properties of liquids and 
solutions, any advances in our knowledge seem certain to 
find applications somewhere. If one were asked to name 
a field in which a given expenditure of money and man- 
power were likely to produce a good return in the form 
of technological fall-out, this would be a likely choice. 
This subject is also one in which cross-fertilization 
between industrial and university research is likely to 
benefit both. It may be quite feasible to carry out a 
continuous industrial process with a supersaturated 
solution which “ought”, on equilibrium theory, to deposit 
@ solid or to emit a gas, but a small alteration in the 
conditions may take one “over the hump” and thus bring 
the process to rest. At present, much effort is going into 
the study of the statistical mechanics of steady state and 
other non-equilibrium situations. This is just one example 
of cross-fertilization possibilities. Because virtually 
every science is concerned in some way with liquids and 
solutions other possibilities must abound. 
* Wood, W. W., and Jacobson, J. D., J. Chem. Phys., 27, 1207 (1957). 
a Alder, B. J., and Wainwright, T. E., J. Chem. Phys., 27, 1208 (1957). 
? Kirkwood, J. G., J. Chem. Phys., 3, 300 (1935). 


t Born, M., and Green, H. S., A General Kinetic Theory of Iaquids (Cambridge 
University Press, 1949). 


* Percus, J. K., and Yevick, G. J., Phys. Rev., 110, 1 (1958). 
a uma A. å., Chung, 8, U., and Sablin, H. L., J. Chem. Phys., 37, 2462 


?! Temperley, H. N. V., Proc. Phys. Soc., 83, 571 (1964). 
s Aers Processes in Statistical Mechanics (Interscience, New York, 


* Rice, S. A., ef al.—a series of papers in J. Chem. Phys. from 1968 onwards. 
is Dixon, H., and Joly, J., Phil. Trans. Roy. Soc., 186, 563 (1896). 

1u King, H., Proc. U.S. Nat. Acad. Sez., 30, 155 (1944). 

1a J wer abe Hutchinson, P., and March, N. H., Proc, Roy. Soc., A,282, 
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So many of the properties of matter, especially when 
in the gaseous form, can be deduced from the hypothesis 
that their minute parts are in rapid motion, the velocity 
increasing with the temperature, that the precise nature 
of this motion becomes a subject of rational curiosity. 
Daniel Bernouilli, Herapath, Joule, Krönig, Clausius, 
etc., have shewn that tho relations between pressure, 
temperature, and density in a perfect gas can be explained 
by supposing the particles to move with uniform velocity 
in straight lines, striking against the sides of the containing 
vessel and thus producing pressure. It is not necessary 
to suppose each particle to travel to any great distance 
in the same straight line; for the effect in producing 
pressure will be the same if the particles strike against 
each other; so that the straight line described may be 
very short. M. Clausius has determined the mean length 
of path in terms of the average distance of the particles, 
and the distance between the centres of two particles 
when collision takes place. We have at present no means 
of ascertaining either of these distances; but certain 
phenomena, such as the internal friction of gases, the 
conduction of heat through a gas, and the diffusion of one 
gas through another, seem to indicate the possibility of 
determining accurately the mean length of path which a 
particle describes between two successivecollisions. In order 
to lay the foundation of such investigations on strict 
mechanical principles, I shall demonstrate the laws of 
motion of an indefinite number of small, hard, and perfectly 
elastic spheres acting on one another only during impact. 

J. C. MAXWELL 
Phil, Mag., January, 1860. 
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BOOK REVIEWS 


PARANORMAL EVOLUTION 


The Living Stream 

A Restatement of Evolution Theory and its Relation to 
the Spirit of Man. By Alister Hardy. Pp. 292. (London: 
William Collins, Sons and Co., Ltd., 1965.) 30s. net. 


Tue Gifford Lectures, delivered annually at the University 
of Aberdeen, were intended by their founder, Lord Gifford, 
for “promoting, advancing, teaching and diffusing the 
study of Natural Theology, in the widest sense of the 
term”. This has provided considerable scope for lecturers 
in past years; the list of past lecturers is an impressive 
one, including, among others, philosophers, physicists, 
astronomers, theologians and a distinguished physiologist. 
The series of lectures during the session 1963-64 were 
given by a distinguished zoologist, Sir Alister Hardy, 
and the first of the series has now been published under 
the title The Living Stream. 

Hardy approaches the task assigned to him primarily 
as a student of the evolutionary adaptation of animals to 
their environment, and, in agreeing with the definition of 
natural theology as a theism which is derived empirically 
from the study of nature, man and human history, he is 
concerned to emphasize that current ideas of evolution are 
not fully explanatory of this process. “I venture to sug- 
gest”, he writes, “that there is something more about the 
process of evolution than is generally conceded by most 
biologists today ; and this ‘something more’ does, I believe, 
link natural theology to the biological scheme”. It is not 
easy in a short review to summarize, without doing 
injustice to his various lines of reasoning, all the argu- 
ments on which the author relies for substantiating his 
main thesis, particularly as this book may be assumed 
to be a general biological survey intended to preface the 
second series of lectures that now await publication. 
Hardy makes it clear in his introduction that, while 
rational theology has usually maintained that God’s 
existence could be proved by reason alone, “to this I do 
not subscribe’. He also makes a distinction between 
natural history as “the qualitative description of nature” 
and science “‘the quantitative and experimental analysis 
of its interactions’. Whether such a distinction is accepted 
as valid or not, some may find it difficult to accord these 
preliminary statements with the exhortation in the last 
sentence of the book that we need to “‘show the way to a 
re-establishment of the idea of God as both a philosophical 
and scientific reality’. But the inconsistency of thought 
implied in these references ‘is perhaps more apparent 
than real when considered in relation to the detailed 
discussions generally. The author gives a remarkably 
lucid and concise account of the development of modern 
evolutionary ideas and the nature of the gene, and he 
agrees that selection acting on small random changes in the 
inherited nuclear material is the main physical mechanism 
of evolutionary change. He lays particular emphasis 
on the consciously directed behaviour of animals in seeking 
out new environments, or in attempting to adapt them- 
selves to changing environments, as one of the most 
important factors for evolutionary progress by providing 
the opportunity for the selection of appropriate mutations 
as they arise. Further, he envisages a “group min 
or a “species mind” representing a psychic side of animal 
life, and determining certain configurations of form 
and behaviour unfolding automatically according to the 
DNA code of the particular spécies concerned. He sug- 
gests, however, that the psychic side of an animal may be 


- independent of the ENA code, though it may also interact 


with the physical cystem in the evolutionary process 
through organic selection. Finally, he invokes the pheno- 
menon of telepathy 'in his view, as well as in the view of 
other students of psychical phenomena, well established 
by experimental tests such as card guessing) for an 
explanation of the rapid and widespread development of 
new behaviour paterns among different geographical 
groups of the same species. 

No doubt there arə those who will feel disinclined 
to follow Hardy so far in such a speculation, but it 
is well to note thet he himself remarks that “these 
fancies, without mcre facts and experiment, lead to 
folly”. Indeed, he goes on to say “I do not expect 
that my speculation is right, but by being shown: to be 
wrong or impossible it may give rise to better thoughts 
which may help towsrds a solution of some of our conun- 
drums”. It will be et once admitted that to disprove a 
hypothesis of communication by telepathic means between 
individuals of a species would certainly be very difficult 
indeed. But the question will inevitably be asked whether 
it is in fact necessary, or useful, with our present knowledge 
of the potentialities >f known evolutionary mechanisms, 
to postulate a conception such as telepathy as an additional 
factor determining b-ological adaptations. Opinions will 
no doubt vary widely on this matter, but all readers of 
Hardy’s book will share the opinion that it is eminently 
readable as well as bang pleasingly provocative. 

W. E. Le Gros CLARK 


MUSCLE CONTRACTION 


Molecular Biology of Muscular Contraction 

Edited by S. Ebasti, F. Oosawa, T. Sekine and Y. 
Tonomura. (BBA Library, Vol. 9.) Pp. xii +206. (Amster- 
dam, London and New York: Elsevier Publishing 
Company, 1965.) 11Ds. 


RECENT research has simplified our ideas on the bio- 
chemistry of skeletal muscle and there is now widespread 
acceptance of the grosser aspects of contraction: contrac- 
tion occurs as the result of rigid filaments sliding past one 
another; energy is provided by the hydrolysis of ATP and 
calcium released from the sarcoplasmic reticulum provides 
the trigger for contraction. This has led to a division of 
interest among research workers. On the one hand how 
does the action potential cause the release of calcium, 
and on the other hard how is this calcium able to elicit. 
contraction of the mycfibril ? In either case the interest lies 
in the explanation of shese events at the molecular level. 

Molecular Biology of Muscular Contraction is a tribute 
to Prof. Kumagai, who has done much to foster the 
vigorous groups in Japan working on muscular contrac- 
tion. It was his discovery of the granular nature of the 
relaxing factor that paved the way to its identification as 
fragmented sarcoplasmic reticulum. Nineteen: contribu- 
tions from the United States and Japan cover many 
aspects ofthe field. However, considering the title of this 
book, it ig unfortunase that no mention is made of ‘the 
molecular architecture of the filaments. The absence of a 
paper on tropomyosin is also surprising as Japanese 
workers have been largely responsible for elucidating the * 
role of this protein in the myofibril. 

The papers are divided into six sections on ion binding, 
myosin, actin, actom'yosin, comparative aspects of muscle’ 
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and contraction—excitation coupling. Singling out a few 
papers for mention, Tonomura and co-workers summarize 
and interpret their data on the kinetics of the interaction 
of ATP analogues with myosin systems. Kielley reviews 
his evidence for the existence of three polypeptide chains 
in myosin and for the arrangement of the meromyosin 
moieties within the molecule. 

The role of the bound nucleotide of actin remains a 
challenging issue, and Oosawa and his colleagues conclude 
that, while not indispensable, it does exert a large effect 
on actin polymerization. They also contribute new 
evidence that conformational changes in the actin polymer 
occur during contraction. 

A salutary warning to biochemists, who perforce are 
often obliged to use mixtures of red and white muscle, is 
given by Gergely and his co-workers. They find very 
large differences in the properties of fragmented sarco- 
plasmic reticulum, of the myofibrils and even of the 
purified myosin obtained from red and white fibres. They 
make the interesting suggestion that red muscle myosin 
may be related to cardiac myosin. Finally, Ebashi 
discusses how the action potential arriving at the central 
tubule of a triad could elicit the release of calcium at the 
lateral vesicles. 

My main criticism of this book is that the contributions 
are specialist in nature and are not general reviews. Thus 
the book cannot be recommended to students and others 
unfamiliar with the field, whereas there certainly is a 
need for a modern text-book on the subject. 

G. W. OFFER 


VETERINARY CODEX 


British Veterinary Codex 1965 
Pp. xxxv +843. (London: The Pharmaceutical Press, 
1965.) 105s. 


THE long-awaited new edition of this book follows closely 
the layout and content of its predecessor. As an authorita- 
tive reference book for those concerned with the manufac- 
ture, supply and use of drugs in veterinary practice, it 
will no doubt continue to be of great value. It is unfor- 
tunate, however, that an interval of twelve years should 
elapse between editions even when an interim supplement 
is published. 

The Code consists of three main parts; monographs on 
drugs and chemicals, on antisera and vaccines, and a 
formulary. This is followed by seventeen appendixes and 
a therapeutic index. 

Part I has been extensively revised by the addition of 
56 new monographs, while 106 have now been deleted. 
Several drugs in current use are not included. I was 
struck in particular by the absence of griseofulvin, while 
acepromazine, bendrofluazide, framycetin, heparin, phen- 
cyclidine, tripelennamine and tylosine are also miss- 
ing. Conversely, is it still necessary to include camphor, 
chenopodium and rhubarb? The monographs are generally 
usefnl and informative although the description of the 
administration of halothane (p. 180) did not impress. The 
potential toxic hazards of, stilboestrol implantation in 
lambs are not mentioned, although similar effects in cattle 
and poultry are noted. f 

Part II (biological products) has been revised and con- 
tains several additions. Four new appendixes, have been 
added, including a useful section on pharmaceutical 
adjuvants. The appendixes on feed supplements and gas- 
liquid chromatography are, however, too short to be of 
any great value. Brief descriptions of complex subjects 
are rarely satisfactory and adequate enlargement could 
scarcely be justified in a veterinary codex. Th 4herapeutic 
index is also of limited value, although it could be useful 
for reference or possibly in an emergency. 

This is an essential publication which would benefit 
from more frequent revision, so that changes in the 
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field of veterinary therapeutics can be more rapidly 
assimilated. 
J. SANFORD 


FROM WOAD TO WEED 


Weeds of the World 

Biology and Control. By Lawrence J. King. (Plant Science 
Monographs.) Pp. xxxi+526+23 plates. (London: 
Leonard Hill; New York: Interscience Publishers, Inc., 
1966.) 1058 net. 


Tats book is another volume in the Plant Science Mono- 
graph series, which is designed primarily to bring together 
the scattered literature of important specialities in the 
plant sciences, with the ultimate and indirect object of 
helping to feed and clothe the increasing world population 
and to improve productivity and hence living standards. 
There can be no doubt of the suitability of weeds as a 
subject in this series, nor of the need of a review of research 
in this subject. The present book, announced at least 
five years before publication, aroused high expectations, 
so that it is a pity to have to register a measure of dis- 
appointment. 

The first eleven chapters are devoted to weed biology 
in the widest possible sense of both words. One of the 
objects of these monographs is to cover all aspects of the 
subject concerned, and Dr. King has certainly attempted 
to do this, even to the extent of listing some of the more 
extraordinary uses to which man has put weeds, from 
using a Lithospermum for contraception to an Angelica 
root as & talisman for gamblers. The chapters are a series 
of reviews, each with its relevant bibliography, and the 
author has made much use of original publications, es- 
pecially for their graphical and pictorial material. In the 
first chapter there is a lengthy consideration of the words 
used for weeds in several languages, from the possible 
origin of “weed” from “woad” (Isatis tinctoria) in English, 
to the interpretation of Chinese and Japanese ideographs. 
Various definitions of weeds follow and these too are 
considered in detail. 

Having started in such detail and diversity, it is perhaps 
not suprising to find a certain imbalance in the volume. 
Matters that might have furthered the aims of this series, 
such as the significance and increasing importance of 
rhizomatous weeds in certain systems and areas of 
agriculture, are mentioned only in scattered references, 
whereas the importance of weed seeds is well eonsidered, 
presumably in view of the author’s association with the 
Boyce Thompson Institute. 

The four chapters on weed control could well have 
been omitted: they add nothing to existing works and 
are noticeably dated. For example, in a book published 
in 1966, where (apart from one list in an appendix) are 
the bipyridyls? In addition, the naming of herbicides 
is inconsistent and the primary authors are not always 
quoted. This is the case with the grouping of triazines 
on structural affinity. 

Despite these criticisms this is a valuable book, which 
will undoubtedly be read to great profit by all those 
interested in weeds, for it refers frequently to earlier 
biological or more purely botanical publications that are 
not always appreciated or even discovered by those 
involved in more practical aspects. R. J. CHANCELLOR 


PLANT LATIN 


Botanical Latin 

History, Grammar, Syntax, Terminology and Vocabulary. 
By William T. Stearn. Pp. xiv+566. (Edinburgh: 
Thomas Nelson and Sons, Ltd., 1966.) 105s. 

SYSTEMATIC botany is probably the only discipline which 
uses Latin as a regular, indeed compulsory, means of 
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communication. Under the International Code of 
Botanical Nomenclature no new taxon can be validly 
published without at least a diagnosis in Latin, so some 
knowledge of botanical Latin is essential to every working 
taxonomist. 

It is therefore remarkable that no guide to the subject 
in English, other than more or less complete glossaries, 
has been published for more than a century. Dr. Stearn’s 
book supplies what is, for once, really a long-felt want, 
and does it with his usual accuracy, wide knowledge and 
eye to practical needs. 

After a brief introduction to the method of using the 
book the reader is entertained with a history of the 
development of botanical Latin terminology, which is 
valuable not only for an understanding of modern Latin 
but also for the interpretation of earlier works. 

In the second section of the book some 70 pages are 
devoted to grammar, and here hard work for the reader 
begins. The young systematist with no previous know- 
ledge of Latin will have to make a determined effort, if 
he is really going to master this without assistance. It 
may in fact prove better to pass on to the third section, 
syntax and other matters, and try to model a diagnosis or 
description on one of the many good examples given in 
this part and then to get it corrected, and so learn by trial 
and error. The examples are drawn from all groups of 
plants, except bacteria and fossils; therefore a wide range 
of terminology is available. In addition there is an 
extensive vocabulary at the end so that by selecting 
appropriate words and substituting them in the chosen 
example the beginner can get quite a long way. 

If an adverb is being sought, the list on pages 105-107 
should be consulted, as well as the vocabulary, as there 
are differences between them both in content and, to a 
lesser extent, in the English equivalent given. A few 
examples, taken at random, will illustrate this: the 
vocabulary lists abundanter and copiose, which are absent 
from the list, and gives disgustingly, badly as the meaning 
of putide; the list has infauste, missing from the voca- 
bulary, and gives badly, absurdly as the meaning of 
putide. 

Other valuable special lists are those dealing with 
geographical names, colour terms etc., while lichenologists 
and phycologists will find the list of chemical names 
particularly useful. 

Dr. Stearn claims that botanical Latin should be 
regarded as a language distinct from classical Latin and 
most botanists would support this claim at least as far 
as it justifies the simplification of grammar, the use of a 
much bigger range of colour terms and other new words 
or words used in special senses, and the retention of 
certain non-classical spellings such as bacca and annulus. 
To argue the case further is a matter for the language 
expert. A professor of classics once remarked that 
botanical Latm was the kind of Latin the Romans would 
have used if they sent telegrams, that is clear, simple 
and concise. 

Altogether this is a most useful and interesting book 
from which beginners and experts alike can profit. It 
has already been used in an unexpected way by a botanist 
with a knowledge of Latin but little acquaintance with 
English to produce English descriptions of plants. 

T. G. Toro 


“PHYSICS OF THE OCEANS” 


Elements of Physical Oceanography 
By Hugh J. McLellan. Pp. ix+150. (London and 
New York: Pergamon Press, Ltd., 1965.) 63s. net. 


Tae increasing interest in oceanography in recent years 
has given rise to a number of popular books on the subject, 
while a succession of review volumes at the research level 
has appeared, summarizing- advances in special fields. 
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At the same time, the student coming to the subject 
with no systematic Enowledge of it and requiring a sound 
treatment of its pricciples has found a very meagre selec- 
tion of texts. This book by Prof. McLellan is a valuable 
contribution to fillicg this gap, so far as physical oceano- 
graphy is concerned. It is based on a course of lectures 
given at Texas A and M University and it bears the mark 
of having been wristen by a teacher who knows from 
experience what questions students will ask and which 
points they will find difficult. It is intended to provide a 
broad look at the subject, for biologists, chemists and 
geologists, as well ss for physical oceanographers. The 
treatment is necessarily selective, but is sufficiently 
representative of the whole field, and each topic is treated 
rigorously within the limits which the author sets himself. 

The three parts mto which the book 1s divided deal 
respectively with descriptive oceanography, oceanic 
movements and selected topics. Starting with a view of 
the oceans in perspective, Part I goes on to describe the 
chemical nature of the ocean, the measurement and 
distribution of temperature and salinity and the fields of 
density and pressure. This leads to a discussion of water 
masses and a description of the general oceanic circulation. 
The basic dynamical concepts are well explained in 
Part II, including a good discussion of geopotential 
surfaces and stability. Geostrophic currents, wind drift, 
turbulence, inertial motion and waves are among the 
subjects treated, and this part ends with a brief description 
of tides. Two of ths chapters in Part IIT deal with light 
in the sea and the heat budget of the ocean, essential 
topics in a study cf physical oceanography, and these 
are followed by a brief chapter on thermohaline circulation. 
The other two selecsed topics are sound propagation and 
estuaries. 

There is only on2 point about which I feel inclined 
to quibble and that is the indiscriminate use of the terms 
“force” and ‘acceleration’ in dealing with the effects 
of the earth’s rotation. It is disconcerting to read of 
“centrifugal accelerstion” away from the axis of rotation 
and ‘‘Corilis acceleretion”’ acting to the right of a moving 
element in the northern hemisphere. This confusion in 
nomenclature is not a feature peculiar to this particular 
book, however. 

The book is well illustrated throughout by appropriate 
diagrams. Those taken from other sources are wisely 
selected and clearly reproduced and the original ones are 
also simple and clear. There are useful lists of references 
and sources of addizional information at the end of each 
chapter. K. F. BOWDEN 


ELECTROMAGNETISM IN GEOPHYSICS 


Electromagnetism end the Earth’s Interior 
By Tsuneji Rikitaze. (Developments in Solid Earth 
Geophysics, Vol. 2. Pp. xi+308. (Amsterdam, London 
and New York: Elsevier Publishing Company, 1966.) 
130s. 


Many advances heve been made in the study of the 
Earth’s magnetic feld since, 1940, when Chapman and 
Bartels first published their treatise Geomagnetism. In 
that comprehensive work the absence of an adequate 
theory of the sourze of the field was notable, and in 
this direction particularly significant developments have 
taken place. Prof. Rikitake’s book is an up-to-date 
account of theoretical geomagnetism and it reflects how 
much more satisfaesory our understanding of the funda- 
mental processes haz become in recent years. 

The book falls into two main parts. The first deals with 
the main geomagnezic field, giving a wide-ranging review 
of the theories of its production and its long period 
variations. Here tha author (rather cautiously) advocates 
the self-exciting dynamo mechanism and he shows how 
this accounts successfully for most of the observations. 
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The second part of the book is concerned with electro- 
magnetic induction in the mantle and the oceans, produced 
by magnetic fluctuations. Highly detailed mathematical 
theories are developed to cover all the various cases, 
including the thin-sheet approximation to deal with ocean 
screening and the spherically symmetric model for the 
Earth as a whole. 

The author’s approach has been to survey the original 
papers, many of them his own, choosing certain of them 
for detailed exposition. Here I think Prof. Rikitake is 
open to criticism. The book would have benefited greatly 
from a more unified approach instead of the mixture of 
styles and notations resulting from adhering closely to 
the original sources. An important gain from this would 
have been a new emphasis on the fundamental principles. 
For example, the choice of particular papers given 
detailed analysis in the first section does not seem to me 
to be very sensible. Many pages are devoted to the rather 
unsatisfactory Inghs model for field production, while the 
basic papers of Bullard and Gellman and of Elsasser are 
given much less space. I also feel that if he had considered 
the overall logic of the book more carefully the author 
might then have included more discussions of the physics 
involved, rather than being carried away by the mathe- 
matics as sometimes happens in the present volume. 

As the book stands it represents a fairly complete sum- 
mary of the important work in this field. The list of refer- 
ences is excellent so that the reader may easily follow up 
any line which is not fully dealt with in the text. The 
diagrams are clear and the mathematics well produced. 
There are a few printing mistakes and in places the English 
is idiosyncratic, but this does not seriously detract from 
the general readability of the work. Prof. Rikitake has 
performed a useful service in gathering all this material 
together in one volume, but I feel the work would have 
been more valuable if he had developed the subject 
logically from the physical background in his own way. 

R. L. PARKER 


FLUID FLOW 


Flow Measurement by Square-edged Orifice Plate Using 
Corner Tappings 

By W. J. Clark. Pp. xiii+226. (London and New York: 

Pergamon Press, Lid., 1965.) 200s. net. 


THE square-edged orifice plate meter is probably the 
simplest device available for metering the flow of fluid 
in a duct, and, for that reason, it is the rnost commonly 
used instrument. Large quantities of often valuable 
fluids can flow through such a meter and it is necessary to 
ensure that the orifice plate is correctly installed if the 
flow readings are to be accurate. This monograph, is the 
result of Dr. Clark’s experience with vast numbers of such 
instruments in a large chemical works, and methods of 
designing such metering installations are described using 
charts and a special slide-rule to calculate the orifice 
diameter and flow characteristic. A number of specimen 
calculations and installations are included and the impor- 
tance of regular maintenance is emphasized in what 1s 
essentially a practical approach to the subject. 

It is inevitable that many of the data presented in the 
monograph are basically the same as those contained in the 
British Standard on flow measurement (B.S. 1042: 1964). 
The use in the text of non-standard Reynolds number cor- 
rection factors could give rise to a little confusion, although 
this does perhaps illustrate the point that metering perfec- 
tion cannot be expected even under ideal laboratory 
conditions. 

The monograph contains a fuller examination than is 
usual of the influence of flow pulsations on metering 
errors, although it is a little disappointing that the author 
has not included references to the more recent work in 
this field. While Dr. Clark emphasizes that, in the 
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majority of cases, errors due to this effect are negligible, 
the difficulty lies in detecting the presence of such errors. 
The cases brought to my notice have usually arisen where 
a user has observed a plant thermal efficiency greater than 
100 per cent, or where the indicated flow is in the opposite 
direction to the known mean flow. Less extreme cases 
often go unnoticed, as a steady meter reading is so easily 
confused with an accurate one. Dr. Clark devotes his 
attention, mainly to the pulsation errors associated with 
the flow through the orifice or primary element, but the 
errors often spring from the manometer not indicating the 
true time mean of the pressure differential. Greater 
attention could have been given to the possible sources 
of these manometer errors and to the conditions necessary 
for their elimination. For example, the advice that 
damping should be confined to the manometer liquid 
rather than to the leads could be challenged, as lnear 
damping devices in the leads near the orifice connexions 
can prove very successful in eliminating manometer 
errors. Symmetry in the manometer lines is no guarantee 
of accuracy since equal volumes in both lines can produce 
errors of the order of 100 per cent. T. J. WILIAMS 


ORGANOMETALLIC COMPOUNDS 


Advances in Organometallic Chemistry 

Vol. 2. Edited by F. G. A. Stone and Robert West. 
Pp. ix +440. (New York: Academic Press, Inc.; London: 
Academic Press, Inc. (London), Ltd., 1964.) 107s. 6d. 


Tue intensified study of organometallic compounds, as 
well as notable extensions in the field they embrace, 
makes the appearance of volumes such as this a dire 
necessity for chemists. Surely it is here, if anywhere, 
that all the main branches of chemistry meet and overlap. 
But perhaps for that very reason there is a subconscious 
tendency to regard organometallic chemistry as ‘‘nobody’s 
baby”, and nowhere has this been more apparent hitherto 
than among the compilers of reviews. 

The present volume, under its able editorship, maintains 
the aims and standards of the first. The titles of the chap- 
ters are well chosen and avoid overlap with the first 
volume, but that is not to suggest that they fill in more 
than a very few of the gaps it left, and chemists will be 
hoping that this matter will in time be rectified by the due 
appearance of further volumes in fairly rapid succession. 
The one now presented is comprised of seven more or less 
extensive reviews written by specialists in the respective 
subjects, each review being subdivided into sections. 

The alkali metals, nickel and boron, are particularly 
well represented. Indeed, well over half the book is 
devoted to some aspect of their chemistry, so that workers 
interested in these elements will find this volume especially 
important. It should be emphasized that the review by 
R. Kester is not the same as that entitled ‘““Organoboron 
heterocycles’? which he published almost simultaneously 
in Prog. Boron Chem., 1, Chapter 7, but is quite different 
in presentation and to a large extent also in the material 
incorporated. The subject is in any case too vast to be 
conveniently covered by a single review, so that Koster’s 
two reviews can be regarded as complementary. 

The various chapters are not all equally exhaustive 
in the treatment of their subjects, but in this respect 
those by H. A. Skinner, R. B. King and J. Birmingham 
on the strengths of metal-carbon bonds, the reactions of 
alkali metal derivatives of metal carbonyls and related 
compounds, and on the synthesis of cyclopentadienyl] 
metal compounds, respectively, may be singled out as 
coming to full comprehensiveness. It was almost inevitable 
that cyclopentadienyl and allyl complexes of nickel each 
come up for treatment in two different chapters, but 
otherwise there is no overlap. The chapters are all well 
written, and one is scarcely ever aware that English 
is not the mother tongue of several of the authors. Indeed, 
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the only serious criticism one can make against this 
volume is that, in the absence of a formula index, the 
six-page subject index is much too brief and no reliable 
guide as to what may be found in the book. There is a 
twenty-page author index. L. H. Lone 


GASEOUS OXIDATION PROCESSES 


Oxidation and Combustion Reviews 

Vol. 1. Edited by C. F. H. Tipper. Pp. 344. (Amsterdam, 
London and New York: Elsevier Publishing Company, 
1965.) 80s. 


Tue series Oxidation and Combustion Reviews is mtended 
to deal with both pure and applied aspects of oxidation 
and combustion—a wide field in which chemistry, physics 
and engineering overlap. The first volume concentrates 
on chemical aspects of oxidation by molecular oxygen. 
Nevertheless, the field covered is wide; oxidation both 
in the gas phase and at the surfaces of solids is dealt with 
in six chapters by different authors. 

The first chapter, “Application of the Theory of 
Branched Chain Reactions in Low Temperature Combus- 
tion”, by R. Ben-Aim and M. Lucquin, gives a brief but 
useful summary of the theories of self ignition and 
describes some of the methods of studying it. It then 
discusses the application of these to real oxidation 
systems, dealing particularly with the cool flames of 
hydrocarbons and of their oxygenated derivatives. The 
morphology of cool flames and associated phenomena is 
well reviewed, but important recent developments in our 
knowledge of the chemical mechanism of oxidation under 
these conditions are given too brief a treatment. 

“Oxidation Reactions Induced by Ionising Radiation’, 
by G. Hughes, provides a useful catalogue of the reactions 
that occur when high energy radiation interacts with 

substrates containing oxygen. The author purposely 
~ excludes the irradiation of aqueous solutions, concentrat- 
ing on the less-well-documented reactions of pure inorganic 
and organic substrates. 

“Gas Phase Photo-oxidation”, by G. R. McMillan and 
J. G. Calvert, compares photo-oxidation with thermal 
oxidation as a method of providing reliable information 
on elementary combustion reactions. Many examples are 
given (and critically discussed) of the derivation of rate 
constants and other mechanistic information from the 
results of photo-oxidation experiments. The elementary 
processes discussed include reactions of alkyl, acyl, alkyl- 
peroxy, peracyl and alkoxy radicals. The chapter is well 
written and logically presented. 

The fourth chapter, “Oxidation Reactions involving 
Nitrogen Dioxide”, by J. H. Thomas, is a good, up-to-date, 
descriptive review. It describes in detail recent kinetic 
work on the use of nitrogen dioxide as an oxidant, as a 
sensitizer and as an inhibitor in gas phase oxidation 
reactions. Slow combustion, flames and explosive reac- 
tions are all reviewed and particular attention is paid to 
the controversial nature of the initiation step in reactions 
involving nitrogen dioxide. Nitration reactions are, 
however, excluded. 

In the fifth chapter, ‘Oxidative Degradation of High 
Polymers”, W. L. Hawkins describes the deleterious 
effects on polymers of thermal and light-induced oxidative 
degradation and discusses methods of retarding these 
reactions. The “hydroperoxide chain theory”, which 
describes the autoxidation of volatile hydrocarbons, is 
applied to the oxidation of hydrocarbon polymers, and 
ways are suggested in which this mechanism must be 
modified to apply to non-hydrocarbon polymers. No 
mathematical treatment of polymer degradation is 
included, but the qualitative treatment of the possible 
reactions involved is good. 

The book ends with ‘The Heterogeneous Selective 
Oxidation of Hydrocarbons’, by R. J. Sampson and 
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D. Shooter, which describes the effects of the physical 
and chemical propezties of solid catalysts in determining 
the selectivity of cxidation processes at thew surfaces. 
These processes arə exemplified by the oxidations of 
ethylene to ethylene oxide, propylene to acrolein, C, 
hydrocarbons to mgleic anhydride and to butadiene, and 
aromatic hydrocarbons to anhydrides. As well as con- 
sidering the basic mechanism of these processes, the 
authors present results of practical interest, listing 122 
references to the petent literature. The chapter would 
benefit, however, by the inclusion of a summary of 
factors affecting selectivity (so far as they are known) at 
the expense of detarled description of results. 

The volume as a whole is a mine of useful information 
on gaseous and gas-solid oxidation processes; it is 
recommended for wcrkers in these fields. A. FISH 


Anthology of Orthopaedics 
By Mercer Rang. Fp. xi+ 243. (Edinburgh and London: 
E. and S. Livingstore, Ltd., 1966.) 42s. net. 


Some medical authorities dislike eponyms: others, 
particularly medical historians, commend them as 
giving honour to the discoverer of a disease or injury 
or its first exponent. In this well-written book Mr. 
Rang, senior lecturer in surgery at the University of the 
West Indies, studies his specialty historically, and gives 
us not only a brief biography of each surgeon or eponymous 
author, but also an extract from the book or journal in 
which the condition was first described. Portrait sketches 
are included eas wll as anatomical drawings, X-ray 
photographs and descriptions of apparatus and splints. 

Mr. Rang states ir his preface that the book is not com- 
prehensive and a rumber of omissions of orthopaedic 
eponyms will be nated by experts; but, on the whole, 
the more important ones are given, in addition to others 
less well known. 

Orthopaedics is 3» comparatively modern specialty. 
Formerly, it was practised by the general surgeon who 
took a special interest in the subject. Physicians and 
neurologists also hav> contributed to orthopaedic eponyms. 
Hippocrates wrote = book on fractures and another on 
articulations. Paul cf Aegina (625-690) described ganglion 
in a tendon and ite treatment. W. J. Little (1810-94) 
introduced tenotom: into Britain after studying Strom- 
eyer’s results in Harover. Intending to be a surgeon, he 
founded the Royal Orthopaedic Hospital which is now 
the Royal National Orthopaedic Hospital in London. He 
turned from surgery’ to medicine, became physician to 
the London Hospital, and wrote on tenotomy, club foot 
and scoliosis. He described the spastic state caused by 
birth injury to the brain, which is known as Little’s 
disease. A pioneer in specialized orthopaedics was the 
general practitioner, Hugh Owen Thomas (1834-91), 
who invented the Thomas splint and advocated prolonged 
rest for tuberculous joints. His nephew, Sir Robert 
Jones (1857—1933), specialized entirely in orthopaedic 
surgery from 1905 and, with Dame Agnes Hunt, founded 
the Robert Jones and Agnes Hunt Orthopaedic Hospital 
at Oswestry. Another fameus pioneer was Sir Henry 
Gauvain (1878-1945), who obtained successful results 
through the open-air treatment of bone and joint tuber- 
culosis. He described spasm of the muscles around the 
affected hip joint as a diagnostic sign of tuberculosis. 
Jones and Gauvain by their work made orthopaedics a 
specialty. ARTHUR MacNatty 


The Determination of. Toxic Substances in Air 

A Manual of LC.I. Eractice. Revised edition. Edited by 
N. W. Hanson, D. A. Reilly and H. E. Stagg. Pp. x1 + 200. 
(Cambridge: W. Hefer and Sons, Ltd., 1965.) 50s. 


THs book, which -vas first issued in 1956, has been 
revised by a sub-committee working under the general 
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direction of the Analytical Methods Committee of Imperial 
Chemical Industries Limited. The revised edition, like 
its predecessor, is a manual of Imperial Chemical 
Industries practice, consisting mainly of the description- 
of methods of analysis for the determination of low con- 
centrations of a range of toxic substances found in factory. 
atmospheres. New or improved analytical methods up to 
the end of 1963 have been examined for some sixty sub- 
stances or groups of substances, and details are given, for 
each selected method, of the apparatus and reagents 
required, the sampling and test procedures and the calcu- 
lation of results. 

For many substances several test procedures, which 
fall into three categories, are described: rapid field tests 
based almost entirely on the series of booklets Methods 
for the Detection of Toxic Substances in Air published by 
H.M. Factory Inspectorate, Ministry of Labour; more 
precise methods including gas chromatographic techniques 
which require the facilities of a laboratory; and indicator 
tube tests for selected substances with the commendable 
advice to all users to follow Imperial] Chemical Industries 
practice and calibrate each batch of tubes before use by 
means of atmospheres of known composition. 

Brief descriptions are also given of the apparatus 
required for sampling industrial atmospheres (18 pp.), 
chemical methods of measuring toxic substances in air 
(8 pp.) and, in a chapter new to this edition, static and 
dynamic methods of preparing atmospheres of known 
composition (7 pp.). 

Although there is a growing awareness in industry of the 
need to protect workers from the hazards of repeated 
exposure to low concentrations of air-borne contaminants, 
few books describing suitable methods of air analysis are 
available. This compilation of methods based on the wide 
experience of a large industrial organization is a welcome 
contribution to the subject. The book is well arranged, 
clearly and concisely written and contains useful diagrams, 
an ample index and adequate references. Without doubt 
it will be consulted frequently by those interested in the 
field of industrial hygiene. A. A. CHRISTIE 


Calculus of Variations and Partial Differential Equations 
of the First Order 

By C. Carathéodory. Part 1: Partial Differential 

Equations of the First Order. (Holden—Day Series in 

Mathematical Physics.) Pp. xvi+ 171. (San Francisco, 

London and Amsterdam: Holden~Day, Ince., 1965.) 

$8.50. i 


CARATHÉODORY’S Variationsrechnung first appeared in 
1935 and was reviewed in Nature in the November 23 
issue of that year. Part I of the book, entitled “‘Partial 
Differential Equations of the First Order”, is described in 
that review as “an account remarkable . . . for lucidity 
and completeness”; and the review of the whole work 
concludes with the sentence “In sum, this book is indis- 
pensable’’. 

In the 30 years since the publication of Carathéodory’s 
book many advances have been made in the mathematical 
theory of partial differential equations, but most of these 
occurred in branches of the theory outside the area covered 
by- Carathéodory, and the latter’s book remains a classic. 
In view of continuing interest, Hélder edited a (German) 
reprint of Part I. The present translation is based on this 
reprint, which appeared in 1956 and in which a few minor 
errors, both typographical ‘arid mathematical, were cor- 
rected, some short comments were added in the text or in 
footnotes, and a brief supplement was provided. 

Carathéodory’s presentation `of partial differential 
equations of the first order combines geometrical insight 
with analytical rigour, and the availability in English of 
this presentation will be weleome to many. The English 
translation is by J. J. Brandstatter of the Stanford 
Research Institute and is always accurate, and mostly 
readable and idiomatic. A. ERDELYI 
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MEETINGS 
INTERNATIONAL NUTRITION 


Tas members of an international congress of biochemists 
concern themselves with biochemistry, and pure and 
applied chemists in the main discuss chemical science. 
Even physicists when they meet restrict themselves to 
matters of physics, leaving discussion of nuclear power 
to engineers, military strategists and politicians. At the 
seventh International Congress of Nutrition held in 
Hamburg during August 3-10, however, three kinds of 
discussions took place. The first of these comprised 
strictly scientific reports of experimental studies and 
clinical investigations, and the second were surveys of 
food intake in relation to nutritional requirement and 
population density; both clearly relevant to the profes- 
sional competence of the participants of the congress. 
But who is professionally qualified to say how one nation, 
once poor, develops and becomes rich, why another falls 
into anarchy, poverty and malnutrition, while a third, 
desperately embracing technological innovation, loans, 
gifts and advice nevertheless fails to improve the lot of 
its population and while categorized as a “Developing 
Nation” finds itself unable to develop ? 

Perhaps nutritionists are unwise to argue as hotly as 
they do that nutrition is a science. Biochemistry budded 
off as a part of physiology, and nutrition—as a scientific 
speciality—was in its turn an offshoot of biochemistry. 
But nutritionists, having established themselves by such 
studies as the chemical analysis of foodstuffs, elucidation 
of the crystalline structure of thiamine (vitamin B,) and 
of its biochemical mechanisms, have extended their 
territory to include “Food Habits in Pre-industrial 
Societies in Mezoamerica”, “Rituals and Taboos” and 
“Poverty Dissected: An Anatomy Lesson in Rural 
Paraguay’’—to cite just three of the papers read at 
Hamburg. It is true that the traditional customs in 
Central America and taboos and rituals in primitive and 
sophisticated countries alike exert an important influence 
on the foods the people eat and on their consequent 
state of nutrition. But a scientist whose authority 
depends on his training in biochemistry and physiology 
is an amateur when he attempts to draw deductions 
about matters on which the judgment of an ethnologist 
is needed. Understanding of the habits and customs of 
a nation or tribe will be as baffling to a dietitian educated 
in Boston who is mistakenly attempting to introduce the 
bottle feeding of infants into Tanzania as will the oddity 
to a visitor from Central Africa of the fact that the British 
are happy to receive pooled blood plasma by injection 
although during the Second World War they refused with 
disgust to allow the Ministry of Food to utilize the 
separated corpuscles for the manufacture of black pudding 
to be taken by mouth. 

Because the study of nutrition throws light on the 
human. condition, it is inevitable that nutritionists feel 
moved to allow their hearts and consciences to be influ- 
enced by what the evidence of their intellects brings to 
light. In Peru, the advent of industrialization and mining 
attracts peasants from the highlands of the interior to 
the slums of Lima where, as Dr. G. G. Graham of Balti- 
more observed, and showed to the Congress in a series 
of horrifying photographs, their children sicken and die 
of marasmus. Yet at the same time a developing fishing 
-industry provides a flourishing export of fish flour. The 
adults who work in the copper mines and in the fish-flour 
factory share in the modest material prosperity, yet the 
young children suffer. Where, then, shall the nutritionist 
draw the line: at the scientific deduction that marasmus 
is a syndrome in infants resulting from lack of calories 
and protein? that the disease is aggravated by the 
export of fish rather than its distribution among the 
shanty dwellers of Lima ? or that a more vigorous export 
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drive combined with an increase in industrialization 
would further enrich the nation and enable more peasants 
to work for better wages in the towns rather than suffer 
the hardships of a primitive agrarian existence ? 

The proceedings of the International Congress showed 
quite clearly that nutritionists now recognize that 
nutrition is something more than a scientific speciality. 
_ Dr. Walter Kraak of Bonn chose as the title of his paper, 
“Co-ordination of Research, Economies, Technology and 
Public Sanitation as a Basis for Proper Nutrition”. 
Prof. K. Breirem of Vollebekk, Norway, in introducing 
& session to discuss problems of world nutrition in the 
future, quoted the aphorism that “nutrition is not a 
science but is a meeting place for scientists”. But is this 
enough? By their recognition that economics, sociology, 
ethnology, anthropology—no one had the courage to 
mention the very Prince of Denmark himself, namely, 
politics—-are germane to their studies, the nutritionists at 
Hamburg showed a welcome awareness of the implications 
of the problems with which they were trying to deal. 
But even if in the future they invite other kinds of 
scientists than those expert in human and animal nutrition 
to contribute to their congresses, will they succeed then 
in talking sense? Should such meetings be restricted only 
to scientists ? 

On the final day at Hamburg, Prof. H. Wilbrandt 
of Gottingen came to the heart of the matter. Scientific 
studies m underdeveloped countries have brought to 
light the causes of nutritional diseases and thus shown 
the means to cure and prevent them, selfless workers from 
international organizations have striven with devotion to 
aid, succour and teach the unfortunate. Nevertheless it 
is hard to deny that m too many instances the end result 
has been worse than the beginning. The introduction 
of many Western ideas—white bread, carbonated bever- 
ages, even canned milk—has done harm rather than good. 
Food gifts from rich nations, said Prof. Wilbrandt, are 
no real assistance to those who receive them. They keep 
the poor countries umpoverished. The present policies 
are erroneous and lead to perdition. It is in those coun- 
tries where people leave the land, abandon a policy of 
peasant agrarianism and embrace a philosophy of indus- 
trialization that agriculture becomes efficient and 
productive, 

Nutritional scientists have no title to discuss economics, 
industrialization or such political and philosophical 
matters as whether in equity a country that indulges in 
the sentimental luxury of supporting an enormous 
population of unproductive cows and an even larger 
population of even less productive monkeys can rationally 
expect to receive largo gifts of “surplus” wheat. But the 
fact that some at least of the nutritionists at Hamburg 
realized that this was so, that they recognized as windy 
platitudes the inevitable speeches about their goal being 
to banish all hunger from all the populations of the globe 
(even before breakfast), that they can point out the 
need for rational and informed discussion of the problem 
—thése things justified the meeting at Hamburg and are 
an augury for better congresses in the future. 

Magnus PYKE 


REPORTS 
ZOOPLANKTON SAMPLING 


At the symposium on zooplankton production organized 
by the International Council for the Exploration of the 
Sea (ICES) in Copenhagen in 1961 (ref. 1) a sub-committee 
was set up to look into the possibilities of standardization 
of zooplankton sampling. Similar aims were expressed 
by the Scientific Committee on Oceanic Research of the 
International Council of Scientific Unions (SCOR) and 
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by the U.S. National Academy of Sciences Committee 
on Oceanography (NASCO), and it was obviously desirable 
that a single committee be asked to look into this question 
on an international basis. A joint committee was set up 
by ICES, SCOR snd Unesco as three international 
bodies which would give other national committees, as 
well as NASCO, the opportunity to pass on the benefits 
of their experience through their membership of SCOR. 

The first meeting cf this committee was held in Paris in 
January 1964 under zhe chairmanship of Dr. J. H. Fraser, 
with Dr. G. Humphrey (the past president of SCOR), Dr. 
T. Parsons (then of she Office of Oceanography, Unesco) 
and Professor J. Erey (then chairman of the ICES 
Plankton Committe). Because zooplankton includes 
such a variety of orgenisms, it was obviously impossible to 
recommend e single apparatus and it was decided to set 
up four working parties to deal with organisms in four 
arbitrarily chosen size ranges. 

Working party 1 was asked to deal with the microzoo- 
plankton, at present sampled by water-bottle, very fine 
meshed nets, or filtered from pumped supplies. Working 
party 2 was given th> next size range, at present sampled 
by a great range of techniques including the almost 
traditional use of a No. 3 mesh. Working party 3 was 
asked to consider the plankton often sampled by stramin 
and other coarse meshed nets, while working party 4 was 
asked to deal witk the fast moving macroplankton, 
including euphausids and small fish. 

The working parties were given two years to report and 
could not themselves undertake research. Working 
parties 1 and 4 comodleted their work by correspondence 
only; working party 2 met in Villefranche in September 
1965 ummediately before the ICES and IBP meetings in 
Rome. Working party 3 met in Sydney in February 1966. 

Working party 1 assumed an arbitrary upper limit of 
200u. for the organisms dealt with, as this had been selected. 
by working party = as its lower limit. In its report, 
emphasis was placed on the need for more knowledge of 
the microzooplanktyn and its importance in energy 
transfer. Existing methods were reviewed and a majority 
of the group preferred the use of a 10-1. water bottle to 
give a significant sample of forms up to about 150z; 
the disadvantage of having to take many samples to cover 
different depth rangss was also emphasized. Organisms 
75-200u,, especially the more sparsely distributed species, 
might best be sampled by a fine-meshed net. 

Methods of estimaang biomass call for standardization, 
but the basic difficulties of separating dead from living 
matter and phytoplankton from zooplankton seem as yet 
to forestall any comp:etely satisfactory method. Uniform- 
ity of approach to the problem of production must also 
be sought and active investigation into these fields is 
recommended. 

Working party 2 decided that their most hopeful 
approach towards standardization would be to design a 
new but simple net aimed at giving an assessment of the 
biomass of the plarkton from 200% upwards to about 
10mm. A prototype design was agreed for testing during 
the symposium at Sydney, and as a result of these tests 
and further experimental trials by Dr. Paul Smith of the 
Fishery Oceanograply Centreeof the U.S. Fish and Wild- 
life Service some modifications were made. The net being 
considered has a mouth opening 57 cm in diameter 
(0-25 m?) and a filtration area of 6: 1 with nylon ‘Nytal 


_ PT basket weave, which has a mesh aperture of 200u 


and a 45 per cent porosity (ratio af mesh aperture to total 
area). It has a cylindrical section of 95 cm followed by a 
conical section with a side length of 166 cm. The turbu- 
lence of the water flow which results from the ring creates 
an undulating movement of the cylindrical part which 
tends to clean it and gives it a superior sustained filtering 
efficiency. The nylon is attached to the rmg by a canvas 
band of 10 cm widta and there is also a 10 cm canvas 
band 57 cm below theupper canvas band where a throttling 
line can be fitted for closing the net. The ring ıs 57 cm 
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internal diameter, 1-5 em diameter thickness with three 
attached eyelets for the bridles and rope lead attachments. 
The three bridles are each 57 cm in length attached to a 
swivel, and the nylon rope leads are to take a 25 kg weight 
under normal usage, though a 40 kg weight is desirable 
under conditions when the wire angle would exceed 25°. 
It is recommended that a flowmeter (TSK or equivalent) 
should be fitted from three points on the ring and accur- 
ately centred 14:25 em from the rim. The codend should 
be a light-weight bucket (7-5 em diameter) of polyvinyl 
chloride or brass, fitted with windows of the same mesh 
as the net, and with a volume of 150-200 c.c. (when 
plankton is required alive a volume of 500 c.c. is prefer- 
able), but for use in very rich waters a bag of the same mesh 
as the net is more convenient. The filtration efficiency of 
this net is 94 per cent. It should be used vertically, 
lowered at 60 m/min and hauled 45 m/min which should 
give a towing duration of 4-5 min for 200 m water column 
during which time clogging should not normally reduce 
the efficiency of the net to less than 85 per cent. Where 
possible a second flowmeter should be attached outside 
the rim to give an indication of efficiency, and if this is 
less than 85 per cent the haul should not be considered as 
quantitatively representative. 

Working party 2 also recommends taking two simul- 
taneous samples, or sphtting the sample into two halves, 
one tor biomass determination by the Lovegrove method?:3 
and one for counting and taxonomic analysis. It also 
recommends more research into net design, water flow, 
plankton behaviour and patchiness, and on net material. 
The development of telemetering depth-flowmeters, and 
electrical methods of opening and closing nets, are desirable 
as well as research into the effect of shock waves arising 
from the ship and noise on plankton sampling. 

Working party 3 considered that an encased high-speed 
sampler would be the best sampler for their size range of 
organisms, but that none of current design was near 
enough to the ideal. It recommended further research to 
produce a suitable design and suggest the features to be 
considered as ideals, although it must be realized that 
some compromises may be necessary to make it a workable 
and practical design. In the meantime it recommends a 
net with a mouth opening of 1 m?, the net made of mono- 


filament nylon of 1 mm mesh aperture having a cylindrical 


forward part 57 em and a conical after part 200 cm in 
length and strengthened with six longitudinal tapes not 
more than 2 cm wide. It should have a throat of sailcloth 
not more than 12 em wide wrapped around the ring, which 
should be of galvanized tubing of about 2 cm outside 
diameter and with three bridles equal in length to the 
mouth diameter. A flowmeter should be fitted in the 
mouth area 25 cm from the ring and the collecting bucket 
should be light in weight. This net should be towed at 
2-3 knots using a sinker of 40 kg or an equally efficient 
depressor. The organisms sampled by this net would 
overlap those taken by the net designed by working 
party 2 mainly for biomass determination. Use of the 
1 mm mesh advocated by working party 3 has the advan- 


tage that it is possible to filter far greater quantities of. 


water and so sample the larger species which are usually 
less abundant. These will be retained relatively free 
from contamination by those great quantities of small 
organisms which interfere with sorting and which by 
adhering during fixation make taxonomic separation 
difficult. The report from this working party also recom- 
mends further research to find the best means of tele- 
metering information from the sampler to the surface 
and telemetering control signals to the sampler. 

Working party 4 considered that the organisms in its 
size range (about 2-20 cm) would be best termed micro- 
nekton rather than macroplankton as this would reduce 
confusion with the range considered by working party 3. 
Gelatinous organisms and other animals greater than 
10 cm will occur in the~catches and these must be con- 
sidered separately from the main sample. The working 
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party considered that of the methods available only one 
sampler has widespread use—the Isaacs—Kidd Midwater 
Trawl—though it notes that as there is no method of 
measuring the volume of water filtered it is only semi- 
quantitative. The net should be large and the 6 ft. or 
10 ft. net (that is, depressor spread) should be used 
according to the available shipboard facilities. The mesh 
should be 0-5 in. (12:5 mm) stretched nylon supported 
within an outer net of about 2-5 in. (6-5 em) knot to knot, 
The use of mixed or graded meshes is deprecated even 
though the catch is maintained in better condition if the 
codend is preceded by a short length of 3 mm mesh (any 
resulting small organisms in the catch could be dis- 
regarded). 

The speed. of the ship should be maintained at 3 knots, 
wire should be paid out at 40 metres/min, hauled at 40 
metres/min for oblique tows or 60 for horizontal tows. 
Oblique hauls should sample 200-0 m depth and for 
thorough depth sampling by horizontal tows sampling 
should be at 50 m intervals to 1,000 mm and 250 mm 
intervals beyond. The use of a depth-time recorder or 
depth telemeter is a prerequisite of midwater sampling 
because accurate knowledge of the depth of fishing is 
essential to a proper interpretation of the data. A 
flowmeter should be used to measure the relative length of 
tow. 

The reports of all four working parties are to be collated. 
into one which will be published in due course as a Unesco 
monograph. J. H. Fraser 
1 Rapp. Cone. Intern. Explor. Mer, 158 (1962). 

2 Rapp. Cons. Intern. Explor, Mer, 153. 86 (1962). 


*In Some Contemporary Studies in Marine Science, edit. by Barnes, H., 429 
(George Allen and Unwin, Ltd., London, 1968). 
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Patrick B. Kennedy 


Patrick BRENDAN KENNEDY, first professor of mathe- 
matics at the University of York, died suddenly on June 8, 
1966, aged only 37. He was born at Cork and educated 
there at North Monastery and later University College. 
After obtaining an M.A. at Cork he went to the 
then University College of the South-west at Exeter to 
study the theory of functions of a complex variable, and 
this subject remained one of his main interests. His 
Ph.D. thesis was stimulated by a conjecture of M. H. 
Heins, which he disproved, and contained a discussion 
of the minimum growth of an integral function with k 
symptotic values together with counter-examples to show 
that all his theorems were the best possible. To construct 
these counter-examples he provided a method for approx- 
imatmg certain subharmonic functions by logarithms of 
integral functions which proved then and is now a most 
valuable tool. The distinction, of this work was recognized 
when after a short period as assistant lecturer at Aberyst- 
wyth and lecturer at Cork he was appointed professor 
of mathematics at Cork in 1956. He was appointed to 
the chair at York in 1963. 

Kennedy had a delightful Irish humour, which always 
made him charming company, but he was nevertheless 
an extremely serious person and drove himself hard. He 
took a strong personal interest in all his students. He 
found it hard to delegate work to his junior colleagues, 
feeling that they should not be overburdened with chores 
but should have the opportunity for their own researches. 
He was also keenly interested in all matters of education 
and had been a member of the teaching committee of the 
Mathematical Association. At the time of his death he 
was writing two books, conducting the first degree 
examinations at York and also acting as external examiner 
at Cork. He is survived by his wife, whom he married 
in 1954, and three children. W. K. HAYMAN 
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IDENTIFICATION OF RADIO GALAXIES AND QUASI-STELLAR OBJECTS 


By J. G. BOLTON 
C.S.I.R.O, Radiophysics Laboratory, Sydney, Austraia 


ABOUT 2,000 radio sources between declinations -+ 20° 
and —90° have been catalogued during the past four 
years with the 210 ft. telescope at Parkes. The finding 
survey for the catalogue was made at a frequency of 
408 Mc/s and additional observations were made of most 
sources at 1,410 and 2,650 Mc/s. The nominal lower limit 
of flux density for most of the survey was 2:5 flux units 
(10-28 W m= (c/s)-1) and the accuracy of the source 
positions is estimated to be + 1 minute of arc. More precise 
positions (+12 seconds of arc) have been determined 
for 640 sources with flux densities greater than 1-6 flux 
units at 1,410 Mc/s. A search of the Palomar Sky Survey 
prints in the area, between declinations 20° and —33° 
which is common to both the Sky Survey and the Parkes 
Catalogue has yielded about 400 identifications. The 
various zones of the Catalogue!, the precise positions? and 
details of the identifications? are at present being pub- 
lished in the Australian Journal of Physics. 

So far as identifications are concerned, the statistically 
most complete sample is that of 383 sources between 
declinations 20° and — 30° for which accurate positions 
are available. Their distribution in celestial co-ordinates 
and the identification status of each source is shown in 
Fig. 1. All the sources shown on this diagram are believed 
to be extragalactic. In the area inside the dotted line, the 
sources are partly of galactic origin and the fraction of 
sources which can be identified is reduced by obscuration 


+20° 


+ 10° 


Declination 


within the Galaxy. 143, or 38 per cent, of the 383 sources 
can be identified witk galaxies and 100, or 26 per cent, with 
quasi-stellar objects. About 60 per cent of the quasi- 
stellar objects have been confirmed by optical investi- 
gations. Somewhat similar results have been obtained 
by Wyndham! from an investigation of 300 sources from 
the revised 3C catalogue with flux densities greater than 
9 flux units at 178 Mc/s. Of the 242 identifications in the 
present sample, sixty are either previously well known 
identifications, or Lave been independently identified 
by Wyndham. Wyndham’s ratio of quasi-stellar objects 
to galaxies is somewhat lower than that of the present 
results; this probab-y arises from the difference in the 
survey frequencies used in the 3C and Parkes Catalogues 
and the difference in radio spectra for quasi-stellar objects 
and galaxies. 

This difference between the radio spectra of quasi- 
stellar objects and galaxies was first noted by A. J. 
Shimmins of this laboratory (private communication). 
It is illustrated in Fiz. 2, which shows the distribution of 
the quasi-stellar objects, the galaxies and the unidentified 
sources in terms of the ratio of their flux densities at 
1,410 and 2,650 Mc/s. Most of the galaxies lie well to the 
right of the line at aratio of 1-6, whereas the peak of the 
distribution of quasi-stellar objects is to the left. Thus, 
the quasi-stellar objects can be distinguished from galaxies 
by their high-frequency spectra and, on this basis, Fig. 2¢ 
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Fig. 1. Distribution of 383 radio sources between declinations 20° and — 30° for which precise poe are available. ©, Unidentified 


sources; A, galaxies; @, confirmed quasi-stellar objects; @, possible quasi-stellar objects. 
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Fig. 2. Histograms of the number of sources with a given ratio of fiux 
density at 1,410 and 2,650 Mejs for: (a) quasti-stellar objects, (b) 
galaxies; (c) unidentified sources, 


strongly suggests that the majority of unidentified 
sources are galaxies which are presumably fainter than 
the plate limit of the Sky Survey. Two further arguments 
may be advanced to support this result. 

The first depends on the distribution of radio and 
optical magnitudes for the identified sources shown in 
Fig. 3, in which the radio magnitude scale at 1,410 Mc/s has 
been adopted such that 1 flux unit is equivalent to a radio 


magnitude of 10:5. Most of the optical magmtudes were _ 


estimated by comparison of their images on the Sky 
Survey plates with those of objects for which photometric 
magnitudes are available. For faint objects these esti- 
mated magnitudes probably have quite large errors 
but not of sufficient extent radically to alter Fig. 3. 
Fig. 3d for the galaxies shows the well-known large range 
in optical magnitudes corresponding to a small range in 
radio magnitudes. The distribution is markedly skew 
and strongly reflects the effect of the plate limit of the 
Sky Survey. The distribuftions for quasi-stellar objects 
show a much closer relationship between optical and 
radio magnitudes: there is no suggestion of a cut-off 
owing to plate limit, which would probably be at least 
one magnitude fainter for stellar objects than for galaxies. 
The-sharp cut-off in the magnitude distribution for the 
galaxies suggests that the unidentified sources may well 
be galaxies beyond the Sky Survey plate limit. The mag- 
nitude distribution for quasi-stellar objects suggests that 
the identifications with quasi-stellar objects are essentially 
complete for the present sample, and that quasi-stellar 
objects between the nineteenth magnitude and the plate 
limit would be found among radio sources which are 
fainter than those of the present sample. 
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A second argument is provided .by observations for 
interplanetary scintillations of about 200 of this sample 
of sources (due to R. D. Ekers of this laboratory). Such 
scintillation is an indication of the small angular size 
of a source (2 sec of arc or less). Exkers found that more 
than’ 50 per cent of the suggested quasi-stellar objects 
scintillate, whereas only 20 per cent of the galaxies fainter 
than the seventeenth magnitude do so. He found that only 
25 per cent of the unidentified sources scintillate and, on 
the assumption that they are, in general, more distant 
than identified sources of the same class, his results strongly 
suggest that they are galaxies rather than quasi-stellar 
objects. 

Source Counts. The anomaly of “too many faint sources” 
in the counts of radio sources with flux density is now well 
established. The slope of the graph of the logarithm of 
the number of sources (N) with a flux density greater than 
S against this value of log S is approximately —1-8, 
compared with an expected slope of — 1-5 for a uniform 
distribution of sources in a Euclidean universe. This 
result has been interpreted either as indicating an 
evolving universe in which radio sources were more 
numerous or intrinsically brighter in its earlier history, 
or in terms of a local deficiency in a fraction of the popu- 
lation, which is presumed to be of galactic origin. Véron® 
and Longair® have independently pointed out that the 
slope of the log N—log S curve is significantly different for 
different classes of sources. They find the slope for galaxies 
is of the order of — 1:5, for quasi-stellar objects — 2-2, 
and even steeper for unidentified sources. The obvious 
inferences have been drawn—that the quasi-stellar 
objects and unidentified objects are responsible for the 
anomaly on the evolving universe model—or, for example, 
in a model by Sciama and Saslaw’, that the unidentified 
sources and possibly some of the quasi-stellar objects 
for which red-shifts are not yet available, represent a 
galactic component. 
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Fig. 3. Histograms of apparent radio and optical magnitudes for quasi- 
stellar objects and galaxies. 


no. 5052. AUGUST 27, 1966 


The present observations substantiate the results of 
Véron and Longair. The counts for the three classes at 
1,410 and 2,650 Me/s are shown in Fig. 4a, b and c. The 
differences between the slopes are not as extreme as those 
of Véron and Longair, possibly because of the larger 
number of samples involved, but they are nevertheless 
quite pronounced. The log N-log S relationship for 
galaxies does not, in fact, have a constant slope but is 
markedly flatter towards the faint end. Such an effect 
would result from the cut-off imposed on identifications 
of galaxies by the plate limit of the Sky Survey, for the 
fraction of identifications possible will decrease with the 
flux density. If the previous deduction that the un- 
identified sources are predominantly galaxies is correct, 
then these sources should be included with the galaxies 
in the count. The log N-log S relationship for galaxies 
and unidentified sources is shown in Fig. 3d, where its 
slope can be seen to be indistinguishable from that of the 
quasi-stellar objects. It will be seen that the log N-log 
S slope for the quasi-stellar objects is slightly flatter at 
2,650 Mc/s than at 1,410 Mc/s. No significance should be 
attached to this result; it arises from the high fraction of 
flat spectrum sources among the quasi-stellar objects, 
and the selection criteria for the source sample. The 
galaxy counts do not show this effect, as the fraction of 
flat-spectrum sources among them is negligible. 

The result that the modified log N—log S slope for galaxies 
is the same as that for quasi-stellar objects is perhaps not 
surprising for, if the red-shifts of the quasi-stellar objects 
are cosmological, the quasi-stellar objects and galaxies 
in the present sample span much the same volume of 
space. Most of the sources under consideration have 


Number of quasi-stellar objects 
Number of galaxies 





50 


te 
So 


20 


So 


Galaxies + unidentified sources 
Jj 
3S 


Number of unidentified sources 





16 5 2 1 10 5 2 1 
Flux density (units of 10-** W m= (c/s)-*) 
e d 


Fig. 4. Source counts at 1,410 Mejs (x) and 2,850 Me/s (O) for: (a) 
quasi-stellar objects; (b) galaxies, (c) unidentified sources, and (d) com- 
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@, Objects with flat or relatively flat spectra; O, objects with steep 
Tadio spectra. 


apparent radio magnitudes between 9 and 10. In this 
range seventy-eight sources can be identified with galaxies 
and eighty are unidentified. A few of the latter may be 
faint or unrecognized quasi-stellar objects and some are 
probably N- type or sompact galaxies above plate limit-— 
which are difficult to distinguish from stars on the Sky 
Survey prints. However, at least fifty are probably’ 
galaxies beyond plaze limit. These will have absolute 
radio magnitudes eqaal to or brighter than Mr = — 32. 
The exact M, = — 33 cannot be determined, but it would 
certainly extend to form of the luminosity distribution 
beyond M, = —34, because objects of this luminosity 
are known. to exist (for example, Cygnus-A and 3C 295). 
Galaxies in this ranga will have distance moduli between 
415 and 43-5, and the red-shifts of the most distant will 
be well in excess of anity. The similarity of the log N- 
log S for the galaxes and quasi-stellar objects within 
the same range of red-shifts may mdicate a parallel 
evolutionary development. 

Red-shift—Magnitede Relation for Quasi-stellar Objects. 
So far in this article it has been assumed that the red- 
shifts of the quasistellar objects are cosmological in 
origin. A number of alternative suggestions have been 
made to overcome difficulties associated with their 
energy supply anc incompatibilities between their 
angular diameters end short period light variations. 
However, no really icsurmountable objections to a cosmo- 
logical origin have been raised, and the alternative hypo- 
theses appear to provoke greater difficulties than they 
aim. to overcome, 

Hoyle and Burbidge® have recently questioned the 
cosmological red-shif on newe grounds. They point out 
that there is no reletionship between the red-shift and 
radio magnitude at bw frequencies (178 Me/s), and that 
even the relationship between red-shift and optical 
magnitude appears to be simply a scatter diagram. 
However, such a result does not necessarily vitiate a 
cosmological red-shif; it may merely be an indication 
of a large dispersion m the relevant absolute luminosities. 
To obtain a reasonatle relationship demands an intrinsic 
property which is comparatively constant, as is the 
absolute optical magnitude for the radio galaxies. The 
large variations in ths light output of some of the quasi- 
stellar objects would suggest that the optical magnitude 
1s not such a property. About half the objects considered 
by Hoyle and Burbidge have fairly steep spectra, and 


920 


quite a few of this class of quasi-stellar objects are known 
to have components of considerable angular and pre- 
sumably linear size. Such components may be the results 
of singular events, and similar to the large physical com- 
ponents of radio galaxies—-for which there is certainly a 
very large range in intrinsic luminosity and a corre- 
spondingly large scatter in their radio magnitude—red- 
shift diagram. It 1s possible that the radio emission from 
quasi-stellar objects with flat radio spectra, which might 
result from a continuous process in a small physical 
volume, could be a better indicator of intrinsic luminosity. 
In Fig. 5 the relationship between the radio magnitude 
at 1,410 Mc/s and the red-shift is shown, with different 
symbols for the objects with relatively flat and steep 
spectra. While there is no very distinct relationship, 
the scatter for the flat-spectrum sources is considerably 
lower than that in either of the diagrams given by Hoyle 
and Burbidge. There is a suggestion that radio spectra 
might be useful in assigning a luminosity classification, 
and that a search for objects with very large red-shifts 
could be most successful among faint radio sources with 
fiat spectra. 

I thank many of my colleagues at the Radiophysics 
Laboratory who provided the basic data used in this 
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investigation, particularly Dr. Margaret Clarke and Mrs. 
Jennifer Ekers for their work on identifications. I also 
thank Dr. T. D. Kinman of the Lick Observatory for 
providing optical confirmation and accurate optical 
positions of many of the southern quasi-stellar objects, 
and Dr. Margaret Burbidge for providing red-shift data 
in advance of publication. 
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RESOLUTION OF X-RAY SOURCES AT LOW GALACTIC LONGITUDE 


By Dr. PHILIP C. FISHER, Dr. WILLARD C. JORDAN, ARTHUR J. MEYEROTT, LOREN W. ACTON 
and DOUGLAS T. ROETHIG 


Lockheed Palo Alto Research Laboratories, Palo Alto, California 


TuE second of two rockets instrumented primarily for 
locating celestial X-ray sources at low galactic latitude 
(b| < 20°) was flown on September 30, 1965. During 
1964, three different groups'-? examined most of the 
longitude interval 330° < MI < 25° and a number of X-ray 
sources were located. In addition to some discrete sources, 
a significant residue of counts was found above back- 
ground’ which did not appear to be associated with any 
of the discrete sources. Part of the 1965 flight was 
arranged to determine if these residual counts represented 
an extended source or a number of individual sources. It 
was also hoped that a better determination of the galactic 
latitude of the sources already observed might provide 
some indication of their relative position within the 
Galaxy. 

An Aerobee rocket fitted with a roll-stabilized attitude 
control system (ACS) was used and flown from the White 
Sands Missile Range. The ACS was programmed such that 
two differently oriented X-ray detectors could make two 
short scans approximately parallel to the galactic equator. 
Owing to a failure in the ACS, a third scan normal to the 
galactic equator was not carried out. Gas proportional 
counters with berylium windows were used to measure the 
energy of each X-ray detected, while photometers sensitive 
to visible light were used to obtain information concerning 
stellar aspect. Pulse heights of individual events in the 
X-ray detectors, detector scan rates, and stellar signals 
from the aspect photometers were all telemetered to the 
ground. The intermittent behaviour of the signals from 
the optical photometers (believed to be related to a visible 
glow observed around the rocket‘) has meant that in- 
formation is of little use for the results presented here. 
It should be noted that a small part of the sky near 
the galactic centre was not observed on the 1965 flight 
owing to the presence of the Moon, which lay at a = 17h 
22m, § = — 246° and passed through the field of view of 
detector A near 150-5 sec after the launching. 

One major difference between the 1964 and 1965 flights 
was that the fields of view of the 1965 detectors were 
reduced to a half and a fifth that of the field of detector C 


used in 1964. Table 1 indicates the characteristics of the 
three detectors. Counter A had a detection efficiency 
similar to that of the counter used in obtaining the 1964 
data, while counter B was more sensitive above 5 keV 
because of a higher filling pressure and because xenon as 
well as argon and methane were used for the filling gas. 
Fig. 1 presents the observed counting rate as a function 
of time for segments of the two flights; the 1965 data have 
been corrected for the dead time of the counter’s elec- 
tronics—this correction ranges from „about 15 per 
cent when no discrete source was within the field of view 
to about 50 per cent for the peak rates seen at 138 sec and 
152 sec after launch. -No correction of the 1964 data was 
necessary. The rockets were scanning at rates of 2-03, 
1-08, and 0-58 degrees/sec while the data of detectors O, 
A and B respectively were being acquired. ‘Therefore the 
time scales of the data have been adjusted for these dif- 
ferent scan rates in order to show the relative galactic 
longitude of the various sources that were observed. The 
discussion of how the high count regions were correlated 
with position on the celestial sphere, and so with the 
galactic longitude scale given in Fig. 1, will be presented 
later. The data for detector A given in Fig. 1 were acquired 
at about the same galactic latitude as the data for detector 
C. While six high count rate regions were suggested by 
the 1964 data, on at least seven occasions during the first 
1965 scan the signal for counter A indicates the presence 
of an X-ray source. Another significant difference in the 
Fig. 1 data occurs near HI = 0°, corresponding to the 


Table 1. X-RAY DETEROTOR SAR ACTE RETOS FOR DATA PRESENTED IN 
G. 


Approx- 
Effective Fieldof imate j 
De- Fhghtdate window view* energy Counter Alling gas 
tector area {degrees) interval 
(cm*) (keV) 
C Oct. 1, 1064 263 2-9 x 26°5 4-8 00% argon, 10% me- 
ane 
A Sept. 30, 1965 195 1-8,x16:7 2-9 90% argon, 10% me~ 
e 
B Sept. 30, 1965 -235 1-7 x 7-4 3-11 695% argon, 20% 


xenon, 10% methane, 
heli 


* Full width at half maximum sensitivity. 05% helium 
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time interval of detector A of 148 sec to 152 sec after the 
launching. It may well be that the major part of this 
difference is the result of the quite different sizes and. 
slightly different orientations of the field of view of the 
two detectors. For example, one of the 1964 sources? 
may lie outside the field of view of detector A, or several 
of the 1964 sources!’ may have been observed simul- 
taneously (despite the improved angular resolution of the 
detectors used) on the more recent flight. A decrease in 
the absolute flux of one of the 1964 sources cannot be 
ruled out. In addition to these differences, new X-ray 
sources were observed by detector A near 160 sec and 129 
sec after the launching. The latter source was so close to 
the horizon of the 1964 flight that it may not have been 
observed at that time. Although the long dimension of 
field of view of counter B was only half that of the field 
of detector A, on this first scan detector B observed all 
but the weakest source seen by detector A. Except for 
this source, the firat scan data from detector B show count 
rate variations similar in time and amplitude to those of 
detector A. There is a possibility that detector B saw 
simultaneously the first two sources which came int» view 
of detector A at 130-5 sec after the launching. 

The data given in Fig. 1 for detector B were acquired 
during the second scan of the 1965 flight which was 
carried out at about a 5° lower latitude than that used in 
obtaining the detector A and C data shown. Considering 
the sean rate and the counter background, the highest 
detection sensitivity of the experiment (about 0-1 photons 
cm~? gec-!) was attained while the data given in Fig. 1 
for detector B were being obtained. Only two sources were 
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Fig. 1. Counts observed during two rocket flights, while scanning in 
longitude near the galactic equator. Letters at the right of the figure 
denote which detector the data were derived from, and the line segments 
under these letters indicate the time required for a point source to pass 
cormpletely through the narrow dimension of the feld of view of the detec- 
tor, The time intervals between the black dots shown with the data 
of detectors A and B indicate the duration of the two 1966 scans. Dotted 
knes in the detector C data near 212 sec show the count rate anticipated 
after subtraction of effects from the brightest source in Scorpius which 
lay near the edge of the field of view of detector C at this time. 
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observed by detector B on this scan. Although no un- 
ambiguous location cf the X-ray source near 218 sec has 
been obtained, the sther source at 207-4 sec after the 
launching seems to be the same as that observed by 
detector A near 152 sec. 

The regions of higher count rate observed by detectors 
A and B have been carrelated on the basis of the collimator 
orientations on the rocket and on the assumption that no 
important spectral Gfferences existed for a given (pos- 
tulated) source. Alchough the statistics are poor, this 
assumption seems vacid as no striking spectral differences 
appear in the data >f the two counters for any of the 
seven sources. The 2orrelations lead to a determination 
of: (1) the distance and direction of each of the given 
sources from the scen path; (2) the distances between 
sources measured along the scan path; (3) the strength in 
counts cm~? sec“! of each source observed. Relative posi- 
tion along the scan path can be computed from the elapsed. 
time between observation of X-ray sources. For the 
148—-165-sec time interval of the data for detector A, no 
action of the ACS cecurred which would have affected 
the position of the detector along the scan path. Con- 
sequently, the variovs points on the 1965 grid of relative 
positions for this icterval are known to about +0-6° 
along the scan path, while an error of about +1° is appro- 
priate for the position of a source off the scan path. 

The grid of relative positions from the 1965 experiment 
can be oriented on the celestial sphere by assuming the 
scan paths of the detectors are those prescribed by the 
roll-stabilized ACS. This assumption makes it possible 
to make some detailed correlations between the high count 
regions of the two flights. The data of detector C from the 
1964 flight were supplemented by information on the 
galactic latitude of SCO XR-3? and SCO X-2*. Fig. 2 
presents the result ofthis correlation. The heavy diagonal 
line indicates the ga_actic equator while the lighter long 
diagonal lines indicate the scan path of the centre of the 
field of view of the two 1965 detectors. Although the 
scan path of detector C is not shown, it lay slightly below 
the galactic equator. The longitudes of the sources 
observed! in 1964 are indicated by the shaded swaths 
nearly perpendicular to the galactic equator. The 
inter-comparisons of X-ray data indicate a lateral shift 
of about 1°, and a skew of about 1°, of the detector’s actual 
scan path as compared with the path originally prescribed 
for the ACS. This snifted path has been used in Fig. 2. 
Such a shift is within the nominal errors established for 
operation of the roll-stabilized ACS. The position of the 
scan path shown in Fig. 2 is believed to be known to 
within about +1°, and this uncertainty provides the chief 
contribution to the error in source location indicated by 
the areas outlined. Itis hoped that reduction of the optical 
aspect data will lead z0 an improvement in the determina- 
tion of the location of the X-ray sources. 

The positions and {uxes of the X-ray sources shown in 
Fig. 2 have been summarized in Table 2. In computing 
the counts cm-? sec of the sources observed by detector 
A, a background rata was used that was the average of 
the counts observed. in the 121-126 and 166~171' sec 
time intervals. Although this rate indicates a significant 
residue of counts above bagkground for the interval 
350° < M < 0°, the data seem inadequate to specify further 
the significance (or leek thereof) of these residual counts. 

In only a few instances is the position information now 
available for the brighter X-ray sources adequate to 
attempt correlations with known features of the Galaxy. 
It does seem significent that source numbers 4 and 7 in 
Table 2 fall within +1-5° of the nearby thermal radio 
sources M8 and M16. As noted earlier, the error in 
relative galactic longitude of these sources as seen by 
detector A is probabzy no more than +0-6°. The angles 
between count rate paaks which can be interpreted as the 
M 16 and M 8 signals on the first detector B scan (M 16 
was too near the edg> of the field of view to be detected 
on the second scan), and the angle between the M 8 and 
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> Table 2. POSITION AND COUNT RATE INFORMATION FOR X-RAY SOURCES OBSERVED 
Detector C 1965 to 1964 
, Detector A data of 1965 data of 1964 count rate ratios 
Time from Approximate position Time from Corrected* 1964 1964 
Source No. the launch- Counts em~* sec-* (1950 epoch) the launch- counts Lockheed. NRL Remarks f 
ing (sec) Measured Corrected* a ô ing (sec) {(cm-? sec-) data data 
1 128 4 0-6 —_ — — — = — moe (1) 
2 1382°8 04 06 17h 23m — 44-2° 220 8 t-I 0-5 05 (1i) 
3 138-3 1-5 1-5 17 08 —364 218:3 08 19 14 Gil) 
— — — —— — — 212 6 09 — ~ (rv) 
4 152-5 1-8 2-0 18 02 — 24-9 211 0 14 1-4 16 (vy) 
5 156-3 10 1:0 18 03 —207 208 2 0-8 1-2 = 
6 1860-3 0-6 06 18 11 —1i72 ~— — — 17 (vi) 
7 163-3 09 09 18 14 — 143 205 1 09 1-0 meen 


* The measured count rates were corrected to that value which would have been observed if the source lay on the collimater’s centreline. 


t Remarks: 


(1) Source was below horizon ın 1964 experiment (ref, 1) and hes within the large rectangular region of the 1965 experiment closest to the 


horizon in Fig. 2. Agreement in the count rates seen by detectors A and B suggests the X-ray source hes near a= 16h 62m, 6= —46-6°. (n) Air absorption 
has not yet been allowed for in the 1965 experiment, so this source’s flux may or may not have decreased with time. The NRL position of SCO XR-3" has been 


given for this source and the comparisons of count rates were made assuming the X-ray source lies at this position, (ul) The 


E position of SCO XA-2* has 


been given for this source and the comparisons of count rates assuming the X-ray source lies at this position. Gv) The existence and/or location of this source 
is now in doubt. (y) As noted in the text, the observed X-rays may actually come from several sources. The most likely division of the observed flux seems to 


yield a bright source at the position 


resolved into at least three different X-ray sources, 


M 16 signals on the first and second scan of detector A, 


are all equal to within +0-6° of values appropriate to 
their known differences’ in position. Although M 8 and 
M 16 are not point sources in the radio or optical portions 
of the observable spectrum, Fig. 1 gives little or no 
indication that the (possibly) related X-ray sources are 
other than point sources. While the arguments concern- 
ing identification of M8 and M16 with X-ray sources 
seem sound, the only other bright thermal radio source 
in this range of longitudes, M 17, was apparently not 
observed. 

To our knowledge, no theoretical estimates have been 
made for the X-ray flux associated with HIT regions 
such as M8, M 16 and M 17. However, if either their 
radio®? or optical”! fluxes are fitted to the spectral 
distribution of the Crab Nebula’, X-ray fluxes are pre- 
dicted which are comparable with or larger than those 


SCAN 


RATE 
1 108°/SEC 
— -2 058°/SEC 


Fig. 2. Approximate positions of the brighter low-longitude sources observed on September 
30, 1965. Co-ordinates of right ascension and declination are Indicated as we 


galachic longitude, 


ven, and a fourfold weaker source near a=17h 37m, d= — 22 9°. 





The outlmed regions mm which the sources are believed to lie are 
numbered asin Table 2. The large dotted rectangles near the lower right corner show the 
maximum latitude coverage and half the longitude coverage of the flelds of view of detectors 


(vi) The SGR XR-2 source of NRI? has now been 


actually observed. Allen’s short lsts!° of bright radio 
sources and diffuse nebulae suggest several other similar 
objects which might be examined for X-ray emission in 
order to provide greater confidence in the tentative 
identification of M 8 and M16. For example, consider 
the X-ray sources in Cygnus observed by the Naval 
Research Laboratory (NRL) group™. Although NGC 
7000 was omitted, both the Cygnus Loop and Cygnus X 
were noted in some of the data and on the most recent 
X-ray sky map of the NRL group!!. The close proximity 
of the brightest radio portion of Cygnus X to the locations 
of Cygnus A and Cygnus XR-1 makes it quite difficult to 
correlate X-ray and radio sources in this region. How- 
ever, NGC 7000 and Cygnus X, and the brightest radio 
emission region of the Cygnus Loop, all appear to lie 
quite close to high count locations noted by the NRL 
workers". Such an association is at least consistent with 
the tentative M 8 and M 16 identifications. 
A further test and understanding of the 
hypothesis that bright and nearby radio 
sources may also be observable X-ray 
sources could be provided by examination 
of the Orion Nebula, M 42. Although the 
absence of dark globules in this object is an 
indication that it is fundamentally differ- 
ent!? from M 8 and M 16, a similar naive 
fitting- of radio and optical source strength 
with a Crab-Nebula-like spectrum suggests 
a measurable X-ray flux. 

So many different types of known objects 
exist at the lower latitudes that further 
identification of X-ray sources will be 
extremely difficult until better angular 
resolution measurements are available. For 
example, conceivably source number 6 in 
the list of Table 2 and Fig. 2, at a longitude 
of + 14°, might be correlated with either of 
several nearby 0 associations" or a relatively 
distant spiral arm of the Galaxy™ seen as a 
radio source, 

It appears to be significant that a fairly 
large fraction of the few radio sources which 
are nearby, mntense, and have a relatively 
flat spectrum can be found in the vicinity 
of presently observed X-ray sources. These 
particular X-ray sources may well he no 
more than several kiloparsecs away, those 
at low galactic longitude being no more 
distant than the Sagittarius arm of the 
Galaxy. While several new X-ray sources 
have been discovered and tentative associa- 
tions with M 8 and M 16 have been made, 
an essential point of these data is the rela- 


as the 


A and B when observing source Nos. 1 and 2 of Table 2. The orientation of these detectors 

relative to detector C of the 1964 experiment is apparent from the dotted line near the 

centre of the figure which shows the maximum galactic latitude coverage of detector (. 

The narrow shaded swaths indicate the central part of the regions where the 1964 measure- 

ments showed different sources must lie, the + at the upper right representing the position 
found in 1964 for the bnghtest X-ray source in Scorpius. 


small area of sky. 


tively large number of X-ray sources in a 
Although still more 
information (and possibly additional source 
positions) may yet be derived from the 1965 


» 
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flight data, a significant further improvement of both 
angular resolution and detection sensitivity seems neces- 
sary before a more meaningful identification can be made 
of all the low longitude counts at present observed. 

This work was carried out under contract with the 
National Aeronautics and Space Administration, and the 
Lockheed Independent Research Program. 
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RATIOS OF OXYGEN-I8 : OXYGEN-I6 IN PHOSPHATE AND CARBONATE 
FROM LIVING AND FOSSIL MARINE ORGANISMS 


By Cr. A. LONGINELLI 


Laboratorio Geologia Nucleare, Pisa, Italy 


EARLIER I reported! the results obtained by measuring 
the oxygen isotopic composition of phosphate from the 
shells of some living marine organisms. A summary of 
the technique used for the purification of the phosphate, 
the removal of the oxygen from the final product (bismuth 
orthophosphate) by fluormation with bromine trifluoride, 
and its conversion to carbon dioxide for spectrometric 
measurement was also given. 

This article reports the results of further measurements 
of oxygen isotopic composition carried out on shells of both 
living and fossil marine organisms together with some of the 
previous results. The main purpose of these measurements 
was to determine the relationship between growth tem- 
perature of shells and the abundance of oxygen-18 in 
their calcium phosphate. Such a relationship would help 
in measuring palaeotemperatures and m estimating the 
oxygen isotopic composition of ocean water during the 
past from the equation provided by Epstein et al.* for 
carbonates and a similar equation for phosphates. In 
both equations the unknowns are the growth temperature 
and the oxygen isotopic composition of the environmental 
water. In previous calculations of palaeotemperatures 
the oxygen isotopic composition of ocean water was 
assumed to have been equal to that of modern mean 
ocean water. 

One problem in the establishment of a temperature 
scale is to obtain samples grown under controlled tem- 
perature conditions. This is very difficult in the case of 
phosphates owing to the small percentage of phosphate 
generally contained in the shells of marine organisms and 
to the difficulty of growing inarticulate brachiopods, 
which contain fairly large amounts of phosphate, in an 
aquarium. Crustaceans, the phosphate content of which 
1s also high, do not seem to precipitate their phosphate 
in isotopic equilibrium’. The average growth temperature 
of the shells was calculated from the oxygen isotopic 
composition of the calcium carbonate of each shell, by 
means of Epstein et al.’s equation. It was assumed 
that both calcium phosphate and calcium carbonate were 
deposited contemporaneously. The results obtained were 
corrected for the isotopic effect of the environmental 
water. Eighteen specimens of fourteen different species 
of Lamellibranchiata, Gastropoda, Brachiopoda, Cirri- 
pedia, Cephalopoda and Echinodermata were measured. 

The analytical results are given in the § terminology, 
where Sis the deviation of the ratio of oxygen-18 : oxygen- 
16 in the sample from that of a working mass spectro- 
meter standard : 

R = (1 + 8) Reta 


The ô values are expressed in parts per thousand (mil) 
and reported against carbon dioxide obtained from PDB-1 


standard by reaction with 100 per cent phosphoric acid 
and standard mean ocean water (SMOW) as defined by 
Craig‘. 

The amount of phosphate (ITT) ion present in the shells 
ranged from traces ta about 0:3 per cent. No investigations 
have as yet been made on the crystal chemistry of the 
phosphate. McConnell> showed that phosphate in Lingula 
shells is present as francolite (carbonate fluorapatite). 
In shells containing very small amounts of phosphaie, 
however, it is possible that a significant percentage of 
tho phosphate is in the organie matter of the shell itself 
(proteins). Some investigations are now being made on 
this subject. 

The species measured, their locations and the results 
obtained are listed in Table 1. In Fig. 1 the oxygen 
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Fig. 1. Oxygen isotopic composition of phosphate from shells of living 
marine organisms versus their average growth temperature as calculated 
from carbonate 6’s. The 4’s are corrected for the effect of the isotopic 
composition of the environmental water. Numbers refer to Table 1. 
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isotopic composition of the phosphate is given against 
the average growth temperature of the shells as calculated 
from the oxygen isotopic composition of the carbonate. 
The dispersion of the points can be explained as arising 
from the error in the determination of carbonate ®’s 
(standard deviations o = +0-1 per mil), the error in the 
evaluation of the correction for the H,O isotopic effect 
(presumably between +01 and +02 per mil) and the 
error in the determination of the phosphate òs (e = 
+ 0-18 per mil). Theo for phosphate 8’s has been calculated 
from the results obtained on about 150 measurements. 

Least-squares treatment of the data in Fig. 1 gave the 
folowing equation for the straight-line relationship 
between 8:sq (PO/-) and ¢ °C 

t = — 90:0 — 4:8 (òp — dy) 

where t is the temperature in °C, 8, refers to the ratio of 
oxygen-18 : oxygen-16 in the phosphate (III) ion measured 
by the process described earliert, dy is the § value of 
carbon dioxide equilibrated isotopically at 25-2° C with 
the environmental water, measured against the same 
mass spectrometer standard gas as used for the carbon 
dioxide obtained by conversion of the oxygen extracted 
from calcium phosphate. The calculated o for this equation 
is +2-70° ©. A direct comparison of the coefficients in 
this equation with those in the carbon equation is difficult 
owing to the fact that the two equations are of different 
order; however, the slopes of these two equations are 
rather close. Plotting ðo (PO}-) against Sieg (COF) 
(Fig. 2), the slope is found to be about 1-4. From the 
similarity in the slopes and from the precision one can 
obtain in measuring (8)-8-) (about +0-3 per mil) the 
uncertainty with which the temperature t and the oxygen 
isotopic composition of the environmental water (8w) 
could be calculated for fossils containing both carbonate 
and phosphate is 


t + 4:5° O, 3 + 0-8 per mil 


This temperature uncertainty is quite large for measuring 
the palaeotemperatures with reasonable accuracy; how- 
ever, it is possible that the slope of the final equation will 
differ somewhat more from that of the carbonates. The 
uncertainty in the calculation of 3, is small enough to 
make it possible to calculate whether or not there have 
been large variations of the oxygen isotopic composition 
of ocean water through geological time. 

The oxygen isotopic composition of teeth of two fish 
was also measured in order to obtain information on the 
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Fig. 2. Oxygen isotopic composition of co-existing carbonate and phos- 
phate from shells of living marine organisms. Numbers refer to Table 1. 


possibility of using fossil teeth for measurements of 
palaeotemperature. The following results were obtained: 


Oxyrina spallanzani (Adriatic Sea). Presumed tem- 
perature range 12°-23° C; average temperature 
recorded by the phosphate in the tooth 14:8° C. 


Lagenorinchus albirostris (Northern Sea). Presumed 
temperature range 5°-17° C; average temperature 
recorded by the phosphate in the tooth 155° C. 


Both the results are within the expected range of tem- 
perature even though they are near the limits. 

On the basis of the results obtained it is possible to 
draw the following conclusions. (1) A general relationship 
exists between the temperature of deposition and the 
oxygen isotopic composition of phosphate in many 
marine invertebrates. From the good agreement shown by 
a considerable variety of organisms it can be assumed 
that in these cases the precipitation of phosphate occurs 
under isotopic equilibrium conditions. (2) The slopes of 
the phosphate and carbonate equations are rather close. 
On the basis of the results obtamed so far it seems that 
isotopic palaeotemperatures cannot be measured with 


Table 1 
No. of S3a9(PO2-) ôro FOF) ô,so(CO3)" t (° C) from ðıso( H20) 
sample Species Location Depth (m) vs. CO,-PDB-1 vs.SMOW vs, PDB-1 6 yg0(CO8-) vs. SMOW 

1 Spisula solidissima ar N. 50 -19-50 ` +4206 +2-45 + 38 —1-00 
2 Chlamys islandica 45°02" N, 80 19°88 +202 +234 + 37 —1-00 
3 Balanus sp. 45°02) Ne 80 ~ 20 72 +198 + 2-65 + 27 -100 
4 Mytilus galloprovincialis 43°38) N. 5 —21 61 +184 +012 +20 4 +100 
5 Sepia oficinales Tyrrhenia Sea Surface -~ 22 50 +175 — 0-10 +2194 1-00 
6 Clinocardium edliatum 45°02" N, 80 —21 37 +18-7 +178 + 66 t 500 
7 Ostrea edulis 40°28" N. 1-2 — 22-27 +177 — 0-66 +24-0 +100 
8 Ostrea edulis r 40°28" N. 1-2 ~ 22-91 +170 -0-61 +238 +100 
9 Terebratula mtrea 42°87" N 150 —~ 21 09 +189 +1-90 412-7 £100 
10 Spisula solidissima Hee X 50 = 20°30 +198 +1-85 + 68 —1-00 

11 Balanus sp. 52°10 N. 250 -19 51 +206 +365 = = 
p eng 05 1 00 

Mytilus edul (Netherlands) 1-2 22 31 7 

12 ytilus is etherlan = om 22, +177 — 0-47 +122 —1:50 
13 Sema officinale Tyrrhenian Sea Surface — 21 34 +187 +052 +18-6 +100 
14 Echinometra lucunter 8. Florida 1-2 — 22 60 +174 —1-25 + 25-0 +0860 
15 Ostrea lamellosa ert N 5 ~~ 20 42 +1968 +079 417-4 +1-00 
16 Fusus sp. 54°37" N 220 ~ 20-29 +198 + 3-83 ~ 03 ~ 0:75 
17 Fusus sp. 4°37 N. 220 —20 17 +199 +3-43 + 10 -075 
18 Gryphaea sp. Char. Maritime 2 —~ 21 80 +18 2 +0 28 +128 -060 


(France) 
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reasonable accuracy by a carbonate—phosphate tempera- 
ture scale. It should be possible, however, to obtain a 
good set of data on the possible existence of major varia- 
tions of the oxygen isotopic composition of ocean water 
during geological time. 


Measurements on Fossils 


The oxygen isotopic composition of both carbonate 
and phosphate from some fossil marine organisms was 
measured. The fossils come mainly from Silurian, Carbon- 
iferous, Jurassic and Cretaceous formations in Belgium, 
Denmark, England, France, Germany, Greenland, Italy, 
The Netherlands, Scotland, Somaliland, the United States 
and the Soviet Union. Samples were mainly belemnites 
and pelecypods, together with a few brachiopods, rudists, 
crustaceans and fish teeth. The content of the phosphate 
(III) ion in these fossils ranges from about 0-05 up to 
about 34-0 per cent by weight. In species with very low 
phosphate contents two or three specimens from the same 
layer were processed together. The species measured, 
their locations, their ages, and the oxygen isotopic com- 
positions of the phosphate (ITI) and carbonate (IT) ions 
are given in Table 2. In Fig. 3 these phosphate ẹ’s are 
plotted against the geological age attributed to each 
fossil. 

A wide range of values was obtained. The most negative 
are those of Silurian and Carboniferous fossils. Among 
the Palaeozoic specimens there are freshwater and sea- _s.ouy years Ha 
water fossils and a tooth of an unknown fish. All of them 
were very badly preserved, shells of Obolus had undergone 
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recrystallization and the original material of the tooth ~“*°"" urai e 

was more than 50 per cent replaced by charcoal. The 8 _,.o,, % ¢? 

values of their phosphate are very close to one another wh a E NT -M ERST D : 
and very negative. For Obolus apollinis the carbonate 8’s a p p ees ee 
(— 8'2 versus PDB-1) are those of a carbonate which has ee ea malt mn E SME RD 
sani completely re-equilibrated with ground (rain) Ba (Pox ive smow 


Fig. 8. Oxygen Isotopic somposition of phosphate plotted against geological 
age for tossil shells of marine organisms. Numbers refer to Table 2. @, 


Among Jurassic fossils, belemnites have very large 
Selemnites; ©, other fossils. 


positive phosphate s which, on the tentative scale, 
correspond approximately to a temperature of about i 
—10° C. Three pelecypods and one brachiopod show of Middle Cretacecus fossils (chiefly pelecypods) gives 
more negative 8 values. 8 values about midway between the most positive and 

As regards Cretaceous fossils, a Lower Cretaceous the most negative. Several specimens from Upper 
belemnite is still as positive as Jurassic ones. A group Cretaceous formaticns (belemnites, a tooth of a fish and 


Table 2 


No. of Byqg(POT_ diso POS) õıso(CO3-)} S19 (COS) 
sample Species Age and location vs.CO,sPDE1 vs. SMOW vs. PDB-1 vs. SMOW 
1 Gryphaea cfr, arcuata Callovian-Oxfordian—France — 20-60 +194 — 0-80 +298 
2 Inngula lewisir Silurian~England — 27 48 +123 ~ - 
3 Lnngula lewisia Silurian—England — 27°63 +121 ~~ = 
4 Cylindroteuthis puzosiana Callovian—England — 15-45 + 24-8 +0 75 +314 
5 Belemnitella sp. Santonfan—Belgium — 18°55 + 21°6 — 0-15 +30°4 
6 Megateuths guganteus Bajocian—Germany — 16:04 ++ 24-2 —0 60 + 80-0 
7 Belemniteiia mucronata Campanian— Belgium — 19 84 +202 +0 BI +309 
9 Obolus apollinis Ordovician—Soviet Union — 26°46 + 13-4 — 819 + 22-2 
10 Belemnitella quadrata Campanian—Belgium — 18-20 + 22-0 — 0:76 +298 
ii Belemnitella sp. Maastnchtian—The Netherlands — 22 46 +175 +015 +307 
12 Obolus apollins Ordovician—Soviet Union — 26 98 +128 —8 32 + 22-0 
13 Tangula sysmondu Silurlan—England —27 16 +126 om = 
14 Passalotetthis sp. Phiensbachian—-Germany — 15-89 + 24-6 —OQ 8i +298 
15 Lopha cristagalli Bajocian— Germany — 2244 +175 — 8-087 +274 
16 Passaloteuthis sp. Pliensbachian—-Germany — 16-10 +241 — 015 +804 
17 Pseudoranenelia n. sp. Turonlan-Maastrichtian—Greenland — 17-54 -+228 m- = 
18 Unknown decapod Kocene—France — 20°81 + 19-2 —1 80 + 28:7 
19 Gryphaea arcuata Hettangian—Germany — 26°44 +13 4 — 280 +277 
20 Terebratula digona Bajocian—France — 24-72 +15 2 — 3-268 +272 
21 Jophiasp. . Santoman—lItaly — 28°35 +16-6 — 2°96 +275 
22 Acrocoelites 8p. Toarcian—German — 16:67 +235 —1:72 +288 
28 Cylindroteuthis sp. Kimeridgian——-Scotiand — 1942 + 20-7 — 1:73 +288 
24 Belemnites sp. ; Cenomanian-——Belgium — 21:82 +18°2 — 0:52 + 30-1 
25 Cylindroteuthis puzosiana Oxfordian—England —15 91 + 24-8 — 0°49 +30-1 
28 Exogyre latissima Aptian-—Somaliland — 20°45 +196 — 261 +279 
27 Haogyra flabellata bian-Cenomanian—Somaliland — 22-58 +1794 — 4:08 + 26-4 
28 Belemnitella mucronata Maastrichtian—The Netherlands — 20-86 +192 + 0-59 +312 
29 Pachyteuthis excentrahs Callovion-Oxfordian——England — 16°90 +23°3 —0 60 +30°1 
80 Belemnitella americana U. Campanian—(New Jersey) U.S.A. — 19°27 + 20-8 + 0-23 +30°8 
81 Megateuthis guganteus Bajocian—Germany — 1614 + 24-1 —0 05 + 30-5 
$2 Antraconauta phillipsit U. Carboniferous—England — 27-83 +12-1 ~ — 
33 Salpingoteuthis sp. Toarcian— Germany — 16°38 + 23-8 — 2°64 + 28-0 
34 Tooth of unknown fish U. Carboniferous—England — 2819 +11°6 ~ - 
35 Alectryonia scyphax Cenomanlan—Italy — 22-92 +17-0 —3 29 +272 
86 Lamna appendiculata (tooth) Danian-—Denmark — 20:09 +19°9 i — 
37 Alectryon seyphaz Cenomanlan—italy — 21°46 +18°6 — 2-93 + 2°76 
38 Exogyra latissoma Aptian—Somahland — 22 33 + 17-7 —3 48 +270 
39 Belemnitella americana U, Campanian—{New Jersey) U.S.A. — 18°75 + 21-4 — 0 23 +303 
40 Cylandroteuthis puzosiana L. Oxfordian-—England —17 02 +: 23-2 — 0'10 +305 
41 Belemnites prstilirformis Neocomian—Germany — 15°76 + 24-5 —0 18 +304 
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Pseudoranenelia) show rather scattered § values which 
are again rather positive. The average 8 value of this 
group corresponds approximately to a temperature of 
about +2° C. There also seems to be a tendency towards 
more negative ô values in younger specimens. In the case 
of fossils other than belemnites one is led to the con- 
clusion that there is a general relationship between the 
ages of these fossils and the oxygen isotopic composition 
of their phosphate, théir § values becoming more and 
more negative with time. If this is correct, this can be 
caused by an isotopic exchange between the oxygen of 
the phosphate and the oxygen of ground waters. Despite 
the high bond energy between oxygen and phosphorus 
atoms, this exchange seems to reach a very high rate in 
Palaeozoic fossils. In fact, the freshwater fossil Antra- 
conauta phillipsit (No. 32) shows the same oxygen isotopic 
composition as the sea-water fossils Obolus and Lingula. 

If this is a correct interpretation of the values obtained 
from fossils other than belemnites, it can be concluded 
that for carbonates, because the bond energy of oxygen 
to carbon atoms is much lower than that of oxygen to 
phosphorus atoms, an isotopic exchange between car- 
bonate and ground water took place in Mesozoic fossils. 

The most difficult problem is to interpret the results 
obtained from belemnites. So far as I know, there are 
no natural fractionation processes which fossils normally 
undergo during the diagenesis of sediments which tend to 
enrich a fossil in oxygen-18. The fact that belemnites 
generally show very positive § values could result from 
four different causes: (a) a biological fractionation effect: 
(b) the effect of some solid-state exchange (for example, 
between phosphate and carbonate); (c) the presence of 
secondary phosphate in the fossils; (d) a lesser exchange 
with ground water during diagenetic processes than 
observed in pelecypods and brachiopods. 

_The first hypothesis looks to be rather improbable as a 
biological fractionation effect would not adequately 
explain the difference between the 3 values obtained 
from Jurassic and Upper Cretaceous belemnites. More- 
over, modern Cephalopods, such as Sepia officinalis, seem 
to precipitate both their calcium carbonate and their 
calcium phosphate under isotopic equilibrium conditions. 
Finally, it must be remembered that a tooth from a fish 
(Lamna appendiculata) and a Pseudoranenella n. sp. from 
Upper Cretaceous show 8 values very close to those of 
belemnites of the same age. 

The possibility of some solid-state exchange should be 
rejected as it seems very difficult to explain how such a 
process could produce opposite fractionation effects in 
belemnites from those in pelecypods. 

As regards the third hypothesis, it seems quite strange 
to obtain such positive §’s from phosphate of secondary 
origin. The natural exchange processes which fossils 
normally undergo during the diagenesis of sediments 
generally tend to deplete a fossil in oxygen-18. The same 
process can be supposed for phosphate on the basis of the 
results obtained from Palaeozoic specimens. However, 
the distribution of phosphorus in Jurassic and Cretaceous 
belemnites is now being studied by means of a microprobe. 
If the phosphate is of secondary origin, the phosphorus 
atoms should be concentrated along the apical canal and 
along the external surface, these areas being those in 
which an exchange or a replacement process can occur 
most easily. A study will also be made on the crystal 
chemistry of the phosphate in these belemnites. 

Lhe fourth hypothesis becomes acceptable on the basis 
of the following assumption. Considering-the exchange 
surface, S (cm), of a fossil and its mass, M (grams), the 
ratio S/M gives an idea of the probability of the presence 
of a significant rate of exchange between ground water 
and the fossil. For belemnites this ratio is about 1, while 
for pelecypods and brachiopods it reaches values of 10, 
15 and even more. This means that the probability of an 
isotopic exchange of the oxygen between phosphate (or 
carbonate) and ground water is relatively low for belem- 
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nites and very high for brachiopods and pelecypods. This 
has been generally proved by measurements of palaeo- 
temperature carried out by several authors on the carbon- 
ate of fossils. Pelecypods and brachiopods normally show 
more negative § values than belemnites of the same age 
and from the same area. This is even observed in Upper 
Cretaceous fossils. A similar behaviour can be expected 
for phosphate. 

Let us suppose that the very positive ẹ’s are the closest 
to the original values and that the deposition of the 
phosphate always occurred under conditions of isotopic 
equilibrium. Assuming that the temperature range of the 
Jurassic ocean. was not very different from that of the 
modern oceans, say 20 + 10° C, one should conclude that 
the oxygen isotopic composition of ocean water was 
much more positive at that time than it is now. The 
presumable difference is of the order of magnitude of 
5-9 per mil. Since this difference is extremely large, it is 
rather difficult to accept these values, without even 
questioning their validity. The possibility of a variation 
of the oxygen isotopic composition of the ocean water 
with time was discussed by Silverman‘, who considered 
that the continuous deposition (either organic or inorganic) 
of carbonates, phosphates, silicates, sulphates, etc., would 
progressively deplete sea water of oxygen-18 because of 
the fractionation effect produced during the deposition 
of these chemical compounds. The most recent arguments 
put forward in this field were by Craig’, who pointed out 
the difficulty of making any kind of detailed balance for 
the oxygen isotopic composition of sea water during the 
past. The principal processes involved in a possible 
evolution of the oxygen isotopic composition of sea 
water™! are weathering, erosional and sedimentation pro- 
cesses and the possible addition of juvenile water. No 
evaluation can be made of the contribution of juvenile 
water and, consequently, no conclusions can be drawn 
even if it seems likely that there has been a progressive 
depletion in oxygen-18 in sea water. 

In general, the results obtained from Upper Cretaceous 
fossils seem. to agree with such a hypothesis. Following 
the same considerations as for Jurassic samples, the 
difference in the oxygen isotopic composition between 
Upper Cretaceous water and modern water is reduced to 
about l-5 per mil. However, a variation of several per 
mil in less than 100 million years seems to be quite large. 
In order to make a first approximation to the possible 
effect on the isotopic composition of ocean water of only 
the sedimentation processes, let us assume the total mass 
of ocean water to be 1:37 x 1074 g and the value of 0-2 
em/1,000 years to be the most probable one for the rate 
of accumulation of Globigerina ooze sediments. Assuming 
this as an average rate of sedimentation for the whole 
area covered by oceans, such a sedimentation, acting 
over & 100 million year period, would produce a variation 
in the average oxygen isotopic composition of sea water 
of about +2°5 per mil. This assumes an average value of 
1:03 for the fractionation factor of oxygen («) for the 
precipitation (either chemical or biological) of the different 
chemical compounds in the sediments and does not take 
into account the effect of the other variables which can 
greatly increase or reduce the isotopic effect. 

If one tries to calculate ¢ and 8, from equation (1) and 
the Epstein equation it can easily be seen that the system 
cannot be solved with the values obtained from the 
measurements of fossils, either belemnites or other 
organisms. 

Plotting 3180 (POL) against 8:59 (CO}-), independently 
of the oxygen isotopic composition of the ocean water, 
a distribution similar to that in Fig. 2 should be obtained. 
In Fig. 4 it can be seen that this does not happen. In the 
case of samples 9 and 12 (the only two Palaeozoic fossils 
containing measurable amounts of both carbonate and 
phosphate) the values, which are very different from all 
the other results obtained, again lead to the conclusion 
that an extensive isotopic exchange occurred for both 
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carbonate and phosphate. It is extremely difficult to 
draw any definite conclusions in the case of the other 
fossils. It can be said, generally speaking, that belemnites 
show more positive ò values, both for carbonate and for 
phosphate. Further measurements will be required to 
decide whether this is the result of better preservation of 
the original oxygen isotopic composition or of other 
causes; it must be pointed out, however, that spot 
measurements of the oxygen isotopic composition of 
carbonate carried out on some Jurassic belemnites 
between the apical canal and the external surface showed 
that, in the specimens measured, some isotopic exchange 
occurred between carbonate and ground water. The 
results obtained from sample No. 23 are given in Fig. 5; 
similar results were obtained from other belemnites. The 
external portion of the rostrum and the portion near the 
apical canal show § values which evidently arise from an 
isotopic exchange with ground water. Clayton and 
Stevens® obtained results of the same type from New 
Zealand belemnites. 


Further measurements on phosphatic fossils of different 
ages are now in progress. 

I thank Prof. E. Tongiorgi, Prof. H. Craig and Dr. R. 
Gonfiantini for helpful discussions, Mr. 8. Nuti for his 
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Fig. 4. Oxygen isotopic composition of co-existing carbonate and phos- 
phate from marine fossils. Numbers refer to Table 2, 
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Fig. 5, Incrementa! carbonate 6’s versus distance from the central 
apical canal in a Kimeridgian belemnite (sample No. 23). Dashed 
vertical lines Inficate boundaries between growth rings, 
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Rasmussen and T. Birkelund, University of Copenhagen ; 
Prof. G. Ruggieri University of Palermo; Prof. G. 
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DETERMINATION OF THE ABUNDANCE OF CARBON AND NITROGEN 
ISOTOPES IN DUTCH COALS AND NATURAL GAS 


By C. BOKHOVEN and H. J. THEEUW=N 
Central Laboratory,-Dutch State Mines, Geleen, The Netherlands, 


Ir has been pointed out by Patijn! that the presence of 
large deposits of natural gas in the north-east of The 
Netherlands may be the result of a recoalification process 
in the subsurface coal seams of great parts of The Nether- 
lands. Although this theory would seem to give a reason-. 
able explanation of the formation of methane, it does not 
account for the occurrence of varying and relatively large 
amounts of nitrogen m Dutch natural gas. Consequently, 
it has been assumed? that the nitrogen in this gas is of 
atmospheric origin. 

In this connexion, it seemed of interest to determine 


the abundance of the carbon and nitrogen isotopes in coal 


samples of differens seams as well as in samples of natural 
gas and mine gas. 

The determination of the isotope ratios was carried out 
using an ‘MS?’ mass spectrometer, manufactured by 
Associated Electrral Industries, Ltd., of Manchester, 
incorporating the modifications outlned by Shackleton’. 
This modified instvument ıs capable of measuring differ- 
ences as small as C001 per cent in the isotope abundance 
of carbon-13 and ritrogen-15 in carbon dioxide and nitro- 
gen samples, respestively. 

For the measuzement of the carbon isotope ratios, 
a primary and a secondary standard were used. 
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Diphenantryl (C,,H,.) was taken as the primary standard. 
The abundance of carbon-13 was determined by measuring 
the ratio of the peak heights at m/e 354 and 355. (This 
measurement was carried out on an A.E.I. type MS 9 mass 
spectrometer with high resolving power.) The resulting 
value, which was corrected for a small contribution of 
the dihydro- and tetrahydro-compounds, amounted to 
1:079 + 0-00] atom per cent. After combustion to carbon 
dioxide no difference could be detected between the values 
for the carbon dioxide contents of the primary and 
secondary standards; the latter standard was used for 
comparison. with the carbon dioxide obtained by com- 
bustion of the coal and gas samples. 

Atmospheric nitrogen was applied as a standard for the 
measurement of the nitrogen isotope abundance. ‘This 
standard was based on a sample of pure nitrogen from 
an air separation plant and a sample of air which had 
been freed from oxygen by absorption in an ammoniacal 
solution of cuprous chloride. The two samples showed 
the same abundance of nitrogen-15 isotope. 

The combustion of the coal samples, which had been 
dried at 100° C, was carried out in a stream of pure dry 
oxygen in an electrically heated tube. The resulting 
carbon dioxide was trapped on silica at —78° C. After 
the oxygen had been pumped off at — 196° C, the carbon 
dioxide was desorbed in the sample bottle to be analysed 
in the mass spectrometer. In addition to this procedure, 
coal samples were burnt in a combustion calorimeter at 
an oxygen pressure of 20 atm. In this case also the oxygen 
was removed from the carbon dioxide by pumping at 
— 196° C. 

A definite amount of natural gas (300 ml.) was burnt 
by passing it in a closed circuit over copper oxide at a 
temperature of 850° C. After removal of the carbon 
dioxide the sample could also be used for the determina- 
tion of the nitrogen isotope ratio. 

Finally, the organic nitrogen of coal was converted to 
elementary nitrogen by Kjeldahl digestion and subsequent 
oxidation of ammonium chloride with sodium hypo- 
bromite. 

The characteristic properties of the coal samples and 
the composition of the gas samples used in this investi- 
gation are summarized in Tables 1 and 2. Table 3 lists 
the isotope ratios for the different coal samples as well as 
for the gas samples. 

From the results it appears that the variations in the 
isotopic ratio for coal samples with a wide stratigraphical 
range and a great difference in degree of coalification are 
only slight. In view of these variations, the mine gas 
samples should be considered as strongly. depleted in 
earbon-13. The natural gas from the Slochteren bore, 
however, seems to be only slightly depleted in carbon-13. 

It is well known‘ that in irreversible decomposition 
reactions the ##C—120 bond is slightly more liable to 
rupture than the corresponding C—C bond. This 
_isotope effect is dependent on temperature, in the sense 


Table 1. ORIGIN OF COAL SAMPLES USED IN THIS INVESTIGATION 


Volatile 
Origin Depth matter 
(m) (per cent) 
Central Limburg, State Mine Beatrix, Bore L 
seam GB9 (137 m below Wasserfall prizon)” 1196-6-1197:3- - 74 
Central Limburg, Peel region, Bore 
seam GB4a (160 m above Sarnsbank 5 ree 831-9- 832-9 11-1 
Central Limb State Mine Beatrix, Bore LXX, - 
seam G.B36/37 (46 m above Catharina horizon) 5240- 525+2 15-8 
South Limburg, State Mine a seam IX, i 
QB29 (55 m below Catharina horizo n) 660 ` BT LS 
South Limburg, State Mine Emma, seam 23 GB45 
(70 m below Domina horizon) 
- CH, CH, CH, 
Mine pan, State Mine Emma, seam K1, : 
B53a (V.M. 33 per cent) 98 5 0 05 <0 01 
Mine gas, State Mine Emma, seam C1, GB45 98-4 -0-05 <001 
Natural gas, Slochtern bore 81-6 2:2 0-3 
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Table 3. CARBON ISOTOPE ABUNDANGOES FOR COAL AND GAS SAMPLES - 
Sample. Carbon-18* ô #C/#C 
(atom per cent) (per mil)t 
State Mine pele bore LXX, seam GBO 


(V.M. 7-4 per cent) 1:079% 0 
Peel Hogion, bore LX XVI, seam GB4a 

(Y.M. 11-8 per cent) 1-078¢ — i 
State Mine Beatrix, bore LXX, seam GB36/37 

(V.M. 15°8 per ‘cent) 1-078° 0 
State Mine Maurits, bore IX, seam GB29 

(V.M. 21-5 per cent) 1-074 - 4 
State Mine Emma, bore C", seam GB45 

(V.M. 28 per cent) 1:073: — 5 
Mine gas, State Mine Emma, seam K1, GB53a 1:0877 — 39 
Mine gas, State Mine Emma, seam C?, GB45 1-063? — 14 
Natural gas, bore Slochteren 1-071? - 7 
Methane from carbonization of a sample from 

State Mine Emma, seam 03, 1-073 - 5 


GB45 
(3 per cent by weight in relation to the origin 
cos 


i 4CO, - 
Carbon-18 atom per cent = BGO, + HCO, * 100 


#CO,/"*CO, (sample)-"CO,/**CO, (standard) 
8CO,/"CO, (standard) 


that high temperature processes show little, if any, isotope 
discrimination. 

The carbon isotope effect, which has been established 
for a number of decarboxylation reactions’, may also be 
expected to occur in the demethanation process. Since 
the reaction with the heavy isotope lags behind that 
with the lighter isotope, and the amount of methane 
evolved is small compared with the total amount of carbon 
available (the amount of methane liberated in coalification 
from 34-31-5 per cent volatile matter is 12 m? per ton of 
coal’), it may be expected that the mine gas methane is 
depleted in carbon-13. This is confirmed by our results. 

The dependence of the isotope fractionation on tem- 
perature is demonstrated by the slight depletion of the 
methane obtained in the carbonization experiment with 
a sample of the Emma, coal seam, which was heated at a 
rate of 3° C/min. The gas sample, predominantly con- 
sisting of hydrogen and methane, was taken in the 
temperature range 400°-600° C. -— 

The depletion found for the Slochteren gas supports 
the view that the Dutch natural gas originates from a 
recoalification of coal seams located at depths between 
3,000 and 5,000 m below the sea levelt. During the 
recoalification at these depths the temperature may have 
been higher than in the coalification of the Limburg coal 
seams, and this may explain, at least qualitatively, the 
different degrees of depletion. (The estimated temperature 
gradient during the Carboniferous era is 12-15 m/°C 
(ref. 1). The present temperature gradient in The 
Netherlands in formations overlying the Palaeozoic is 
25-30 m/°C.) 


Table 4, NITROGEN ISOTOPE ABUNDANOB FOR COAL AND GAS SAMPLES 


t $?C/HC = x 1,000. 


Sample Nitrogen-15* dé ™N/*Nt 
j (atom per cent) (per mil) 

Natural ens, | a bore ‘867° +18 
eee Mine Emma, seam C}, GB45 - . 0-364°. +12 
aL Stete Min Mine Maurits, seam IX, GB29 -3621 + 2 
Pyridine from coke-oven gas 0-361° 0 
Ammonia from coke-oven gas 0-858% — 9 

100 _ HN uN 

* ‘Nitrogen-16 atom per cent = xR +1 with R = aN EN 

N/N (sample) — N/N (standard 
t OEN/MN = IN ( AT ele 7 ) x 1,000. 


As regards the abundance of nitrogen-15 in the nitrogen 
from coal, compared with that in the nitrogen present in 
natural gas and mine gas, it is interesting to note that the 
nitrogen in the gases is enriched in nitrogen-15 (Table 4). . 


28 3 On. the other hand, ammonia from coke-oven gas, which 


Table 2. COMPOSITION OF Gás SAMPLES 


CO, Hi N, 


CHa CHa Ar* He* 
<00L  <001 7 03 0-01 1:0 001 <0-01 
001  <0-01 04  <001 10 i Š 

01 01 09° = 148 0-011"  0-037* 


* Calculated from the mass spectrometric analysis after combustion of the hydrocirbons and subsequent absorption of carbon dioxide, 
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in contrast with pyridine must have been formed by the 
rupture of C—N bonds, appeared to be depleted in nitro- 
gen-15, 

As it is difficult to conceive of chemical processes for 
the conversion of the organic nitrogen to elementary 
nitrogen and as, moreover, such processes would dis- 
criminate in favour of the lighter isotope, it must be 
eoncluded that the nitrogen in the natural gas was 
probably not originated in the coal. 

The relation with the atmospheric nitrogen must, how- 
ever, be left for further consideration. The enrichment 
in nitrogen-15 could be conceived to result from bacteria 
fractionation (for example, nitrogen fixation processes) 
which has already been reported for sulphur? and carbon 
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isotopes’, but so far no evidence in support of this view 
has been found. 

We thank Dr. R. <. H. Patijn, of the “Geologisch Bureau 
voor het Nederlandse Mijngebied” at Heerlen, for raising 
the problem of iso-ope fractionation and for supplying 
some of the samples used in this investigation. 
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A HOMINID TOE BONE FROM BED |, OLDUVAI GORGE, TANZANIA 


By Dr. M. H. DAY 


Department of Anatomy, The Middlesex Hospital Medical Schoo, London, W.| 
AND 


Dr. J. R. NAPIER 
Unit of Primatology and Human Evolution, Royal Free Hospital School of Medicine, London, W.C.| 


Durıxe the excavation of site FLK North (FLK NI) at 
Olduvai Gorge, a hominid toe bone (Fig. 1, a-e) was 
recovered on November 16, 1961, by Mr. Joseph Mutaba, 
an assistant of Dr. L. 8. B. Leakey. 

The bone was found at Level 5, one of four superimposed 
occupation levels 3-3-5 ft. below the marker bed in the 
upper part of Bed I, and was associated with chopper 
tools and other implements typical of the Oldowan 
culture. In addition numerous broken mammalian bones 
were found. Despite extensive excavation no further 
hominid bones were found. From the site and strati- 
graphy, it seems that the toe bone has no direct connexion 
with the other hominid remains already known from the 
FLK area; the Australopithecus (Zinjanthropus) boisei 
skull and the Homo habilis cranial and post-cranial 
material from Bed I (including the foot) were recovered 
from much lower levels. On a purely stratigraphic 
basis, Hominid 16 from FLK II (Maiko Gully) is probably 
the nearest, as this skull seems to have eroded out of the 
clay 4-5 ft. above the marker bed; however, Maiko Gully 
is several hundred yards distant from FLK North. 

The bone is the right hallucial terminal phalanx of an 
adult hominid, and is complete and undistorted. The 
reason for ascribing this bone to the right side is given 
below. In shape the bone is short, broad, and flattened 
from above downwards. It presents an oval base, which 
bears a divided facet for articulation with the head of 
the proximal phalanx, and lateral tubercles for the 
attachment of the collateral ligaments of the interphalan- 
geal joint. The base is marked underneath with an 
arcuate tubercle for the attachment of the flexor hallucis 
longus, while the head bears a prominent tuberositas 





Fig. 1. The terminal phalanx from Olduvai Gorge (Hominid 10), drawn by Mrs. A. Besterman. 


unguicularis. Frora above, the bone displays a broad 
head and a broad base separated by lateral asymmetrically 
arranged mid-shaft indentations. These are so arranged 
that the head of ths bone is tilted to the right. Finally, 
and perhaps, from a functional point of view, of most 
significance, when viewed from the front, the bone is 
twisted in its length, a condition known as axial torsion 
Fig. le). 

; The toe bone has been compared with samples drawn 
from populations of modern man (including Bushman), 
gorilla and chimparzee; comparison has also been made 
with casts of the Neanderthal hallucial terminal phalanges 
from Kiik-Koba and Skuhl. Anatomically, the Olduvai 
terminal phalanx shows greatest resemblance to that of 
modern man, but its morphology is not precisely matched 
by any of the horeinoid bones or casts which we have 
examined. 

Metrically the mest striking feature of the bone is its 
exceptionally high length/breadth index (Fig. 2); it is 
broader than it is leng, a condition not found in modern 
man but shared with the Kiik-Koba bone alone. 

It has been showr that valgus deviation of the terminal 
phalanx of the great toe is invariably present in modern 
human adults, as well as in children and stillborn foetuses 
drawn from several races'*. This deviation, present even 
in the unshod, has been linked with man’s unique gait*. 
Measurements made in a series of modern human and 
pongid bones confirm the previous findings and suggest 
that this deviation is more often absent or has a varus 
inclination in pronograde quadrupedal primates (Fig. 3) 

The Olduvai toe bone has a deviation of 2° to the right 
(determined by a ~riangulation method and confirmed 
by the tilt of the head and the asymmetry 
of the mid-shaft waisting); this figure is 
outside the modern human range in eur 
series and also in that of Barnett*. In 
order to decide for an unknown bene 
whether the direction of this deviation is 
varas or valgus, it is necessary to establish 
to which side the bone belongs. Wilkin- 
son states that in modern man the 
tubercle for the insertion of flexor hallucis 
longus extends more distally on the 
fibular side than on the tibial side of the 
terminal phalanx, and may even reach 
the unguicular tuberosity. On these 
grounds the Olduvai toe bone can be refer- 
red to the right side and the deviation thus 
conirmed as being valgus in direction. 
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dedoribed previcuie: “An assessment of this charac- 
‘istic and its possible phylogenetic and functional 
Si nificance will þe published elsewhere by one of us 

i. H. D.); meanwhile the normal ranges of variation 
this feature are given for modern man (including 
man), gorilla, chimpanzee, and for two single 
of Neanderthal man (Fig. 4). The Olduvai and 
hal. toe bones lie squarely within the modern 
ange for this feature, while the modern pongids 
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he length/breadth index of the Olduvai terminal phalanx com- 
h that of modern man, Neanderthal man, modern gorilla 
> and modern chimpanzee (mean, total and S.D. ranges). 
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The deviation of the Olduvai terminal phalanx compared with 
‘modern man, Neanderthal man, modern chimpanzee and 
i modern gorilla (mean, total and S.D. ranges). 


COMPUTER RAY TRACING OF THE OPTICAL SYSTEM OF THE 
Eo SCHEMATIC EYE 


By Dr. ROBERT S. LEDLEY and GEORGE C. CHENG 
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theory of the schematic eye, as originally developed 
isting and Helmholtz and improved by Gullstrand and 
rsi-*, has played an important part in characteriz- 
he image-formation capabilities of the normal, the 
~and the hyperopic eye. A large part of 
mt knowledge concerning the human eye arises from 
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Fig. 4. The torsion of Olduvai terminal phalanx compared with. that ‘of 
modern man, Neanderthal man, modern chimpanzee and mods 
gorilla (mean, total and S.D. ranges). P 


examined show no lateral torsion at all. With regar 
the magnitude of axial torsion of the terminal pha. 
of the great toe there is, therefore, a clear distincti 
between those forms which have a pronograde 2 aia i 
gait and those with a plantigrade bipedal gait. 7 
The implications of the combined presence of val g 
deviation and lateral torsion are of the greatest functi 
significance. With respect to valgus deviation o 
great toe it has been said: “Unfortunately the ¢ 
phalanx of the hallux is seldom recovered in fossil for 1 
but the discovery of a valgus deviation in the bone of £ 
extinct creature would provide evidence fora human ty 
of gait’. The discovery of lateral torsion, anoth 
specific feature associated with a modern type of ga 
allied with valgus deviation in the same fossil bo 
strongly suggests, therefore, that the Olduvai toe bone 
belonged to an upright bipedal hominid possessing a : 
plantigrade propulsive gait. < 
On the basis of an isolated toe bone it is clearly not 
possible to allocate the fossil to a known specific tax 
no comparable bone of any other form is available fi 
Lower or Middle Pleistocene deposits. Nevertheless 
must be borne in mind that a comparable type of gait } 
already been ascribed to the Homo habilis foot recovere 
from a lower level in the same deposits at Olduvai Gorge 
This terminal phalanx from Bed I (Hominid. 
provides further evidence for an advanced form of bipe 
gait in the early hominid forms which were evolvin 
East Africa during the Upper Villafranchian. 
We thank Dr. L. 8. B. Leakey for the opportuni 
study and report this new material, 


t Wilkinson, J. L., J. Anat,, 88, 587 (1954). 
* Barnett, C. H., J. Anat., 96, 171 (1962). 
? Day, M. H., and Napier, J, R., Nature, 210, 967 (1964). 


these remarkable investigations, even though Gauss 
geometric opties, in which the aberrations are entir te 
ignored, were used. | 
Within the past decade, however, the method o 
tracing by means of electronic digital computers 
revolutionized the analysis of optical ayer 
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(at 100 mm}! 
D 
7-7 TT 
“a 8 8 6:8 68 
Lens anterior surface 10-0 89 10-0 5°35 
ore-lens anterior 
ooo. Burface ~ -~ 7:911 +2855 
Ain Core- lens posterior 
ooo Surface ~ ~ 576 — 2-655 
Lens posterior surface—6- -0 — § 564 ~ 6:00 ~ 5-33 
Position of vertex of re- 
- fracting surfaces (mm) 
oo Cornea anterior sur- 
cao: face 15-6 (0°0) 15-6 (0-0) 0-0 0-0 
= Cornea posterior 
ooo Biface 16:1 (0-5) 16-1 (0-5) 0-5 0-5 
i: Lens anterior surface 19-2 (3-6) 18-8653 (83-2653) 3-6 3-2 
ALE -Core-lens anterior 
cee surface = — 4-146 3-8725 
Ey Core-lens posterior 
-purface 6-565 8-5275 
Lens posterior surface 22 8 C2) 22 9717 (73717) 72 72 
ndex of refraction 
Cor 1:376 1-376 1376 1-376 
<queous humour 1-336 1-336 1-336 1-336 
‘itreous body 1:336 1:336 1-336 1-336 
Juter portion of lens 1-410 1-410 1-386 1-386 
Core-lens =- 1°406 1°406 


tomatically encompasses all the aberrations that occur. 
> hati this Papert tare has been. extensively applied 


sprastive ae and curvatures of the cornea and lens, 
ilizing schematic-eye values based on Gullstrand’s 
odel. (See Table 1.) 

Computer Programme. A ray-tracing computer pro- 
amme called ARIS (Automatic Retinal Image Study}? 
formulated. The programme traces a large number 
rays from an object point on the optical axis and 
omputes for each the refraction as it passes through 
he surfaces of the cornea and the lens, including core 
faces, in a multi-layered lens. In addition, the pro- 
ramme can automatically adjust the object distance for 
inal image formation, and can vary the curvatures and 
ndices of refraction of the optical elements of the eye for 
terative ray-tracing computations. Because ARI S does 
iot involve the limitations of a Gaussian approximation, 
hose parameters most commonly considered in optometry 
ch as refractive power were not used, and a more suitable 
et of parameters was chosen. Fig. 1 shows the para- 
xeters actually used in ARIS. 

Aperture Size Variation. Fig. 2a shows the effects of 
ariation in aperture diameter (which is proportional to 
pil size) on the location of the least-confusion disk with 













































Fig. 1. Parameters for evaluation of the eye: (1) The aperture diameter 

t the anterior pole (D,). (2) The pupil diameter (D,). (Note that the 
pupil diameter is about 89 per cent of the aperture diameter at the 
anterior pole on a range from 1 mm to 8 mm.) Kai The least-confusion 
disk diameter (D,). (Note, for the case of myopia, that the least-confusion 
disk is in front of the retina; and for hyperopia, at the back of the retina.) 
4) The retinal image diameter (D,). (5; ges source distance (24) is that 
between the source point and the an łe of the eye. Note that a 
the least-confusion disk corresponding o source point is formed o 
retina, the source distance is called the focusing distance.) (6) The 

nfusion disk distance (La) is that between the least confusion disk 

a and the anterior pole, 


Ree RRE 


; (BASED 0 on - GULESTRAND’ 8 a 


93 ooo 


> 


Aperture Diameter in mm 
w a 





























93.6 237 23.8 23.9 240 24,1 24.2 

a. Distance tron: Cornea to Least Renton Disc in; mm 
“6.02 003 9; 04 Ò. oS — oe 3.07 

b, Least Confusion Disc Diameter in mm 


23.3 


ey pers 
o 0.01 


x Foeusing Distance i mm 


Fig. 2. Effect of pupil aperture diameter on fa) distance fro 
to PERENE asta disk. (6) diameter of least-confusion disk, 
focusing distance, Curses (a) and (b) are based on the schema 
parameters of column C of Ze i one {c) is based on cok 
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Fig. 3. Comparison of the effects of refraction-indices vatiatio 

curves are based on schematic eye parameters of column Æ in 
respect to the cornea. The curves indicate that it re 
the pupil size moves the least-confusion disk tow 
cornea (that i is, away from the retina in myopic eyes | 
result is consistent with the phenomenon of “night 
myopia’’ for emmetropes and myopes, and indicates the _ 
expected improved image quality for hyperopes. Fig. 2b 
shows the results of varying aperture size on the dian ter $ 
of the least-confusion disk. The figure demons 8 
quantitatively how the image quality deteriorates 
increasing pupil size. Fig. 2e shows the effect of: -aper 
size on focusing distance. Here the focusing dis 
measured from the front of the cornea to the por 
which has its least-confusion disk on the surface 
retina. This figure -Ilust 3 tk 
light, and thus reducing the pupil size, wil 
vision at greater chject distances. For exam] = 
lighted traffic intersections will enable direction signs to be 
read more easily from farther away for the same illum ming 
tion on the sign. o 

Refractive Index Variatior. Fig. 3 shows the offect f ie 
variation of the incices of refraction on the focusing dis. 
tance. In this figuro many results are combined in a si gle 
diagram. The pomt of intersection of all the ur ves. l 
represents the nommal indices and optical-element ‘ce 
tures given in Table 1. Each curve shows the effect on the _ 
focusing distance ef varying only the index ass 
with it, all other indices and curvatures remaini 
values given in Tabie 1. Note that as the index of 
vitreous and aquecus humour increases and ap 
that of the lens, the curve rises asymptotically to 
beyond which a read focus in space will not occur 
ing the index of the lens toward the value of the h 
has a similar effect. These results are consistent | : 
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Parameter D in mm. 
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_ Fig. 4, Comparison of effect of curvature variation. Parameter D is the 
` distance from centre to circumference of the lens or corneal section 
varied, The insert shows the manner in which D affects the curvature 
of the lens surfaces, The arc lengths ARC and AEC are held constant 

fat 10-47 mm and 8-83 mm respectively) as the distance D is varied. 
_{¥or example, as D is reduced from 5-00 mm to 4-51 mm, the radius of 
eurvature ABC is reduced from 10-00 mm to 5-62 mm and that of AEC 
duced from - 6-00 mm to —4-77 mm.) Similarly, the curvatures 
oth positive) of the two surfaces of the cornea are varied by changing 
© centre-to-circumference distance. The solid curve shows the effect 
i the focusing distance of varying D for the lens with the curvatures 
r the corneal surfaces held at their original nominal values; the dotted 
irve shows the effect on the focusing distance of varying D for the 
rnea while the curvatures of the lens surfaces are held constant at their 
- original nominal values (represented by the dark circle on the solid curve). 
< Note how much greater is the effect of the same change in D applied to 
-he cornea than applied to the lens. This is because the principal re- 
fraction takes place at the cornea-to-air interface. The curves are based 

on the schematic eye parameters of column B of Table 1. 











elaim that an increase in the index of refraction of the lens 
in diabetics can result in transient myopia®, 

_ Curvature Variation. Fig. 4 gives the effect of changes 
in the curvatures of the lens and cornea on the focusing 
distance. The circle on the lens curve and the star on the 
cornea curve are the “normal” values given in Table 1. 
The changes of curvatures are represented by varying a 
chord length D while the are lengths subtended by the 





chord are held constant for the lens and for the cornea (see 
insert in Fig. 4)—although of course the lens and cornea =o 


do not change curvature in this manner. The curve for 
the lens gives the effect on the focusing distance of the — 
change of curvature of the lens surfaces for the nominal: 
corneal curvatures. The curve for the cornea gives the. 
effect on the focusing distance of the change in curvature: 
of the cornea surfaces for the nominal lens curvatures. 





Notice that the same change AD in chord length will have a 
about four times the effect for the cornea as for the lenson | 


the focusing distance. 
Limitations and Conclusions. The limitations of our 
initial investigations using the programme ARIS (but not 


the limitations of the ARIS programme itself) are in the- | 
approximation (inherent in the Gullstrand schematic eye) __ 
of a centred system, spherical optical surfaces, and tooo — 


few layers of the lens. In future investigations, however, it 


is intended to take these effects and many more into — B 


account, and also to include consideration of entire image 


formations and physical-opties interactions in the image 


formation’*, The computer ray-tracing method presents _ 
a powerful new tool for investigating in detail the many - 
effects that must be taken into account if a thorough 
understanding is to be obtained of the image-forming 
capabilities of the eye. 
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LINKAGE BETWEEN THE PROSTHETIC GROUPS AND THE 
POLYPEPTIDE CHAINS OF HAEMOGLOBIN 


By Dr. K. H. WINTERHALTER 


Institute of Histopathology, University of Zurich 





ALTHOUGH the biosynthesis of tetrapyrroles and the syn- 
_. thetic pathways of polypeptides have been extensively 
investigated, little is known about the site and sequence of 
combination between haem and the polypep- 
tide chains of haemoglobin, Haemoglobin A 
has a molecular weight of 64,000 and consists 
of four polypeptide chains, namely two alpha 
and two beta chains, each of which carries a 
haem molecule. In a recent publication, it 
has been shown that globin has a molecular 
weight of 32,000 and the composition alpha-beta. 
Addition of more than 4 moles of haemin in a solution con- 
taining cyanide to two moles of globin resulted in a protein 
that was indistinguishable by a variety of criteria from 
- eyanmethaemoglobin A and that had a sedimentation co- 
efficient of 4-1 and 4-4, depending on protein concentration, 
thus indicating the formation of a haemoglobin molecule 
containing four polypeptide chains?. It was therefore 
concluded that the combination with haem favoured the 











On theoretical grounds, it could, therefore, be postu- 
lated that the combination between haemin and globin 
involves the following steps (formula 2)* 


ah ah a och fA 6) 

+i +ih +i% 

racks > ahah B——> Peat ot BABA 
gt BB at o28, ot on BACH Haemoglobin A 
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Haemoglobin in solution is in rapid association-disso- 0o 


ciation equilibrium according to the formula* 
PIBA e D Pph a D gh 4 2 BA 
1 1 


The formula a6 on addition of 2h to 208, therefore, 
appears unlikely, as this would immediately lead to the © 


association, resulting in the formation of haemoglotin. — 
This, in turn, would exclude the formation of compounds —— 
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having three haems per four polypeptide chains. On the 
basis of formula 2, three classes of intermediary compounds 
in the combination between globin and haemin were to. 







association between the polypeptide subunits. 
The overall reaction is given by formula 1*. 


4 haem = be expected, having the ratios haemin : polypeptides 1 + 
208 ————>» ax oh BABA (1) 2:4and3: 4, respectively. All possible formulae of th 


Globin Haemoglobin A 


* The symbol A denotes one molecule of haemin. 
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ee thr "ee. T R compounds are listed in formula 2. 
-A search for these postulated compounds was, therefore, 
-. started. The results reported here demonstrate the 
existence of such compounds and give some of their 
.- gharacteristics. 
=o All chemicals used in the experiments were reagent 
grade. Globin was prepared as previously described}. 
<- Haemin was prepared according to the method of Labbe 
and Nishida®. Haemin solutions were obtained by dissolv- 
ing 2-3 mg of haemin in 0-2 ml. of 0-1 N sodium hydroxide 
and subsequent dilution to the desired concentration, with 
0-01 M sodium hydrogen phosphate containing 100 mg 
potassium cyanide/l., after the pH of this buffer had been 
brought to 7-5 with concentrated phosphoric acid. 

Intermediary compounds were obtained by mixing 2 
moles of globin with less than four times equimolar 
amounts of haemin. For the isolation of intermediary 
compound II (I.C. II) 2-0 moles of haemin were added per 
64 mg of globin. 

The intermediary compound II was isolated on a 
column 50 cm long and 9 mm in diameter, packed with 
‘CM Sephadex C 50’ (Pharmacia). The column was equili- 

_ . brated with 0-01 M sodium hydrogen phosphate which 
“contained 100 mg potassium cyanide/l. The pH of this 
-. buffer had been brought to 6-8 by addition of concen- 
~ trated phosphoric acid. Haemin-globin mixtures con- 
“taining about 100 mg protein in about 5 ml. were dialysed 
_- overnight against the same buffer and then applied to the 
© column. Elution was carried out by a non-linear gradient, 
.. obtained by the addition of 0-02 M sodium hydrogen 
~~ phosphate containing 100 mg potassium cyanide/l. to a 
~~. 250 ml. constant-volume mixing chamber containing the 
id - buffer of pH 68. 
=o e Estimation of molecular weight was carried out on a 
ta _-eolumn 150 em long and 11 mm in diameter, packed with 
on ‘Sephadex G 100° bead form and equilibrated with 0-1 m 
coa tris hydrochloric acid buffer pH 7-2 containing 100 mg 
potassium cyanide/]. Bovine plasma albumin grade A, 
~ bovine pancreas ribonuclease grade A (both from Calbio- 
chem), ovalbumin five times crystallized (Serva Entwick- 
lungslabor Heidelberg, Germany), blue dextran (Phar- 
macia, Uppsala), HPO,?- ions and glycine served as 
¿< markers. For the determination of the elution volume 
. the first point of inflexion of the optical density curve at 
. 280 m was taken. This closely approximated half the 
maximum height of the curve. The protein samples were 
applied in 0-2 ml. of the buffer used for equilibration. 
After the sample had sunk into the ‘Sephadex’ gel, the 
walls of the glass column above were rinsed three times 
with 0-2 ml. of buffer and the sample afterwards eluted 
© with the same buffer. Starch gel electrophoresis was 
- performed in a cold room at 4° C with a discontinuous 
buffer system at pH 8-6 using 0-076 M tris (2-amino-2- 
 hydroxymethylpropane-1 : 3 diol) and 0-005 M citric acid 
< for the gel and 0-30 M boric acid — 0-06 M sodium hydrox- 
ide for the buffer vessels’. Spectra were obtained with a 
oo. model DK 2 Beckman automatic recording spectrophoto- 
~ meter. 

Globin A prepared by our methods always shows on 
starch gel electrophoresis a main zone comprising more 
than 95 per cent of the protein and a minor zone with 
slightly greater anodic mobility. In contrast to the main 

i band, this zone gives a slight blue colour reaction with 
So . þenzidine stain, thus indicating the presence of haem. 
= Addition of 4 ymoles haemin to 2 umoles globin (mol. 
wt. 32,000) results in the formation of a protein which 
behaves electrophoretically like haemoglobin A (Fig. 1). 
Addition of less than 4 umoles of haemin to 2 moles 
of globin results in the formation of three electrophoreti- 
“cally distinct bands which, at pH 8-6, show an anodic 
mobility between globin A and haemoglobin A (Fig. 1). 
The addition of small amounts of haemin (approximately 
I umole per 2 umole globin) leads to the intensification of 
the slightly more acidic band (Fig. 1, iii) (intermediary 
compound I). Addition of 2 moles of haemin leads to 
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the formation of another still more acidic protein in 
much larger quanti-ies (intermediary compound IT), with 
a corresponding decrease in density of the globin and 
intermediary compeund I bands. At this point, a third 
weak band with stil’ greater anodic mobility (intermediary 
compound IIT) frecaently appears and often a band with 
the mobility of haemoglobin A as well. On further addi- 
tion of haemin, the globin band, and often also the band of 
intermediary compound I, disappear. The increase in 
density of the haemoglobin A band is accompanied by the 
successive disappeerance of the bands of intermediary 
compounds II anc III, until finally, by adding more 
haem, all the protein has been converted into haemo- 
globin A (Fig. 1). Intermediary compound IT appeared 
as the quantitative y most important band and its isola- 
tion was attempted by chromatography on ‘CM Sephadex’ 

(Fig. 2). Fig. 3 shows the starch gel analysis of pooled 
fractions which had been concentrated afterwards with 
concurrent dialysis*. The proteins in each of the sections 
obtained by pooling a number of chromatographic frac- 
tions could be converted into haemoglobin A by sufficient 
addition of haemin (Fig. 3). 

The section conteining only intermediary compound. Wl 
was further investigated. Spectral analysis revealed that 
the compound had an ultra-violet absorption spectrum 
which closely resembled that of cyanmethaemoglobin' 
(Fig. 4). The spectrum in the range of visible light showed 
a marked quantitative difference although its shpe was 
very similar to cxanmethaemoglobin (Fig. 4), and the 
positions of the absorption maxima and minima are 
identical (Fig. 4). Thus absorbance ratios of the protein 
maximum at 274 mu and the maxima and minima in the 
range of visible light showed a marked difference. 

The results of gol filtration on ‘Sephadex G100 are 
summarized in Fig. 4. In the range of protein concentra- 
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Fig. 1. Starch-gel electsophoresis. Peo ten buffer system pH BE 

(ref. 3). i, Haemoglobm marker; globin A; ili, globin & +I- mor — 

haemin/2 moles globin: iv, globin Ate moles haemin/2 moles globin: 

v, globin A+3 moles baemin/2 moles globin; vi, globin A+4 mols 
haemin/2 moees globin; vil, haemoglobin marker. 
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Chromatography of a mixture of globin A with 2 moles 
haemin/2 moles.2zlobin. Conditions are given in the text. 


Fig, 2. 








o] While the haemoglobin peak was almost 
metric the I.C.IT peak showed some trailing. 
j ding i increasing but small amounts of haemin to a 


r postulated on theoretical grounds—has been 
demonstrated. Quantitatively, the formation of I.C.II 
-and haemoglobin is favoured. This is in agreement with 
the results from equilibrium studies between methaemo- 
globin and another haem-binding apoprotein (apomyo- 
E globin) ; < From their data’ the authors concluded that the 
wee of the first haem enhanced the affinity for the 
The fourth and last haem was captured more 
han any of the other three. The change of 
tive distribution between the intermediary com- 
on addition of small amounts of haem further 
that concept. 
the results of gel filtration experiments it can be 
that the I.C.II molecule must consist of four 
ide chains, and that in size and shape it must 
esemble haemoglobin. Since I.C.IT can be com- 
converted into haemoglobin by mere addition of 
if must contain two alpha and two beta chains. 
cular weight of 46,000 obtained for haemoglobin 
ò its subunit structure in rapid association- 
ion. equilibrium—is in agreement with the results 
‘by others*. The increased trailing observed in 
on pattern of I.C.II, however, is in keeping with 
a t that dissociation into two subunits occurs more 



























Starch-gel electrophoresis conditions as in Fig. 1. i, Hb A 
i M, isolated I.C.HI; iii, globin A +2 moles haemin/2 moles globin; 
iv, LEH + excess haemin; v, Hb A marker. 
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< Fig. 4, Ultra-violet and visible spectra of Hb A and LCI. 
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Fig. 5. Gel filtration on ‘Sephadex G100’. Dependence of the elution. 


volume on total amount protein added in 0-2 mil. (top). Elution volume 
and shape of eluted peak for Hb A (Cyanmet) and ILC. (bottom)... 


readily in I.C.I than in haemoglobin. The concept tha 
1.C.11 must have a molecular arrangement similar to tha 
of haemoglobin is further supported by the observatio: 
that the maxima and minima of optical density have th 
same position, and the differences are merely quantitati 
ones. 

The electrophoretic mobility of the band designated 
I.C.II is in keeping with the idea that it contains half the- 
prosthetic group found in haemoglobin. The fact that 
addition of half the amount of haem needed for prima 
saturation of all specific binding sites leads to the form 
tion of I.C.II (Fig. 2) supports the same idea. From t 
data presented in this paper we cannot decide, howev 
which of the three formulae postulated for I.C.II app! 
(formula 2). Experiments to solve this question are 
progress. 

Data presented in a recent publication’ led to the co 
clusion that the amino-acid sequence alone was sufficie 
to determine the conformation of apomyoglobin in so. 
tion. Addition of haem led to a specific conformation: 
change (significant gain of helix). From the ov 
formula 2 «8+ 4 k ——> a*B it is obvious that addition a 
of haem to apohaemoglobin leads to a considerable. con- EE 
figurational change. The observation that LC.1—in — __ 
contrast to globin—consists of four polypeptide chai 
with an arrangement closely resembling that in haemo 
globin implies that an important part of this rearran; 
ment had taken place when the second haem is fixed. 

I thank Prof. F. Leuthardt, who has kindly permitte 
this work to be carried out in his laboratory, and Mrs. V. 
Pinter and Miss R. Hess for technical assistance. 
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T SYSTEM CONNEXIONS WITH THE SARCOLEMMA AND SARCOPLASMIC 
RETICULUM 


By Dr. S. M. WALKER and G. R. SCHRODT 
Departments of Physiology and Pathology, University of Louisville School of Medicine, Louisville, Kentucky 


Tux interfibrillar spaces of muscle fibres contain two mem- 
branous systems, the T' system and the sarcoplasmic 
reticulum. Practically all the T' system is oriented trans- 
versely between the fibrils. The sarcoplasmic reticulum 
can be looked on as longitudinally oriented between the 
T system. The terminal segments of the sarcoplasmic 
reticulum are, however, in close apposition to the T system. 
The space between the sarcoplasmic reticulum and the 
T system at the sites of apposition is remarkably constant 
and this space contains electron-opaque material which 
has been variously described. Recent investigations'-* 
have shown that the membranes of the T system are 
continuous with the sarcolemma at the level of the Z 
band in fish and frog skeletal muscle fibres. Similar 
continuity of the T system membranes and sarcolemma in 
muscle fibres of other vertebrates might also exist?-*. 
Nevertheless, it seems desirable to make observations 
within the group of vertebrates (reptiles, birds, and 
mammals) with the 7' system located at the junctions 
of the A and J bands. 

In the interior of vertebrate muscle fibres the 7’ system 
(T) is closely associated with the terminal segments of 
the sarcoplasmic reticulum (R) on either side of it. 
The central T' element and the lateral R elements have 
been called a triad‘. Numerous investigations have 
called attention to the constancy of the space between 
T and R. Lines of density alternating with less dense 
areas in the space between T and R have been reported® 
for bat cricothyroid muscle fibres. It has been suggested® 
that structures crossing the space between T' and R are 
membrane-like in rat gastrocnemius muscle fibres. On 
the other hand, it has been suggested’ that the apposed 
membranes of T and R might be fused to form tight 
junctions like those formed by the apposed plasma 
membranes of various cells*-1°. However, it was pointed 
out? that fusion of apposed membranes of T and R has 
not been observed clearly. These differences in electron- 
microscope observations*:? emphasize the need for further 
investigations of structures at the site of the apposed 
membranes of T and R. The need for these investigations 
is enhanced by the efforts at present in progress to de- 
termine the relationship of 7 and R to transmission of 
excitation from the sarcolemma to the interior of the 


fibre. In the work reported here an attempt is made to . 


show triple-layered apposed membranes of T and R and 
to describe the connexions between these membranes. 

For investigations concerned primarily with connexions 
between the sarcolemma and T' we used glutaraldehyde 
fixation which has been shown to be highly effective for 
such investigations'-* on fish and frog muscle fibres. 
Small bundles of rat gastrocnemius muscle fibres, removed 
from animals anaesthetized with ‘Nembutal’, were tied 
to ‘Plexiglas’ stays and fixed in glutaraldehyde by the 
method of Sabatini e¢ al." slightly modified. The fibres 
were post-fixed with osmic acid by the Palade method as 
modified by Caulfield’*. The tissues were dehydrated for 
10 min in 50 per cent alcohol and then placed overnight 
in 70 parts absolute alcohol and 30 parts saturated 
aqueous solution of uranyl acetate. After completion of 
dehydration with 95 and 100 per cent alcohol, the fibres 
were embedded in ‘Maraglas’. Sections of the tissues were 
made with a Porter-Blum microtome and stained with lead 
hydroxide solution according to the method of Lever’. 
Sections exhibiting grey interference colours and near 
500 A in thickness were examined with a Siemens‘ Elmiskop 
I’ electron microscope. 


For some of the observations on apposed membranes 
of T and R, fibre bundles were fixed with osmic acid, 
embedded in methacrylate and otherwise prepared as 
described. However, in these cases the sections were cut 
somewhat thicker and showed silver interference colours. 

The characteristie apposition of membranes of T' and R 
was found in triads at the subsarcolemmal level. This 
structural feature cf T and R membranes made identi- 
fication reliable even in sections that showed only one of 
the two regions of apposed membranes. In rat gastro- 
cnemius muscle fibres the tubules of the T' system, viewed 
in cross-section, are usually elliptical in shape. The long 
axis of the ellipse s 800-1200 A and the short axis is 
200-500 A. Assuming that the size and shape of the 
opening of the T system in the sarcolemma are similar to 
interfibrillar size and shape of T', as seen in cross-section, 
it should be possible to make sections 500 A thick whose 
thickness would fall within the long axis of the opening 
and exclusive of the boundary walls on either side of the 
opening. Sections thus oriented would show distinct 
continuity of T' wish the sarcolemma. 

The connexions between T' and the sarcolemma are 
found near the junetions of the A and J bands in mode- 
rately stretched fibres. The connexions occur at points 
where the sarcolemma shows an invagination. The con- 
nexions thus formec show a continuity between the extra- 
cellular fluid and the fluid contents of T tubules. The 
electron micrograpl in Fig. 1 shows the location of the T 
system (T) in relation to the A-I junction and the Z 
band. The invagination of the sarcolemma and its con- 
nexion with 7’ are located below the star in Fig. 1. The 
plane of the section :s about 15° oblique to the longitudinal 
axis of the fibre anc the terminal segment of sarcoplasmic 
reticulum (R) is shown on the left side only of T. In this 





ranes of 7 and a ‘erminal segment of sarcoplasmic reticulum 


memb 
A, A band; J, I band; Z, Z band. Glutaraldehyde fixation. F 


embedding, (x e. 90,000. 





Fig. 2. A high magnification of a part of Fig. 1 showing details of the 
connexions of the 7 system with S and R. The asterisks indicate points 
where the triple layers of S, 7’, and R membranes are visible. The XY 
marks a point where the section apparently includes a tangential view of 
the convoluted tubular wall of 7. The points of the arrows are placed 
at the boundaries of distal outer dense layers of triple-layered apposed 
membranes of 7 and R. M, Medial space between membranes of T and 
R; P, proximal outer dense layers of triple-layered membranes; D, 
distal outer dense layers. (x e. 260,000.) 


section the width of the space between apposed membranes 
of T and R is not uniform throughout. In more favourable 
sections showing all three elements of the triad, like the 
one shown in Fig. 4, the space width between T and R 
is,more constant. At a few points in Fig. 1 dense zones 
across the space between apposed membranes of T and R 
are indicated by arrows. 

A part of the section in Fig. 1 is shown at higher magni- 
fication in Fig. 2. The continuity of the extracellular 
fluid with the fluid content “of the T tubule is clearly 
illustrated (star). The point indicated by X apparently 
shows a convolution of the 7' tubule that causes a tangen- 
tial view of the tubular wall to be included in the section. 
It is possible to observe the similarity of membrane 
structure in sarcolemma, T', and R at points of favourable 
section (asterisks). The membranes show two outer dense 
layers separated by a less dense middle layer. The total 
thickness of the three layered membrane of T is about 
65 A. Similar thickness is shown for the R membrane 
apposed with T. The sarcolemma is slightly thicker and 
more heavily stained. The triple layers in T and R 
membranes and the space between these membranes can 
be seen at the same level of apposition in some cases 
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(arrows). For purposes of presentation in this investigation 
the space between apposed membranes of T and R and 
the structures within this space will be regarded as medial. 
The nearest and farthest outer dense layers of the apposed 
three layered membranes will be designated as proximal 
and distal, respectively. The arrows in Fig. 2 mark the 
boundaries of distal outer dense layers of T and R mem- 
branes at points where the triple layers can be seen in 
each of the apposed membranes. Now, if fusion of the 
type described for plasma membranes of adjoining 
cells*-'° were present, the proximal outer dense layers of 
apposed membranes should be fused to form the inter- 
mediate layer of a five-layered structure. This would mean 
that the total thickness of the two membranes at the 
points of fusion would be somewhat less than twice 
65 A, say 120 A. Examination of the distances between 
arrows in Fig. 2 shows an average distance slightly 
greater than 200 A. If the location and measurements 
are correct, fusion of the proximal outer dense layers of 
the apposed membranes of T and R is impossible at the 
points indicated by arrows. Actually the dense zones 
across the space between T' and R suggest intermittent 
connexions of the apposed membranes. 

In preparations fixed initially with osmie acid, openings 
in the sarcolemma continuing as T tubules were never 
found. On the other hand, extension of T to the sub- 
sarcolemmal region of the fibre was seen several times. 
An example of T and R at the subsarcolemmal level, as 
they appear in preparations fixed with osmice acid, is 
shown in Fig. 3. The triple layers of the T membrane 
are rather well depicted in the wall of the tubule on the 
left side. The triple layers of the apposed membrane of 
R are also visible at some points on the left side of T. 
Here again, as in the case of Fig. 2, the apposed mem- 
branes of T and R occupy a distance (space between 
points of arrows) that is incompatible with the concept 
of fusion of these membranes. The thickness of the 
apposed membranes of T and R is about 75 A in Fig. 3. 
This means that the combined thickness of the two 
apposed membranes is about 150 A. The distance between 
the points of the arrows is about 225 A. There appear to 





Fig. 3. Approximate longitudinal section of a fibre showing T and R 

near the sarcolemma (8S). The points of the arrows mark the outer 

boundaries of apposed membranes of T and R and the connexions across 

the space between 7 and R at these points suggest the presence of 

triple layers typical of membrane density pattern. A, A band; B, 

basement membrane. Labels M, P, and D, as in Fig. 2. Osmic acid 
fixation. Methacrylate embedding. (x e. 280,000.) 
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be four rather clearly defined connexions across the space 
between the apposed membranes of T and R on the left 
side of T. At the points indicated by arrows, a mem- 
brane-like appearance of the connexions is suggested by 
parallel lines of density separated by a less dense space. 
At one point on the right side of T' a membrane-like con- 
nexion between T and R is indicated by an arrow. 

Fig. 4 is shown as an example of a section passing 
through the three elements of the triad. The section 
includes a relatively long longitudinal view of T. At 
points where the triple layers of the apposed membranes 
of T and R are visible at the same level there is evidence 
that the membranes are not fused. The arrows which 
mark the boundaries of distal outer dense layers of triple- 
layered apposed membranes are separated by about 220 A, 
more or less. The thickness of the membranes is about 
75 A. This means that the distance between the proximal 
outer dense layers of the apposed membranes should be 
about 70 A. Measurements show the average of this 
distance to be approximately 70 A. Connexions across the 
space between T' and R can be seen at four points on the 
left side of T, and at seven points on the right side of T. 
Membrane-like structures, which are comparable to those 
previously reported", are visible within R. Connexions 
of these membrane-like structures with the limiting 
membrane of R facing T (asterisks) apparently con- 
tribute to the scalloped appearance of this limiting 
membrane. 

Contact of the T system with the sarcolemma has been 
shown by Revel® with a unique method of preparation. 
Fibres of bat cricothyroid muscle fixed with osmic acid 
in the presence of 0-01 M calcium chloride and with no 
subsequent staining showed rather marked electron 
density in the T system and the sarcolemma, in sharp 
contrast with other structures of the fibres which showed 
virtually no staining at all. Since the terminal segments 
of the sarcoplasmic reticulum did not show electron 
density, it was possible for Revel’ to conclude that the 
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Fig. 4. Longitudinal section of a fibre showing a longitudinal section of 
T with R on either side of 7’. Four connexions across the ce between 
T and R can be seen on the left side of 7 and seven on the right side. 
The points of the arrows mark the outer boundaries of apposed mem- 
branes of 7 and R. The asterisks are placed near connexions of mem- 
brane-like structures within A with the ting membrane of R facing 7’. 
Labels M, P, and D as in Fig. 2. Osmic acid fixation. Methacrylate 
embedding, (x e. 275,000.) 
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structure making contact with the sarcolemma at the 
level of the A-I junction is indeed the T system. H. E. 
Huxley demonstrated the presence of ferritin molecules 
only in the T system of frog muscle fibres soaked in Ringer's 
solution containing ferritin, before fixation with osmic 
acid. The failure to observe openings in the sarcolemma 
at the level of the F system led Huxley" to the suggestion 
that osmice acid fixation brings about the closure of 
openings of the sarcolemma into the 7' system. The pre- 
sence of the ferritin molecules in the 7’ system was taken 
as evidence that the openings are present in the living 
state of the fibre At approximately the same time, 
Franzini-Armstrong and Porter! were able to demonstrate 
invaginations of the sarcolemma to form connexions with 
membranes of the T system in fish muscle fibres when 
they used glutaraldshyde as the fixative. The observations 
recorded here illustrate the superiority of glutaraldehyde 
over osmic acid as a fixative for demonstrating connexions 
between the sarcolemma and the T system. 

The dense zones taat traverse the spaces between apposed 
membranes of T' and R have been designated as connexions 
although they have not been unequivocally established 
as connexions in this investigation. However, there is 
substantial support of the view that the dense zones are 
indeed connexions. In the first place, the space between 
the apposed membranes of T' and R narrows at the level 
ofthe connexions. Secondly, the connexions appear to be 
membrane-like at favourable points of observation. The 
average distance between apposed membranes of T and R 
at the level of conn*xions (paired arrows in Figs. 3 and 4) is 
73 A. The average distance at the level of the less dense 
areas, interspersed between these connexions, is 92 A. 
The fact that the distance at the level of connexions is 
shorter suggests that a holding force is exerted on the 
apposed membranes at this level. Such a holding force 
would require the dense zones to be connexions, rather than 
studs, between the apposed membranes of T and R. In 
attempts to demonstrate the presence and nature of con- 
nexions between tae apposed membranes of T and R, 
methacrylate has a slight advantage over ‘Maraglas’ as an 
embedding materiel. The connexions across the space 
between apposed membranes are more clearly defined 
(Figs. 3 and 4) and a membrane-like appearance is in- 
dicated in some of these connexions. The exact nature 
of the connexions 5 not yet determined, but the results 
recorded here do sepport the view that these connexions 
are membrane-like Furthermore, the results (Figs. 2, 
3 and 4) show definitely that fusion of proximal outer 
dense layers of taree-layered apposed membranes of 
T and R is not found with either of the two methods of 
preparation used in this investigation. 

It is true that an anatomical tight junction, such as the 
one described for fused plasma membranes of adjoining 
cells of various tyves*-’, would provide the structural 
requirements for the electrotonie spread of current from 
T to R if it were present in the apposed membranes of 
T and R. However. as we have suggested in the proposal 
of a structural mocel for transmission of excitation from 
the sarcolemma to T and R of muscle fibres™, there is 
another possible ssructural design at the site of the 
apposed membranes of 7' and R that might form a “‘physio- 
logical tight junctien’’ compatible with the electrotonic 
spread of current fom T to R. This model is based on 
the observations that connexions between T and R are 
seen in cross-sections of the triad like that shown in 
Fig. 2 of a previous report’ and in longitudinal sections 
as described here These observations support the 
hypothesis that the less dense areas between connexions 
across T' and R are completely surrounded by the con- 
nexions and the apposed membranes of T and R. The 
less dense areas may be thought of as completely sealed 
off from the surroundings like a sealed compartment of a 
honeycomb. Under these conditions, the less dense areas 
between J' and R would be completely separated from 
the surrounding sarcoplasm. This structural design, if 





sodium ; Conceicao in these fluids is yee high 
when compared with intracellular fluid. This means that 
a sodium concentration gradient might exist across the 
membranes of the T system. In the presence of an ex- 
citatory. ab vel the som sii? could wen a part 
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tion. of a cardiac action potential composed of fast 
w components (Fig. 14) has often appeared in 
erature. Attempts to interpret the findings in 
onic movements across the cell membrane!-* 
vidence which suggests that (a) the initial fast 
nt is related to an increase in sodium (chord) 
‘ance and (b) a decrease in potassium conductance 
es the slow component. The data presented in this 
id support to this concept and bring out the 
the slow component can exist and propagate 
in the fast component seems to be absent. 
tion of the transmembrane action potentials 
from various regions of the heart suggests that, 
basis of the voltage-time relationship, they can be 
fied in three main groups which differ in terms 
amplitude and the maximum depolarization 
he initial fast component of depolarization. In 
it atrium the three groups are represented by 
of the pectinate muscles and crista terminalis; 
rinodal cells; and (c) slowly conducting cells of 
oatrial or atrioventricular nodes. Transmembrane 
ctentials recorded from ordinary atrial muscle 
the first group exhibit an initial fast phase of 
ation which extends to the peak of the action 
al (Fig. 1B). In records obtained from perinodal 
the initial fast depolarization finishes well before the 
peak of the action potential (arrow, Fig. 1C). The re- 
j mainder of the depolarization is effected at a much slower 
‘rate. In records obtained from “true” nodal cells (sino- 
atrial nodal pacemaker and N region of atrioventricular 
noda) s no initial fast depolarization can be detected. The 











Se ame me am aa oa oa 


Fig. 1 


TWO COMPONENTS OF THE CARDIAC ACTION POTENTIAL 
By Pror. A. PAES DE CARVALHO 


Institute of Biophysics, University of Brazil, Rio de Janeiro 


Pror. B. F. HOFFMAN 
Department of Pharmacology, College of Physicians and Surgeons, Columbia University, New York 
AND 


Dr. W. B. LANGAN 


Department of Physiology, Villanova University, Pennsylvania 


Coats aai 





A, Hypothetical representation of the summation of the fast and slow components of depolarization to produce the trans- > 
membrane action potential recorded from a common cardiac fibre (first group). B, C, and D, 
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transmembrane action potential arises with a very low 
velocity and the contour of the upstroke is smooth 
(Fig. 1D). = 
The cells which constitute these three groups reveal a 
number of differences in their pattern of response to- 
various agents. The local application (by hydraulic 
ejection from a micropipette) of perfusion medium con- 
taining acetylcholine (ACh) causes the changes shown iit 
Fig. 2. It can be seen that the initial fast component o: 
the action potential, when present, is not depresse 
by ACh (Fig. 24 and B). Records of the first derivati 
of the transmembrane action potential show that- the 
maximum rate of depolarization is actually increasec 
because of the hyperpolarization caused by ACh (ref. 7. 
On the other hand, the slow component of these actio 
potentials is markedly depressed both in amplitude a 
duration (Fig. 2A and B). In “true” nodal cells, wher 
significant fast component is not present, ACh cause 
partial or complete abolition of electrical activity 
depression of the isolated slow component (Fig. 2C). Thi 
action results in a failure of propagation in both. th f 
sinoatrial and atrioventricular nodes. 
Local depolarization of atrial muscle fibres by t 
hydraulic application of potassium-rich perfusion medium 
from a micropipette decreases both the maximum rate 
rise and the peak potential of the initial fast compo: $ 
of the transmembrane action potential, as would: “be 
expected!. The decrease in peak potential of the fast 
component exposes the rising phase of the slow componen: 
which seems to be relatively insensitive to experimental — 
modification (Fig. 34). In the case of nodal cells, where e 
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Schematic representation of typical 


-> transmembrane action potentials recorded from each of the three cell types described. ‘The solid lines depict the actual voltage-tim 
-  pourse of the record; the interrupted lines depict the assumed voltage-time course of the potential due to the isolated fast ph i 
arrows show the peak potential aéteined during the fast component. 
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Fig. 2. Transmembrane action potentials recorded from electrically driven isolated rabbit acrium preparaoni during local appli- 
cation of ACh-containing medium. (A) Atrial muscle fibre, (B) perinodal fibre and (C) fibre m the N region of the atrioventricular 
node. Each record shows a number of superimposed traces recorded just before and during the local application of ACh. Note that in 
A, although there is a decrease in duration of the action potential, the upstroke and peak potencial are essentially unchanged. In B, 
although the initial fast component of the upstroke is unchanged, loss of the slow component causes a decrease both in peak potential 
and duration. In C, application of ACh causes a progressive decrease in the rate of rise of theentire upstroke and also a decrease in 
peak potential. Also shown in C are potential changes by re-entrant excitation; these are net parann to the present discussion. 
Vertical lines at the right side of each block represent 100 mV. 
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an initial fast component is not apparent, partial depolar- 
ization by excess potassium does not significantly change 
the maximum rate of rise of peak potential caused by 
the isolated slow component (Fig. 4). Using an atropinized 
preparation, local depletion of sodium (by hydraulic 
ejection from a micropipette of perfusion medium in which 
95 per cent of the sodium is replaced by choline chloride) 
causes the expected marked decrease in the rate of rise 
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Fig. 3. A, Transmembrane action potentials obtained from a single 
atrial fibre of an electrically driven isolated rabbit heart preparation. 
Tracings of records showing the effects of local application of potassium- 
rich solution. Above are shown changes in transmembrane potential 
as a function of time and, below, the rate of change of potential as 
a function of voltage during the upstroke. ‘The voltage calibration 
applies to the upper traces and represents 100 mV; the abscissa for 
the lower traces shows potentialin mV. Note that, although there is a 
marked decrease in the maximum rate and magnitude of depolarization 
due to the initial fast component, the time course and magnitude of de- 
polarization due to the slow component remain essentially unchanged. 
B, Tracings of records, as in A, showing the effects of local ejection of a 
sodium-depleted (95 per cent) medium. Effective sodium concentration 
at recording site is higher than in the ejected fluid due to its dilution in 
the surrounding medium. Note the small changes in peak potential and 
duration. See text for description. 
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— 60 — 65 —70 
Take-off potential (mV) 
Fig. 4, Plot of maximum rate of rise (max. dv/dt) in V/sec, against resting 
potential before excitation (take-off potential), in mV. Circles depict 
data obtained from a atent sinus pacemaker cell which exhibited an 
initial fast component @milar to that shown in Fig. 1C. Crosses relate to 
data obtained from an atrioventricular nodal N ceil, like the one shown 


in Fig. 1D. Note that depolarization leaves practically unaltered the 
rate of rise of the slow component upstroke of the nodal cell. C, Control. 


and in the amplitade of the depolarization due to the 
initial fast component. Sodium depletion, however, has a 
much smaller effect on the slow component as is shown 
by the minimal change in its peak potential (Fig. 38). 
The findings whrh we have summarized suggest to us 
that two distinct and different mechanisms may be 
responsible for depolarization of cardiac muscle or for the 
development of the cardiac action potential. The first 
mechanism is prebably the voltage dependent and 
regenerative increase in sodium conductance which has 
been shown to be the cause of the action potential up- 
stroke in the squid giant axon’ and other excitable tissue. 
In atrial, ventricular and Purkinje fibres this mechanism 
is the cause of the rapid phase of the upstroke of the 
action potential, and its transient nature accounts for the 
voltage-time variation of the fast component. It shows 
the expected dependence on transmembrane potential and 
extracellular sodium concentration, but is not directly 
influenced by ACh. The second mechanism is sensitive to 
ACh and is relatively uninfluenced by changes in mem- 
brane potential; it is less sensitive to a decrease in extra- 
cellular sodium coacentration. This mechanism appears: 
to be the sole cause of the slowly rising action potentials 
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recorded from. true. nodal Abe 





ventricular fibres and is responsible for the final slow 
portion of the upstroke of perinodal fibres. We have no 
direct evidence concerning the nature of the mechanism 
underlying the slow components; however, its sensitivity 
.o ACh suggests that it may be a decrease in potassium 
conductance. This hypothesis is supported to some extent 
by the fact that the apparent resistance to weak current 
pulses applied through microelectrodes is markedly 
reduced only during the fast component. This holds true 
even when the fast component constitutes a minor part 
of the upstroke of the action potential; in such cases, 
the polarization resistance is high for the remainder of 
depolarization’. 

Whatever mechanism is responsible for the slow com- 
ponent, it is apparent from the peculiar behaviour of 
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sinoattial and atriov ontsiGuler: nodes! that its appearance ogee 
in isolation imposes electrophysiological characteristics on. hoe 
these tissues which may differ markedly from. sca ne 


observed in the presence of the fast component. 
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REFLEX INNERVATION OF THE TEMPORO-MANDIBULAR JOINT 


By B. E. GREENFIELD* and Dr. BARRY WYKET 
Neurological Laboratory, Department of Applied Physiology, Royal College of Surgeons of England, London, W.C.2 


Tse neurology of the temporo-mandibular joint has 
never been adequately investigated, despite its obvious 
importance to dental physiologists and surgeons. It is 
generally appreciated, for example, that many of the 
‘tional hypotheses of orthodontic surgery relating to 
joint’ are merely inferential, and are not founded on 
any systematic experimental knowledge of its innervation. 
Appropriate clinical investigations, however, over the 
past 10 years suggest that its nerve supply probably 
contributes to the reflex regulation of the masticatory 
musculature?-> and to mandibular kinaesthetic per- 
eeption®. In order to remedy this situation, we have 
Dy camined the imnervation of the temporo-mandibular 
joints in twenty cats with macroscopic, microscopic and 
naurophysiological techniques similar to those used 
previously in this laboratory for the investigation of the 
knee’, ankle® and laryngeal®-?!° joints. 
Extrinsic articular innervation. Both macrodissection 
and microdissection studies show that the innervation of 
the temporo-mandibular joint in the cat is provided" from 
articular branches of the auriculo-temporal, masseteric 
and deep temporal nerves, in a pattern similar to that in 
man®, The joint is not innervated from the facial nerve. 
-The auriculo-temporal nerve supplies the posterior and 
postero- -medial aspects of the joint capsule and the related 
articular fat pad as it curves behind the joint. Further 
articular branches are provided to the lateral capsule and 
ligament of the joint as the more distal part of the nerve 
erosses the ramus of the mandible below the joint, as- 
eending (deep to the masseter muscle) in the periosteum 
covering the lateral surface of the ramus. The masseteric 
nerve gives off numerous articular branches which form 
a plexus on and within the anterior capsule of the joint, 
as the nerve passes through the sigmoid notch of the 
mandible to innervate the masseter muscle. The deep 
temporal nerves, which innervate the temporalis muscle, 
give off variable articular branches within the substance 
of the muscle that pass from its deep surface to the 
anterior and anteromedial aspects of the joint capsule. 
Articular nerve endings. Neurohistological examination 
{in gold chloride, frozen and paraffin silver and methylene 
blue preparations of fresh tissue) of the terminations of the 
articular nerves in the capsular, ligamentous, synovial, 
meniscal and adipose tissues of the temporo-mandibular 
joint reveals that the nerve endings are similar in type 
to those in the limb Joints’ *#1_ In terms of the relative 
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numerical proportions of the different types of ending 
(g.v.), the temporo-mandibular joint is more like the 
ankle® than the knee’? joint. 

Myelinated afferent fibres of medium (6-1 
in the articular nerves terminate in clusters of encapsu- 
lated Type I and Type IT corpuseles® "13 embedded in the 
fibrous capsule on all aspects of the temporo-mandibular 
joint. The population density of these end organs is 
greatest posteriorly and postero-laterally, and least in 
the medial part of the joint capsule. As in the limb 
joints!’, the fibres innervating the Type II corpuscles are 
larger than those innervating the Type I corpuscles 
(8-12. compared with 6-92). Type II corpuscles are also 


present in large numbers in the fat pad situated posterior ` 
as is the case with. 


to the temporo-mandibular joint, 


articular fat pads elsewhere in the body?*1*. Larger | 


(up to 17p in diameter) myelinated afferent fibres, located. 


mainly in the articular branches of the auriculo-temporal 
nerve, innervate Type IIT corpuscles located on the super- 
ficial surface of the lateral capsular ligament: these 
end organs are identical with those located in joint liga- 
ments elsewhere: 7:813, 

The many unmyelinated and small (less than y) 
diameter myelinated fibres present in all the articular 
nerves terminate in plexuses and free nerve endings that 
are distributed throughout the fibrous capsule and the 
posterior fat pad related to the joint, and in the walls of 
the articular blood vessels. These unorganized terminals 
constitute the Type IV variety of articular nerve ending*:* 
and are identical with those in other jomts?-"™, 

No nerve endings are present in the synovial tissue of 
the temporo-mandibular joint, as is the case with all other 
joints’-!9.13_ Likewise, there are no nerve endings of any 
type in the joint meniscus‘), apart from some Type IV 
terminals distributed in the most peripheral fibrous layers _ 
of the disk at the points where it is attached to the joint | 
capsule—as is the case with the menisci in the knee joint? #3. 

Neurophysiological investigations have shown 5:8:36,13,15 
that in all joints the corpuscular end organs are mechano- — 
receptors with differing behavioural characteristics. - 


Discharges from Type I corpuscles are slowly adapting > a 


and from Type H corpuscles rapidly adapting, in response _ 
to changing mechanical stresses in the tissues in which ~ 
they le; both types of corpuscle have relatively low ~ 
thresholds. The Type III corpuscles in the joint ligaments ~~ 
are high threshold, slowly adapting mechanoreceptors: 
that are activated only at the extremes of joint movemen 
The non-corpuscular Type IV terminations provide | the : 
articular pain receptor system? >:?-?:15, ee 


2u) diameter | . 
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Articular mechanoreceptor reflexes. The reflex influence 
of discharges from the Type I and Type II mechano- 
receptors in the temporo-mandibular joint on the masti- 
catory muscles was examined in multichannel electro- 
myographic investigations of motor unit activity in these 
muscles during passive movements of the isolated temporo- 
mandibular joint, using cats under light monitored pento- 
barbitone anaesthesia. The experimental procedure was 
simular to that used in this laboratory for the demonstration 
of articular reflexes in the larynx?" and at the ankle®. 

After inducing anaesthesia, all the supra- and infra- 
mandibular muscles were detached at their insertions 
from one half of the mandible—care being taken to pre- 
serve the articular and muscular branches of the related 
nerve trunks. Pairs of fine, stainless steel electrodes 
(insulated except at their tips) were then inserted into the 
temporalis, masseter and pterygoid muscles on each side 
of the head, from which simultaneous bipolar electro- 
myograms were recorded on a Grass polygraph. An in- 
sulated brass rod was wired to the left horizontal ramus 
of the mandible; this rod was manipulated between stop 
bars to produce measured passive movements of the 
mandible in opening, closing, protrusive, retrusive and 
side-to-side movements (the latter with the mandible 
in the open and in the closed, but not dentally occluded, 
position), after immobilization of the animal’s skull 
and body in the prone position by attachment to a brass 
scaffold bolted to the operating table. The degrees of 
jaw movement were measured with a transparent pro- 
tractor on enlarged photographs of the movement, made 
with an electronic flash camera. In some experiments, the 
mandible was left intact so that both sides were moved 
simultaneously, the muscular activity on the intact side 
being used for synchronous comparison with that on the 
operated side; in others, the symphysis menti was divided 
and each half of the mandible was moved independently— 
the other side being immobilized by fixation to the 
scaffold. In various experiments, simultaneous records 
were made of the animal’s electrocardiogram, electro- 
encephalogram, respiratory movements, pulmonary ven- 
tilation and limb muscle activity for monitoring purposes. 
The animals were kept warm on a ‘thermostatically 
controlled, heated operating table. 

Preliminary investigations showed that the basic 
patterns of muscular activity during each of the passive 
jaw movements listed, performed with the muscles intact, 
are similar in the lightly anaesthetized cat to those associ- 
ated with comparable voluntary jaw movements in man?,', 
After the muscles had been detached on one side, recipro- 
cally related faciltation and inhibition of motor unit 
activity could still be provoked (although at lower ampli- 
tude) in the detached muscles by movements of the 
ipsilateral temporo-mandibular joint, even though oc- 
clusion of the teeth was avoided during such movements. 
In these circumstances the muscular responses to passive 
movement cannot arise from myotatic or dental receptors, 
and for this reason they must be evoked by discharges 
from the mechanoreceptors in the capsule of the moving 
temporo-mandibular jomt. Furthermore, analysis of the 
electromyograms shows that the motor unit responses 
thus provoked fall into two.categories—rapidly adapting 
(within 1-5 sec or less) effects that oceur only at the onset 
of movement, and slowly adapting effects that develop 
during movement and persist at lower intensity through- 
out maintenance of the new jaw position. The charac- 
teristics of these responses are totally different from 
the very slowly adapting myotatic reflex responses pro- 
duced in response to direct stretch of the detached 
muscles, but are identical with the rapidly and slowly 
adapting articular reflex responses previously demon- 
strated in the muscles of the limbs? and larynx". 

Confirmation of the articular origin of the residual 
motor unit responses to mandibular movement in the 
detached jaw muscles is provided by the following ad- 
ditional observations that were made in these experiments. 
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(1) The responses to all movements were reversibly 
abolished, in the dətached muscles only, for periods of 
50-60 min by infiltration of the capsule of the ipsilateral 
temporo-mandibulaz joint with a local anaesthetic solution 
(1 per cent lignocaine hydrochloride)—as is the case 
with other articular reflexes®:1%15, In this respect, it may 
be noted that local enaesthesia of the temporo-mandibular 
joint also produces impaired mandibular positioning in 
man, 

(2) The responses to all movements were irreversibly 
abolished, in the detached muscles only, by electro- 
coagulation of the capsule of the ipsilateral temporo- 
mandibular joint—es is again the case with other articular 
reflexes®:1¢,15, 

(3) The responses to all movements were irreversibly 
abolished, in the detached muscles only, by ipsilateral 
condylectomy or disarticulation OF the ipsilateral temporo- 
mandibular joint. 

(4) Similar responses could be poredi in the detached 
muscles (in the aksence of jaw movement) by direct 
traction on the resicual capsule of the ipsilateral temporo- 
mandibular joint after removal of the head of the mandible 
from the joint cavity. 

(5) As is the case in the limbs!, the articular reflex 
responses in the jaw muscles are abolished selectively 
by a slight increase in the degree of general anaesthesia, 
at a stage when the direct myotatic reflexes in the same 
muscles remain unimpaired. They return when anaes- 
thesia is allowed to diminish again, but are totally absent 
as long as anaesthesia is maintained at the stages custo- 
marily used for surzical procedures. 

The last of these observations (with others) suggests 
that the articular mechanoreceptor reflex system related 
to the temporo-mandibular joint is polysynaptic, in con- 
trast to the monosynaptic nature of the masticatory 
myotatic reflex arc'*. Articular reflex systems related 
to other joints are polysynaptic®1%15; and preliminary 
microelectrode recordings of the potentials evoked ım the 
lower brain stem nuclei by passive movements of the 
jaw in cats’? add farther support to the view that they 
are likewise polysynaptic in relation to the temporo- 
mandibular joint. 


These mvestigatzons demonstrate that the articular 
tissues of the temporo-mandibular joint are liberally 
provided with rapidly and slowly adapting corpuscular 
mechanoreceptors, and with an elaborate non-corpuscular 
pain receptor system. They further show that discharges 
from the articular mechanoreceptors make significant 
contributions (both facilitatory and inhibitory) to the 
reflex co-ordination of masticatory muscle activity during 
jaw movements in all directions. Clearly, then, changes in 
temporo-mandibular articular reflex activity must now 
be considered as cortributing to the production of various 
clinical types of akmormal jaw relationships and to the 
variety of masticasory responses to different types of 
orthodontic treatmont. 

We thank Johanra Gitau, C. Redman and K. McCarthy 
for assistance in tks conduct and photography of these 
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IMMUNOLOGICAL DETERMINATION OF HUMAN FOLLICLE 
STIMULATING HORMONE 


By ANNELIESE WOLF* 


United Birmingham Hospitals, The Women's Hospital, Department of Clinical Endocrinology, 
Showell Green Lane, Sparkhill, Birmingham, 11 


ALTHOUGH immunoassays for human chorionic gonado- 
trophin (HCG) and human pituitary luteinizing hormone 
(LH) have been described, similar assays for human 
follicle stimulating hormone (FSH) have not yet been 
reported. The reason for this is probably the lack of a 
specific antiserum. Recently there have been a number of 
reports on haemagglutination-inhibition experiments using 
antisera raised to human pituitary FSH preparations?®, 
but correlations of biologically and immunologically 
determined FSH were not demonstrated. 

Extensive investigations in this laboratory* have shown 
that antisera to human pituitary FSH fractions neutralized 
the biological activity of FSH but contained immuno- 
logical contaminants, notably to albumin and to an 
antigen common to most preparations of HCG. The 
interference from these contaminants in haemagglutina- 
tion-inhibition tests could be largely removed by absorp- 
tion with albumin and HCG, but the estimations of FSH 
activity remained unreliable and there were possibly still 
other immunological contaminants. New methods of 
removing these contaminants were recently reported’. 
This article describes haemagglutination-inhibition tests 
carried out for FSH with two antisera raised against 
the purified preparations. 

Human pituitary FSH was prepared as previously 
described®, and was purified by partitioning in the system 
urea: ammonium sulphate : ethyl ‘Cellosolve’ and electro- 
phoresis on starch gel. The solutions used for immuniza- 
tion contained about 400 mg DRP-HMG (international 
reference preparation of human postmenopausal gonado- 
trophin), that is, 57 1.0. FSH/ml., and showed no detect- 
able LH activity by the ovarian ascorbic acid depletion 
method, or albumin by the haemagglutination-inhibition 
test. Other human pituitary FSH preparations were 
fractions obtained at various stages of the extraction 
procedure. Human pituitary LH fractions were kindly 
supplied by Dr. A. S. Hartree, Cambridge’. Samples of 
urinary FSH materials were mainly stock preparations 
of this laboratory, obtained either from the urine of post- 
menopausal women (HMG) or from the urine of normal 
menstruating women by means of kaolin absorption and 
reprecipitation from ammonium acetate solutions with 
alcohol. Other urinary extracts (Fig. 3) were prepared 
from daily collections of early morning specimens of 
urine, when 20 ml. of urine were precipitated by benzoic 
and tungstic acids*, washed in alcohol and ether and 
finally dissolved in 0-5 ml. of saline to make a fortyfold 
concentrate of the original urine. In all immunological 
determinations, HMG 613 (N.V. Organon—Oss, Holland) 
was used as standard preparation. 

Inoculations were carried out by combining intramuscu- 
lar injections of antigen suspénded in Ramon’s adjuvants 
with intravenous injections of antigen adsorbed on to 
bentonite. The total amount of antigen given to one 
animal was approximately equivalent to 6 g IRP-HMG. 

Two antisera obtained from two rabbits showed similar 
although not identical properties. After absorption with 
normal human serum they completely inhibited the action 
of the equivalent of 3 mg IRP-HMG when given to 
immature mice in doses down to 0-0012 ml. In agar dif- 
fusion and immunoelectrophoretic experiments, the two 
antisera. formed two precipitin lines with most human 
pituitary and urinary FSH prevarations. One of the lines 


* Present address: Chester Beatty Research Institute, Institute of Cancer 
Research: Royal Cancer Hospital, Fulham Road, London, §.W.3. 


—that which occurred in the albumim position—was not 
observed when albumin-free HMG 613 was used as antigen. 
LE did not form a precipitin line with one of the antisera 
but, when added in increasing amounts to the antiserum 
as an absorbent, one of the two lines formed with FSH was 
progressively removed. Precipitin lines formed with HCG 
were weak with either antiserum. 

The haemagglutination-inhibition method was used for 
quantitative immunological estimations. Sheep red cells 
were tanned and later coated with a ‘Cellosolve’ partition 
fraction of human pituitary FSH because the most 
purified fractions of starch gel did not appear to become 
sufficiently firmly attached to the cells. The coating was 
performed by incubating 1 ml. of a 10 per cent suspension 
of tanned cells with 100 ug antigen for 1 h at 37°-40° C. 

Comparisons were made between the biological activity 
of several preparations as tested by the ovarian augmenta- 
tion assay and immunological activity using a human 
pituitary FSH haemagglutination system. All results 
were expressed in terms of IRP-HMG. Fig. 1 shows FSH 
determinations of ten consecutive collections of urines 
over a period of 72 h from a female patient. The pattern 
of the biological activity of the extracts is reflected fairly 
well in the pattern of the immunological results although 
the reflexion is not quantitatively precise. 

Fig. 2 shows the degree of correlation between the 
biological and immunological estimations of FSH activity 
of twelve HMG extracts, one extract from specimens of 
urine from a menstruating woman and six human pituitary 
extracts. In order to calculate the mean Immunological 
values with upper and lower limits, the method developed 
by Butt et al.1 was applied. Except for those few urinary 
extracts with low biological activity which showed no 
immunological activity up to 5 mg/ml., only crude acetone 
dried pituitary powder gave a largely misleading immuno- 
logical result. The majority of biological and immuno- 
logical figures were of the same order within each pair 
(Table 1). Because crude pituitary powder contains LH 
as well as FSH, purified fractions of LH were next studied. 
It was found that they reacted strongly in this system— 
the results did not correlate with either the LH activities 
or the FSH activities of the fractions (Table 2). 
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Fig.1. Extracts of ten consecutive collections of urine {each taken over a 

period of 72 h) from a female patient assayed by the ovarinn augmen- 

tation test ( ), and by two antisera independently in the haemag- 
glutination test (-~--, and ——-—). 
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Table 1. BIOLOGIGAL AND IAMIUNOLOGIOAL ESTIMATIONS OF FSH ACTIVITIES 


Immunological activit Biological activity 
in terms of mg TRP-HMG/ in terms of mg 
mg or/ml.or/ampoule IRP-HMG /mg z 
Human pituitary FSH fractions Įm. or fampoule 
Crude extract from acetone- 
dried pituitary powder, 
freeze dried 8100 (2800-12000) 240 
CM-cellulose fraction (ref. 6) 547 (450—1800) 1000 
CP 1 fraction (ref. 6) 2200 (1800-7000) 3000 
Partition fraction (ref. 5) 1100 han a 8000 
Starch gel fraction 3 (ref. 5) 360 (300—1200) 200 
Starch gel fraction 4 (ref. 5) 47 (80-150) <30 
Human urinary FSH extracts 
Crude HMG a standard 1} 2-7 (1-8-7-5) 1-17 
Crude HMG (23 + 30) 22 eae 1-56 
» HMG (29/3) 1-0 (0-8-3-0 0 04 
” Five a) > £4 ($6144) ro 
~ HMG 2) 2:0 ti 8-7-2) 85 
» HMG (Y 8) 72-0 TERU 8-0 
» — HMG (lah. standard 2) 20-0 (18-75) 22-7 
Purified HMG A (Paines and 
yrne, } 30-9 (22-94) 86-0 
ee cite (Paines and se GRIIS se 
yrne, . g p 
Purified HMG (Pergonal) 29-0 ear 0) 30 
Purified HMG, organic phase 
(Pergonal) 10-0 (7°5-3-0) 15 
Crude urinary FSH (men- 
struating woman) 0 9 (0-7-3-0) 6 39 
HMG 618, used as standard 183 183 


Table 2. BroLoagioAL FSH AND LH AOTIVITIES AND ENDPOINTS IN AN FSH 
HAEMAGGLUTINATION SYSTEM 


LH activityin FSH activity in Endpoint in haem- 


Substance ovarian ascorbic ovarian augmen- agglutination- 
acid depletion tationassayin inhibition test in 
assay in terms of termsofmg terms of biological 
mg IRP-HMG/mg IRP-HMG/mg units/mg 
EMG 613 183/ampoule 1-12 mg 
IRP-HMG 
Human pituitary FSH, 
fraction CP 1 550 3000 1-2 mg 
ref. 6) IRP-HMG 
Human pituitary LH, 
fraction DEABI . 8000 3-8 0-46 1.0. 
HCG* 
Human pituitary LH, 
fraction DEAE 1200 50-0 0-02 LU. HOG 
Human pituitary LH, 
Sephadex-fraction 7000 <3°8 0-81 1.0. HCG 
HCG (Leo-Pharmaceu- 
tical Products) 1250 1.0, 125 01.0. HCG 
HCG/mg 
Human serum albumin - - > 600 ug/ml, 


* The conversion factor from mg IRP-HMG to LU. HCG was 0 31 (ob- 
tained from Dr. Butt). 


In Fig. 3, only immunological FSH estimations are 
shown. Daily specimens of morning urine for three con- 
secutive menstrual cycles were pooled into ten specimens 
per cycle. The urines were collected by a patient for a 
control month and then for 2 months while she was taking 
contraceptive pills. There was not enough urine to carry 
out bioassays; however, the pattern of the control month 
fits well into the patterns obtained by bioassays on FSH 
changes during the menstrual cycle’. During the 2 months 
the patient was on contraceptive pills the release of FSH 
was largely suppressed. 

In contrast to antisera which had been raised to human 
pituitary FSH fractions on previous occasions and had not 


Qà 
CA 


2°0 


Bioassays (log scale) 





0: 1-0 2:0 3:0 
Haemagglutination inhibitions (log scale) 
Fig. 2. Correlation of biological and immunological FSH estimations of 
human pituitary FSH preparations (O), crude HMG preparations (A), 
purified HMG preparations (A) and a urinary extract of a menstruating 
woman (W). HMG 613 standard (x). 
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Fig. 3. FSH estimation by haemaggluttnation inhibition with pools of 
urines of three consecutive menstrual cycles, Control month ( 
first month on contreceptive pills (-~—~), second month on pulls 





seseroton 


been treated with organic solvents and urea, the antisera 
reported here readily reacted with urinary FSH prepara- 
tions in the haemagglutination technique. The correla- 
tion between the figures obtained for the biological and 
immunological activities of pituitary and urinary FSH is 
fairly good, although the reason for the strong inter- 
ference of LH remains obscure. It was found that, in 
terms of 1.0., HCG had a much less pronounced inhibitory 
effect than LH, ard that LH preparations did not react 
according to their biological activities. The results of the 
experiments sugges: the presence of an unspecific immuno- 
genic component originating from the pituitary and which 
is common to both LH and FSH preparations. This 
suggestion is supported by two further observations. 
First, although tha FSH. fractions used for inoculation 
contained no LH activity which was biologically detect- 
able, it was impossible to absorb the antisera by LH 
without losing a large proportion of the haemagglutina- 
tion titres. Second:y, it was observed that a crude extract 
from acetone dried pituitary powder and an LH. fraction 
which showed comparatively little biological activity 
exhibited a partccularly strong inhibitory effect in 
haemagglutination tests. It is therefore clear that in 
certain circumstances misleading results may occur; 
however, in view of the correlation shown for both bio- 
logical and immurological determinations of FSH, it is 
unlikely that the unspecific component interferes in a 
misleading way wien immunological investigations are 
carried out on pur-tied preparations of FSH. This is also 
true when the investigations are carried out on extracts 
of body fluids which have been submitted to an identical 
extraction technique. It is possible that the component is 
present at a consissent ratio in such extracts. 

It can be concluded that the precision of the haemag- 
glutination assay for FSH is limited. However, this 
appears to apply to similar assays of other protein 
hormones as well as for HCG*#*. Nevertheless, the method 
may be helpful for overall checks in clinical work. 

I thank Dr. A. C. Crooke for encouraging this work 
and Dr. W. R. Bett for the numerous fractions of FSH 
of known potency, especially prepared for this investiga- 
tion. I also thank Dr. F. Ingrassia, Florence, for some of 
the urinary extraczs, and Organon for their gift of EMG 
613. This work was carried out under a grant from the 
Medical Research Council. , 
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LEUCOANTHOCYANINS FROM THE LEAVES OF EUROPEAN LARCH 
: (Larix decidua, MILL) 


By Dr. H. G. C. KING 


Rothamsted Experimental Station, Harpenden, Hertfordshire 


WHILE investigating the mobilization of iron by aqueous 
extracts of leaves which had fallen during the autumn 
from various species of trees, I noted that a dilute aqueous 
extract of larch leaves, kept at 0° C for a week, deposited 
a precipitate with properties typical of a leucodelphinidin. 
The slight mobility of the product on paper chromato- 
grams, in both aqueous and organic solvents, indicates 
that it is not a monomeric leucoanthocyanin. The structure 
of the leucodelphinidin has not been investigated in detail, 
but 1ts unusual nature, and that of the unknown leucoan- 
thocyanidin described here, seern to warrant a preliminary 
report of their proporties. 

There are few published accounts of the chemistry of 
the leaves of Larix decidua. That of Brown et al.1, who 
described the formation of delphinidin and cyanidin when 
leaves are heated with concentrated hydrochloric acid, 
is relevant to the present work. They found that a streak 
of small mobility in aqueous chromatographic solvents 
exhibited the properties of a leucoanthocyanin. 


Larch Leaf Leucodelphinidin 


Larch leaf leucodelphinidin, accompanied by a water 
insoluble organic calc:um compound, separates at 0° C 
from aqueous extracts containing about 20 per cent dry 
matter, or from more concentrated extracts at room tem- 
perature. Larger quantities can be obtained by further 
concentrating the filtrate. The total yield of leucodel- 
phinidin and the calcium compound varies with samples 
gathered in different years; it is usually 2—3 per cent of the 
dry weight of milled leaves, and it remains unaffected 
whether the leaves are dried by freezing or heating in 
an oven after collection. Approximately equal amounts of 
the leucodelphinidin and the calcium compound are present 
in the aleohol-washed and dried precipitate. The leuco- 
delphinidin is difficult to purify, but a sample which can 
be shown to be homogeneous by chromatography can be 
prepared by stirring the crude precipitate with ten times 
its weight of water, filtermg, evaporating the filtrate to 
dryness ¿n vacuo and washing the residue with methanol. 
The final product is amorphous, and has a melting pomt 
+¢350° C. The calcium compound is insoluble in water 
and in methanol. It has no reducing properties but reacts 
strongly with Morris’s anthrone reagent’. 

On two-way paper chromatograms the leucodelphinidin 
moves as a streak with a rate of flow (Rr) of 0-0-5 in 
6 per cent acetic acid, and also as a streak with an Rp of 
0-0-12 in Forestal solvent (acetic acid/water/concen- 
trated hydrochloric acid, 30: 10:3 v/v) (ref. 3), but is 
immobile in organic chromatographic solvents. The streak 
reacts with the ferricyanide reagent’ and becomes pink 
when heated after spraying with either 2 N aqueous hydro- 
chloric acid or 3 per cent alcoholic toluene p-sulphonic 
acid’. An aqueous solution of the leacodelphinidin becomes 
brown on adding 3 per cent ferric chloride. 

Delphinidm is formed when the leucoanthocyanin is 
heated at 100° C with n-butanol/concentrated hydro- 
chloric acid (20: 1 v/v)—this can be confirmed by spec- 
trophotometry and paper chromatography with Forestal 
solvent, 90 per cent formic acid/hydrochloric acid 3 N 
(1:1 v/v) (ref. 6) and m-butanol/acetic acid/water (6: 1:2 
v/v). After extracting the delphinidin, glucose and 
arabinose can be detected in the aqueous hydrolysate 
by paper chromatography with water-saturated phenol 
and »-butanol/acetic acid/water (6:1: 2) (ref. 7). 


Visual comparison of the chromatograms with standards 
and spectrophotometric determination® of the sugars 
extracted from the excised spots indicate a molecular 
ratio of 1: 1 for the two sugars. The presence of 16 per 
cent glucose, determined directly on various samples of 
the leucodelphinidin with anthrone’, with which arabinose 
does not react, indicates a molecular weight of about 
1,200, assuming that the compound contains one molecule 
each of glucose and arabinose. 

The ultra-violet absorption spectrum of the leucodel- 
phinidin in water shows little absorption throughout the 
range 200-400 my, with a broad maximum between 


260 mp and 280 mp, E!” (275 mu) = 19. The spectrum 


lom 


in 0-1 M aqueous sodium hydroxide shows no maximum. 
only a flattening of the curve between 275 my and 285 mu. 
It seems that the leucoanthocyanin is probably a polymeric 
leucodelphinidin in which one or more of the vicinal 
hydroxyl! groups in the pyrogallol ring 1s masked, possibly 
by the sugar residues, leading to a loss of reactivity to 
ferric chloride. 

The existence of true leucoanthocyanins, that is 
glycosides of leucoanthocyanidins, has seldom been 
reported. Shantz and Steward® claim to have isolated 
such a monoglucoside from the liquid endosperm of 
Aesculus woerlitzensis. Swain and Bate-Smith!*, and 
Swain}, suggest that, in general, some polysaccharide 
may be entrained ım the course of extracting a complex 
leucoanthocyanin, or that the sugar is in the form of a 
polymer on which the phenolic substance is adsorbed. 
This seems not to be so with the larch leucodelphinidin, 
which is isolated as a coprecipitate with the unknown 
calcium compound from a dilute aqueous extract in which 
polysaccharide would be expected to remain in solution. 
In these circumstances, the high glucose content (16 per 
cent), plus the arabinose, makes the possibility of en- 
trainment or adsorption unlikely. 


Anthocyanidins from Larch Leaves 


Larch leaves do not contain free anthocyanins and 
anthocyanidins, but a treatment whereby the leaves 
are boiled for 30 min with alcoholic hydrochloric acid 
extracts delphinidin, cyanidin and an unknown antho- 
eyanidin. The last-mentioned compound has very 
different chemical properties from any natural antho- 
cyanidin so far reported and would seem to be derived 
from a new type of leucoanthocyanm or leucoantho- 
cyanidin. 

Extracts prepared by repeatedly treating larch leaves 
with cold water give successively smaller amounts of 
these anthocyanidms when heated with alcoholic hydro- 
chloric acid. The amount increases again when the 
partially extracted leaves are extracted with hot water. 
Although it is not known whether the delphinidin pre- 
pared from these extracts is derived from a common 
leucoanthocyanin, the solubility of the isolated leuco- 
delphinidin (above) differs from that of the leucocyanidin 
and the unknown leucoanthocyanin, neither of which 
separates in an insoluble form from a cold-water extract. 
of larch leaves. All these leuco-compounds are contained 
in the streak (Rr, 0-0-5) in 6 per cent acetic acid, which 
is always present on chromatograms of fresh aqueous 
extracts of larch leaves. 

The relative proportions of the three anthocyanidins 
were estimated by heating the dry milled leaves with 
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Table 1, FORMATION OF ANTHOOYANIDINS FROM PIOKED (GREEN) AND 
FALLEN L decidua LEAVES 


Antho- 
Sample Wt.ofleaves  Emax*  Emax/100 mg cyan:din 
(g) (550 mæ) oven-dry leaf {per cent) 
Fallen leaves (1963) 0:521 0 845 0-162 1-70 
Fallen leaves (1963) 
after cold-water ex- 
traction G 419 0-413 0 099 1:05 + 
Fallen leaves (1964) 0 588 0 955 0 168 1-80 
Picked leaves (1964) 0:516 0-437 ft 0 085 0 89 


* Calculated as cyanidin, Æ = 0-477 for a 0-1 per cent solution in n- 
butanol/concentrated hydrochloric acid (20:1 v/v). Test solutions made up 
to 50 ml. and diluted 1. 10. 


t Represents 62 per cent anthocyanidin unextracted by cold water. 
t Corrected for absorption of chlorophyll at 550 my. 


n-butanol/eoncentrated hydrochloric acid (20:1 v/v) in 
a Closed tube for 30-35 min!*, and separating the antho- 
cyanidins as bands on Whatman No. 3 paper before 
spectrophotometric examination. Absorbances (in n- 
butanol/econcentratéd hydrochloric acid 20:1 v/v) are: 
delphinidin, Æ = 0-662 (558-560 mu); cyanidm, E = 
0-239 (550 mu), measured at the wavelengths of maximum 
absorption on a Unicam SP 500 spectrophotometer, 
giving a ratio of delphinidin : unknown anthocyanidin : 
cyanidin of 2:1:0:36. The total amount of antho- 
cyanidin formed was also estimated by measuring E max 
of a suitable dilution of the original hydrolysate, basing 
the measurement on the absorbance of pure cyanidin of 
known concentration™ (Table 1). 

The unknown anthocyanidin can be prepared on a 
larger scale by distilling off the solvent from the hydro- 
lysate (50 ml.) from 6 g leaves and extracting the residue 
with 2 N hydrochloric acid. This extract is chromato- 
graphed on a column of ‘Solka Floc’ powdered cellulose 
with Forestal solvent as eluent, and purified by banding 
the crude unknown anthocyanidin on thick paper and 
chromatographing with 90 per cent formie acid/3 N 
hydrochloric acid (1:1 v/v). 

The unknown anthocyanidin also differs in its chromato- 
graphic behaviour from any anthocyanidin so far reported; 
in Forestal solvent, the Rr is 0-75 (Roy = 1-42); in 90 
per cent formic acid/3 N hydrochloric acid (1:1 v/v), 
the Rr is 0:29 (Roy = 1:29); in n-butanol/acetic acid/ 
water (6: 1:2 v/v), the streak Rr is 0°63-0-90. When 
exposed to ammonia vapour its spot, originally similar in 
colour to cyanidin, changes to green, in contrast with the 
blue of the common anthocyanidins; the green colour 
persists for at least 1 h for papers run in Forestal 
solvent. When the anthocyanidin is taken to dryness 
from a methanol/hydrochloric acid solution it does not 
re-dissolve in methanol alone; a blue-purple suspension 
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forms and a drop of concentrated hydrochloric acid is 
needed for complete solution and return of the usual red 
colour. 

In Robinson and Robinson’s qualitative tests**: (a) 
the colour of the enthocyanidin in iso-amyl alcohol 1s 
partly destroyed by oxidation and becomes orange yellow ; 
(b) an iso-amyl alcohol solution becomes blue on adding 
sodium acetate, and i unchanged on adding ferric chloride; 
(c) at least 15 volunes of benzene are required to transfer 
the colour of an iso-amyl alcohol solution (1 vol.) to 0-5 
per cent aqueous hydrochloric acid (3 vol.) and when the 
benzene is added, the upper layer of mixture changes 
colour to blue. The aqueous hydrochloric acid layer 
becomes pink, however, and the anthocyanidin can be 
re-extracted unchanged by iso-amyl alcohol. When dis- 
solved in lower alcohols containing hydrochloric acid, the 
colour of the anthocyanidin resembles that of cyanidin. 

In the visible region the absorption spectrum of the 
compound is characteristic of an anthocyanidin having 
at least two adjacext — OH groups in the B ring, that is 
Amax (0°01 per cens methanolic hydrochloric acid) is 
at 540-542 mp, shcfting +28 mp on adding ethanolic 
aluminium chloride™. In n-butanol/concentrated hydro- 
chloric acid (1:1 v/v) Amax is at 456 mu. The ultra- 
violet absorption spectrum between 200 mp and 400 my 
shows a series of skoulders at 250-255 mp, 298-308 my 
and 345-354 mu. 

The leucoanthocyanins of larch leaves must be regarded 
as major constituents of the aqueous extract; the leuco- 
delphinidin, isolateé as a precipitate, with the unknown 
calcium compound together make up 10-15 per cent of 
the dry matter of the extract. 
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NON-ASSOCIATIVE BEHAVIOURAL MODIFICATIONS IN NEREID POLYCHAETES 
By Dr. S. M. EVANS 


Department of Zoology, University of Bristol 


THERE is no doubt that nereid polychaetes are capable 
of learning in at least some situations. Habituation is 
usually regarded as the simplest type of learning, and in 
the three nereids so far investigated—Nereis diversicolor, 
N. pelagica, and Platynereis dumerilii—the withdrawal 
response habituates to repeated stimulation!*. Hahbitua- 
tion of this response is, however, probably a complex 
central process. It has been shown that both the sensory 
giant axon synaptic junctions and motor giant axon 
junctions are capable of accommodating to repeated tactile 
and electrical stimulations in N. virenst and to sudden 
changes in illumination in N. dwersicolor, N. virens and 
P. dumerili®, Habituation cannot, however, be attributed 
solely to motor fatigue, or to accommodation of synapses 
on the motor side of the reflex, because worms which have 


habituated to one szimulus are still capable of responding 
if the nature of the stimulus is changed*. Similarly, 
sensory accommodstion cannot account for the habitua- 
tion process becaus= one response is often replaced by a 
different one; withdrawal responses, for example, which 
always occur in response to initial anterior stimulations in 
N. diversicolor and P. dumerilii, are sometimes replaced 
by a response in which the worms attack the seeker used 
to stimulate thems. 

Four types of associative learning have been investi- 
gated in nereids, but the only evidence that these animals 
can learn associations comes from their behaviour in 
“T” mazes. If womms which make a ‘“‘correct”’ choice in 
the maze are allowsd to remain in a darkened compart- 
ment for at least five minutes, they are able to learn to 
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avoid the punishment in the “‘imcorrect’’ arm to a criterion 
of ten consecutive “correct”? choices. N. virens did this 
in an average of 68-2 trials, N. diversicolor in 85-5 trials, 
and Perinereis cultrifera in 85-0 trials?, In a subsequent 
investigation N. diversicolor reached the same criterion 
in an average of 84-4 trials®. 

The reason for regarding maze learning as a mani- 
festation of associative learning is that higher animals 
undoubtedly learn to select one arm of a maze by associa- 
ting some feature of it with a reward or avoidance of a 
punishment. Nereids in the mazes were not learning in 
this manner, however, because no clues were provided. 
It is possible that they are able to learn the maze because 
the anterior sense organs are stimulated differently when 
left and right choices are made and, in fact, removal of 
the anterior sense organs does disrupt a previously 
learned habit®. But proprioceptive sensory information 
may be used in some circumstances, because almost 
completely deafferentiated worms can still learn to avoid 
the punishment*. 

Investigations of the earthworm have mdicated that 
unilateral stimulation given outside the maze can induce 
a turning preference when earthworms are introduced 
into a maze’. Sessions of unilateral tactile stimulation 
and stimulation from a bright light induce turning away 
from the side stimulated and weak illumination induces 
turning towards the side stimulated. It was suggested 
that the establishment of the habit of turning in a given 
direction may be considered as a type of pseudo-con- 
ditioning in earthworms—the unconditioned stimulus 
eliciting a given direction of turning, which 1s made 
apparent when the animals are forced to make a turning 
choice in a maze’. But the punishment is not given 
unilaterally to either earthworms or nereids in the maze- 
learning situation, and in any case 1t is well known that 
nereids do not react in this way to unilateral tactile stimu- 
lation at least®. The effect of unilateral stimulation 
cannot therefore be used to explain the learned behaviour 
of nereids ın the maze. Nevertheless, it does raise 
the possibility that associative learning may not be the 
only means by which an animal’s behaviour can 
become modified so that it selects the “correct” arm in 
a& maze. 

In three other experimental situations which were 
designed to investigate the ability of nereids to learn by 
association, modifications in behaviour were observed, 
which were the result of non-associative processes, but 
could be mistaken for associative learning. One instru- 
mental-learning situation and two conditioning procedures 
have been investigated. In the instrumental-learnmg 
situation the worms were given & slight electric shock 
whenever they reached the exit of a ‘Perspex’ channel. 
The intention was to test the ability of the worms to 
avoid the punishment by refusing to craw] along the 
channel’*1, In one series of conditioning experiments, 
a sudden change in illumination (conditioned stimulus) 
was paired with food presentation in order to investigate 
conditioning of the feeding response!*. In another series 
of experiments, designed to investigate conditioning of 
the withdrawal response, an electric shock was paired 
with the presentation of food!?. Normally, associative 
learning is only possible when there is close temporal 
contiguity between the conditioned and unconditioned 
stimuli. It was shown in these expermments, however, that 
nereids learn just as effectively if the unconditioned 
stimulus is presented between trials as when it is paired 
with the conditioned stimulus; furthermore, apparent 
conditioning can sometimes be induced by a single pre- 
sentation of the unconditioned stimulus. There 1s little 
doubt that, in these instances, the behaviour of the worm 
was modified non-associatively by the sensitization 
effects of the unconditioned stimulus; that is to say, the 
behaviour of the worms was modified by the punishment 
they received with the result that the animals now re- 
versed or remained stationary in the *“Perspex’ channel-— 
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Fig. 1. Time taken for individual Nereis virens to crawl to the end of a 

‘Perspex’ channel A, Pumshment between trials (when the worm is 

not in the apparatus); B, punishment at the exit of channel; C, no 
punishment. (In part after Evans (ref. 10).) 


either course of action enabled them to avoid the shock 
given at the exit (Fig. 1). 

In the conditioning experiments ıt was found that 
feeding modified the behaviour of the worms so that they 
crawled to the ends of the glass tubes containing them 
in response to sudden changes of illumination and electric 
shocks. It was noted that tactile stimuli induced greater 
reactivity of the withdrawal response than did sudden 
changes in illumination. In these situations the behaviour 
of the worm can be regarded as learning ın the sense that 
it was modified with experience, but clearly the new 
habits cannot be considered to have been a manifestation 
of associative learning. 

The chief difference between associative and non- 
associative learning 1s the manner in which learning is 
acquired. Normally, animals are only capable of forming 
associations under very restricted conditions; for example, 
conditioned responses can be established by forward 
conditioning procedures but only with difficulty, if at all, 
by backward, trace and delayed procedures. Non- 
associative learning, on the other hand, can be achieved 
by all these procedures. There are, however, many 
similarities between associative and non-associative 
learning and, indeed, ıt is only with difficulty that the 
two processes are distinguished. In both processes, the 
animal’s reaction to a stimulus or stimulus situation 
{conditioned stimulus) becomes modified as a result of 
the effects of a reward or punishment (unconditioned 
stimulus) and the modifications can be retained after the 
new habit has been acquired. Retention of non-associative 
learning in nereids appears, however, to be short-lived ; 
for example, retention of the habit learned in a ‘Perspex’ 


No 5052 AUGUST 27, 1966 


channel is less than 24h (ref. 10). The similarities that exist 
suggest that non-associative learning may be achieved 
by mechanisms which are not unlike those involved in 
associative learning; indeed, mechanisms may exist in 
nereids resembling those which Young**-* believes to be 
involved in associative learning in Octopus. 

Young suggests that in Octopus exploratory responses to 
unfamiliar objects are elicited by a change in the visual 
situation. At first the response is weak, but if it is re- 
inforced by a reward the animal responds more rapidly, 
There is, therefore, a mechanism for producing graduated 
commands to attack so that the octopus responds quickly 
to a cue-stimulus which has proved favourable. However, 
if the cue-stimulus 1s accompanied by an unfavourable 
situation—one in which the animal is punished-—the 
tendency to explore or attack the object is reduced. 
Overall there is a balancing of signals indicating reward 
or punishment; the tendency to explore is increased by 
reward and reduced by punishment. Young believes 
that visual learning in Octopus 1s controlled by the vertical 
and median superior frontallobes of the brain. He suggested 
that the vertical lobe is a centre that tends to reduce the 
tendency to attack if the animal is punished, and that 
the median superior frontal lobe tends to promote it if the 
animalis rewarded. This view is supported by experimental 
evidence; in some cases, at least, 1t is found that removal 
of the vertical lobe in Octopus increases the tendency to 
attack (removes the inhibition) and removal of the 
median superior frontal lobe decreases the tendency to 
attack}, 

Behaviourally, nereids resemble Octopus in the sense 
that a stimulus is capable of eliciting ether a positive 
or a negative response, depending, at least partially, on 
the reinforcement the animal has recently experienced. 
In the laboratory, a nereid reacts to stimuli, such as 
various chemical stimuli!*, sudden changes in illumina- 
tion!®, mechanical stimuli!, and anterior tactile stimuli?’ 
in one of two ways. It may either react positively, by 
crawling along the tube which it is inhabiting, often 
exploring the area adjacent to the mouth of the tube, or 
negatively, by withdrawing, by reversing in the tube, or 
by ignoring the stimulus altogether. Sometimes both a 
withdrawal (negative) response and a positive response 
may occur to the same stimulus; in this event, withdrawal 
is always followed by the worm crawling to the end of its 
tube. Punishment tends to promote negative (avoidance) 
responses. In the ‘Perspex’ channel it inhibits movement 
and facilitates reversal; this enables worms to avoid a 
punishment at the end of the channel. Punishment given 
to worms in glass tubes causes the withdrawal response 
to become more reactive to sudden stimulation. Con- 
versely, reward promotes positive responses; food pre- 
sentation facilitates exploratory responses to sudden 
changes in illumination. Thus it would seem that, like 
Octopus, nereids may have mechanisms producing 
graduated commands for exploratory and avoidance 
behaviour, which are influenced by the nature of the re- 
inforcement that is received by the animal. If paired 
centres do exist in nereids, and possess functions similar 
to those suggested for the vertical lobes and median 
superior frontal lobes in Octopus, it is possible that they 
are housed in the supra-oesophageal ganglion and sub- 
cesophageal ganglion. In fact, Prosser!® has already 
suggested that in annelids, the supra-oesophageal ganglion 
may be an inhibitory centre and the sub-oesophageal 
ganglion an excitatory one. 

The functions of the sub-oesophageal ganglion in 
annelids are difficult to evaluate from extirpation experi- 
ments because removal of this ganglion necessarily dis- 
connects the supra-ocesophageal ganglion and anterior 
sense organs from the rest of the central nervous system. 
However, extirpation is generally followed by inactivity, 
which might be predicted if this is an excitatory centre. 

Fortunately, removal of the supra-oesophageal ganglion 
has less drastic effects. Its extirpation does not prevent 
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earthworms from crawling, burrowing, withdrawing, 
and copulating’’, and similarly decerebrate nereids can 
withdraw, swim, crawl, irrigate, and burrow. However, 
both earthworms*! end nereids**, deprived of the ganglion, 
become hyperactive, and decerebrate nereids irrigate their 
tubes incessantly and more energetically than before*?. 
It would appear, therefore, that in the intact animal the 
supra-oesophageal ganglion is inhibitory at least as 
regards the performance of certain activities. If the 
supra-oesophageal zanglion of the annelid acts as a 
centre that inhibits positive responses and facilitates 
avoidance responses—which is the suggested function of 
the vertical lobes in Octopus—removal of it should tend 
to increase positive responses at the expense of negative 
ones (in Octopus removal of the vertical lobes increases the 
tendency to attack objects'4). Hess?‘ found that after 
removal of the supra-oesophageal ganglion, the normal 
negative response of worms in turning away from bright 
light was reversed. Before extirpation, only nine responses 
in a total of 144 wer turns towards the source of illumina- 
tion, but after extizpation of the ganglion this increased 
to 132 out of 144 -esponses. More recently Ratner and — 
Stein** also found that decerebrate earthworms responded 
positively to sudden increases in illumination more fre- 
quently than did ictact worms. 

Similar functions for the vertical lobes in Octopus 
and for the supra-esophageal ganglion in annelids are 
also suggested by the behavioural effects resulting from 
extirpation of these centres in problems involving avoid- 
ance learning. Thrus Boycott and Young*®* found that 
an Octopus lacking she vertical lobes could only learn not 
to attack an isolated crab if there was an interval of only 
2 min between trials. Similarly, Wells and Wells?” found 
that removal of tke vertical lobes made it difficult or 
impossible for blinded octopuses to learn a tactile dis- 
crimination when the intervals between trials was 1 h, 
although they could do so when this time interval was 
only § min. Furtkermore, it has been established that 
decerebrate nereids are only able to learn to avoid a 
punishment at the end of a ‘Perspex’ channel if a massed 
trainmg technique is used (Fig. 2). In this event the 
learned response never involves a reversal in the channel; 
instead the decersbrate worms remain stationary?®. 
Similarly, it appeers that the withdrawal response of 
decerebrate earthworms can only be conditioned by 
massed training’. 

Young! suggests that a permanent memory is not 
actually stored in the vertical lobes in Octopus, but that 
these are only temporarily involved in setting up a memory 
trace. Nereids are smilar in this respect, because although 
the supra-oesophageal ganglion is not the site of retention 
(worms trained in an avoidance-learning situation retain 
the learned response even if they are later decerebrated?®), 
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Fig. 2. Learning m incact and decerebrate Neres mrens with spaced 

trials Average results plotted. O ©, Intact worms trained in 

series of ten trials at 3C min intervals. @ - -— — @, Decerebrate worms 
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Decerebrate worms tramed in series of ten trials at 30 min intervals. 
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it is clearly important in the establishment of memory 
traces. Naive, decerebrate worms are able to learn to 
avoid th: shock at the end of the ‘Perspex’ channel in 
about the same number of trials as intact worms, but they 
are unable to retain the learned behaviour for even 1 h, 
whereas intact worms can retain rt for 6 h (ref. 10). 
Although the brain of Octopus has been mapped far 
more thoroughly than the ganglia of any annelid, a 
certain number of anatomical similarities do exist between 
the Octopus brain and the supra-oesophageal ganglion of 
annelids. The features of particular interest in the “brains” 


of many annelids are the corpora pedunculata. These . 


consist of numerous small, globuli cells which resemble 
the small cells characteristic of the learning centres of 
cephalopods and vertebrates. Although the functions of 
the corpora pedunculata of annelids have never been 
explored, it is quite possible that these are centres con- 
cerned with behavioural modifications—particularly in 
view of the fact that a large proportion of the rest of 
the supra-oesophageal ganglion is neurosecretory in 
function. 

The major difference between learning in Octopus and 

Nereis is that, as Young? points out, in Octopus the 
response does not remain “‘unconditional’’ and the signals 
received from either the punishing or rewarding event 
(the reinforcing signals} condition the distance receptor 
mechanisms that have been active. In nereids, in at 
least some learning situations, the mechanism necessary 
for this conditioning to occur does not exist. The rein- 
forcing signals probably activate all receptor systems non- 
associatively and association between the reinforcing 
signals and the receptor system activated is extremely 
unhkely because a single unconditioned stimulus can 
modify the behaviour of the worm. For example, one 
tactile stimulus can induce a withdrawal response to a 
sudden decrease in Ulumination in a previously habituated 
worm, and similarly a single presentation of food can 
sensitize the feeding response to a sudden increase: in 
lumination!. It is a most unlikely explanation of these 
results to suggest that one-trial learning is occurring, as 
there is no temporal contiguity between the conditioned 
and unconditioned stimul: involved. 
_ Associative learning mechanisms of the kind described 
in Octopus may have evolved from non-associative mech- 
anisms such as those in nereids. In both Octopus and 
nereids a reinforcing event has a similar effect on the 
subsequent responses the animal makes to stimuli, but 
conditioning mechanisms in Octopus have been evolved 
which enable learned responses to be linked with a 
particular stimulus situation. Conditioning mechanisms 
exist in a variety of vertebrates and higher invertebrates 
and, although they may have evolved independently on 
more than one occasion, Young!’ has pomted out that 
there are apparent similarities in the associative learning 
mechanisms of animals which are as widely separated 
phylogenetically as mammals and cephalopods. In 
mammals the situation is undoubtedly extremely complex, 
but the hypothalamus does contain pairs of centres pro- 
ducing opposite effects and, furthermore, 1b 1s hnked by 
pathways to the septum which may contain similar 
centres. The hippocampus and the amygdaloid nuclei 
are necessary for the establishment of memory but are 
not the site of retention. This suggests that these 
regions of the mammalian brain may have a function 
similar to that of the vertical lobes in Octopus, and it 
has been found that in mammals bilateral removal of 
the hippocampus may grossly disturb memory for recent 
events. 

In many animals conditioning mechanisms operate 
under very restricted conditions and conditionmg can 
only be established if the conditioned (cue) stimulus is 
closely associated with the reinforcing event (uncon- 
ditioned stimulus). In many mammals the optimum 
conditions occur if the unconditioned stimulus occurs 
0-5 see after the onset of the conditioned stimulus*®*. But 
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this is not always so; for pigs the optimum is believed to 
be 4 or 8 sec®*, and for the rhesus monkey 2 sec*!. For fish 
it is also 2 sec®*, It may be physiologically difficult to 
associate the conditioned stimulus with the signals of the 
reinforcing stimulus unless they occur concurrently and 
in the correct sequence. As Young! has pointed out, there 
is a delay between the receipt of the one stimulus by the 
nervous system and the reinforcement signals which 
follow. In order to produce conditioning, the address of 
the appropriate elements in the memory system must be 
held during the delay. The delays in holding the necessary 
information during trace and delayed conditioning pro- 
cedures may be too great to enable conditioning to occur. 
In backward conditioning it would be necessary to hold 
information of the reinforcing event until the receipt of 
the cue-stimulus. Such a mechanism may well not exist 
after all, for learning to associate a conditioned stimulus 
with an event that has already occurred is most probably 
of no biological value whatsoever. 

Conditioning mechanisms have probably evolved with 
the evolution of sense organs that are capable of making 
detailed sensory discriminations. Animals such as 
Octopus have well developed sense organs and are capable 
of accurate sensory discriminations. Consequently they 
are able to associate one particular, say visual, stimulus 
with a particular reinforcing event and another visual 
stimulus with another reinforcing event. Indeed, it 
appears that they have well developed abilities to do so*. 
Presumably they are also able to learn to recognize both 
prey and predators and respond accordingly. Animals 
such as nereids, on the other hand, are almost certainly 
unable to distinguish between visual stimuli caused by 
predators and those by food because their eyes are in- 
capable of forming images. A sudden change in illumina- 
tion, such as a shadow, can be detected by nereids but 
could be caused by a predator, by food, such as floating 
seaweed and, innocuously, by a passing cloud. Even if 
the necessary mechanisms existed, conditioning would be 
difficult to establish in this situation and would be of 
doubtful value to the animal. This is because in nature 
conditioned stimuli probably occur at random with 
different kinds of reinforcing events. 

I thank Prof. R. B. Clark and Prof. J. Z. Young, who 
both criticized the original manuscript. 
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LETTERS TO 


ASTRONOMY 


Evidence on the Evolutionary Character of the 
Universe derived from Recent Red-shift 
Measurements 


Hoyle and Burbidge have recently examined the red- 
shifts of a number of quasi-stellar radio sources*:® and 
have plotted their radio flux densities (S) against red-shift 
(z); they conclude that the results are inconsistent with 
a cosmological interpretation of these red-shifts. 

This communication shows that this conclusion is not 
valid and that indeed the observed relationship between 
S and z provides valuable new information on the evolu- 
tionary nature of the Universe. 

There is now considerable evidence in favour of evolu- 
tionary cosmologies, the most important observations 
being (a) the counts of radio sources* 5, (6) the detection 
of cosmic radiation with a black-body spectrum®*, and 
(c) the present abundance of cosmic helium?+1, The 
possibility that quasi-stellar sources are of relatively local 
origin is now difficult to accept in view of (a) the isotropy 
of the counts of faint radio sources over the northern 
sky1%18, (b) the absence of quasi-stellar sources showing 
blue-shifted spectral lines!4 and (c) the marked similarity 
between the radio properties of a number of quasi-stellar 
source counts has been considered by Davidson and 
MSH 14-1-21 (ref. 16) and 30 245 (ref. 17) all appear 
optically to be quasi-stellar sources and yet have a radio 
structure very similar to radio galaxies such as Cygnus A 
and 3C 33. 

The nature of the evolutionary changes in the properties 
of radio galaxies which are necessary to explain the radio 
source counts has been considered by Davidson and 
Davies'* and more recently by myself!®. In the second 
article, it was shown that changes with epoch of either 
the mean spatial density (density evolution) or the mean 
luminosity (luminosity evolution) of powerful extra- 
galactic radio sources could explain the excess of faint 
sources in the log N — log S relationship. Ib has been 
suggested that quasi-stellar sources may account for a 
large part of this excess since it has been shown that 
the slope of the source counts for such sources is steeper 
than that of the total source counts!*?°, 

In cosmologies involving density evolution, the sources 
at all distances have the same distribution of radio 
luminosity, P, and the plot of S against z will follow the 
usual relationship: 


P 


S j r?(1 + z)ita 
where « is the spectral index (Scacv-¢) and r the distance of 
the radio source which is given by 


ee E teyy 


in the Einstein-de Sitter world model. Because more than 
80 per cent of the local quasi-stellar radio sources (z < 0-5) 
have luminosities in the range 4 x 10% < Pi, < 6 x 
107 W(c/s)“ ster.-!, it is possible to draw on the S—z 
diagram the limits within which most of the quasi-stellar 
radio sources should le. 
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If, on the other hand, the excess of faint sources is 
attributed to lummnosity evolution, the S—z relationship 
must be modified to take account of the increased lumin- 
osity of sources at earlier epochs. As Longair!® has 
shown, the luminosity evolution required may be defined 
by P xi where æ ~ 2. (P is the mean luminosity at 
epoch ¢.) Lines on the S—z diagram corresponding to 
the limitmg values of Pı, at the present epoch may again 
be drawn. The results of these calculations for the two 
types of evolution are shown in Fig. 1 superimposed on 
the distribution of points presented by Hoyle and Bur- 
bidge restricted t> sources for which Siss 2 8 x 10-26 
W m-*(e/s). (Cnly at values greater than this flux 
density have comDlete searches for quasi-stellar sources 
been carried out and of those found, roughly 50 per cent 
have measured rec-shifts.) 





100 1 


10 
Sire (x107 W m-“*(c/8)*) 


Fig. 1. The red-shift flux density plots expected in evolutionary cos- 
mologies in which dersity evolution (dashed hnes) and luminosity evo- 
lution (full mr are included. The distribution of observational points 


by Hoyle and Burbidge restricted to Syn > 8 x 10° 
W m-“*(e/s). 


is that presente 

It can be seen Yom Fig. 1 that cosmologies involving 
luminosity evolution can, explain entirely the wide 
dispersion of points in the S—z plot whereas, in those 
involving density evolution, only 45 per cent of the quasi- 
stellar sources lie within the expected limits. In the 
latter type of evolutionary cosmological model, it is 
difficult to account for those sources lying appreciably 
above the upper lmit. 

These results suggest that the observed log N —log S 
relationship arises from the increased luminosity of 
powerful radio sources at early epochs. Such a variation 
of luminosity witt epoch implies that sources at a given 
flux density should include a wide range of, red-shifts and 
this provides a natural explanation for the presence of 
distant quasi-stellar sources even at high flux densities 
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(for example, 3C0298:2 = 1-436, 


W m-*(c/s)-). 


Sing = 44 x 10-28 
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An Apparent Increase in Galactic Radio 
Noise during a Total Solar 
Eclipse 


During the total eclipse of 1965, May 30, observations 
were made ‘on the island of Manuae (lat., 19° 15’ 43” §.; 
long., 158° 57’ 43” W.) of changes in the D layer absorption 
of radio signals, and also of fluctuations in the galactic 
noise level at 18-2 Mc/s. The latter observations in 
particular produced an unexpected effect which is reported 
here. 

The apparatus used in measuring the noise consisted of 
two half-wave dipoles m phase, with reflectors, the main 
lobe being directed at R.A. lh 20m, Dec. 16° 21’ S., that 
is 8° from the zenith in a direction W. 20° S. This aerial 
fed a low noise receiver of 10 ke/s bandwidth, and the 
audio-output was amplified, rectified and used to drive a 
pen recorder. The system was calibrated with a 5722 
noise diode. 

Observations were made between 18h 45m and 21h 00m 
U.T. on every day between May 27 and June 2. Time 
markers were received from station WWVH and placed 
manually on the chart. 

The unexpected feature consisted of two large bursts of 
noise, each of 13 sec duration, the leading edges of which 
coincided to 3 sec with the times of optical second and 
third contacts. The mean power level in each burst 
was about 2-5 times the mean noise power during the 
eclipse. No such similar bursts occurred at any other 
time while observations were being made. Because all 
expeditions on the Island had collaborated in the detection, 
identification and elimination, of any sources of local radio 
interference, we are aiene that the noise originated 
from a source outside the island. 

Reduction of the data on this and other observations 
is not yet complete. 


S. G. KINGAN 
R. MAEVA 
T. SIMESON 
T. UTANGA 


Cook Ital Astronomical Society, 
Avarua, 
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A Method for Translunar Radio 
Communication 


Tax increase of human activity on the lunar surface that 
can be expected to follow the first manned landings will 
present a special problem in translunar communications. 
The lack of an ionosphere about the Moon, the lack of any 
appreciable atmosphere on the lunar surface, and the 
nearness of the lunar horizon, require solutions to this 
problem that may be somewhat different from those most 
easily available on the Earth’s surface. Extended radio 
coverage about the lithosphere, such as occurs on Earth 
because of the atmospheric density gradient and tem- 
perature inversions, will not be possible because of the 
vanishingly low density of any gaseous envelope that 
may exist around the Moon. 

Consideration of the special properties which are be- 
lieved to be likely for the lunar lithosphere!? indicates a 
possible solution: that the sub-lunar surface materials can 
be used as a propagation medium for translunar com- 
munication. 

The immediate surface layers have an extremely low 
thermal conductivity and a very low content of lquid 
water, as shown by microwave thermal observations. 
Thus there is some evidence that the outer layers of the 
Moon contain considerable quantities of material similar 
to earthly pumice, in that this material has been expanded 
by gas bubbles during some stage of formation, and/or 
was formed from meteoric splash dust and thermal cycle 
spallation products, re-welded on succeeding surfaces by 
direct solar action. 

The depth to which these conditions exist is of course 
at the moment a matter of pure speculation. However, if 
they persist for an appreciable depth, then a considerable 
volume of the outer part of the Moon is likely to be trans- 
parent to radio waves m the range from the lowest fre- 
quencies that can be radiated by practical antennae up 
to frequencies in the tens of megacycles per second. The 
depth of this transparency is probably a function of radio 
frequency, because microwave thermal observations? 
show some transparency even for microwaves in a thin 
layer of the outer surface. 

Antennae placed on the surface of the Moon should give 
coupling to sub-surface waves with which astronauts can 
communicate beyond the lunar horizon. Trailing wire 
antennae can be simple and inexpensive as compared with 
arrays of microwave dish antennae, which have the 
additional disadvantage of being confined to line-of-sight 
use. 

The advantages of sub-lunar low frequency communi- 
cations seem obvious. Very compact receivers of low mass 
and transmitters of great reliability are available from 
simple designs using solid-state active elements and micro- 
circuitry type construction. The principal problem is the 
primary power. Storage cells and solar cells in com- 
bination have already shown their adaptability in the 
lunar surface environment, in connexion with the Surveyor 
soft landing and picture transmission. 

The remaining problem is that of determining the true 
nature and extent of the outer portion of the Moon in 
respect to its radio transmission properties. If the outer 
layers are sufficiently transparent to a suitable radio 
frequency, the internal reflexion from the lunar surface 
and the ray curvature resulting from increased density as 
a function of depth should ensure a strong wave component 
along and just below the surface, with sufficient evanescent 
wave penetration through the surface to ensure antenna 
coupling. 

The foregoing possibilities make it very desirable to 
obtain measurements of lunar sub-surface properties in 
relation to radio transparency and the depth of the 
transparent layers, before the arrival of manned landing 
parties. This information should be obtainable by means 
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of a suitable circumlunar transmitting or receiving satellite. 
Which of these approaches is most economical depends 
on a detailed assessment of ionosphere penetration of 
signals at the Earth terminal and of the effect of Earth 
atmospherics. 

Because this evaluation will be long and involved, the 
results that can be expected from a basic satellite trans- 
mitter system will be outlined here as an example from 
which we can judge the information that is possible from 
this type of experiment. Reflected wave-lengths of metre 
size and greater indicate a smooth figure for the lunar 
surface as a whole‘. The portion of the Moon which is 
transparent to radio waves should act as a spherical lens 
and therefore as a gigantic focusing antenna. If the 
index of refraction of the transparent lunar material for 
radio waves lies between 1:25 and 2, as is true for light 
terrestrial rocks, then a satellite orbiting at a distance of 
between 300 miles and 50 miles above the lunar surface 
will produce a strongly focused beam from the Moon, 
which acts as a lens antenna. As the transmitting satellite 
passes behind the Moon from the Earth, this beam should 
‘pass across the surface of the Earth. 

The strength of the central lobe of this beam will 
depend on the transmitter power and radiator gain, and 
on the degree of transparency and area of this lunar 
material. The angular size will depend on the relation 
between the satellite position and the ideal focal point 
of the Moon as a lens, as well as the relation between the 
lunar diameter and the wave-length. The relative angular 
size and phase of the side-lobe pattern will depend on the 
radial depth of the transparent layer and the transmitted 
frequency. Several passes, each transmitting a different 
frequency, or a time-sharing system between pulses of 
various frequencies to obtain data from several frequencies 
at a single pass, should produce data equivalent to an 
imagined X-raying of the Moon. Thus a small unmanned 
lunar satellite could be used as a vehicle to determine the 
feasibility of a miniature and simple system of trans- 
lunar voice communication, and at the same time could 
considerably increase our knowledge of the mternal 
structure of the Moon. The cost of this effort would be 
quite small compared with the cost of a manned landing, 
and could contribute considerably to the safety and 
comfort of future lunar explorers. 

WINFIELD W. SALISBURY 
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Occurrence of Hydrogen Peroxide in Sea 
Water 


Traces of dissolved substances, of the order of 10-7 M 
or less, can or may have far-reaching effects on the type or 
growth rate of organisms in the sea'. We now wish to 
report the occurrence of a possible ectocrine, hydrogen 
peroxide, in surface sea water samples taken near Port 
Aransas. We have no direct evidence suggesting that 
hydrogen peroxide in sea water has any biological or 
chemical significance; however, from continuing experi- 
ments on the growth of single cells of coecoid blue-green 
algae on agar plates??, we are led to propose that it could 
be a significant ecological variable. 

Hydrogen peroxide was measured in sea water samples 
using the sensitive scopoletin-peroxidase fluorescence 
technique of Andreae’ and Perschke and Broda. For the 
values reported here a stoichiometry of one part scopoletin 
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to one part hydrogen peroxide was used. Changes in 
fluorescence were detected with a barrier cell (IRC 
A-10M) and measured on a Keithley model 150A micro- 
volt-ammeter. (An American Instrument Co. photo- 
multiplier microphotometer was used in later work.) 


Table 1. HYDROGEN PEROXIDE IN SURFACE SEA WATER SAMPLES 


Location ug hydrogen peroxide/l. 
Boat basin adjacert to Institute 1 6, 1°6, 28 
Tide pool near beazh 05,87,26 
Beach near South _etty 5 8,10, 4-0 
Open Gulf 5-5, 3-3 


For the first three sancples: Date and weather conditions shown in order 
left to right’ April 21, mostly cloudy, air temp. 27° O; June 3, bright sun, 
air temp. 31° C, south-easterly wind at 15-20 m.ph.; July 8, bright sun, 
air temp 31° C, south-2asterly wind at 20-22 m.p.b. Open Gulf samples- 
first sample June 11, 10 niles offshore, blue water, clear sky, south-easterly 
wind at 5-10 m.p.h.; second sample September 14, 5 mules offshore, turbid 
water, clear sky, south-easterly wind at 12-15 m p.b. 


The sea water samples were collected in ‘Pyrex’ or 
plastic containers. They were assayed as soon as possible, 
usually within 30 im. A typical assay consisted of the 
following: 6 ml. of sea water (unfiltered); 0-5 ml. (1 ug) of 
scopoletin (Mann Laboratories); and 0-5 ml. of 0-08 M 
tris buffer, pH 8-0 The initial fluorescence baseline was 
measured, then C05 ml. (200 pg) peroxidase, Sigma 
Chemical Co., Type II, was added. The addition of 
catalase to samples of sea water which gave strongly 
positive assays of hydrogen peroxide resulted in complete 
loss of activity in the scopoletin-peroxidase system. 

Table 1 shows some of the results found. Our experience 
so far would sugges that the presence of traces of hydrogen. 
peroxide is a constant feature of sea water taken from the 
Port Aransas area. 

We make no spezification as to the source of the hydro- 
gen peroxide. It could be formed photochemically in the 
atmosphere, photachemically in sea water itself through 
catalysis by dissolved pigments! or possibly even through 
the metabolic activity of micro-organisms. The data so 
far do not allow « choice to be made from these possi- 
bilities. This work was supported by the National Science 
Foundation. 

C. Van BAALEN 
J. E. MARLER 
Institute of Marıne Science, 
University of Texas, 
Port Aransas, Texas. 
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Surface Tension of Slick Patches near 
Kelp Beds 


Durinc a voyage off southern California near Santa 
Catalina Island some surface tension measurements were 
made on the open sea and over and around the slick areas 
associated with kep beds. The usual methods of measur- 
ing surface tension involve daboratory equipment which is 
not feasible for use aboard a small sailing ship. For this 
reason, these tests were made with drops of a series of ten 
oil solutions, calibrated so that each solution would just 
spread agamst a different specific surface pressure, or 
lowering of surfaces tension. This calibrated series made 
it possible to measure, by inspection, surface tensions 
in the range 76-3C dynes/cm. 

Based on N. K. Adam’s! technique, a series of solutions 
of a hydrophilic compound, n-dodecyl alcohol, and non- 
spreading oils was standardized so that a drop of each oil 
solution just spreed against a measured surface tension. 
Solutions of known surface tensions, determined by a Du 
Nuoy tensiometer calibrated with distilled water, were 
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made with potassium chloride, a surface-active agent 
known as ‘Aerosol OT’, and distilled water, as listed in 
Table 1. ‘Aerosol OT’ is a waxy solid form of sodium 
dioctyl sulphosuccinate produced by the American 
Cyanamid Co. The quantities of ‘Aerosol OZ” used varied 
from 0 to 0-1 per cent by weight, and the oils used were 
Sargent’s light mineral oil (80°-90° Saybolt, 35 dynes/em 
surface tension) and n-decane (Eastman Organic Chemicals 
P 2405). The amounts of n-dodecyl alcohol (Eastman 
873) in the spreading oils varied from a trace in the 76 
dynes/em solution to 0:18 per cent by volume in the 30 
dynes/cm solution. The small amounts of n-dodecyl 
alcohol were added in the form of a 10 per cent solution 
of the alcohol in n-decane. 


Table 1. COMPOSITION OF CALIBRATED SURFACE TENSION OILS 
Surface tension Spreading 
(dynes/cm) Standardizing solutions oil base 

76 Potassium. chloride (14 wt. per cent) Mineral 

74 Potassium chloride (6 8 wt. per cent) Mineral 

72 Distilled water Mineral 

70 ‘Aerosol OT? Mineral 

68 ‘Aerosol OT” Mineral 

61 “Aerosol OF" Mineral 

58 * Aerosol O7” Mineral 

50 “Aerosol OF” 20 per cent decane 

in mineral 
40 “Aerosol OT” n-decane 
30 ‘Aerosol OT’ n-decane 


A sample of open sea surface water taken from near the 
mid-point of the Outer Santa Barbara Channel was 
stored in an overflowing plastic container. Its surface 
tension was measured 6 days later with a Du Nuoy 
tensiometer. We found a value of 74 dynes/em, which 
agrees with that expected for open sea water. This value 
can be used as a standard of comparison for the surface 
tension values measured on the slick patches. All other 
measurements were made by direct application of the 
oil drops to the sea, surface. 

Sieburth and Conover? reported decreases of 1-3 
dynes/em in the surface tension of natural slicks in the 
Sargasso Sea, compared with non-slick areas nearby. 
They considered that the slick areas were formed by the 
ripple damping action of monomolecular layers of organic 
matter produced by blue-green algae Trichodesmium 
erythraeum. The present report deals with the slick 
patches associated with the kelp beds near the shore of 
Santa Catalina Island. The predominant kelp of these 
beds is Macrocystis pyrifera’, commonly called ““Devil’s 
Apron’’. 

The areas of testing were two coves, 
Howland’s and Moonstone Beach, on the 
north-east side of Santa Catalina, each of 
which had a fairly sheltered harbour and 
slick kelp patches near the shore. When 
measurements were made, our boat was the 
only one in the harbour and the oil drops 
were applied from a small skiff drifting over 
the areas. 

In both coves the surface tension of the 
open rippled water measured consistently 
between 70 and 72 dynes/em. Landward, 
the surface tensions varied from 68 to 70 
dynes/cm at the outer edge of the slick areas 
to 58 and 61 dynes/cm directly over the kelp 
plants. 

At Moonstone Beach it was possible to 
make surface tension measurements along 
& hne extending from the clear water in the 
harbour, across a large kelp bed slick, to 
the shore, with a strong 8-10 m per sec on- 
shore wind blowing. The values of surface 
tension in the clear water upwind of the 
slick were 70 dynes/em; on the very edge 
of the slick, 61 dynes/em; over the kelp, 
58; downwind towards shore, 50; and 
still closer to shore, less than 50 but more 
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than 40 dynes/em. In the backwash from a small tidal 
cave the surface tension measured 58 dynes/em. 

These values suggest that the metabolic processes of 
the kelp produce organic material which lowers the 
surface tension of sea water. The organic material from 
the kelp evidently stays concentrated near the surface, 
for in the backwash of a tidal cave the decrease in surface 
tension was less than in the surrounding area, owing to 
the admixture of under-surface water. 

We thank Dr. Alexander Goetz for making possible 
the trip on his boat. 


GLADYS STURDY 
WroitMm H. FISCHER 


Laboratory of Atmospheric Sciences, 
National Center for Atmospheric Research,* 
Boulder, 

Colorado. 


* Operated by the University Corporation for Atmospheric Research with 
sponsorship of the National Science Foundation. 


1 Adam, N. K., Proc. Roy. Soc., B, 122, 134 (1937). 
*Sieburth, J. MeN., and Conover, J. T., Nature, 205, 880 (1965). 


® Senate Documents, 8, No. 180, 209 (Government Printing Office, Washington, 
D.C., 1911-1912). 


Occurrence of Permafrost at an Arctic Lake 


A FIELD investigation was carried out in April 1961 to 
determine the distribution of permafrost below a lake in 
the Mackenzie River delta’*. This study was of special 
interest inasmuch as the delta lake is situated in an old 
river bed and the occurrence of permafrost is considerably 
affected by the large number of lakes and channels in the 
immediate vicinity. A similar but more detailed investi- 
gation was undertaken by the Division of Building 
Research of the National Research Council of Canada 
during April and May 1964 at a small lake about 5 miles 
north-east of Inuvik, Northwest Territories. This lake 
was selected because it was completely isolated from other 
bodies of water which might influence the ground thermal 
regime. 

The lake is located on the edge of the rolling upland 
which forms the eastern boundary of the Mackenzie 
delta. It is about 1-25 miles from the delta at an elevation 
about 340 ft. above the delta, and is nearly rectangular 
in shape (about 800 ft. long by 400 ft. wide) with a 
maximum depth of 19 ft. No streams flow into the lake. 
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Fig. 1. Occurrence of permafrost at the edge of the lake. 
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It is replenished by snow melt water from its very small 
drainage basin. A small stream issues from the south-west 
end and drains to the delta. The lake is situated in the 
transition zone between the tundra to the east and the 
forested delta to the west. Although stunted white spruce 
are scattered over the area, the predominant vegetation 
consists of willow and alder and low brush. Sphagnum 
and other mosses with patches of lichen form the ground 
cover. The entire area surrounding the lake is covered 
with large hammocks up to 2 ft. high and 7 ft. in diameter. 
The mean. annual air temperature at Inuvik is about 14° F. 
Permafrost is continuous below the ground surface and is 
hundreds of feet thick. 

The main intention of the field programme was to 
determine the distribution of permafrost near the edge of 
the lake and to provide instrumentation which would 
enable an analysis to be made of the ground thermal 
regime below and adjacent to the lake. The investigation 
consisted of drilling and sampling nine holes at or adjacent 
to the east edge of the lake. Good cores were recovered 
of most of the frozen materials encountered. 

Hole No. 1 (312 ft. deep) was situated on the top of a 
ridge about 850 ft. from and 50 ft. higher than the lake. 
Hole No. 9 was drilled to a depth of 320 ft. below the 
lake (in 12 ft. of water) about 60 ft. from shore. The 
remaining seven holes were drilled to depths of 40-160 ft.; 
five of them were on the shore and two in the lake (Fig. 1). 
A number of hand probings were also made between these 
holes to determine the maximum seasonal frost penetra- 
tion (May) and depth of thaw (September). Thermocouple 
cables were installed to depths of 50-300 ft. to measure 
ground temperatures in five of the holes. In addition, 
three specially designed and fabricated temperature 
recorders (which will run unattended for at least one year) 
were installed. Surveys were also made to map lake 
bottom and ground surface contours. 

From 2-35 ft. of organic silt overlies 100-150 ft. of 
dense stony till. The till is underlain by a thinly stratified 
shale. The depth to which ice segregation was noted m- 
creased with distance from the edge of the lake. The 
lowest depths at which ice segregation was observed in 
the holes at the edge of the lake are indicated in Fig. 1. 
No frozen ground was encountered in the three holes 
below the lake. At hole No. 6 (5 ft. from the edge of the 
lake), permafrost occurred from about 24 ft. to 40 ft. 
Initial ground temperature observations indicate & thick- 
ness of permafrost of about 250 ft. ın hole No. 3, which 
was about 28 ft. from the edge. Frozen ground exists for 
the full depth of hole No. 1 and a thickness of more than 
400 ft. is indicated by the ground temperatures. Ice 
segregation was observed to a depth of about 290 ft. in 
this hole. The drilling operation considerably disturbed 
the ground thermal regime in the boreholes and thermal 
equilibrium has not yet been restored. Measurements are 
at present being made to determine the mean lake bottom 
temperature, the mean ground surface temperature and 
the geothermal gradient. 

It is possible to draw some general conclusions from the 
initial field observations. It is probable that the size and 
shape of the lake have remained unchanged for a long 
period of time. Little variation in water level and a very 
slow accumulation of bottom sediment would be expected 
because the lake is replenished only by local snow melt 
each year, and no sign of large-scale erosion or slumping 
has been observed on the perimeter of the lake. The 
small stream draining the lake would provide a natural 
control on the water level. 

The effect of this very small water body on the occur- 
rence of permafrost is quite pronounced. The existence 
of a deep thawed zone below the lake is a direct result. 
It is probable that permafrost is completely absent below 
the lake. Although the thawing effect of the water is 
confined to the ground lying beneath the lake, as shown 
by the presence of permafrost at the shoreline, the initial 
ground temperature measurements indicate that the 
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thermal effect of the lake extends for some distance 
beyond its perimeter. 
G. H. JOHNSTON 
R. J. E. BROWN 
Northern Research Group, 

Division of Buildirg Research, 

National Research. Council, 

Canada. 

1 Johnston, G. H., and Erown, R. J. E., Nature, 192, 251 (1961). 


1 Johnston, G. H., and Brown, R. J. E., Arcéze, 17, 162 (1964). 


* Brown, W. G., 7 ohnstoa, G. H., and Brown, R. J. E., Canad. Geotech. J. L, 
147 (1964). 


Some Seismological Features of the North 
. Macquarie Ridge 
TEE recent demonstration of the existence of a ridge 
connexion between Macquarie Island and New Zealand, 
by Brodie and Dewsont, has clarified several aspects of 
the regional seismology. Fig. 1 relates epicentres de- 
termined during tre past 5 years by the United States 
Coast and Geodetic Survey in the area, to the bathymetry 
as presented by Brodie and Dawson. Seismicity is seen to 
be definitely associated with the ridge structure. There is 
one case (about 58° S., 163° E.) notably distant from the 
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ridge; from consideration of P phase arrivals at Australian 
stations, this is believed to be a mislocated ridge shock. 
Thus the Campbell Plateau appears to be aseismic, at least 
during this period. The marked offset in the ridge at 
about 51°S8., noted by Brodie and Dawson, could suggest 
a fracture zone similar to those reported along the 
equatorial part of the mid-Atlantic ridge by Heezen et al.?. 
However, no epicentres have been located near this feature 
during the period considered. 

The Bureau of Mineral Resources has operated a seismo- 
logical station at Macquarie Island since 1951. A puzzling 


__ feature of Macquarie Island records of shocks in the group 


north-west of Auckland Islands has been a frequent 
anomalously late T phase arrival. These arrivals had been 
’ provisionally interpreted as T waves reflected at the edge 
of the Campbell Plateau. The new bathymetric map 
makes this interpretation entirely feasible. Typical paths 
for such reflected 7’ phases are shown in Fig. 1. 

Material on the T phase as recorded at Macquarie Island 
is being prepared for publication. This will include more 
detail concerning these reflexions. 

R. J. S. COOKE 
Bureau of Mineral Resources, 
Geology and Geophysics, 
Canberra, Australia. 


1 Brodie, J. W., and Dawson, E. W., Nature, 207, 844 (1965). 
3 Be 5 , Bunce, E. T., Hersey, J. B., and Tharp, M., Deep Sea Res.,11, 


P Amplitudes from Longshot at Australian 
Stations 


TuE P phase from the nuclear explosion Longshot, deton- 
ated beneath Amchitka Island at a depth of 2,300 ft. 
on October 29, 1965, was well recorded at most Australian 
seismograph stations. The amplitudes of ground dis- 
placement at these stations have been plotted agamst 
distance in Fig. 1. These amplitudes were calculated 
from the peak-to-peak amplitude of the first cycle of P 
motion on each record. U.S. Coastal and Geodetic Survey 
station abbreviations have been used in the figure, with 
the addition of the recently established Warramunga 
array at Tennant Creek (TCA), and the South Australian 
station at Cleve (CLV). Details of the stations have been 
given by Doyle and Underwood?. 

Despite the scatter common to all amplitude studies, 
the data clearly show a sharp decrease in amplitude 
between 92° and 93°. It is unlikely that this marks 
the shadow boundary of the core, especially as studies 
of PeP from nuclear explosions? indicate that the depth 
of the core-mantle boundary is not far from that cal- 
culated by Jeffreys®. It is more probable that-the effect 
is due to the influence of the D” layer’. A recent study of 
travel times by Cleary and Hales’ suggests that d7’/dA 
is approximately constant from about 93°. A condition 
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approaching this would account for the decrease in 
amplitude. 

At Cleve and Adelaide, the small P amplitudes disclose 
a larger impulsive arrival about 1 sec later. This 1s too 
late to be pP, and any arrival which had travelled along 
the path of the initial P would be similarly diminished in 
amplitude. The phase is therefore most readily inter- 
preted as PcP, providing further evidence that the 
bottom of the P ray path is above the core-mantle bound- 
ary for this distance. 

The period of P decreases from 1-1 sec to 0:8 sec as the 
distance increases within the range, but the decrease 
appears to be fairly uniform and unrelated to the amplitude 
change. This phenomenon, together with travel time 
observations, will be discussed in detail elsewhere. 

I thank the directors of the Bureau of Mineral Resources, 
the Geophysics Departments of the Universities of Bris- 
bane, Adelaide and Hobart, and Riverview Observatory, 
for making records available. R. Underwood supplied 
seismograph calibrations for all stations operated by the 
Australian National University. 

JOHN CLEARY 
Department of Geophysics, 
Australian National University, 


_ Canberra. 
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A Model for the Occurrence of Large 
Earthquakes 


THis communication outlines a probability model which 
seems to provide an adequate basis for making predictions 
concerning the occurrence of largest earthquake magnitudes 
over time: (a) The number of earthquakes in a year is a 
Poisson random variable with mean «a; (b) X, the earth- 
quake magnitude, is a random variable distributed with 
cumulative distribution function: 


B(x) = Pr (X<) = 1—e Ff, 220 (1) 


From these assumptions it follows that Y, the largest 
annual earthquake magnitude, is distributed with cumula- 
tive distribution function G(y), where 


era 


a [Fw | 


exp {-o| 1-Fy)]| = exp (ae), y>0 (2) 


The cumulative distribution function (2) is called the 
“type 1” distribution of largest values in the terminology 
of Gumbel?. 

In order to estimate the parameters « and B from 
Yu Yor + ++» Yn, the largest annual earthquake magnitudes 
in years, one arranges these values in order of increasing 
size Yuy SY S -e SYinys where Yih is the jth smallest 
annual maximum magnitude. To each Yip, one associates 
the value G(yın) = g/(n+1). The parameters « and 8 
are found from the least-square fit to the equation 


log | og ay) | = log « ~ By (3) 


derived from equation (2). 

It should be noted that «e-fv is the expected number of 
earthquakes, Ny, in a given year which have magnitude 
exceeding y. It follows that 


log Ny = log « ~y (4) 


which is of the same form as the widely used empirical 
formula 





Giy) = Pr(Y<y)= È 
k=0 
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login Ny = a-by (5) 


(see, for example, ref. 2). The parameters a and 6 are 
related to « and 8 as follows: 
a = log aflog 10 (6) 
b = B/log 10 
The parameter ß also has a physical meaning, since 1/8 
is the mean magnitude of all earthquakes of magnitude 
z>0. If X,is the magnitude threshold of the observations, 
then X,+-1/8 is the mean magnitude over the data range 
used. 

In addition to relation 4, several other useful ones 
can be obtained from the model. It is, for example, an 
immediate consequence of the model that Ty, the mean 
return period (that 1s, the mean interval in years) between 
earthquakes having magnitude greater than y is given by 


Ty = 1/Ny = exp(Sy)/ (7) 
Another quantity of interest ıs g, the modal (most 
probable or most frequently observed) annual maxumum 





magnitude. Since ğ is the value for which g(y)=G@’(y) 
becomes maximum, it can be shown that 
log a 
j=- (8) 


It is readily verified that Ny = 1, that 1s, J, ıs the magni- 
tude such that we can expect one earthquake having 
magnitude 7 or more ın & given year (another way of 
saying this ıs that the mean return period of 7 is Ty = 1). 
Also, G(g) = e-~; that is, 7 ıs that maximum annual 
magnitude which is exceeded in the long run 63 per cent 
of the time. 
The modal earthquake magnitude in a T year period is 
log T 
fr = log («MB = 7 + -5 (9) 


The value yz of the maximum annual earthquake magni- 
tude which is exceeded with probability p 1s found by 
solving the equation 


exp (-ae-PYp) = 





I-p (10) 


which yields 

~ log{-log (1-p)] 
pega (11) 
More generally, Yp{ D), the value of the maximum earth- 
quake magnitude which is exceeded with probability p 

in a D year period, is given by 
log D 
YoD) = yp + -E 
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Finally, the earthquake risk Rp({y) (ref. 3), that is, the 
probability of occurrence of an earthquake of magnitude 
y or more in a D year period, can be written as 


Rply) = 1 — exp(-aD e-F) (13) 
Calculations based on this model have been carried out 


for earthquakes in California for the period 1932~62. 
Table 1 lists the magnitude maxima by increasing size. 


Table 1. CALIFORNIA YEARLY EARTHQUAKE MAX ira (1932-62) BY ORDER 
OF INCREASING SIZE 


J y (3) Glyta)] 
1 4-9 0-03125 
2 53 0 06250 
3 53 0 09375 
4 5-5 0 12500 
5 5:5 0 15625 
6 55 0 18750 
7 5-5 0 21875 
8 56 0 25000 
9 56 0 28125 
10 56 0-31250 
11 58 0 34375 
12 5'8 0 37500 
13 5-8 0-406825 
14 5'9 0 43750 
15 6-0 0°46875 
16 6-0 0 50000 
17 8-0 0 63125 
18 6-0 0-562350 
19 80 0-59375 
20 § 0 0 62500 
21 6-2 0-65625 
22 § 2 0 68750 
23 63 0 71875 
24 63 o 75000 
25 64 0 78125 
26 8-4 0-81250 
27 6-5 0 84375 
28 6-5 0 87500 
29 65 0 90625 
30 71 0-93750 
31 TT 0-986875 


The values given in Table 1, plotted on extremal 
probability paper (ref. 1), yield an acceptable straight line 
fit, as shown in Fig. 1. From this graph it is possible to 
determine approximate values for the parameters « and 
B of the distribution G(y) of annual extreme earthquakes 
in California. More accurately, the data given in Table 1 
can be fitted to equation (3) by a least-square regression 
procedure such as REGRESS, a computer routine avail- 
able within the STATPAK statistical system at the 
University of California‘. Application of this procedure 
to the data in Table 1 yields 11-43 and 2-00 as estimates, 
respectively, of log « and 8. The standard deviation of 
B was estimated as 0-08 by the same programme. 

Gutenberg and Richter® give 0-88 + 0-03 as an estimate 
of their parameter b for Southern Califorma, which yields 
(see equation 86) 


B — 2-03 + 0-07 


which gives reasonable agreement with our estimate 
derived from only thirty-one annual maxima. Our 
predicted modal annual maximum (equation §) is: 


ğ = 11-43/2-00 = 5-715 


In view of the fact that the modal value @ is exceeded 
63 per cent of all years we have G(g) = 0:37, which corre- 
sponds to a magnitude 7 = 5-8 in Table 1. Again, the 
agreement is excellent. 

Let us now compute Ny, the expected number of earth- 
quakes per year, and Ty, the mean return period, for 
shocks of magnitude greater than or equal to y in California. 
Using equations (4) and (7) with the values of « and B 
already obtained wo find the estimates given in Table 2. 


Table 2. PREDICTED YEARLY NUMBERS AND RETURN PERIODS FOR 
CALIFORNIA HARTHQUAKES 
Yearly expected Mean return 

Magnitude y number Vy period Ty 
3 228 1:6 days 
4 20 7 17-6 days 
5 418 87-3 days 
§ 0-57 1-3 years 
7 9 076 13-2 years 
8 9 010 100-0 years 
9 6 0014 720 years 
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The model presented in this note should be considered 
as a first approximation to the real situation. In an area 
as large and complex as California there is considerable 
geographical variation both as to frequency and magnitude 
of occurrence of earthquakes. A more refined model 
would be obtained by dividing the area into two or more 
regions and fitting the seismicity in each of these regions 
by the model. However, despite the known lack of 
homogeneity of earthquake occurrence in California the 
present simplified approach provides reasonable estimates 
for the occurrence of large earthquakes within the 
uncertainty due to the shortness of the available historical 
record. 


B. EPSTEIN 
Operations Research Center, 

C. LOMNITZ 
Seismographic Stations, 
University of California, Berkeley. 
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The Temperature Scale 


THE temperature scale recently proposed by Georgian! 
has stimulated us to spend some time considermg both 
the temperature scale and the dimensions to be associated 
with temperature. We shall begin by outlining details of 
various temperature scales which have been suggested 
during the past hundred years: 


_ Rucker, 1889". Let one degree be the temperature 
increase required to add one erg of energy to | c.c. of air at 
0° C and one atmosphere. Ricker made his suggestion 
exempli gratia, saying that “‘. . . our knowledge of the 
molecular construction and dynamics of solids and liquids 
is as yet too imperfect to warrant an attempt to place 
thermal units on a natural and mechanical basis”. 


Planck, 19125. k = 1—the degree is defined by setting 
Boltzmann’s constant equal to unity. This was part of a 
system of “natural units’ in which the units for mass, 
length, and tıme were defined by setting the velocity of 
light, the gravitational constant, and Planck’s constant 
equal to unity. 


Lewis and Adams, 19144. k == 1 defines the degree, as 
with Planck. This was part of a system of “ultimate 
rational units’ in which the velocity of light, the charge on 
the electron, and the mass of the electron were made equal 
to unity. Lewis and Adams also considered the possibility 
of et 1 (universal gas constant per mole), but preferred 
k=l. 


McAdie, 19175. Melting ice at 1,000 kilobars is 
defined as 1,000° N (for New), with zero at absolute zero 
This scale was selected as convenient for meteorological 
data. 


Worthing, 19408. 


Discusses several possibilities and 
rejects them all. 


Brown, 19427. The temperature of a system is defined 
as the specific pressure-volume energy (in ergs/g) of 
hydrogen in thermal equilibrium with the system. With 
all measurements thus referred to a specific thermometric 
gas, temperature can be considered proportional to the 
mean square velocity of the molecules of this particular 
gas, and its dimensions can be taken as L*T-*, 
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Laws, 19628. Let one degree be the temperature increase 
required to add one joule of energy to 1 g of water. 


Georgian, 19641. R = 1, in conjunction with the metre- 
kilogram-second (M.K.s.) system. 


Overcoming our reluctance to add to a list which may 
already be too long, we now suggest that the degree be 
defined so that R = 2 (m.x.s. basis). In an ideal gas: 


3 
E => RO (1) 


where E is the internal energy per mole and 6 is the 
absolute temperature. Since each molecule has three 
(translational) degrees of freedom, we choose R = 2, 
thereby making temperature the molal mternal energy 
per molecular degree of freedom: 


E 
o =5 (2) 


We would express temperature in the M.K.S. system, 
(joules/kg mole)/{degrees of freedomj/molecule} and, like 
Georgian, scale it up by 104 for convenience. 

In a broad sense, the temperature thus defined is the 
molal internal energy per degree of freedom for any 
substance, because at thermal equilibrium the same 
quantity of energy is stored by each fully activated degree 
of freedom. Degrees of freedom other than translational 
are quantized, and will be only partly activated at low 
temperatures. This does not, however, destroy the 
utility of the concept of energy per degree of freedom. 
A well known application is the calculation of heat 
capacity from spectral data, which involves estimating 
the extent to which various degrees of freedom are 
activated. 

Our view of the dimensions of temperature differs from 
that of Georgian. From equation (2) we assign tempera- 
ture the same dimensions as E, and we consider that E 
has dimensions ML*7'-*. Since E is energy per mole, we 
are thereby saying that n, the number of moles, is a 
dimensionless number. The problem of the dimensions 
of n has been discussed in detail by Duncanson’. Briefly, 
we think of the number of moles as being analogous to 
the number of molecules. A mole can be defined as a 
specified number of molecules, and for many purposes 
a mole can be treated as a macromolecule. 

It is possible to give temperature the dimensions 
L:T- by following the procedure of Brown’. Georgian 
seems to take this view, because in putting forward an 
argument in favour of these dimensions on the basis of 
the kinetic theory, he says*®: “ ... the temperature is 
directly proportional to the mean square velocity of the 
molecules in an ideal gas”, This can be so only if, like 
Brown, he considers a single specified gas, with a particu- 
lar molecular weight, as a unique thermometric substance 
to which all measurements are referred. Otherwise two 
ideal gases of different molecular weights in thermal 
equilibrium would not have the same temperature, 
because their molecular velocities would be different. 

On the other hand, if we say that temperature is 
proportional to the mean kinetic energy of the molecules, 
then all ideal gases of all molecular weights can serve 
equally well as thermometric substances. 

The relative merits of ME°7-? and L-T- as dimensions 
for temperature are discussed in more detail by Focken". 
We find the arguments of Focken and of Duncanson®!% 
more convincing than those of Porter, cited by 
Georgian!. 

Finally, we would like to comment on Georgian’s 
statement that henceforth “In using temperature in 
dimensional analysis we will not fall into the error of 
considering temperature endowed with a separate dimen- 
sion’. We believe that many problems in dimensional 
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Fine Structure in the Radial Distribution 
unction from a Random Packing of Spheres 


LIER, we reported? the radial distribution function 
‘om a random packing of spheres covering the range 
of sphere separations from 1+) to 1-3 diameters. Inspec- 
on of the data indicated some possible fine structure in 
-distribution function. The results supplemented 
nose of Bernal? and Scott? which covered a far larger 
separation range. 
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a 1-0886 . . . d:ameters. 

If another ring of five spheres is aided to 
such that each sphsre touches two adjacer x 
the ring as well as ene of the central pair, th 
are observed between these added. spheres. 
gaps can be shown te be caused by a aphe ; 
tion of 1:0886 diameters (Fig. 2¢, 
the other two are greater. The y 


























small gap aad’: is akar slightly 1 below 
other four new spberes. The: pero cent 


for these larger gaps ean be shown to be F 
diameters (Fig. %, 10-11 and 11-12). | 


Fig. 2. Corfigurations containing small gaps. 


These separations agree approximately with |: 
two small peaks of Fig. 1, but both are smalle 
actual separation peeks. It requires at least se 
and fifteen contacts to form the smallest gap 
small separation is troduced somewhere ir 


diameters separation is reduced whereas in ten i 
inereased. 

For the 114707 diameter separation it requi 
nine spheres and twenty-one contacts to form a co 
tion where the separation is possible. If each of 
Comers is ere in turn it is found that five hav 
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THE SOLID STATE 


Oxygen-inhibited Grain Growth in Thin 
Films of Semiconducting Cuprous lodide 


THis films, a few thousand angstroms thick or less, of 
various inorganic materials can be formed by the poly- 
crystalline condensation of the low-pressure vapour on a 
cool substrate. Such films are gaining importance in 
optical elements, in electronic microcircuitry, and in 
devices for information storage. 

It is common experience for the optical and/or electrical 
properties to change gradually with age after the film has 
been deposited, and numerous examples of such changes 
have been cited. It is evident, then, that the utility of 
thin films partly depends on limiting or controlling the 
changes of properties which occur on ageing. In a recent 
investigation of thin-film dielectric properties, Weaver! 
found recrystallization or grain growth to be a common 
result of ageing inorganic films. Grain growth caused 
extensive degradation of electrical properties. It is 
common practice nowadays when thin films are being 
deposited to temperature cycle or anneal the deposit 
in order to speed up ageing by encouraging changes in 
the growth of grains to occur more rapidly. Stabilizing 
the size of individual grains in a thin film is, therefore, a 
major problem in the search for stable optical and electrical 
properties. 

Rutter and Aust? have shown that small amounts of 
soluble impurities can cause a considerable reduction 
in the rate of grain boundary movement in bulk metals. 
Ruh!’ has suggested that impurities in a thin film of tin 
deposited at 20° K reduced the rate of grain growth during 
annealing at higher temperatures. 

This report describes how small amounts of oxygen in 
thin films of cuprous iodide reduce the rate of grain boun- 



















f 
f 


tj 


"Wester 
firpritgs 


De ee 
SAREE ee 


NATU 


AUGUST 27. 1966 VOL. 211 





Electron micrograph showing surface features of two cuprous 
Both films have aged 20 months at room 


Fig, 2, 
iodide films from Fig. 1. 
temperature. A, 1 x 107° mm mercury oxygen pressure during copper 
condensation, B, 6 x 10> mm mercury oxygen pressure during copper 


condensation, (Platinum-carbon replicas, 25,000.) 


dary movement and stabilize the optical transmission 
for long periods of time. Previously, Herrick and Teve- 
baugh* reported the beneficial effect on the conductivity 
of thin films of cuprous iodide which resulted from the 
addition of small amounts of oxygen. Oxygen concentra- 
tions estimated at 10'* atoms per c.c. were produced by 
intentional burial of oxygen gas in the condensate during 
the vacuum condensation of copper vapour at room 
temperature. The thin condensate film was converted to 
cuprous iodide containing oxygen by brief treatment 
with iodine vapour. This treatment is not believed to 
alter adii ; the grain size of the film, 
prous iodide films 1000-1400 A thick 
rephthalate base have an average 
» A. Spontaneous growth arising 
f up to 4300 A which are 
rrowth can be followed 





















” 4 e gre 
‘gen contents. ti is evident that the ‘film with the 
ghest oxygen content has almost maintained the original 
grain size after ageing 20 months. Over the same period, 
è film with least oxygen content has experienced ex- 
tensive grain growth. 
We conclude that the rate of grain growth was markedly 
slowed down in these experiments and that the effect 
probably resulted from the presence of oxygen in the 


film. 
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_ Crystallization of Penicillin in the Solid 
Phase 


Donme experiments on the hygroscopicity of penicillin 
salts, an unusual behaviour of substantially pure freeze- 
dried potassium benzylpenicillin was noted. 
- On exposure to air, the material absorbed moisture at 
a steady rate, up to a maximum content of 7-14 per cent, 
apparently remaining in the solid state. Then suddenly, 
© material shrank to a more compact form and began 
to lose weight. At first the loss was rapid and then it 
ontinued at a diminishing rate until the specimen returned 
to its original weight. 
The time required for the uptake and subsequent loss 
jf moisture was variable and depended on the temperature 
ind relative humidity of the air, and on the weight and 
mpactness of the specimen. A specimen weighing 
FI g would usually take up moisture for about 4 h, and 
then completely lose it in about 18 h. 
- That the abrupt change which occurred at the point 
of maximum moisture content is a spontaneous crystal- 
ization of substantially amorphous material is evidenced 
2 changes in physical properties summarized m 
Fable 1. 





Table 1. CHANGES IN PHYSICAL PROPERTIES OF POTASSIUM BENZYL- 
AIR 


PENICILLIN ON EXPOSURE TO MOIST 
Freeze-dried specimen 
Before exposure After exposure 


. Control specimen* 
: Property 


bility on heat- Decomposed Stable for 96 h Stable for 98 h 
ing at 120° C within 16h 
“at of solution 4,550 + 130 910 + 90 S50 + 90 
(cal/mole) (at 
concentration 
055 
1:56 1-58 1-58 


Well-formed crys- 
tals showing 


Almost entirely 


Largely crystal- 
isotropic flakes 


appearance lites evenly 


“between crossed distributed in a uniform extine- 
-Nicols mainly isotropic tion 
groundmass t 


Very intense dif- 
fraction lines 


More intense dif- 
fraction lines 
with much less 
intense halo 


i X-ray diffraction Faint diffraction 
pattern lines with broad 
halo of scatter- 
ing at low angles 

of diffraction 


CS. * Crystallized from aqueous butanol. 

i: + Crystalline areas showing single crystal characteristics (that is, uniform 
xtinction) also occurred in many flakes of exposed material, especially along 
he edges of the flakes. 


A similar spontaneous crystallization was observed 
th freeze-dried specimens of sodium benzylpenicillin 
id potassium phenoxymethylpenicillin. No such pheno- 
enon was observed when calcium or procaine benzyl- 
penicillin, phenoxymethylpenicillin (free acid) or calcium 
»henoxymethylpenicillin was exposed to moist air. 
We thank Dr. A. R. Alderman of the C.8.I.R.O. Division 
ndustrial Chemistry (now of the University of Adelaide) 
. Hargreaves of the C.8.1.R.0. Division of 
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analyses, respectively. W ak : 
of the United States Food anad Drug Admi istr 
unpublished crystallographic data on potassiun 
penicillin. 
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CHEMISTRY 


Comparison of the Effect of Alpha 
Gamma-radiation on an Enzyme 


EXTENSIVE investigations have been carried ov 
effects of radiation on various organic polymers. 
that they could be regarded as model compou 
biological materiale. Our previous work conce 
effects of gamma-rays on aqueous polymer solu 
revealed the existence of new effects resulting 
presence of water. Radiation-induced change 
polymer may result either from the direct effe 
radiation on the solute molecules or from the 
effect, that is, reactions of solate with reactive sp 
such as hydrogen atoms, hydroxyl radicals or- 
electrons producec by irradiation of the water 
indirect effect becomes increasingly important 
concentration is reduced}. 

The radiation-induced reactions in solutions of 
molecules can be censiderably affected by the pi 
relatively small amounts of certain chemical ads 
Some of the possible protection mechanisms 
envisaged to include the following: (a) Energy 
between an excitec macromolecule and the add 
molecule being chemically unaltered. (b) Electr 
from the additive to the polymer to replace 
electron before chemical changes in the mole 
occur. (c) True repair of a polymer radical by- 
transfer from the additive. (d) Stabilization re 
solute radical by reaction with additive or: 
radicals, the additive becoming incorporated 
molecular structure; the radical in this ease 
stabilized by mod:-fication as distinct from tre 
(e) The additive may react with radicals produce 
solvent before thes can attack. and modify the p 
in this case protection is offered against the 
effect and radiatioa damage is reduced w ithout 
the macromolecule. . 

Our early research was carried out with yi cy 
the effects of the more densely ionizing «-radie 
these systems is now being studied to provide a comp 
between the effects of these two types of radi: 
to point to possible differences in protection. meet 
In the case of the densely ionizing o-radiati ny 
effects (reactions ef primary reactive species w tk 
other in the a-track before they have time to 
into the solution and react with the solute) have | 
taken into account. This may lead to differences in heo 
radiation effects or. the macromolecules as well as on the 
protection. | 

The polymer sokitions (polyvinylipyrrolidone, 
cross-linked in aqu2ous solution mainly by indiree’ 
and polyethyleneoxide, which is cross-linked maini 
direct action of raciation) which we have investi 
y-radiation do not lend themselves readily to a 
investigation using polonium-210 «-radiation. - 
alternative systemy for this comparison, we have 
solutions of yeast alcohol dehydrogenase. The irradiations — 
were carried out vith 0-1 mi. of 0-1 per cent solut on in 















-Special glass “Melinox’ « Oca tn 
Presence of air, with doses between 0-025 and 0-6 Mrads 


-both with a- and y-radiation. The residual activity of the 


~*~ 


irradiated alcohol dehydrogenase was determined spectro- 
photometrically at 340 mu. Alcohol dehydrogenase, in 
the presence of nicotinamide adenine dinucleotide (NAD), 
catalyses the reaction to form acetaldehyde from ethanol, 
the nicotinamide adenine dinucleotide itself being reduced 
‘by this reaction. The method of analysis is to measure 

_ the velocity of the conversion of NAD to NADH, spectro- 
‘photometrically at a fixed wave-length (340 mu). Yeast 

_ aleohol dehydrogenase has a reported molecular weight of 
151,000 and contains about seven thiol groups per mole- 
cule on which it depends for its activity. The results 
shown in Fig. 1 indicate the usual exponential decrease 
itt activity. 





Percentage « of activity ofenzyme 


300 
sa Dose (krad) 

>: Fig. 1. Irradiation of alcohol dehydrogenase with y- and e-radiation at 

~  " O yoom temperature in air. ©, Irradiation by polonium a-particles; 

sE o cn “Ka irradiation by cobalt-60 y-rays. pH 7-9 to 8-0 adjusted with HCI. 
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[t was found that the loss of activity of alcohol dehydro- 
ase was 44 per cent for a dose of 500 krads of «-radiation 
against 91 per cent for a dose of 500 krads y-radiation. 
t4 per cent inactivation of the enzyme is brought about 
a y-dose of 125 krads, which means that y-radiation is 
ut four times as effective as «-radiation in inactivating 
alcohol dehydrogenase in aqueous solution. 
or these 0-1 per cent solutions we can evaluate the 
average energy absorbed per enzyme molecule inactivated. 
If only the energy absorbed directly by the enzyme is 
considered, a dose of 500 krads of y-rays given to a 
molecule of average molecular weight 151,000 amounts to: 


& a 44 ° 5 
5 x 105 x 0-625 x 10x] 51 x 10° = 7-8 eV 





6 x 1033 
However, this dose gives a considerable amount of 
deactivation (91 per cent). If r, is the average (37 per 
cent) inactivation dose, 


E = 


n 
Ne = exp (—r/ro) 
where n/ng = 0-09, r = 5 x 105 rads so that r, = 2-07 x 
10° rads; the average energy absorbed per enzyme 
molecule inactivation, 


, 2-07 x 108 
i AER ey. 
j 5x 108 


= 32 eV 
This value is far lower than is common in the destruction 
of a homopolar bond. We must therefore assume an 
indirect effect, resulting from the radiolytic products 
formed in the water. If all the energy absorbed by the 
<>. ». sohation is transferred in this way, the value of E, increases 
-. #0 the high value of 3,200 eV energy absorbed in the 
solution per enzyme molecule inactivated. Such a high 
value may be reached owing to: (a) the very dilute 
mature of the solution; (b) self-protection of the enzyme 





x’ cells at room temperature in the 
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For «-radiation the average inactivation energy is four 
times greater, again emphasizing the recombination of 
particles within the a-track. Preliminary protection 
experiments have indicated that thiourea, cysteamine, 
cystamine, cystine and cysteine at low concentrations 
(M x 10-4) protect the enzyme against both y- and 
a-radiation. All these additives were found to be efficient 
protecting agents against y-radiation in our polymer _ 
systems. This is being further investigated and more 
detailed results will be published later. ee 

P. M. Korr 
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Fluorescence Quantum Efficiencies of 

Octa-coordinated Europium Homogeneous 
and Mixed Chelates in Organic Solvents 
CERTAIN octa-coordinated europium chelates dissolved 
in organic solvents have been shown to be suitable liquid 
laser materials'-*+. Determinations of fluorescence quan- _ 
tum efficiency for these compounds in solution are 
essential for their evaluation as potential candidates for 
efficient laser performance as well as for an understanding 
of the processes associated with the overall energy transfer. 
The measurements of fluorescence quantum efficiency 
reported by Gudmundsen et al.5 and Winston et al.* for ` 
europium theonyltrifluoroacetonate in ethanol, toluene - 
and acetone were carried out with a chelate of undeterm-. 
ined composition. Bhaumik and Telk?” reported fluores- 
cence quantum yield values for europium complexes of 
three $-diketone ligands in actone, dimethylformamide: 
(DMF), a mixture of ethyl aleohol and methyl alcohol, 
and a mixture of ether-isopentane-ethyl alcohol (EPA) 
at 300° K, 100° K and 77° K. E 
We have determined the relative fluorescence intensitie 
of europium §-ketoenolates with different substituent 
attached to the chelate ring in solvents of various polarit; 
in the freezing point—boiling point temperature range’ 
This communication reports the quantum efficiency of 
several octa-coordinated europium homogeneous (same 
ligand) and mixed (different ligand groups) chelates in a 
number of solvents at 25° C. These chelates were carefully 
prepared, purified, and well characterized by elemental 
analysis to correspond to the designated formula. Synthe- 
sis procedures for the ligands and their europium com- 
plexes have previously been described®-"'. The following 
europium chelates were prepared: tetrakis(theonyltri- 





fluoroacetonate)piperidinium (EuT,P), tris(theonyltri-— pre 
fluoroacetonate)dipyridy! (EuT,Dipy), irés(theonyl. T. 


trifluoroacetonate)phenanthroline (EuT,Phen), ietrakis=  - 
(benzoylacetonate)piperidinium (EuB,P), fris(benzoyl-  - 
acetonate)dipyridyl (EuB,Dipy), tris(benzoylacetonate)- 

phenanthroline (EuB,Phen), tetrakis(dibenzoylmethide)-- . 
piperidinium (EuD,P), tris(dibenzoyimethide)dipyridyl > 
(EKuD,Dipy), tris(dibenzoylmethide)phenanthroline (HuD,- 

Phen), tetrakis(benzoyltrifluoroacetonate)piperidinium 
(EuBt,P), tetrakis(2-naphthoyltrifluorcacetonate)piperid. 
inium (KuNt,P), and tetrakis(dianisoylmethide)pipe 
dintum (EuDA,P). ‘Spectro’ grade acetonitrile, di 
methylformamide and benzene were used without furth 
purification. Absolute ethanol and butyronitrile we 
purified by repeated distillation from magnesium ethoxide 
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and anhydrous magnesium sulphate respectively. 10-3 
molar solutions of chelate were freshly prepared before 
each determination. An Aminco-Bowman spectrophoto- 
fluorimeter was used to record the apparent, fluorescence 
spectra in the front-surface arrangement. At the con- 
centrations used, the exciting light (360 mu) was com- 
pletely absorbed for all chelate solutions in a thin layer 
near the front window of the cell. Correction factors 
were determined both for the exciting unit (xenon arc, 
monochromator, slits) and the detector system (slits, 
monochromator, #136 red-sensitive photomultiplier) by 
known procedures?-!4, The corrected fluorescence spectra 
of chelate solutions were plotted against wave number 
and the area under the true fluorescence spectrum was 
calculated and compared with that obtained with freshly 
prepared solutions of rhodamine B in ethyl alcohol and 
eosin, in both ethyl alcohol and 10 N sodium hydroxide. 
The concentration of these two standards of known 
quantum efficiency was adjusted so that the optical 
density of the solutions was equal to that of the different 
chelates at the exciting wavelength. Rhodamine B in 
ethyl alcohol has a quantum efficiency of 0-69 (ref. 12), 
and eosin in ethyl alcohol or 10 N sodium hydroxide of 
0-23 respectively. 

Table 1 gives the results found for dimethylformamide 
(DMF) and acetonitrile (CH,CN) for 10- M chelate 
solutions. The quantum efficiencies for the three chelates 
having a trifluoromethyl group were determined in addi- 
tion to the two solvents mentioned in benzene (C,H,), 
ethanol (EtOH), and butyronitrile (C;H,CN). The values 
are given in Table 2. 


Table 1 
Quantum efficiency m 
Chelate - DME CH,CN 
EuT, P 0 615 0 632 
EuT, Dipy 0 503 0-163 
EuT,Phen 0-865 0-123 
BuBb,P 0-063 0 038 
BuB,Dipy 0 074 Insol. 
HuB,Phen 0 075 6-092 
Bud,P 0-074 G 067 
EuD, Dipy 0-058 Insol 
EuD, Phen 0-040 0-049 
EnuDA,P 0-035 Insol 
Table 2 
Quantum efficiency in 
Chelate CH,CN CHa C H;CN DMF EtOH 
EuT,P 0-682 0 221 0:633 0 615 0-151 
EuBt,P 0-578 0295 0-624 0-473 0-230 
EuNt,P 0-580 Inso). 0 585 0-561 0 354 


The results were found. to be reproducible to within 
l per cent. Removal of oxygen from solutions did not 
change the quantum efficiencies to any significant extent. 

The quenching which results in decrease of the quantum 
efficiency is attributed to radiationless deactivation 
arising from vibronic coupling of the energy levels in 
both ligand and rare earth ion either intramolecularly or 
to the surrounding solvent molecules. The results in 
Table 2 are consistent with a higher quantum efficiency 
for the dissociated species Hul,° as compared with the 
neutral species Hul,P (L is the ketoenolate anion). We 
have shown previously from molecular weight and con- 
ductivity measurements!’ that the fluorinated tetrakis 
chelates are essentially heterolytically dissociated in 
acetonitrile and DMF and undissociated in non-polar 
solvents such as benzene. This suggests strong intra- 
molecular quenching at the organic cation site, probably 
through coupling of the electronic energy levels to vibra- 
tions of the two N——H bonds in the piperidinium cation. 
This is possible only in the undissociated tetrakis chelates. 
The low quantum efficiency in alcoholic solution has been 
attributed to the presence of the high energy vibrations 
of the O—H bonds in the solvent and confirmed by the 
significant improvement in quantum efficiency obtained 
with deuterated hydroxylic solvents?4%17, In general, 
mixed chelates have lower quantum efficiency than the 
corresponding homogeneous tefrakis complexes. Butyro- 
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nitrile is slightly superior to acetonitrile and DMF as a 
liquid laser host fcr europium ketoenolates. 
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Correlation between Chemi-ionizztion in 


Poari. 


Flames containing Organic Fuels and cho~- 


Heat of Oxidation of the Carbon in the 
Fuel Molecule 


Tar “chemr-ionization’” which occurs when organic 
compounds are bu-ned, either alone or mixed with hydro- 
gen, ın oxygen or aur has received much attention. Data 
obtained by meens of the flame ionization detector 
used in gas chromatographie work!-4, and studies of 
ionization in flames at reduced pressure’, show that when 
a variety (and sufficiently large number) of organic 
compounds is examined, certain regularities of be- 
haviour become adparent. First, when traces of such a 
compound are introduced into a hydrogen/oxygen/ 
nitrogen flame, tha number of free electrons produced is 
proportional to she concentration of the compound 
in the flame gases. Secondly, for equimolar concentra- 
tions of compourds which are members of the same 
homologous series. the number of electrons varies linearly 
with the number oi carbon atoms in the molecule. Thirdly, 
when the compound contains C=:C or C=C bonds‘, the 
number of electrors is increased with respect to the corre- 
sponding paraffin, and reduced when it contains oxygen. 
These and other data of a similar nature have been 
used in the past to support specific reaction schemes for 
chemi-ionization, snd the one which seems to have gained 
most suppurt*-? is the reaction originally proposed by 
Calcote!: CH + « —- CHO+ + e-. On the other hand, 
workers interested primarily in the applications of the 
flame ionization detector.have attempted to estimate atom 
and group responses® on the basis of the known responses 
of the detector ta various compounds. Dewar? has also 
attempted to correlate the relative responses with the 
changes in bond. energy involvéd in forming carbon 
dioxide from carkon atoms, disregarding completely the 
bond energies of any links broken in the oxidation. 
The purpose of this communication is to direct atten- 
tion to a striking correlation which seems to exist between 
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the relative number of electrons produced by a given 
organic compound CzHyOz, and the heat of the reaction: 


CH0; + O, — CO, + H, (1) 
(which is equivalent to the heat of combustion of the 


compound minus the heat of formation of any resulting - 


water—at least for substances containing carbon, hydro- 
gen and oxygen only). The heat of reaction (1), calculated 
from the heats of combustion and the heats of formation 
given in refs. 10 and 11, is plotted in Fig. 1 against the 
number of carbon atoms in the molecule for a selection of 
paraffins, olefines, acetylenes, benzenes, aliphatic alcohols, 
ketones, esters and acids. In Fig. 2 the relative steady- 
state numbers of free electrons obtained per fuel molecule 
burned in stoichiometric, premixed flames with oxygen 
at reduced pressure’ are plotted in a similar fashion 
for most of the same compounds. The similarity between 
Figs. 1 and 2 is indeed marked. 

An apparent point of difference is that the curves for 
the various types of compounds are more widely separated 
in Fig. 2 than in Fig. 1. It should be borne in mind, 
however, that the ordinates in Fig. 2 represent relative 
steady-state concentrations of free electrons under flame 
conditions, that is, they are partly determined by the 
process responsible for the removal of the charged species 


AH, (CzHyOs+ 0,>C0,+ H4), keals/mole 





5 
No. of C atoms in the molecule 
Fig. 1. Heats of oxidation of carbon in various molecules. AA, 
(CzHyOz+0,+CO.+H,.) versus the number of carbon atoms in the 
molecule, for paraffins (@), olefines (@), acetylenes (O), benzenes (&), 
alcohols ( x ), ketones (8), ethers (A), esters (©) and acids (+). 


(é]/fuel molecule (relative) 
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Relative ionization fn stoichiometric flames of various fuels (at 


Fig, 2. 

reduced pressure). [e-]/fuel {molecule (relative) versus the number of 

carbon atoms in the molecule, for paraffins { @), olefines (Q), butadiene 

(©), acetylenes (©), benzene (A), alcohols (x), ketones ($), ether (A), 
dioxane (V ) and esters (©). 
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Relative molar response ın flame ionization detector 
on 








500 1,000 
AB, (CzHy0z + 0O,—>CO, + Ha), kcals/mole 


Fig. 3. Relative numbers of ions produced from various compounds as 2 

function of the heat of oxidation of carbon ın the molecule. Relative 

molar response ın fiame ionization detector versus AH, (CzHy0z+0,— 

CO,+H.,), for paraffins (@), alcohols (x), ketones (W), ethers (A), 
esters (Ô), acids (+), aldehydes (O) and glycols (O). 


above the reaction zone. On this account it would no 
doubt be more satisfactory to use the relative responses 
of compounds in the flame ionization detector as ordinates 
in Fig. 2; such responses should represent the maximum 
rates of production of free electrons in a specified flame 
and be independent of the recombination processes. 
These ionization detector data were not used, however, 
because although they fall into the same pattern as the 
steady-state results for most classes of compounds, it 
appears that olefines and aromatic hydrocarbons do not 
give any more ions than the corresponding paraffins**. 
It 1s possible that this results from incomplete decomposi- 
tion of these particular molecules on passage through the 
small diffusion flames? usually used in this type of 
work. 

In Fig. 3 the relative ionization detector responses 
obtained by Perkins et al.‘ for paraffins, aliphatic alcohols, 
esters and acids are plotted against the heat of reaction (1). 
It can be seen that at least for these compounds there is a 
linear relationship between the two quantities. 

The implications of this relationship will not be discussed 
fully here, except to note that 1t supports earlier conclu- 
sions’ that from the point of view of ionization the mole- 
cule is shattered into single carbon atom units. It 
also suggests that the overall energy required to produce 
the ionization is related to that deriving from the complete 
oxidation of carbon in any particular molecule, without 
any apparent contribution from the oxidation of the 
hydrogen contained in the molecule. 

Attention might also be directed to the fact that at least 
some carbon compounds which contain no hydrogen 
give rise to measurable responses in the ionization 
detector when added to a hydrogen flame—for example, 
carbon tetrachloride, dicarbon tetrachloride (ref. 3) and 
carbon disulphide (ref. 2). Moreover, if the relative 
responses for the chloromethanes and chloroethylenes? 
(scaled by comparison with n-heptane) are plotted against 
the heat of the hypothetical reaction: 

CzH,Cl, + O, => CO., -+ H., + Cl, (2) 
analogous to reaction (1), the points fit the straight line 
of Fig. 3 quite well. This would seem to eliminate the 


necessity for a C—H bond in the original molecule in order 
for the chemi-ionization to occur. The observation of 
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Sternberg et al.” that traces of carbon tetrachloride in 
carbon monoxide flames give rise to ions with an efficiency 
similar to methane appears to eliminate the suggestion 
that hydrogen participates in any form. However, 
this result must be regarded as inconclusive because 
apparently no precautions were taken to exclude all 
traces of moisture from the gases used. 
I should like to acknowledge an I.C.I. Fellowship. 
E. M. Botewicz 
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Separation of Coumarins 


SORPTION on cation exchange resins allows the complete 
separation of some coumarins! in dilute solution using a 
simple technique. A column of the styrene-divinylbenzene 
copolymer-type sulphonic acid cation exchange resin, 
Dowex 50 W-X 4 (— 100, +200 mesh, Dow Chemical Co.), 
in the hydrogen form (bed length, 53 cm; bed volume, 
131 c.c.) has been used for this purpose. 

The coumarins investigated are divided into two groups. 
Group A ineludes coumarin, 7-hydroxycoumarin, 8- 
hydroxycoumarin and 7,8-dibydroxy-4-methyl coumarin; 
Group B includes 7-methyleoumarin, 3,4-dimethylcou- 
marin, 7-methoxycoumarin, 6-methoxy-4-methylcoumarin 
and 6,7-dimethoxy-4-methylcoumarin. 
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12 16 20 24 
Sample No, (each equals 100 c.c.) 
Fig. 1. Separation of (a) 7-hydroxycoumarin (JV =2 50810) and 


(b) 7-methoxycoumann (OV =2 446x102}. W, solute content in 
m.equiv /100 c.c of solution and sorbed on the resin bed. Fr, No. of 
m.equiv. of solute in 100 cc of effluent sample. 


100 c.e. of solution (~5-6 x 10-4 M) in 10 per cent 
methanol (by volume), containing only one compound 
from each group, was passed through the column at the 
rate of 5 c.c./min and the run was then continued with 
10 per cent methanol (by volume) as influent, to elute the 
sorbed solutes on the column. The effluent was collected 
in samples and estimated for solute content by ultra- 
violet absorption?. Each compound was eluted separately. 
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Fig. 1 shows the separation obtained with a mixture of 
7-hydroxycoumarin and 7-methoxycoumarin. 

D. J. PATEL 

S. L. Barwa 
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Chioro-olefine Complexes of Platinum 


ALTHOUGH the reactions of fluoro-olefines with transition 
metal complexes heve yielded very stable fluoro-olefine 
and fluorocarbon ccmplexes!-? analogous reactions with 
chloro-olefines have hitherto resulted in chlorination to 
form metal chlorine bonds‘-*. We find, however, that on 
refluxing a benzene solution of Pt(PPh,), (ref. 7) with 
tetrachloroethylene she complex (Ph,P),PtC,Cl, is formed 
in high yield as wh_te air stable crystals with a melting 
point of 278° C dæ. This would seem to be the first 
example of a perch-oro-olefine transition metal complex. 
The reaction of Pt PPh,), with a number of halogeno- 
olefines, for examp, tetrafluoroethylene, trichloroethy- 
lene, trans-dichloroeshylene, 1,1,1-trifluoro-2,3,3-trichloro- 
2-propene, appears 70 be a general reaction for the pre- 
paration of complexes of the type (Ph,;P),Pt olefine. The 
complexes prepared in this work and the recently de- 
scribed tetracyanocthylene® complex are considerably 
more stable than th» olefine complexes of this type which 
were originally prepared with trans-stilbene, trans 4,4, 
dinitrostilbene and acenaphthylene’®. 

The infra-red spectrum of the tetrachloroethylene 
complex shows bancs owing to carbon chlorine vibrations 
at 910, 804 and 79€ cm~. The other chloro-olefine com- 
plexes also show carbon chlorine bands in this region 
of the infra-red. N> band that can be attributed to a 
C=C stretching frequency?! is observed in the infra-red 
spectra of the tetrechloroethylene and trichloroethylene 
complexes between 2,000 and 1,500 cm~. The compounds 
are probably best regarded as complexes of Pt (IT), the 
olefine forming a three membered ring with the platinum 
by way of twoo bords. 

W. J. BLAND 

R. D. W. KEMMITT 
Department of Chenistry, 
University of Leiceser. 


1 Mays, M. J., and Wikin:on, G., J. Chem. Soc., 6629 (1965) 

2 Parshall, G. W., and Jon-s, F. N , J. Amer. Chem. Sot., 87, 5356 (1965). 

2 Treichel, P. M., and Store, F. G. A., Adv. Organometal Chem., 1, 143 (1964), 

‘Hoehn, H. H., Pratt, L- Watterson, K. F, and Wilkinson, G , J. Chem. 
Soc , 2738 (1961). 

‘Wilford, J. B., Forster, +., and Stone, F G. A., J. Chem Soc., 6519X1965). 

€ Clark, H. C., and Tsang, W. S., Chem. Commun., 123 (1966) 

7 Malatesta, L., and Ugo, R., J. Chem. Soc., 2080 (1963). 

* Baddley, W H., and Venanzi, L, M., Inorg. Chem., 33 (1966). 

* Chatt, J., Shaw, B, L, end Williams, A. A., J. Chem Soc., 3269 (1962) 

10 Chatt, J., and Duncanscn, L A., J. Chem. Soc., 2939 (1953). 


Doubly charged Negative lons of Oxygen, 
Fluorine, Chlorine and Bromine 


ELECTRON impact processes give rise to both positive and 
negative ions. The negative ions are, in general, only 
about 10-3 times ss intense as the positive ions. In 
contrast with positive ions, only singly charged negative 
ions have previously been reported. Calculations involv- 
ing the crystalline state, where doubly charged negative 
ions (such as O= aad S=) apparently do exist, indicate 
that the formation cf O= from O- requires 7-8 eV in the 
gas phase!. The lifstime of a doubly charged ion in the 
gas phase would be expected to be short and has been 
predicted to be 10-1 sec or less*—-too short for observation 
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in the usual mass spectrometer. This communication 
reports the observation of doubly charged negative ions 
of oxygen, fluorine, chlorine and bromine, with indications 
that the lifetimes are of the order of 10-4 sec (the ion 
collection time in the mass spectrometer used). 
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Fig. 1. Partial negative ion mass spectrum of CRCI. The Ci- and 


370]- peaks are not shown, but have an intensity of about ten times the 

3O] = and 7Cl= peaks. Electron energy, 70 V, trap current, 2 wamp; 

trapping potential, -—075 FY, eee Eney voltage, 5 Vjem, 5K 
magnet. 


We have observed these doubly charged negative ions 
in the mass spectra of carbon monoxide, oxygen, carbon 
tetrachloride, carbon tetrafluoride, CF,;Cl, CF,Br and 
CF,Cl,, together with the expected singly charged nega- 
tive ions oxygen, fluorine, chlorine and bromine. In 
the eases of CF,Cl, CF,Br and CF ,Cl,, where both halogens 
are present, singly and doubly charged negative ions were 
observed for both halogens. A typical spectrum which 
shows F-, Cl= and F= is presented in Fig. 1. Mass analysis 
was performed with an omegatron mass spectrometer. 
This instrument was developed for study at low masses’, 
where resolution is usually very high. Resolution, how- 
ever, is an inverse function of mass in the usual omegatron 
units—a fact which has lhmited the application of this 
unique instrument. The omegatron functions basically 
as a small cyclotron with the very important distinction 
that the radio-frequency electric field is applied across 
the entire analysing region and not just between the faces 
of two ‘‘D’s” as in the cyclotron. This eliminates the 
possibility of harmonics in the omegatron operation‘. 
(Our investigations confirm that the doubly charged 
negative ions which we observed do not arise from 
harmonics, but rather have the properties of a doubly 
charged species. This conclusion is based on studies of 
the effects of variations of pressure, trapping potential, 
electron beam current, and radio-frequency voltage. 
Peaks at multiples of the resonant frequency were not 
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observed.) An ion the resonance frequency of which is 
equal to the applied radio-frequency, gains energy from 
the field continuously and generates an Archimedes spiral 
until the ion strikes the target electrode and is detected. 
A mass spectrum is obtained by recording the ion current 
as a function of the, radio-frequency applied. Ions not 
detected are out of phase with the radio-frequency field, 
cannot gain energy continuously from the field, and 
therefore do not exceed a radius which is significantly 
less than the radius to the detector. Non-resonant ions 
thus generate complex rosettes’. A distinguishing 
characteristic of the omegatron is the fact that not all 
ions are extracted from the ion source. 

The ion source used was essentially that of the General 
Electric ion resonance mass spectrometer. Measurements 
were made with a nominal electron energy of 70 eV at ion 
source pressures of the order of 10-> torr and a trap 
current of 2 amp. Negative ions were selected for study 
by the application of a variable trapping voltage. By 
applying a negative d.c. voltage to two plates symmetric- 
ally placed on either side of the electron beam, instead of a 
positive charge which has been routinely used in the 
omegatron, not only are the negative ions held in the plane 
of the detector to increase sensitivity but also positive 
ions can be partially or completely removed (depending 
on the d.c. potential) from the ion beam. A General 
Radio type 10014 signal generator was used together with 
& Keithley model 610A electrometer and a permanent 
magnet of 5 kG. 

It is apparent from the spectra of these compounds 
(see Fig. 1) that the doubly charged negative ions are 
fairly intense. No doubly charged negative species was 
noted in other negative ion mass spectrometric studies of 
these compounds; this eliminates consideration of the 
highly improbable process whereby an atom may capture 
two electrons simultaneously to form the doubly charged 
negative ion. However, 1t is possible for secondary 
processes to occur in the omegatron®. Consider the path 
of a non-resonant ion: after formation by electron impact, 
it is accelerated from the electron beam only to reach 
some maximum radius and then pass back through the 
electron beam again. Thus, for example, when a radio- 
frequency is selected which corresponds to an m/e value 
of 17:5 (®Cl=), the 35Cl- resonance frequency is not the 
same as tho applied radio-frequency and 350l- would 
follow a non-resonant ion path. When the ion passes 
back through the electron beam, it is possible in the 
interaction of the singly charged negative ion and the 
electron beam to form a doubly charged negative ion. 
Alternatively, two non-resonant Cl- ions may interact to 
form the observed Cl=. The Cl- ion intensity has been 
observed to increase linearly with the electron beam 
current while the Cl= ion intensity is very nearly a square 
function of the electron beam current. This is the depend- 
ency dictated by either of the mechanisms proposed here. 
Furthermore, these mechanisms give some indication of 
why doubly charged negative ions can readily be observed. 
In an omegatron mass spectrometer. 

We thank Esso Research and Engineering Co., Baton 
Rouge, Louisiana, for the gift of the ion resonance mass 
spectrometer which was modified and used in this investi- 
gation. 
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Gas—Solid Chromatographic Separation of 


Atmospheric Gases on Activated Alumina 
SEPARATION of oxygen, nitrogen and carbon dioxide by 
gas~solid chromatography has been accomplished on 
multiple columns of different adsorbents?*. Greene et al.’ 
almost achieved this separation on activated charcoal, 
but resolution of oxygen and nitrogen with this adsorbent 
was incomplete. 
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Fig. 1. Chromatogram of air gases from an alumina column purged with 
carbon dioxide. Figures in parentheses are values for the composition of 

air. Instrument: Beckman GC-4 Column, 4ft. x 1/8 in. alumin- 
1um packed with 60/80 mesh #-20 ‘Microtek’ alumina (activated by 
passing helium carrier through it for 1 h while at 350° C sample size, 15 ul. 
injected by way of sampling valve; carrier, helfum, at 30 ¢.c./min; 
detector, thermal conductivity, operated at 25° C, 235 m.amp; atten- 

uation, x5; chart speed, 12 1n,./min. 


Fig. 1 is a chromatogram of air gases from a single 4-ft. 
column of ‘Microtek’ alumina operated isothermally at 
0°C. Because alumina at low temperatures tends to 
adsorb carbon dioxide irreversibly‘, the column was first 
purged with that gas for 1 h at 0° C to reduce adsorbent 
activity. Peak area percentages for both oxygen and 
nitrogen are in close agreement with the known composi- 
tion of air. The somewhat high value for carbon dioxide 
probably resulted from dry ice used during the 
experiment. Column purge with carbon dioxide 
is necessary and important to its quantitative 
elution from alumina. Analysis of pure nitrogen, 
after the carbon dioxide purge, indicated no 
carbon dioxide displacement—-only the nitrogen 
peak eluted. To ensure carbon dioxide peaks of 
reproducible area, it was necessary to carry out 
the purge often—-preferably once every 3 h for 
about 15 mm. Any gradual loss of carbon 
dioxide during column use would be shown by a slow 
rise in the chromatogram baseline. This was not 
observed when the purge was carried out regularly. 
Because irreversible adsorption effects are strong enough 
to remove carbon dioxide from air mixtures if purging is 
neglected, a carbon dioxide “peak’’ from a saturated 
column operated isothermally can only appear when 
carbon dioxide is introduced in amounts that exceed the 
adsorbed saturation concentration. 

Although the Beckman GC-4 chromatograph was 
equipped with a low-temperature accessory for oven 
cooling, this attachment was not used. Instead, to check 
amenability of the separation technique to instruments 
of less refinement, dry ice in a paper cup was placed in the 
oven. The oven atmosphere was cooled as the airstream 
from the circulating fan was continuously passed over the 
surface of the dry ice. Inlet and exhaust ports, feed lines, 
and the detector compartment were operated at room 
temperature to maximize detector sensitivity’. Air 
samples of 15 ul. were routed to the column through a gas 
sampling valve, although chromatograms could be 
exactly duplicated by syringe injections of equivalent 
volumes. 

Activated alumina offers a convenient means by which 
air gases can be analysed. Its use allows the analyst to 
operate his instrument under the best possible conditions 
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of flow and temperature and also results in fast, repro- 
ducible chromatograms. 
R. L. HOFFMANN 
G. R. List 
C. D. Evans 


Northern Regional Research Laboratory,* 

Peoria, Illinois. 
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Rearrangement of Bis(o-thiocarbonyl) 
Disulphides 


In recent work! we showed that bis(1,2-0-isopropylidene- 
3-0-thiocarbonyl-«-r -glucofuranose) disulphide rearranged 
on standing in basie organic solvents to give equimolar 
amounts of carbon disulphide, elemental sulphur, 1,2-0- 
isopropylidene-«-D-glucofuranose, and 1,2-0-isopropyhi- 
dene-«-D-glucofuranmose 5,6-thionocarbonate. That work 
has now been exterded to an investigation of bis(o-thio- 
carbonyl) disulphide derivatives (referred to as xanthides) 
of 1,2-, 1,3-, 1,4-, L5-, and 1,6-dihydroxy alkanes. 

The monoxanthates of the diols were prepared by treat- 
ing the diol compound or its dioxane solution with 1 molar 
equivalent of sodium hydroxide (5 N) and excess carbon 
disulphide. The ecrresponding xanthides were prepared 
by treating the xancthates with iodine solution. 

The monoxanthide of 1,2-propanediol on standing either 
at 25° C for 3 days or in anhydrous pyridine at 25° C for 
3 h rearranged to yield equimolar amounts of 1,2-pro- 
panediol, 1,2-propane thionocarbonate, carbon disulphide, 
and elemental sulphur. 


S S 
| | H,C—Ov po ae 
| C=S-+0S, +S+HCOH 


HOOH — H so” 


| CH, 


The thionocarborate was recovered as an oil. Analysis 
showed a sulphur content of 27-6 per cent; the sulphur 
content calculated Zor C,H,0,58 is 27-1. The ultra-violet 
spectrum showed XLOR 234 mu (e 13,800). The 
extinction coefficient of 1,2-0-isopropylidene-«-D-gluco- 
furanose 5,6-thionocarbonate at 234 mu was 15,700. 

The monoxanthide of 2,2-dimethyl-1,3-propanediol (I) 
was recovered in sn overall yield of 43 per cent as a 
yellowish crystallize compound, m.p. 103-106°; A*e0F 
240 my (e 20,000), 285 mp (e 11,400). Analysis showed: 
carbon, 39:2; hydrogen, 6-1; sulphur, 36-0. The values 
ealeulated for C,,H,.0,8, are: carbon, 40-2; hydrogen, 
6-1; sulphur, 35:7. When (I) was allowed to stand in 
anhydrous pyridine at 45° C for 4 h, equimolar amounts of 
carbon disulphide, elemental sulphur, and the cyche 
thionocarbonate derivative (II) of 2,2-dimethyl-1,3-pro- 
panediol were idenzified. Compound II was crystalline, 
m.p. 101°, XZE 244 my (e 14,500) and its structure 
was formulated on she following basis: elemental analysis 
gave the empirical formula C,H,,0,8. Found: carbon, 
49-5; hydrogen, 6-9; sulphur, 21-7; molecular weight, 138 
(vapour pressure osmometry in acetone); calculated for 
C,H,,0.8: carbon. 49-3; hydrogen, 6-9; sulphur, 21:9; 
molecular weight, 146. The mfra-red spectrum showed 
no hydroxyl absordtion. The presence of a C=S group 
was shown by a positive 1odine-sodium azide test? and by 
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converting II quantitatively to the known cyclic carbon- [(methylthio)-thiocarbonyl]-a-p-glucofuranose. Infra-red 
ate? on treatment with silver nitrate. The thionocarbonate analysis revealed nearly identical spectra for the esters 
IL was prepared independently by treating a dioxane- with characteristic absorption bands at 7-2 and 8-4, 
pyridine solution of 2,2-dimethyl-1,3-propanediol with whereas the corresponding xanthides had absorption 


thiophosgene by a procedure reported previously?, maxima at 7-0 and 87u. 
i. 
at aa NOTE a, CH,—O CH,O0H 
N 
H,C—C—CH, H,C—_C_—CH,——> CH,—C_CH, ‘C=S+0S,+8 4 H,c_b_on, 
H,COH ,OH CH,—O OH 
(1) (IT) 
i : S 
| 
moo—t -ssh OCH, CH,—O 
| Ss 
H,C--C_CH, H,C—C--CH, ——-+ H,C—C—CH, C=S+S+C0OS8+CS, 
H, oe acai abe H, CH,—S 
(ITI) (IV) 
When a dioxane solution of 2,2-dimethyl-1,3-propane- The thermal decomposition of xanthides was reported 


diol was treated with a large excess of sodium hydroxide by Twiss‘ to give S-alky] dithiocarbonate esters along with 
(12 N) and carbon disulphide, the dixanthate was obtained. carbonyl sulphide and elemental sulphur. 


Treatment with iodine gave the corresponding crystalline B. S. SHasHa 

dixanthide (III) in a 40 per cent yield, m.p. 183- W. M. Doanu 

185°, XOH 99 per cent-dioxane 1 per cent 240 my (e 18,600), C. R. RUSSELL 
285 myu (e 6,400). Found: carbon, 33-0; hydrogen, 3-9; C. E. Rist 


sulphur, 49-0; molecular weight, 500 (Rast in camphor): Northern Regional Research Laborato 
calculated for C,,H,.0,8,: carbon, 33-0; hydrogen, 3-9; art & . ah linoi 
sulphur, 50-4; molecular weight, 508. The dixanthide VS: Dopartmeniof Agrigulbure; Peoria, Hiner. 


was recovered unchanged on treating with pyridine J oame, W.M., Shasha, B. S , Russell, C. R., and Rist, C. E., J. Org. Chem., 


at room temperature for 18 h, but on heating on a 30, 162 (1965). 
steam bath for 30 min, IIT decomposed with rearrangement ? Feigl, F., Spot Tests, 2, 1964, fourth ed. (Elsevier Publishing Company, 
to give elemental sulphur, carbon disulphide, carbonyl New York, 1954). 


ë a * s . * z ort » La fhe, -5 , <p We ` ep Ep 
sulphide, and a cyclic dithiocarbonate derivative (IV). eli eae E ae eae ale 


The dithiocarbonate (IV) was recovered in 95 per cent ‘Twiss,D, J. Amer. Chem. Soc., 49, 491 (1927). 
yield as a crystalline solid, m.p. 62-63°; AMeOH 225 my 
(e 5,300), 295 mu (e 12,000). Found: carbon, 44-4; 


hydrogen, 6-2; sulphur, 39-1; molecular weight, 162 Oxidation of Transition Metals in Molten 
(vapour pressure osmometry in acetone). Calculated for Lithium Chloride~Potassium Chloride 
C,H, .OS8,: carbon, 44:5; hydrogen, 6-2; sulphur, 39-6; Eutectic by Mercuric Chloride 


molecular weight, 162. a a 

The monothiocarbonate derivative of compound IV was Mosr investigations of ionic melts have been concerned 
obtained as a syrup on reflux of an acetone solution of IV With the electrochemical’ or spectroscopic properties of the 
with a saturated solution of potassium permanganate. Solution’; relatively little work has been carried out on 
Found: sulphur, 21-4; calculated for C,H,,0,8: sulphur, specific chemical reactions in these media®*. ‘These 
21:9. The course of oxidation was followed spectrometri- systems provide obvious advantages over the more con.- 
cally and, by the end of the reaction, practically no absorp- ventional liquid media normally cused in the preparation 
tion occurred at 295 my while a strong carbonyl peak of complexes. However, difficulties can occur iD. isolation 
showed at 5'9u. Alkaline hydrolysis of an alcoholic solu- of the product from the melts, but these reactions can be 
tion of the monothiocarbonate derivative at 25° gave I particularly useful for the preparation of complexes to be 
molar equivalent of sulphydryl derivative as revealed by Studied in situ. As part of the general study of chemical 
iodine titration. reactions in melts, this communication reports some 

Although (I) rearranged in pyridine to yield a thiono- oxidation studies which we have carried out in potassium 
carbonate, 1,3-propanediol monoxanthide when treated cChloride—lithium chloride eutectic (40-5 mole per cent 
under similar conditions underwent a different type of potassium chloride) of transition metals, as this provides a 
rearrangement-fragmentation. This reaction may be useful means of producing a variety of metal chloro- 
represented as follows: species, some of which are extremely susceptible to 

hydrolysis. For these complexes the alter- 

S § S native preparations may lead to potential 

= Io l contamination and subsequent difficulty 

HO(CH,),;0-—-C—S—S—C—O(CH,),OH-—_»> HO(CH,),0—-C—S(CH;);OH in studying the properties of these com- 
pounds in the melt. 

The monoxanthides of 1,4-butanediol, 1,5-pentanediol, From the available redox potentials in the lithium 
and 1,6-hexanediol rearrange similarly to form the S-alkyl chloride/potassium chloride eutectic, ın princıple, a num- 
dithiocarbonate esters in good yield. All the S-alkyl ber of reactants are capable of oxidizing the transition 
dithiocarbonate esters had characteristic absorption metals and a preliminary survey using chlorine, mercuric 
maxima at 225 and 280 mp. A similar spectrum was chloride, mercurous chloride and silver chloride was 
obtained for the known 1,2 : 5,6-di-o-isopropylidene-3-0- carried out. All the reagents were found to react with a 
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variety of the metals; thus nickel metal, which is inert 
to the potassium chloride/lithium chloride eutectic, was 
rapidly oxidized to the characteristic blue tetrachloro- 
nickelate II anion, [NiC], by all the reagents. We have 
confined our investigations chiefly to the mercuric chlor- 
ide system, as this provides a suitable redox system 
[E° = —0:5 V]. In addition, the mercury formed in the 
reaction was isolated and used as a measure of the oxida- 
tion state of the metal 10n in solution from the ratio of 
mercury recovered to metal lost. Using mercuric chloride, 
it has been possible to oxidize all the transition elements, 
with the exception of platinum, iridium, osmium and gold, 
and this technique provides a useful means of rapidly 
obtaining a solution of these metals which has analytical 
potential. We have been concerned with establishing both 
the oxidation state and stereochemistry of the resultant 
chloro-complexes both in solution and in the solid melts. 
The oxidation states of manganese, nickel and copper 
determined chemically are 2-09, 2-07 and 1-01 respectively. 
The spectra indicate that, in the solid, all the complexes 
with the exception of cobalt are octahedral, while m the 
melt iron, cobalt, nickel and possibly manganese are 
tetrahedral. Thus a change of stereochemistry has occurred 
on solidification of the melt. Theoxidation states of themelts 
were established as titanium ITI, chromium ITI, iron I 
and cobalt II from the spectra in the melt. 

Two sets of conditions can be used, corresponding to 
an excess of either the metal or the oxidizing agent. In the 
former case this can lead to a mixture of oxidation states; 
thus in the vanadium system the spectra and the computed 
oxidation state (~2°5) indicate a mixture of vanadium 
II and III chloro-complexes. It has been shown that 
vanadium ITI is reduced to vanadium IT by vanadium in 
the melt’. With excess of mercuric chloride only vanadium 
III species were present. For the second and third row 
transition elements, it is possible that the intermediate 
oxidation states obtained may correspond to the forma- 
tion of metal clusters which formally appear to contain 
mixed oxidation states®; this aspect is at present being 
investigated as a potential preparative method for these 
classes of compounds. 

M. HENDERSON 
J. LEWIS 
D. J. MACHIN 
A. THOMPSON 
Department of Chemistry, 
University of Manchester. 
1 Laitinen, H. A., and Liu, C. H., J. Amer. Chem. Soc., 80, 1015 (1958). 
? Gruen, D. M., and McBeth, R. L., Pure and App. Chem., 8, 23 (1983). 
* Sundermeyer, W., Angew. Chem, (Internal, Edu.), 4, 222 (1985). 
t Brough, B. J., and Kerndge, D. H., Inorg. Chem., 4, 1353 (1965). 
5 Gruen, D., M., and McBeth, R. L., J. Phys. Chem., 66, 57 (1962). 
* Shāfer, H., and Schnering, H. G., Angew. Chem., 76, 833 (1964), 


BIOPHYSICS 


Effect of Temperature on Bioelectric 
Oscillations of Bean Roots 


Ir has been previously shown that roots of Vicia faba 
immersed in dilute salt solutions generate weak electric 
fields'. These cause potential differences that can be 
measured in regions adjacent to the root. Under certain 
conditions, these potentials undergo spontaneous oscilla- 
tions of several millivolts amplitude, with a period of 
about 5 min (that is, 12 cycles per hour) at 25° C (ref. 2). 
If the bioelectric field of a root is not oscillating spontane- 
ously it can be forced to oscillate by subjecting it to 
periodic oscillations of osmotic pressure, or of concentra- 
tion of the growth hormone indolyl-3-acetic acid in the 
surrounding medium. Under these conditions, a charac- 
teristic resonance response is observed when the enforcing 
oscillation has a period close to the natural period of the 
spontaneous oscillation’. This behaviour has been de- 
scribed in terms of a feedback oscillator having three 
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exponential delay elements for which the following sequence 
of operations has been proposed: the potential of the 
cellular membrane effects migration of growth hormone 
electrophoretically; the hormone alters permeability of 
the membrane, and the resulting change in ion movement 
modifies the electric field, thus completing the loop. The 
literature on this sukject has been reviewed by Scott‘. 

To define more precisely the interacting parts of the 
feedback loop, we heve investigated the effect of tempera- 
ture on the oscillation of the electric field of the root. 
This investigation shows that the frequency of the 
electric oscillation is dependent on the mean temperature 
of the medium surroinding the bean root. 


Frequency (C/h) 





10 15 20 25 30 


Temperature (°C) 


Fig. 1. Frequency of oscllation as a function of mean root temperature. 
Data obtained for two >r more consistent cycles of oscillation. ©@, 
Natural oscillation of fiwenty-nine roots grown two days at 19°-20° C; 
O, resonant response to —0°15° C or + 0-25° O oscillation of temperature. 


Fig. 1 gives the average frequency of the natural oscilla- 
tions of 2 day old mots at various temperatures. Each 
root was immersed in rapidly flowing 10-4 M potassium 
chloride solution the temperature of which was carefully 
controlled. Some rcots the natural oscillations of which 
were heavily damped were pre-treated with small ampli- 
tude temperature oszillations at the approximate natural 
period; this reduced damping as described by Jenkinson‘. 

The relationship shown in Fig. 1 is significantly linear 
from 10° C to 27° C (the ordinate of a second order poly- 
nomial regression d-ffers by no more than 0:1 per cent 
from the linear regression to the data). This linearity is 
unexpected, as mary of the processes involved in the 
postulated feedbaclx loop, and their energy sources, are 
likely to be thermockemical. In thermochemical reactions 
one would expect the rate constants to be about propor- 
tional to the exponential of (—Et/RT), where Et, the 
activation energy, is assumed constant. This relationship 
approaches an exp >nentially increasing function over 
small ranges of temperature variation, and if all three 
rate constants in the proposed loop varied in this way one 
would expect the frequency of the loop oscillation to vary 
with temperature in a similar way. Investigations made 
into the theoretical behaviour of simple arrangements of 
the loop componente have not yet yielded a model which 
would have the observed linear frequency relationship. 
It is likely that more complex processes are involved 
than described by the simple three-component model— 
for example, invo_ving non-linear or compensatory 
elements. 
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Fig. 2. Amplitude of electric oscillation of three different bean roots in 
response to +025° C oscillation of temperature at various periods. 
Mean temperatures: ©, 15°C; 0, 17° C; A, 24°C. 


The roots also showed a resonant response to changes 
in the period of small oscillations of the temperature 
of the bathing medium (see Fig. 2). This behaviour 1s 
analogous to that found when osmotic pressure or con- 


centration of indolyl-3-acetic acid is made to oscillate’. 


The amplitude of the applied temperature oscillation was 
in the range + 0:15° C to +0-25° C; it was held constant 
within 0-02° C for each period. The resonant frequencies 
of some of the beans are shown as open circles in Fig. 1. 
The resonant frequency corresponds closely to the natural 
one. This lends further support to the feedback hypothe- 
sis, and suggests that the stimulus of small temperature 
oscillation does not unduly disturb the normal time 
constants of the feedback loop. 

Jenkinson and Scott® have shown that the difference in 
phase between forcing oscillation and bioelectric response 
provides information on the sequence of operations forming 
the loop. They have defined the quantity total phase 
shift as the amount by which this phase difference changes 
when. the period of the forcing oscillation is changed from 
very short to very long values. ‘The present work has 
yielded a total phase shift of about 90° C for temperature 
oscillations. This suggests that the temperature oscilla- 
tion may be affecting the feedback system at a different 
point in the loop from that stimulated by oscillation of 
osmotic pressure (270°) or of indolyl-3-acetic acid (180°). 

Future work involves a more detailed investigation of 
the phase relationships, and of the effect of metabolic 
inhibitors, with a view to providing a clearer understand- 
ing of the nature of the feedback system. 

This work was supported by a U.S. Public Health 
Service research grant from the National Institutes of 
Health. 

i R. L. GUNTHER 
B. I. H. Scorr 
Biophysics Laboratory, 
Department of Physics, 
University of Tasmania, 
Hobart. 


1 MeAulay, A. L., and Scott, B. I. H e Nature, 174, 924 (1954). 
2 Scott, B. I. H., Austral. J. Brol, Sci., 10, 164 (1957). 
> Jenkinson, I. S., and Scott, B. I. H., Austral. J. Brol. Sei., 14, 231 (1961). 
$ Scott, B. I. H., Ann. N.Y. Acad. Sci., 98, 890 (1962). 
Jenkinson, I. S., Austral. J. Biol. Sci., 15, 115 (1962). 


A Possible Explanation for the Effect of 
Magnetic Fields on Biological Systems 


ALTHOUGH there is considerable controversy over the 
validity of any given example of the influence of a mag- 
netic field on a biological system, the number of such 
reported phenomena’ continue to make it a useful task 
to speculate on mechanisms which are reasonable on a 
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molecular level. The direct influence of magnetic fields on 
chemical equilibrium or rate of reaction has occasionally 
been reported; however, this cannot usually be re- 
produced, and the general weight of evidence is that such 
effects are insignificant®. No satisfactory picture of what 
a weak magnetic field can do to molecular-level pheno- 
mena seems to have been advanced. 

To the best of our knowledge the explanation offered 
here has been overlooked, and appears to offer a consistent 
and reasoned basis for suggesting that a magnetic field, 
of the order of 1,000 gauss (G) or more, influences the 
phenomena of charge transport, both ionic and electronic, 
mass transport (diffusion rate), and reaction rate in a 
biological medium. The argument is based on the com- 
bination of two rather well-known and well-documented 
observations: (1) the rod-like molecules in a liquid crystal 
can orient themselves in a magnetice field; (2) liquid 
crystalline materials have been identified in a host of 
biological systems. 

Reports on liquid crystals? have included several 
examples of the influence of weak magnetic fields on the 
orientation of the rod-like molecules and of the con- 
sequences of this phenomenon. Forty years ago, using 
relatively weak magnetic fields (1,000-5,000 G), Svedberg 
investigated the rates of reactions carried out in meso- 
morphic states as solvents‘. He studied the unimolecular 
thermal decomposition of picric acid, pyrogallol and tri- 
nitroresorcinol in p-azoxyphenetole, and found that the 
rate decreased significantly when the liquid crystal was 
oriented in an external magnetic field. Svedberg also 
studied rates of diffusion of m-nitrophenol In a mixed 
liquid erystal system of p-azoxyanisole and p-azoxyphene- 
tole’. He found that magnetic fields affected the rate of 
diffusion—-the rate rose when the magnetic fields were 
parallel to the direction of flow, and fell when the field 
was applied across the direction of flow. : 

There have been many reports of the effect of magnetic 

fields on the dielectric properties of liquid crystals*. For 
example, Maier, Barth and Wiehl® found that the dif- 
ference in the transverse and the longitudmal dielectric 
constant of 4,4’-di-p-methoxyazobenzene increases rapidly 
up to 1,000 G, and is then independent of field strength. 
The picture which has developed is that the rod-like 
molecules, or ellipscidal swarms of these molecules, are 
oriented by magnetic fields of the order of 1,000 G and 
that many of their properties are markedly influenced. 
- That biological systems are replete with liquid crystal- 
line material has also frequently been reported. For 
example, Stewart’ showed that the complex lipids present 
in the adrenal cortex, ovaries und myelin exist at body 
temperature in a characteristic mesophase. Robinson? 
has shown a widespread occurrence of the cholesteric 
phase in polypeptide solutions and biological structures. 
Reviews of much of this work were presented at the 1965 
International Liquid Crystal Conference?®. 

This explanation might apply to both “‘field sensitive” 
and “gradient sensitive’? phenomena*. The orientation of 
rods parallel to a magnetic field occurs for both dia- 
magnetic and paramagnetic materials*®. 

M. M. LABES 
Chemistry Division, 
The Franklin Institute Research Laboratories, 
Philadelphia. i 
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Simple Allosteric Model for Membrane 
Pumps 


Tue list of plausible hypothetical schemes which have 
been advanced to account for active transport is so long 
that any hope of extending it might appear unwar- 
ranted. However, very few specific molecular mechanisms 
have been considered. Tt therefore appears timely to 
point out that transport contingent on a chemical reaction 
can be understood in terms of a very simple molecular 
model, for which a noteworthy precedent can be found 
among recent crystal structure determinations. 

The proposed pump has some properties in common 
with earlier proposals of Glynn', Burgen? and Post’. It 
differs from them in the specific assumption of an allosteric 
rearrangement as a mechanism for imparting direction 
to the diffusion process. Its superficial similarity to other 
proposals‘-§ is outweighed by further reaching dissimulari- 
ties. 

To function as a pump a polymer molecule must meet 
three structural conditions only. (1) It must contain a 
slit or a cavity in the interior of the molecule, large 
enough to admit a small molecule. (2) It must be able 
to assume two different configurations, such that the 
molecular cavity is open to one side of the membrane 
in one configuration and to the opposite side in the other. 
(3) It must contain a binding site for the transported 
species in its molecular cavity, the affinity of which for 
the transported species is different in the two configura- 
tions. 

The additional condition that the molecule be oriented 
within a membrane is not strictly relevant to its ability 
to function, but is implied, since it must be met if the 
directional properties of this function are to be observable 
on a macroscopic scale. 

The energy required for the allosteric rearrangement 
between the two configurations could be derived from 
any one of many sources. One can conceive of molecular 
pumps activated electrically, chemically, photochemically, 
by pressure, and in other ways. The special case of the 
chemically activated pump is of primary interest here. 

The pump is most conveniently discussed in terms of 
two movable polypeptide chains, shown in Fig. 1, with 
sodium ion as the transported solute. The number of 
chains, their exact chemical nature and the nature of the 
transported species are not critical to the argument. 

The two alternative configurations of the pump are 
represented in Fig. 1, A and B respectively. The allosteric 
rearrangement A —> B results from a chemical reaction, 
depicted as a phosphorylation of one of the chains, with 
A as the stable form of the unphosphorylated and B the 
stable form of the phosphorylated molecule. The sodium 
binding site in the molecular cavity has a high affinity 
for sodium in the A form, and a low affinity in the B form. 

The essential sequence of events in the process of active 
transport is then the following. 

The sodium ion is adsorbed at the binding site in con- 
figuration A from the left compartment, where the sodium 
concentration is relatively low. Its adsorption triggers a 
phosphorylation of the pump (at either a nearby or a 
distant site); this, in turn, triggers the allosteric rearrange- 
ment A-+B, as a result of which the affinity of the binding 
site for the sodium ion is lowered, the opening to the left 
compartment closed and that to the right compartment 
opened. Since the volume of the molecular cavity is 
small, the sodium concentration within it is in effect 
larger than in the compartment on the right, providing the 
chemical potential gradient necessary for diffusion out 
of the membrane.: Dephosphorylation and repetition of 
the cycle could be triggered either by the outward diffusion 
of sodium, or by a subsequent adsorption. of potassium. 

An exceedingly: subtle allosteric rearrangement will 
suffice for the present purpose. A change of 2-3 A in the 
relative position of the two chains will determine whether 
the gate to the molecular cavity is open or closed to a 
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given molecular species. Estimates of the displacements 
of chemical groups required to alter the affinity of a 
binding site by one >r more orders of magnitude lead to 
comparable values. Differences of the order of 1-7 A in 
the relative positions of haemoglobin chains between 
crystals of reduced and oxygenated haemoglobin have 
been found by Muirhead and Perutz’. If the current 
interpretation that these differences result from oxygena- 
tion alone is correct. the haemoglobm molecule provides 
a precedent for the type of molecular mechanism which 
is required to operate an allosteric pump. 


LEFT RIGHT 
LOW Nat HIGH Nat 
Na t———> 





Pa 
BINCING 
SITE 


PHOSPHORYLATION 
SITE 


B 


Fig. 1. Longitudinal seccion of the allosteric pump A, Sodium form, 
B, potassium form 


Assuming reasonable values for the affinity constant 
of the binding site and for the dimensions of the molecular 
cavity, the competerce of the allosteric pump is seen to 
be adequate to susam most experimentally observed 
gradients. Thus a pump with three sites for sodium, an 
affinity constant of the order of 10° in the A and of the 
order of 0m the B configuration, and a cavity volume as 
large as 1000 A*, world pump sodium ions from a solution 
containing 10-° M (cr more) sodium into a solution con- 
taining 3 M (or less) sodium, either “up” or “down” hill. 

Pumps for differert molecules need differ only in the 
specificity of binding sites, and the same pump molecule 
ean be adapted to cransport more than one molecular 
species. Only details of the mechanism need to be altered 
to account for differences in specificity and for the occur- 
rence of coupled transport. Thus, the stoichiometry of 
the sodium pump ir red blood cells, believed to be an 
exchange of three scdium for two potassium ions?:!° for 
each molecule of ATE, can be accounted for by the scheme 
shown in Fig. 2. 

Each pump unit is thought to consist of three pairs of 
chains, forming three binding sites specific for sodium in 
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configuration A. Occupation of the middle site triggers 
the phosphorylation, which, in turn, triggers the molecular 
rearrangement to B and a simultaneous transformation 
of two of the sites into sites specific for potassium, in the 
manner shown. Adsorption of potassium triggers the 
dephosphorylation and rearrangement to A, which is 
accompanied by a loss of affinity for potassium and 
reappearance of a configuration favourable for a repetition 
of the cycle. 


Na* Na’ 


a 


Fig. 2. Transverse section of the coupled sodium-potassium pump 
a, Sodium form; b, potass:um form. 


It should be emphasized that transport by the allosteric 
pump is in no sense carrier-mediated. Unlike the trans- 
locator of Mitchell*-® or the rotating carrier of Danielli, 
it requires neither translational nor rotational motion of 
the binding site. It operates on the same principle as 
the locks in overland waterways, by altering the potential 
energy of the transported species. Its kinetics can be 
described by the diffusion equation applied to a three 
compartment system (inside/pump/outside), if provision 
is made for the time-dependence of the intercompartment 
diffusion coefficients and the chemical potential within 
the pump. Explicit dependence on the rate of the chemi- 
cal reaction can be introduced in the conventional 
manner!?. The model is not adequately described by a 
vectorial coupling coefficient, Inkmg the observed flux 
to the affinity of the chemical reaction!*. Such a formula- 
tion implies complete independence of the rate of trans- 
port from the chemical potential gradient across the 
membrane, which the model clearly does not. 

Perhaps the principal virtue of the allosteric model is 
the simplicity with which it accounts for the principal 
experimental findings—the ability of very thin (50-100 A) 
membranes to concentrate solutes, the localization of the 
phosphorylation reaction on one side of the membrane? 
and the dependence of pump synthesis on a single genetic 
locus!*. In addition it suggests that pump molecules 
should be amenable not merely to isolation but also to 
design and synthesis, and that it should be possible to 
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generate reaction-dependent transport in artificial mono- 
layers or crystals formed from them. 

OLEG JARDETZKY 
Sub-Department of Chemical Microbiology, 
Department of Biochemistry, 
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BIOCHEMISTRY 


Ecological Significance of Anthocyanins 
in the Seed Coats of the Phaseoleae 


THERE is a wide variation in the flavonoids of the seed 
coat of different cultivars of Phaseolus vulgaris!. In 
‘Canadian Wonder’, a cultivar which is grown widely 
both in temperate and tropical zones, we have found the 
quantities of anthocyanins shown in Table 1. Other 
cultivars contain these anthocyanins in different propor- 
tions, or the compounds may be absent, as in ‘Comtesse 
de Chamborde’ for example. 


Table 1. APPROXIMATE PERCENTAGH OF WRIGHTS OF ANTHOOYANIN 
PIGMENT IN DRY SHEED-COAT OF ‘CANADIAN WoNDER’ 
Percentage of 

Flavonoid dry seed-coat 

Pelargonidin-3-monoglucoside 10 

Cyanidin-3-monoglucoside 1-0-1-5 

Pelargonidin-3 : 5-diglucoside (P8 : 5g) 0-5 in all: 

Delphinidin-3-monoglucoside mainly 

Cyanidin-3 : 5-diglucoside P3. 5g 


The total quantity of flavonoids may be as high as 
5 per cent, but it varies according to the conditions 
under which the seed is grown and harvested. Because 
of the variation in the results of investigation of their 
biological activity, various theories have emerged con- 
cerning the part played by the compounds. They were 
considered to have no, or very little, biostatic activity%, 
but this view has recently been revised*»*. It would seem 
that the choice of organism and the test conditions are 
critical and, in our survey of the activity of sections of 
paper chromatograms prepared from flavonoid extracts! 
of seed coats, stimulation and inhibition oecurred. These 
tests were carried out by placing 1 cm? chromatogram 
“cut-outs”? on a “lawn” of organisms seeded on Petri 
dishes. A summary of the results is given in Table 2. 

A. result of particular interest was the reactivity of 
pelargonidin-3-glucoside (P-3-G), in view of the high 
concentration of this compound in the seed coat. Further 
tests were, therefore, conducted using 0-2 ml. portions 
of liquid medium in which the spores were suspended, to 
which P-3-G was added in the form of a chromatographic- 
ally purified preparation obtained from the original 
material. These results are presented in Table 3. Organ- 
ism counts were made using the Miles and Misra technique. 

The results show that, at the level of 1,000 p.p.m., 
P-3-G is biostatie to at least one of the yeasts tested. 
The observations on bacteria are similar to those of 
Powers’, but are not in complete agreement with the 
hypothesis of Masquelier’, who suggested that organisms 
which inhabit soil are less sensitive to inhibition by 
flavonoids than related pathogenic organisms. 

With the Rhizobium species, which are known to vary 
in their output of indolyl-3-acetic acid®»®, these observa- 
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RRACTION OF A RANGE OF SOIL MIORO-ORGANISMS TO SELECTED ZONES OF CHROMATOGRARS FROM Skep-cosT EXTRACTS OF P. vulgaris 


Mean inhibition (J) and stimulation (O zones mm relation to Rp values! 


Organism sp. and strain Rr values: 
Fungi 
Aspergillus flavus Link. J RO008* SS {II} 
Penicillium citrinum Sopp. MR001* I — 
Yeasts 
Kloeckera africana (Klöcker) Janke N.C.Y.C, 28t SS (I) 
Heansenula mrakii Wick, N.C.Y.C. 500T reent — 
Debaryomyces phaffa Capriotti N.C.Y¥.C. 885f SS — 
Bacteria 
Pseudomonas phaseolicola (Burk) Dowson m i i — 
Rhizobium trifolit§ Dangeard Rh. 5 SS US) 
Rhizobium phaseolt§ Dangeard Rh. 8601 SS I] 


0-10 0-20 0:30 0 40 
Approximate locafion of bands 
—[IT)] [7] SSS I7 SSS Ss I SS 
—[Z] [ZI] SI S — si a 
—{T} {7} SSS I S I I S 
— H SSS I T II II — 
— í SSS— I — = — 
II I SS— (IIS H mmmn 
Te a Ses WS TI a = 
—[7] H SS I (115) SSS 5 SS 
—[IZ] S} SSS— il SSS (8) It 
~—— eer” 
Cyanidin-3,5 Pelargonidin- 
diglucoside 3-monoglucoside 


All cultures grown at 25° ©, but recorded at 1-5 days according to strain of organism. 


-mne Tropical Products Institute, London. 


TEIS Research Institute, Nutfield. 

A.R.C. Plant Pathology Laboratory, Harpenden. 

$ Soul Microbiology Department, Rothamsted. 

t Using solvent BAW 612. The location of spots is semi-diagrammatic. 


Brackets indicate: (), variable reaction about the inhubition/stimulation threhold; { J, restricted to ‘Yont d'Or Waxpod’ extracts, probably owing to 


coumaric acids. 


Table 8. GROWTH OF THREE Soru Yeasts (¥26, Y500, Y66065), IN Micro- 
OULTURE, IN RELATION TO ADDED P-3-G AND SUCROSE 


Expressed as log-ratio* of the number of viable organisms at the start of the 
experiment to those present at three successive sampling times (Ta Ta Ta) 


Cone. of - 
P-3-G in 5 per cent sucrose present 
“p.m. Y26F Y500t+ ¥665t 
9 t Ti Ta T's T T. Tt. Ti Pı Wi 
1,000 005 0-45 O15 1-30 140 160 1:20 180 1:50 
100 046 045 0:35 0650 O60 1:10° 150 1-80 1-60 
1:00 1:15 1:05 0-40 0-90 080 1:20 140 1-20 
Sucrose absent 
1,000 1-80§ 7-95 176 015 070 0-20 1-20 1:00 1-70 
100 195 015 1-85 O20 0-40 020 085 1-65 1°75 
O45 0-25 1-85 190 0-40 0:30 0-50 0-75 1-70 


+ The original inoculum was about 5 x 10‘ organisms per culture, 

+ Species as in Table 2. 

t Incubation for 3, 6, 12 days. Maximum development occurred between 
3 and 6 days, and the number of viable organisms decreased from then. 

§ The bar values indicate depression of reproduction, 


tions suggest a possible mechanism for the interaction 
between host species and symbiont, which determines 
specificity. It is not suggested that P-3-G is the only, 
or even the most important, of the flavonoids responsible 
for this interaction’, but it is suggested that further 
investigation of the effects of this group of materials on 
various species of Rhizobium is warranted®®. 

We consider this type of mechanism is also important 
in influencing the development of the micro-flora on the 
leguminous seed-coat!®; preliminary investigations in 
this laboratory show that it affects the relations between 
the groundnut and the toxin-producing species of Asper- 
gillus. One reason why its significance has been over- 
looked is that the width of the inhibition zone around a 
test spot is not proportional to concentration, in Petri 
dish tests, as it is with many antibiotics. 

We thank Dr. P. S. Nutman (Rothamsted), Miss R. 
Elliot (Brewing Research Institute) and colleagues at 
this Institute for the supply of various micro-organisms, 
and Mr. P. McCoy for technical assistance. 
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Inhibition of zhe Biosynthesis of Steviol 
by a Growth Retardant 


Tse glycoside stev-oside, which occurs naturally in 
Stevia rebaudiana (s South American member of the 
Compositae), is responsible for the remarkable sweet 
taste of the leaves of that plant. According to the Merck 
Index, it is 300 times sweeter than sugar. The aglycone of 
stevioside is the tetracyclic diterpenoic acid steviol. 
Structurally, it is closely related to gibberellin and shows 
growth promoting acsivity in some test plants which were 
hitherto thought only to be promoted by gibberellin?-%. 
Steviol is also converted by the fungus Fusarium monili- 
forme into a gibberelin-like substance which is apparently 
not identical with gibberellins A,—A, (ref. 4). 

When F. monilifame was grown in the presence of 
growth retardants such as AMQO-1618 (2-isopropyl-4- 
dimethylamino-5-methylpheny]-1-piperidine-carboxylate 
methyl chloride) or CCC (2-chloroethyl trimethylammon- 
ium chloride), less g-bberellin was produced, but growth 
of the mycelia was mot retarded’. It was concluded that 
this reduction in the amount of gibberellin produced 
resulted from inhidition of gibberellin biosynthesis 
rather than from destruction or inactivation of gibberellin®. 
This conclusion wae substantiated by the finding that 
mevalonic acid, the precursor of gibberellin, was not 
incorporated into gibberellin by F. monilforme in the 
presence of AMO-16418 (ref. 7). There is good reason to 
believe that the growth-retarding effect of AMO-1618 and 
CCC in higher plants can be explained in terms of the 
inhibition of the biosynthesis of gibberellins*. The reduc- 
tion of the gibberellin content of pea seeds developing in 
detached pods was reduced by 60 per cent before inhibition 
of growth became obvious. This clearly indicates that a 
lowered gibberellin level is the cause rather than the 
consequence of growth retardation’, Using a series of CCC 
analogues, Harada <t al. found a complete correlation 
between the inhibision of gibberellin biosynthesis in 
Fusarium and the su>pression of growth in higher plants®. 

We noted that Stevia plants treated with AMO-1618 
failed to exhibit the characteristic sweet taste. By extend- 
ing this observation and by utilizing the incorporation of 
acetate into steviol, we were able to show that AMO-1618 
was indeed responsible for the suppression of the bio- 
synthesis of steviol. 

A group of four S. rebaudiana plants were treated twice 
weekly with 16-6 ue. sodium acetate-2-4C dissolved in 
0-05 per cent aqueous solution of ‘Tween 20’. The solution 
was applied in 50 |l. drops to the apex and youngest 
leaves. A total of 250 pc. were administered during the 
4 week experimenta. period. Three of the plants also 


* Note added in proof. AMO-1618 was found to inhibit the cyclization of 
geranyl-geraniolpyrophosphate in an endosperm preparation from Eckino- 
eystis macrocarpa (ref. i), 
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received 20 ml. of a 4,000 p.p.m. solution of AMO-1618 
in the form of a soil drench. The growth retardant was 
also applied twice weekly and for the same period of time 
as the labelled acetate, but it was applied 1 day before 
treatment with acetate. The plants were maintained in a 
controlled environment and subjected daily to 10 h of 
light at 24°C and to 14 h darkness at 17°C; these 
conditions applied before and during the experiments. 
The parts of the plant that formed after the application 
of the chemicals were separated from the older parts and 
lyophilized, extracted and hydrolysed according to a 
previously described procedure?®. 

Ninety-three milligrams of residue were obtained from 
the AMO-treated plants and 37 mg from control plants 
(no AMO): 1-86 mg of the former and 1-91 mg of the 
latter were spotted as 2 cm wide strips 15 mm from the 
edge on a 50 x 200 x 0-25 mm layer of silica gel H (Brink- 
mann Instr.). These were then developed over 170 mm 
in CHCI,-EtOAc—-HOAc (12: 8: 1), and scanned for radio- 
activity m an adapted Actigraph II (Nuclear Chicago). 
The results, as shown in Fig. 1, indicated that the radio- 
activity associated with steviol from the AM0O-treated 
plants was about half that ofthe controls. The fluorescence 
of steviol under ultra-violet light after charring the thin- 
layer chromatogram with 50 per cent sulphuric acid on a 
hot plate also indicated that less steviol was present after 
treatment with AMO. 





Fig. 1. Distribution of radioactivity in thin-layer chromatograms after 
treatment of S. rebaudiana with radioactive acetate, Yee’ curve: 
plants received AMfO-1618. Lower curve: control, no AMÒ., Chroma- 
togram scanned at 0-75 in,/h, full-scale 300 c.p.m., time constant 40 sec, 
slit width 0:0625 in. S, Steviol, as shown by means of co-chromatograph- 
ing a sample of authentic steviol, and also demonstrated in earlier work 
(ref. 4) by chemical means (crystallization to constant specific activity, 
melting point, and preparation of a derivative). . 


As in other plants, treatment with AMO causes a 
reduction in internode length in S. rebaudiana. Gibberellic 
acid completely counteracted the growth retardation; 
however, the lowered contents of steviol appeared not to be 
affected. The results suggest that AMO interferes not 
only with the biosynthesis of gibberellin, but also with 
that of the cyclic diterpenes in general. These findings are 
significant in two respects. AMO, and perhaps also other 
growth retardants, can be used for blocking the synthesis 
of certain plant terpenes and can thus serve as a tool to 
clucidate further the biosynthetic pathways. Further- 


more, cyclic diterpenes can be used as “model substances” 


for studying certain parts of the biosynthesis of gibberel- 
lins in higher plants. This is of considerable interest 
because the gibberellin content of most higher plants, 
except certain seeds, is very low, which renders the 
isolation and identification of intermediates a difficult 
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task. In contrast, the level of diterpenes in some plants 
is quite high. Stevioside amounts to as much as 7 per cent 
of the dry weight of Stevia rebaudiana plants. 

The steviol biosynthesis was not completely sup- 
pressed, even though a high concentration of AMO was 
used. This could have resulted from the fact that separa- 
tion of the parts formed after the commencement of the 
AMO treatment from those which had been present 
before was not complete. Another reason could be that 
24 h between AMO and the application of acetate was 
not sufficient time to allow adequate amounts of AMO to 
be translocated to the biosynthetic sites of steviol, which 
are apparently the youngest leaves. i 

I thank Prof. A. Lang for stimulating discussions on this 
subject. The work was supported by a grant from the 
National Science Foundation. 
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Ribonucleic Acid Turnover in Tobacco 
Leaves infected with Tobacco Mosaic Virus 


A. LARGE number of investigations using different tech- 
niques have shown that the nucleus and the chloroplasts 
of infected leaf cells are implicated in the synthesis of 
tobacco mosaic virus (TMV). The source of materials 
for the synthesis of virus protein and ribonucleic acid 
(RNA) has been shown to be low molecular weight 
residues which are in metabolic sequence with carbon 
dioxide, ammonia and inorganic phosphate!. Recently, 
however, Reddi? reported that the uridine, but not the 
phosphate, component of TMV—RNA. was derived from 
the degradation of ribosomal RNA, which occurred as a 
result of infection. This communication describes some 
results of a study of the effect of TMV synthesis on the 
RNA content and turnover of mainly two fractions of 
tobacco leaves. Half-leaves of Nicotiana tabacum var. 
White Burley, about 20 cm long, were inoculated with 
TMV, the opposite leaves serving as control, except when 
the sampling was to continue for more than three days 
after inoculation when separate plants were used. Leaves 
were sampled by taking leaf pieces of equal wet weight 
for each sample in such a way that each part of the leaf 
was represented in each sample. Incubation of the leaf 
pieces in phosphorus-32 was achieved by infiltrating them 
with 1-5 pe./ml. of carrier-free phosphorus-32 in distilled 
water at pH 6'5, and leaving them at 23-5° C under 
illumination. The leaf tissue was ground in 25 mM iris- 
hydrochloric acid at pH 7-6, containing 5 mM magnesium 
chloride, 1 mM calcium chloride, 0-5 M sucrose, and 10 
mM 8-mercaptoethanol at 0°-4° C. Debris was removed 
by centrifugation at 100g for 30 sec. The supernatant 
was fractionated into a nuclear-chloroplast fraction 
(2,000g for 5 min), containing also starch grains and some 
cell wall material; a mitochondrial fraction (42,000g for 
12 min), containing also cell membranes, some green 
material and, in the case of infected leaves, some virus; 
and a ribosomal fraction (140,000g for 90 min) containing 
ribosomes and the remaining virus. Ribosomes and virus 
were separated by dissolving the ribosomal pellet in 0-3 ml. 
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tris buffer, 25 mM, at pH 7-6, containing 5 mM magnesium 
chloride, and centrifuging the solution at 120,000g for 
70 min on a 5—20 per cent sucrose density gradient column 
prepared in 25 mM tris buffer containing 5mM magnesium 
chloride. The column was sampled by collecting drops; 
the drops constituting the ribosomal zone were pooled 
and the concentration determined by spectrophotometry. 
RNA was extracted with phenol and an equal volume of 
25 mM tris buffer at pH 7-6 by shaking in the cold for 10 
min. The water phase was re-extracted with phenol 
and excess phenol was removed with two ether extrac- 
tions. Ribonucleic acid was precipitated with three 
volumes of ethanol and three drops of 3 M sodium acetate 
overnight at —17° ©, and the precipitate was dissolved 
in distilled water. Procipitation with ethanol was repeated 
twice. When RNA free of radioactive impurities was 
required, the ethanol precipitations were followed by 
three cycles of solution in 6 M guanidine chloride and 
10 mM ethylenediamine tetraacetic acid at pH 7:2 and 
precipitation with 1:2 volumes ethanol in the cold. 
Finally, the RNA was washed with 70 per cent ethanol, 
defatted, and hydrolysed in 0-2 ml. 1 N potassium 
hydroxide at 30° Cfor 16h. The hydrolysate was adjusted 
to pH 3-5 with perchloric acid, and the nucleotides were 
separated by high voltage electrophoresis ın 50 mM 
potassium citrate buffer at pH 3-50. Radioactivity was 
counted using a liquid scintillator in a “Packard Tricarb’ 
spectrometer. 

The RNA content per unit area of the leaf fractions 
decreased with leaf expansion. The ribosomal RNA 
decreased faster than all other fractions, but there was 
no difference in the rate of degradation between infected 
and control leaves of plants grown under three different 
growth conditions. The mitochondrial fraction of the 
infected leaves exhibited a less pronounced rate of degrada- 
tion, because some TMV sedimented with this fraction. 
In accord with other findings*, the nuclear-chloroplast 
(N-C) fraction of infected leaves 2-3 days after inoculation 
showed a small (about 15 per cent) increase relative to 
control leaves, which corresponded to a third of the 
RNA. incorporated in whole virus at that time. Attempts 
were made to find whether this RNA was in any way 
connected with the synthesis of TMV—-RNA. Incubation 
of leaf tissue with phosphorus-32 followed by fractionation 
showed that the specific activity of the N-C fraction, not 
unexpectedly, was eight times higher than that of the 
ribosomes. Incorporation of phosphorus-32 by the N-C 
fraction of the infected leaves increased continuously 
with incubation time, whereas the same fraction of the 
control leaves reached a plateau after about 80 min 
(Fig. 1). The stimulation of RNA synthesis after 120 min 
was usually 40 per cent. After 4 h of incubatie- 
stimulation was apparent. The incorporation of pnos- 
phorus-32 by ribosomes showed a similar increase beginning 
after 90 min, but it was less evident after shorter incuba- 
tion times, and varied between 10 and 30 per cent (Fig. 2). 

Extraction of the RNA of the N-C fraction with phenol 
left about 10 per cent of the RNA unextracted. This was 
extracted by adding sodium dodecyl sulphate at a final 
concentration of 0-3 per cent to the phenol phase and 
extracting the RNA using tris buffer at pH 7-6 for 15 
min at 50°C. The specific activity of the sodium dodecyl 
sulphate-RNA was three times higher than that of the 
phenol RNA, but there was no difference in specific 
activity between those of infected and control leaves 
irrespective of incubation time. 

Determination of the nucleotide composition of the 
RNA of the N-C fraction, obtained from the relative 
radioactivity of the nucleotides, did not indicate that 
TMV—RNA (cytidine monophosphate (CMP) 19-4, adeno- 
sine monophosphate (AMP) 29-1, guanosine monophos- 
phate (GMP) 24-4, uridine monophosphate (UMP) 27-1), 
or its complementary strand‘, was involved. The shift of 
composition of this fraction towards high AMP and UMP 
content (CMP 21-2, AMP 26-2, GMP 29-4, UMP 23-2), 


NATURE 


973 


compared with the composition derived from spectro- 
photometric methods (CMP 22:3, AMP 23-0, GMP 31:9, 
UMP 22:7), and the variability of determinations in 
different experimenss possibly obliterated any real 
difference. The composition of the ribosomal RNA was 
more consistent (CMP 21:8, AMP 24-9, GMP 30-3, UMP 
23:0), but there was no significant difference between 
infected and control leaves. 
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Fig 1. Incorporation of Frid stata sa in the RNA of the nuclear- 
chloroplast fraction of healthy and TMY infected tobacco leaf cells 
@. Infected; ©, healthy. 
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Fig. 2. Incorporation of-phosphorus,32 in the RNA from ribosomes of 
healthy and TMV infected tobacco leaf cells. @, Infected; ©, healthy. 


It was concluded that infection of tobacco leaves with 
TMV stimulates synthesis of RNA in the nuclear-chloro- 
plast fraction, which may be responsible for the increased 
incorporation of phosDhorus-32. It can easily be extracted, 
which suggests that it is not firmly bound to any cell 
component. The nucleotide composition did not reveal 
similarity to TMV—RNA. The higher specific activity of 
the RNA from ribosomes of infected leaves only after 
long periods of incubation time suggests that the extra 
radioactivity is not iccorporated into the ribosomal RNA, 
but into an extraneous RNA bound to ribosomes. This 
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RNA may participate in the production of some protein 
necessary in virus multiplication. 
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Porphyria induced in Rats by Orotic Acid 
and the Effect of Adenine-5’-monophosphoric 
Acid 
In previous work we showed that adenine nucleosides and 
nucleotides play an important part in the quantitative 
regulation of porphyrin biosynthesis. Administration of 
inosine or adenosine monophosphate (AMP) reduced sig- 
nificantly the excess porphyrin formation in rats caused 
by different toxic agents (for example, allylisopropyl- 
acetylearbamide, hexachlorobenzene, 3,5-dicarbethoxy- 
],4-dihydrocollidine, lead acetate and griseofulvin)}-3. 
On the other hand, porphyrin synthesis by illuminated 
suspensions of Rhodopseudomonas spheroides in Lascelles 
medium I was strongly inhibited by AMP, adenosine 
diphosphate (ADP) and adenosine triphosphate (ATP). 
ATP was.found to provoke more than 90 per cent in- 

hibition at a concentration of 3 mM. 

These observations have led us to study the reverse 
problem, namely, the effect of the decrease in the bio- 
synthesis of ATP on porphyrin formation. Orotic acid 
seemed to be particularly suitable for this purpose, as it 
was recently shown by Von Euler et al.* that a balanced 
diet containing 1 per cent orotic acid caused a 50 per cent 
decrease in the hepatic level of acidosoluble nucleotides 
m rats. 

Our experiments with rats maintained for 1-3 weeks 
on the diet used by Von Euler et al. confirmed these 
findings. Using the luciferase method’ we found a highly 
significant reduction in the level of hepatic ATP. Un- 
expectedly, a similarly significant increase was observed 
in the concentration of ATP in the red blood cells. At 
the same time, we noted significant hepatic steatosis 
(Table 1). 


Table 1 
Rats intoxicated by * Rats mtoxicated 
orotic acid Controls by orotic acid 
during 3 weeks during 1 week 
Liver ATP level (zmol/ 60 + 8-7 184-5110 98 +107 
100 g net weight) (mean of 10 rats) (mean of 10 rats) (mean of 8 rats) 
t=4-6 P<0001 t=3-08 P<@01 
ocytic ATP 83485 486 +168 89 + 7-1 
level (umol/100 ml.) (mean of 9 rats! (mean of 11 rats) (mean of 8 rats) 
t=77 P<O 001 t=75 P<0 001 


Total liver lipids 8441-2 8 8440:23 
(g/100 g net weight) (mean of 8 rats) (mean of 10 rats) 
t=36 P<O01 


_ 


In order to study the ensuing disturbances of porphyrin 
metabolism, three series of experiments were followed, 
namely, administration of the diet containing 1 per cent 
orotic acid for 1, 2 and 3 weeks. Urinary and faecal por- 
phyrins and porphyrin precursors, $-aminolaevulic acid 
and porphobilinogen (ALA and PBG) were studied every 
3—4 days. The level of etherosoluble porphyrins (copro + 
protoporphyrin} in the liver and red blood cells was 
determined immediately after death provoked by bleeding 
following mild ether anaesthesia. After 2 weeks of orotic 
acid administration, we also studied the level of ethero- 
soluble porphyrins in the pooled bone marrow of eight 
rats and the activity of ALA synthetase in mitochondria 
isolated from the liver of four rats, using the method of 
Granick and Urata’. 
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Fig. 1. Balanced diet containing 1 per cent orotic acid maintained for: 
1 week (Exp. I); 2 weeks (Exp II); 3 weeks (Exp. ITI). 


The urinary excretion of porphyrins and porphyrin 
precursors remained at almost normal levels between 
practically normal limits in all our experiments. On the 
other hand, there was a very marked increase in faecal 
porphyrin excretion (Fig. 1). There was a similar increase 
in the concentration of etherosoluble porphyrins in the 
liver and red blood cells when orotic acid was administered 
for at least 1 week, and furthermore, a significantly high 
level of these porphyrins was found in the bone marrow. 
After two weeks’ intoxication with orotic acid enhanced 
activity of ALA synthetase was discovered in liver 
mitochondria (Table 2). 


Table 2 
Rats intoxicated Rats intoxicated. 
by orotic acid Controls by orotic acid 
for 2 weeks for 1 week 
Hepatic level of eth- 1862+09 8-4+ 1-4 124+0-4 


erosoluble porphyr- (mean of 8 rats) (meanof6rats) (mean of 9 rats) 
ims (42/100 g net t=40 P<00 {=2°3 P<0-05 
weight 

Erythrocytic level of 
etherosoluble por- 
phyrm (4g/100 ml.) 


69 0+3°5 50:6 +195 78-0 + 33 
(mean of 8 rats) (mean of 10 rats) (mean of 9 rats) 
¿=56 P<0 001 t=64 P<0-001 


Etherosoluble por- 38 23 — 
hyrins m pooled (mean of 8 rats) (mean of 8 rats) 
one marrow Gug/10" — _- 
red cells) 
ALA synthetase ac- 198+3°5 0—45 
tivity in liver mito- (mean of 4 rats) (mean of 10 rats) 
chondria {(mumol — — 
ALA formed / mg 
hs of mitochon- 
a 


Our findings show that the administration of orotic acid 
to rats provokes a highly significant increase in the faecal, 
erythrocytic and medullary level of etherosoluble por- 
phyrins and only a mild increase in the liver concentration 
of these pigments. As the urinary excretion of porphyrins 
and porphyrin precursors was virtually unmodified, the 
observed disturbances of porphyrin metabolism appear to 
be similar to those found in human erythropoietic proto- 
porphyria‘. 

The increased activity of ALA synthetase in liver 
mitochondria of rats intoxicated with orotic acid suggests 
that the accumulation of porphyrins can be attributed to 
the stimulation of their synthesis by the toxic agent. 
Granick has shown this to be so for other compounds 
capable of inducing experimental porphyria®, «si 

Thus we now have some evidence that the enhancement’ 
of the porphyrin biosynthesis by orotic acid is related to 
a decrease in the formation of ATP by the liver. Intra- 
muscular administration of AMP at the dose of 20 mg per 
rat per day from the beginning of the period of intoxication. 
with orotic acid was found to reduce very significantly 
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excess porphyrin formation as well as the increased ALA 
synthetase activity of liver mitochondria (Table 3). 


Table 8 
Intoxication with orotic acid 
for 2 weeks 
Rats treated Rats not 
with AMP treated with 
(8 rats) AMP (8 rats) 
Faecal etherosoluble porphyrins 4th day 106-5 1247 
(ug/g dry weight) 8th day 216-7 252-5 
11th day 250-5 320-0 
4th day 237-5 313 0 
Etherosoluble porphyrins in liver tissue 11-6+0°7 16-2409 
#gj100 ml. net weight t= 5-2 P<0001 
Etherosoluble porphymns in red blood 43 4:1-7 69-0 + 354 
cells (42/100 mi, f= 6-6 P<001 
Etherosoluble rphyrins in pooled bone 26 38 
MAITOW (ug/10 erythroblasts) 
ALA synthetase activity in Hver mito- 1984325 35-8 + 41, 
chondria (mamol ALA formed per mg t = 3- P <0 02 


protein of the mitochondria prepara- 
tion) 


These results confirm our earlier observations concerning 
the experimental production of porphyria by a toxic 
adenine analogue, 6-mercaptopurine. This compound was 
also found to reduce the biosynthesis of ATP. The meta- 
bolic disorders of this porphyria were significantly 
alleviated by the administration of inosine?®. 

An experimentally induced porphyria was observed in 
mice following the administration of griseofulvin (by 
de Matteis and Rimington™), and in rats (by ourselves’). 
MacNall* has emphasized the structural similarity of 
griseofulvin with the purine ribosides and suggests that 
this antibiotic may act as a competitive analogue. In 
this connexion, it is interesting that we found that the 
administration of AMP or inosine improved the dis- 
turbances of porphyrin metabolism induced by griseo- 
falvin in rats’. 

A. GAJDOS 
M. Gaspos-T6Rr6x 
A. PALMA-CARLOS* 
L. PALMA-CARLOS 
Laboratoire de Recherche de la Clinique Médicale 
de l’Hotel-Dieu, 
Paris. 
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Gonadotrophin-inhibiting Action of 
Certain Carbohydrates 


A GONADOTROPHIN-INHIBITING substance has been re. 
ported to occur in the urine of children! and adults®»? and in 
certain samples of human serum‘. It inhibits the action of 
human chorionic gonadotrophins (HCG) and luteinizing 
hormone (LH), but is ineffective against the action of 
follicle-stumulating hormone (FSH). This communication 
reports the observation of certain similar effects using 
N-acetyl-p-neuraminic acid (D-NANA)—a constituent of 
both HCG and FSH, and using the related compound 
N-acetyl-D-mannosamine (pD-NAM). 

Synthetic D-NANA was obtained from the Koch-Light 
laboratories and related compounds were synthesized mn 
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this Department. Before they were injected into animals, 
these compounds were dissolved in water and carefully 
neutralized with dilate sodium hydroxide if necessary. 
The uterine weight essay® and the ovulation assay? were 
carried out using immature mice. 

In a typical experiment, p-NANA and HCG were mixed 
in the proportion of 1 mg to 1 1.0. The regression of the 
log response on the leg dose was significant, and in a three 
by two assay the potency of the mixture was only 39 per 
cent (95 per cent fiducial limit 14-67) compared with that 
of HCG alone. 

The effect of p-NANA was also investigated using pro- 
portions of 1 mg to 31.0. HCG and 1 mg to 32 1.0. HCG 
with dosages ranging from 0-5 1.0. to 161.0. HCG. There 
was some reduction of uterine weight in mice given the 
first mixture, but when the uterine weights of animals 
given a higher proportion of HCG to p-NANA were 
determined, no sigrificant reduction was found. The 
compound N-acetyl-D-mannosamine was also tested; it is 
biochemically relatec. to p-NANA by means of a reversible 
aldolase reaction involving pyruvic acid and alternative 
pathways’. When mixed in the proportion of 1 mg to 
1 1.0. HCG, it reduced the mean uterine weight to 62 
(48-80) per cent of the mean uterine weight of mice given 
the same doses of ECG alone. With respect to HCG it 
was also effective wren given at twice this dosage. The 
inhibitory action sesms to be relatively specific as the 
isomeric compound N-acetyl-p-glucosamine was without 
significant effect (uterine weights 88 (62—124) per cent of 
the controls). Furthermore, L-NANA, N-acetyl-L-mannos- 
amine and fourteen >ther closely related derivatives were 
inert. 

This assay is not specific for HCG. For this reason the 
effects of D-NANA and other compounds were investi- 
gated in the ovulat on test in mice? which is relatively 
specific for HCG ami LH. Both p-NANA and p-NAM 
reduced the activity of HCG in this test. When mixed in 
the proportion of 1 mg to 1 1.0. HCG the potencies (com- 
pared with controls in 2 : 2 assays) were 68-9 (13-3—106) 
per cent for p-NANA, and 61 (42—96) per cent for p-NAM. 
These results extend.and confirm the preliminary observa- 
tions of Ladman ard Soper’, who used a similar assay 
technique but who had only a very crude preparation of 
NANA. They found that increasing dosages of this 
material progressivzaly decreased the number of ova 
produced in mice given 0-5 1.0. HCG. Some toxicity was 
noted at the highess dose used (50 mg). It is probable 
that this resulted from impurities in the preparation, or 
from the pH of the final solution which was not recorded. 
During the course of our work we have not noted any toxic 
effects when p-NAMA has been administered in neutral 
solution. Finally, neither p-NANA nor p-NAM was 
found to have anv effect on the uterine-stimulating 
activity of oestradicl-178, or on human pituitary LH as 
determined by the evulation assay (relative potency 100 
(66-152) per cent). The latter observation is surprising 
in view of the close similarity between the biological 
activities of LH ani HCG. However, it is known that 
pituitary LH differe chemically from HCG as it does not 
contain appreciable amounts of NANA and does not suffer 
loss of activity on incubation. with neuraminidase’. 

The action of hormones depends on their structure and 
their ability to reac their targes cells. It is tempting to 
suggest that any entity which wnhibits the action of HCG is 
concerned with one or more of the following features: 
(i) an ability to ecmpete for a site of hormone action 
(compare with the well known haemagglutination phe- 
nomena of the infimenza virus where NANA-containing 
mucoproteins and polysaccharides are competitive inhibi- 
tors!*); (ii) an abilisy to undergo conversion into a com- 
pound exhibiting (i. These features may be operative in 
the inhibition of HG activity by p-NANA and p-NAM 
and they appear all the more significant when it is appre- 
ciated that human pituitary LH is not inhibited in the 
same way. 
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Administration of N-Acetyl-p-mannosamine to 
Mammals 


N-ACETYL-D-mannosamine (NAM) is biochemically related 
to N-acetyl-D-neuraminic acid (NANA), a constituent of 
both human follicle stimulating hormone and human 
chorionic gonadotrophin (HCG). The compound itself 
is devoid of biological activity, but when mixed with 
HCG it reduces the activity of this hormone in both the 
uterine weight and ovulation assays. 
considered it to be of interest to study the fate of NAM 
after the administration of it to mammals. 
N-Acetyl-p-mannosamine has a pleasant, bland, sweetish 
taste. It has not been found free in human serum but has 
been reported to occur in human semen*, In mammals it 
is interconvertible with its 6-phosphate® and with NANA* 
by way of condensation with pyruvate. It can be assayed 
in aqueous solution using the Morgan-Elson reagents’. 
In determining NAM in plasma (3-150 ug/ml.) it has 
been found preferable to dialyse the plasma (1 ml.) 
against water (100 ml.) at 2° C overnight and then to 
pass the dialysate down a ‘Dowex 50H*’ column (30 x 
1-5 cm). The first 150 ml. which was collected was freeze- 
dried, redissolved in water (1:2 ml.) and the NAM estim- 
ated on a suitable portion (1 ml.). The method was 
calibrated by adding knowrf amounts of NAM to samples 
of serum and submitting them to the same procedure 
and reading the optical densities against a serum blank. 
After oral administration of NAM to human subjects, 
the levels detected in serum, were extremely variable. 
There are several possible reasons for this; one important 
factor appeared to be the relative blood glucose level 
while another was the presence of bacteria in the saliva 
Meer synthesized induced enzymes capable of destroying 
The maximum levels of NAM which could be detected 
in five starving subjects were 78 ug/ml. (4 h after 5 g 
NAM), 205 pg/ml. (1 h after 5g NAM), 104 ug/ml. (4h after 
10 g NAM), 20-8 ug/ml. (8 h after 10 g NAM), while in the 
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fifth no NAM was detectable in the serum up to 8 h after 
10 g NAM had been administered. A sixth subject took 
ampicillin (1-5 g) during the previous 36 h to destroy 
possible salivary bacteria and showed a maximum serum 
level of 30 pg NAM/ml. 4-5 h after taking 10g. No NAM 
could be detected in the urine of two subjects given 5 g 
and 10 g oral doses of NAM. In the subject with the high- 
est level of NAM (205 ug/ml.) the concentration had 
dropped to 10 ug/ml. in a further 2°75 h. During this 
time there was also a fall in blood glucose from 69 mg/ml. 
to 49 mg/ml. The blood glucose (75 mg/ml.) was determ- 
ined in the third subject when the level of NAM was 
104 ug/ml. After a midday meal, the level of NAM slowly 
fell to 78 ug/ml. after a period of 1:5 h while the blood 
glucose rose to 100 mg/ml. 1-5 h later the level of NAM 
was still 72-2 ug/ml. and the blood glucose 88 mg/ml. 

It would appear that much of the NAM administered 
orally is converted to glucose as there is a rapid rise in 
blood glucose in the starving subjects. Thus adminis- 
tration of 10 g NAM to one subject caused a rise in the 
blood glucose from 76 mg/ml. at 1 h to 108 mg/ml. at 4 h, 
while in a second it rose from 51 mg/ml. at 0-5 h to 100 mg/ 
mil. at ih. In two subjects, when NAM (10 g) was adminis- 
tered 30 min after 10 g glucose had been given, extremely 
low levels of NAM resulted, the maximum after 4 h being 
only 16°6 ug/ml. Oral administration of NAM (10 g) to 
two other subjects 2 h after breakfast resulted in similar 
low levels of NAM, the maximum. after 4 h being 11 pg/ml. 
and 14:6 ug/ml. of NAM respectively. 

Tablets of NAM (5 g) taken sublingually over 15 min 
were ineffective in one subject who was later found to 
have salivary bacteria active against NAM. Enteric coated 
(cellulose phthalate acetate) NAM (5 g) swallowed by the 
same subject produced a NAM level of 56 ug/ml. after 5 h 
while in a second subject who took 2-5 g the serum level 
of NAM rose to 30-ug/ml. after 8 h. 

Parallel experiments were performed in sheep. Two 
sheep given 1 g NAM intravenously rapidly metabolized 
it giving serum levels of 43 and 47 pg/ml. (0-75 h), 25, 33 
(1-5 h), 6, 7 (4:5 h), 5, 12 (6 h) and 9, 4 (24 h). In the first 
animal the serum level at 0-25 h had reached 72 ug/ml. 
Rather similar results were obtained in two sheep given 
1 g NANA intravenously and serum levels were 53, 
79 ug NANA/ml, (0:25 h), 38, 24 (0-75 h), 21, 21 (1°5 h) 
and 7, 8 (4:6 hb). 

Portions (39-4 mg) of (N-acetyl-1-“C)-p-mannosamine 
(0-269 g) were prepared’ by treatment of p-mannosamine 
hydrochloride (0:4 g) with (acetic-1-4C) anhydride 
(0:2 mc.) dissolved in acetic anhydride (0-25 ml.). These 
were injected into two female rats. One rat was dissected 
after 1 h and the other after 3h. The extraction of the 
test compound from each organ.was carried out overnight 
at room temperature. Five millilitres of acetone were 
used for all organs except for the liver, which required 
10 ml. and small organs (pituitary, gut, heart, ovaries, 
uterus, thyroid) which were given 2 ml. only. Thereafter 
all organs were extracted three times with acetone (5 ml.). 
The dry weights of the organ residues were determined. 
The activity of each extract was determined with a 
Packard ‘Tricarb’ liquid scintillation counter and expressed 
as total 100 sec count of bulked acetone extracts/mg dry 
weight. The major site of radioactivity was the kidneys 
(528 after 1 h; 62 after 3 h) rather than the liver (85 
after 1h; 28 after 3 h) or spleen (54 after 1 h; 11 after 3 h). 
Epithelial tissues were richer in activity (skin, 207, 29; 
gut, 174, 35; lung, 208, 17) than muscle (67, 13), heart 
(110, 13) or brain (20, 9). The ovaries (159, 39) and 
uterus (144, 47) were also noticeably active in contrast to 
adipose tissue (77, 21) with its slow rate of turnover. 
Activity rapidly disappeared from the blood; some was 
recovered in the urine and faeces, but the major amount of 
NAM was presumably metabolized by way of the Krebs 
cycle. 

We thank Mr. L. E. Rowson, Agricultural Research 
Council Unit of Reproduction and Physiology, Cambridge, 
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Experimental Porphyria induced in Rats by 
Ethionine 


OUR earlier findings have shown that administration of 
adenine nucleosides or nucleotides to rats with different 
experimental porphyrias was followed by a decrease in 
excess porphyrin formation!~*. These observations have 
led us to the conclusion that these purine derivatives and 
particularly ATP play an important part in the quantita- 
tive regulation of porphyrin biosynthesis!. Moreover, it 
occurred to us that if this hypothesis is correct, adminis- 
tration of compounds capable of causing a decrease in the 
biosynthesis of adenosine triphosphate (ATP) might well 
bring about the formation of excess porphyrins and por- 
phyrin precursors. Our observations with 6-mercapto- 
purine? and orotic acid‘ have confirmed this working 
hypothesis. 

Ethionine seemed to be a particularly interesting com- 
pound in this respect, as several authors have already shown 
that ethionine is a powerful inhibitor of hepatic ATP 
synthesis, even after a single dose-?. On the other hand, 
Gibson et al.® have reported that ethionine stimulates 
porphyrin synthesis in Rhodopseudomonas spheroides. 

We have therefore made this investigation of the effect 
of ethionine on porphyrin metabolism and the level of 
ATP in the liver and red blood cells of the rat. Three 
different types of experimental condition were set up: 
(1) The rats were maintained on a low protein diet (8 per 
cent casein containing 0:5 per cent ethionine) for 3 weeks. 
(2) Another group of rats received a daily dose of 50 mg 
ethionine (administered by gastric tube) for 1 week. The 
diet of these animals contained 12 per cent casein. (3) A 
third group of anmmals received 100 mg ethionine per day 
(administered by gastric tube) for two successive days. 
These rats were maintained on a balanced diet. 

Controls were fed the same diet as the rats treated with 
ethionine. Whenever ethionine was introduced through 
the gastric tube, the controls received a corresponding 
volume of solvent (physiological saline) by the same 
means. 

Urinary and faecal porphyrins and porphyrin precursors 
(ALA and PBG) were determined every 3-4 days. The 
level of etherosoluble porphyrins (coproporphyrin + proto- 
porphyrin) was determined in the liver and red blood cells 
immediately after death provoked by bleeding following 
mild ether-anaesthesia. Where ethionine had been ad- 
ministered for 2 days only, a porphyrin analysis of the 
red blood cells was omitted. The luciferase method® was 
used for the determination of ATP levels in liver and red 
blood cells. In some animals, the activity of ALA- 
synthetase in liver mitochondria was also determined, 
using the method devised by Granick and Urata’®. In 
order to test the effect of adenine nucleosides or nucleo- 
tides on the disturbances of porphyrin metabolism, brought 
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about by ethionine, inosine or adenosine monophosphate 
(AMP) or ATP wae administered intramuscularly at a 
daily dose of 20 mg from the beginning of the period of 
ethionine intoxication. 

Urine analyses shcwed a clear-cut increase in ALA and 
coproporphyrin excretion in rats intoxicated with 
ethionine. This increase was important even in our 
shortest experiments (2 days). Porphobilinogen appeared 
in the urine of soms rats only during the first days of 
ethionine administration and uroporphyrin was not 
detected (Fig.1). Our-indings concerning the faecalexcretion 
of copro- and proto-corphyrin were somewhat complicated 
by the side effects waich resulted from administration of 
a low protein diet. In our first and second series of 
experiments (diets ccntaining, respectively, 8 per cent and 
12 per cent casein), the intestinal excretion of porphyrins 
was very significan+ly increased even in the control. 
Nevertheless, during the first week of ethionine adminis- 
tration, the increase was clearly higher in the intoxicated 
rats than in the controls. In the short experiments (2 days) 
where the animals vere maintained on a balanced diet, 
the stimulating effec: of ethionine on the accumulation of 
faecal porphyrins wes fairly evident (Fig. 2). 

As is shown in Table 1, the level of etherosoluble por- 
phyrins in the liver and red blood cells was found to be 
significantly increased except in rats of the first experi- 
mental series, where ethionine had been administered for 
3 weeks. This last fact, together with the decline in the 
level of faecal porph~rins in these animals during the last 
week of the experimental period, can probably be attri- 
buted to a general inhibition of biosynthetic processes 
provoked by the prolonged ethionine intoxication. We 
noted, just as Hutterer et al.“ had, that at the end of the 
longer experiments there was no significant difference in 
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successive days. W, Eats intoxicated by ethionine: [C], controls. 
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the lipid content of the liver between ethionine-treated 
and control rats. However, we observed a decrease in 
the level of hepatic ATP after administration of ethionine 
for 1 week or 2 days; the concentration of ATP in the 
red blood cells remained unchanged (Table 2). No increase 
was observed in the activity of ALA-synthetase in the 
hver of mitochondria of rats intoxicated with ethionine 
for 3 weeks. Administration of inosine, or AMP or ATP. 
did not appear to have any effect on the disturbance of 
porphyrin metabolism caused by ethionine. 

Thus our findings clearly show that ethionine intoxica- 
tion for 3 weeks, 7 days or even 2 days causes a statistically 
significant accumulation of porphyrins in urine, faeces, 
hepatic tissue and red blood cells on one hand, and an 
important decrease in the hepatic level of ATP on the 
other. These experiments agree with our earlier observa- 
tions on the effects of 6-mercaptopurine’ and orotic acid‘, 
which suggested that the experimental inhibition of ATP 
biosynthesis is accompanied by the appearance of porphy- 
ria. Granick!? has recently observed that compounds 
capable of inducing an enhancement of porphyrin synthesis 
cause an Increase in the activity of ALA-synthetase in liver 
mitochondria by stimulating a de novo formation of the 
enzyme. We did not note this phenomenon after the 
administration of ethionine, but it is possible that protein 
synthesis is inhibited by this toxin, as was suggested by 
Farber et al.%. On the other hand, Weber et al.}4 reported 
that ethionine is able to reduce the increased synthesis of 
certain enzymes occurring in liver influenced by inducing 
agents. 

There are at least two ways by which we could explain 
the lack of a beneficial effect of adenine derivatives 
(inosine, AMP, ATP) on the disturbances of porphyrin 
metabolism caused by ethionine. First, as had previously 
been established under different experimental con- 
ditions!-1518, the effect of purine derivatives on excess 
porphyrin synthesis is directed on the synthesis of ALA. 
For example, in an illuminated suspension of Rhodo- 
pseudomonas spheroides in Lascelles mixture I (containing 
glycine and succinate as substrates), ATP at a concen- 
tration of 3 mM causes almost total inhibition of porphyrin 
synthesis. On the other hand, ATP is without effect when 
the micro-organisms are suspended in Lascelles mixture II 
(containing ALA as substrate!*). It was reported by 
Gibson et al. that ethionine stimulates porphyrin bio- 
synthesis by Rhodopseudomonas spheroides in mixtures I 


Table 1 
Mean values of etherosoluble porphyrins 
(copro -+ proto) 
Liver (ug/100 g Red blood cells 
liver wet weight) (22/100 ml.) 
Ethionine onine 
intoxication Controls intoxication Controls 
(1) After 3 weeks of low 29 0 27-6 116597 4LO+t88 
protein diet (8 per cent Difference not t= 49 P< 001 
casein) containing 05 significant 
r cent ethionine (4 
ntoxicated rats, 4 con- 
trols) 
(2) After 1 week of low 171423 11:0+1-05 620472 830486 
protein diet (12 per {=2°3 P<0-05 t=8 6 P<0-01 


cent casein), 50 mg 
ethionine daily by gas- 
tric tube (12 intoxica- 


ted rats, 12 controls) ° 
(3) After 48 h of balanced 186416 B4+14 m emmae 
diet, 100 mg ethionine t=22 P<005 marenae 
dally by gastric tube 
(12 intéxicated rats, 6 
controls) 
Table 2 
( iGo @ eee ight) i ett a 
amo g wet we umo k 
Ethionim Ethionine 


E 
intoxication Control intoxication Control 


(1) Low protein diet (12 79048-6 1880+102 846499 7204380 


per cent casein) 50 mg (meanof (mean of (mean of (mean of 
ethionine daily by gas- 14 rats) 18 rats) 9 rats) 11 rats) 
tric tube during 1 week {=63 P<0-001 $=09 P>0-05 

(2) Balanced dlet 100 mg 810483 1840+110 on aad 
ethionine daily by gas- (meanof (mean of 
tric tube for 2 succes- 12 rats) 10 rats) 
sive days {=7-9 P <0 001 mem 
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and II to an equal extent. Thus, in ethionine intoxication 
part of the raised level of porphyrin synthesis may escape 
the inhibitory effect of adenine nucleosides and nucleo- 
tides. The second mechanism, which has arisen from our 
findings, is that the inhibition of excess porphyrin forma- 
tion by these adenine derivatives results from the stimula- 
tion of the biosynthesis of a physiological mhibitor— 
which seems to be a protein and probably an enzyme’. 
The inhibitory effect of ethionine on protein synthesis and 
on the neoformation of adaptative enzymes in the hepatic 
tissue might thus explain, at least partly, the inefficacy 
of the adenine derivatives in alleviating the disturbances 
of porphyrin metabolism in rats with ethionine poisoning. 
This hypothesis is consistent with the observations of 
Farber et al.1°, who have recently emphasized that ATP 
administration prevents or reverses only some of the 
effects of ethionine intoxication. Furthermore, as they 
have shown, acute hepatic ATP deficiency leads to a 
complex biochemical disturbance involving several other 
metabolic pathways as well as those leading to an 
accumulation of porphyrins. Our present and earlier 
findings confirm this hypothesis. 
A. PALMA-CARLOS* 
L. PALMA-CARLOS 
M. Gaypos-TÖRÖK 
A. GAJDOS 
Laboratoire de Recherche de la Clinique Médicale 
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Use of Carbon-![4-labelled Arginine to 
measure the Catabolic Rate of Serum and 
Liver Proteins and the Extent of Amino-acid 
Recycling 
THERE is evidence that in both man! and rat? protein 
deficiency causes a decrease in the catabolic rate of plasma 
albumin, which may plausibly be regarded as an adaptive 
reaction. To demonstrate this, it is necessary either to 
use a label which is not re-utilized, such as radio-iodine, or 
to reduce re-utilization to a minimum by injecting pro- 
teins that have been biosynthetically labelled in a donor 
animal. Tissue proteins cannot be studied by these 
methods, and therefore it is not known whether they react 
in the same way as plasma albumin to changes in dietary 

protein intake. 

It has been shown by several workers that when 
labelled amino-acids are given, the rate of decay of radio- 
activity of both liver and plasma proteins is reduced in 
animals on a low protein diet**. This has been taken as 
evidence of a reduced catabolic rate of liver proteins, 
paralleling that of plasma proteins, but it could also result 
from recycling or re-utilization of the labelled amino-acid. 
To the extent that recycling occurs, the apparent half- 
life of any protein, calculated from the decay curve after 
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the administration of a labelled amino-acid, must be 
longer than the true half-life. The term “apparent half- 
life” is, of course, an approximation, because the decay 
curve is not strictly exponential. 

In the experiments described here an attempt was made 
to separate these two phenomena-—recycling and cata- 
bolism—and to measure simultaneously the true and 
apparent half-life of liver and serum proteins in normal and 
protein-deficient rats. Advantage was taken of the 
observation made by Swick! that the guanidine carbon 
of arginine, which is exchanged in the urea cycle, cannot 
be re-utilized. Assuming that virtually all the free argin- 
ine that enters the amino-acid pool goes through the urea 
cycle before it is incorporated in protein’, when uni- 
formly labelled arginine is incorporated into protein, 
the rate of decay of radioactivity in the 6-carbon (6-C) 
atom of arginine will be a measure of the true half-life of 
the protein, and the rate of decay in any or all of the other 
carbon atoms will give the apparent half-life. 

Rats were given intraperitoneally 10 pe. of U-C-1- 
arginine, followed 18 h later by 100 pe. of carbon-14- 
labelled sodium carbonate in order to label the 6-C 
atom of arginine’. Two hours after this second injec- 
tion æ sample of liver (200-300 mg) was removed 
under ether anaesthesia. Blood samples (about 500 ul.) 
were taken from the tail daily for 3 or 4 days. At 
the end of this time the rat was killed and a second liver 
specimen obtained. Serum and liver proteins were 
precipitated with picric acid, and hydrolysed with 6 N 
hydrochloric acid. The specific activity of the 1-C atom 
of arginine was measured by treating one part of the 
hydrolysate with arginine decarboxylase in a micro- 
Conway unit. The carbon dioxide liberated was trapped 
in alkali in a planchet placed in the centre well, and 
counted after drying. The amount of arginine was 
measured with the same enzyme in the Cartesian diver 
microrespirometer®. The specific activity of the 6-C 
atom was measured by treating another portion of the 
hydrolysate with arginase. The urea produced was 
estimated by the method of Ceriotti and Spandrio’; 
carbon dioxide was liberated by reacting with urease, and 
collected and counted as before. ` 

The true and apparent half-lives of mixed serum pro- 
teins were calculated from the slopes of the semilogarith- 
mic plots of specific activity against time. The lines 
were fitted by the method of least squares. No correction 
was made for blood removed by sampling. The first 
sample used in the calculation was that obtained 24 h 
after the liver biopsy. Before that, equilibration between 
extra- and intra-vascular protein pools would probably not 
be complete. For calculation of the half-life of mixed 
liver proteins only two points were available, separated 
by an interval of 3 or 4 days. 

Two experiments were carried out. In the first, two 
adult rats were given a protein-free diet for 3 days before 
the injection of labelled arginine, and kept on this diet 
for a further 4 days until the end of the experiment. In 
the second experiment three young rats (each weighing 
about 100 g) were given the protein-free diet for 10 days 
before the injection, and then for 5 more days until they 
were killed. In both experiments an equal number of rats 
of comparable weight were kept on a stock diet. With one 
exception the rats seemed to show no ill effect from the 
biopsy. In one rat (No. 26, Expt. 2) there was excessive 
trauma at the biopsy, and the rat lost weight afterwards, 
although it was on a normal diet. The results are shown 
in Table 1. In the five normal rats the average value for 
the true half-life of mixed serum proteins was 2:0 days. To 
study the mixed proteins is admittedly a crude approach, 
but with the amounts of serum available it was not 
possible to do the analyses on the separate protein frac- 
tions. In rats fed a high-protein diet, Jeffay and 
Winzler* found values of about 2-5, 0-7 and 5 days for the 
half-life of albumin, «-globulin and y-globulin. Our figure 
for mixed proteins must represent a weighted average, and 
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seems quite consisten: with these findings. In the protein- 
deficient rats it seems that the longer period of depletion 
(experiment 2) did sause a reduction in the catabolic 
rate of the mixed prcteins. The mean value for the true 
half-life in this group was 3-36 days. In the experiments 
of Jeffay and Winzer’, a protein-free diet caused an 
increase in the half-lre of albumin to about 4°5 days, but 
no increase in that of the globulins. Therefore, the 
increase in the half-lice of the mixed serum proteins found 
in the present experaments must underestimate the real 
change in the catadolic rate of albumin. Excluding 
No. 26, which lost weight, in the normal rats the average 
for the apparent ha-f-life is 27 days. In the protein- 
deficient rats it was Joubled (mean 5-5 days). 


Table 1 
Serum Liver 
Welsatt protein protein Isotope ft 
Rat charge half-life half-life replacement 
No. Diet* (pe (days) (days) ratio 
cem) Appa- Appa- Be- 
True rent True rent rum Liver 
Expt. 1 10 WN — 2-22 283 $167 37 22 55 
14 N — 1-52 235 1-85 8-8 $6 52 
Expt.2 27 WN +2& 198 2:83 2°08 4-3 30 52 
28 N 415 213 2-78 210 10-2 23 81 
26 N — 63 218 525 1:85 42 59 97 
Expt.1 15 PF 3 -I1I 1:57 488 2°30 6°85 68 67 
16 PF 838 -€ 279 728 242 435 62 44 
Expt.2 29 PF10 -€& 2-67 4°75 2-60 10-2 44 76 
30 PF10 —-E 372 555 186 67 33 67 
31 PFIO —4 370 023 2-52 10-8 4i 77 
* N, Stock diet. PF, prctein-free diet, 3 or 10 days. 


+ Percentage of weight change during the experimental period. 
t For definition see text. 


The true half-life >f liver protein in the normal rats 
averaged 1:9 days, and in the protein-depleted rats 
23 days. This diference is statistically significant 
(0-05>P>0-01). It seems, therefore, that in pro- 
tein deficiency there is a fall in the catabolic rate of 
mixed liver proteins. although the reduction is smaller 
than that found for plasma albumin by other workers. 
The values for the apparent half-life are rather irregular, 
perhaps because of the disturbing effect of the liver biopsy. 
In all cases it is longer than the true half-life, and in some 
much longer. 

The question arises as to whether from these results it is 
possible to define quantitatively the extent of “re- 
utilization”. By this term is meant the incorporation into 
protein of amino-acids derived from the catabolism of 
body protein and not from food. Thus on a protein-free 
diet all synthesis must represent re-utilization. The 
specific activity of liver and serum proteins nevertheless 
falls because some of the amino-acid incorporated is 
derived from tissues such as muscle, which are poorly 
labelled. It seems probable that most of the isotopic 
amino-acid that is reincorporated must have come from 
tissues which are highly labelled and are turning over 
rapidly. If so, the extent of re-utilization of isotope will 
be a measure of what might be called “internal” recycling 
within a pool of hihly labelled protein. This pool 
roughly corresponds to the protein of the viscera and 
plasma; it contains adout 20 per cent of the total protein 
of the body, but acccunts for about 50 per cent of total 
protein turnover". An index of the extent of this 
recycling of isotope can be calculated. from the present 
results. If FI is the true fractional rate of turnover of 
serum or liver protem, and F2 the apparent fractional 
rate, and if a steady state is assumed, the ratio — 
represents the proportion of isotope lost by catabolism 
that is replaced in the same time interval. The calculated 
values of this isotope replacement ratio are shown in the 
last column of Table 1. For serum proteins the ratio 
seems to increase witha protein depletion, particularly in 
the early stage, before there is a reduction in catabolic 
rate. In liver the striking point is the high rate of replace- 
ment even in the animals on a normal diet, particularly in 
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view of the fact that arginine is only a semi-essential 
amino-acid. The results of Penn, Mandeles and Anker? 
suggest that the rate of re-utilization must be different for 
each individual amino-acid. 

On the basis of kinetic data, Swick? was able to give a 
more precise definition of the extent of amino-acid re- 
utilization in the liver. He defines it as the probability 
that the carboxyl-carbon atom of arginine, liberated from 
liver protein by catabolism, will be re-incorporated in 
liver protein. Under his experimental conditions this 
probability was about 50 percent. Ifin the present experi- 
ments all the arginine entering the liver pool from differ- 
ent sources had had the same specific activity, the “isotope 
replacement ratio” would be identical with the probabihty 
ratio calculated by Swick. The fact that they are of the 
same order of magnitude suggests that the isotope replace- 
ment ratio may be æ useful indication of the extent of 
amino-acid re-utilization in the strict sense defined by 
Swick. Because an increase in the extent of re-utilization 
may be an important feature of the process of adaptation 
to low protein intakes, even an approximate quantitative 
measurement of the effect may be of value. 

Joan M. L. STEPHEN 
J. C. WATERLOW 


Medical Research Council, 

Tropical Metabolism Research Unit, 
University of the West Indies, 
Kingston, Jamaica. 
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Intracellular Repressor of Alkaline 
Phosphatase 


THE repression of ®-galactosidase in LHscherichia coli 
has been demonstrated to be sensitive to 2,4-dinitrophenol!. 
This presumably indicates that high energy phosphate 
bonds are involved. Alkaline phosphatase is repressed by 
ortho-phosphate in the medium. We have used this as a 
test to determine whether high energy phosphate bonds 
are essential to the mechanism of enzyme repression. 
Is the intracellular repressing phosphate ortho-phosphate 
or must it participate in a high energy compound for the 
formation of “active repressor” ? 

Cells of Æ. colt B were grown and alkaline phosphatase 
assayed as previously reported?. Addition of 0-001 M 
2,4-dinitrophenol had no effect on enzyme production or 
repression. 0-01 M abolished enzyme synthesis. We were 
unable to find any concentration that stimulated alkaline 
phosphatase production. A similar result was obtained 
with arsenate. If, then, ortho-phosphate is itself the intra- 
cellular repressor, a phosphate acceptor which would 
reduce the intracellular concentration of oriho-phosphate 
should stimulate enzyme synthesis. Various nucleosides 
were tested, and it was found that inosine stimulated 
normal enzyme production and also reduced the amount of 
time required for recovery from repression by added 
phosphate (Fig. 1). A similar but less pronounced effect 
occurred with guanosine and adenosine. 

Manson et al.2 have discovered a mechanism for re- 
pression of alkaline phosphatase synthesis by ortho- 
phosphate in a particulate fraction of E. coli. Our observa- 
tions make it more probable that the intracellular re- 
pressor is indeed ortho-phosphate and that their mechanism 
is the one operative in vivo. In view of this, the function 
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Fig.1. E. cols was grown and the enzyme induced as previously described 

inruni(A). Inrun 2(0) the induction medium was fortified with 0-01 

M inosine. After 30 min, 0'001 M sodium monohydrogen phosphate was 

added to portions of run 1 (A) and run 2 (@). 05 ml. portions were 

withdrawn at the tumes indicated and the enzyme assayed. The vertical 

scale represents micromoles of pet openy: phosphate hydrolysed in 
min. 


of the organic repressor the properties of which have been 
inferred+ becomes even more obscure. 
S. W. BOWNE, JUN. 
JOHN A. ONDREY 
JAMES L. WISE 
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A Sex-determined Renal Calcification in 
Rats 


AN examination of several hundred white Wistar rats 
from the only source of laboratory animals available to 
this institution revealed a 100 per cent incidence of renal 
calcification in female animals and a complete absence of 
this condition in males of the species. This situation also 
applied to pure line white Wistar, black Wistar and black 
and white Wistar strains but was not observed in several 
species of mice from the same source and fed the identical 
diet. 

These animals were bred and maintained on a commer- 
cially produced feed pellet with a calcium and phosphorus 
content of 2-0 per cent and 1-6 per cent of the dry weight 
respectively. The relatively high level of these two 
elements was found to result from the use of bonemeal 
in the pellets. The renal calcification, however, could 
not simply be related to the intake of these minerals as 
female rats bred and raised on synthetic diets! (calcium 
0-31 per cent, phosphorus 0:27 per cent) also showed 
invariable occurrence of the nephrocalcinosis. A satis- 
factory control diet was provided by the use of ‘Farex’ 
(Glaxo Laboratories, Ltd.), a supplemented, mixed cereal 
baby food, and milk (1:5 w/v). This diet had a content 
of 0:88 per cent calcium and 0:68 per cent phosphorus 
on a dry weight basis, and female rats were free of kidney 
deposits after even 6 months on this diet. The condition 
also did not occur in female animals raised on a low 
phosphorus rachitogenic diet? (calcium 1:42 per cent, 
phosphorus 0-28 per cent), which is not surprising in view 
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of its effect on mineralization and growth. With the 
exception of the rachitogenic diet, growth rates were high 
and comparable on these diets, with no difference observed 
between male and female rats. 

Renal deposits of calcium were histologically demon- 
strable within 3 weeks of weaning female rats on to the 
standard pellets. The calcification commenced at the 
cortico-medullary junction, where it remained most 
dense throughout life, but later spread into the medulla. 
The cortex remained unaffected although there was some 
enlargement of the deposits with increasing age. Electron 
microscopy revealed the deposits to be usually lamellated 
and to be both intracellular and intra-tubular in location. 
A few deposits had the typical appearance of hydroxy- 
apatite. 


Table 1. RENAL CALCIFICATION IN WHITE WISTAR RATS 


Age Phos- 
Sex (weeks) Diet Treatment Calcium phorus Histology 
M 26 P e 0°38 12:20 Negatrve 
+0 03 +0 46 
F 6-8 P -l 1:12 13°60 Positive 
+056 +080 
F 26 P ramene 12 10 16 20 Positive 
+ 14:00 + 6-0 
F 11-18 g _ 0 87 12°60 Negative 
+001 +035 
M 5-11 P  Castrated 0-39 1810 Negative 
+0 05 +11 
M 9-12 P DHT $41 14:20 Positive 
2°80 + 0°98 
F 5-11 P Ovarectomized 0-39 18-60 Negative 
0-06 +080 
Mand 10 P GQonadectomized 3-96 18:80 Positive 
F + oestroform + 233 +0°32 


P, Commercial pellet diet; C, control “Farex’ diet; DHT, dihydrotachy- 
sterol, 1 mg per 100 g body-weght by intraperitoneal Injection; analytical 
data as means with standard deviations in mg/g dry weight of kidney, 
minimum of seven animals in each group. 

Kidney mineralization following administration of 
hypercaleaemic agents such as parathyroid hormone, 
dihydrotachysterol and vitamin D is well known. With 
nephrocalcinosis induced by these agents there is a diffuse 
distribution of mineral throughout the kidney, the cortex 
being most affected*; death from renal failure is a common 
event with these treatments. A feature of the female- 
specific renal calcification described in this report is that 
the affected animals were apparently healthy, with 
normal weight gain, ability to withstand multiple preg- 
nancies, normal serum calcium and phosphorus levels and 
no impairment of renal function as Judged by blood urea 
measurements. . 

Experimental work has shown that the sex specificity 
of this nutritional nephrocalcinosis is related to oestrogen 
level. A group of female rats was ovariectomized and 
weaned at 30 g weight on to the standard pellet diet. 
Periodic examination of kidneys from these animals 
showed the absence of renal deposits over the 8 weeks of 
observation. In a similar experiment both male and female 
rats were gonadectomized and received 100 ug of oestradiol 
benzoate (‘Oestroform’, British Drug Houses, Ltd.) 
twice weekly by intramuscular injection while fed on 
standard pellets. Within 3 weeks all animals had devel- 
oped the typical renal deposits. The results of some of 
these treatments are summarized in Table 1, which also 
gives analyses for total calcium and phosphorus in the 
decapsulated kidneys. These quantitative data give an 
index of the magnitude of the calcification and illustrate 
its progression with age in the female rats. 

Both oestrogens and a dietary factor are implicated in 
the aetiology of the condition described. The nutritional 
factor remains undetermined, but it would seem that 
it is not related to absolute levels of calcium and phos- 
phorus, vitamin D or magnesium in the diet. 

F. B. Cousins 
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Isolation of Fluorescent Components from 
Ox-bone Human Dentine and Gelatine 


EARLIER investigationst-4 on the fluorescent material in 
calcified tissues have indicated that it is associated with 
the collagenous organze matrix of these tissues. Observa- 
tions on soluble tissu3 matrix preparations showed they 
had excitation maxima at 330 my with corresponding 
emission maxima aboit 400 mu. 

Using a ‘Sephadex’ ion-exchange column (C.25 CM at 
pH 4-2) we have now successfully separated the fluorescent 
material from alkalina hydrolysates of ox bone, human 
dentine and gelatine preparations with 80-90 per cent 
recovery. The isolated material possessed a characteristic 
ultra-violet absorption spectrum with maxima at 264 my 
and 325 mu. The fuorescent excitation and emission 
maxima of the isolated material were 330 my and 400 mu, 
respectively, and werə identical to those obtained from 
both solid and solution preparations of the corresponding 
intact matrices. Flucrescence was destroyed by bromina- 
tion and permanganate oxidation. The isolated material 
fractionated on a ‘Sephadex G-10’ gel filtration column 
into two components, with identical fluorescence character- 
istics. 

Consideration has Keen given to the concepts that the 
fluorescence associated with calcified tissue proteins may 
arise either from a separate substance bound to the 
matrix or, alternativezy, be the property of some intrinsic 
structural feature of the collagen molecule itself. Our 
results indicate that the fluorescent material survives 
alkaline hydrolysis of «he total matrix, and can apparently 
exist as a separate entity, with the same excitation and 
emission characteristics in the isolated state as when 
associated with the matrix. It presumably possesses 
oxidation and bromixation sensitive centres. From the 
gel-filtration results a tentative estimate of a molecular 
weight of less than 700 for the material may be made, 
the results also indicating that the fluorescence is associ- 
ated with two fractiors of differing molecular weight. 

We thank the Medical Research Council for financial 
support. 
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Freezing of Bound Water and Protein 
Aggregation in Frozen Cod Muscle stored 
near its Melting Point 


THE muscle proteins cf frozen fish slowly aggregate at a 
rate depending on ths temperature. Smee the reaction 
causes the flesh to become tough to eat, and eventually 
unacceptable to the zonsumer, a considerable research 
effort has been directed towards means of slowing it 
down—the usual metnod being to keep the temperature 
as low as possible. d 

In cod (Gadus moraua L.) air-blast frozen at —30° C 
the change proceeds most rapidly between —1° and 
— 2° C (ref. 1), and is was therefore surprising to learn 
recently that fish landed in Portugal after storage on a 
catching vessel at tensperatures just below their freezing 
point (“superchilled”) had suffered little damage to their 
proteins’. The trials were repeated under laboratory 
conditions in this country? and, after thawing, the samples 
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were shown both by subjective examination and by the 
“Cell Fragility” technique (a physical method for measur- 
ing cold-storage changes in fish muscle) to be almost 
unaltered, although the conditions were apparently such 
as to cause maximum change. 

It seemed likely at first that the fish had never actually 
frozen: the proteins of cod muscle at —1:5°C in the 
supercooled condition (without ice present) do not 
aggregate!. However, calorimetry showed’ that about 
half the tissue water was in fact frozen out after 8 days 
at an ambient temperature of —3° C. 

The only difference between the fish showing the 
maximum rate of change just below their melting-point 
and the “superchilled”? samples appeared to be the tem- 
perature at which each was initially frozen. The present 
report describes the resulis of keeping frozen cod at 
—1-6° C after freezing at different temperatures. 

The anterior halves of fillets from cod about 60 cm long, 
caught by trawling near Aberdeen in August 1965, were 
chopped into seven or eight pieces. “Mixed samples’ were 
made by placing fifteen such pieces, each weighing about 
50 g, and each from a different fish, into a polythene bag 
and sealing under vacuum. Half of these “mixed samples” 
were frozen by placing in an air-blast freezer at — 30° C, 
and the other half by placmg in a large insulated bath of 
sodium chloride solution, continuously stirred and main- 
tained at — 3° C by adding solid carbon dioxide from time 
to time. The samples were removed from the blast-freezer 
after 3 h, and from the brine bath after ascertaining that 
ice was present in all the samples. Further time would 
elapse before the ice had completely permeated the brine- 
cooled samples; the present procedure was merely 
intended to guard against supercooling. The samples at 
— 30° C were left in a room at — 7° C for some hours before 
mixing with those frozen at —3°C. All were then placed 
in a small cabinet with internal temperature maintained 
at —1:6°C as already described’, and a mixed sample of 
each kind was removed every 2 or 3 days for testing 
by the cell fragility method‘ after thawing at about 
18°C. 

The results are shown in Fig. 1, and it is clear that the 
samples frozen at —3° C deteriorated much more slowly 
than those air-blast frozen at — 30° C, though both were 
stored at the same temperature. 
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Fig. 1. Deterioration of the protein of frozen cod muscle stored at ~ 1 6° 

C, as measured by the cell fragility method Each pomt is the mean of 

fifteen determmations. @, Fish frozen at ~ 30° C and then warmed up to 
—1-6°, O, Freezing inttiated ma bath at — 3° O, 
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Fish muscle appears to bind water with a variety of bond 
energies’. Progressively lowermg the temperature causes 
the detachment of more and more bound water and its 
crystallization as ice, with a resultant increasing damage 
to the protein®. Rewarmimg the tissue does not reverse the 
situation—much of the extra ice remains at higher sub- 
zero temperatures*, so that more is present in tissue 
warmed up to —1-6°C than in that cooled down to it. 
Because a greater proportion of the water is frozen, the 
tissue salts are more concentrated in the blast-frozen 
samples, and it has long been thought that concentrated 
tissue salts are, at least partly, responsible for the changes 
that occur in. the proteins of frozen fish**. Herein probably 
hes the explanation for the effect shown in Fig. 1. 

In his review of the freezing of tissue, Meryman® 
suggested that “. . . considerably more water remains 
frozen during warming than would have frozen at the 
same temperature during cooling’. The effect was 
demonstrated experimentally by Love and Elerian®, who 
found differences between the specific volumes of tissue 
cooled to, and warmed up to, — 14°C. The findings of the 
present report seem to be another manifestation of the 
same phenomenon. 

Discussing the new “superchilling” process, Partmann' 
concluded that the tissue would rapidly deteriorate unless 
it could be prevented from freezing. In the light of the 
present information, one can be more optimistic, especially 
where a relatively short storage time is contemplated. 

The experimental work was carried out by Mr. John 
Smith. The work was carried out as part of the programme 
of the Ministry of Technology. 


R. M. Love 
Torry Research Station, 
Aberdeen. 
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Studies on the Proteins from Chromaffin 
Granules of Ox, Horse and Pig 


CHROMAFFIN granules of the adrenal medulla are cell 
organelles which contain catecholamines in a high con- 
centration. It has been suggested that the proteins of 
these. granules are involved ın the storage of these cate- 
cholamines. So far only the proteins from the granules 
of ox adrenal medulla have been characterized. These 
proteins are highly soluble in water, and the purification as 
well as some properties of the main component of the 
soluble fraction have been reported'-*. Recently, it was 
shown that the secretion of catecholamines from the 
perfused ox adrenal medulla is accompanied by a release 
of this specific component*. 

In the present investigation we compared the solubility 
of the proteins ın chromaffin granules from ox, horse and 
pig and the behaviour of the soluble fraction in starch-gel 
and polyacrylamide dise electrophoresis. This compara- 
tive mvestigation was thought to provide further evidence 
for the significance of these proteins for chromaffin 
granules. 

Adrenal medullae of ox, horse and pig were homogen- 
ized in ice-cold 0-3 M sucrose. Nuclei and cell debris were 
removed by centrifugation at 12 x 10% g-min. The 
supernatant was centrifuged at 2-4 x 10° g-min to 
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sediment the so-called “large granule” fraction which 
contains mitochondria, lysosomes and chromaffin 

ules’. 1-5 ml. of the resuspended sediment were 
layered on 5 ml. of 1-6 M sucrose and centrifuged at 8-4 x 
10° g-min. By this method chromaffin granules were 
obtained as a sediment. 42-47 per cent of the total 
catecholamines present in the homogenate were recovered 
in this final sediment. For the determination of the solu- 
bility of the proteins the chromaffin granules and the 
mitochondrial fraction were lysed in 0-005 M citrate 
buffer (pH 6-3) and the insoluble material was spun 
down at 9 x 10° g-min. After addition of trichloroacetic 
acid (TCA, final concentration 5 per cent) to both sediment 
and supernatant the precipitates obtained were extracted 
with boiling aleohol-ether (3:1 v/y) and their protein 
nitrogen was determined by the micro-Kjeldahl method. 





Fig. 1. Vertical starch-gel electrophoresis (ref. 6) of the soluble proteins 
of chromaffin granules from ar Kaeo medulla of (1) ox; (2) pig; 
orse, 


Under these conditions 70 + 1 per cent of the proteins 
in ox granules, 74 + 2 per cent in horse granules and 
57 + 1 per cent in pig granules were water-soluble. The 
corresponding values for the mitochondrial fraction were 
between 20 and 32 per cent. A resolution of the soluble 
proteins of chromaffin granules into several bands was 
obtained with vertical starch-gel electrophoresis®. The 
result of one experiment is shown in Fig. 1. It is evident 
that in all three species there is a main protein component 
which migrates to the same position. Several smaller 
components do not show any correspondence. Comparable 
results were obtained by polyacrylamide disc electro- 
phoresis. Scanning (by ‘Chromoscan’) of the starch-gel 
patterns showed that the main component represents 
49 + 6 per cent of the total soluble proteins from ox 
granules, 59-5 + 6 per cent from horse granules and 
73-5 + 5 per cent from pig granules. 

We conclude that a high solubility and the presence of 
a main component which migrates to the same position 
in starch-gel electrophoresis are characteristics of the 
proteins of chromaffin granules of all three species exam- 
ined. If these soluble proteins are essential to the function 
of chromaffin granules, then the main protein component 
which was found to be common to all species examined is 
most likely to be involved. 
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We are grateful to Prof. A. Schinzel for putting at our 
disposal his ultracentrifuge, and to Miss B. Merkle for 
technical assistance. 
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N. STRIEDER 
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Effect of Glucose on the Denaturation of 
Glucose Dehydrogenase by Urea 


GiucosE dehydrogenase from spores of Bacillus cereus is 
heat stable in solutions of sodium chloride at pH 6-5 (ref. 1). 
Increasing concentrations of sodium chloride also protect 
the enzyme from inaetivation by 8 M urea. The enzyme 
has a half-life of 7 min in 8 M urea, pH 6-5, but in 8 M 
urea : 1 M solutions of sodium chloride, the half-life of 
the enzyme is 192 min. The rate of decay of glucose 
dehydrogenase activity in the presence of urea follows 
second order kineties*?. A number of enzymes can be 
protected from urea inactivation by their specific sub- 
strates*-*. In this @mmunication we report the effect 
of glucose in stabilizing glucose dehydrogenase and 
partially reversing the inactivation resulting from urea. 
The preparation, purification, specificity and assay of 
glucose dehydrogenase have been reported elsewhere’)’. 
All experiments were performed at 0° C in 0-05 M phos- 
phate buffer, pH 6-5. Fresh urea solutions (Baker, C. P.) 
were prepared for each experiment in order to eliminate 
the possibility of cyanate formation and its subsequent 
interaction with the protein’®. Ths enzyme was incubated 
with 8 M solutions of urea containing 0-1-0 M glucose, and 
at various times samples were taken and assayed for 
enzyme activity. ‘The reciprocal fraction activity re- 
maining was plotted against time as shown in Fig. 1. 
Concentrations of glucose as low as 0-1 M increased the 
half-life of the enzyme from 7 min to 90 min and further 
protection was achiewed as the concentration of glucose 
was increased from (1 to 1 M. The decay of the enzyme 
at all concentrations of glucose was a second order func- 
tion. Furthermore, the enhancement of stability of the 
enzyme was half-power with respect to glucose. We 
interpreted these data to mean that glucose binds to two 
“urea sensitive” groups on the protein. The denaturation 


18 
vå O.IM 
$ 0.2M 
Z 
Z 14 
s ° O 0.4M 
= A = 
© a n 
E O s o A 
=12 
~ E-J E 
°. ° a Pad 
p IOM” 08M 
SEA e 9 
LO l 
0 15 30 45 60 75 90 
Min 
Fig. 1. Inactivation of glucose dehydrogenase by 8 M urea in the 


presence of various concentrations of glucose. The reaction was carried 
out in 0-05 M phosphate buffer, pH 6-5, at 0° C. 


fter this, the samples were dialysed against phosphate 

buffer, phosphate buffer + 2-5 M sodium chloride and 

- phosphate buffer + 1 M glucose. In each instance 3 ml. 

_ of the enzyme mixture in 8 M urea was dialysed against 

_ 500 ml. of solution for 3 h at 4° C. The initial activity 

Of ‘the enzyme without urea was 8,000 u. The results 
= are shown i in Table 1. 












h e i. DENATURATION OF GLUCOSE DEHYDROGENASE BY 8 M UREA AND 
a Ts PARTIAL RECOVERY FOLLOWING DIALYSIS 


Activity after 


eof Activity of Activity after dialysis against Activity after 


eee incubation enzyme after dialysis against phosphate dialysis against 
with 8M incubation phosphate bufer+25 M phosphate 
area with 38 M buffer sodium buffer + 
Si urea (0) (U) chloride (0) 1M glucose (v) 
25 min 4,500 4,500 4,600 6,250 
rain 3,000 4,400 4,200 6,200 
















both treatments (25 min and 45 min) the degree to 
. renaturation of the enzyme occurred after dialysis 
I M glucose was identical. After 45 min incubation 
8 M urea the enzyme activity was reduced to 37 per 
ut after dialysis against 1 M glucose, the level of 
© activity increased to 77 per cent of the original 
y. There was thus a partial recovery of 40 per cent. 
er, only 12 per cent of the enzyme was renatured 
he urea inactivated enzyme was dialysed against 
a buffer or phosphate buffer + 2:5 M sodium 
ride 

he following experiment was designed to determine 
ther prolonged exposure of the enzyme to urea, which 
its in complete denaturation of the enzyme, would 
enable partial recovery to take place when the 
natured enzyme was dialysed against 1 M glucose 
able 2). 


: ‘able 2, EFFECT 0} PROLONGED EXPOSURE TO UREA FOLLOWED BY DIALYSIS 
oe AGAINST 1 M GLUCOSE 


, Activity after 
Concentration Activity remaining dialysis against 1 M 
of urea after 90 min (per cent) glucose (per cent) 
5M 67 100 
&M 3 0 


-The enzyme was incubated with 5 M and 8 M urea for 
0 min. The reaction mixtures were dialysed against 
M glucose in 0-05 M phosphate buffer, pH 6-5 at 4° C 
"20h. The prolonged exposure to 8 M urea resulted in 
‘reversible denaturation of the enzyme (Table 2). Thus, 
“the extent of reversibility appear ‘ed to be a function 
. - of the exposure time and concentration of urea. Table 1 

shows that some irreversible denaturation also occurred 

when the enzyme was treated with 8 M urea for 25 min. 
At a lower concentration of urea (5 M) there was complete 
reversibility even after a prolonged exposure of 90 min. 
‘The denatured enzyme (8 M urea for 30 min) was also 
dialysed against 1 M solutions of galactose, fructose, 
a-methylglucoside, mannose and sucrose, but these were 
no more effective than phosphate buffer in reversing the 

E inactivation. 

. Rajagopalan, Fridovich and Handler* have investigated 

“the inhibition of a variety of enzymes by urea. They found 

= that. urea inactivation was most pronounced in enzymes 

utilizing large organic molecules as substrates. The 

28 pabibition of urea inactivation by the substrate was 













Tumour Range of Daily optimal 
doses (mg/kg) dose 

ukaemia £1210 50-1,000 400-500 
10/evtosine arabinoside 200-600 400-600 

/N-hydroxyurethane 100-500 400 

5 mast cell 1009-500 500 
309—400 
i 288 leukaemia 100-600 400-600 
OF PO-1 plasma cell 100-600 400-500 


* Range of 25-42 per cent in five experiments. 





the ` oss of enzyme | activity was determined. a 





Table 1. ANTITUMOUR ACTIVITY OF N-HyDROXYURETHANE IN VARIOUS MOUSE Tumours 








genase by: prunes was a Compolik ya" Thes 

effect was specific and other monosaccharides, differ ng 

only in the configuration of a single carbon atom, afforde 

no protection. This was also true for the inactiv 

of the enzyme by 5-dimethylaminonaphthalene sulph 

chloride where only glucose or glucose-6-phosphate wou! 

protect the enzymet. ene 
This investigation was supported by a research. grant ae a 

from the National Institute of Allergy and Infectious _ 2 

Disease. piace 
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PATHOLOGY 


Antitumour Activity of Honea 
a | 


| 
N-HYDROXYURETHANE (C ,H;O0—C--NHOH) is kacer 
be a carcinogen and to induce certain chromosomal ab 
rations’. It contains the hydroxamic acid grow 
moiety apparently essential for the antitumour acti 


of hydroxyurea (NH,—C—-NHOH) and its congenei 
For this reason, it was considered of interest to detern 
whether N- hydroxyurethane was active against var 
transplantable mouse tumours. 

Daily doses of N- -hydroxyurethane were Sdn j 
subcutaneously to mice bearing various tumours. Tab 
presents the optimal dose for each tumour. A varii 
the transplantable acute lymphoid leukaemia 212 
resistant to N-hydroxyurethane (11210/N-hydroxyure- 
thane) was produced by treating £1210 mouse leukaemic 
cells for several generations with daily doses of 400 -> 
mg N-hydroxyurethane/kg. Ss 

N-Hydroxyurethane was active against leukaemia. 
£1210 and a variant of 21210 resistant to cytosine arabino- 
side (Z1210/cytosine arabinoside). N-Hydroxyurethane 
was less active against the mast cell tumour P815 and | 
leukaemia P288 and showed little or no activity against coe 
the plasma cell tumour YPC-1. Hydroxyurea, which gives. 
a 50-65 per cent increase in median survival against 
advanced leukaemia £1210 at daily optimal doses of i : 








Day treatment Median survival time 
initiated Control Treated 
6 9-0 12-0 
6 9-5 14-0 
6 9-0 9-0 
1 16-0 12°65 
§ 10-0 116 
5 9-5 11-5 
6 13-0 136 


















































optimal dose 750 mg/kg). N-Hydroxy- 
ne was inactive in mice bearing this resistant 
ant. Thus, it appears that these two antitumour 
ts have the same mechanism of action. N-Hydroxy- 
hane is carcinogenic and active against leukaemia 
0 whereas hydroxyurea is not carcinogenic? but active 





























against D1210. Urethane (C,H;O—-C—-NH,) is carcino- 
genie but ineffective against advanced leukaemia [1210. 
These data suggest that the ethyoxy group (present 
in both urethane and N-hydroxyurethane) may be in- 
volved in carcinogenesis whereas the hydroxamic acid 
© group is responsible for antitumour activity. 


Mary ANNE HAHN 
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PHYSIOLOGY 


Standing Waves Inside the Heart 
nce Wetterer and Pieper! introduced their miniature 


gh-resolution electronic pressure transducers, it has 
n possible to measure accurately phasic pressure 
anges inside the ventricular and atrial cavities of the 
ammalian heart beating in situ. 
We measured pressure changes in the right ventricle 
.d the right atrium of the heart of dogs which had been 
aesthetized with morphine sulphate (2-5 mg/kg body- 
eight), sodium diallylbarbituric acid (25 mg/kg body- 
eight), urethane (200 mg/kg body-weight) and sodium 
ntobarbital (10 mg/kg body-weight). 
The electronic pressure transducer used in our study 
as constructed according to the technique devised by 
‘etterer and Pieper! and mounted on the tip of a plastic 
eter; pressure changes were measured by means of 
© lateral holes in a stainless steel cap covering the 
ssure-sensitive membrane, This manometer, together 
the amplifier and the recording instrument, had a 
sonant frequency far greater than 100 c/s. 
‘The chest of a dog was opened under anaesthesia and, 
maintaining the animal in this condition, the miniature 
-~ catheter tip manometer was placed inside the apical 
_. region of the right ventricle by way of the right jugular 
-vein with the aid of a fluoroscope. The right ventricular 
© pressure was continuously measured at 100 mm/sec 
recorder speed, while the manometer was drawn slowly 
back into the right atrium while under fluoroscopic 
bservation. At the onset of diastolic relaxation a sudden 
fall in pressure occurred, which indicated a transient 
ssure oscillation, probably corresponding with diastolic 
tion of blood from the atrium into the ventricular 
ity (Fig. 1). We found that the amplitude of this 
ative-pressure oscillation varied continuously along 
apex to base axis, and that it was maximal at the apex 




















‘1).. Moreover, a damped pressure oscillation over 
avelength can be observed at the apex of the right 
CA 0 





“gero in the region of the atrio-ventricular valve | 










Fig. 1. Superimposed pressure curves recorded within the righ 
of a dog, when a pressure transducer is continuously withdra 
the ventricular apex inte the atrium, The curves have been: 
slightly to the right in order to emphasize changes in amplitude 

early. diastolic pressure dips. j 


These observations suggested that the heart cha 
acts as a resonating zavity where standing waves 
during diastole, between the apex and the fai 
central venous systerm. The wavelength associa 
the ground frequency of these early diastolic osci 
would be four times the apex to base length, mea 
along the central axis of the heart (Fig. 2). eas 





Fig. 2. Schematic Toprerontakion oi the right ventricle during diastoli 
i ime. LTr 


The relation between the apex. to base length {L); 
period of the oscillation (T) and the pressure wave velc 
(v) is given by ý 


Dis 


Such a relation prevides a means for estimating the - 
dimensions of the heart at diastole once the wave velocity — 
is known. Eon 
If we consider tke heart chamber to be an elastic. 
cylindrical reservoir of known volume with a modulus of 
elasticity K, we can calculate the wave velocity from a. 
variant of the Moens—Korteweg equation? oe 








“KNt 
ya =) c = 0-974 (K) 
ap - 
where K = V qv P, the pressure inside the veni 


(dynes cm~*), V is the ventricular volume (cm?) 
p is the density of bined (1-055 g cm~’). cae 
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“Fig. s. Apex to base length of the right ventricle in function of early 
‘diastolic time. Averages are calculated over ten consecutive heart beats, 















Because precise data for the volume elasticity of the 
zht ventricle of dogs were not available, we calculated 
rom data given by Gauer‘ and Sandler® for man. This 
a value for the wave velocity of about 128 em sec-!. 
verage axial length L calculated from each of the 
half-periods, which can be observed at the apex, is 
resented as a function of time in Fig. 3. The rapidly 
= Converging curve provides further evidence for the 
_ Suggestion that diastolic filling is nearly complete at 
early diastole. 
K Pavut Lewi 
P WOLFGANG ScHAPER 
Janssen Pharmaceutica N.V., 
“Research Laboratoria, 
“Beerse, Belgium. 
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= Dependence of Velocity of Structural 
. Breakdown of Injured Cross-striated Muscle 
| Fibres on Time of Denervation 


THis communication reports some results of investiga- 

_ tions of the structural breakdown after denervation of 
muscle. The experiments indicate the extent to which 
intracellular factors play a part in the process of struc- 
tural breakdown of injured muscle fibres. 

_ Research into the process of structural breakdown in 

injured cells is of interest in the study of muscular 

pathology and for an explanation of elementary mechan- 
Jiss of muscle contraction. Previous investigations dealt 
mainly with the influence of extracellular factors on 
structural breakdown. According to Rothschuh!, and our 
earlier findings®, the process of structural breakdown is 
based on at least two processes: (1) a contraction which 
aay vary in its intensity; (2) a decay of organized 
_ structures. It is probable that proteolytic enzymes play 

- some part in the second process. 

It has been shown that the activity of myosin-ATPase 
-decreases after denervation. According to Fischer’, after 
_ denervation the activity of myosin-ATPase decreases only 

a little at first, but after a fortnight the decrease becomes 
more marked, probably because of weaker binding of ATP 
to myosin. At the same time, a change in the molecular 
shape of proteins seems to occur, as a result of which 
myosin and actin combine to form a stable complex!. The 
diminished ability to contract may be a result of the 








































hange in activity of ATPase and the molecular © 


the muscle proteins. Further investigations ‘showe 





increase in proteolytic activity®*, Eo 
The question remained of whether these changes w 
also reflected in the processes of structural breakdown. 
our experiments we used male white rats weighing, 
average, 200 g. Denervation of the right caudofemoralis 
muscle was accomplished by splitting the sciatic nerve 
near the vertebral column and excising a 1:5 cm piece of 
the nerve with all its branches. The corresponding muscle 
of the other leg served as a control. Preparation of the nee 
muscle fibres was carried out 10, 21 and 42 days after o 
denervation. The distance from the nerve of the muscle _ 
fibres which decayed in unit time was used as a measure of 
the velocity of structural breakdown: measurements 
were made by means of microphotographs. Bundles of 




























muscle fibres with four to five fibres were used, and these 
were obtained by carefully picking the muscle to pieces. = 
Fig. 1 shows the change in the velocity of structural 
breakdown as compared with that in the control musele 
Ten days after denervation there are no important change 
in the velocity of structural breakdown. The velocity of 
breakdown in the denervated muscle amounts to 17 
+ 1-44u/min. In the control the velocity is 15-50+1-43p/ 
min. The differences between the denervated muscle and 
the control are within the range of variation and are no 
significant (P > 0-25, t= 0-95). í 
















k= 
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Fig. 1. Changes in velocity of structural breakdown dependent on 
denervation time compared with the control muscle, —— — se ees, 


Denervated muscle; -—~—, control muscle, 


By comparison with the control, a decrease in the 
velocity of structural breakdown becomes obvious after 
21 days. The velocity of structural breakdown of the 
denervated muscle is 10:55+0-59u/min whereas for th 
control it is 2087+ l-64u/min. These results were 
obtained with many animals at different times. The 
difference between the velocity of structural breakdo 
of denervated muscle and control muscle can be con 
sidered significant (P < 0-001, tf = 7-15). The differen a 
velocity of structural breakdown of control muscles after __ 
10 and 21 days of denervation is not statistically signi- 
ficant. Further investigations are required of the possible 
velocity change in structural breakdown of control muscle. o. 
The measurement of velocity of structural breakdown 42 
days after denervation is difficult owing to considerable _ 
atrophy of the muscle. This may injure the fibres and 
thus influence the measurements obtained. The result of 
this investigation does not show a significant difference 
(P > 0-25, t = 0-83) between the velocity of structural. 
breakdown in the denervated muscle (17-S2+0-65p/min) — _ 
and the control (19-83 + 1-76u/min). The results of pre- 
vious investigations on structural breakdown, and those 
of our own, considered in the context of the -af 
mentioned hypothesis of the elementary processes 
structural breakdown, lend support to the idea. of 
cessive contraction and structural breakdown. ~ 
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Twenty-one days after denervation, the ability to 
contract is decreased. If it is accepted that contraction 
and proteolysis are separate and successive processes in 
structural breakdown, it is clear that, with a decreased 
ATPase activity and a diminished contractability, 

proteolysis will not be effective in breaking down the 
 gtructure. 

Fig. 1 shows an increase in the velocity of structural 
breakdown 42 days after denervation. Further investiga- 

tions must be carried out to determine that this is not an 

experimental artefact and to find whether this increase is 

caused by secondary factors acting during this period or 

by primary factors. 

ANNELORE BILSING 
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In vitro Maintenance of Rabbit Sperm at 
Room Temperature 


MAMMALIAN germ cells have been utilized by several 
-investigators for the investigation of the biochemical 
and physiological mechanisms of senescence in living cells?. 
Functionally and metabolically active bovine sperm have 
_ been successfully maintained and studied at room temper- 
ature for a period of 6 days or more?. The results of these 
studies led to the present work in which two chemically 
defined media were used to maintain large numbers of 
_. vigorously motile rabbit sperm. The two media tested 
-here were ‘Coconut Milk Extender’ (CME)? and Norman- 
Johnson solution No. 2 (N-J-2)!, a chemically defined 
‘medium. Over a 6 day period of storage at room tempera- 
_ ture (24° + 2° C), N-J-2 proved to be the more satisfactory 
medium for supporting survival and activity of the 
- sperm. 
The acrosome of the mammalian sperm is a relatively 
unstable structure which may become detached from the 
sperm. Bedford’ reported that, as a result of in vivo 
ageing in the female reproductive tract, there was an 
© inerease in the loss of the acrosome cap from rabbit 
sperm. In our investigation it was found that in viiro 
. ageing alone at room temperature in the two media 
- did not increase acrosome cap loss from rabbit sperm. 
The procedures used in this work were as follows: 
-ejaculated sperm were obtained with an artificial vagina 
from ten hybrid male rabbits; the semen was pooled and 
-the sperm were washed free of seminal plasma by gentle 
centrifugation (700g for 15 min) within 30 min of collec- 
tion. The washed sperm were divided into two parts; 
one part was diluted with N-J-2 and the other part with 
sodium citrate buffered medium containing 15 per cent 
coconut milk, to give a final concentration of 10-12 x 10° 
sperm per c.c. Plastic vials (2 c.c. capacity) were filled 
- completely with the suspended cells and tightly capped to 
: maintain a relatively anaerobic state during a 6 day 
“period of storage. The vials were kept in the dark? at 
ambient room temperature (22°-26° C). Fresh vials of 
~~ extended sperm were removed every day for 6 consecutive 
days, thoroughly mixed and then examined and rated 
according to the following: (1) sperm motility, which was 
<> qualitatively rated by means of an arbitrary scale de- 
-seribed by Norman eż al.*; (2) concentration of the motile 
ells and concentration of the stored sperm-—-these were 
letermined with the use of a haemocytometer; (3) loss 
_of acrosome cap. To determine the number of cells which 
ad lost their caps, samples of sperm were prepared as 
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smears, fixed in formal-saline and stained in buffered 
Giemsa stain’. 

Table 1 summarizes the results of five replicates in the 
two different dilution media. The number of live cells 
appeared to be greaser in CME after 6 days of storage — 
than in N-J-2; however, a greater number of cells were 
found to be motile in N-J-2. The quality of motility of the 
cells dropped drastically after the second day of storage in 
CME but not in N-J-2. This may be the result of the 
presence of chloride .on in N-J-2, which may serve as a 
metabolic inhibitor, snabling the cells to conserve some 
of their energy for a hter activity. CME contains calcium 
nitrate and it is kaown that nitrate enhances rabbit — 
sperm metabolism’. It seems evident that in CME most — 
of the energy source was used up during the first few days: 
after which motility and the number of live cells decreased 
quickly. | 


Table I. EFYECT OF NORAAN-JOHNSON S@LUTION NO. 2 AND ‘COCONUT 






MILK EXTENDER’ ON MOTILITY, SURVIVAL AND Loss OF ACROSOME CAP  _ 


OF RABBIT SPERM KEPT AT ROOM TEMPERATURE FoR 6 DAYS” 


. Percentag 
Sperm Percentage Pereentage Quality of sperm. © aa 
age in of sperm of sperm of hich lort. o 
Diluent days adve motile motility* acrosome cap | 
CME Q a1 92 5-0 @ 
3 a2 77 2-1 11 
& 72 64 1:3 i13 
N-J-2 (E R9 O1 4-9 9 
3 33 83 31 10 
6 39 72 1-8 12 


*Q (non-motile), 1 (vibratory), 2 (poor progressive), 3 (fair progressive) 
4 (good progressive), 5 (excelent progressive}. 


After 6 days of storage some of the cells from both 
media were centrifuged and resuspended in fresh CME 
containing calcium mitrate and 5 per cent egg yolk. It 
was found that the motility of cells stored in CME could 
not be restored to better than “fair progressive”. How- _ 
ever, the motility ef sperm stored in N-J-2 and later 
resuspended was restored to better than “good progres- 
sive’. It was also fund that a much higher percentage 
of the cells stored in N-J-2 responded favourably to- 










resuspension than cels stored in CME. It was concluded. oe 


that the prolonged maintenance of an economical 
usable number of functionally active rabbit sperm, a 


room temperature ir N-J-2, can be of advantage in ar ifi: E 
cial insemination. N-J-2 was found to be a better diluent — 


for storing rabbit sperm at room temperature because 
a greater number of 2ells remained motile over the storage _ 
period; and because a considerably larger percentage of the. 
cells could be reactivated by resuspension. 


In vitro ageing iacreased acrosome cap loss by only 


3 per cent in both diluents; but this increase was no 
found to be signifieant (P> 0-05). These observat 
seem to contradict those of Bedford. However, 3 
possible that the mcrease in acrosome cap loss that 
Bedford observed did not result from ageing alone, but — 
possibly from the zombined effects of ageing and the — 
physiological envirenment of the female reproductive — 
tract. a 
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Vascular Migration of Transplanted 
Trophoblast in the Golden Hamster 


THis communication presents some preliminary results 
of an investigation of the invasive properties of hamster 
trophoblast transplanted to extra-uterine sites. The 
is of particular interest in this respect, for in 
the course of normal gestation the trophoblastic giant 
eells exhibit a remarkable migratory activity not de- 
seribed in any other species'. ‘The tertiary trophoblastic 
giant cells are extremely migratory and deeply invade 
the maternal arterial system. They are found in the 
mesometrial arteries for as long as 3 weeks post partum. 

Donor hamsters were killed 6-5 days post coitum and 
the ectoplacental trophoblast dissected from the embry- 
onic pole of the conceptuses. The hamster differs from the 
mouse and rat in that the ectoplacental tissue is not in the 
form of a cone but sits like a cap on top of the embryonic 
sac. A few hamsters were killed 3-5 days post coitum 
and the blastocysts flushed from the uterine horns with 
saline. The testis was initially chosen as the site for trans- 
plantation because it has been shown in the mouse to 
provide a very favourable environment for the develop- 
ment of eggs and ectoplacental cones?:3, 

Two days after transplantation beneath the tunica 
albuginea of the testis the ectoplacental cap proliferates 
into a nodule of trophoblast tissue at the site of inocula- 
tion. This proliferation opens up the blood system in the 
testis and produces haemorrhagic channels between the 
seminiferous tubules at the periphery of the graft. The 
first migratory movements of the trophoblast cells occur 
down these channels, in the interstitial cell areas. From 
2-4 days after transplantation trophoblast cells can be 
seen in various stages of migration away from the original 
site of inoculation. They take up residence within the 
vascular system of the testis and line the wall of the 
vessels with their cytoplasm flattened in close contact 
with the endothelial surface. The way in which penetra- 
tion of the blood vessels occurs is not yet apparent. It is 
possible that there is only one site of breakdown and all 
the trophoblast cells migrate in at this point. Tropho- 
blast is potentially capable of invading tissues both by 
phagocytosis‘ and cytolysis*-*, and it seems likely that one 
or both of these mechanisms is effecting this penetration. 

During the early stages following transplantation 
there is some degeneration of surrounding seminiferous 
tubules, but not to the extent reported during tropho- 
blast invasion of the testis in the mouse*. The presence 
of the developing hamster trophoblast induces numerous 
multinucleate spermatids in the tubules surrounding 
the graft, a phenomenon also seen in the mouse? and the 
guinea-pig’. Six days after transplantation almost all 
the trophoblast cells have left the original site of inocula- 
tion, which is marked only by a small patch of degenerate 
seminiferous tubules. The trophoblast cells are seen form- 
ing an almost continuous lining to the vessels nearby 
(Fig. 1), and a few are present in vessels further away. 
By the twelfth day (the longest period yet studied) the 
cells have become distributed throughout much of the 
vascular system of the testis. They still retain their 
characteristic morphology and staining properties. 
Whether they can survive longer, and migrate outside the 
testis itself, has yet to be discovered. 

The migratory activity of the trophoblast is not limited 
to cells derived from the ectoplacental cap because 
transplantation of the hamster blastocyst to the testis 
produces trophoblast cells which follow a similar invasive 
pattern. This appears to be the first report of successful 
extra-uterine development of the hamster egg. 

To test whether this ectopic migratory behaviour of 
hamster trophoblast is limited to the environment of the 
hamster testis, ectoplacental caps from the hamster were 
transplanted to the testes of adult hybrid mice. Autopsy 
after 6 days revealed hamster trophoblast cells in the 
vascular system of the mouse testis. The reciprocal experi- 
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Fig. 1. Trophoblast cells lining the endothelial wall of an artery in the 
The endothelium is intact, but shown in clear focus 


hamster testis. 
only in the section arrowed. Seminiferous tubules and interstitial cells 


surround the artery. 


ment of transplanting mouse trophoblast to the hamster 
testis showed the development of a nodule of normal 
trophoblast tissue, but no migratory activity. It would 
seem that migration is an independent property of hamster 
trophoblast and is largely uninfluenced by the environment. _ 
It is also of interest that in these trans-specific transplan- 
tations there is no apparent immunological reaction 
against the trophoblast at the stages examined. 

The only other extra-uterine site to which hamster 
trophoblast has yet been transplanted is the kidney. 
The ectoplacental cap, placed beneath the kidney capsule, 
proliferates to produce a nodule of trophoblast tissue 
which also undergoes some migratory movement. Eight 
days after transplantation a number of trophoblast 
cells can be seen attached to the endothelial wall of blood 
vessels in the boundary zone of the kidney. However, 
a large number of cells still remain under the kidney 
capsule after this period. It may be that the more compact. 
nature of kidney tissue limits the migratory movements 
of the trophoblast. 

In the testes examined so far, the trophoblast cells 
appear to have migrated into the arterial network. 
This is based on observation of the characteristic histo- 
logical appearance of arteries. However, in some in- 
stances, particularly the small capillaries, it is more 
difficult to identify the arterial nature of the vessels. 
If the migration is solely arterial this phenomenon is 
directly comparable with the situation in normal hamster 
pregnancy, where the tertiary trophoblastic giant cells 
show selective invasion of the arteries and are never 
found in veins. Orsini has found that these giant cells 
bring about pronounced changes in the arteries, which 
become dilated and thin-walled and lose their character- 
istic structural appearance’. These changes are probably 
brought about by some secretion of the giant cells. An 
exhaustive examination of serial sections of the testes 
is necessary before it is possible to say whether such an 
effect is produced in the testicular arteries. | 

The hamster trophoblast cells must possess some 
tropism, possibly towards oxygen tension, in order to 
invade preferentially the arterial system. Once inside the 
artery they have to migrate against the flow of blood, 
and this seems to be achieved by movement along the 
endothelial wall. The function of the trophoblast cells 
in this situation is entirely obscure. Their function during 
early gestation is primarily an invasive one to establish 
intimate connexion between mother and embryo, and it 
is difficult to understand the advantage of continuing an 
invasion into the maternal blood system. The only other 
known occasion when trophoblast tissue is found normally 
in the maternal blood system is in man. During the latter 
half of normal pregnancy, fragments of syncytial tropho- 
blast break away from the placenta and are deported 
to the uterine veins*. Their function is unknown, but 
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ted that they may be of immunological 
tance*. They are probably normally broken down 
ome lytic mechanism in the circulating blood, although 
large numbers may reach the lungs. The phenomenon of 
ophoblast deportation to the lungs during normal 
pregnancy has also been reported for the chinchilla’ (also 
personal observation). 

< These results show that extra-uterine transplantation, 
particularly to the testis, may be a profitable technique to 
investigate further the remarkable migratory behaviour 
ef hamster trophoblast cells. 
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‘ect of Degraded Carrageenin on Gastric Secre- 
tion Stimulated by Histamine and ‘Histalog’ 
‘WERE is some evidence that in the guinea-pig, the oral 
dministration of degraded carrageenin, a sulphated 
olysaccharide, causes a slight temporary reduction 
of gastric acidity in response to histamine’. We have had 
‘occasion to study the effect on gastric secretion when 
legraded carrageenin is administered subcutaneously. 
the results indicate that carrageenin parenterally has a 
yronounced inhibitory action on the acid secretory 
response to histamine but, somewhat paradoxically, 
“not on the secretory response to ‘Histalog’ (betazole 
hydrochloride), a structural isomer of histamine. 
“Gastric juices were obtained from fasted unanaesthe- 
ed adult male guinea-pigs by intubation 1 h after the 
tramuscular injection of an aqueous solution of hista- 
mine acid phosphate (1 mg/kg) or “Histalog’ (100 mg/kg). 
Degraded carrageenin (5 per cent aqueous solution) had 
been injected subcutaneously 9 h previously in a dose of 
00 mg/kg body weight. The results are shown in Table 1. 





fable 1. EFFECT ON STIMULATED GASTRIC SECRETION OF DEGRADED 


CARRAGEENIN ADMINISTERED SUBCUTANEOUSLY 
(Means +1 S.D.) 








- Gastric secretion 
Treatment and No, of Volume Total acid conc, 
£ amma (ml.) (m.equiv/l.) 
Histamine only (10) 8-9 + 2-2 : 128-6 + 8-2 : 
CME OE Te ae 
istalog’ only (8. Z2 32:5 + 10 g 
rageonin + ‘Histalog’ (10) 140435 77°10 1346480 P> o 


Carrageenin markedly reduces the volume and total 
acid concentration of the gastric juice secreted in response 
to histamine. How it produces this effect is not known. 
It may be that it renders histamine inactive by forming a 
-complex with histamine as in the case of heparin*®, which 
is also a sulphated polysaccharide. By the use of ‘Histalog’ 
-cit has, however, been possible to establish that carrageenin 
does not directly interfere with the acid secretory mecha- 
nism. These results are of interest in relation to the role 
of histamine in gastric secretion. 
We thank Dr. G. B. Shirlaw of Laboratories Glaxo- 
- Evans, Paris, for supplying degraded carrageenin (“Ebi- 
mar’), and Dr. E. A. G. Cook of Ely Lilly and Co., 
Basingstoke, for supplies of “Histalog’. 
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Enhancement of the Activity of Opti : 
Concentrations of Urokinase by the Veno 
of Echis carinata NS 





Ture venom of Echis carinata (saw-scaled or carpet- 
viper) is known to have powerful haemotoxic act 
promoting coagulation in whole blood or plasm aes: 
digesting fibrin!. We have recently investigated the action — - 
of this venom on tke fibrinolytic enzyme system using- 

the caseinolytic assey system of Remmert and Cohen? 
as modified by Alkjeersig’. Urokinase (2,000 u/ml.) was 


substituted for streptokinase, and 0-1 molar phosphate- 
buffer for acid and akali. Results are expressed in casein- 
units/ml. Where Eehis venom was used, 0-5 ml. of a- 
1 mg/ml. solution of a desiceator-dried preparation 
reconstituted in 0-9 per cent saline was incorporated in - 
the system in place oč 0-5 ml, of the phosphate buffer used: _ 
in the assay. Similar:y, buffer was substituted for urokin- 
aso and plasminogerm in the experiments in which these 
reagents were omitted. Seo 











Table 1, CASRINOLYTIC ASSAYS ane 
Plasminogen Casein units/ml. 





Urokinase Venom ! 
+ — + 1-7 + 0:3: 
-+ + l w &1 4 4 
~ + + 29 + 0-2. . 
= me + D5 + OT 

































The results are shown in Table 1, which presents the 
mean values and standard deviations for seven ass 
performed in duplicate. It will be seen that the ver 
of Echis carinata has direct caseinolytic activity (27 
units of activity); it also has the ability to produce 
activation of plasminogen, the increase in prote 
activity of a venom-plasminogen mixture compared 
venom alone being (-4 + 0-2 units (¢ = 6-28, P<0 
This compares with an activation of 1-7 + 03 un 
duced by urokinase, Guo "re being made 
cases for the sponta ieous activity of plas. © ot" 
0-1 units). Of mors importance, however, the sws 
also show that the vanom can augment the activity o 
optimum concentration (2,000 v/ml.) of urokinase 
plasminogen activatcr, the activity produced by ine 
together of urokinese, venom and plasminoger 
5-1 + 0-4 u/ml., this being 1-4 + 0-3 u more than 
to be anticipated frem the separate incubation of ve 
and plasminogen/urokinase with casein (¢ = F 
P < 0-001). S 

It has also been chown that the venom does no 
ment the activity of spontaneously activated plasm 
it would therefore appear that the augmentati 
caseinolytic activity results from an action of the’ 
on plasminogen or on urokinase; but as incubati 


kinase. Oe 
The inhibitor of plasminogen activation (e-amino- 
caproic acid) has been added to the system but has no - 
effect on the ability of the venom to augment plasminogen —— 
activation by urokimase. However, addition of a specific. _ 





antivenom (Behringwerke A.G.) to the test system results 
activation and also augmentation of the actio 
If the fraction of the venom which produces this unique _ 
effect can be isolated from the coagulant fraction it may = — 
have an important place in thrombolytic therapy as 
adjuvant to urokinase and streptokinase, produc 
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augmentation of thrombolytic activity and thus accele- 

rated vascular clearing. l 
_ Further investigation of the phenomenon may make 
available more detailed knowledge of the mechanism of 
plasminogen activation. 

_ Plasminogen, streptokinase and ¢-aminocaproic acid 
were provided by Dr. Hans Dahlstrom of A. B. Kabi, 
‘Stockholm, and urokinase by Dr. R. Herting of Abbott 
_Laboratories, Ilinois. The work was supported financi- 
ally by the Ministry of Overseas Development, Ministry 
_of Health, Kenya, and Merck, Sharp and Dohme Research 
Laboratories (Dr. M. Tishler). 
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Be Caulerpicin, a Toxic Constituent of 
ee Caulerpa 


has long been known that the marine green alga 
-Caulerpa has a peppery taste. Yet varieties of this species 
are used as a salad delicacy in the Philippines and lack it. 
: have attempted to discover the nature of the flavour- 
“ving substance, having in mind its recognition for 
motaxonomic purposes. One of us (G. A.-S.) was 
able to obtain from ether extracts adsorbed on and then 
eluted from alumina crystalline material which melts 
at 95° C. We have named this material “eaulerpicin”. 
Mass spectrometry © Z ct.. that caulerpiein has a mole- 
cular weiet 649 with a possible formula of Cis HON 
"Ma properties unlike those of any other compound of 
which we are aware. The infra-red spectrum indicates that 
-eaulerpicin may be a long-chain saturated hydroxy amide. 
far it has been found in several Caulerpa species or 
ieties in different concentrations; as much as 600 mg 
een isolated from 1,500 g dry weight of one variety 
aulerpa racemosa (Forsskal) J. Agardh. 
ifferent people respond differently to caulerpicin. 
16 merely obtain a mild anaesthetizing sensation which 
t immediate but is delayed for a minute or two. 
ers also obtain a numbness of the tongue or lips. In 
ubject exposed to the substance at various times truly 
xi¢ symptoms have become stronger and stronger follow- 
ach contact. Almost immediately on chewing the 
w dried Caulerpa material, the subject felt a numbness 
ae he tip of the tongue. This has developed to a point at 
which the reaction is one of numbness of the extremities 





























-- eoupled with a cold sensation in the feet and fingers, rapid 

and difficult breathing, slight depression and, finally, loss 
of balance requiring the subject to lie down. The symp- 
toms wear off, depending on the dosage, in a few hours 
toaday. Coupled with these reactions to the impure and 
pure substance, the same subject has developed a sensi- 
tivity to oysters and crabs and eating them produces the 
same symptoms. 

The toxic effects are somewhat similar to those reported?! 
for ciguatera fish poisoning in the Tropical Pacific. 
According to Banner’s investigations ciguatera poisoning 
is caused most frequently by eating the red snapper 
(Lutjanus bohar Forsskal) which in turn feeds on herbi- 
vorous acanthurids such as Acanthurus triostegus Linnaeus. 
Dawson et al.? reported that Caulerpa serrulata (Forsskal) 
J. Agardh was found in the alimentary tracts of reef 
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fishes from Palmyra Island in the Central Pacific. One _ 
of these, Arothron hispidus Linnaeus, was found to 
be poisonous; another, Acanthurus triostegus, is often. 
poisonous. se 
In so far as we have been able to determine from Banner |. 
and Helfrich® and from questioning, ciguatera is unknown 
in the Philippines, although it is widespread in the Tropical 
Pacific. However, it is possible that the toxic response to. 
shellfish on the part of our subject in the Philippines was- i 
due to substances such as caulerpicin being passed to the ~ 
human food organisms, oysters and crabs, through è- 
detritus food chain rather than through the herbivore fish- 
to carnivorous fish food chain. We do not believe the 
effects of caulerpicin which we observed to be identical to > 
those of ciguatera, but there is little information on. 
this point. a 
The fishes and algae mentioned are common and 
generally distributed throughout the Philippines. — 
Forsskal’s authorship of so many of their names is an 
indication of their abundance and presence at the Red. 
Sea end of their general biogeographic distribution acros 
the Pacific. Since Caulerpa is a genus very widely spread 
in the tropics and also occurs in cold water in South 
Australia, for example, it would seem that if it is related to 
fish poisoning this would already be known. Tha 
Caulerpa is not so conspicuous a genus in the Eastern 
Pacific and perhaps the Eastern Atlantic as it is in the 
western reaches of these same oceans, may account fo 
the lack of literature on this subject. We would apprecia 
any information relating Caulerpa to toxicity in marine 
products or to food chains either as detritus or direetly- 
grazed material. ice OE 
The field work for this project was supported in part by 
contracts with the U.S. Office of Naval Research and thi 
U.S. Atomic Energy Commission. 7 
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Flower Apices cultured in vitro 


ALTHOUGH there are numerous reports dealing with the 
culture of plant tissues im vitro, there have been few. 
successful attempts to culture isolated flower primordia. 
A suitable technique would, however, be valuable for. ee 
many morphogenetic investigations, and therefore 
attempts have been made to culture buds of two species of 
Vascaria. BE 
Dissection of flower apices was carried out by aseptie o 
methods which yielded sterile cultures without difficulty. 
The excised apex was placed on a filter paper bridge? - 
dipping into liquid nutrient medium in a 1 in. diameter 
‘Monax’ tube covered with polypropylene film. The 
cultures were grown at 24° C under a 16 h daylength at an = 
intensity of about 600 lumens per sq. ft. The nutrient = 
medium was based on that of Murashige and Skoog?; 
the concentrations of the major elements and the ferrous 
sulphate—-ethvienediamine tetraacetic acid (EDTA) com=- 
plex were those recommended and, of the minor elements, 
one-tenth of those quoted. Other constituents (of which 
some were derived from Goodwin® and some from Vasil‘). 
were as follows (quantities per litre); sucrose, 20 g 
coconut milk, 100 ml.; casein hydrolysate, 1 g; inositol — 
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100 mg; cysteine, 5 mg; ribonucleic acid, 25 mg; kinetin, 
1 mg; 8-OH-quinoline, 0-3 mg; EDTA, 37-3 mg; thiamine, 
4 mg; nicotinic acid, pyridoxine, calcium pantothenate, 
riboflavine, biotin, choline, L-ascorbie acid, adenine and 
menadione, all at 1 mg; gibberellic acid and 6-indolyl-3- 
acetic acid, both at 1 mg. The medium was adjusted to 
pH 5-7—5-8 and autoclaved. 

Two long-day plants, Viscaria candida and V. cardinalis, 
have been used in this study. Both species flowered with 
from seven to ten pairs of leaves under continuous long 
day conditions and remained vegetative almost indefin- 
itely under short day conditions. About 15 long days 
were required for full induction of flowering. 

When vegetative apices about 1 mm in size were taken 
with one or two pairs of leaf primordia and grown under 
long days, they generally grew without rooting for a 
considerable time, and flowered after producing about 
the same number of leaves as a pot-grown plant. The 
flowers in such cultures were normal in all parts (Fig. 1), 











Figs. 1-6. (1) Growth from a 1 mm vegetative apex after 10 weeks 
(scale equals 5 mm). (2) Growth after 5 weeks from a 500m apex excised 
after minimal photoinduction (scale equals 5 mm). (3) State of flower 
bud when excised at 1-2 mm (scale equals 1 mm). (4) Normal flower 
(with calyx, two petals and one stamen removed) grown on plant under 
the same conditions as the cultured flower in Fig. 5 (scale equals 5 mm). 
(5) Flower cultured from a 2 mm bud, photographed 18 days after 
excision (scale equals 5mm). (6) As Fig. 5, with calyx removed to show 
stamens and ovary (scale equals 5 mm). 
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Apices removed from plants which had received minimal 
photo-induction sometimes developed vegetatively and 
sometimes formed flowers when placed in culture. Fig. 2 
shows a culture grown from an explant taken at 500u 
in size with three leaf primordia. A further pair of leaves 
was laid down in culture followed by a full set of 
flower primordia, which developed normally in all 
respects. 

If an apex were excised with sepal primordia only, or 
with petal and sepali primordia, the succeeding flower 
parts were all initiated and no treatment has so far 
disturbed the normal sequence. With such small apices, 
however, full development of the flower to maturity 
rarely occurred unless a pair of leaves was present. When 
buds were taken witaout leaves but with all parts just 
initiated (that is, at #00u-2,000u in size) normal develop- 
ment of the flower parts occurred (Figs. 5 and 6). In 
buds of less than 2 mm the calyx was well developed, 
the petals very small and the ovary at an early stage of 
initiation in the centre of the bud (Fig. 3). The stamens 
were the most advanced, but archesporial tissue was not 
differentiated in the anthers. In the complex medium 
used in this study pormal growth of calyx, ovary and 
ovules was usually oktained. Petals were pigmented and 
fairly normal in shapes, but sometimes they tended to be 
rather strap-shaped and sometimes lacked a corona. 
Stamen development was variable; in many cases normal 
development occurred and up to 50 per cent of the 
cultures produced ome or more (sometimes ten) stamens 
with pollen which was sculptured and stained with 
acetic-orcein. Larger buds taken at 4-5 mm and con- 
taining pre-meiotic avchesporial tissue tended to produce 
pollen more easily. The stamen filaments sometimes 
elongated normally but were often much reduced in 
length, though this also tends to occur in normal flowers 
grown at 24° C (Fig. 4). 

This work has shown that cultures grown with leaves 
generally produced normal flowers, as Baldev’, Chailak- 
hian® and Raghavan and Jacobs’ have also observed, the 
latter obtaining some viable seed. In previous work, 
culture of flower buds without leaves has proved more 
difficult. Tepfer* dic not obtain development unless the 
calyx was removed; he did not achieve normal stamen 
development’ and wes unable to take a flower bud from 
the early stages of nitiation through to maturity and 
flower opening. Galan? obtained ovary development in 
the cucumber, but he did not obtain'' satisfactory 
stamen development. The complex medium used in this 
investigation has enabled flower buds to be grown without 
leaves from the ear y stages of initiation to maturity. 
Meiosis has been shown to occur in the stamens, and 
normal pollen and ovules have frequently been produced. 
Work is proceeding to reduce the complexity of the 
nutrient medium and define the conditions under which a 
fully normal flower is developed. 

I thank Prof. J. Heslop-Harrison for his help. 
polypropylene film was kindly provided by 
Visqueen, Ltd. 
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‘Tae mode of aka divisioni in Entamoeba histolytica 
and other anaerobic amoebae is not clearly understood. 
There are two main reasons for this: first, difficulty is 
encountered in obtaining the various normal stages of 
nuclear division; second, unsuitable cytological tech- 
niques are used to distinguish between chromatic and 
_ non-chromatic substances. Dobell? developed a culture 
method of obtaining large numbers of EH. histolytica 
trophozoites in an actively growing condition. He grow 
amoebae by the Boeck—Drbohlav technique in a tube into 
which a coverglass was placed. The amoebae crept over 
the coverglass, where they continued their development, 
fed on the accompanying bacteria and rice starch 
: and multiplied. Because “they adhered to the glass, 
.. they could be readily obtained from the culture by 
-removing the coverglass, and then fixed and stained. It 
would be emphasized that by this method large numbers 
bacteria and rice starch particles also remain attached 
the coverglass. This makes any study of nuclear 
ture and nuclear division difficult. 
gh? developed a method for the culture of small 
ree-living amoebae; this enabled him to obtain without 
ifficulty all stages of nuclear division in nine species 
10ebae. The amoebae were grown on thin films of 
utrient agar on slides. They were then fixed 
cording to normal cytological methods and the slides 
rought to water. At this stage the film of agar was 
~. “removed by giving the slide a gentle shake in water; this 
z on the majority of the amoebae attached to the 
o Bude, 
The agar film culture method of Singh? has been modi- 
_. fied to provide large numbers of trophozoites of E. 
histolytica, E. invadens and E. moshkovskii in a normal and 
tively growing condition. Thin films of non-nutrient 
- agar (0-8-1-0 per cent agar depending on the quality of 
agar; 0-85 per cent sodium chloride) were made on 
coverslips. One or two small drops of hot melted agar 
were placed on 22 x 22 mm number ‘0’ coverslips and 
-quickly covered by round coverslips (16-18 mm diameter). 
When the agar had solidified, the top coverslip was gently 
yashed from one side and removed, leaving the film of 
war on the lower coverslip. The films were kept in moist 
tri dishes until required. 
wenty-four to forty-eight hour old amoebae growing 
modified Boeck and Drbohlav medium (M/40 phosphate 
ffer in 0-85 per cent sodium chloride was used to dilute 
tivated horse serum 1/7; pH 7-2) with mixed bacterial 
ra and rice starch were pooled and inoculated in large 
mbers in hollow ground slides (ground glass slides 
bh a circular cavity 16 mm in diameter and 4 mm deep). 
= e cavities were filled with diluted horse serum and a 
8 all quantity of rice starch (Difco) was added. They 
- Were then sealed with coverslips containing agar films, 
eee keeping the film downwards. Care was taken to avoid air 
bubbles. Any extra fluid around the coverslip was 
-removed by filter paper. The cavity slides were then 
inverted and incubated at 37° ©. There was profuse 
-growth of amoebae on the agar films. After various 
intervals of time, ranging frém 16 h to 24 h, the slides were 
inverted and the coverslips with the films gently removed 
with a pair of forceps. The amoebae were quickly fixed 
ain Carnoy’s solution (absolute alcohol six parts, chloro- 
l form 3 parts and glacial acetic acid one part) for 30-45 
yin. They were then placed in 90 per cent alcohol for 
24h and gradually brought to water. At this stage the 
< films were gently detached around the periphery with a 
fine needle and removed by gently shaking the coverslips 
in water. The majority of the amoebae remained attached 
-- to the coverslips, and were stained with iron alum haema- 
ylin. It seems that amoebae sink through the agar, 
observed by Singh? in the case of free-living amoebae, 



















































find Boroa, young aad aa dividing. aiee à 


the amoebae are confined to a small area, it shoul 
easy to locate dividing individuals under an oil-imme: 
lens. The amoebae can be stained by suitable techni 
so as to show up the chromatanic and non-chromatani ee 
substances at various stages in the nuclear division. 000 
Shaffer* has recently shown that the trophozoites of. 
E. histolytica in Shaffer-Frye or CLG medium possess 
two or more nuclei. From 2 to 25 per cent of the amoebae 
were binucleate between 8 h and 16 h and continued for 
120 h of incubation. No binucleate amoebae were present 
at 4 h or 8 h of incubation. A few trophozoites which 
contained from three to five nuclei were found without 
any apparent relation to the growth cycle of the culture. 
Based on these observations, Shaffer has suggested that 
nuclear division and cell division may be separate pheno: 
mena that do not necessarily proceed in parallel. ao 
We have found that on a single coverslip preparatio: 
made from 16-24 h old cultures of E. histolytica and FE 
invadens there were plenty of trophozoites with two o 
three nuclei. Amoebae with four or five nuclei were less 
frequent. Amoebae containing six, seven and eigh 
nuclei have also been observed; multinucleate amoeb 
also occurred with E. moshkovskii. The nuclei arid È 
cytoplasm in multinucleate E. Atstoli ytica, E. invader 
and E. moshkovskii appeared to be quite normal. Oi 
observations support Shaffer’st suggestion that nuclear i 
and cell division are probably two separate phenomena, ==> 
We thank Dr. B. N. Singh, head of the Division of 
Microbiology, for suggesting the preblem and for helpivt 
advice. : 
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Effect of Spinal Lesions on the 
Colour Change of the Minnow 
(Phoxinus phoxinus L.) 


THE dorsal and lateral surfaces of the minnow (Phoxin 
phoxinus L.) change colour on pale and dark backgrounic 
This colour change is effected by changes in the condition 
of the melanophores which are found on these surfaces 
of the minnow. Large macromelanophores and smal 
micromelanophores can be seen under the binocular 
microscope, and the differential distribution of these two 
types gives rise to a prominent pattern which is to be __ 
observed particularly during the paling and darkening 
of the fish. Black-adapted minnows taken from a black. 
background and placed on a white one pale rapidly during ae 
the first few minutes under nervous control, then continue 
to pale at a slower rate under hormonal control’—maxi- FANE 
mum pallor is reached after some hours. The maero: 
melanophore pattern pales more slowly than the mierō- 
melanophores and it is still visible after the fish has bee 
paling for one minute but has more or less disappea 
after 3 min. On a black background the fish dark 
rapidly during the first few minutes and maxim à 
darkness is attained after some hours. 

A melanophore aggregating centre exists in the med 
oblongata of the minnow from which autonomic pign 
motor fibres pass caudally to their spinal outflow 
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ain and innervate the melanophores by means 

spinal and trigeminal nerves*. The spinal pigmento- 

‘ fibres are located dorsomedially within the tissues 

ch include the substantia gelatinosa Rolandi and the 

dorsal part of the corpus commune posterius®". 

Kappers et al.* claimed that knowledge of the sympa- 
eti i 







shetic nervous system of fish was very meagre especially 
in regard to finer details. This still holds to-day for the 
_ spinal autonomic tracts. The experiments described here 
are concerned with the effect on the colour responses of 
cutting a proportion of the spinal pigmento-motor fibres. 
Lesions were placed ventrally, dorsally and laterally by 
means of micro-dissection instruments at vertebrae 3-4 
and 10-11 and at the spinal outflow levels between verte- 
-brae 12 and 14 (refs. 3 and 4) in different fish. The colour 
~ responses to black and white backgrounds were tested 
after the fish had recovered from anaesthesia and compared 
_ with their pre-operational colour responses. The extent 
of each lesion was determined histologically from serial 
<= sections stained with Mallory’s trichrome. 
<>. Fhe effect on the colour responses of lesions placed at 
vertebrae 3—4 and at vertebrae 10-11 depended on whether 
the dorsomedial spinal tissues at these levels were damaged. 
Total destruction of these tissues eliminated the rapid, 
~-neurally controlled colour responses of the fish to different 
backgrounds whereas the colour responses were unaffected 
he dorsomedial tissues were intact. Partial damage to 
the dorsomedial tissues at these levels resulted in a promi- 
nent dark mottled pattern which was distributed over the 
sal and lateral surfaces of the fish and was observed 
hen the fish were allowed to pale on a white background. 
This pattern appeared to arise from a differential be- 
haviour of the melanophores and it persisted when the 
-fish was left on a white background for 3 min. 
“This effect was observed in fifteen fish in which spinal 
: lesions had been placed at vertebrae 3-4 or 10-11 and in 
cases there was appreciable damage to the dorsomedial 
tissues, but there was no correlation between the develop- 
ment of this pattern and the aspect of the lesion. In 
“particular, dextral and sinistral hemisections did not re- 
` sulé in a unilateral response but produced a similar 
bilaterally distributed mottled pattern. 
A similar mottled pattern was observed in eighteen 
innows in which spinal lesions were placed between 
ertebrae 12 and 14. At these levels there appears to 
‘no correlation between the extent of the lesion and its 
effect. The results seem to indicate that at these levels 
the spinal pigmento-motor fibres run ventrally from the 
dorsomedial spinal tissues and are widely dispersed 
jughout the cross-sectional area of the spinal cord. 
thermore, lesions placed in the posterior part of the 
flow region, that is at vertebrae 13 and 14, did not 
affect the colour response of only the caudal region of the 
fish but, instead, a mottled pattern completely covering 
_ the dorsal and lateral surfaces was observed, thus indicat- 
-jng that pigmento-motor fibres from these spinal levels run 
_ both cephalically and caudally along the sympathetic 
= ehain. The macromelanophores of the lateral stripes 
and of the dorsolateral pattern appear to be more readily 
- -affected by damage to the pigmento-motor fibres than the 
_. micromelanophores, but, in spite of this, the post-opera- 
tional mottled pattern has a somewhat different ap- 
pearance from the pre-operational macromelanophore 
pattern which is observed during paling and the precise 
nature of the post-operational mottled pattern is worthy 
further investigation. 
Che mottled pattern in some of the specimens was 
xamined under the binocular microscope by means of a 
thod adapted from that described by Hogben and 
me’ and Heuley?. Some of the melanophores showed 
mmetrical dispersion and it is suggested that this obser- 
ion supports the conclusion of Gray™S that individual 
nophores are innervated by more than one neurone, 
he asymmetrical response would indicate that some 
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associated with intact spinal pigme 4 
It is suggested, on the basis of 







tentatively suggested that postganglionic melanophore _ 
innervating fibres reta:n their individual integrity rather 
than form a continuous diffuse cutaneous nerve neb. — 
This latter suggestion requires substantiation by a eloger 
study of the precise nature of the post-operational melano- 
phore pattern and farther study of melanophores as: 
effectors. ose 
This investigation was conducted under the supervision aan 
of Dr. E. G. Healey during the tenure of a Department of 
Scientific and Industrial Research studentship. Eoee 
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Relation of Termperature to the Duration o : 
of the Development of insects eee 









Tue relationship between temperature and the me 
hatching time of eggs is of the same pattern for m 
insect species. The nwan hatching time decreases as 
temperature increases until the so-called peak tempe os 
ture is reached; this is the temperature at which the mean = 
hatching time attains -ts minimal value. At temperatures — 
above the peak, the observed mean hatching time increases 
with increasing temperature. | E 
The majority of the attempts that have been made to. = 
give a mathematica. description of this relationship 
represent the hatching time as undergomg a steady de- 
crease with increasing temperature; the data at tempera- > 
tures above the peak are ignored. A noteworthy and — 
invariable feature of the experiments is the increase in the 
proportion of eggs wich fail to hatch at temperatures 
above the peak. It is my conjecture that the temperature- 
hatching time relationship estimated from experimental 
data is distorted by a kias introduced by the high mortality _ 
at high temperatures. This bias may be so large as to 
explain the increase in hatching time at temperatures 
above the peak. eee 
Although the cause of death at high temperatures is — 
unknown, it probably results, not from the direct action of | 
heat, but from an upset in the balance of some meta-. 
bolic process'. As the temperature rises, the metabolism. 
of the egg increases; the extra energy which results is- 
expended on accelerating the period of development. 
At some point the metabolic processes break down and the 
egg fails to develop. It is probably this factor—the — 
breakdown of metabolism—that is the direct cause of 
death. The effect of temperature on survival is merely 
indirect by making the rate of metabolism fall within 
the limits of tolerance. ne 
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It is plausible to infer from this description of growth 
and mortality that eggs developing at the same metabolic 
rate have a common hatching time and a common sur- 
vival rate; the hatching time and survival rate both 
decrease with increasing metabolism. Because meta- 
bolism increases with increasing temperature, the model 
outlined here is apparently at variance with the increase 
in mean hatching time at high temperatures observed in 
experimental work. The explanation for this apparent 
disagreement can be found in the wide variability in 
hatching times of individual eggs kept at the same con- 
stant temperature. A typical instance of this variability 
is provided by Stanley's data? on hatching times of the 
eggs of Tribolium confusum maintained at 28°C; the 
smoothed frequency distribution is shown in Fig. 1; 
it has a mean of 143 h and a range extending from 129 h 
to 226 h. Stanley obtained data which had distributions 
of the same shape and order of variability, but with 
progressively smaller means (at 29° C, 31°C and 33° C). 
The high mortality at 35° C left too few successful hatch- 
ings on which to base a smoothed distribution. The effect. 
of increases in temperature is to shift the distribution of 
hatching times progressively towards the left until the 
point at which mortality begins to operate. At this point, 
the individuals on the left of the distribution (those 
with the more rapid development and shorter hatching 
time) suffer a higher rate of mortality than those with 
longer hatching times. Consequently the mean hatching 
time of the survivors is greater than that which would 
have been obtained if there had been no mortality; 
thus the relationship between the observed mean hatching 
time and temperature does not follow the same pattern as 
that between the inherent hatching time of an individual 
egg and temperature. In the former case the observed 
mean is greater than the theoretical one. As the mortality 
progressively increases beyond the peak value and only 
the individuals in the long tail of the skew distribution 
hatch successfully, the divergence between the observed 
mean and the theoretical value becomes larger. 


Frequency 
- S&S 0 


130 135 140 145 150 155 160 165 
Hatching time (h) 


Fig. 1. Smoothed distribution of hatching times of Tribolium confusum 
eggs kept at 28° ©. Data from Stanley (ref. 2). 


Even if the inherent hatching times of individual 
eggs continue to decrease with increasing temperature 
up to the point of death, provided that the degree of skew- 
ness of the distribution is sufficiently pronounced, the 
observed mean hatching time may well show an increase 
at high temperatures. 

As yet no assessment can be made of the validity of 
this conjectural deseription of egg development; because 
of the heavy mortality at high temperatures, the data 
available are insufficient to provide a basis for criticism. 
A clear picture can only be obtained from a much larger 
number of data. 
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Chromosomes of the Coypu 


THE coypu, Myocastor coypus Molina (or Myopotamus 
coypus, Myopotamus bonariensis Commers, Hydromys 
coypus Geoff.), is a South American rodent that belongs 
to the family Octodentidae and sub-family Capromyidae. 
To-day it is found in all continents, living in swamps and 
fish ponds as a feral animal or raised in captivity for its 
furt. So far as we know, no previous investigation of 
chromosome number and morphology has been carried 
out on this animal. 

This communication reports the observations we made 
on number and morphology of the chromosomes in the 
coypu using the bone marrow tissue culture method. 
Preparations of cultures from both sexes were analysed. 
The diploid chromosome number of the coypu, belonging 
to the standard brown type, was found to be forty-two 
im: = 21); 

Several methods for preparing cells were tested including 
the aceto orcein treatment of testes", the cornea method*5 
and the phytohaemagglutinin blood culture*. For 
unknown reasons the last method failed to give any 
mitoses. A modified form of the bone marrow culture 
method’ was found to give the best results. Three animals, 
one male and two females, belonging to the farm-bred 
standard brown type were used. Each animal was 
injected intraperitoneally with 0-2 ml. of 0-1 per cent 
‘Coleemid’ solution. After 3 h the animal was killed by 
an overdosage of ‘Nembutal’ (10 ml.) and the femurs 
were immediately dissected out. The epiphyses were cut 
off and the marrow was washed out with warm (37° C) 





x x. 


Fig. 1. Coypu karyograms, Male karyogram on the left and female on 

the right. In the mand left corner the Y chromosome is marked by an 

arrow. The original photos are magnified x 378, and the chromosomes 

have been arranged according to their size and the position of the centro- 
mere, 
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l per cent sodium citrate solution. After 30 min the cells 
were centrifuged at 700 r.p.m. for 10 min, the supernatant 
removed and 3 ml. of fixative (three parts absolute alcohol 
to one part glacial acetic acid) was carefully added, so 
that the cells were suspended in it. After 10 min the 
material was centrifuged at 400 r.p.m. for 5 min, the 
supernatant was removed except for one drop in which 
the cells were re-suspended, and freshly prepared fixative 
was added. Slides were immersed in 20 per cent ethanol 
and after 2-3 drops of the suspension had been pipetted 
on to each one, they were heated over a flame for a few 
seconds. The cells were stained with ‘Giemsa’ solution. 

By this method we were able to obtain two hundred. 
cells in mitotic metaphase suitable for analysis. From 
the counts it was found that the number of chromosomes 
in the coypu is forty-two (n = 21). Very few deviations 
from this number were observed, and these were most 
probably the result of technical errors. A few polyploid 
cells were also observed. 

In typical cells (Fig. 1), out of 21 pairs there is one very 
large (No. 1) and one very small (No. 20). The rest of the 
chromosomes are a continuous range of sizes between these 
two extremes. The two X’s are second to largest and 
the Y is the smallest but one. The only telocentric 
chromosome is the Y chromosome. The chromosomes of 
pairs Nos. 1, 2, 10, 13, 14, 17 and 18 can be considered 
metacentric and the remainder sub-metacentric. No 
chromosomes with satellites were observed. 

We thank Prof. D. Valtis and B. Christides for their 
encouragement; and also the director of Agrotechnical 
Research of the Ministry of Agriculture, Mr. Mitakides, 
and the director of the Peloponesus Regional Development 
Service, Mr. A. Tsibukis, for their help and for having 
financed the work. 


VASILIA TSIGALIDOU 


‘A’ Medical Clinic, 
University of Thessalonik:. 
A. G. Srmoras 


Institute of Animal Breeding and Nutrition, 
Gianitsa. 


A. FASOULAS 
Department of Agronomy, 
University of Thessalonik:. 


t Ehrlich, S, J., Nutrie Raising Gn Polish) (Pub. Warsaw, 1956). 
2 Ehriich, S. J. (personal communication). 

s Lande, O., Hereduas, 48, 578 (1957), 

1 Fechheimer, N. S., Nature, 188, 247 (1980). 

$ Fredga, K., Hereditas, 61, 268 (1964). 

* Fredga, K. (personal communication). 

? Moorhead, P. S., et al., Exp. Cell Res., 20, 618 (1960). 


RADIOBIOLOGY 


Correlation of Lead-210 with Strontium-90 
in Human Bones 


THE radioactive gas radon-222, produced by the decay of 
radium-226, diffuses from the ground and is transported 
by atmospheric turbulence far from its origin through the 
troposphere and into the stratosphere’. The radioactive 
decay of radon-222 and its short-lived descendants pro- 
duces measurable quantities of lead-210 in the atmo- 
sphere}-*, Lead atoms so formed become attached to 
dust particles and eventually return to the Earth’s 
surface, principally in rainfall'-+-5. Hill’st report of a 
correlation coefficient of 0:87 between the quantity of 
rainfall and the concentration of lead-210 in grass clearly 
indicates a linear relationship. Holtzman! reported a 
relationship between the concentration of lead-210 in 
the human skeleton and in the atmosphere. Whether 
the lead-210 enters the body principally through precipi- 
tation on foodstuffs that are later eaten® or through direct 
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inhalation, or by botk means’, is at present uncertain. 
It is therefore feasible zo view the occurrence of lead-210 
as a “natural fall-out’’ product, similar, in this respect, 
to fission product fall-out, artificially produced from a 
nuclear detonation. In fact, very strong similarities 
between lead-210 anc fission product activities have 
been reported with respect to their behaviour in the 
atmosphere}, to their rate and mode of deposition’, 
and to their concentretion in grasses‘. The similarities 
between lead-210 and fission product activities do not 
imply any relationship n their production. The formation 
of lead-210 in nuclear weapons explosions is improbable, 
and if any were so formed it would be negligible m com- 
parison with the amount formed by natural processes®. 
The observed similarities between lead-210 and fall-out 
are caused by their simular behaviour in the atmosphere. 

When lead or strortium is ingested, it is deposited 
predominantly in the skeleton. Thus, a correlation 
may exist in the human skeleton between lead-210 and 
strontium-90, a long-lived fission product. To investigate 
this possibility, we analysed for lead-210 samples of 
vertebra from fourteen infant children residing ın the 
Cincinnati, Ohio, area, who died at the ages of 3 days to 
12 months. The strontium-90 concentrations were determ- 
ined at the U.S. Public Health Service, Northeastern 
Radiological Health Laboratory in Winchester, Massa- 
chusetts, and have been published’. The lead-210 
content in the bone samples was determined by dissolving 
a 5 to 10 g sample of bone ash in 0-1 N hydrochloric acid, 
depositing the poloniam-210 from the sample on a 
1-0-5-in. diameter pclished nickel planchet)*11. The 
lead-210 activity was then calculated from the polonium- 
210 a-activity after correction for incomplete polonium- 
210 ingrowth had been made. The calcium content of 
the bone samples was obtained by precipitating the 
calcium as the oxalate with oxalic acid at a pH of 2-5-3, 
dissolving the precipitate in sulphuric acid and titrating 
the calcium with a standardized solution of potassium 
permanganate!?. The results are given in Table 1. The 
uncertainty in the lead-210 and strontium values, cal- 
culated for a one standard deviation counting error, is 
5 and 6 per cent, respeztively. The average lead-210 and 
strontium-90 concentrations in these skeletal samples 
are 0-133 and 2-19 pe.jg calcium, respectively. The 
average lead-210/stroctium-90 ratio was 0:068. The 
vertebra of the 3 day old infants contained lower con- 
centrations of both lead-210 and strontium-90, but the 
ratios of the two nuchdes were high in all three cases. 
These concentrations probably reflect contributions 
from the mother durirg pregnancy, and may imply less 
placental discrimination against lead than against stron- 
tium. 


Table 1. THe LEAD-210 ARD StTrRonrrUM-90 SKELETAL CONTENT OF 
FOURTEEN INFANTS FROM CINCINNATI, OHIO 
Age Date of oPh soSr* 
Months Days Sex ceath (pe jg Ca) (pe.jg Ca) °Pb/*°Sr 
0 3 F 2/62 0-082 0 87 0-094 
0 3 M 4/62 0 079 0°95 0 083 
0 8 F 4/62 0101 1 23 0 082 
1 29 7/62 0:129 170 0 078 
3 13 M 1/63 0129 8°37 6 038 
5 8 M E62 _ 0 164 2 97 0 055 
7 0 M 4162 e 0130 210 0 062 
7 4 M 9/62 0:170 2 80 0 081 
8 0 F 6/62 0135 2 45 0 055 
10 8 1/6 0-122 186 0 064 
10 11 M 10/62 0:239 4 52 0:053 
1L 6 M 12/62 0 122 2 52 0:048 
11 6 6/62 0 124 1:62 0076 
12 0 M 2/62 0-131 1:74 0 075 
Average 0-133 219 0 068 


* Sr values from Radiat. Hzalth Data, §, 620 (1964). 


In Fig. 1 the lead-210 concentrations are plotted against 
the strontium-90 concentrations in pe./g calcium. A 
linear relationship is cləarly suggested. The value of the 


-linear correlation coefficient here was. determined as 


0-89. Such a strong correlation lends support to the 
hypothesis that lead-210 is an airborne contaminant, and 


996 


is related to fission product fall-out through its similar 
behaviour in the atmosphere. The fact that these samples 
were obtained from residents of a limited age group in one 
area, who subsisted on similar foods (primarily milk), 
was without doubt partially responsible for the observed 
correlation. The principal source of strontium in children 
is milk, which is concentrated by the cow from a diet 
consisting mainly of grass. Because a strong relationship 
has been reported between strontium-90 and lead-210 in 
grass, and because cows’ milk has been observed to reflect 
lead uptake by the cow", this correlation between stron- 
tium-90 and lead-210 in infants is to be expected. 
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Fig. 1. Concentration of lead-210 versus strontium-90 in bones of Infants 
from Cincinnati, Ohio. 


Lead-210 and strontium-90 concentrations were also 
obtained for a set of eighteen vertebra samples of persons 
between 5 and 22 years of age who had resided in New 
Hampshire, Vermont and Massachusetts. For this set 
of samples the linear correlation coefficient was calculated 
to be 0:67. Although the linear correlation is not nearly 
so satisfactory as that found for the infant samples, a 
linear relationship is recognizable. The varied eating 
habits of the older group may be responsible for the 
smaller correlation. Persons of this age group consume a 
wide variety of foods grown in different localities, which 
undoubtedly contain different levels of strontium-90 
because the distribution of fall-out from atmospheric 
nuclear tests is not uniform. Thus the fission product 
fall-out, following shortly after an atmospheric nuclear 
explosion, predominates over fall-out returning to ground 
from the stratosphere where a close lead-210 fission 
product relationship has been observed!. No correlation 
could be detected between lead-210 and radium-226 
in our samples. A similarfack of correlation was reported 
by Holtzman’. The different distribution pattern of 
radium-226 and lead-210 in bone again indicates that lead- 
210 enters the environment as a product of fall-out, and 
is not related to its place of origin. 

The relative dose to the infant bones delivered by lead- 
210 and strontium-90 can be calculated from the observed 
average activity ratio, 0-068. Because the principal dose 
contributed by the lead-210 to polonium-210 chain is 
delivered by ‘polonium-210, the equilibrium that exists 
between lead-210 and polonium-210 in bone must be 
known. In conflict with the value of 0-1 for the polonium- 
210/lead-210 activity ratio in bone presented by Com- 
mittee IT of the International Commission on Radiological 
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Protection, recent investigators have shown this value 
to be close to unity? 5-18, Assuming, therefore, that 
radioactive equilibrium exists in bone between lead-210 
and polonium-210, and that there is a relative biological 
effectiveness (RBE) of 10 and a uniform distribution of 
lead-210 and strontium-90 within the bone,.the dose 
delivered by Jead-210 and daughter elements to these 
infant bones is 3-4 times that delivered by strontium-90 
and its daughter, yttrium-90. 

The results of this study indicate that a correlation 
exists between lead-210 and strontium-90 in the human 
skeleton, and also support the fall-out hypothesis which 
postulates contamination of the environment with lead- 
210. Furthermore, they demonstrate the similar behavi- 
our of lead-210 and fission products in our environment, 
as noted in earlier reports. The relative dose, lead-210/ 
strontium-90, delivered to the infant bones, based on the 
average lead-210/strontium-90 activity ratio, was cal- 
culated to be 3-4. If the nuclear test ban treaty continues, 
the lead-210/strontium-90 ratio observed in this study 
will increase because the lead-210 concentration should 
remain relatively constant while the strontium-90 con- 
centration should slowly decrease. 

I thank R. M. Hallisey, Northeastern Radiological 
Health Laboratory, for the bone samples used in this 
study, and B. Kahn, Radiological Health Research 
Activities, Robert A. Taft Sanitary Engineering Center, 
for advice. 
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Response to X-irradiation of a Tumour recurring 
after a TCD,; Radiation Dose 


CaINnESE hamster cells -which survived 1,500 rads (a. 
survival fraction of a2 x 10-°) were found to have several 
heritable altered biological properties. These included a 
slower cell population doubling time, a smaller cell size, 
an abnormal chromosome number and morphology, 
and an increased radio-sensitivity—namely a D, value of 
a135 rads instead of the 205 rads for the unirradiated 
or control cell line. Furthermore, these characteristics 
persisted in a number of the sub-lines for many months of 
continuous culturei, That changes of this type should 
occur in cells of tissue irradiated in vivo is plausible, and if 
they do occur such alterations would have important 
implications for tumour radiobiology and for clinical 
radiotherapy. This report describes an initial experiment 
that was designed to test for such an effect. 
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A radiation dose-tumour control response was per- 
formed on second generation isotransplants of a C3H 
mouse mammary carcinoma growing in the subcutaneous 
tissue of the flank of C3H mice (female, mammary tumour 
agent positive); the carcinomata were about 70 mm? at 
the time of irradiation. The tumours were treated with 
one of five dose levels (single dose treatment) and irradia- 
tion was administered under conditions of local tissue 
anoxia (for additional details, see refs. 2 and 3). The 
dose that yielded local control of tumour in half the 
treated lesions (TCD;,.) was 5,990 rads at 240 days after 
treatment. 

A recurrent tumour was noted in one of eight animals 
at 240 days following 6,600 rads, or a dose corresponding 
to TCD,,. This tumour was in the centre of the irradiated 
area, that is to say, ib was not a marginal recurrence. 
It is highly probable that the lesion developed from a 
single surviving cell and, therefore, might be an in vivo 
counterpart of the “small colony” of Sinclair. This re- 
current tumour had a volume doubling time of about 
17 days as compared with 3—4 days for original unirradiated 
tumours. The small recurrent tumour (3 mm diameter) 
was excised and isotransplants were prepared. The 
resultant tumours also grew quite slowly and had reached 
a diameter of about 15 mm by 6 months. From this 
tissue, isotransplants were prepared using inbred animals 
from the same source as those used in the original dose 
response investigation. The “take rate’’ of the tumour 
transplant was 98 per cent for both series. For the original 
dose response assay, transplantation was made 24 h after 
the host animal had received 400 rads of total body 
irradiation. The investigation of which that assay was 
a part? showed that the TCD; for tumours growmg in 
animals which had received total body irradiation was 
similar to that for tumours in untreated animals, and also 
was the same as for autotransplants (all treatments given 
to 4 mm? tumours and under conditions of local tissue 
anoxia). Because of those findings, the dose response 
assay of the recurrent tumour was made on tumour 
tissue transplanted into unirradiated mice. 


Table 1. £CD,, VALUES FOR TUMOURS PREVIOUSLY UNIRRADIATED AND 

TOR TUMOURS RECURRENT FOLLOWING A TCD, RADIATION DOSE. THE 

FIGURES INDICATE THER 95 PER CENT CONFIDENCE LIMITS AROUND THE 
TOD: ESTIMATE 


Previously unirradiated tumour 


TOD, In rads at 240 days 
5600...5990... 6390 


Recurrent tumour 


TCD, in rads at 240 days 
4800... 6180... 5480 


The results of these experiments are given in Table 1, 
and show that the T7CD,, at 240 days was significantly 
less for the recurrent lesion, that is, 5,080 rads instead of 
5,990 rads. 

The difference in TOD, values was not so marked as it 
would have been had the change in D, been comparable 
with that observed by Sinclair. However, the in vitro 
investigations showed a gradual reversion toward the 
normal or control value with prolonged culture. The 
irradiation of the tumour tissue derived from the recurrent: 
lesion occurred about 18 months following the treatment 
of the initial tumour. The results reported Were suggest 
that the changes described by Sinclair for cells investigated 
in vitro may occur in cells of tumour tissue irradiated 
in vivo. Further and more detailed investigations of this 
effect are planned. 

This investigation was supported by grants from the 
National Cancer Institute, National Institutes of Health, 
U.S. Public Health Service. 

Herman D. Suir 
Section of Experimental Radiotherapy, 
University of Texas, 
M.D. Anderson Hospital and 
Tumor Institute, Houston, Texas. 
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Fleece Length and the Reactions of Sheep 
to Wet and Dry Heat 


THE experiments of Lee! indicate that shearing sheep 
may, depending on climatic conditions, either increase or 
decrease the animal’s reaction to heat, and that atmo- 
spheric temperature and humidity conditions can be 
divided into two distinct groups on this basis. This work 
has been confirmed br Klemm?, whose results clearly 
demonstrate that shorn sheep tolerate hot wet atmo- 
spheres better than unshorn sheep, the reverse situation 
applying under hot dry conditions. In view of these 
differences, it was of interest to examine the influence of 
a range of fleece lengths on the reactions of sheep to wet 
and dry heat. 

Ten 6 year old Meriro wethers, each of which weighed 
42-3-51-4 kg, were used in the experiment. The wethers 
were of a fine woolled stram and at appropriate intervals 
randomly selected pairs of them were shorn so that at the 
beginning of the expenment the range of fleece lengths 
shown in Table 1 was zepresented. During a pre-experi- 
mental period of 14 days, and when not in the hot- 
room, the sheep were housed indoors (temperature 
range: 9°-26°C) and communally fed a maintenance 
ration of equal parts hicerne chaff and concentrates at 
§ p.m. daily. Drinking water was available ad lib. at all 
times except during hctroom exposure. During the pre- 
experimental period tha animals were accustomed to the 
experimental conditions and procedures. 


Table 1. INFLURBNCE oF FIERES LENGTH ON TRE REACTIONS OF SHEEP TO 
Hor WET Ap Hot Dry ATMOSPHERES 


Test atmosphere 


length Hot dry Hot wet 
(em) g" 1 8 6 0 1 3 
0:5 101-1¢ 103:5 104D 104-1 101: 108:8 1048 105-5 
17-2} 1042 1787 188-6 152 1590 2197 2270 
1-0 101-6 1039 104:3 104-4 100-9 103-6 1049 104-9 
192 1812 1812 1750 17-2 1507 214-5 225-0 
2-0 101-8 1034 108-4 103-2 101-5 1040 104-9 105-5 
267 112-0 1602 161-7 355 1735 220-2 293-7 
4-0 101-3 103-4 103-6 103-6 101:3 10427 1050 1058 
410 1430 1510 1590 43-7 191-56 253°7 2457 
8-0 101-4 1035 1033 108-2 101-4 1037 1046 1054 
657 1552 1517 145-0 697 1985 21867 207-2 


* Hours of exposure. 
reo temperature, °F. 
Respirations per min. 


Tests of the animal’ reactions to hot wet (41-0° C, 
30 mm mercury) and hot dry (41-:0° C, 10 mm mercury) 
atmospheres were made over an 11 day period commencing 
on April 21, 1966. In sll, four tests were made with each 
animal, two alternate exposures to both hot wet and hot 
dry conditions. To minimize acclimatization to heat, two 
full days were allowed between successive tests on each 
animal, One wether fram each of the five pairs was tested 
one day and the remaining five animals the following day. 

On each test day the five wethers to be used were 
placed in the preheated _hotroom at 9.30 a.m. and remained 
there for 7 h or until their rectal temperature exceeded 
41-7° C (107-0° F). Measurements of rectal temperature 
(by thermocouple inserted 4 in.) and respiratory rate 
(lank movements counted over two 30 sec intervals) 
were made immediate'y before’ the animals entered the 
hotroom and at hourly intervals during the subsequent 
exposure. In the interests of brevity, only the results 
from 0, 1, 3 and 6 h of exposure to test conditions are 
presented in Table 1. In all cases, however, these results 
are fully representative of the hourly recordings actually 
taken. 

The results from exposure of the test wethers to a hot 
dry atmosphere substantiate previous reports!? that such 
conditions are best tolərated by unshorn sheep. Further 
examination of the deta in Table 1 reveals that, while 
there is a progressive decline in response with increasing 
fleece length, the animels may be divided into two distinet 
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groups according to their response to the hot dry condi- 
tions. Wethers with fleeces 0-5 and 1-0 em long exhibited 
similar reactions and these were distinctly higher than 
those of wethers with a fleece length of 2, 4 or 8 cm. It 
would seem that a fleece about 2 om long affords a sub- 
stantial degree of insulation against a hot dry atmosphere 
in the absence of a radiant heat load, and that fleeces in 
excess of this length provide little additional protection. 
Under more severe conditions when radiant heating is 
superimposed on a hot dry atmosphere it has been 
shown** that 4 cm represents a similar critical fleece 
length. 

Under the hot wet conditions used in this experiment, 
fleece length had no apparent effect on the heat tolerance 
of the test animals. The 30 mm mercury water vapour 
pressure used was dictated by the capabilities of the hot- 
room at the time of the experiment and, although not 
extremely high, could have been expected to elicit a fleece 
length effect on heat tolerance’, especially with regard to 
respiratory rate. The fact that the superior heat tolerance 
which was exhibited by the woolly sheep under hot dry 
conditions is no longer apparent under the hot wet 
atmosphere suggests that the latter was, under the 
conditions of the experiment, only marginally wet. 

Klemm? has attempted to explain the relative intoler- 
ance of unshorn sheep to hot wet atmospheres in terms of 
the hygroscopic properties of wool, the resultant exo- 
thermic reaction giving rise to a wool-skin temperature 
gradient. If this is so then èn vitro studies with sheep skins 
which were carried out concurrently with the experiment 
described here add further weight to the suggestion that 
the hot wet atmosphere used was only marginally wet. 
These skins gained weight only very gradually when 
exposed to hot wet conditions. For example, a skin 
which clipping showed to carry a 7 cm fleece weighing 
2°81 kg in the ante-room gained about 30 g during each 
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Fig. 1. Liveweight change of ewes in relation to number of days pregnant, 
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of the first 2 h of exposure and only a further 40 g during 
the remaining 5 h. 

Comparison of the results from the two test atmospheres 
illustrates the influence of humidity on heat tolerance in 
sheep and the ability of this species to tolerate all but the 
most severe environments. 
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Effect of Stocking Rate and Lambing Time 
on Gestation Length in Sheep 


ALEXANDER! suggested that severe undernutrition of 
sheep may reduce the gestation length in sheep and he 
reported reductions of up to 3-6 days in gestation length 
in ewes transferred to a low plane of nutrition. 

In an experiment varying stocking rate and lambing 
time’, the length of gestation was recorded in a flock of 
378 ewes over a three year period. In the extreme 
Mediterranean environment in which this work was 
carried out (Kojonup, Western Australia) the with- 
holding of supplementary feed can result in severe nutri- 
tional stress to autumn (April-May) lambing ewes that 
are being depastured at a high stocking rate. 

The mean gestation lengths for the several treatments 
in the 3 years of the experiment are shown in Table 1, 
while the liveweight of the ewes in relation to the number 
of days pregnant is shown in Fig. 1. 
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Table 1. MEAN DURATION OF GESTATION IN DAYS OF EWES LAMBING IN 
TIME AGAINST STOOKING RATE 
(1960-1962) 
Mean gestation length 
Year Lambing Stocking rate 
time 15 30 5:0 
1960 Autumn 150-6 152 0 151-1 
Winter 1517 151-4 150-5 
Spring 151:4 1508 150-8 
1961 Autumn 1527 153 2 1583-7 
Winter 152-6 151-2 152 2 
Sp 150-9 150-8 152-2 
1962 Autumn 151°7 152-1 161-4 
Winter 168-4 152°7 153-7 
Spring 153-1 152°2 153°3 
Analysis of variance 
Degrees of Mean Variance 
Source of variation freedom square ratio 
Years 2 5154 
Lambing time 2 0-488 
Stocking rate 2 0:181 
Years x lambing time 4 2-126 13°17* 
Lambing time x stocking rate 4 0:8638 3 Tan 
Stocking rate x years 4 0-511 3°16 N.S. 
Years x lambing time x arociing an f- 0-161 
o 


* Denotes P< 00L 
+ Denotes P< 0-05. 
N.S., denotes P > 0-05. 


Fig. 1 shows that the range of liveweight change 
during pregnancy was from a loss of 9-0 lb. (indicative of 
severe nutritional stress) to a gain of 29-0 lb. The range 
of liveweight changes obtained should be sufficient to 
determine the possible effect of nutrition on gestation 
length under field conditions. Although the greatest mean 
loss in weight for any treatment was 9 lb., individual 
sheep lost up to 20 lb.—a figure comparable with those 
of Alexander. 

In the three seasons studied there were considerable 
differences in the pattern of liveweight change of the 
ewes in late pregnancy. Nevertheless, there was no 
evidence that gestation length was related to plane of 
nutrition. Twin lambs, of course, increase the nutritional 
stress of pregnancy*. In the present experiment, very 
few twin lambs were born, and in all cases gestation 
length was greater than 150 days. 

The apparent effect of lambing time on gestation length 
in 1961, but not in the other seasons (as shown by the 
highly significant interaction in Table 1), needs explana- 
tion. It was thought that it might be accounted for by 
varying nutritional effects in the 3 years, of which 
maternal liveweight change during pregnancy could 
provide an index. The change from 100 to 140 days was 
accordingly used as the independent variable in an analysis 
of covariance of the gestation length data. The regression 
in the error term was not significant, and the effect of 
lambing time on gestation length in 1961 remained signifi- 
cant after a possible nutritional factor had been eliminated 
in this way. Climatic differences might provide a possible 
explanation. 

No acceptable interpretation of the interaction of lamb- 
ing time and stocking rate can be proffered. 

The small and statistically non-significant difference of 
0-6 days‘ in the gestation length of ewes bearing a single 
lamb on a high plane of nutrition compared with ewes 
bearing a single lamb on a low plane gives some support 
to the present findings. 

The differences between our findings and those of 
Alexander are probably due to dissimilar experimental 
conditions. In Alexander’s experiment, the under- 
nutrition was induced abruptly by giving different feed 
levels to ewes which before the experimental period had 
either been maintaining or gaining weight. In our case, 
where the ewes on the low plane of nutrition were kept 
continuously on the experimental plots, under-nutrition 
was prolonged, and became progressively more severe. 
Thus, when the plane of nutrition has been steadily and 
slowly deteriorating, insufficiency of foetal nutrition need 
not be a factor involved in the initiation of parturition 
as postulated by Spiegelberg'. 

When the plane of nutrition is deliberately reduced in 
middle or late pregnancy, as in the case reported by 
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Alexander’, then insucficient foetal nutrition may well 
reduce gestation lengtk. 

H. Liroyp Davies 
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IMMUNOLOGY 


Maintenance of Histocompatibility 
Polymorphisms 


Tue transplantation antigens present a striking example 
of genetic polymorphism. Medawar? has stated that 
“Although there are ro factual grounds for supposing 
that antigenic diversity is anything but an unfortunate 
consequence of constitutional differences between indi- 
viduals of a species, yet one is under some obligation to 
rack one’s brains for evidence of any good it might con- 
ceivably do. Only thrs can antigenic polymorphism be 
made genetically respectable’. Because during gestation 
the foetus is a homograft to the mother and would there- 
fore seem liable.to rejection, this variability would at first 
sight appear to be a distinct disadvantage to a viviparous 
animal. The hypothesas put forward to account for the 
survival of the foetal homograft have recently been 
reviewed by Billingham’. Most of them have not with- 
stood experimental verification, but there is good reason 
to believe that one, which assumes the presence of a 
physical barrier between mother and foetus, is correct?-*. 
Antigenic differences tetween mother and offspring are 
not, however, without affect; the consequences of blood- 
group incompatibility, for example, are well known. 
Recently, it has been shown that other antigenic differ- 
ences may affect the growth of the placenta‘, and also 
the size of the foetus itself*-7. If one inbred strain of mice 
is mated with another, the hybrid foetus is significantly 
larger just before birth than a pure bred foetus of either 
parental strain. This increase in size does not arise from 
classical heterosis alone, as the effect can be enhanced by 
making the mother immune to the tissues of her partner 
or diminished by making her tolerant of them®. In these 
experiments it seems probable that the foetuses which are 
unlike their mothers, and therefore larger at birth, have 
a greater-chance of survival. These observations suggest 
a system for-maintaining balanced polymorphism; it can 
be represented by the following model. 

We assume a eee population in which there 
are two alleles, H, and Ha, at frequencies p and q, respec- 
tively (p + q = 1). We consider that the reproduc- 
tive abilities of the females of all three genotypes are 
equal, but that offspring against which the mother can. 
form antibodies enjoy a selective advantage. We 
also assume that the frequencies of the three genotypes 
in each generation are approximately" in Hardy- 
Weinberg equilibrium. Strictly, the last mentioned 
assumption is only valid if the selective differences 
between genotypes are small, but even large differences 
will not significantly alter our conclusions. The fre- 
quencies of matings and offspring are set out in Table 1. 
It can be seen that the heterozygote shows a net selective 
advantage over both Eomozygotes. 
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Table 1 
Mating Frequency of offspring 
“1 wt, g4is 
HB, x H.H, p* 
H,H: x BH, pg pal +s) 
i, x HH, Pgh +8) 
HH: x AA, pa Pg 
HH: x HH, mg’ 2p*q? pg 
HH, x HA; pe pg 
HH: x HA, pgi +t) 
H,H,x HH, pel +e) pg 
H,H,x HH, g 
Total p? 2nq(l+ dsp + tig) g* 
Genotype A, H, H, H, H, H, 
Selective value a= 1 6=l+4sp+4iqg c=l1 


From Fisher’s® formula we find that there is a stable 
equilibrium when: 


b—a 
2b — a —e 


_ £8p+ 3 
sp + tq 


Differences in survival between the two homozygotes will, 
of course, alter the point of balance. Our model resembles 
one given by Hull’, except that we assume no selective 
disadvantage of the heterozygous offspring from hetero- 
zygous mothers. It also differs from Hull’s in giving 
stability over a wider range of conditions. Hull*?° puts 
forward his model to represent the results of experi- 
ments in which he crossed two inbred strains of mice 
(C3Hf/He Ha agouti and HG/Hu black-and-tan). He found 
that litters were deficient in young whose coat colour 
genotype resembled that of the mother. As he pointed out, 
this deficiency may not be the result of the action of the 
coat colour genes themselves, but of the action of loci 
sufficiently closely linked to remain associated with them 
through several meiotic divisions. It is significant in this 
context that the histocompatibility locus H3 is known to 
be closely linked with the locus which controls the agouti 
character!!, However, an explanation of Hull’s results 
in terms of histocompatibility must account for his 
finding that there is a deficiency of heterozygous offspring 
from heterozygous mothers. There are two possibilities: 
either there is antigenic recognition by the foetus as well 
as by the mother, or the heterozygous young suffer a 
disadvantage unrelated to their immunological status— 
a disadvantage which is overcome when the mother can 
react against them. 

The experiments reviewed in this communication show 
that immunological interactions between mother and 
foetus can influence foetal size and probably foetal sur- 
vival. The effects of transplanting paternal tissues into 
the mother suggest that histocompatibility antigens are 
involved in these interactions. The data indicate a 
selective system capable of maintaining balanced poly- 
morphism, and they provide a possible explanation of 
the great genetic diversity of transplantation antigens 
within species of viviparous animals. 


q Fossa = 0-50 


Bryan CLARKE 
Department of Zoology, 
University of Edinburgh, ,- 
West Mains Road, ce 
Edinburgh 9. 


D. R. 8. KIRBY 
Department of Zoology, . 
University of Oxford, 
Parks Road, Oxford. 
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Effect of Thymectomy on Transplantation 
Resistance induced by Polyoma Tumour 
Homografts 


POLYOMA virus will induce neoplasms in most strains of 
newborn mice but not usually in mice older than 2 
weeks!?, Adult mice infected with polyoma virus are 
relatively more resistant to challenge of syngeneic polyoma- 
type tumours*. Such resistance can also be induced by 
homografts of polyoma tumours‘. This resistance is not 
dependent on circulating viral antibodies and can appar- 
ently be transferred to normal recipients by lymphoid 
cells from immunized mice. To interpret these findings, 
Habel’ and Sjogren et al.* proposed that polyoma virus 
transforms normal cells to neoplastic cells in the new- 
born and in the adult mouse, and that the transformed 
cells now contain a new foreign cell antigen which will 
provoke an immune response in the adult but not in the 
newborn animal. Thus, ordinarily, neoplasms will arise 
in newborn animals, whereas adult animals are capable 
of rejecting tumour cells containing foreign antigen. This 
tumour antigen is apparently common for most polyoma 
tumours induced by the same strain of virus’. This con- 
cept is supported by the finding that thymectomy during 
the immediate postnatal period—-known to effect matura- 
tion of immunological faculty—-can alter the course of 
polyoma virus oncogenesis. Thymectomy at 3 days of 
age rendered normally highly resistant (C57BL) mice 
susceptible to the oncogenic action of polyoma virus. 
The same effect was found when the virus was injected 
into mice 1 month old®. Mice thymectomized when 3 days 
old and then infected with polyoma virus were unable to 

develop transplantation resistance against a challenge of 
syngeneic polyoma tumour cells!*. Additional evidence is 
now reported that C57BL mice, thymectomized at 3 days 
of age and then immunized with homografts of polyoma 
tumour cells when 1 month old, are unable to develop 
resistance against challenge by syngeneic polyoma tumour 
cells. 

Polyoma tumour 4198 originated im vitro in tissues 
derived from a C3Hf/Hen strain of mouse’, and polyoma 
tumour-89 originated in a C57BL/KaLw thymectomized 
mouse. Both tumours were induced by the LID, strain 
of polyoma virus. They are both transplantable tumours 
and grow progressively until they kill their syngeneic 
hosts; they have been cultivated ¿n vitro for many 
generations. Both tumours are free from demonstrable 
virus as determined by the haemagglutination inhibition 
test and by plaque formation, but the polyoma tumour 
specific antigen is known to be present as determined by 
transplantation resistance tests. 

Adult mice (1—2 months old) were given homografts of 
polyoma tumours (4,198 cells to CS57BL mice or 89 cells 
to C3H mice) as follows: 2 x 10° trypsinized cells sus- 
pended in tris buffer were injected subcutaneously. At 
the firat inoculation an initial outgrowth was often seen, 
followed by regression as the result of a homograft 
reaction. On complete regression of the first homograft 
a second inoculation of 2 x 10° cells was made. No tem- 
porary growth was observed on this occasion. A third 
inoculation of 2 x 10° cells was given 2 weeks later. Two 
to three weeks after this all mice were challenged sub- 
cutaneously with syngeneic polyoma tumour cells. The 
animals were observed for a minimum of 60 days after 
challenge. 

The results in Table 1 show that a homograft of polyoma 
tumour cells indeed induces transplantation resistance. 
C57BL mice were better recipients than C3H mice. This 
is because C57BL mice are immunologically more com- 
petent early in life“. Similar results have been obtained 
for transplantation resistance developed against Moloney 
lymphoma. After they had been immunized by homo- 
grafts of Moloney lymphoma, C57BL mice developed 
rtronger resistance to syngeneic challenge of Moloney 
lymphoma than other strains of mice such as BADB/c 


No. 5052 AUGUST 27, 1966 


Table 1. Ry AND SPECTRAL PROPERTIES OF PRODUOTS FROM EF. cols 


Experiment No, Spot designation Ry A ratio (265/355) 
1 A 0-68 ~ 
B 0-78 ~ 
2 $j 0-66 3°83 
D 0-78 331 
3 E 0 95 — 
F 0 89 _ 
G 0°75 - 
Standard OTC 0 76 1-24 
Standard Tetracycline 0-78 1-11 
Standard Desdimethylamino- 
oxy tetracycline - 1°32 


The experiments were run as follows: Cells from 50 ml. 
of nutrient broth culture incubated for 15 h at 37° C were 
collected by centrifugation and washed twice with water. 
They were resuspended in 50 ml. of a salts and glucose 
medium containing OTC (50 ug/ml.), and incubated for 
105 min at 37° C with shaking. The cells were recovered 
by centrifugation (yield about 100 mg wet weight). The 
cells were extracted with 10 per cent TCA at 0° C for 1 h. 
The TCA was removed by three extractions with ether. 
The extract was freeze dried to concentrate the material, 
then resuspended in a small volume of water, and analysed 
by ascending paper chromatography in a solvent of iso- 
butyric acid—0-5 N ammonium hydroxide (5:3). Chroma- 
tography was extended over 15 h at room temperature 
(about 25° ©). 
Except for experiment No. 2, it has not been possible 
to elute the spots from the paper after chromatography; 
this has greatly limited the scope of the investigations 
so far. The results given in Table 1 would seem to demon- 
strate that three new compounds are formed from OTC 
during the incubation period. These are, respectively, a 
material of slower Rr, faster Rr, and the same Rp as OTC. 
The spectral properties of the Rr 0:78 material suggest 
that it is not the parent compound. A control exposure 
of 5 mg/ml. of OTC to 9 per cent TCA for 1 h at 0° C 
resulted in only one spot on paper chromatography, of 
Rr 0:78 and an absorbancy ratio (265/355). of about 
0-96. It was apparently unchanged OTC. Another control 
experiment showed that no fluorescent spots were extracted 
from Æ. colt carried through this procedure when OTC 
was omitted from the incubation mixture. Immersion of 
cells in a boiling water bath for 15 min before exposure to 
OTC completely eliminated their ability to convert the 
drug to these new compounds. The ability of the E. col 
to concentrate OTC from the external medium? was de- 
stroyed concomitantly. Although alternative explanations 
are possible for these observations, it would appear that 
bacterial viability is essential for the observed changes in 
the OTC to occur. These changes are presumably the 
result of enzyme catalysed reactions within the bacteria. 
When bioautographs were prepared from the paper 
chromatograms (experiment No. 3), using Staphylococcus 
aureus as the test organism, clearly defined zones of 
inhibition were apparent for all three spots. Thus these 
compounds retain antibacterial properties. 
Note added in proof. After the submission of this 
manuscript, Izaki and Arima (J. Bacteriol., 89, 1335; 
1965) reported further details of the uptake of OTC by 
E. colt. 
JEROLD A. Last 
J. F. SNELL 

Agricultural Biochemistry Department, 

Ohio State University, 

Columbus, Ohio. 

1 Meyers, E., and Smith, D. A., J. Bacteriol., 84, 797 (1962). 

2 Arima, K., and Izaki, K., Nature, 200, 192 (1963). 

3 Izaki, K., and Arima, K., Nature, 200, 384 (1963). 


Specific Activity of Phenylalanine Deaminase in 
Extracts of the Proteus-Providence Group 
THE possession of a phenylalanine deaminase which 
converts phenylalanine to phenylpyruvic acid is one of a 
combination of five properties unique for the Proteus- 
Providence group of organisms'. Of a total of 185 P. 
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hauseri (P. mirabilis + P. vulgaris), 155 P. morgani, 
29 P. rettgeri and 233 Providence strains qualitatively 
examined for the presence of this enzyme, all but two 
Providence strains? were positive, although P. morgani 
strains have been reported to yield on occasions weak 
or negative results®. 
As part of an investigation of this enzyme, its specific 
activity in extracts of she P. hauseri, P. morgan and P. 
rettgeri strains previously used? was investigated. An 
additional fifty-seven strains of P. morganit were also 
examined. The strains were grown overnight on Difco 
nutrient agar supplemented with 0-3 per cent extracts of 
yeast. Organisms were collected and placed in 0:8 per 
cent saline and sonicated at 9 ke/s for 20 min before they 
were centrifuged in the cold at 198,000g for 30 min. 
Protein concentration in the cell-free supernatant was 
measured by the biuret method and erystalline bovine 
albumin was used as the standard. The specific activity 
of phenylalanine deeminase in the supernatant was 
measured by incubating 1-0 ml. with 0-2 M tris-hydro- 
chloric acid buffer at pH 7:4 (1-0 ml.) and 0-08 M D,L- 
phenylalanine (1-0 ml) for 60 min at 37° C after which 
the reaction was stopped by the addition of 40 per cent 
trichloroacetic acid (1 0 ml.). A blank was included for 
each sample with the trichloroacetic acid added and 
mixed before addition of the phenylalanine. After 
centrifugation, 1:0 mL samples of the supernatant were 
adjusted to pH 2 ani assayed with ferric chloride for 
phenylpyruvate content by the method of Rowsell’. 
Table 1, PHENYLALANINE DEAMINASE ACTIVITY OF Proteus AND Providence 


ORGANISMS 
No. strains < 50 50-2,000 2,000-4,000 4,000-10,000 
P, mirabilis 19 — meee enm 19 
P., vulgaris 9 — oo one 9 
P. retigert 22 4 18 — — 
P. morganii 74 — 5 69 — 
Providence 24 — 6 18 — 


Overnight nutrient agar growths were collected and placed in 0'8 per cent 
saline and sonicated in the cod. After centrifugation at 4° C, the phenylala- 
nine deamimase activity of the clear supernatants was determined and 
expressed as zumoles phenylryruvate formed/meg of protein/min. 


Results are presented in Table 1. Results were not 
affected by the incorporation of 0-2 per cent D,L-phenyl- 
alanine in the growth medium and the striking feature is 
the high deaminase aztivity of P. hauseri extracts. P. 
hauseri differs from the other groups of organisms investi- 
gated here in its pronounced. swarming capacity and the 
ability to ferment xy_ose, to produce hydrogen sulphide 
and to liquefy gelatine. The quantitative difference in 
phenylalanine deaminase activity demonstrated may 
support claims!® that biochemical differences among 
these groups of orgarisms are at generic level within a 
tribe Proteae. 

J. A. SMT 
South African Atomic Energy Board and 
Department of Microhology, 
University of Pretoria. 
1 Rauss, K., Intern. Bull. Bact. Nom. Taz., 12, 53 (1962). 
* Henriksen, 8. D., J. Bact., €0, 225 (1950). 
3 Shaw, C., and Clarke, P. H.. J. Gen. Microbiol., 18, 155 (1955). 
4 Singer, J., and Bar-Chay, J-, J. Hyg., Camb., 54, 1 (1954). 
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GENERAL 
Origin of the Theory of Errors 


J. H. LAMBERT should be given precedence over Gauss 
as the originator of she theory of errors. Galle’ stated 
that Gauss arrived at the idea of the principle of least 
squares while reading Lambert, but he did not mention 
the essence of Lambert’s work on the subject. Further- 
more, no mention hes been made of this in the various 
works on Lambert?-4 
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The three main works by Lambert are Photometria’, 
Theorie der Zuverlässigkeit der Beobachtung und Versuches, 
and Aumerkungen und Zusätze zur practischen Geometrie?. 
The first of these is available in the Ostwalds’ Klassiker 
series, but the relevant portion was omitted from the 
translation. Moreover, the translator inserted a special 
comment on this portion asserting that it contained 
nothing of interest to readers. 

These works contain: 

(a) The first general outline to be published after 
Galilei® of the properties of observational errors. 

(6) A rule for estimating the precision of measurements 
by comparing the means taken with and without the 
most extreme observation. This was the first numerical 
rule for such estimations, but was inadequate for a com- 
parative estimation of various series of data which 
differed in the number of their individual observations. 

(c) A somewhat loose proof of the preference for an 
arithmetical mean as compared with individual observa- 
tions (ref. 7, art. 443-5). 

(d) A derivation (ref. 7, art. 429-30) of a curve named 
later by Laplace “a curve of facility of errors’’, which 
because there were “no reasons” for supposing the 
existence of an “angle” (eckige) form took the shape of a 
semicircumference. The same manner of reasoning was 
used in similar circumstances by Laplace in 1774: 


do(x+dax)/de(x) = 9(a+dz)/p(z) 


as there was “no reason” to suppose that there were 
different laws for p(x) and do(x) (ref. 9). 

(e) A definition of the objectives of the theory of errors. 
Possibly even the term itself should be credited to Lam- 
bert (see foreword in ref. 6), although in this connexion 
Lambert often mentions Marinoni’s De re ichnographica 
(see ref. 6, art. 12). As to the aims, these are (ref. 6, art. 
321) to find connexions between errors, the consequences 
of errors, circumstances of observations and the accuracy 
of instruments (Verhdlinis zwischen den Fehlern, ihren 
Folgen, den Umstanden der Ausmessung und Giite des 
Instruments). The Theorie d. Folgen was classified inde- 
pendently as having as its objective the study of errors 
of functions of observed elements. But Lambert then 
introduced (ref. 6, art. 1) reliability (Zuverlässigkeit) of 
observations and implied that the aim of the corresponding 
theory was to deduce the “true value” and to estimate 
the accuracy of observations. The classification now 
seems rather clumsy; however, taken as a whole, a 
“united” theory of errors emerges. 

(f) An enunciation of the “minimax” principle (minim- 
ization of the maximum residual error in geodetic adjust- 
ments—the minimum being sought among all possible 
solutions (ref. 7, art. 420)). But Lambert confessed that he 
did not know how to use this principle “in a general 
manner, without many devious ways” (auf eine allgemeine 
Art, und ohne viele Umwege). The use of this principle 
In @ rudimentary form for solving a redundant system 
of linear algebraic equations should be credited to Euler’. 

(g) Rules for fitting straight lines and curves—the 
observations being divided into groups and the centres 
of gravity of these taken instead of original observations 
(ref. 6, art. 20, and others). 

(h) The use of the principle of maximum likelihood (ref. 5, 
art. 299-303). Lambert started from a curve NMLK (Fig. 
1), the equation of which was unspecified but corresponded 
with the following properties of observational errors: 
e(a)=o(~a), ple) <pllel) if Jea > lz) >a He cal- 
culated the number of ways in which the observations 
P, Q, R and S would occur n, m, l and k times, respec- 
tively, as: 


(n+tm+l+k) 7 S a 
hi mlib 2 QM” RLI SKt ~ PN” OM" RL! SK* 


with NP, MQ, ete., equal to the ordinates of the curve. 
He then gives a graphical method of maximizing the last 
product using subtangents. He considered the ordinates 
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to be equal to the corresponding “true number” of 
observations: in this he was almost copied by Lagrange™ 
(problem 10), who held that in a continuous case the 
“facility of errors” was the ratio of the number of cases 
of the specified type to the total number of cases. 





Fig. 1. 


Lambert did not specify that his solution was equivalent 
to differentiating with respect to the unknown mode =, of 
a disintegration (x —,). 

It should be noted that Lambert did not regard this 
principle as a useful one in practice, and he did not 
return to it. 


The y? distribution is due to the German optician, 
Ernst Abbe! and his work is saidil? to have been 
printed in 1863. 

Abbe considered the case of normally distributed errors 
of observations 2,,..., a by means of two functions: 
A= 2+... Hen? and O = (t~ tat ... +(n—2%)?. 
Actually he calculated the integral: 


An 
a | “.. 


(where h is a measure of the precision of the observations), 
taking (i) 0 < a,2+ ... 8n? < A; (ti) 0 < (@,—#,)*+ 
-oot (£n—2:) < 0; (ii) © < pA, where0<u< by 
definition of © and A. He finally arrived at a criterion 
for rejecting observations with ‘‘systematic influences”, as 
they are called in the theory of errors, and noted that 
departures from the normal distribution correspond to 
departures of @/A from 2. But the main point of his 
work is to be found in (i), where he actually arrived at 
the x? distribution: 


P(Sae[A,A + dA]) = (å) = Í n»/r(nj2)} Ae aa 


Helmert!® introduced into geodetic literature what he 
called a “modified”? Abbe’s criterion; however, he never 
mentioned Abbe’s deduction of the y? distribution, and 
this is one of the reasons why the origin of this distribution 
is usually ascribed to Helmert?$. 


. | dæ, o.. den OF (mt t oon + at) 


O. B. SHEYNIN 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk are open te the public) 


No. 5052 


Wednesday, August 3l~-Wednesday, September 7 


BRITISH ASSOCIATION FOR THE ADVANCEMENT OF SCIENOE (at Nottingham) 
—128th Annual Meeting. 


Wednesday, August 31! 


At 7.30 p.m.—Prof, Sir Joseph Hutchinson, C.M.G., F.B.8.: “Land and 
Human Populations” (Presidential Address). 
Thursday, Septembe: | 


At 10 a.m.—Prof. R. 8. Nyholm, F.R.S.: ‘Intermetallic Bonding in 
Metals and Chemical Compounds” (Presidential Address, Section B). 


At 10 a.m.—Prof. J. W. S. Pringle, M.B.E., F.R.S.: “The Treasure-House 
of Nature” (Presidential Address, Section D). 


At 10 a.m.—Prof. G. L. S. Shackle: “Policy, Poetry and Success” (Preal- 
dential Address, Section F). 


at 10 a.m.— Prof, J. Grelg. ‘“Technique” (Presidential Address, Section 


At 10 a.m.—Prof. J. D. Matthews: “Forestry and the Landscape” (Chair- 
man’s Address, Section K*). 


At 10 a.m.—Mr, J. Scupham, 0.B.E.: “The Social Factor in Education” 
(Presidential Address, Section L), 


At 10 a.m.—Prof, W. Eliwon: “Agriculture and Changes in Land Use” 
(Presidential Address, Section M). 


At 2.80 p.m.— Mr, H. G. Conway, C.B.E.: "The Concord: An International 
Project ın Supersome Transport’ (Young People’s Lecture), 


Friday, September 2 


At 10 a.m.—Prof. W. H. McCrea, F.R.S.: “Cosmical Physics” (Presi- 
dential Address, Section A). 


At 10 a.m.—Prof. L. R. Moore: ‘‘Frontiers in Geology——Geo-Micro- 
biology” (Presidential Address, Section C). 


At 10 a.m.—Prof. R. W. Steel. “Geography and the Developing World” 
(Presidential Address, Section E), 


At 10 a.m.—Prof. A. Neuberger, C.B.E., F.R.S.: “The Operation of Con- 
trol Mechanisms at the Cellular Level” (Presidential Address, Section I). 


At 10 a.m.—Sir James Cook, F.R.S.: “The Science Information Problem” 
(Presidential Address, Section X). 


At 1130 am,—Dr. N. A. B, Wulson: 
ficiency” (Presidential Address, Section J). 


At 11.30 a.m.—Prof. A. R. Clapham, F.R.S.: “Nature Conservation and 
Botanical Research” (Presidential Address, Section K}. i 


At 2.30 p.m.—Prof. F. G. Bailey: “The Peasant View of the Bad Life” 
(Preatdential Address, Section N). 


At 2.30 p.m.—Mr. R. L. Gregory: “Illusions in Space” (Young People's 
Lecture). 


At 8 p.m.—Dry, A. H. Cottrell, F.R.8.. “Science and Economic Growth in 
the United Kingdom” (Evening Discourse). 


“Psychology and Military Pro- 


Sunday, September 4 


At 10.45 a.m.—Official Service in St. Mary’s Church. Preacher: Canon 
D. R., Feaver. 


Monday, September 5 


At 10 a.m.—Prof. J. S. Weiner: ‘‘Aspects of Human Adaptation” (Presi- 
dential Address, Section H). 


At 10 a.m.—Prof, J. N. Bradley: “Shock Waves in Chemistry and Physics” 
(Kelvin Lecture), 


At 10a.m.—Dr. D. Noble: “How the Heart Beats” (Darwin Lecture). 


At 2.30 p.m.—Prof. R.L. F. Boyd: “The Rocket Age’ (Young People’s 
Lecture). 


At 8 p.m.—Dr, N. Tinbergen, F.R.S.: “Behaviour as Equipment for 
Survival” (Evening Discourse). 


Tuesday, September 6 


At 11.30 a.m.-—Prof. R. J. Ball: “Economic Model Building for Control” 
(Lister Lecture). 


At 2.30 p.m.—Prof, A. B. Gemmell: “Biology and Crime” (Young People’s 
Lecture). 


Monday, September 5—Friday, September 9 


e n PHARMACEUTICAL CONFERENCE (at Manchester)—-108rd Annual 
eoting. 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the folowing appointments on or before the 
dates mentioned: 

LECTURER or ASSISTANT LEOTURER (with some interest in physical or 
dynamical oceanography) IN THE DEPARYMENT OF OCEANOGRAPHY—The 
Deputy Secretary, The Umversity, Southampton (August 31). 

TEMPORARY LECTURERS or TEMPORARY ASSISTANT LECTURERS (2) IN THE 
DEPARTMENT OF PSYCHOLOGY-——The Registrar, University Senate House, 
Bnstol, 2 (September 1). 

VICE-PRINCIPAL (with proven administrative ability, high academic and/or 
professional qualifications, and responsible experience m education and/or 
industry, commerce) OF THE COLLEGE OF TECHNOLOGY, Southend-on-Sea- 
Chief Education Officer, Civic Centre, Victoria Avenue, Southend-on-Sea 
(September 1). 
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RESEARCH ASSISTANT (chemBtry graduate) for a biological and chemical 
survey of the Raver Wear—Tnae Registrar and Secretary, University of 
Durham, Old Shire Hall, Durham (September 3). 

SENIOR RESEARCH FELLOW (with a veterinary qualification and preferably 

ostgraduate experience in virelogy or microbiology) IN THE SECTION OF 
POULTRY DISEASE, DEPARTMENT OF VETERINARY PREVENTIVE MEDICINE, 
to join a team undertaking research into respiratory diseases of poultry in a 
new building to be available later this year at the Veterinary Field Station in 
Wirral, Cheshire—The Registrar, The University, Liverpool, 3, quoting Ref. 
CV/188 (September 3). i 

TUTOR IN MEDICINE to give nstruction in clinical medicine and to take 
part in the clinical and researc activities of the Department of Medicine— 
pen ag The University, Manchester, 18, quoting Ref. 188/66 (Sep- 

mber 3). 

LECTURER or ASSISTANT LE¢TURER in SociIoLOGy-—-The Secretary,. The 
University, Aberdeen (September 4). . . 

RESEARCH ASSISTANT (witL a degree in geography or agricultural 
economics or simular qualificatioas, and preferably a knowledge of agricultural 
statistics and of statistical mavping) IN THE DEPARTMENT OF GEOGRAPHY 
to assiat Prof. J. T. Coppock im the preparation of an agricultural atlas of 
Scotland—The Secretary, University of Edinburgh, Old College, South 
Bridge, Edinburgh (September 3). 

RESEARCH ASSISTANT (mycogist or plant pathologist) IN PLANT PATH- 
OLOGY IN THE DEPARTMENT OF Botany to join a group investigating obli- 
gately parasitic fungi—The Secretary of the University Court, The Univer- 
sity, Glasgow (September 9). f , 

CHAIR OF CHEMISTRY — The Assistant Registrar, University College of Cape 
Coast, 16 Gordon Square, Lordon, W.C.1; or The Registrar, University 
De of Cape Coast, Universizy Post Office, Cape Coast, Ghana (September 

0 


RESEARCH ASSISTANT (veterinary graduate) IN THE DEPARTMENT OF 
VETERINARY PREVENTIVE MED:OINE at the Veterinary Field Station, Wirral, 
Cheshire—The Registrar, The University, Liverpool, quoting Ref. CV/204 
(September 10). 

TUTORIAL RESEARCH STUDEET (man or woman) IN PHYSIOS (experimental 
or theoretical)—The Secretar-, Royal Holloway College (University of 
London), Englefield Green, Surrey (September 10). 

LECTURER or ASSISTANT ‘LEC“URER (mathematician with research interests 
in any branch of pure math=matics or mathematical statistics) IN THE 
DEPARTMENT OF PURE MaruEtatics—The Registrar, University College of 
Swansea, Singleton Park, Swansea, South Wales (September 17).. 

LECTURER (preferably with a gore interest in stress analysis) IY THE 
POSTGRADUATE DEPARTMENT “F APPLIED MEOHANICS-~The Registrar, The 
University, Sheffield (Septemt=r 17). 

EXPERIMENTAL OFFICER (wi-h H.N.C. or a university ordinary degree in 
science, and specially expenemed and interested in histological techniques) 
IN THE DEPARTMENT OF MICRCLIOLOGY, for duties which will consist of assist- 
ing with and developing methods of studying tissue infected with bacteria, 
fungi and viruses using technicnes for conventional, Immunofluorescence and 
electron microscopy—The Professor of Microbiology, The Queen’s University 
of Belfast, Belfast, Northern Iceland (September 15). 

RESEARCH SCIENTIST (statistician) (with a Ph.D. degree in erts or science 
with mathematics and mathematical statistics as major subjects, or post- 
graduate research experience o equivalent standard and duration, supported 
by satisfactory evidence of research ability} IN THE DIVISION OF MATHE- 
MATICS, 0.$.1.2.0., to take part in the respective Divisional research pro- 
grammes of the Division of P-oten Chemistry and the Division of Animal 
Health (Animal Health Research Laboratory) which are closely located in 
MELBOURNE-~The Chief Scientific Liaison Officer, Australan Scientific 
Liaison Office, Africa House, Singsway, London, W.C.2, quoting Appoint- 
ment No. 440/191 (September 23). 

SCIENTIFIC OFFICBR/SENIOE SCYENTIFIC OFFICER (with a good honours 
degree in botany or biology and preferably BB perk Sacra experience in 
ecological research) to take part in the ecological studies of the Nature Con- 
servancy’s Conservation Research Division at its Monks Wood rimental 
Station, Abbots Ripton, Hun-ingdon—The Natural Environment Research 
Council (EB), State House, Higk Holborn, London, W.C.1 (September 24). 

LECTURERS/SENIOR LECTURERS (2) IN Bronoey (ın the field of genetics); 
and a LECTURER IN BIOLOGY (in the field of whole plant physiology) in the 
School of Biological Sciences, University of Sydney, Australia—The Asso- 
ciation of Commonwealth Universities (Branch Office), Marlborough House, 
Pall Mall, London, 8.W.1 (Aus-talia and London, September 26). 

READER IN OBSTETRICS arD GYNAECOLOGY at Charing Cross Hospital 
Medical School—The Academic Registrar, University of London, Senate 
House, London, W.C.1 (September 18). : 

CHAIR OF PHILOSOPHY at the University of New England, Armidale, New 
South Wales, Australia-—The Association of Commonwealth Universities 
(Branch Office), Marlborough louse, Pall Mall, London, 8,W.1 (Australia and 
London, September 30). 

JUNIOR DEMONSTRATOR (ncn medical, preferably with experience in some 
branch of endocrinology) IN THE DEPARTMENT OF PHysioLoay—Prof, A. A. 
Harper, The Department of Physiology, The Medical School, University of 
Newcastle upon Tyne, Newcastle upon Tyne, 1 (September 36). 

READER, SENIOR LECTURER or LECTURER IN MIOROBIOLOGY at Monash 
University, Melbourne, Auetralia—The Association of Commonwealth 
Universities (Branch Office), “4arlborough House, Pall Mall, London, 8.W.1 
(Australia, September 30), 

RESEARCH FELLOW (organis chemist, with a Ph.D. or equivalent research 

erience) IN THE DEPARTMINT OF MEDICAL CHEMISTRY, The John Curtin 
School of Medical Research. Institute of Advanced Studies, Australian 
National University, to wor= on the synthesis and reactions of nitrogen 
heterocycles—-The Associaticn of Comfnonwealth Universities (Bianch 
Office), Marlborough House, Pall Mall, London, S.W.1 (Australia and 
London, September 30), 

LECTURER (preferably with experience in the application of physical 
chemistry to metallurgical problems) IN METALLURGY -Ihe Registrar, The 
University, Sheffield (October 1). 

READER IN GEOGRAPHY zt King’s College—The Academic Registrar, 
University of London, Senate House, London, W.C.1 (October 3). 

LECTURER (specialist in ore or more branches of human geography) IN 
GEOGRAPHY at the University of Tasmania, Australia—The Association of 
Commonwealth Universities GBranch Office), Marlborough House, Pall Mall, 
London, 8.W.1 (Australa anc London, October 14). 

CHAIR OF BIOCHEMISTRY as the University of Melbourne Anustralia—The 
Association of Commonwealh Universities (Branch Office), Marlborough 
House, Pall Mall, London, S.W.1 (Australia and London, October 31). 

’ ASSISTANT EXPERIMENTAL OFFICER/ISXPERIMENTAL OFFICER (If aged 
under 22, five passes in the G.C.E. examination including English at “A” 
level; if aged over 22, H.N.C.or a scientific degree, preferably in biochemistry 
or microbiology) AT THE FOOD RESEARCH INSTITUTE, NORWICE, for work on 
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the biochemistry and physiology of micro-organi 
-Organisms—The Secretary, Low 
re aar Research Station, A.R.C., Downing Street, Cambridge, quoting 
_ GRADUATE RESEARCH ASSISTANT (preferably with a knowledge of statis- 
tics) to participate in a survey of the careers and previous seademic discipline 
a rformance, of engineering and science Ereduak of Imperia! College— 
e gistrar, Imperial College of Science and Technology, London, 8.W.7. 

LISTOLOGIST (with an honours d ə in physiology or zoology or an 
roast seas qualification and preferably previous experience in histological 
ora ae IN THE PHYSIOLOGY DEPARTMENT, to be in charge of the histo- 
pelon work of the Department and to collaborate in research, mainly in the 
te d of endocrinology—-The Secretary, National Institute for Research in 

airying, Shinfield, Reading, Berkshire, quoting Ref. 66/N/21. 
$ SENIOR/CHIEF (Physics) THOHNICIAN (female) IN THE PHYSIOS DEPARTMENT 
ror duties which mainly involve the use of radioactive isotopes in clinical 
agnosis-—The Secretary, Dudley Road Hospital, Birmingham, 18. 

ENIOR LECTURER (preferably with special interests in hysiology and 
research) IN Zoo1Logy/PaYsIoLogy—The Principal, Barking . Regional 
College of Technology, ongbridge Road, Dagenham, Essex. 
i SENIOR TECHNICIAN I (with experience in chemical pathology) to work in 

he new Renal Transplant Unit in conjunction with the Medical Unit—The 
House Governor, St. Mary’s Hospital, Paddington, London, W.2. 
SUB- (honours graduate with a librarianship qualification, and 
Lira Mid ta E the g ar arn and tehnologs’ IN THE ÅNDER- 
NIAN —ihe Kegistrar, University of Stra . 
Glasgow, C.1, quoting Bef. 52/66. id Sear sone OOO 


REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 
Great Britain and Ireland 
The Mathematical Assoctation. School Tabrary Mathematics Tist. Com- 


piled for the Mathematical Association by A. P, Rollett. : 

G. Bell and Sons, Ltd., 1986.) le. 6d. net. Ceo RPO (Tondon: 
Master Plan for the Loughborough University of Technology. Pp. 148. 

(Loughborough: The University of Technology, 1968.) 42s, [206 
Water Resources Board: Hydrometry Drvision. Crump Weir Design 

Tilt? Beater a Wiler diemong hee aga mas 
: , . als Handli stems. . 18. 

Middx.: EMI Electronics, Ltd., 1966.) oe ies egie 


Fp. 14. (Belfast : Ministry of Agriculture, 1966.) 226 

Northern Ireland: Ministry of Agriculture. Leaflet No. 8: Controle 

Sheep Diseases. 

EP. 4, go nn 
eop—-Managemen 

. 16. Leaflet No. 132: Farm Planning. Pp. 14. 


nistry Report of the Tropical Podat 
Institute 1965: The Report of the Director of the Tropical Producta Institute. 
(London: H.M, Stationery Office, 1966.) 5s. net, {236 
Department of Education and Science. A Compendium of Teacher 
Training Courses in England and Wales, Ae: (List 172) Pp. 1441. 
286 


(Auguste Comte Memorial Trust Lecture, No. 7.) Pp 31. (London: The 
rare eer University of London, 1966. Distributed by Constable and 
-» Ltd.) 58. 276 
Forestry Commission Leaflet No. 52: The Fallow Deer. By W. A. Cinan 
Pp. 89. (London: H.M. Stationery Office, 1966.) 2s 6d. net. [276 
The Houses of the Royal Society of Arts: a History and a Gude. By 
p: G. C. Allan. Pp. x+68. (London: The Royal Society of Arts, 1968.) 
A 276 
„The Scottish Field Studies Association. Annual Report, 1965. A Visting 
Biologist’s View of Kmdrogan Field Centre. By Patrick Coker. The 
Bryophytes of the Kindrogan Area. By Ursula K. Duncan. Small Mammals 
at Kindrogan. By Paul A. Moxey. Hoverflies. By Martin Speight. Pp. 27 
nl plates. (Glasgow: The Scottish Field Studies Association, 1966.) 
8. i [276 
_ Royal Anthropological Institute of Great Britain and Treland. Occa- 
siona Paper No. 23: Models of Social Organization. By Frednmk Barth. 
Pp. vi+ 33. (London: Royal Anthropological Institute of Great Britain and 
Ireland, 1966.) 15s.: 2.20 dollars. [286 
Bulletin of the British Museum (Natural History). Entomology. Vol. 18, 
No. 2: Revisional Notes on the Genus Antanartia (Lepidoptera: Nymphal:- 
dae). By T. G. Howarth. Pp. 21—43 +5 plates. (London: British Museum 
(Natural History), 1966.) 26s. [286 
The Evaluation of the Bult Environment. By Prof. R. G. Hopkinson 
(An Inaugural Lecture delivered at University College London, 11 November 
1965.) ae 27. (London: H. K. Lewis and Co., Ltd., 1966.) 68, net. [296 
The Edinburgh School of Agriculture. Experimental Work—1965. 
Pp. vii+ 112, (Edinburgh: The dinburgh School of Agriculture, oe 
296 


78. Gd. 
The British Drug Houses, Ltd. Moisture Determination by the Kari 
cher Reagent. Second edition. Pp. 85, Chemical Methods of Clinical 


areata Pp. 46. (Poole, Dorset: The British Drug Houses, y. 
2 


; i 96 
he Zoological Record. Vol. 100, Section 10 (1963): Crustacea. Com- 
piled by R. W. Ingle. Pp. 106. 20s.; 282 dollars. Vol. 101, Section 12 
(1964): Arachnida. Compiled by Ernest Browning. Pp. 10. 20s.; 
dollars. (London: The Zoological Society of Londen, 1966.) [296 
Ministry of Agriculture, Fisheries and Food. Fishery Investigations, 
Series 1, Vol. 6, No. 4: A Field and Laboratory Investigation of the Effect 
of Heated Effinents on Fish. By J. S. Alabaster and A. L. Downing. Pp. 
V+42+1 plate. (London: H.M. Stationery Office, 1966.) 168. net. [296 


Other Countries 


National Museum of Canada. ar eattay a Papers, No. 12 (May, 1966): 
Excavations in the Lochnore~Nesikep Creek Locality, British ER I TRAA 
Interim Report. By David Sanger. Pp. 22 (8 plates). (Ottawa: Queen’s 
Printer, 1968.) [276 
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Annals of the New York Academy of Sciences. Vol. 118, Article 18: . 
Hyperschens Quartzites from Waltair, Andhra Pradesh, India. By J. S. R. 
Krishna Rao and T. Rama Krishna Murty. Pp. 719-724. (New York: New 
York Academy of Sciences, 1965.) 1.50 dollars, [276 

International Atomic Energy Agency. Biographical Series. No, 16: The 
Mossbauer Effect. Pp. xvi+187. 63 schillings; 18s., 3 U.S. dollars. No. 
17: Organic Coolants and Moderators. Pp. 173, 84 schillings; 24s.; 4 U.S. 
dollars. (Vienna: International Atomic Energy Agency; London: H.M. 
Stationery Office, 1965.) [276 

Annuaire 1966 du Génie Atomque. . 128. (Paris: l'Association des 
Ingénieurs en Génie Atomique, 6, rue de Castellane, 1966.) 276 

Akademie der Wissenschaften und der Literatur. Abhandlungen der 
Mathematisch-Naturwissenschaftlichen Klasse. Jahrgang 1986, Nr. I: 
Chemische Mutagenese an Menschhchen Zellen in Kultur. Von Dr. Wolfram 
Ostertag. Pp. 124. (Mainz: Akademie des Wissenschaften und der Litera- 
tur, 1966.) 12 D.M. [276 

Institutt for Atomenergi: Kjeller Research Establishment. Kjeller ` 
Report No. 89: Advanced Course on Fuel Elements for Water Cooled Power 
Reactors including Superheat-—-The Netherlands’—Norwegian Reactor 
School, September 1965. Pp. 316. Kjeller Report No. 103: Measurement of 
the Spatial Variation of the Thermal Neutron Energy Spectrum in Reactor 
Cells. By J. Smit. Pp. 9. (Kjeller, Norway: Institutt for Atomenergi, 
Kijeller Research Establishment, 1966.) [276 

Smithsonian Miscellaneous Collections. Vol. 148, No. 9: New Lower 
Cambrian Trilobite Faunule from the Tacononic Sequence of New York. By 
Franco Rasetti. Pp. 52+12 plates. (Publication 4662.) Vol. 149, No. 9: 
A New Pliocene Stork from Nebraska. By Lester L. Short, Jr. Pp. 11+1, 
plate. (Publication 4661.) Vol. 151, No.1: Stringocephalus in the Devonian 
of Indiana. By G. Arthur Cooper and Thomas Phelan. Pp. 20+5 plates. 
(Publication 4664.) (Washington, D.C.: Smithsonian Institution, 1966.) [286 

United States Department of the Interior: Geological Survey. Water- 
Supply Paper 1808- Ground-Water Resources of the Dayton Area, Ohio. 
By Stanley E. Norris and Andrew M. Spieker, Pp. vi +167 + plates 1-9. 
(Washington, D.C.: Government Printing Office, 1966.) {286 

Transactions of the American Philosophical Society. New Series—-Vol. 56, 
Part 4. Physical Health and Psychiatric Disorder in Nigeria. By Robert 
J. M. Collis. Pp. 45. (Philadelphia: The American Philosophical Society, 
1966.) 1.50 dollars. 286 

U.S. Department of Commerce, Environmental Science Services Adminis- 
tration: ast and Geodetic Survey. Earthquake History of the United 
States. Part 2: Stronger Earthquakes of California and Western Nevada. 
By H. O. Wood and N. H, Heck. Revised edition (through 1963) by R. A. 
Eppley. Pp. 48. 30 cents. Technical Bulletin No. 28: Marine Geology of 
Northeastern Gulf of Maine. By R. J. Malloy and R. N. Harbison. Pp. 
15+4 maps. 1.25 dollars. Technical Bulletin No. 29: Three-PhotoAero- 
tnangulation. By M. Keller and G, C. Tewinkel. Pp. 54. 85 cents. (Wash- 


ington, D.C.: Government Printing Office, 1966.) [286 
The Amine Acid Composition of the Brain m Schizophrenia. Door W. 
Op den Welde. Pp. 119. (Rotterdam: Bronder-Offset, 1966.) [266 


Australia’ Commonwealth Scientific and Industrial Research Organization. 
Bulletin No, 284: Phosphorus Fertilizer Research in Australia. By E. A. 
Jackson. Pp. 59. (Melbourne: Commonwealth Scientific and Industrial 
Research Organization, 1968.) [296 

A Sky Survey of Neutral Hydrogen at 21 cm. 4: Catalogue of H-Line 
Profiles for the Southern Sky. By R. X. McGee, Janice A. Milton and Wendy 
Wolfe. Pp. 30. (Australian Journal of Physics, Astrophysical Supplement 
No. 1.) (Bast Melbourne: Publications Section, Commonwealth Scientific 
and Industrial Research Organization, 1966 ) [298 

Canada: Department of Mines and Technical Surveys. Geological Survey 
of Canada. emoir 838: Marion Lake Map-Area, Quebec-Newfoundland 
(281/18). By J. A. Donaldson. Pp. 85 (4 plates). 2.50 dollars. Paper 64-33: 
Sub-Fairholme Devonian Rocks of the Eastern Front Ranges, Southern 
Rocky Mountains, Alberta. By J, D. Aitken. Pp. v+88. 75 cents. Paper 
64-51: Aldergrove Test Hole, Fraser Valley, B.C. By E. C. Halstead. Pp. 
v+17. 75 cents. Paper 65-36: Notes on Glaciation in Central Yukon 
Territory. By H. 8. Bostock. Pp. wi+18 (7 pistes}. 75 cents, Paper 
66-20: Foraminifera Distribution in Tracadie Bay, Prince Edward Island. 
By G. A. Bartlett, Pp. vi+54. 75 cents. Paper 66-27: Upper Pliens- 
bachian Beds in the Fernie Group of Alberta. By Hans Frebold, Fp. 8+1 
plate. 75 cents. (Ottawa: Queen’s Printer, 1966.) [296 

Ontario Research Foundation. Annual Report 1965. Pp. 63. (Toronto: 
Ontario Research Foundation, 1966.) ; [296 

International Atomic Energy Agency. Technical Report Series, No. 50: 
Applications of the Mossbauer Effect in Chemistry and Solid-State Physics. 
(Report of a Panel held in Vienna, 26-30 April 1965.) . 267. (Vienna: 
International Atomic Energy ggenoy: London: H.M. Stationery Office, 
1966.) 126 schillings; 36s.; 6 U.S. dollars. [296 

Royal Ontario Museum—University of Toronto, Annual Report 15, July 
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International Atomic Energy Agency. Safety Seres No. 16: Manual on 
Environmental Monitoring in Normal Operation. Pp. 70. (Vienna: Inter- 
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Branch. Publications of the Dominion Astrophysical Observatory. Vol. 12, 
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FORTY MILLION ENGLISHMEN? 


Sir JoserH Hourourson will have helped enormously 
to awaken interest in the problem of how people are to 
continue living in crowded countries. It is tempting, 
and easy, for the members of industrialized societies to 
persuade themselves that imbalance between the land 
and the population it must support is an affliction of 
remote .parts of Asia and Africa. In his presidential 
address to the British Association (see page 1053, this 
issue), Sir Joseph has made it plain that advanced 
societies such as the United Kingdom are as much in 
peril. Moreover, he has shown that the task of bringing 
land and population into harmony is not simply one of 
matching two large numbers comfortably together, but 
that it is also necessary for the nature of a nation’s 
agricultural system to be harmoniously in character 
with the structure of its society. It is true that agri- 
culturalists are diligent in pointing out what risks 
imbalance may entail, but that is no reason to disregard 
what Sir Joseph Hutchinson had to say on Wednes- 
day. But what of his attempt to say where the balance 
between the population and the land should be estab- 
lished in the particular circumstances of Britain? Is 
the ideal population one of 40 million people, or should 
it be more, or even less ? To say that there should be a 
balance is one thing. To say precisely where it should be 
struck is quite another. In particular, it is not a task 
whichagriculturalists by themselvescan usefully attempt. 

To be fair, Sir Joseph Hutchinson did not invest his 
figure of forty million with moral rectitude, but, rather, 
he described it as a “target figure’. He arrived at it 
by general arguments, not arithmetic. He was con- 
cerned about pollution of the environment and the 
water supplies, the increasing competition for somewhere 
to spend a holiday, the encroachments of the conurba- 
tions on the countryside, and the supposed “stress and 
disorientation” of young people forced to live in cities. 


It is true that if only the population were smaller,. 


some (though not all) of these problems would dis- 
appear. But is that all there is to say? Are these 
problems so serious that the British population should 
deliberately seek to shrinkin numbers ? And are thereno 
benefits to be set off against the evident inconveniences 
of a densely packed population ? Is modern life such a 
gloomy business ? 

The admitted nuisances of modern life are, of course, 
a challenge for societies that wish to go on being known 
as civilized, but the problems of pollution and waste 
disposal could be tackled with at least as much success 
as the Victorian banishment of cholera from London. 
Shortages of water and other natural resources are 
often exaggerated, as the committee of the US. 
National Academy of Sciences makes plain (see™ page 
1008, this issue). The scarcity of beaches is a function of 
the cost of air travel, and it is always possible that 
twentieth century fashion which sends people rushing 
to the beaches will be replaced by one that is socially 
more convenient. (In any case, it would always of 
course be possible to manufacture extra beaches if the 


need for them were great enough.) In other words, these 
nuisances and the scarcities are not absolute but 
relative. One way of dealing with them is for the 
population of Britzin, and of similar countries, to 
contract; another is to tackle them directly, and to 
get rid of them. 

City life is a ready scapegoat, and nobody will fail to 
shrink from the kinc of encroachment on the country- 
side, and the ugliness which accompanies it, which is 
all too plain on the outskirts of most large cities. Yet 
this, too, is a relative, not an absolute, problem. There 
is nothing but indifference to decree that a modern 
city must be an offence against the countryside. Indeed, 
there is no reason why modern cities should take up so 
much space. As things are, the largest cities tend to 
be hollow at the centre, with the result that the social 
benefits which could flow from the interaction of large 
groups of people are somehow dissipated in the diurnal 
flow of the population in and out of the suburbs. It 
could well be thas many of the social problems 
dangerously apparert in cities such as New York are 
consequences not of the large size of their populations 
but of the lack of care with which the populations have 
been bundled togeth=r. 

But who is to see zhat reason is applied ? And how ? 
These are the questions that urgently need asking. 
The answer is not to create more social scientists, 
whatever that term may imply, for the problems are 
at once bigger and simpler. What needs to be accepted 
is that the development of modern technology has 


created a range of cew opportunities, not an array of © 


strait-jackets. In yarticular, if society wants clean 
rivers, it can elect to have them. Clean air is also to be 
had, if at a price. _f the countryside is being ruined, 
that is because the p2ople who use it—farmers included 
—have not collectively decided that the countryside 
is worth keeping. ities would not be choked with 
traffic if those who ive and work in them were really 
anxious to have a nore rational system of transport. 
And the great cities of the world could be allowed to 


‘become even more populous (though not necessarily 


bigger on the map) and at the same time still more 
rewarding to live in if the social com plexities of city 
life were properly acknowledged and dealt with. 
Agriculture is intportant but not central. 
starvation is not tke only consequence of the rapid 
increase of the poprlation of the world, and may not 
even be the most serbus. For every stomach that needs 
to be filled with food, there is a head that must be given 
some sense that tha future will be better than the 
present. It is not easy to persuade such populations 
that they must recapitulate. the evolutionary steps 
which more advanced societies have left behind them. 
In other words, the advice that they should first create 
a manual agricultural system on the pattern of English 
agriculture in the eighteenth century, wise though 
it may be, is likely to smack of what is called neo- 
colonialism. For this reason if for no other, it is com- 
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in the temperate zone of the Northern Hemisphere 
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time to come, the war against famine will have to be 
fought on the prairies of North America. In the long 
run, countries now undeveloped may practise novel 
forms of agriculture—or even buy wheat by exporting 
manufactured goods. At this stage there is no knowing 
just what will happen, but disaster and a repetition of 
familiar patterns are not the only possibilities. 


MEDICAL RESEARCH 


THE Medical Research Council is one of the most 
successful of the research councils responsible for the 
support of research in Britain, and the annual report 
for 1965-66 now published (see page 1009, this issue) 
is another cheerful story. Good works continue. 
New projects are being started, and promise to fill 
glaring gaps in the pattern of what is being done. The 
clinical research centre now being built will obviously 
do well, for example, even if it is not entirely clear why 
it should not have been created by the development of a 
teaching hospital. 

Why does the Medical Research Council persist in 
getting such good value for its money ? Much probably 
depends on the way in which the council organizes its 
grant giving. More than half the annual budget 
last year was spent on supporting what are called the 
research units—groups of people ranging in size from 
a handful to a hundred—who are employed full-time 
by the council, kept supplied from the same source 
with equipment, yet free to play a full part in the intel- 
lectual life of the university or hospital in which they 
are sited. Although units like these are not unknown 
in other fields, the Medical Research Council has made 
by far the fullest use of them. A part of the reason 
for this, no doubt, is that it is often easier to specify 
a field of study than a particular objective, but the 
council has also been shamelessly but successfully 
living by the principle that it is better to back a man 
than a problem. Obviously there is a model here for 
other research councils to study if not to copy. i 

That said, however, it should be recognized that 
there may be snags. One is that the council may not 
be able to spend as much as it should on the support 
of research by young graduates, medically qualified 
and otherwise. Another is that the first charge on 
the councils budget is.bound to be the salary bill 
of its full-time staff, not to mention their pension rights 
and other needs. An awkward consequence is that the 
budget must be less flexible than its total size would 
indicate. There is possibly a case for saying that 
the council would be happier with more elbow 
room within the framework of its budget. And there 
is certainly a case for asking that in future annual 
reports the council should substitute for the scant 
half-dozen pages now devoted to administrative 
matters a thorough discussion of the evolution of ways 
in its policies on these and other matters. 
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Fresh Thoughts on Water 


PRESIDENT KENNEDY said that whoever solved the 
problems of water deserved two Nobel prizes—one for 
science, one for peace. The committee of the National 
Academy of Sciences which has just taken a cold look 
at water resources in the United States will certainly 
not get the latter for its frank analysis of what is 
wrong with American policies for managing water. 
Lhe trouble is, in brief, the “quick fix” approach. 
Enthusiasts spring up, hot to build desaturation plants, 
hydroelectric dams near the Grand Canyon or—the 
champion here is President Johnson himself—clean 
whole rivers such as the Potomac from top to toe. 
Each of these plans, the N.A.S. report says flatly, is 
short-sighted. What is needed is intelligence and an 
end to rigid, departmental thinking. 

There is no question that it is possible to make 
drinking water by removing the salt from sea water. 
But it is expensive and, once elaborate installations are 
set up for the purpose, little thought is given to 
alternatives which may be cheaper. The President’s 
plan to purify the Potomac is fine—but prepared with- 
out sufficient attention to the changes that its proposals 
would bring to the soil, plant and animal and even 
human life along the sweep of the river. And, while 
conservationists see no lack of arguments for opposing 
the proposed dams on the Colorado River, the N.A.S. 
report makes a point that will hurt the advocates of 
water power; not enough thought has been given to 
the possibility that hydroelectricity will lose its value 
in the years to come. 

In general, the committee found that the United 
States would have enough water to drink for the rest 
of the century, even though regional scarcities will 
persist. But there are big gaps in research into water 
resources, and the committee hopes that these will be 
filled. More should be known about the ways in which 
the environment—-particularly when it is overlaid with 
tarmac—affects water. New techniques should be 
developed for treating waste water and, above all, 
people should start thinking about how to tap the 
underground supplies which constitute 97 per cent of 
the world’s usable water. 

Nothing the N.A.8. report said will dampen spirits 
in California, where mutual congratulations are being 
exchanged over the completion of a complicated agree- 
ment between the federal government, local authorities 
in Los Angeles and private electricity companies to 
build the world’s largest desalination plant. A quick 
fix could not be applied in a better spot than parched 
populous southern California, in a constant wrangle 
with neighbouring states to use their water. (It now 
has eyes on the Columbia River far to the north-west.) 
The Los Angeles station, to be built on a man-made 
island offshore, will use nuclear power and do double 
duty, generating 1:8 million kWh of electricity a day 
while refining 150 million gallons of sea water as well, 
and at a cost which, if estimates are borne out in 
practice, will be as little as 23 cents a thousand gallons? 
The plant will cost $438 million, of which the federal 
share will be $72 million, and should go into action 
in 1971. 
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Tue budget of the Medical Research Council for 
1965-66 was comfortably greater than that in the 
preceding year. According to the annual report now 
published, £11 million were spent in 1965-66 compared 
with £9-6 million in 1964-65, an increase of roughly 
15 per cent. More than 90 per cent of the council’s 
income consists of a parliamentary grant and another 
£770,000 is provided by government departments and 
public bodies in return for services rendered. The 
council spends most of its income on the current 
expenses of research units and laboratories throughout 
the United Kingdom and a comparatively small 
amount—£373,000 in 1965-66—on new buildings. The 
National Institute for Medical Research at Mill Hill, 
London, accounts for one-eighth of the total budget, 
roughly a half of which, or more than £5 million, is 
spent on research units and external scientific staff. 

The council is clearly pleased with developments at 
the Clinical Research Centre at Northwick Park in 
North London. The annual report recalls that in the 
late fifties the council decided there was a need for a 
clinical research centre in Britain bringing together 
“clinical and para-clinical workers”. The Northwick 
Park centre is being built in collaboration with the 
North West Metropolitan Regional Hospital Board. 
It will consist of a research institute, a laboratory, 
lecture hall, and accommodation for patients. The 
research institute itself will be a substantial building 
with 100,000 sq. ft. of space, and there will also be 
supporting facilities—-an animal house, workshops, and 
soon. One wing of the hospital-ward block, containing 
140 beds, has been specially designed to meet the needs 
of research workers, principally by incorporating 
research laboratories into the main structure of the 
hospital. The annual report for 1965-66 records that 
Professor G. M. Bull of Queen’s University, Belfast, 
has been appointed director-designate of the centre 
and that Dr. Richard Doll, of the M.R.C. Statistical 
Research Unit, has been appointed deputy director. 
Professor Bull is principally interested in renal and 
tropical diseases and the study of the balance of 
electrolytes within the body. Dr. Doll has won a 
considerable reputation by his statistical analysis of 
the aetiology of various kinds of cancer and of peptic 
ulcers. 

As in previous years, the annual report also includes 
a review of the work of the various laboratories and 
research centres which the council supports. There is 
also a record of the council’s involvement with public 
affairs, and in particular a reminder that it was 
primarily responsible for providing the Home Office 
with the information and advice on which it was 
actually decided to introduce legislation about the 
permissible content of alcohol in the blood of car 
drivers. 

According to the report, the total staff of the Medical 
Research Council was 3,410 at the beginning of 1966. 
There were 809 scientific staff and 1,402 technical 
staff, and the total includes the personnel of the 79 
research units (four of them abroad) which were in 
being at the end of the financial year. In the course 
of 1965-66 one unit (for obstetric medicine at Aber- 
deen) was closed on the retirement of the director, 
and three were established at Newcastle (the Repro- 
duction and Growth Research Unit), Aberdeen (the 
Medical Sociology Research Unit) and at Hammer- 
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smith (the Cardiovascular Research Unit). During. 


the same year the 2ouncil undertook to support ten | 
new research groups, bringing the total to 40. A. 
research group differs from a unit, in the councils _ 
terminology, in thet its staff is employed by the . . 
university or hospital concerned, which also agrees to - 


relieve the council of financial responsibility within 
five years. 


Porter of the R.I. 


PROFESSOR GEORGE PORTER formally took up his post 
as Director of the Eoyal Institution on September 1, 
and his chemical research group is expected to take up 
quarters in the Davy—Faraday Laboratory within a 
week or so. Preparations for the arrival of Professor 
Porter and his team have been under way for some 
time, and substantia. alterations have been made to the 
laboratories and the domestic rooms at the building 
in Albemarle Street. The members of the institution 
plan to welcome Prafessor Porter and to say goodbye 
to the retiring director, Sir Lawrence Bragg, when the 
latter returns from she United States in the autumn. 

The immediate effect of the change of directors will 
be a shift in the emphasis of the research programme 
at the laboratory away from X-ray crystallography, 
which has been dominant there for several decades. 
Since the War the Royal Institution has housed the 
work of Professer J. D. Bernal on the structure of sili- 
cates, that of Dame Kathleen Lonsdale on the structure 
of ice and diamonds and, recently, that of Professor 
D. C. Phillips on lysozyme. This tradition of X-ray 
crystallography has of course, been fostered in the 
past seven years by the distinction of Sir Lawrence 
Bragg in that field. Professor Porter has been con- 
cerned with flash photolysis at the University of 
Sheffield, though his career has been varied. In the 


mid-fifties he spent some years as deputy director of ` 


the British Rayon Research Association in between 
academic appointments at Cambridge and Sheffield. 

The question of row the change of directors will 
affect the outward activity of the Royal Institution is 
probably more abso=bing and more important, though 
at this stage there is only guesswork to go on. Sir 
Lawrence Bragg has sought to carry out the task of 
conveying science tc the public by building up a series 
of lectures on science for schoolchildren—without, 
of course, diminishirg the importance attached by the 
members of the Rcyal Institution to the ceremonial 
lectures on Friday evenings in season. It would be in 
character if Professor Porter aimed at an older age 
group. The fact that he does well on television may 
be a clue to what will happen, although Sir Lawrence 
Bragg has been no mean performer. But these are only 
details. The central question is the one that has faced 
directors at the Royal Institution for the past thirty 
years—how to make full use of the plant, and make a 
real bite on publiz awareness of science, without 
seriously disturbing zhe traditions of the place, jealously 
guarded as they are 


Research in Japan 


JAPAN maintains ifself as a major industrial power 
even though research expenditure there falls short 
of that of any other highly industrialized nation. 
Expenditure in 19 was £438 million, representing 
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1-9 per cent of the national income, compared with 
spending in Britain in the same year of £750 million 
(2-9 per cent). Of the total more than a quarter was 
spent by the vigorous chemical and chemical engineer- 
ing industries. A survey in 1962-63 by the Japanese 
Ministry of International Trade and Industry showed 
that, in one sense, Japan is running at a deficit, spending 
more in royalties on foreign patents than she earns 
on her own patents; in 1964 the royalties paid on 
foreign patents amounted to nearly £50 million. 
Japan’s defence estimates for 1966 are paltry in 
comparison with those of comparable countries (£336 
million against nearly £2,500 million for the United 
Kingdom), but savings in defence do not seem to have 
_Teleased money for research. How has Japan managed 
to run a successful economy without the expenditure 
on science and technology which is nowadays regarded 
as a prerequisite ? 

The answer may be that Japan squeezes the maxi- 
mum value out of each yen spent on research. An 
example of this is her admittedly unsophisticated 
space research programme, in which eight satellites 
are to be launched for a total cost of less than £22 
million, spread over a long period of time. Somehow 
Japanese scientists have managed to carry out the 
programme at an annual expenditure of less than £3 
million, and without the escalation of costs that has 
bedevilled British projects and joint European endea- 
vours such as ELDO. In 1964 the outlay for each 
research worker in Japanese research was £2,250, 
the total budget of £438 million being divided among 
195,000 research workers. This is a remarkably low 
figure, to be compared with a figure of about £10,000 
per annum in the United Kingdom. While the figures 
may not be strictly comparable—it is not quite clear 
what definition of a qualified research worker is applied 
in Japan—they do indicate a wide disparity. It would 
seem that Japan maintains industrial momentum by 
an understanding of cost-effectiveness in research. 
There is no doubt, too, that in the short term the speed 
at which scientific research can be translated from the 
laboratory bench to the factory floor is more important 
than the volume of work in progress. There is, for 
example, a flourishing Japanese electronics industry. 


New Zealand Science 


EXPENDITURE on science in New Zealand is increasing 
steadily, both absolutely and as a percentage of the 
Gross National Product. This is plain from the report 
of the National Research Advisory Council for the year 
ended March 31, 1966. The report says that expenditure 
has increased by a factor of 3-2 since the year ending in 
1955, although the increase in prices since then implies 
a real increase in expenditure by a factor of 2-3. During 
this period the number of scientific staff employed in 
government departments has increased by only 55 per 


Table i 
Scientific staff 
Actual Ag in government Expenditure 
expenditure percentage departments at 1866 

£(000) of G.N.P. March 31 prices 
1955 2,738 0-27 568 100 
1957 3,547 0-35 592 123 
1959 4,110 0-36 628 133 
1961 4,912 038 684 153 
1963 5,759 0 40 754 172 
1985 ,428 0-42 819 209 
1966 8,709* 0:46* 882% 233" 

* Estimated. 
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cent. Table 1 shows the actual expenditure on science 
in New Zealand in alternate years in the past decade 
(excluding sums of money spent on buildings). The 
table also shows the way in which the number of 
scientists employed in government departments has 
increased. 

Of the total expenditure on science in the current 
financial year, the council estimates that 74 per cent 
will be spent by government departments, of which the 
Department of Scientific and Industrial Research takes 
slightly more than half. Universities spend £800,000, 
or between 8 and 9 per cent of the total in New Zealand 
on research. 

As a result of a detailed review of research policy 
carried out in previous years, the council has recom- 
mended to the Government of New Zealand a con- 
siderable increase in the scale of building research, 
which is estimated to cost £330.000 in the current 
year and which will be increased by some 18 per cent 
in the course of the following three years. Advice for 
industry and research in transport are also to be 
increased, and an attempt is to be made to bring the 
meteorological service up to strength. Work at the 
Institute of Nuclear Sciences (of the Department of 
Industrial and Scientific Research) will be extended, 
principally by the purchase of a 20,000-c. cobalt source. 


Foot in the Door 


THE Committee of Vice-Chancellors and Principals 
of England and Wales is delighted with a modest 
step towards rationalizing entrance requirements to 
universities now agreed upon by 29 out of 35 univer- 
sities. The universities concerned have agreed to adopt 
one or other of two patterns of examination qualifica- 
tions as a condition for university entrance. One 
pattern includes five passes in General Certificate of 
Education examinations, with at least two passes at 
the Advanced level; the other, intended to cater for 
students at technical colleges and other such institu- 
tions, involves four passes in GCE examinations, 
three of them at the Advanced level. Particular 
universities will continue to accept students with 
various other patterns of qualifications in GCE exami- 
nations but, apparently, the number of different 
patterns acceptable to the universities of England 
and Wales has been reduced from 19 a year ago to 9 
this year. 

The universities which have chosen to stand aloof 
are not all black sheep. In fact, the University of Lan- 
caster requires less of intending university students 
than either of the two patterns now uniformly adopted. 
The Universities of Warwick, Keele and Exeter differ 
from the general pattern in requiring either a language 
or English qualification from those wishing to become 
scientists. The universities of Oxford and Cambridge, 
predictably, have not yet modified their matriculation 
requirements sufficiently to conform with the general 
pattern, although there is optimistic talk that Cam- 
bridge is considering relaxing the requirements of two 
language qualifications for intending scientists. 

None of this, of course, diminishes the strongest 
pressure of the universities on the schools—the way 
in which particular departments or faculties in British 
universities require particular subjects to have been 
studied at school by intending students. It remains 
possible for a student to satisfy entrance requirements 
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without being able to persuade a university department 
to teach him what he wants to learn. (The continuing 
complexity of course requirements is in the edition 
for 1967-68 of A Compendium of University Entrance 
Requirements for First Degree Courses in the United 
Kingdom, Association of Commonwealth Universities, 
14s. 6d.) But the’ Committee of Vice-Chancellors has 
embarked on a study of that problem too, even though 
a commonly agreed solution cannot be reached for two 
years or more. Five sub-committees of the vice- 
chancellors’ committee are studying the course require- 
ments of universities in the physical sciences and 
mathematics, biological sciences, medicine, humanities 
and the social sciences. Those serving on these com- 
mittees are said to be surprised at the way in which 
universities are prepared to relax previously stringent 
requirements, but it remains to be seen whether this 
tendency will be sufficient to allow the schools, in their 
turn, to liberalize curricula. 


Too Much Room at the Top 


THe general impression in British universities that the 
shortage of laboratory technicians is most acute at the 
top of the salary scale has been confirmed by a study 
carried out by the Edinburgh branch of the Association 
of University Teachers. While most of the research 
workers in the various departments of the university 
were dissatisfied with the number of technicians avail- 
able, a “considerable body” was convinced that the 
number of junior technicians was too high compared 
with that of more senior people. Among the reasons 
for this imbalance is the lack of a suitable career 
structure for university laboratory technicians. In 
particular, salary scales are too low and, the authors 
of the study infer, “the university is at present becom- 
ing a training ground for technicians which is increas- 
ingly valued by outside employers”. This conclusion, 
based on a systematic survey of seventeen departments 
at the university, is borne out by the impressions of 
universities elsewhere. 

One of the recommendations which arise from the 
survey at Edinburgh is that there should be a general 
improvement of salary scales and that in particular the 
Whitley Council scale should be adopted by all and 
not merely by some departments. Another suggestion 
is that the more senior people should in future salary 
reviews be more generously treated than those at the 
bottom of the ladder. It is also suggested that promo- 
tion to senior technician should not be determined by 
vacancies at this level, but that this grade should be 
recognized as one to which qualified and capable 
technicians would in due course automatically graduate. 

The authors of the survey also have a number of 
suggestions to make about the training of technicians. 
In the first place it was thought that more could be 
done by the teaching staff of departments to help with 
the training of technical staff. Apparently, at Edin- 
burgh day release for junior technicians is habitual 
and many departments even allow day release to 
technicians who are older than 21. In the long run 
it is thought that much could be done to bring more 
technicians into research work, especially during vaca- 
tions, and also that those public bodies which award 
research grants should take fuller account of the need 
of technical assistance and the need that technical 
assistants should have some promise of a secure job, 
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possibly beyond the duration of the research grant 
concerned. 

These findings and suggestions will no doubt be 
widely echoed in otner British universities. More is 
likely to be heard of chis issue in the autumn, when the 
Committee on Scientific Manpower under Sir Willis 
Jackson is due to report on this and other matters. 


Use More Wood 


Tue Forest Producis Research Laboratory of the 
Ministry of Technolezy has been devoting more of its 
time and resources to the considerable problems of 
wastage in the use cf timber. In the introduction to 
the annual report for1965, Mr. B. K. Blount, chairman 
of the laboratory’s Steermg Committee, says that 
timber and timber products represent 10 per cent, or 
£500 million, of all imports into the United Kingdom 
in a year, and that incports of sawn timber and ply wood 
alone account for mere than £200 million. While the 
supply of home grown timber is increasing, so is the 
demand; and it is lely that Britain will continue to 
depend on importec timber for most of its supply. 
The report says, however, that “economies could be 
achieved by improvements in processing methods, by 
the wider application of correct methods of timber 
usage and by the utifzation of low-quality wood which 
is at present neglected or discarded’. 

The laboratory plens to work in close collaboration 
with the public authority recently set up by the 
Ministry of Public Buildings and Works to evaluate 
new building comporents and materials; test work on 
timber materials wil be carried out at the Forest 
Products Laboratory where it is thought that the 
interest of the autsority will complement its own 
increasing appreciation of the structural value of wood 
in building. New methods of construction with timber 
provide the substanze of several investigations being 
undertaken for industry. 


Computing Centre 


Tre National Computing Centre is slowly building up 
steam, and has juss ordered its first computer, an 
English Electric Leo Marconi KDF9, which should be 
installed by next April. In the meantime, recruiting 
is under way and work has begun on the site at Man- 
chester. 

The present cost of the centre, which was estab- 
lished as a public company in June, is being borne 
by the Ministry of Technology, but the Ministry’s 
grant of £290,000 fcr the first year of operation will 
not go far when the KDF9 alone costs £400,000. 
Professor Gordon Black, the director of the centre, hopes 
that it will be independent of the government within 
a few years, througt dues from member organizations 
and payment for services. 

One of the centre’s first acts has been to support a 
one-year course for systems analysts being started this 
October at Imperial Dollege, London. Professor Black 
considers that this ccurse, which will combine computer 
techniques with cptional subjects ranging from 
accountancy to opezational research, fulfils a major 
need. There is a possibility of another course being 
offered at the London School of Economics early in 
1967. Professor Bleck also sees the centre as advising 
industry at large on the use of computers. He hopes 
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to be able to set up a catalogue of computer programmes 
to include all the programmes available. Professor Black 
is not interested in doing specific jobs for industry but 
rather in “getting the industry off the ground”. With 
this in mind he hopes to provide software for hospitals, 
for the gas and electricity boards, and for industry 
at large in cases where a number of firms are working 
on the same problem. He also believes that a major 
task of the centre will be to work towards a standard- 
ization of computer languages—there are 12 in use in 
Britain at present which he hopes to reduce to two 


by the time the regional computing centres are estab- 
lished. 


University News: 


London 


Dr. Brian Donovan has been appointed professor of 
physics at Westfield College. Prof. R. W. Tiffen has been 
appointed to the chair of mathematics, tenable at Birk- 
beck College. The title of professor has been conferred 
on the following members of the teaching staff of Chelsea 
College of Science and Technology, which was admitted 
as a School of the University of London as from August 1: 
Dr. A. H. Beckett (pharmaceutical chemistry); Dr. G. M. 
Bell (applied mathematics); Dr. S. E. Dicker (physio- 
logy); Dr. J. F. Dippy (chemistry); Dr. A. K. Jonscher 
(solid state electronics); Dr. K. W. Keohane (physics); 
Dr. A. G. Morton (botany); Dr. R. D. Purchon (zoology); 
Dr. H. J. V. Tyrrell (physical and inorganic chemistry). 
The title of professor has been conferred on the following: 
Dr. L. S. Bosanquet (mathematics, in respect of his post 
at University College); Dr. S. P. Datta (medical bio- 
chemistry, in respect of his post at University College); 
Dr. F. F. Heymann (physics, in respect of his post at 
University College); Dr. R. M. H. McMinn (anatomy, in 
respect of his post at King’s College); Dr. J. L. Mongar 
(pharmacology, in respect of his post at University College). 


Announcements 


THe Enrico Ferm: Award of the United States Atomic 
Energy Commission has been awarded for the first time to 
scientists outside the United States. The Atomic Energy 
Commission announced last month that Professor Otto 
Hahn, Professor Lise Meitner, and Professor Fritz 
Strassmann, of Germany, have each been awarded a 
third share in the $50,000 prize together with the custom- 
ary gold medal. Professor Meitner, who worked with 
Hahn and Strassmann at the Kaiser Wilhelm Institute 
on the fission of uranium, now lives in Cambridge, England. 


Two new journals, Chemistry and Physics of Lipids and 
Cell Biology Communications, are being published at the 
beginning of January 1967 by the North-Holland Publish- 
ing Company. The former will appear once a quarter, 
and the latter will be bi-monthly but may later become a 
monthly. 


A COURSE on gas chromatography—mass spectrometry has 
been organized by LKB Instruments, Ltd., in collaboration 
with the Gas Chromatography—Mass Spectrometry Unit 
of the University of Glasgow, and is to be held in the 
University of Glasgow from October 3. Further mforma- 
tion can be obtained from Dr. P. R. Masek, LKB Instru- 
ments, Ltd., LKB House, 137 Anerley Road, London, 
S.E.20. 


THE autumn meeting of the Chemical Society will be 
held at the University of Sussex during September 21-22. 
Further information can be obtained from the General 
Secretary of the Chemical Society, Burlington House, 
London, W.1. 


THE seventh International Astronautical Congress will 
be held in Madrid during October 10-15. Further informa- 
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tion can be obtamed from the International Astronautical 
Federation, 250 Rue Saint-Jacques, Paris 5. 


AN international technical meeting on ‘The Chemistry 
of the Aquatic Habitat” will be held at the Hydrobiologi- 
cal Institute, Nieuwersluis/Amsterdam, during October 
10-16. Further information can be obtained from 
Dr. H. L. Golterman, Hydrobiological Institute, Rijks- 
straatweg 6, Nieuwersluis. 


THe twelfth annual meeting of the Health Physics 
Society will be held in Washington, D.C., during June 18- 
22, 1967. Further information can be obtained from 
J. C. Villforth, Radiological Health Laboratory, 1901 
Chapman Boulevard, Rockville, Maryland. 


AN international meeting on “Liver Regeneration” will 
be held in Montecatini Terme during October 29-30. 
Further information can be obtained from the Scientific 
Secretary Office of Milan, 6 via Modica, Milan. 


A symposium on “Electrode Processes”, sponsored by the 
University Grants Commission, will be held in the Univer- 
sity of Jodhpur during November 1—5. Further informa- 
tion can be obtained from Prof. R. C. Kapoor, Department 
of Chemistry, University of Jodhpur, India. 


THE twenty-fourth annual Pittsburgh Diffraction Con- 
ference will be held at the Mellon Institute, Pittsburgh, 
during November 9-11. Further information can be 
obtained from Dr. Sidney Diamond, Applied Research 
Laboratory, United States Steel Corporation, Monroeville, 
Pennsylvania. 


A CONFERENCE on “‘Small-angle Scattering of Electrons 
and X-rays’’, arranged jointly by the Electron Microscopy 
and X-ray Analysis Groups of the Institute of Physics 
and the Physical Society, will be held in the Institution of 
Electrical Engineers, London, durmg November 17-18. 
Further information can be obtained from the Meetings 
Officer of the Institute of Physics and the Physical Society, 
47 Belgrave Square, London, §.W.1. 


A SYMPOSIUM on “Fundamentals of Gas-Surface Inter- 
actions’’, co-sponsored by the U.S. Air Force Office of 
Scientific Research of the Office of Aerospace Research 
and the General Atomic Division of General Dynamics 
Corporation, will be held in San Diego, California, during 
December 14-16. The symposium will be concerned with 
the results of theoretical and experimental investigations 
of the following general topics: the surface and its 
characteristics; adsorption and reaction of gases on or 
with surfaces; scattering processes, including energy 
and momentum transfer at the gas-surface interface. 
Further information can be obtained from Dr. H. Salts- 
burg, chairman, General Dynamics—General Atomic 
Division, P.O. Box 608, San Diego 12, California. 


ERRATUM. Figs. 2 and 3 accompanying the article 
“Extracellular Recording of Converging Input on Cortical 
Neurones using a Flexible Microelectrode”’, by L. T. 
Rutledge and J. A. Duncan (Nature, 210, 737; 1966), did 
not adequately show full details of the wave forms 
obtained in this experiment. Reprints with a clearer 
reproduction of the diagrams are to be had from Prof. 
L. T. Rutledge, Department of Physiology, University of 
Michigan, Ann Arbor, Michigan. 


ERRATUM. In the article entitled “An Operator Model of 
Crossing-over’”’, by Dr. H. L. K. Whitehouse (Nature, 211, 


' cé A mene 
708; 1966), line 40 of page 711 should read (4 TBO 0) 





shows the frequency with which hybrid’’. 
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JOHN DALTON AS A HISTORICAL FIGURE 
By FRANK GREENAWAY 


Deputy Keeper, Department of Chemistry, The Science Museum, South Kensington, London 


$ 


ENpDs are often beginnings as well, in the study of the 
history of science as in anything else. 

The formal celebration in Manchester in September of 
the bicentenary of the birth of John Dalton (1766-1844) 1s 
hkely to mark not only the end of a period of re-assessment 
of Dalton’s life and work, but also the begining of a new 
phase in the study of the chemistry of the nineteenth 
century. Other commemorations of men far surpassing 
Dalton in intellect and output have not promised so distinct 
a change in historical studies. Why make so bold a 
prediction ? 

I suggest three reasons. First, the history of chemistry 
is in need of a radical re-appraisal. Two recent genera- 
tions of scholars have gone back to the origins of scien- 
tific chemistry in the eighteenth century and have set out 
in some detail the work of the first men to bring high 
genius to bear on the problems of the constitution of 
matter: Black, Priestley, Bergman, Cavendish and the 
hke, with the figure of Lavoisier nearly always somewhere 
in the picture. The composite picture has some complete- 
ness, and although a great deal of work remains to be done 
m correcting perspectives (as Smeaton has shown in his 
study of Fourecroy*) and in the editing of manuscripts (as 
Uno Boklund has done with Scheele?), there is no longer as 
much justification as there was for the one-sided concen- 
tration on eighteenth century chemistry of recent years. 
The chemistry of the past thirty years (that is to 
say, chemistry based on a unified quantum-mechanical 
view of matter coupled to new physical methods of obser- 
vation, and new concepts of manufacture and social use) 
has apparently little obvious connexion with nineteenth 
century chemistry. The historical continuity needs to be 
re-presented if the modern chemist and the modern 
historian are to find any interest in new work in the 
history of chemistry between 1800 and 1930. 

The second reason behind my claim for the importance 
of the Dalton commemoration is directly linked with the 
first. The effect of Dalton’s atomic theory on nineteenth 
century chemistry was profound. By studying its inter- 
pretation by his contemporaries, its consequences, its 
modification at the hands of others, its competitors, its 
evolution into a comprehensive structural system, we can 
hope to follow at least one (possibly the only) continuous 
thread of thought through the chemistry of the nmeteenth 
century. Moreover, and paradoxically as I shall show, it 
opens up new lines of sight on an almost unexplored field: 
the social and economic history of chemistry. 

The third reason for the modern relevance of Dalton’s 
lfe is the increasing interest in the methods of the scien- 
tist, work on which has by and large neglected the special 
problems of chemical thought. Students of scientific 
method have examined very closely patterns of enquiry 
in physics, astronomy and biology. The unthinking dis- 
missal of chemistry as a rough and ready pursuit destined 
to be swallowed up in a generalized physics has been made 
quite out of date by new adventures of ideas in fields like 
molecular biology, where concepts of organization spring- 
ing directly from an older chemistry have shown that 
chemical organization of matter has a significance which 
abstract physical thought cannot penetrate. If the state 
of chemistry in 1800 is compared with that in 1850 the 
differences are enormous, and nearly all have something to 
do with the factors which made up Dalton’s theory of com- 
bination. Yet we cannot be clear or specific about how 
these changes were initiated in the minds of individuals. 
It might be argued that the mental processes of the eight- 
eenth century chemists, few in number, remote in experi- 
mental resources from modern chemistry,could give us little 


help in understanding present-day chemical discovery. 
This is not true of tne nineteenth century chemists who 
were making discoveries under intellectual and economic 
pressures which have many features similar to those of 
to-day. The chemical thought of the nineteenth century 
lies ready to be narrated and analysed just as much as does 
its practical achievement. Right at the beginning, provo- 
cative, even exasperating, is the mental development of 
John Dalton, puttmg to us the twm problems: what 
prepares a man to turn a picture of organization into a 
quantitative method, and what turns a quantitative 
formulation into a visual device ? 

Dalton’s achievement was a simple one: he showed how 
it was possible to relate microscopic Measurements on 
substances entering nto combination to a quantitative 
theory of microscopic organization. That is to say: 
elements consist of characteristic atoms; these atoms 
combine according to simple laws; therefore combination 
on the large scale will reflect these simple laws, and, vice 
versa, the examinaticm of the actual massive behaviour of 
elements m combination will give information about the 
constituent atoms. The ultimate importance of this idea 
was not seen in Dalton’s day, and its powerful secondary 
effects, which were not fully felt until well into the 
twentieth century, ere not adequately recognized even 
to-day. It did, hovever, alter the whole of chemical 
thought within a few years of its widespread publication. 

Four years elapsed between the time Dalton reported to 
a meeting of the Manchester Literary and Philosophical 
Society on October 21, 1803 (ref. 3), that he had achieved 
some success in a new speculation, and the time Thomas 
Thomson set out Dalton’s contentions in his own System of 
Chemistry*. In the next year, 1808, Dalton -published 


. Part 1 of Volume 1 cf his New System of Chemical Philo- 


sophy, that strange, dl-balanced book, which began as an 
attempt to emulate the amateur piece-meal physics of the 
eighteenth century and ended as a clumsy unfinished 
attempt to systematize the new professional chemistry 
of the nineteenth. Scattered through the later parts 
(Volume 1, Part 2 of 1810, and Volume 2, Part 1 of 1824) 
are some good observations, showing that Dalton had 
learned his chemistry tolerably well. The rest is of 
moderate merit, and already old-fashioned in style. But 
Chapter 3, “On Chemical Synthesis’, of the 1808 part, in 
which Dalton explains his rules of combmation, is the work 
of genius. Or at least, it seems so now. To Dalton’s 
contemporaries, the atomic hypothesis was one to be 
approached carefully and critically. 

The idea of the atom was as old as the Greeks; it had 
never really been loss to sight, and attempts to interpret 
the behaviour of matter in terms of particles endowed with 
appropriate mechanical properties had been made over and 
over again. Newton and Daniel Bernoulli had been able 
to explain a good deal in different ways by mechanical 
atomic hypotheses and there Were a score of good chemists 
who had offered vartants on an old theme. None, how- 
ever, linked quantitative chemical behaviour with the 
essential corollary: she uniqueness of chemical species. 
Until Lavoisier, they could not. Nearest to success were 
the partly quantitative notions of Bryan Higgins and his 
nephew, William Higgins, but neither came anywhere near 
the universality of Dalton’s theory’. 

The issues of the time were by no means clear or simple. 
Were compounds always formed in definite proportions ? 
Were organic compcunds subject to the same laws.as 
inorganic ? Were the so-called elements, the number of 
which continued to Increase beyond belief as new dis- 
coveries were made, really distinct, or was there some 
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underlying simplicity ? Was the behaviour of gases in 
any way connected with chemical constitution and, if so, 
what were its laws ? 

_These were only a few of the problems. Dalton’s theory 
did not solve them all, but it did give them a common 
basis, and although Davy, Wollaston, Berzelius and other 
leaders chose to adopt modifications of Dalton’s ideas, 
rather than swallow them whole, the debates now had a 
point of reference. Supremely important was the’ fact 
that chemical analysis could now, through a system of 
proportions related to atomic weights, be given a unity it 
had never possessed before. 

The laws of combination were so closely lmked with 
atomism that it was easy to suggest that the atomic theory 
was directly inferred from them. Thomas Thomson had 
believed this, and for fifty years after Dalton’s death it was 
good enough for most histories. Then in 1898, Henry 
Roscoe and Arthur Harden! examined the remains of 
Dalton’s manuscripts and began a second phase in Dalton 
studies, by relating Dalton’s published statements to the 
chronology of his notebooks. Their chief service was to 
show how important were Dalton’s speculations about the 
nature of gases. Soon afterwards A. N. Meldrum?’ in a 
long series of papers urged that chemical evidence had in 
fact been in Dalton’s mind, but that it was the result of 
experiments on the reaction between nitric oxide and 
oxygen which Dalton had carried out in his work on the 
composition of the atmosphere. 

N othing important was added to this in the next forty 
years. Historians of chemistry continued to treat the 
origin of Dalton’s theory as a problem of no great impor- 
tance, until in 1939 Partington? attempted to repeat 
Dalton’s nitric oxide experiments, and showed that 
Meldrum’s reliance on them was unjustified. Again little 
followed until J. B. Conant created the opportunity for a 
new enquiry by including the atomic-molecular problem 
in his series of Harvard Case Histories. L. K. Nash’ wrote 
this case-history, basing the Dalton section on the older 
evidence. Soon after, in 1956, Nash! brought the Dalton 
problem back to the forefront by rejecting his earlier 
appraisal in favour of a novel and fertile suggestion. He 
analysed Dalton’s work on gas-solubility, the work which 
has given rise to “Dalton’s Law of Partial Pressures”, had 
brought Dalton his early reputation, but had never been 
treated by historians of chemistry as at all closely connec- 
ted with Dalton’s chemical thought. Nash thus made 
Dalton the physicist the antecedent of Dalton the chemist, 
and in so doing made Dalton once again into a human 
figure, of unknown mental character, worthy of complete 
re-examination. 

The material for a new biographical approach to the 
Dalton problem was reviewed in 1958, the stimulus 
given by Nash to consideration of Dalton the physicist 
suggesting that more attention be paid to Dalton’s early 
work in meteorology, and on other phenomena such as 
the hydrological cycle. 

Since that time many scholars have been preparing the 
ground for the commemoration to be held this bicentenary 
year. Much new work has been published already. 
Guerlac” has asked for reconsideration of the influence of 
Richter on Dalton, Brock and Knight** have examined the 
controversies over atomic theory in the mid-nineteenth 
century, Thackray™ has shown that we need not be put off 
by the loss of much Dalton manuscript by enemy action in 
1940, and has brought to light many unexamined Dalton 
sources. Dalton does not play the same kind of central 
part mn early nineteenth century chemistry as Lavoisier 
in the generation before him, because the changes he 
brought about were neither so personal, so revolutionary, 
nor so clear-cut, nor was the main body of his work so 
comprehensive. Dalton was more of a catalyst than a 
reagent, but the several conceptual reactions catalysed 
by his ideas could well occupy scholars for a long time. 

Some- tasks are obvious: Partington’s History of 
Chemistry has gathered a mass of facts which it will be the 
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work of years to digest into critical specialist histories. The 
judgments and perspectives which this monumental work 
fails to provide are still to come, in almost every part of the 
vast territory which Partington has covered detail by 
card-index detail. There is still, however, another terri- 
tory, wide open for exploration: that of the history of 
applied chemistry. Sherwood Taylor’ tried to relate 
theoretical progress to industrial techniques, but his work 
is no more than an elementary introduction. Although 
there have been other works on some technical or economic 
aspects of industrial chemistry, no deep and detailed work 
has been written showing the relationships of theory, 
practice and social influence. 

The irony is that Dalton made virtually no personal 
contribution to industrial chemistry, either by any dis- 
covery of manufacturing or economic significance at large, 
or by any service to the industries of Manchester, a fact 
which his prosperous commercial friends sadly regretted'*. 
In another field Dalton unknowingly contributed to social 
change. As society was affected more and more by tech- 
nical change, chemical factors came closer to daily life, in 
articles in common use and in the urban environment. 
The Pure Food Acts (1860 onwards) and the Alkali Acts 
(1864 onwards) are examples of the legislation which was 
made possible by the rise of analytical and control methods 
based on these same quantitative methods. One could 
follow this argument through to the present day, showing 
how the stoichiometric systems of nineteenth century 
chemistry still underlie most large scale practical 
chemistry. 

I have said nothing about the rise of the theory of 
valency implicit in Dalton, which survives in so much of 
chemistry except at the theoretical frontier. The archi- 
tectural chemistry which serves the molecular biologists is 
in direct line from Dalton and Wollaston. If physicists 
and biologists are rather over-fond of philosophizing 
about their most recent findings, chemists seem to philoso- 
phize too little. This is a pity, because the organization 
of matter, which is what chemistry is all about, is the key 
to so much that puzzles us in our material existence and, if 
research on the biochemical interpretation of mental pro- 
cesses comes to anything, may be the key to some of the 
operations of the mind. 

Philosophically, the emergence of theories of the 
organization of matter at several. levels and the study of 
the kind of discovery which must be made to stimulate 
thinking about organization present problems which 
bear on modern science as muchas on older science. 
Dalton stands at the beginning of a new phase in the 
appreciation of material phenomena, and his thought, and 
the interpretation of his thought by others, deserves a deep 
study. It might well modify our ideas about the scope of 
scientific thought through the nineteenth century and even 
help us to understand our present thinking about matter 
at deeper levels than the atomic-molecular. 

Be that as it may, the figure of John Dalton is likely to 
be looked at more closely now than ever before, to the 
great benefit of the yet unwritten history of chemistry as 
a major activity of thinking men. 
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JOHN DALTON THE ATOMIST 


By Dr. J. ROSE 
Blackburn College of Technology and Design 


‘Thou knows.. 


JOHN DALTON was born at Eaglesfield in Cumberland on 
September 6, 1766, of Quaker parentage. He himself 
remained a Quaker all his life, and his teachers, and 
friends durmg his childhood and early manhood, such as 
Elihu Robmson and John Gough, were Quakers. His 
father taught him arithmetic and navigation, while the 
wealthy Robinson interested him ın meteorology and the 
blind Gough helped him with the studies of languages 
and mathematics. Dalton had the urge to teach at an 
early age. At the age of twelve he set up a school and at 
the age of fifteen he was working as an assistant in a 
Kendal school. He delivered, when twenty-one, a series 
of lectures on natural philosophy and was appointed in 
1793 tutor in mathematics and natural philosophy at 
New College, Manchester, which was a dissenting institu- 
tion fathered by the Warrington Academy. There he 
taught chemistry, using as his textbooks Lavoisier’s 
Elements and Chaptal’s Chemisiry. He resigned from this 
post in 1800, and supported himself for the rest of his 
life by giving lectures and private tuition, while carrying 
out research. 

To his research work Dalton applied simplicity of mind, 
boldness of imagination and systematic thinking. As 
an experimenter he was self-taught, and he used cheap 
materials and simple apparatus. His attitude was coloured 
by his preoccupation with meteorology. He kept a 
meteorological journal, beginning with observations at 
Kendal in 1788 and continuing until his death on July 27, 
1844. It was this study of climate, water and air that 
eventually led him to the atomistic concept of matter. 
In his work which led towards his atomic theory Dalton 
worked quite independently from William Higgins 
(1762-1825), who was to make substantial contributions 
to an understanding of the forces between particles, the 
concept of multiple proportions and some modern. aspects 
of reaction mechanism. Higgins did not attach any 
importance to atomic weights, which were to be a funda- 
mental feature of Dalton’s theory, nor did he propose 
any methods for their determination. 

In order to follow the trend of reasoning and experi- 
mentation that led from a study of air and water to the 
atomic theory, it is necessary to consider certain observa- 
tions made by Dalton in his Meteorological Observations 
and Essays, the first edition of which was published in 
1793. Dalton asserted that pure air is an intimate 
mixture of “gasses” and the aqueous vapour is not 
chemically combined in the atmosphere, while vapour 
pressure 1s determined by the temperature alone. These 
concepts were quite novel and original, smce hitherto air 
had been considered a chemical compound of nitrogen 
and oxygen, while water vapour had been considered a 
state of solution in the atmosphere, similar to that of salt 
in water, and that in some cases it could actually be 
transformed mto air. 

In his New Theory of the Constitution of Mixed Aeriform 
Fluid and particularly of the Atmosphere, Dalton criticizes 
Lavoisier’s statement that “the atmosphere is a compound 
of all the fluids, which are susceptible of the vaporous or 
permanently elastic state, in the usual temperature, and 
under the common pressure’. According to Dalton, the 
last five words should be omitted. He elaborated his 
theory of mixed gases in four expermmental essays read at 
fortnightly intervals to the Manchester Philosophical 
Society beginning on October 2, 1801, the starting point 
being Newton’s concept of repulsive forces between 
particles. 


. no man can split the atom’’—Darron 


In the first essay, he propounded a theory which is 
equivalent to what :s now called the “Law of Partial 
Pressures” (William Henry restated this in 1804 as “every 
gas is a vacuum to every other gas’’); he did not, however, 
use the term “atom” but mstead “ultimate particle’. 
The second essay was concerned inter alia with measure- 
ments of vapour pressures of water from 32° to 212° F, 
and calculations of these above 212° F by means of a rule; 
the former results lacked precision, while the latter were 
erroneous because thay were based on an unsound rule. 
Of considerable significance was Dalton’s finding that 
water vapour in the atmosphere behaves hke any other 
gas in a mixture of gases. 

In the third essay he showed that the quantity of water 
evaporating m a given time was proportional to the 
vapour pressure, whe in the fourth essay he dealt with 
the expansion of different gases by heat and stated that 
all gases expand in the same way on heating. (It should 
be noted, however, that Charles, Gay-Lussac and Dalton 
share the honour of this discovery*.) The ideas propounded 
by Dalton in the material published in 1801 were supple- 
mented by a paper presented in 1803 on the diffusion of 
gases in which he showed that different gases mix 
uniformly. The quantitative aspect of what was to 
become known as Da_ton’s law of diffusion was not given 
until more than 25 years later by Graham. 

Despite the ingenious and forceful presentation of the 
new theory of mixed gases, most of the leading scientists 
and textbook writers of the day reacted violently to 
Dalton’s new ideas. Even his old teacher and friend 
John Gough was a persistent critic of Dalton’s theory. 
Dalton’s theory did indeed contain a serious flaw, because 
it was partly based on Newton’s statical theory of repul- 
sions; this accounts for the discrepancy between Graham’s 
law of diffusion and the theory of mixed gases. The intro- 
duction of the kimetie theory of gases, as a result of the 
work of Dalton’s pupal, J. P. Joule, removed some of the 
objections and clarified the subject of mixed gases. The 
important step in the evolution of the atomic theory was 
Dalton’s attempt to adapt Newton’s theory, in which air 
was considered as an element, by considering air as a 
mixture of gases, in order to explain gaseous diffusion. 
While in 1801 Dalton did not concern himself with particle 
sizes, two years later on the basis of chemical evidence— 
the formation of steam—he arrived at the conclusion 
which he later stated in his New System of Chemical 
Philosophy in the form? “‘... every species of pure elastic 
fluid has its particles globular and all of a size; but that 
no two species agree in the size of their particles, the 
pressure and temperature bemg the same’. Oddly 
enough, Dalton ant:cipated Avogadro’s hypothesis in 
1801, but abandoned it*, baging his change of mind on 
Davy’s and Priestley’s experimental results®. An entry 
in his notebook of 1833 contains an explicit denial of the 
“hypothesis”. Despite this, the stage was now set for 
further developments culminating in the atomic theory. 

It is clear from Dalton’s notebook relating to Septem- 
ber, 1803, as analysec. by Partington®, that he was aware 
of the following prinapies: 


(a) Matter consiste of atoms that are indivisible and 
indestructible. 


(b) All atoms of a given element have the same in- 
variable weight, whatever their combination with 
atoms of other slements or conditions, while atoms 
of different elements have different weights. 


1016 


(c) The weight of a particle of a compound 1s the sum 
of those of its constituent atoms. 


(d) The laws of fixed multiple and reciprocal propor- 
tions underlie the formation of particles composed 
of atoms of various elements. 


(e) On the basis of the atomic weight of hydrogen taken 
as unity, it is possible to arrange those of other 
elements in an order of increasing values. 


Indeed, on page 244 of his notebook an entry for 
September 6, 1803, gives the earliest known table of 
atomic weights. A printed report of a lecture given by 
Dalton to the Manchester Philosophical Society on 
October 21, 1803, gives another table of atomic weights 
on the hydrogen scale. 

There were, however, a number of erroneous statements 
in Dalton’s accounts of the atomic theory, such as that 
“nitrous acid” (N,O,) is a compound composed of NO and 
NO., while NO, represents “nitric acid’. Apart from 
these and other relatively minor blemishes, the entries 
in his notebook in 1803 contained correct versions of the 
main part of his atomic theory; he was the first to use 
letter symbols for elements only. (Harber William 
Higgins had assigned single letters to elements and 
compounds, but had been inconsistent ın his notation’.) 
For example, on page 361 of Dalton’s notebook the 
characters for the elements are shown as follows: @ or O 
for hydrogen; o for oxygen; ©) or o for nitrogen; 
or @ for sulphur. The symbols for compounds were: 
OO for water; o@ for ammonia; oO for “sulphurated 
hydrogen”; o®o0 for sulphuric acid. As a result of 
Davy’s intervention, Dalton gave a fairly complete account 
of bis theory to the Royal Institution on December 22, 1803. 

It is thus evident that Dalton was able to formulate 
his chemical atomic theory in 1803. The question arises, 
however, as to how Dalton actually arrived at his atomic 
theory. In his lectures to the Royal Institution in 1810, 
he attributed the origin of the theory to the study of 
mixed gases. But Meldrum! showed that Dalton had 
proposed a number of different accounts of the origin of 
the theory. He sometimes ascribed ıb to his study of 
Richter’s table of equivalents, on other occasions he 
attributed it to his work on mixed gases, oxides of nitro- 
gen, or olefiant gas and “carburetted hydrogen”. A 
recent view? based on the discovery of a lecture syllabus 
of 1805 is that the study of the properties of water vapour 
and the calculation of the atomic weights of its constituent 
elements led Dalton to atomic weights of other substances. 

Another plausible view, suggested by Nash?!*, is that 
the immediate point of departure was the study of the 
solubility of gases in liquids, particularly since Dalton 
tried to explain why different gases have different solubili- 
ties. This opmion is supported by the fact that Dalton’s 
paper on solubility, published in 1805, contains a table of 
atomic weights of elements and particle weights of com- 
pounds. This volume also contains a paper on the com- 
position of the atmosphere, which implies the law of 
definite and multiple proportions based on the study 
of the oxides of nitrogen. Dalton’s second book, 4 New 
System of Chemical Philosophy, published in three parts 
in 1808, 1810 and 1827, summarizes among other things 
his findings in connexion ‘with the new atomic theory. 
The actual description of the atomic theory is given on 
pp. 211-220 of Part 1 which was printed in Manchester 
in 1808; the section is entitled “On Chemical Synthesis’’. 
The object of the book" 1s “to show the importance and 
advantage of ascertaining the relative weights of the ultimate 
particles, both of sumple and compound bodies, the number 
of simple elementary particles which constitute one com- 
pound particle, and the number of less compound particles 
which enter into the formation of one more compound 
pariicle” (ibid., p. 213). He was successful in achieving 
his aims with the exception of the determmation of 
formulae, particularly those of the oxides of nitrogen, 
as he admitted in 1827 (ref. 12). The reason for this was that 
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Avogadro’s hypothesis was required to obtam “an 
accurate knowledge of combining proportions”. 

The crowning achievement of Dalton’s life was without 
doubt the formulation of the “‘chemical’’ atomic theory. 
He brought together quantitative chemistry and the 
atomuec concept of matter, inferring microscopic properties 
from macroscopic measurements—the latter are them- 
selves a reflexion of the atomic theory. Inorganic 
chemical analysis was given a rational basis by the 
prediction of theoretical compositions of substances and 
by a comparison of such with those experimentally determ- 
ined. These ideas were later used in the realm of organic 
analysis and chemistry. 

Dalton made other substantial contributions to science. 
In his lectures to the Manchester Literary and Philosophi- 
cal Society (115 papers) he dealt with numerous topics 
including the elements of chemical philosophy, respiration 
and animal heat, aurora borealis, the absolute zero of 
temperature, steam engines, thermal expansion of gases, 
acids and bases, alkalinity of water, composition of steel 
and colour blindness. He was the first not only to prepare 
ammonium carbonate and to introduce the use of standard 
solutions in volumetric analysis, but also to demonstrate 
that the solubility of calcium hydroxide decreases with 
rise of temperature. One of the earliest definitions of the 
dew point was given by Dalton in 1799. He was able to 
disprove Rumford’s theory that heat circulates in fluids 
by convection only, and showed thai water is a poor con- 
ductor of heat. Huis procedure of adiabatic expansion was 
adapted in 1819 by Clement and Desormes to the determ- 
ination of the ratio of specific heats of a gas. He contri- 
buted substantially to the elucidation of the composition 
of “inflammable wr” by distinguishing between methane 
and ethylene (olefiant gas), and 1s also considered to be 
the discoverer of butylene. There is some inkling in his 
papers of polymerism (ethylene and butylene) and isomer- 
ism; he devised a tetrahedral formula for oxamide and 
postulated two different structural formulae for gelatine 
and albumin. The paper given: on April 16, 1844, the 
last in his hfe, dealt with rainfall in Manchester during 
the preceding 50 years. In fact the last entry in his diary 
on July 27, 1844—the day of his death—was “little rain 
this day’’. 

Dalton’s services to chemistry were recognized and 
rewarded during his lifetime. In 1822 he was elected a 
Fellow of the Royal Society, and received the Royal 
Medal in 1826 with a eulogy from the then president, 
Sir Humphry Davy. Four years later Dalton was awarded. 
Davy’s place as one of the eight foreign associates of the 
Institut de Paris. In 1832 he became D.C.L. of Oxford, 
and a year later he was awarded a Civil Pension of £150 
per annum (increased to £300 in 1836) and presented at 
Court. The University of Edinburgh conferred on him 
the degree of LL.D. in 1834, on the occasion of the meeting 
of the British Association for the Advancement of Science. 
The public contributed £2,000 to a marble statue of 
Dalton during his lifetime. He was the president of the 
Manchester Literary and Philosophical Society for 27 
years until his death ın 1844. He was given a public 
funeral, all the shops and warehouses in Manchester on 
the route to the Ardwick Cemetery being closed as a mark 
of respect. 
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BOOK REVIEWS 


MEN WITH THEIR K’S 


Memoirs of a New Man 
By William Cooper. Pp. viii+277. (London : Macmillan 
and Co., Ltd., 1966.) 25s. net. 


Tue heroes of the novels of the scientific administrator 
who writes under the name of William Cooper have now got 
to the top. No longer provincial schoolmasters or 
ambitious red-brick scientists, they have now all got their 
K’s. Whereas The Struggle of Albert Woods showed the 
author as a scientific John Braine, except that he seemed 
anxious to demonstrate that scientists fight their way to 
the top in a more urbane fashion than arts men, his latest 
book ıs concerned with the intrigues that take place in 
Oxbridge colleges and the corridors of power. But again 
the author’s irony and humanity civilize the struggles he 
portrays. 

The narrator is a metallurgist, a professor and Fellow 
of Clarendon College, Oxford—a mirror image of a recent 
foundation elsewhere. He is also a part-time member of 
the National Power Board, a vast amalgam of the A.H.A. 
and the nationalized fuel and power industries. In its 
London headquarters, and in its research stations, the 
intrigues among the members of the Board are the out- 
come of the rivalry between scientists, engineers, and arts- 
trained administrators. The chairman is an ex-Civil 
Servant, extremely tall, brilliant, and quite ruthless, 
but with a contempt for the scientists and engineers that 
precludes attempts at simple identification. 

At Oxford the intrigue is about the appointment of a 
reearch fellow, and about the part that non-scientific 
fellows should play in a college primarily founded to 
support science and technology. It is slightly complicated 
by a love affair between the successful candidate and the 
narrator’s daughter. The latter’s ambivalent attitude 
towards this affair and his understanding relationship 
with his daughter are portrayed with the author’s charac- 
teristic charm, and so are the scenes of his family life with 
the usual aristocratic-born wife. Somehow even a descrip- 
tion of the middle-aged couple, slightly drunk after a 
party, experimenting with one of the more difficult 
positions of the Kama Sutra, neither offends nor invokes 
any psycho-analytic speculation. 

Unfortunately men at the top are not as interesting as 
men oa the way up. The dynamism of the author’s 
previous novels is lacking, and, although the conflicts 
of the new men and their methods of resolving them will 
amuse the “in group’’ of those who would have had the 
chance to participate in or observe such conflicts in real 
life, this novel will not be likely to have a wide appeal. 
It is well written, as all the author’s novels are, but the 
story develops slowly and the characters, recognizable 
as types though they are, except for the narrator hardly 
come to life. The introduction at the end of a coronary 
as a deus ex machina to solve the Power Board’s conflicts 
of personal power leaves unsatisfied the interest that has 
slowly been built up. 

This is not so good a novel as William Cooper’s previous 
novels and it is difficult to see where his hero can go from 
the top. But those who enjoy his writing and are fascin- 
ated by the subjects with which he deals will nevertheless 
eagerly await the next one. AUSTEN ALBU 
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CHARGED PARTICLES 
The Special Theory of Relativity i 
By J. Aharoni. Second edition. Pp. x+331. (Oxford: 
Clarendon Press; London: Oxford University Press, 
1965.) 70s. net. 


Tars is the second edition of a book which was first 
published as recently as 1959. The new edition contains 
a much expanded treatment of relativistic charged 
particle electrodynamaics, but is otherwise unchanged. 

Aharoni’s avowed aim is to make available to 
students with modast mathematical background the 
entire mathematical machinery which has grown up 
around the special treory of relativity and the Lorentz 
transformation. He has in mind the calculus of tensors, 
including the spinor calculus, and throws in some group 
theoretical aspects fr good measure. Im addition, he 
covers the formal aspects of the classical theory of fields, 
scalar and vector, tozether with the variational principle 
In its most general form, that is, allowing for the variation 
of the boundaries and the conservation laws which 
follow. Here and there, one finds allusion to quantum 
concepts; so in particular in the last, big chapter on 
spinors where such concepts as “Hilbert space” and 
“observable” are quise casually introduced. 

The dust cover flap states that “tas regards the physical 
content, it is assumed that the reader is already acquainted 
to some extent with classical dynamics, Maxwell’s theory, 
and elementary quantum theory’. One is tempted to 
add “knowledge of she physical content of the special 
relativity theory is lso assumed”. To be sure, there is 
an introductory chapter on space and time in inertial 
systems, in which the formalism of the Lorentz trans- 
formation and the standard implications is set up in some 
painstaking detail, but even here the emphasis is on formal 
aspects: discussion of the Michelson experiment, the 
Doppler effect, etc., :s relegated to an appendix in small 
print. From there cn, everything is formal and mathe- 
matical. The pace 1s quite leisurely and all calculations 
are certainly performed in very great detail. First we 
have the tensor repr2sentations of the three-dimensional 
rotation group, the covariant version of Maxwell’s theory, 
and this is followed by a chapter on general field theory. 
Next is a chapter on relativistic particle dynamics which 
lays emphasis on electron theory, radiation reaction, and the 
Dirac model, and cavers somewhat sketchily the Feyn- 
mann~Wheeler absorber model for radiative reaction. 
Rohrlich’s recent contributions to the old self-energy and 
stability problem for the point electron are quite ade- 
quately covered, but .t seems odd that the truly covariant 
criterion for radiation is missed out. I found this much 
the best part of the book. 

There is a brief chapter on relativistic hydrodynamics 
and then a long chapter on spinors. The relationship of 
the unimodular group to the Lorentz group is spelled out 
without previous careful elucidation of its relationship 
to the rotation group in three dimensions. This is worked 
in piecemeal. The discussion of ray representations is 
rather unsatisfactory and the ‘“‘infinitesimal’’ develop- 
ments are sketchy. Etill, the*technique of the relativistic 
spinor calculus (““dotzed and undotted” spinors) deserves 
wider dissemination, and this book covers the ground in 
its formal aspects. Hany readers perhaps may still ask 
“What is 1t all about ?” 

There will probably be students who will find this book 
very helpful, and for >thers it may act as a curtain raiser. 
I find myself at veriance with the author's declared 
sentiment that painszaking attention to the calculational 
aspects of the formaism ipso facto paves the way to an 
understanding of physical theory. 

Layout and printirg are as one has come to expect of 
the Clarendon Press. 

S. ZIENAU 
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GEOMORPHOLOGY MEDLEY 


Précis de Géomorphologie 
Par M. Derruau. Quatrième edition. Pp. 415+61 plan- 
ches. (Paris: Masson et Cie., 1965.) 45 francs. 


Principes et Méthodes de la Géomorphologie 
Par J. Tricart. Pp. 496. (Paris: Masson et Cie., 1965.) 
84 francs. 


Techniques in Geomorphology 
By C. A. M. King. Pp. ix+842. (London: Edward 
Arnold (Publishers), Ltd., 1966.) 40s. net. 


THe name of a science is no doubt best understood as 
what scientists working in the field do; but it is notorious 
that “geomorphology” in its roots lends itself to an amor- 
phous spread that spills over into a number of orthodox 
sciences, and not all geomorphologists speak the same 
language. Tricart and King are scarcely m direct line of 
descent from Derruau, or quite in harmony with one 
another. 

Derruau’s book, in its fourth and much revised edition, 

accepts geomorphology to be in essence physical geology. 
With only slight changes in balance it might well be 
recommended as an introductory text for would-be geolo- 
gists. It begins with problems of crustal tectonics, in- 
cluding discussion of isostasy, continental drift, cratonic 
and geosynclinal contrasts, and orogenic cycles, as a 
basis for detailed study of the growth of landforms— 
although in doing so it assumes a knowledge of Earth 
structure that perhaps is too much to expect in junior 
students. Nearly half the book is very thoroughly descrip- 
tive, with some analysis, of the processes of erosion, 
particularized m chapters on the work of rain and rivers 
(Davis a little obtrusive), ice, wind, and the sea. An 
attractive feature of the description is the way in which 
kinds of landforms are correlated with the variable inter- 
action of agents, when climate controls process. The 
influence of rock-foundation on relief is dealt with in a 
Section that combines the elements of petrology with 
primary igneous forms, basins of sedimentation and classes 
of sediments, metamorphism, and tectonic structure; 
and the author does not overlook the significance of 
geological history, revealed in stratigraphy, in an under- 
standing of the evolution of landscape. The many illustra- 
tions are orthodox but excellent in relevance and quality ; 
and altogether the book is impressively attractive and 
readable, if not quite what a geologist would be prepared 
to call geomorphology. 
_ Tricart, not always unemotional in his dialectic—he 
is bitterly critical of the malign influence exerted by the 
inductive speculations of W. M. Davis—defines the 
unexceptionable central concern of geomorphology as 
the study of the relief of the Earth’s surface; but in doing 
so he relates geomorphology so closely to other disciplines 
that he takes over from them topics that normally would 
interest pedologists, hydrologists, sedimentologists, and 
even botanists. He writes as a practising geologist who 
takes for granted the foundations of physical geology 
on which a growing geomorphology rests. The relief 
of the Earth’s surface includes relief in past times, and 
palaeo-geomorphology embraces stratigraphical correla- 
tion, including correlatiofi esoteric in palynological, 
tephrological, and geochronological techniques. 

This said, Tricart is more concerned with principle 
and method than with fields to be covered, his central 
theme being the need for system and order in the organiza- 
tion and explanation of what the geomorphologist observes. 
System, however, while acceptably justified by argument 
on what ought to be done, tends to be imposed and 
formal. This is notably so in a “taxonomic” classification 
of the units of geomorphological study into eight grades 
of magnitude from continents and oceans to yardangs and 
joint-partings and mineral decay, and in a gradation of 
events (secular orogenies, catastrophic landslips) in 
segments of a time-scale ranging from geological eras to 
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hours or minutes. He lays much emphasis on the uses of 
maps and aerial photographs, and on ways of constructing 
maps so as to increase their usefulness and content of 
information, and map drawing is formalized in an ex- 
haustive array of symbols to cover almost all possible 
kinds of landform elements. Statistics and morphometry 
are given a place as new techniques, but the treatment 
is slight. 

Tricart is stimulating, not to say provocative, ın his 
polemics. He builds a framework into which geomor- 
phology may be put. He brings his own kind of order to 
what has hitherto been a certain waywardness in method. 
He rightly directs attention to the need for discipline in 
geomorphological practice and theory. And he sum- 
marizes methods appropriate to a variety of geomorpho- 
logical problems. It is disappointing that in his analysis 
of actual examples and in the use of illustrations he does 
not always reach the measure of his intention or discrimi- 
nate finely enough between the important and the 
relatively trivial, and that in specifying the bounds and 
contacts of geomorphology he follows trails beyond its 
limits and blurs its field by making it accretory and 
diffuse. 

King’s book, although covering part of the same 
ground, is far more modest in both manner and content. 
In the result it is far more instructive and substantial. 
Its bias is towards a geomorphology that on the one hand 
does not lean unduly on a limited physical geology, 
and on the other avoids plunging too deeply into geo- 
physics and stratigraphy and petrology. It brings out the 
relationship of structure and process with great clarity, 
constantly doing so by reference to appropriate examples 
that give reality to theoretical interpretation. Geomor- 
phology emerges as a tracing of the evolution of the 
existing landscape through the integrative correlation 
of a great variety of landforms, although the main 
objective of the book is neither to define the science nor 
to provide a conspective summary of its range. At the 
same time, King is fully aware of the diverse approaches 
which geomorphologists may follow, and her exposition 
offers instances of most of them as they are revealed in 
real examples. 

The central purpose of the book, however, 1s to discuss 
techniques, from field surveying to the use of models. An 
early chapter stresses the importance of direct observation 
of form and character in the analysis of landscape, and of 
observation supplemented by the skilled use of maps and 
aerial photographs, by the need commonly met for a 
refined contouring, and by excavating and sampling. A 
succeeding chapter similarly stresses observation and 
experiment in the study of geomorphological processes— 
river flow and river transport, nivation and glaciation, 
periglacial and permafrost features, mass movement 
in avalanches and landslips, wind transport, and wave 
and tidal action. Discussion of the ways in which models 
may throw light on the correlation of theory with observa- 
tion and experiment includes critical comment on the 
propriety of applying results from conceptual and scale 
models to processes in nature, and very full descriptions 
of actual models and their advantages and limitations. 
A chapter on cartographic and morphometric analysis 
as a systematization of a multitude of landform elements, 
and sediment analysis as a guide to erosion and transport, 
leads to an assessment of the value and significance of 
statistics in geomorphology and of the validity of geo- 
morphological conclusions based on statistical pointers. 

Parts of King’s book are a little uneven in being 
unusually elementary or unusually specialist; and some 
of the examples quoted need more rigorous treatment 
than they are given. But to cavil at this page or that 
would be ungracious, when the bringing together of so 
much information and guidance, simply and directly 
put, offers nothing but good to the young student as 
much as to the professional geomorphologist. 

T. NEVILLE GEORGE 


SEPTEMBER 3, 1966 


SCIENTIFIC ENDEAVOUR 
AND ACHIEVEMENT 


Charles Scott Sherrington 

An Appraisal. By Ragnar Granit. (British Men of 
Science.) Pp. xii+188+14 plates. (London and Edin- 
burgh: Thomas Nelson and Sons, Ltd., 1966.) 42s. net. 


Tras book is by an eminent Scandinavian physiologist on 
a great British physiologist. It was written in English 
and is not a translation; its smooth reading reveals 
Prof. Granit’s command of the language. He is the 
Director of the Nobel Institute for Neurophysiology in 
Stockholm, and he twice worked in Sir Charles Sherring- 
ton’s laboratory in Oxford in the late twenties. At that 
period Sherrington, freed from exacting commitments 
such as being President of the Royal Society, was able 
to devote much of his time to an active but not too large 
Honours School and to a group of graduate research 
workers, many of whose names are to-day familiar in 
neurophysiology and neurology. His work then was 
concerned with details of the reflex activity of the spinal 
cord, including the part played by the muscles and the 
synaptic connexions of their nerve fibres in this activity. 
_ Sherrington (1857-1952) felt that posterity should 
judge a man by his work and he expressed dislike of 
certain long detailed biographies, hoping that nobody 
would attempt such an exercise on him. This wish has 
so far been respected. It is true that there are excellent 
obituaries in the journals, but further biographical writing 
has been tackled differently. In E. G. T. Liddell’s 
absorbing book The Discovery of Reflexes, the state of 
nerve physiology and histology is described as it was before 
and during Sherrington’s work for The Integrative Action 
of the Nervous System. Granit sets out to emphasize 
how some of the main problems of neurophysiology stem 
directly from what Sherrington did. 

After a brief biographical and historical chapter, 
Granit goes on to deal with the concepts underlying 
Sherrington’s work, and particularly with inhibition in 
the nervous system regarded as an active process, which 
is one of the main landmarks with which Sherrington’s 
name is now associated. His work on this subject is 
described, as is that of his pupils and contemporaries. 
Then come chapters on the wider outcome of this pioneer 
work. First, there are the advances made possible by the 
development of amplifying devices; particularly by Adrian 
(Sherrington’s joint Nobel Laureate) in recording single 
nerve impulses. Then comes the investigation of indivi- 
dual parts of the reflex arc by the use of microelectrodes. 
Eccles, by developing this technique, was able to penetrate 
single motor horn cells in the spinal cord and so get 
information about the activities of the synapses of an 
individual cell. This continued Sherrington’s “pulling 
to pieces from the top downwards’’, but he also prophesied 
that “the elemental may not prove to be the simple” 
and one of the problems of to-day is, so to speak, to put 
the animal together again. Something of this has been 
taking place in Granit’s own laboratory and he writes 
of the work on reflexes and motor control, and particu- 
larly on muscle spindles, which Sherrington had described 
in 1894. 

The final chapter on Sherrington’s writings is largely 
taken up with a summary of Man on his Nature. This is 
not an easy book to read, but it is lit up with passages of 
beauty and insight. There are also quotations from 
Sherrington’s book of poetry The Assaying of Brabantius. 
For Sherrington, writing was always bound up with the 
desire to make everything “‘absolutely clear”, and he 
maintained that this could be done more precisely in Latin 
or French than in English. 

Granit’s book is one to read at leisure and from which 
to allow something of the whole personality of Sherrington 
to emerge, including his capacity for the accumulation 
of knowledge, the power to ask the right questions in 


NO 5053 


ee 
~ 


NATURE Te 1019 


physiology and the skill to get the answers, all in an 
individual who was & poet, something of an artist, a lover 
of nature and a man who could command devotion and 
respect from those who came in close contact with him 
and worked under him. SYBIL COOPER CREED 


HOW TO SJCCEED IN PAINTING 


The Application of Surface Coatings 

(Pamt Technology Manuals, Part 4.) Pp. xiii +345. 
(London: Chapman and Hall, Ltd., 1965. Published on 
behalf of the Oil and Colour Chemists’ Association.) 
358. net. 


The Testing of Pairts 

(Plant Technology Manuals, Part 5.) Pp. viii+171. 
(London: Chapman and Hall, Ltd., 1965. Published on 
behalf of the Oil and Colour Chemists’ Association.) 
358. net. 


‘Tis a Dutch proverb, that ‘paint costs nothing’, such 
are its preserving qualities in damp climates”. This 
quotation from Emerson serves as a heading to the 
foreword of Part IV of the Paint Technology Manuals 
published by the Of and Colour Chemists’ Association. 
The proverb holds only to the extent that the paint is of 
good quality, and that the surface has been prepared 
and the paint properly applied. While it is easier to 
succeed in painting tian in business without really trying, 
the chances of success are enormously increased by treating 
the exercise in a careful, planned scientific manner. 

Fortunately, this nas been realized for many years in 
large-scale factory application of paint, and the realization 
is spreading to still wider circles of paint users all the 
time. The present rwo volumes, covering the whole of 
paint technology, should do much to aid the process of 
education. 

Part IV continues the system of earlier volumes whereby 
each chapter is written by a specialist in that topic. By 
far the largest portion (280 pages) is concerned with 
various techniques fcr the industrial application of paint, 
and the application cf decorative and protective coatings 
for constructional materials gets only 50 pages. After a 
chapter on equipmens for industrial finishing, the material 
is dealt with in terms of the substrate to be coated, as is 
almost inevitable in view of the very specific problems 
found in each industry. 

A severely practical outlook permeates the book, and 
those who expect to find reasons why things happen, or 
should be done, will seldom find them here; it is essentially 
a plain man’s guide, and at that level will serve a very 
valuable function. Eut it is disappointing to find a book 
devoted to the applivation of surface coatings that com- 
pletely ignores any treatment of the rheological properties 
of paint, and gives no background data on adhesion. 
Some theoretical background is given m the chapter on 
industrial metalware, but otherwise such material is 
conspicuous by its absence. 

Part V, The Testing of Paints, differs from the other 
volumes in that it i essentially the work of one man, 
F. G. Dunkley, and the treatament is more unified. After 
a short chapter on test methods for production quality 
control, there follow zhapters on tests for basic properties 
and tests for specific properties. Basic properties include 
viscosity, gloss, hardness, flexibility, durability and 
adhesion, while specific properties cover chemical resist- 
ance, fire retardance, electrical properties, basic paint 
tests and film thickness (surely this is a basic property ?). 

The emphasis is on those methods of test in widespread 
use in Britain, but cue reference is made to other tests 
where these have been found to be useful; an appendix 
collates the relevart American Society for Testing 
Materials, British Standard and Ministry of Defence 
(DEF) specifications. There is a fairly full bibliography, 
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but this loses much of its value by the unsystematic way 
in which the papers are listed. A very wide range of test 
methods is covered, and there will be few topics on which 
guidance cannot be found. 

There will undoubtedly be a call, in due course, for 
second editions of these and other volumes in the series. 
When these are being considered, 1t would be well to 
consider anew the purpose they are designed to serve. 
When the series was conceived (and indeed during the 
repeated childbirths of successive volumes), the aim was 
to cover the requirements of the City and Guilds paint 
technology courses. There have been major changes in 
the educational pattern for paint technology since then, 
and the process of change 1s still taking place; it is likely 
that a rather different manner of treatment will best meet 
the changed circumstances. One would like to know 
whether the series is aimed at the technician or the tech- 
nologist, for they have different needs, and whether there 
is sufficient scientific background material. 

L. VALENTINE 


ASPECTS OF TITANIUM CHEMISTRY 


The Organic Chemistry of Titanium 
By Raoul Feld and Peter L. Cowe. Pp. viii+213. 


(London: Butterworth and Co. (Publishers), Ltd., 1965.) 
52s. 6d. 


It is estimated that the number of scientific publications 
doubles every 15 years. Quite clearly the modern chemist 
must grow to rely more and more on good review articles 
and review texts if he is to keep abreast of developments 
within his subject or even within his branch of the subject. 
This book has been planned as a comprehensive review of 
the chemistry of organic titanium compounds. Its value 
will consequently be a function of the success with which 
the literature has been covered and assessed critically. 

The coverage of the literature is certainly impressive. 
The title of the volume could be more informative, since 
“organic titanium compound” is taken to include all 
titanium compounds of which carbon is a constituent, not 
merely those in which it is the ligand atom. Thus, apart 
from the obvious interest of the book to workers in 
organo-metallic chemistry, the chapters on alkoxides, 
halide complexes and low valent titanium compounds will 
be welcomed by inorganic chemists. It is regrettable, 
however, that the authors have not been more critical; 
much of the text reports rather than reviews the contents 
of the literature. To quote three examples from several, 
the status of bis(cyclopentadienyl) titanium was in ques- 
tion when the book was written (the situation is now much 
clearer), yet the reader is given no indication of this fact. 
Also, it is hkely that the concept of oxidation number is of 
doubtful value for compounds such as éris(2,2’ bipyridyl) 
titanium which are too readily accepted at their face value 
in Chapter 9. The diagram on page 7 would probably have 
been better omitted. 

The book has three particularly strong features. The 
coverage of the vast patent literature ıs laudable. The 
authors have managed to filter out the more optimistic 
claims and report only those patents which substantiate 
their conclusions with at least a minimum of chemical or 
physical data. Since a certain proportion of the work in 
the field of titanium chemistry in the future may consist of 
more detailed examination of known compounds, the 
excellent tabulations of these compounds together with 
their physical properties are likely to place many future 
workers in the authors’ debt. Predictably the uses of 
titanium compounds have been emphasized. The chapters 
on titanium co-polymers and Ziegler catalysts are among 
the strongest in the book. It was the more surprising 
therefore to search in vain for an assessment of titanium 
tetrachloride as a catalyst for the Friedel-Crafts reaction. 

The book should find a place in most chemical libraries. 
The price is not excessive by present-day standards. 
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Misprints are few and are confined almost exclusively 
to equations and formulae. The failure to report authors’ 
initials in the references may give rise to some minor 
irritation, but both author and subject indexes appear to 
be comprehensive and accurate. 

Wiuiram R. MCWHINNIE 


STEROID RESEARCH 


Methods ın Hormone Research 

Vol. 5. Steroidal Activity in Experimental Animals and 
Man, Part C. Edited by Ralph I. Dorfman. Pp. xüi+ 
342. (New York: Academic Press, Inc.; London: 
Academic Press, Inc. (London), Ltd., 1966.) 104s. 


EVER since the synthesis of norethisterone (17«-ethynyl- 
178-hydroxyestr-4-en-3-one), a search has been made for 
other useful progestational agents. Mryake and Rooks 
make a valuable contribution to this volume with a well 
presented review of those progestational steroids which 
have become available during the past few years. Data 
are provided showing the influence of nearly every sub- 
stitutional sıte in steroids on the physiological activity of 
these progestational materials. 

The chapter on anti-gonadotrophic steroids by Dorfman 
and Kincl is also a useful contribution. It deals mainly 
with the relationships between the structure and activity 
of those steroids which inhibit the biosynthesis, and 
sometimes the release, of gonadotrophins. The authors 
point out that work involving the parabiotic rat technique 
has certain limitations, and does not allow selective 
measuring of the inhibition of follicular stimulating hor- 
mone in the rat—if indeed there is any selective differ- 
entiation from luteinizing hormone to be measured. The 
introduction to this chapter unfortunately gives the 
impression that anti-gonadotrophins operate mainly at 
the pituitary rather than the hypothalamic level. Never- 
theless, valuable data on the inhibition relationship are 
included. This sort of work and that of Miyake and Rooks 
with the progestational steroids prove that the com- 
bination of organic chemists, endocrinologists and physio- 
logists is extremely powerful. Success in dealing with the 
probloms of over-population will surely only be obtained 
by more work of this kind. 

Other chapters in the book provide useful information 
on the effect of steroids on the central nervous system, 
the treatment of human malignancies with steroids, and 
the relative potencies of androgens. The editor is to be 
congratulated for supplying once again a valuable refer- 
ence book. It is an excellent addition to the earlier 
volumes of the series. D. EXLEY 


SECONDARY METABOLISM 


The Biosynthesis of Natural Products 

An Introduction to Secondary Metabolism. By John D. 
Buwlock. Pp. x+149. (Maidenhead: McGraw-Hill 
Publishing Company, Ltd., 1965.) 28s. 


Tms book meets a need which has been increasingly felt 
by scientists interested in natural products. The title is 
somewhat misleading in that the book is not concerned 
with the main metabolic pathways by which amino-acids, 
fats, and carbohydrates are synthesized in the cell or 
broken down. Its subject, which has been of special 
interest to the organic chemist and less so to the biochemist, 
is the formation of a great variety of compounds such as 
terpenes, alkaloids, antibiotics, and a variety of other 
substances, chiefly by green plants or fungi. In this field 
of science enzyme methods have been little used, and 
investigations are increasingly based on the use of putative 
labelled precursors in whole cells or whole organisms. In 
this secondary metabolism, the substances concerned are 
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not functional constituents present in all plants, but 
can only be obtained from particular species of plants. 
Apart from this restricted taxonomic distmbution, these 
compounds often have no obvious metabolic function but 
represent a fascinating challenge to the organic chemist, 
to the plant biochemist, to the taxonomist and to any 
scientists interested in the tremendous variety of chemical 
substances which are produced by this ‘‘secondary” 
metabolism. 

Apart from a full account of our general knowledge in 
this field, the use of plant genetics in secondary metabolism 
is described in detail. Dr. Bu’lock also links the specific 
problems of secondary metabolism with general enzy- 
mology where this is appropriate. The volume represents a 
comprehensive and at the same time concise account of 
this increasingly important field. It is, however, written 
primarily from the standpoint of the organic chemist 
interested in natural products, and assumes in the reader 
a fairly sophisticated knowledge of reaction mechanism 
and modern theoretical organic chemistry. It is doubtful 
whether the botanist or mycologist whose chemical 
knowledge may have been acquired 15 or 20 years ago 
will find it easy to follow the detailed chemical arguments 
which are used. The author is, however, careful to point 
out the limitations of our present technique, and the 
fragmentary character of our knowledge, and indicates 
clearly where further progress may be expected. 

A. NEUBERGER 


STICKINESS AND CANCER 


Hyaluronidase and Cancer l 
By Ewan Cameron. Pp. xiti+245. (London and New 
York: Pergamon Press, Ltd., 1966.) 50s. net. 


Dr. Cameron’s stimulating book presents a thesis which 
is stark in its simplicity. The excessive secretion of 
hyaluronidase is the beginning, the middle and the end 
of the problem of cancer. 

According to Dr. Cameron, neoplastic cells arise as the 
result of the interaction of any carcinogenic stimulus 
with the protein—mucopolysaccharide ground substance, 
as a result of which the latter becomes increasingly viscous 
and impermeable. Adjacent normal cells attempt to 
maintain their normal environment by the increased 
release of hyaluronidase. “Each cell in the body is 
firmly embedded in a sticky viscous cement of ground 
substance” which is attached by hyaluronidase. Contact 
between the cells is reduced and this in turn permits or 
stimulates cell division. The preferential nutrition of 
tumour cells is the result of local increased stromal and 
capillary permeability evoked by hyaluronidase secretion. 
Malhgnant infiltration and the formation of metastases are 
likewise due solely to the action of the enzyme on the 
surrounding normal tissues and the walls of blood and 
lymph vessels. | 

Dealing first with the application of Dr. Cameron’s 
ideas to carcinogenesis, 1t 1s very difficult to understand 
how his mechanism of carcinogenesis could account for 
the in vitro malignant transformation of normal cells by 
viruses, carcinogens, X-rays or ‘“‘spontaneously’’. Dr. 
Cameron appears to be either unaware of, or to ignore, the 
considerable body of work pubhshed in recent years 
establishing the existence of tumour-specific antigens in 
many experimentally induced animal tumours, and the 
possible role of the immune response in the development 
of these tumours. 

On the subject of the irreversible nature of the neoplastic 
transformation, the author considers that it is clearly a 
matter of cellular inheritance, but rejects the view that 
interaction between DNA and a carcinogen is involved, 
even in the initiation, with the rather cavalier phrase “‘there 
is not a shred of evidence to support its validity”. 
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Potter’s deletion thecry and Warburg’s hypothesis are not 
mentioned. 

When it comes to the role of cell contact in regulating 
cell proliferation, the author probably finds more common 
ground with other workers in this field. He carries the 
cell contact mechanism of cell proliferation much further 
than most, particularly when he aseribes loss of cell 
contact solely to the secretion of hyaluronidase. This 
enzyme, incidentally, has so far proved remarkably 
ineffective ın dispersing cells in tissues. Tumour cell 
nutrition is dealt with without mentioning the greater 
capacity for glycolysis or other changes mm metabolic 
processes which have been extensively investigated. 

The release of hyéluronidase by tumour cells has been 
considered by many investigators to play a part m malig- 
nant invasion, but the evidence ıs contradictory, and Dr. 
Cameron’s review of it does not convince this reader that 
hyaluronidase is the only, or even the main, enzyme 
system contributing to mvasion. Assessing the evidence 
is not made easier when the role of proteolytic enzymes 18 
dismissed in four lines. 

Dr. Cameron’s arguments are presented very clearly 
and with a coherence which is, perhaps, gained at the cost 
of omitting a considerable amount of established work 
which does not fit in with his thesis. 

This book should serve a useful purpose by stimulating 
many investigators In the field of cancer research to re- 
examine carefully tre basis of many of the concepts 
currently held. Ths author has made a very extensive 
survey of the literature pertaining to the role of hyaluronid- 
ase in cancer, which 7s extremely useful. G. C. Easty 


BEHAVIOUR AND NUCLEIC ACIDS 


Macromolecules anc Behavior 
Edited by John Gaito. Pp.ix+197. (Amsterdam: North- 
Holland Publishing Company; New York: Appleton- 
Century-Crofts, a Division of Meredith Publishing Com- 
pany, 1966.) 29 gui-ders; 58s. 


Tras little book has brought together some fascinating 
articles in a rather unusual field. They are directed in the 
main at the role of RNA and DNA in determining be- 
haviour, although nearly all the experimental evidence 
relates to the changes in the macromolecules following 
on experimental procedures. Except in the last 
chapters, where K. =f. Pribham and others present their 
theoretical treatmertt of the basis of memory, there 1s 
often a fairly tenudus connexion between the exper- 
mental data presented and rather gross behavioural 
patterns. Nevertheless, the book has gathered between 
its covers a very valuable and readable series of papers. 
The chapter by Ochs on axoplasmic flow is an excellent 
summary of the recent work on transport of molecules 
of many kinds alorg the axoplasm. The chapter by 
Pevzner is a review of, among other topics, cyto- 
spectrophotometric methods; in the original material 
presented, it reveals the great extent to which such tech- 
niques have developed in the Soviet Union. Pevzner’s 
chapter is the moss provogative, as he modestly, but 
thoughtfully, raises the question in his brief summary 
as to just what the relationship is between the nucleic 
acids and behaviour,.and just how far the biochemists 
can at present go ir. finding a meaningful answer. The 
difference in the tire scales between the laborious and 
time-consuming procedures of the biochemist on the one 
hand, and the speed cf action in nerve cells as demonstrated 
by the electro-physiologist, on the other, is so enormous 
that one rightly aske: can the two approaches ever meet? 
In spite of such difficulties, this book shows that in a 
surprising number of instances correlation is possible, 
even with the attemot to show that treatment of certam 
types of elderly individuals with RNA leads to an improve- 
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ment of their general condition and, less convincingly, 
their memory functions. 

The book is the outcome of a symposium held in 1964. 
The contributors to the symposium have clearly had 
ample time to rewrite their communications and bring 
them and their bibliographies up to date. While there may 
be a good reason for it, one name seems to be a regrettable 
omission from the list of contributors—Hydén of Gothen- 
berg. His work is cited in some context or other by almost 
every author, and rightly; he is the pioneer in this field 
and should surely be regarded as the father of many of 
the current ideas and techniques. It would have been a 
pleasing gesture if this admirable little book had been 
dedicated to him. J. L. MALCOLM 





Human Geography 
By Aimé Vincent Perpillou. Translated by the late E. D. 
Laborde. (Geographies for Advanced Study.) Pp. xx + 


522 -+37 plates. (London: Longmans, Green and Co., 
Ltd., 1966.) 50s. net. 


Tms book could have been written only by a great 
scholar, for it fills 1ts pages with example after example 
of man’s evolution, his adaptation to environment, the 
techniques he has evolved to emancipate himself from 
that environment and in his manner of settlement. The 
width of Prof. Perpillou’s knowledge is quite astounding. 
He has cast his net throughout the world in his apparently 
effortless quest for illustrations of man’s conditions. 
Especially noteworthy are his examples drawn from 
otherwise largely inaccessible sources. In places one might 
wish perhaps that academic axes were not being ground 
quite so noticeably—for example, in his attitude to 
Huntington and Meitzen. 

British students may be surprised by the socio-anthro- 
pological point of view of the work, though this is much 
in the tradition of Brunhes and de la Blache. Certainly 
those familiar with recent publications by British geo- 
graphers on the topic will here find a totally different 
conception of the subject. This method is shown at its 
best m the sections on tropical lands where the inter- 
action of social anthropology and more ‘“‘civilized”’ 
geography is most fruitful. 

One major criticism is the paucity of illustrations of a 
more graphic nature, especially of locational maps. The 
publishers and editor of the series are, however, to be 
congratulated on having had the initiative to mvite a 
doyen of French geography to write specifically for 
English-speaking students. The author has undoubtedly 
set a very high standard of learning for his readers. 

R. T. Jaoxson 


Open Tubular Columns in Gas Chromatography 


By L. 8. Ettre. Pp. xix+164. (New York: Plenum 
Press, 19665.) $4.95. 


THe dramatic increase in the volume of literature devoted 
to gas chromatography has made the investigation of any 
one aspect an arduous task in terms of the effort required 
to abstract relevant information. Monographs produced 
by acknowledged experts in a given field are, in this 
respect, particularly welcome. This book falls into such 
a category. Written essentially for the practising gas 
chromatographer, the book is confined to practical details. 
When theory is introduced, the frills of mathematical 
derivation are limited and only those definitions and 
equations necessary for the proper understanding, evalua- 
tion and operation of the technique are introduced. In 
the simple presentation the two typographical errors 
which occur in equations (18) and (24) are easily recog- 
nized. a 
After the brief historical introduction and statement of 
definitions, the practical implications of theo Golay 
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equation are discussed and comparisons made with con- 
ventional packed columns together with other factors 
such as sample capacity. Small-bore open tubed columns 
(also referred to as capillary or Golay columns) have not 
been used as extensively as packed columns except where 
necessity has dictated, no doubt because of the relative 
ease with which the latter may be made. The author’s 
simple account of the various techniques which may be 
used to coat the internal walls of the column should help 
to dispel any mystery associated with the process. Among 
other factors, surface effects are considered in the pre- 
paration of the column, both in their elimination to reduce 
tailing, and deliberate introduction to increase surface 
area and consequently stationary phase loading. ‘The 
consideration of the relatively new technique of “packed 
capillary” columns in which some form of internal surface 
coating is used to obtain a relatively large surface capacity 
of stationary phase follows as a natural corollary. 

The very small sample sizes which are necessary in 
order to avoid overloading of conventional open columns 
inevitably involve some modifications to the sample inlet 
system. The fourth section deals with these requirements 
in the gas chromatographic system and includes such 
important matters as stream splitting design. 

After the listed bibliography, which contains 286 
references, a supplement is appended, giving details of 
the various methods which may be used for the calculation 
of the “air peak” time. E. A. WALKER 


Plasma Diagnostic Techniques 

Edited by Richard H. Huddlestone and Stanley L. 
Leonard. (Pure and Applied Physics: a Series of Mono- 
graphs and Textbooks, Vol. 21.) Pp. xii+627. (New 
York : Academic Press, Inc.; London : Academic Press, 
Ine. (London), Ltd., 1965.) $19.50. 


As pointed out in the introduction to this book, 
progress in experimental plasma physics depends on 
the development of suitable diagnostic techniques. Such 
development has been rapid, and it is convenient to have 
a single volume such as this in which most of the com- 
monly used methods are described. 

The book consists of an introduction and twelve 
review articles, each by an author who has specialized 
to some extent in the technique described. Separate 
chapters cover basic macroscopic measurements, magnetic 
probes, electric probes, spectral intensities, line broaden- 
ing, optical and ultra-violet techniques, X-ray spectro- 
scopy, far infra-red measurements, optical interferometry, 
microwave techniques, and particle measurements. Most 
of these chapters form natural subdivisions, although 
that on X-ray spectroscopy could have been more naturally 
and economically divided between the chapter on optical 
and ultra-violet techniques and that on spectral intensi- 
ties, which contains a useful section on the various models 
of non-thermal plasmas, besides much else relevant to 
X-ray work. Each chapter is followed by a very complete 
bibliography. This layout suffers from the disadvantage 
that different methods of measuring a given parameter 
appear in nearly every chapter, and it would be difficult 
to choose the best for a given experiment without reading 
the entire book, despite the comprehensive index. It does, 
however, permit all the techniques included to be dis- 
cussed systematically. There are, of course, some omis- 
sions. For instance, it is surprising that the chapter on 
optical and ultra-violet techniques makes no mention 
of the special properties of interferometers when high 
light-gathering power is required. Relatively small 
space is given to techniques based on the scattering of 
laser-generated radiation, but this is almost certainly a 
result of the rapid progress made with these methods since 
the volume was compiled. In general the book contains 
a considerable quantity of information, and should be a 
useful addition to the available literature. 

D. D. BURGESS 
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FERTILITY 


THE annual conference of the Society for the Study of 
Fertility was held at Churchill College, Cambridge, during 
July 5-9. The meeting opened with a group of papers on 
the interactions between foetal and maternal tissues in 
early pregnancy. Oxford workers have studied the 
transplantation of eggs and trophoblast in the hamster 
and the mouse; they showed that when trophoblast tissue 
was transplanted into the testis some trophoblast cells 
reached remote areas of the host, apparently by migration 
along blood vessels (D. Billington). By the same tech- 
nique they were able to distinguish between the tropho- 
blastic and decidual contribution to the luteotrophic 
activity of the pregnant uterus (D. R. 8. Korby and T. 
Cowell). The enzyme and morphological changes involved 
in implantation in mice and rats were described in great 
detail (A. McLaren and C. Finn; B. L. Lobel, E. Levy and 
M. C. Shelesnyak) and some factors affecting early 
embryonic mortahty in the pig were discussed (M. 
Phillippo). 

Great interest was shown in techniques designed to 
facilitate the study of isolated endocrme organs and 
tissues; whole rat ovaries maintained in organ culture 
(T. Fainstat), equine granulosa cells which produced 
progesterone in tissue culture (C. P. Channing) and auto- 
transplants of sheep ovaries to the neck (J. R. Goding). 

The second session was devoted to a symposium on 
radiation effects on the reproductive system, under the 
chairmanship of Prof. D. Lacy. The first two papers 
(P. Lindop; H. M. Beaumont) described work on the 
radiosensitivity of oocytes and other cell types in the 
ovary of the mouse, an animal which has been intensively 
studied in this respect, and the remaining papers were 
concerned with irradiation effects in the male. These 
effects have been studied m considerable detail m the 
rodents, and gumilar work has.now been extended to other 
species, including the goat and man (E. W. Hupp). Work 
with human. volunteer subjects (C. A. Paulsen and H. M. 
Gandy) has demonstrated the extreme sensitivity of the 
human testis to irradiation, and has emphasized the 
reciprocal nature of the relationship between gonado- 
trophin output and germinal epithelial function. At the 
ultrastructural level, X-irradiation has been used in 
studies of organelle induction and differentiation during 
spermatogenesis in the grasshopper (T. N. Tahmisian). 

The third session opened with a group of papers on 
species other than common laboratory or domestic animals. 
They were concerned with comparative aspects of repro- 
duction in the chinchilla (B. J. Weir), the squirrel monkey 
(J. P. Bennett) and some of the larger Felidae from the 
collection of the Zoological Society, Regent’s Park, London 
(R. M. F. S. Sadleir). This session also included reports 
on such diverse topics as the descent of the testes in the 
grey seal (K. M. Backhouse and H. R. Hewer), a species 
with a non-scrotal testis, and the influence of such 
environmental factors as pasture management and out- 
breaks of myxomatosis on reproduction in the wild rabbit 
(H. G. Lloyd), and the decidual changes associated with 
‘“‘endometrial cups” in some Equidae (J. M. King). The 
session concluded with three papers on the application 
of neurophysiological techniques to problems in the 
physiology of reproduction. One of these was concerned 
with the nature of afferent nerve fibre discharges from 
lactating mammary glands (A. L. R. Findlay); the others 
described work on the mechanism of feedback action of 
ovarian hormones (D. W. Lincoln; B. A. Cross and I. A. 
Silver). 

The fourth session took the form of a symposium on 
the growth and function of the corpus luteum in mammals. 
The chairman, Dr. R. O. Greep, opened with a synopsis 
of earlior work on luteal function in the rat and rabbit. 
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In the papers whick followed, the emphasis lay in dis- 
tinguishing between she growth of the corpus luteum and 
the biosynthesis ani release of luteal progesterone in 
the guinea-pig (R. B. Heap, J. 5. Perry and I. W. 
Rowlands), and in zhe interactions between the hypo- 
physis and the uterus in controlling these processes in the 
sheep, sow and cow R. Denamur, J. Martinet and R. V. 
Short; F. du Mesnil du Buisson; W. Hansel). Further 
evidence of the loca. effect of the uterus on the ovary 
was given for the sow, and a similar phenomenon was 
demonstrated by R. Moor and L. E. Rowson in the sheep by 
the surgical transfer of embryos to isolated segments of 
the uterus. The fact that one ovary may behave as though 
the animal were pregnant, while the other ovary behaves 
as though it were not. conflicts with the generally accepted 
picture of the hormonal relation between ovary and 
uterus, and is as yet anexplained. Work on the pituitary 
hormones responsible for maintaining the corpus luteum 
and stimulating the synthesis of luteal progesterone 
suggests that in the cow and the sow the main luteo- 
trophin is LH (lutein=zing hormone), whereas in the sheep 
it appears that the major factor is prolactin. These papers 
were discussed by R. Deanesly and B. T. Donovan in the 
light of their own wozk on the guinea-pig and ferret. 

The fifth session cpened with six papers on various 
aspects of reproduction in the male; it comprised work 
on the effect of nutrition on androgenic function in calves 
(T. Mann and collezgues), the preservation of human 
spermatozoa (M. Freund; D. Richardson), the control of 
fertility with drugs (3. N. Hemsworth and H. Jackson), 
and the effect of ageinz of spermatozoa on fertilization and 
prenatal development (J. M. Tesh and T. D. Glover). By 
way of further variety, sperm dimorphism in a copepod 
was described by B. L. Gupta. Later papers, on reproduc- 
tive function in the female, dealt with the gonadotrophin 
control of ovulation n several species, including human 
(M. E. Mitchell; H. BH. Cole and R. B. Snook; M. Taymor: 
J. P. Bennett et al.). 

A symposium on actors controlling the duration of 
pregnancy opened wich a number of papers dealing with 
myometrial activity and the onset of parturition 
(B. M. Schofield; A. I. Csapo and T. Kereny1; A. Ritta 
Fuchs; G. Wagner; W. R. Ward), and subsequent 
speakers described the influence of genotype, the immuno- 
logical status of the fœtus, and a cold environment on the 
duration of pregnancy (M. W. H. Bishop; D. James; 
S. A. Barnett and M. J. Little). Attention was drawn to 
the distinction between animals in which the placenta 
produces progesterons, as in the human, and those in 
which it does not, as in the rabbit. It has been shown 
that strong uterine activity can be present without 
parturition, or withous the maternal behaviour associated 
with it, in rats with >rogesterone implants in the hypo- 
thalamus. i 

A new surgical techrique for the removal of the pituitary 
gland in the foetal lamb was described (G. C. Liggins and 
L. Holm), and this procedure was found to prolong preg- 
nancy, an effect apparently mediated through the foetal 
adrenal gland. The ckairman, Dr. A. McLaren, presented 
a paper on behalf of A Psychoyos et al., who have studied 
the relations between uterus and ovary in rats in which 
two sets of embryos weres induced to implant asyn- 
chronously, so that the uterus was occupied by foetuses of 
different ages. ; 

The final session was devoted to papers on problems in 
human reproduction and its control, including a, morpho- 
logical study of the utero-tubal junction (I. Rocker), the 
effect of oestrogens on the ovary (A. Netter), an analysis 
of fertilhty in married women (M. Barton), and the 
successful demonstration of the use of clomiphene to 
produce live spermatozoa in a case of Klinefelter syndrome 
(G. L. Foss). Work in Edinburgh has shown that chromo- 
somal anomalies may be a major factor in unsuccessful 
pregnancies, and thereis some evidence that the incidence 
increases In women over 35 years of age (M. G. Kerr). 

l Continued on next page 
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OBITUARIES 


D. D. Kosambi 


Tue death of Professor D. D. Kosamb: on June 29, 1966, 
at the age of fifty-nine removed a unique figure, not 
only from India but from all society. 

Kosambi had a most unusual and comprehensive 
education, partly in the United States, at Harvard, where 
his father taught Indic studies. He acquired early an 
interest in mathematics, which was his main contribution 
to science, particularly in the field of statistics and stochas- 
tic theory. This put him in the front rank of practical 
mathematicians and his interest was then transferred to 
theoretical and nuclear physics and he worked on funda- 
mental research at the Tata Institute in Bombay under 
the general direction of the late Homi Bhabha. 

I am not qualified to comment on his mathematical 
work, especially as much of it is concerned with number 
theory and calculus of variation; but I had a great deal 
to do with him as a man of quite exceptional intelligence 
and charm, particularly in the work concerned with the 
Indian peace movement, and I learned something of his 
wide scope of interests. Although trained in the United 
States, he remained from the very beginning mainly 
concerned with Indian problems, including Indian 


economics, history and archaeology. It was a pleasure to . 


travel with him in his own country because, for Kosambi, 
history was not only in the past but also in the present. 
In the extremely unsatisfactory records of Indian 
history which he has denounced ın his books, he finds the 
preservations of beliefs and customs in many tribes and 
castes. He finds, for example, not only the places of 
worship but also actual names, such as that of the goddess 
Lumbini presiding over the birth of the Buddha, which 
have been preserved practically unchanged for 1,500 
years. I witnessed one of these survivals myself outside 
the National Chemical Laboratory near Poona. It was a 
newly established shrine with a crude figure smeared with 
red paint and an attendant ascetic who, for a considera- 
tion, would offer up a prayer so that the new arrival into 
the laboratory could be assured of a good post. 
Kosambi’s interests stretched further than the geo- 
graphy of India. I accompanied him to the National 
Museum of Denmark in Copenhagen and he was able to 
toll the curator precisely what bones he would find at the 
bottom of a well because the Bronze Age Danes had the 
same horse sacrifice as the ancient Aryans of India. 
Wherever he went he was able to trace out the early 
trade routes still in use in the age of steam and motor 
cars, and often transporting the same goods, including pots 
made with the slow and fast wheel, that had already 
been made in the Indus civilization in the second millen- 
nium B.C. For this he had also to perfect his knowledge of 
Indian languages and poetry. His father knew the whole 
of the 80,000 lines of the Mahābhārata by heart, and I 
remember Kosambi taking me to the Institute in Poona 
where a number of aged Indian scholars and their younger 
disciples were occupied in providing a comparative edition 
of that poem from numerous manuscripts on palm leaves 
and other fragile bases, reckoning that they had done a 
good day’s work when they had completed one line! 
Kosambi introduced a new method into historical 
scholarship, essentially by application of modern mathe- 
matics. Indians were not themselves historians: they 
left few documents and never gave dates. One thing the 
Indians of all periods did leave behind, however, were 
hoards of coms. These carry inscriptions which list kings 
or date markings, but they had been ın circulation before 
the hoard was buried and had suffered varying degrees of 
wear before burying. By statistical study of the weights 
of the coins, Kosambi was able to establish the amount of 
time that had elapsed while they were in circulation and 
so set them in order to give some idea of their respective 
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ages. In this way he was able to date these coins, known as 
punch-marked coins, weighed pieces of silver of carefully 
standardized weight marked with various devices which 
connected them with a definite king, sometimes many 
with a smgle king such as the great Asoka of the Maurya 
dynasty. The persistence of a coin is one of the most 
remarkable of human characteristics. In his book, 
The Culture and Civilisation of Ancient India in Historical 
Outline, Kosambi shows & picture (No. 62) of a com of a 
Greek king, Menander, in North India, 180-160 B.C., 
which he found in 1940 circulating in an open air market in 
Poona as an equivalent of half a rupee. 

His great contributions to historical science have been 
his two books Introduction to the Study of Indian History 
(Popular Book Depot, Bombay, 1956) and The Culture 
and Cwirlisation of Ancient India in Historical Outline 
(Routledge and Kegan Paul, London, 1965). These pro- 
vide a history of an entirely different character to anything 
seen before. As he himself says in his latter book: 

“But what is history ? If history means only the succes- 
sion of outstanding megalomaniac names and imposing 
battles, Indian history would be difficult to write. If, 
however, it is more important to know whether a given 
people had the plough or not than to know the name of 
their king, then India has a history. For this work I shall 
adopt the following definition: History ts the presentation 
in chronological order of successive changes in the means 
and relations of production. This definition has the advan- 
tage that history can be written as distinct from a series 
of historical episodes.” 


In his second book, Kosambi certainly bears out his 
definition. He shows a picture of a two-bullock plough 
of the same characteristic type with vertical handle and 
curved yoke-pole, taken from a relief of the Bodhisattva’s 
First Meditation in the Buddhist caves at Junnar, as in 
use in A.D. 200 and still in use to the present day. They 
are, for all practical purposes, identical. 

A great deal of Kosambi’s book is taken up with the 
description of classical Indian political science. The 
Arthasdsira is a complete and almost Machiavellian descrip- 
tion of how the great Indian state of Magadha (300- 
184 B.C.) was ruled and how the institutions of the com- 
plete police state could be adapted to the tenets of the 
purest Buddhism. He shows that the positive task of the 
Mauryan State consisted of opening up the territory of 
the Ganges Valley, including Bengal and even Assam, 
by clearing the tropical forests and assimilating, through 
institutions of Hindic religion, the local populations. 

All this may seem very far away and long ago, but to 
Kosambi it was all in the present as well, illuminating 
the current difficulties of Indian agriculture and industry. 

“When gunpowder had blown Arguna’s bow and later 
feudalism off the map, the Indian intellectual still turned 
instinctively to the (Bhagavad-) Gita to find some way of 
coping with patriotic needs in the new world of banks 
and shares, railroads, steamships, electricity, factories, 
and mills.... The Gita is honoured oftener than read, 
and understood far less than it is recited. After such 
mixed ideas are displaced by clear-cut thinking based on 

a firm grasp of material reality, the work may still furnish 

some aesthetic pleasure for its power of expression and 

peculiar beauty.” 
J. D. BERNAL 


Continued from previous page 


Observations were reported on the use of an intra- 
uterine device in the rhesus monkey by J. H. Marston 
et al.; and further papers desenbed the effect of oral 
contraceptives and intrauterine contraceptive devices on 
endometrial blood vessels and vaginal smears (E. Grant; 
M. Jackson and R. Linn). 

Abstracts of the papers presented at the annual moeving 
will be published in the October issue of the Journal of 
Reproduction and Fertility, the official organ of the Society. 

, J.S. PERRY 

R. B. Hear 
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“LIVING FOSSILS” IN WESTERN ATLANTIC PLANKTON 
By Dr. DAVID WALL and BARRIE DALE 


Woods Hole Oceanographic Institution, Woods Hole, Massachusetts 


_. Fossin microplankton are a large group of ancient marine 
=o protista of planktonic origin that includes hystricho- 
spheres and fossil dinoflagellates the shells of which are 
composed of organic rather than mineral material. They 
-are used together with pollen and spores to date, correlate 
and interpret the palaeoecology of Mesozoic and Tertiary 
strata. Until recently, the existence of identical organisms 
_.. in. modern plankton was uncertain: hystrichospheres, for 
example, were thought to be extinct, while the youngest 
known fossil dinoflagellates (Miocene) were unlike living 
enera in critical details. Then morphological studies!” 
f a few types of resting spores produced endogenously 
by common living thecate dinoflagellates quickly revealed 
hat. these spores were identical with several hystricho- 
sphere and fossil dinoflagellate species known to occur in 
arine late- Tertiary and Quaternary sediments. More- 
over, one such “living fossil’ known as Hystrichosphaera 
bentort Rossignol (Fig. 1) was induced to excyst under 
laboratory conditions in single-cell culture experiments? 
release a flagellated thecate motile stage of Gonyaulax 
digitale (Pouchet) Kofoid. 
New discoveries resulting from improved extraction 
` techniques and regular sampling of local Atlantic plankton 
at Woods Hole for more than 8 months have shown that 
©- many other hystrichospheres and similar dinoflagellate 
= . resting spores occur persistently in present- -day oceans. 
More than forty types of dinoflagellate resting spores with 
l diagnostic excystment apertures {archeopyles) have been 
-isolated since February 1965; these include Hystricho- 
“sphaera furcata (Ehr.) Wetzel, H. bulloidea Defi. and 
~ Cooks, H. bentori Ross, H. mirabilis Ross (Fig. 2), 
< Nematosphaeropsis balcombiana Defi. and Cooks (Fig. 3), 
Baltisphaeridium machaerophorum Defi. and Cooks, B. 
_centrocarpum (Defi. and Cooks) Gerlach (Fig. 4), and B. 
-¢sracliianum Ross (using fossil nomenclature) together 
ith several new species which have not been described 
rmally, but are known to occur in the marine Pleistocene 
of the Caribbean Sea. Living hystrichospheres were col- 
“‘leeted from two sources, namely, the sea water and the 
sea floor surface layer. Those obtained directly from 
plankton were collected with a fine meshed (35u) net; 
the remainder were isolated from humus on the sea floor 
or from the floors of large settling tanks where there was 
less turbulence. In each case selective concentration of 
the resting spores relative to other plankton was essential 
and accomplished by repeated sieving, sometimes with 
interposed ultrasonic vibration treatment, until only a 
glean 35-75y fraction remained. An exceptionally rich 
. gea-water scrapie rarely had more than thirty resting 
- spores per litre and the most common type of hystricho- 
sphere (H. bentori) seldom exceeded five cells per litre, 
but numerous individuals were obtained by using large 
volume samples of 100 1. 

The resting spores of dinoflagellates recovered from 
local plankton at Woods Hole could be divided into four 
groups according to whether their excystment apertures 

> or archeopyles were precingular, intercalary, cingular 
: (hemispherical) or polar. 


(1) Resting spores with precingular archeopyles included 
the “living fossil’? species of Hystrichosphaera, Nemato- 
_ sphaeropsis and Baltisphaeridium already listed as common 
in local waters. In almost all instances the archeopyles 
represented the loss of a single plate-area (3") from the 
: dorsal surface, but rarely the opening was compound and 
. four or five precingular plate-areas were missing, as in the 
cyst of Gonyaulaz polyedra Stein’. 


































The parental dinofagellates of spores with precingular 
archeopyles belonged to Gonyaulaz and» Protoceratium. 
Two spores with sinple archcopyles (Hystrichosphaera 


bentori, H. bulloidea) were united with their thecate Stages A 
(Gonyaulax digitale, G. scrippsae) in culture experime: Atay ee 






while seven other species of Hystrichosphaera — 





gonyaulacid parentage according to their tabulat ne oS ae 


which was always 3-4’, 0a, 6’, 6g, 5-6”, Ip, Io- 


spore of Gonyaulax poiyedra was identified by its compound 2i 


archeopyle and distal spinules! and was comparable with — 
the common Quaternary fossil species Baltisphaeridium 
machaerophorum. Only one species of Protoceratium, P. 
reticulatum, is known to form spores with a precingular 
archeopyle!; these spores are similar to the Quaternary 
fossil Baltisphaeridiura centrocarpum in most respects. 


(2) Resting spores with intercalary archeopyles included 
more than twenty-five morphologically distinct categories. 
They were identical with fossils known to occur in Carib- 
bean and Mediterranean Quaternary sediments in some 
instances and comparable with older species belonging to 
the fossil genera Clatroeisphacridia and Deflandrea in 
general. The archeopyles of these modern spores were 
basically hexagonal :n shape but had variable height: 
width ratios (1:1 to 1: 2-3) and sometimes a tendency 
towards asymmetry. Observations of cysts within thecae, 
dispersed spores and thecae released from cysts under 
single-cell culture experiments confirmed that the archeo- 
pyle was homologous with a dorsal interealary plate | 
(usually 2a, rarely ia) and seldom compountl. The- 
position of the archespyle was commonly subapical and 
dorsal, but in some stances (varieties of P. oblongum) 
the opening truncated the apex of the resting spore. In 
overall shape, the ressing spores varied from subspherical 
to rhomboidal (perid:noid) to biconvex with polar com- 
pression. The majority were smooth- walled, but two types 
at least were spinose, including the spore of Peridinium — 
claudicans Paulsen. 
varied from shades o7 brown to olive-green. 


The parental dinoffagellates identified with these spores. D 


were species of Peralinium belonging to the subgenus _ 


Orthoperidinium, ac kiding Peridinium oblongum (Auri- = 


villius) Cleve (Figs. & and 6), P. claudicans Paulsen, P. 
leonis Pavillard, P. tomo dea Paulsen, P. excentricum — 
Paulsen and P. monospinum Paulsen. 
spores with intercalery archeopyles were found only in 
the dispersed condition, but their characteristic colours 
and often rhomboidai shapes were strongly indicative of 
peridinioid parentage. 


(3) Two types of resting spores possessed cingular 
archeopyles consisting of an equatorial suture cireum- 
scribing the test apart from a small area of its ventral 
surface. Their natural affinities or any details of their 
tabulation remain urknown,* but their archeopyles were 
basically similar to shose seen in the Quaternary fossil 
species Hystrichosphazridium zoharyt Ross. 


(4) Apical excystment apertures were seen in two 
problematical forms. First, they occurred in certain 
mineralized dinoflagellate cysts (Family Calciodinellidae) 
which were similar tc organisms first described by Gocht* 
from the Neocomian of pete and Deflandre* ron 


All were deeply coloured but they. < : 





Numerous: other . 








Fig. 1. Hystrichosphaera bentori Ross (x 500). 
Fig. 2. Hystrichoephaera mirabilis Ross (x 500). 
Fig. 3. Nematosphaeropsis balcombiana Defl. and Cooks ( x 380). 


Fig. 4. Baltisphaeridium anne (Defl. and Cooks) Gerlach 
x ° 
Fig. 5. Peridinium oblongum (Aur.) Cleve (x 365). Theca enclosing a 
resting spore. 


Fig. 6. Empty cyst of P. oblongum (Aur.) Cleve, showing the intercalary 
archeopyle (= 335). 
All specimens illustrated from plankton at Woods Hole. 


problematica Cleve frequently possess circular apical 
apertures. Dinoflagellate affinities have been suggested 
for this organism®, but its parental species was not named. 
The striated, open hollow tubular processes make it 
particularly interesting as a possible surviving member of 
the “Tubiferum” microplankton group. 

In many instances the resting spores of modern thecate 
dinoflagellates are morphologically distinctive (for ex- 
ample, Hystrichosphaera bentori), and identifiable in the 
dispersed state in which they are commonly found. Once 
the parental and thecate phases have been correlated by 
natural association or in culture experiments, the geo- 
logical history of the species may be traced with the greatest 
precision. In general, observation of these modern resting 
spores supports the contention held by most micro- 
ee that it is the most precisely defined 

ossil microplankton species that correspond most closely 

with natural groupings the members of which had mutual 
parents. Only a few cases are at present known where 
identical cysts are produced by parental dinoflagellates 
with different tabulations. These concern closely related 
neritic species or varieties of the ““Oceanicum”-group of 
Peridinium (P. claudicans, P. oblongum) the present 
taxonomic status itself of which is open to revision. 

Investigations of modern cysts clearly point to the 
value of the archeopyle as a criterion useful in tracing the 
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phylogeny of dinoflagellates and in formulating diagnoses 
of fossil genera. They confirm by reference to more than 
forty different living morphological categories (“species”) 
that the archeopyle is a fundamental characteristic of 
marine dinoflagellate resting spores the formation and 
function of which are defined precisely by genetic control. 
Living resting spores develop an incipient archeopylar 
suture before dispersion and long before their dehiscence. 
Fossil resting spores bear witness to the evolutionary 
stability of this structure since Jurassic times. 

Moreover, the locus of the archeopyle is constant within 
narrow limits for resting spores produced by species of 
any modern genus according to existing information; it 
is precingular in Gonyaulax and Protoceratium and inter- 
ealary in Peridiniwm. Modern genera producing cysts 
with similar archeopyles (Gonyaulaz and Protoceratium) 
are apparently closely related; the tabulation of P. 
reticulatum is very similar to that of Gonyaulaz. 

At present the systems of classification applied to thecate 
living phases and fossil resting spores are independent of 
each other although both rely on skeletal morphology to 
a large extent. Now that more comprehensive knowledge 
of the morphology of modern resting spores has been 
compiled, several recommendations based on biological 
studies may be presented in an attempt to ensure that 
the two systems of classification are compatible. A special 
effort should be made to determine the nature of the 
archeopyle before any fossil species is described. All fossil 
genera should be diagnosed to include mention of their 
archeopylar structure and species with different kinds of 
archeopyles should not be placed in the same fossil genus. 
Fossil genera the archeopyles of which originate from 
different series of thecal plates (precingular, intercalary) 
should not be placed in the same family. 

The biological function and ecology of living hystricho- 
spheres and other resting spores are of interest to the 
palaeontologist but are poorly understood at present. 
The functions of marine dinoflagellate resting spores 
include protection of the protoplast against conditions 
adverse towards the thecate stage, propagation of new 
plankton crops and migration of the species by spore 
dispersal. However, the genetic significance of this phase 
is unknown. The role of environmental stimuli in inducing 
cyst formation also is poorly understood. Resting spore 
formation in certain fresh-water dinoflagellates (Gleno- 
dinium uliginosum Schilling) has been correlated with a 
rapid fall in temperature prolonged over several months’, 
but in marine species spore formation can occur before 
there is any marked decline in temperature and while the 
thecate stage is abundant and growth conditions appear 
optimal. Single-cell culture experiments have shown 
that temperature fluctuations can be effective in inducing 
excystment. The resting spore of Gonyaulax digitale will 
release its motile stage at 16°-25° C after isolation from 
colder water, but will not excyst under the same con- 
ditions immediately following its formation indicating 
that a resting period is required. Different types of marine 
Peridinium resting spores have been excysted at 6°-7° C 
and at 23° C, indicating that this process in different 
species may occur in either cold or warm water conditions. 
Future investigations may clarify understanding of these 
processes and provide ecological information concerning 
the seasonal and geographic distribution of hystricho- 
spheres in the oceans. 

This work was supported by a grant from the National 
Science Foundation and a contract with the Offiee of 
Naval Research. 
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t years there have been numerous reports of 
itions of luminescent brightening of the Moon 
ed to be caused by bombardment of the solar 
uscular radiation!. Among them, unusual enhance- 
a in direot ee of the Moon taken by 


att ad a the lunar ante makes observation 
is | benomenon very difficult. Kopal and 


















oduce the « excess of light Aea 3 in their 2 
graphs is a few orders of magnitude | 
er than the amount of interplanetary 
1a flux so far observed from space probes’. 
rightness of the Moon decreases by a factor 
105 at the time of a lunar eclipse, so that, 
he interplanetary or magnetospheric plasma 
6 to bombard the Moon im the Earth’s 
dow, the luminescent brightening would be 
dily detected during a lunar eclipse. In fact, 
some of the past eclipses, the brightness of 
‘Moon has been 15 per cent or so greater than 
t predicted from theoretical calculations’. 
nk? was the first to suggest that luminescent 11. 
ssion caused by enhanced radiation from the 
ar corona was responsible for this increase 
brightness. This point prompted me to 
estigate, on the basis of recent results of 
ce experiments, whether there is any 
rrelation between the brightness of the 
during an eclipse and the interplanetary plasma 


Light density in magnitudes 
ww 


. positive-ion spectrometer flown on Mariner II 
vided Snyder, Neugebauer and Rao? with about 40,000 
1a spectra for the course of the entire flight to Venus. 
m these measurements, they found a remarkable 
relation between the plasma velocity and the planetary 
index of geomagnetic disturbances. From the least 
os square fit of the plots of the observed velocity, Vp, 
_ against the daily mean planetary index, EK», they de- 
_ fived a linear equation 


. Vp (km/sec) = (8-44 + + 074) EKp + (330 + 17) (1) 


Be If it is assumed that the relation is correct, equation (1) 
ean be used to determine the solar wind velocity at any 
time during the past 30 years for which 3 h range as well 
aily mean values of Kp are available. An extra- 
of this equation yields a range of the plasma 
Torma 330 km/sec for Kp = 0 to 940 km/sec for 
Another important finding made in this experi- 
as that there was no strong correlation between the 
velocity and “‘over-all” solar activity as deter- 
by sunspot number and 10-7 cm radiation. 
rder. to minimize the various corrections necessary 
nbining observations of different eclipses, the 
for the present analysis consist of a series 
our photometric observations (centred near 












APPARENT CORRELATION BETWEEN THE LUNAR 
ECLIPSE BRIGHTNESS AND THE SOLAR WIND 


By Pror. SATOSHI MATSUSHIMA 


Department of Physics and Astronomy, University of lowa, lows City, lowa 


Fig. 1. Relation berodd the lunar eciepse brightness and the planetary: inde 
The ordinate unit multiplied by — 0-4 gives the logarithmic ratio of the brightn 8 













A = 4700, 5300, and 6200 A) of eighteen eclipses 

1932 and 1957 made by Danjon, Dubois and Rous 
All the measurements were taken at a point 101 

arc inside the umbra-limb with the same “‘cat-e 
double-image photoraeter which was specially de 
for the observation ef lunar eclipses by Danjon? 
if we assume that tae distribution of refracted 
the Earth’s shadow is radially symmetric, these 
can be combined for:direct comparisons. 
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Kp Kp l 


eclipsed Moon tc that of the full Moon. 


In Fig. 1 the observed brightness is plotted an 
3 h mean Kp at the tame of each eclipse. The light de 
is defined by the ratio of the brightness of an ec 
Moon to that of a fu.l Moon, and is given in terms 
stellar magnitude scale. (The unit of stellar mag 
is equal to the logarithmic unit with base 2-512 
corresponds to 0-4 tanes the logarithmic unit with 
10.) Although the zange of scatters is rather large, 
can be seen that there is a monotonous increase of. Ii 
density with increasng Kp. Furthermore, similar plots 
made with 24 h meam values of Kp showing the same 
relation can be seen. in Fig. 1. It should be note 
theoretical calculations indicate that a point. 10 
inside the umbra-lim> is illuminated by light rays passing: 
through the atmospheric region higher than about — 
10 km (ref. 8), whick is well above the cloud region. The 
random fluctuations of the observed points seem to result. 
partly from the differences in albedo of the points of- 
observations and partly from the variations of extinectio no. 
in the upper atmosphere. In view of the precision that — 
can be expected, however, the random errors in Fig 
do not seem to be top serious. a 

Many years ago, Canjon® suggested that the brightness © 
of the eclipsed Mocn depended on the sunspot. 
Using his own scheme of calibration, based mosti 
colour of an eclipsed Moon, Danjon estimated the r l 
brightnesses of a number of visually observed ecl jses o 
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ween. 1823 and 1920. He concluded that the brightness 
reases monotonously from a time of sunspot minimum 
iit reaches the maximum brightness just before the 
t sunspot minimum and then drops sharply to the 
imum brightness when the sunspot activity begins 
ew cycle. This point can be examined i the same 
of data used in the present analysis in Fig. 2, where the 
ed density is plotted against both the phase of 
ot cycle and the actual number of sunspots observed 
the date of each eclipse. Contrary to Danjon’s findings, 
obvious correlation can be seen in either diagram. 
S appears to be consistent with the experiment 
> Snyder ef al, in which no clear relationship was 
tected between the plasma velocity and the sunspot 
amber. 
While it is now believed that the Earth’s magnetosphere 
ends to the distance of the Moon’s orbit, experimental 
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Relation between the radiant energy flax of an eclipsed Moon 


Fig. 3. 
and the interplanetary plasma velocity, Vp 





2, ‘The eclipse brightness plotted against the sunspot phase and the sunspot number. 


: flow near he geomagnetic iail region is. 
still incomplete and theoretical predictions are- 
econfusing’®, Neglecting this uncertainty, it ean 
tentatively be suggested that the monotonow 
increase in light density showing in Fig. 1 resul 
from the fluorescent emission caused by 
bombardment of interplanetary plasma. - : 
this is so, the question of the energy balance of 
the assumed process must be examined quanti oe 
tatively. ie 

For convenience of calculation, the observed 
light density is converted to the absolute unit 
of radiant energy flux for 1 A width, and is 
plotted against the plasma velocity derived > 
from equation (1). All the straight lines are 
drawn through the points with the logarithmic _ 
gradient of 4, indicating that the emittent 
energy is proportional to the fourth power of. 
the plasma velocity. Because the bombarding: 
plasma flux is proportional to the cubice powe 
of the velocity, we can accept the propor 
tionality to the fourth power if we assume th 
either the proton density or the luminescen 
efficiency increases linearly with the velocit 
On the other hand, if we take the former i 

assume that the luminescent flux is comparable with the 

reflected light, we obtain from the straight lines i 
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log E = 4log Vp + log N, + log @;/Ai + constant (2) 


where N, is the proton density per unit velocity, and. 
Q, and Aj are the efficiency coefficient and the hal 
width of the luminescent spectrum, respectively. [f we 
take the efficiency factor of 1-0 and assume the ha 
width of the luminescent spectrum to be of the orde 
of 1000 A, we find for the red region, Np = 20/em®* for. 
Vp = 330 km/sec (Kp = 0), and Np = 35/em* for- 
Vy = 600 km/sec (Kp = 4). The blue and green regio 
give slightly higher densities. In reality, the luminesc 
emission should be a certain fraction of E; in equa 
(2), and the proton densities will be correspondir 
lower. For example, if we assume the luminescence. 
about 10 per cent of the total emission, the correspondit 
proton density becomes a few per cubic centimetre whick 
agrees with the value generally assumed for the stead, 
flow of the solar wind. | 

Although this calculation is approximate, ib is suffic 
to show that the correlation found between the brightness 
of a lunar eclipse and the interplanetary Kp index. 
be interpreted as arising from the effect of lunar lum 
nescence. A more detailed investigation of this inter- —~ 
pretation, together with similar analysis for other recent ee 
observations of lunar eclipse", is now in progress. a 

I thank Prof. J. A. Van Allen and Prof. T. Obayashi ons 
for their stimulating discussions. I also thank Prof. 
F. Link for directing my attention to the possibility: of Bees 
luminescence on the brightness of lunar eclipses. This > 
work was supported in part by two grants from the _ 
National Science Foundation. Mean 
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In the physical sciences, the use of large digital computers 
“in the development of models is now a well established 
technique. In psychology and the social sciences the 
-= technique, though not without its successes, has been less 
: well accepted. One difficulty facing the behavioural 
cientist is that the problems in which he is interested 
olve a large number of variables which can rarely 
systematically controlled. 
-A previous paper? reported the development of com- 
uter designed psychological test material in which the 
variables determining difficulty could be systematically 
aried and which was suitable for the study of perceptual 
kills and certain aspects of human problem-solving 
chanisms. Because this material is being increasingly 
-used both in the clinical field and as a research instru- 
ment?~4 it seemed worthwhile to develop computer model- 
pbuilding techniques to test hypotheses about the mechan- 
sms different subjects use in solving this type of problem. 
Fig. 1 shows a sample of the problems used. 
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Fig, 1. An example of a difficult maze. 

The display consists of a lattice background on which 
is superimposed a number of target dots. The subject 
4s required to find a pathway through the lattice which 
obeys the following rules: it must start at the bottom 
vertex and end at the top row and it must lie wholly 

<c along the lattice lines; it must be unidirectional in a 
general upward sense; it must pass through the greatest 
possible number of target dots. This task may be presented 
in one of two forms. Either the subject may be told the 
z maximum possible score or this information can be with- 
held. These two versions will be referred to as A and B 
espectively. Under condition A the subject has to dis- 
over a pathway with a specified score and is left in no 
loubt as to whether or not he has found a solution. 
Under condition B he has to decide himself whether 
further effort will produce a better solution. 
. A number of studies suggest that success with these 
‘problems is a function of fairly fundamental perceptual 
ills which correlate with intelligent adaptive behaviour. 
might be expected, these skills are sensitive to brain 
lamage* and the type of breakdown is a function of 
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SIMULATION OF A PERCEPTUAL PROBLEM-SOLVING SKILL 


By Dr. A. ELITHORN, J. R. JAGOE and Dr. D. N. LEE* 


The Institute of Neurology, the Institute of Computer Science and the Royal Free Hospital, London 


the site of the lesion’. As with many perceptual and 
spatial skills, there are also differences in performance 
related to sex, persoaality variables and age? , | 
Because the format of the maze is well defined. and 
amenable to relatively simple mathematical deseription, — 
structural properties which correlate with the difficulty 
of individual items nay be defined as numerical | para- 
meters!. These car. be systematically varied and. the 
effects of doing so related to the relative difficulty of : 
different patterns fer defined groups of subjects. The- 
models described here are based on a detailed analysis a! 
of data from such a study carried out with two groug : 
normal subjects: l=4 Royal Air Force male recruits 
matched with 144 female recruits for age, intelligence and _ 
education. Each sutject attempted every one of a set of 
seventy-two mazes, each with a sixteen-rowed lattice 
and sixty-one target: dots the arrangement of which had 
been specified by a computer programme. Each test. set 
was divided into two sets of thirty-six items, one presented 
under condition A (with the solution number given} and. 
the other under condition B (without the solution number). 
Half the subjects toek version A followed by version 8, 
the other half versioa B followed by version A. Practice | 
effects were balanced by means of a randomized La 
Square design and tae subjects were allowed 30 sec 
each item. Thus it was possible to derive for men and 
women and for each eondition an estimate of the diffi 












of each item which was unbiased with regard to practice 


and fatigue effects. Further details of this experiment, | 
henceforth referred to as Experiment D, have been given 
elsewhere’*. In the present article we relate these esti- 
mates of difficulty to the successes and failures of two 
models in the form o computer programmes which simu- 
late limited but con:rasting aspects of the human maze 
solving process. Ths maze solving process is likely to 
incorporate a variety of related strategies. Of the two 
models described, one defines a systematic seareh for valid. 
links between groups-of target dots and the second a total 
encoding of the dot relationships. 

With the present sze of pattern, an exhaustive sequen- 
tial search would mean that in the no-information condi- 
tion subjects would have to examine 65,526 solution 
pathways. Such an approach would not only be time 
consuming but, for a human, difficult to carry out. How 
then do subjects go bout solving the problem of linking , 
together a maximum number of target dots ? Subjectively 
most subjects say that they first sean the maze for areas. 
with a high target dot density. Attempts are then made to 
relate these areas together. In other words, the subjeet 
makes an analysis of the groupings of target dots and the 
relationships betweea these groups in order to decide 
which dots can be haked to form a solution, Although 
ultimately defined by the lattice background, the permis- 
sibility of dot linkages might in the first instance be 
assessed on the basis of the angular relationships between 
groups. 

However, some types of linkages will be more obvious 
than others; some dats may be perceived as linked when. 
there is no valid peth connecting them. Again some 
relationships, such ae horizontal groupings, may appear 
more attractive than their problem-solving value warrants. 

3rouping the target dots as runs (that is to say, into 
pathway segments containing target dots with no empty 
nodes) is a simple ercoding strategy. It does not itself 
solve the maze but provides one possible basis for a whole 














maze, pick ae a large | group. pof dots and use this asa “focal 


point for a pathway. Alternatively he might try to link 
up runs of dots working systematically from the vertex 
‘to the top (or from the top down). In this case we may 
wisualize the subject as starting at the vertex and making 
-@ series of decisions to fork left or right based on the 
-eonfiguration of dots in the rows immediately ahead. If 
this decision is made on the basis of a more or less complete 
knowledge of this configuration, then the number of 
rows ahead that the subject will be able to scan will be 
very limited. Clearly most subjects will not search only 
“from below upwards, nor if they did would their decisions 
be taken only on the basis of complete knowledge of a 
~Aimited area. ‘Look ahead’ is in fact likely to be complete 
for the immediate neighbourhood and to spread forward 
increasingly impressionistic basis. 
Such assumptions, therefore, are simplified approxima- 
om which subjects will depart to a greater or lesser 
t. The results of Experiment D, however, suggested 
-scanning from below upwards is more common than 
canning from above down and that the effective ‘look 
ead’ of some subjects is quite short. Moreover, subjects 
te adhere to, or continue to the end of, a run in prefer- 
e to breaking away to a new group, even though 
s letter gives a better score. There is also a preference 
mtinuing in a straight line. 
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2. ‘This. diagram illustrates (1) the first strategy, and (2) the 
opportunity cones used in the second strategy. (1) The target dots chosen 


y the strategy as base nedes are marked with a -@- and those chosen as 


p nodes with a box W. The first two runs are in fact singletons 
(1,1), 8,2). From the second of these two base nodes three runs of three 
se are accessible which end in three top nodes (7,3), (7,4), (7,6). All these 
are therefore used to generate a fresh set of base nodes, There are four of 
~~ these, the two left-hand ones (11,3), (11,7) being singletons. The two right- 

oo Mand ones (11,9), (11,10) belong to the same group and each generates 
hwo runs of 6, Since both can be reached only from the right of the three 
ding top nodes (7,6), this is chosen from the preceding 3 runs. From 
were there is no preference for either of the two fight-hand top nodes 
o £$6,12), (16,13) and the principle of “continuation” determines the choice 
i of node (16,13). ‘The final path chagen by the strategy is as marked in the 
age m. (2) The two overlapping cones in the top left-hand oes 









oo define the opportunity cones based on the two apical nodes (12,1) (12,2 
widok in the second strategy Gf the pathway had reached this a 
~o would determine the decision taken at the node (11,1). 


In the first strategy (Fig. 2) a maze solution is considered 

asa series of runs of dots, the direction of the pathway 

being from the vertex up. The end or top dot of a run will 
be referred to as a top node, the start or bottom as a 
-base node. Conventionally, the vertex, which never 
contains a target dot, is defined as a top node; the path- 
way starts here and is constructed in steps. At each top 
„node the next run of dots is chosen, which in turn termi- 
nates at the next top node of the pathway. 

=.. The procedure for choosing the next run of dots is as 

~~: follows: the accessible parts of each row above a top 





“dots in this. row are 5 considered 88 possible pase nod 





the next run. The next row above this is also scanned and 
accessible dots on this row are considered as base nodes if, = 
and only if, they are not linked to any base node on the | 
previous row. Clearly a base node is not always the lowest 
dot in a run; it is the lowest dot in a run which is accessible 
from a top node. Thus, from each top node except those 
which relate only to the top of the maze a set of base nodes 
can be found. The runs of dots starting on each of these. 
base nodes are then determined, each run terminating 
on a next possible top node for the pathway. Of this set 
of next possible top nodes, the one with the maximum ` 
run of dots up to it is chosen. If there is no unique Maxi- — __ 
mum, then the ‘maximum’ top nodes are considered in __ 
turn, and the above procedure applied to each of them. _ 
The maximum run available to each new top node is found 
and the next top node of the pathway is chosen on this: 
basis. Target dots may of course act as both base and top 
nodes, either because they are singletons or because only 
the final dot in the run is accessible from the previc 
top node. 
The general function of the strategy therefore is 
start at the vertex, choose a maximum run and at t 
top dot of this run choose the next maximum run anc 
on. However, certain decisions must still be made. T 
affect the path taken within a group of equal runs w 
finish on a given top node, the path taken between a 
node and the next base node, and the path when all 
routes to the top are equally good. These decisions cor 
have been selected randomly, but it seemed preferab] 
to implement some additional hypotheses about maz 
solving strategies. The first of these predicts that, othe 
things being equal, subjects will continue in a straight line 
(continuation principle). If the strategy was indecisive. 
about the very first decision, the right-hand path was 
chosen. a 
Using the patterns from Experiment D, this strategy was 
programmed and run on the University of London Atlas 
computer. Of the seventy-two items, the model failed 
find a correct solution in twenty-two, and the pattern 
success and failure was similar to that of the Royal A 
Force subjects in that the model failed only three ¢ 
the ten easiest items and passed only one of the ten mos 
difficult. The rank correlation with success or failure 
0-38. The results are summarized in Fig. 3. 
This simulation programme combines a minimal lo 
encoding component with an elementary search proced 
Two important components are not considered s 
First, the strategy does not systematically take ace 
of the effect of distant configurations on local decis 
Second, the strategy relates to a reduced transformati 
which ignores possible alternative paths through the of 
lattice between groupings of target dots. a 
The second simulation programme takes account of both 
these points. In this model the subject is seen as takmg 
sequential binary decisions from the vertex to the. top. A 
At each decision point he is faced with a choice between two 
opportunity cones (Fig. 2); the relative attractiveness 
of these two cones is a function of the number of target —__ 
dots each contains and the arrangement of these dots. 
Each target dot thus influences the decision process related 
to the vertex node of every opportunity cone. The prob- ee 
lem, therefore, is to derive a function which represents 
for each node not the true value of its opportunity cone 
but the attractive force towards that node as perce 
by the subject. A decision strategy can then start at 
vertex of the pattern and at each bifurcation choose 
most attractive node and so on up to the top. These deriv 
values must be a function both of the pattern of 
maze and of the group of people or the individual loo 
at the maze. 
One approach makes an analogy between iub 
solving the maze and current flowing in a resistance 
work. Subjects tend to take the path of maximum do! 8, 
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_. Lhe scores of two groups of subjects and three “simulation” programmes for 72 maze 
. “The central graph gives the number of successes for 144 male subjects (solid line) and 
2e score for 144 female subjects (dotted line). The apparent greater variability of the female 
ubjects reflects the fact that the items are arranged in rank order of difficulty for men. Above 
ie graph the two rows of symbols indicate which items were failed by programmes 1 and 2, 
he: een below the graph shows the number of passes achieved by programme 3 in 144 
“attempts” at each item, 


though not all of them succeed ; current tends to take the 
ath of least resistance, but not all of it does so. If, 
refore, the maze is transformed into a resistance net- 
rk in which the nodes with target. dots have resistances 
lower value than the nodes without target dots, and 
assumed that current can only flow along the path- 
‘ays in the direction allowed to the subjects, it is pos- 
ble to compute the value of the resistance from every 
node in the maze to the top. This value at any given node 
is a function of the total pattern of the cone with that 


Table 1. 


Strategy 1 only 
Strategy 2 only 


points 


fail f 
node as vertex. If there are many target dots in the cone, pen ara 
then the value will generally be low: if these dots are Strategy 2 


rranged more in a vertical pattern than a horizontal 
one, and if there are dots close to the node, the value 
ill be low again. In other words the value of the resis- 
tanee from a node to the top reflects some of the perceptual 
mmponents which are likely to attract a subject to that 
ode. A similar analogy to games with strong perceptual 
components has been made by Shannon’. 
‘his model is again extremely simple and there are only 
wo parameters to be determined. The first is the value 
of the two resistances. The second is a probability function 
: determining the decision at each node. In the first 
istance the simplest cases were taken. The resistances 
¥ were calculated on the basis that an empty node pos- 
sessed unit resistance and a node with a target dot zero 
resistance. The decision function was always to go to the 
node of lowest resistance or if they were equal to the right- 
hand node. This programme solved forty-eight of the 
seventy-two items, the rank correlation with success 
or failure of the subjects being 0-41; the results again are 
| presented in Fig. 3. In this form ‘the programme gave 
ly a single pathway. A third programme using the 
resistance values was run using decision proba- 
based on the arithmetical difference between the 














a voa women in E eaii D. This programme 
n 144 times for each maze to give a set of solutions 
could be compared directly with the two sets 
ed from the groups of men and women. In this 

ith this 8 umber of runs the PEE failed 


PERCENTAGE OF SUBJECTS DEVIATING WITH. Smarmamnst PE 


For mazes failed by: 


Both strategies, same failure 
Both strategies, with different 


* The table gives the numer of subjects deviating from a correct path 
at the node at which a strategy deviates, expressed as a percentage 
total number of subjects passing through the node. 
subject is told the solution number, under condition B he is not. 


Finally, it is worth comparing the theoretical imp cae 
tions of the two types of model. In the first, specific types - 
of behaviour are programmed to test whether or not. they- 
correspond to human amaze solving skills. In the second, — 
the relationships witkin the perceptual field are trans- 
formed to an analogue which allows the systematic varia- 
tion of certain parameters. Although the first method is 
the most promising, tae second can provide-—and indeed — 
has provided—aiseful iasights into some of the mechanisms 
involved in this type cf problem-solving behaviour. 

The programmes described here were developed on ‘the 
Institute of Computer Science Ferranti Atlas computer, 
and we thank Prof. R. A. Buckingham for his support... 
and advice. We also thank Mr. Benedict Nixon for many. 
helpful discussions. Dr. A. Elithorn and Dr. D. N. Lee were- 
supported by a grant from the Medical Research Council, 
Mr. J. R. Jagoe by a grant from the Ministry of Health. 
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The ccirrelisiniy between. the pe 
of tae programme and that of t 
was significantly higher, bein 
higker correlations would almost c 
be obtained by manipulating the ; 
paremeters systematically. SE Oks 
One of the characteristics of the. present, 
test material which makes it particularly 
suitable for use with model buildin 
simulation techniques is that. there 
usuelly a large number of differen: 
solusions and in general more t 
correct solution. It is thus po 
assess the model in terms of the s 
of its performance to both the succe 
and the failures of the subjects. In 
present instance we can usefull 
whether the model tended to ma 
same or a similar mistake on the 3 
on which it failed. Because all solution 
paths have a common origin, a p i 
characteristic of an incorrect path 
the point at which it first loaves 0 p 
awar from a correct pathway. l 
first two programmes Table I 
these breakaway points the numit 
subjects who deviated from a correct 
solution at the same point as the simula- 
tion programmes and the number of | 
subjects who at this point stayed me | the 
correct solution pathway. cai 
































Women Women - Men. 7 
Total B on 
(per (per (per (per. 
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30-9 30-5 36-5 26-6 


Under condition A 
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AN ELECTROKINEMATIC THEORY OF MUSCLE CONTRACTION” 


By NEIL P. INGELS, jun., and Dr. NOEL P. THOMPSON 


Palo Alto Medical Research Foundation, Palo Alto, California, and Stanford University, Stanford, California 


Tus article proposes a theory of muscular contractile 
force development based on an electrostatic attraction 
of the solenoid-like structures formed by the actin and 
myosin filaments in striated muscles! (see Fig. 1). By 
assuming actin filament charge densities to be regulated 
by sarcoplasmic reticular calcium fluxes, we have theoretic- 
ally determined that such microscopic solenoids can 
develop contractile forces very similar to those measured 
in living muscles. Our hypothesis differs from the 
mechano-chemical theories of H. E. Huxley and Hanson“? 
and A. F. Huxley and Niedergerke*:® in that the myosin 
cross-bridges are not assumed to develop mechanically 
the contractile forces between the filaments. It differs 
from the electrostatic theory of Spencer and Worthington'® 
in that excitation does not lead to momentary actin-site 
charge reversals with subsequent ‘‘jumps” of independent 
myosin filaments. It quite readily leads to the develop- 
ment of maximum tetanic force, predicts the nature of 
active-state tension development, and develops typical 
length-tension diagrams. 





Fig. 1. The basic ordered structure formed by the actin and myosin 
filaments in striated muscles, a structure repeated more than 10" times in 
each cubic centimetre of the muscle volume. Two groups of six F-actin 
filaments are shown, attached at one end to the Z-membranes to form a 
hexagonal array about a centrally located L-myosin filament. 


The concept of charges bound to the internal filaments 
of both resting and active muscles is basic to this electro- 
static theory. Since amino-gcid analyses"? and electro- 
phoretie studies':'* indicate that the myosin molecule is 
negatively charged in nearly physiological solutions, and 
because the heavy meromyosin cross-bridges are known 
to bind firmly negatively ionized ATP**:"*, the myosin 
rods are considered as negative line charges in this hypo- 
thesis, as schematically depicted in Fig. 2. Although nega- 
tive charges also bind to the F-actin filaments, primarily as 
ionized ADP™-", the recent work of Kobayasi®® suggests 
that an equal number of evenly distributed positive 
charges bind to these filaments, which implies net charge 
neutrality of the actin filaments in resting muscle, also 
depicted in Fig. 2. Thus, no electrostatic contractile 

* Parts of this article were presented at the eighteenth Annual Conference 


on Engineering in Medicine and Biology, Philadelphia, Pennsylvania, on 
November 11, 1965. 


force is generated in the resting muscle owing to the net 
zero line charge on the actin filaments. The physical 
behaviour of the relaxed muscle fibre is determined solely 
by the viscous and elastic properties of the internal 
structures within the fibre*!-**. 

If an electrostatic contractile force is to develop in the 
sarcomere during stimulation, however, the F-actin 
filaments must become positively charged. The four 
structures adjacent to the Z-membranes in Fig. 2 are 
assumed to play an important part here. These strue- 
tures, known as the lateral cisternae of the sarcoplasmic 
reticulum, act as storehouses of divalent calcium cations 
in striated muscles**-**. When stimulated, they release 
their stored ions, which diffuse into the interfilamentary 
spaces, react with the filaments, and initiate the develop- 
ment of the contractile force**-**. When the excitation 
ceases, the cisternae actively accumulate once more those 
calcium ions just released**-***7-**, Although the mechan- 
ism of this release and re-accumulation is not at present 
fully understood, it is clear that contraction and relaxa- 
tion are controlled by the levels of free calcium ions in the 
sarcomere volume*-**, Concentrations of these ions 
greater than 10-7 M lead to muscular contraction; con- 
centrations less than this cause relaxation*’-**. 

Fig. 3 depicts a mechanism by which these calcium 
ions are postulated to cause the sarcomere to contract. 


sa ! 

i SERER IES DENEME 
Fig. 2. Schematic diagram of sarcomere at rest, showing single L-myosin 
filament with four-F-actin filaments. ©, Negative charges; @, positive 


charges: dotted ovals, calcium ions; solid ovals, lateral cisternae, 
See discussion in text, 
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Fig. 3. Schematic diagram showing activated sarcomere. 
in Fig. 2. 
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Fig. 4. Filament geometry for mathematical TIOR of forces between actin and myosin 
rods. 
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Fig. 5. Active state force development after single stimulus, —--_—___-, 
Experimental; ——-—~--—, theoretical prediction by this hypothesis. 
Experimental curve scaled. 


The muscle has just been stimulated, and 

the lateral cisternae have responded by 

releasing calerum ions into the inter- | 
filamentary spaces*. Those ions released Pin 
are assumed to react with sites on both Æa = ane 
the actin and myosin filaments m a 
concentration dependent fashion. Ions 
reacting with the actin filaments are 
postulated to induce a net positive charge on these 
filaments at their reactive sites. Because the calcium 
concentration is greater near the Z-membranes than 
at points distant from these structures, the actin filaments 
assume their greatest positive charge densities at points 
nearest the membranes, as depicted m the graph in 
Fig. 3. Reactions on the myosin filaments, which require 
the presence of myosin-bound ATP, are assumed to 
maintain the negative charge densities along these 
filaments as well as unlock the electrostatic bonds which 
form between the oppositely charged filaments during 
contraction. Thus, an electrostatic contractile force is 
developed in the sarcomere after stimulation. The 
positive charges on the F-actin filaments attract the 
negative charges on the L-myosin filaments and the 
muscle contracts. 

When the stimulation is terminated, the sarcoplasmic 
reticulum actively returns those ions previously released 
to the lateral cisternae, which rapidly lowers the con- 
centration of free ions in the sarcomere below the threshold 
value of 10-7 M. Because the net F-actin charge density 


meeen 





once 


*Although the case of Z-plane calcium release is analysed here, this 1s not 
a unique condition for force development in this hypothesis. Maximal 
isometric force is readily developed with calcium release from the A-I 
boundary, as in some types of striated muscles; however, this force 1s de- 
veloped at a somewhat greater sarcomere length (about 2 6u rather than 
2 2u). 
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is reluced to zero by this process, the 

. muscle relaxes. Thus-a complete cycle of 
contraction and relaxation is brought 
about by the release and reaccumulation 
of ca.ci1um ions by these reticular structures 
with the resulting modifications of charge 
dens:ties which these ions bring about 
along the actin filaments. 

Tke consideration so far represents @ 
qual-tative description of our electro- 
kinematic theory. In order to investigate 
the interplay of these events in a quantita- 
tive sense, however, we must express the 
hypcthesis in mathematical form. ‘This. 
derivation has been accomplished and is 
outlined in the following. 

Assume that the myosin rod has a line 
densty of Pm charges per metre (see 
Fig. 4). We desire to find the field intensity 
at = on the actin rod resulting from 
this ane charge. The horizontal component 

of the electric field at this point is** 


( cos dy ~ COs a ) 


where ¢ is the dielectric constant of the medium surround- 
ing the rods and a & the distance between them. 

Since the sarcomere volume (V) remains constant as 
the sarcomere lengsh changes**, we have 


Pn 


Area 


Eq = (1) 


2ne(S4 + b) = V (2) 
where S4 is the length of the actin filament, and 6 is half 
the width of the H zone. Expressing the cosine terms in 
equation (1) as furctions of x and substituting the value 
of a found in equation (2) into the resulting equation 
yields: 


i 1 








(3) 


where Sm is half the length of the myosin filament. _ 
If the actin filament has a positive line charge density 
Pa(z,t), then the ferce tending to contract the sarcomere 
at any time (¢) is 
Sat b 
k= [BaP alz, tdg 
b 


(4) 


where Ey is given ir. equation (3). (It should be noted that 
Debye—Hiickel theory, with its many restrictive assump- 
tions**, is not used in this derivation. An attempt is 
made, however, to approximate the effects of double 
layer screening bz reducing the filament line charge 
densities used in the computer solutions of equation (8).) 
If, however, this ectin line density P.(x,t) is related to 
local calcium concentration C(z,t) by 


Palt) = K,O(z,t) + K, (5) 


then one must determine C(z,t). This is the solution of 
the one-dimensional diffusion equation with reversible 
binding and irreversible first order reaction*®-47, For 
purposes of analys.s, the sarcomere is considered to be a 
cylinder with ends at « = + (Sa + b). The initial and 
boundary conditions are then 
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dC (x,t) , 2 
ea a 0; «c= 0,¥¢t 
C(x) = Oo; x = + (Sa +b) Xt (8) 


C(x t) = f(z); ¥ zt = 0 
A solution of the diffusion equation satisfying these 


constraints is 
5) {2 
cosh % (5 9 


C(az,t) = O, ees SOL + ———° (7) 
cosh (Sa +b) (p) Sat? 
where 
(— 1)sDBC Sat 

Oo — n 
P = ~{DB* + EN ae! Read dd | t ‘da’ 

aes cos ax ( De + K + ae ) cos Ba ) 
and (2n — 1) 

p= 2Sa + b) 


and D and K are the diffusion and reaction rate 
constants, respectively. Combining equations (3), (4) 
(5) and (7), and rearranging, the final equation becomes 


KNIE 
cosh x (5) 


KO c 
( cosh (S'a + b) T 


Satb 


+ 


( 1 l 
r a aaa Sans 
y Sa) + In(Sa +8) J (@ + Sn) + 584 +b) 


This equation was programmed on an IBM 7090 digital 
computer (Stanford University Computation Center) to 
similate isometric experiments on striated muscle. Since 
calcium ions are released in pulses from the lateral cisternae 
in response to muscle stimuli, the solution of equation (8) 
was carried out in time increments equal to the pulse 
widths of these stimuli (2 msec). The calcium distribution 
in the sarcomere at the end of each time mcrement was 
used as the initial condition (f(x)) for the next solution 
increment. During these merements, the programme 
assigned to C, one of two values to generate the desired 


; ; 1 
stimulation frequency (a) an “on” value of 1-667 x 


10-5 (1 — e ~72/0.012)M or an “off” value of 10- M. 
(Because the lateral cisternae are not assumed to be infin- 
ite calcium sources, the “on” concentration was reduced 
as the frequency increased.) Other parameters used in 
these solutions were D = 2 x 10- em?/sec, K = 15 sec", 
eg = 40, Sa = lp, Sm = 0825p, Pm = 4925 x 10-1 
coulombs/m, Pa(SaT.) = 2:377 x 10-!° coulombs/m, K, = 
4-4 x 10-81 m? coulomb/ion, K, = — 2°64 x 10- coul- 
ombs/m, and V = 3-925 x 101 m’. The similarities 
between the actual experimental data and the predictions 
made by the computer solutions of equation (8) are the 
subject of the remainder of this article. 

Fig. 5 depicts the time course of the active state in the 
muscle following a single pulse of stimulation‘*-*°. The 
force predicted by the theoretical equation (dashed 
curve) is compared with the active state as determined 
by D. E. S. Brown by pressure potentiation studies*4 
(solid curve). The active state has a rapid initial onset 
and a slow decline, which are properties noted in the time 
history of calcium concentration in the sarcomere volume. 

Other features of the active state predicted by the 
theoretical equation but not shown here are the decline 
in force and the small increases in peak time and relaxation 
time as the muscle is stimulated at increasing sarcomere 
lengths®5-57, 
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Fig. 6 depicts the length—tension diagram of striated 
muscle. The muscle, initially stretched to a given length, 
is rapidly stimulated, and the maximum developed tension 
is recorded. Curves 1 and 2 are the length-tension 
diagrams for frog sartorius fibres as experimentally determ- 
ined by Ramsey and Street®*5* and Gordon, A. F. Huxley, 
and Julian®, respectively. Curves 3 and 4 illustrate two 
length—tension curves which can be computed on the basis 
of our electrostatic hypothesis. In curve 3 the actin 
line density increases linearly from b to Sa +b. In 
curve 4 the line charge increases linearly from b to about 
3/4 Sa, then remains constant (owing to saturation) over 
the balance of the filament. By reducing the reaction 
rate constant (K) in equation (8), other length—tension 
diagrams having greater developed forces at long sarcomere 
lengths, similar to those measured by Buchthal®’ and 
Carlsen, Knappeis, and Buchthal*, are also predicted by 
this equation. The maximal isometric force of about 
8 x 10-8 g/myosin filament®® is readily developed in 
our hypothesis with filament line densities less than 
5 x 10- coulombs/m and interfilament distances of 
185-250 A. The reduction of developed force at long 
sarcomere lengths arises from the increasing separation 
of the charge distributions as the muscle lengthens. ‘The 
fall of tension at short sarcomere 
lengths occurs as the ends of the 
myosin filaments enter the regions 
between the Z-membranes and the 
charge centres on the actin filaments. 
Note that the form of the length— 
tension diagram depends on the ratio 
K/D in equation (8), while the twitch 

force depends on a weighted sum of 
) de (8) these parameters. Since both K and 

D would be expected to have a tem- 

perature coefficient of the same sign, 

it would follow ‘that the twitch 
would be affected more by changes in temperature 
than would be the tetanus at a given sarcomere 
length. 

In Fig. 7 we have six curves, drawn by a Calcomp 
plotter in conjunction with a 7090 digital computer, which 
show the solutions of equation (8) as the frequency of 
stimulation is increased (sarcomere length, 2'24). It 
should be noted that although the stimulus duration is 
only 2 msec, peak force development does not occur for 
about 7 msec. This lag in peak force development is 
due to the nature of the diffusion process in the sarcomere 
and agrees with experimental observations of the active 
state in striated muscle**-*3, It should also be noted that 
as the interval between successive stimuli ts reduced, the 
height of the response to the second stimulus increases; 
this is the active state counterpart of the force-interval 
curve measured in living muscle*:%, The curves also 
demonstrate a progressive fusion of the active state force 





2:0 36 
Sarcomere length (u) 


Fig. 6. Length-tension diagrams of striated muscle. Curves (1) and 
(2), experimental; curves (8) and (4), theoretical prediction by thus 
hypothesis. Curve (1) scaled. 
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Fig. 7. Theoretical active-state forces predicted by equation (8) at in- 
creasing stimulation frequencies. 


as the frequency of stimulation is increased, which is 
again a typical feature of muscle behaviour®’, 

Thus the theoretical isometric predictions based on 
this hypothesis correlate well with the experimentally 
determined behaviour of striated muscle. These correla- 
tions, however, must be interpreted cautiously, because 
we are predicting the behaviour of a single force-developing 
element within the sarcomere and the experimental data 
are taken from single fibres which consist of large aggrega- 
tions of these force-developing units surrounded by 
viscous and elastic elements. Nevertheless,- for well- 
ordered muscles such as frog sartorius, at least, the extra- 
polations seem reasonable in many cases. 

In summary, we have proposed a mechanism by which 
the force of muscular contraction could be developed in 
striated muscle. The mechanism does not depend on a 
mechanochemical interaction of the actin and myosin 
filaments, but rather assumes that the F-actin filaments, 
neutrally charged at rest, assume a positive line charge 
during stimulation, and thus attract the negatively 
charged L-myosin filaments in the manner of an electro- 
static solenoid. Calcium ions, released and later accumu- 
lated again by the elements of the sarcoplasmic reticulum. 
in response to muscle stimuli, are assumed to be respon- 
sible for these alterations in charge density on the actin 
filaments and thus regulate the magnitude and form of 
the forces developed in the sarcomere. 

We thank A. Burzio for assistance in the digital com- 
puter programming. 

This work was supported in part by a U.S. Public Health 
Service research grant. 
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ELECTROSTATIC POTENTIAL MODEL FOR THE SOLUBILITY OF THE 
ALKALI HALIDES IN WATER 


By MICHAEL HACSKAYLO 


Physical Electronics Laboratory, Melpar, Inc., Falls Church, Virginia 


THE purpose of this article is to present a new relationship 
between. the solubility of the alkali halides and the ionic 
radu. It was observed that a linear relationship exists 
between the solubility of the alkali halides and the 
difference of the ionic radii for any given cation family. 


It will-be shown that this relationship is compatible with 
the electrostatic potential model of charged spheres. 
The mechanisms involved in the solubility of the alkali 
halides in water has been a subject of discussion for nearly 
five decades. Ths Born equation! for the crystal lattice 
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energy is fundamental to the solubility problem and thus 
has provided the stimulus for numerous investigations 
in this field. Grimm? studied the dependency of the 
solubility both on the structure of the external electron 
shells and on the charges and the radii of the ions. Fajans* 
showed that the deformation of the ions of the alkali 
halides explained some of the variations of the physical 
and chemical properties of the salts, while the deformation 
of the ionic sheaths was found to correspond to some of 
the variations of the solubility of the alkali halides‘. 
Balce® obtained a solubility law based on the electrolytic 
decomposition potential. In an investigation of the 
solubility processes of the alkal: halides, Campbell! noted 
that the minima of solubilities of the salts in water corre- 
sponded to the values of nearly equal anion and cation 
radii. These investigations have indicated some general, 
but not, however, always consistent, rules. 

The Born—Haber cycle describes a nearly complete 
analytical model for evaluating the energy changes of 
the solubility process of a solid ın a liquid. A compre- 
hensive thermodynamic treatment, based on the Born— 
Haber cycle, was described by Ladd and Lee’. In the 
Born model, the heats of solution (hydration) are con- 
sidered to be exothermic if the lattice energy is greater 
than the energy required for solution, and endothermic 
if the reverse energy balance occurs*. The relationship 
between the physical properties of ionic crystals and the 
dimensions of ions comprising the erystals was emphasized. 
by Pauling®; he did not, however, discuss the solubility 
of the salts. 

In this article, the values of the saturated solubilities 
and ionic radii have been taken from previous reports. 
The radii of the anions and cations are denoted by Ra and 
E, respectively, and are shown in Table 1. These values, 
taken from Goldschmidt, are discussed by Seitz!°, and he 
ascribes the values as being self-consistent to within about 
5 per cent. The solubility values for each of the alkali 
halide salts were taken from Sidgwick. These were re- 
calculated in moles/100 g water and are shown in Table 2. 


Table 1. IONIC RADII ACCORDING TO GOLDSCHMIDT* 


A A 
Fluorine 1:33 Lithium 0 78 
Chlorine 1 81 Sodium 0 98 
Bromine 1:96 Potassium 133 
Iodine 2 20 Rubidium 1°49 
Caesium 1 65 
* See ref. 10. 


Table 2. SOLUBILITY OF THE ARMI oe IN Moues/100 G WATER AT 


Fluoride Chioride Bromide Iodide 
Tathium 0 005 1:02 1°88 1 23 
Sodium 0 098 0 61 0-91 1-22 
Potassium 1 65 0 46 0 55 087 
Rubidium 1:26 0°75 0 85 074 
Caesium 2 40 109 0 58 0 27 
* See ref. 11. 


Although not shown here, a plot of the solubilities as a 
function of (Ra — Re) exhibits a linear function for the 
cation families. However, Fig. 1, a plot of the solubility 


(Ra — Re), shows a similar relation- 


ship but a better fit. The ER (Ra — Rc) values are 


listed in Table 3. A similar plot (not shown here) of the 
l | (Re — Ra) did not have a 


Ra 

linear relationship for the halogen families. Thus the 
lear relationship is apparently restricted to the cation 
famulies. 

The four caesium salts fall on a straight line; rubidium 
fluoride, rubidium chloride and rubidium bromide le 
in a straight line, rubidium iodide does not; potassium 
iodide and potassium chloride is a straight line with a 
given slope, while potassium bromide and potassium iodide 
lie on another straight line of equal but opposite slope; 
sodium fluoride does not lie on the straight line of sodium 





as a function of m: 


£ 


solubility as a function of 
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chloride, sodium bromide and sodium iodide; lithium 
fluoride, lithium chloride and lithium bromide lie on a 
straight line, but-lithium iodide does not. For the 
rubidium and sodium families, a straight line was drawn 
through three points with a slope of Fæ and another 
straight line drawn through the fourth point with a slope 
of +a. 

The empirical solubility equation can be expressed as 


S = a [EE (Ra — Re) + Ls | + So (1) 
where S is the saturated solubility in moles/100.g water, 
æ the slope in moles-A/100 g water, and S, a constant in 
moles/100 g water. The values of the constants for a good 
fit of equation (1) are listed ın Table 4. The full signifi- 
cance of the constants cannot be evaluated at this time. 





Table 3. mr (Ra — Re) VALUES OF THE ALKALI Hatapus (A~) 
a 


Fluoride Chloride Bromide Todide 
Lithium 0 52 0 56 0 60 0 64 
Sodium 0 27 0 46 0 51 0 56 
Potassium 0 00 0 26 0 32 0-39 
Rubidium -~ 0 08 0-12 0:16 O 21 
Caesium —~014 0 05 016 016 


Table 4. EMPIRICAL CONSTANTS DETERMINED FROM THE EXPERIMENTAL 
DATA TO FIT EQUATIONS (1) FOR BAOH CATION FAMILY 


a 
( Moles-Å ) 2 Ls Sy 
100 ¢ water (A-) (Moles/100 g water) 
Tathium 223 —0 517 0 
Sodium +5 8&2 — 0 312 — 022 
Potassium F455 — 0 278 6 38 
Rubidium F258 ~ 0-185 0 61 
Caesium -~ 7-88 —0°175 0 


The two branches shown in Fig. 1 and the positive and 
negative slopes for the sodium, potassium, and rubidium 
families indicate a second-order function for equation (1). 
However, owing to the hnearity exhibited by the branches, 
the positive values of a[(&2 — Re) + Ls] will be con- 
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Fig. 1. A plot of the experimental solubility of the alkali halides ın moles/ 
100 g water as a function of the ee of the recrprocal of the ionic 
radu in A“, 
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sidered only when the appropriate signs for « are taken 
in this discussion. 

A form of equation (1) can be obtained from an approx- 
mation based on the electrostatic potential between two 
charged spheres. Although the water molecule has a 
dipole moment, it will be assumed here that during the 
solvation process, the water molecule behaves as either a 
positive or negative ion (that is, positive if a negative ion 
is hydrated, and negative if a positive ion is hydrated). 
The electrostatic potential at the shell of the cation during 
solvation by the water molecule is 


l l 
= K 
n=K(-p +E) (2) 
and for the anion solvation, the potential is 
l I 
V,=K (a - =) 3 
2 (Ro (3) 


where K, and K, are constants of the medium, and Rx 
and Rw- are the water molecular radii when behaving as a 
positive or negative “ion” respectively. Assuming K, = 
K. the energy available per molecule for solvation in 
water is: 


Ye V4 EE Tie) q 


Ca ee pa 
| Rake Rus. 
The number of molecules of solute, measured in moles per 
given volume of water, would be proportional to Æ. Thus 


l 
- go) | (4) 


equation (1) can be implied by letting Ls = (a — Re) 

R w ATEN i 
The form of equation (1) is in contrast to the Born treat- 
ment, which is a function of the sum of the reciprocal of 
the ionic radii? for the solubility of the alkali halides in 
water. 

Tt is noted that heat of solution does not implicitly 
enter equation (1). The heats of solution of the alkali 
hahdes, endothermic or exothermic, do not exhibit any 
consistent pattern in the (Ra — Re) relationship. The 
salts on the heavier halogen side, lithium chloride, lithium 
bromide, lithium iodide, sodium iodide and potassium 
iodide are exothermic, whereas the fluorine salts, potas- 
sium fluoride, rubidium fluoride and caesium fluoride, are 
also exothermic. For the heavier halogen salts, it is noted 
that the face centred crystalline structures exhibit anion- 
anion contact as determined by the ionic ratios 


z $ < 0-414 (ref. 12). 


halides are listed in Table 5. 
The &./Ra values of lithium chloride, lithium bromide, 
lithium iodide and sodium iodide agree with the 


Table 5. Re/Ra VALUES OF THE ALKALI HALIDES 


The ionic ratios of the alkali 


Fluoride Chloride Bromide Iodide 
Lithium 059 0-43 0 40 0 35 
Sodinm Q 74 0 54 0-50 0 44 
Potassium 1:6 0 74 0 68 6-61 
Rubidium 112 0 84 76 0 68 
Caesium 1°24 0-91 0 84 0-75 
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anion—anion contact model within the error expected 
of the radii values!*, It is therefore postulated that for 
the heavier halogen salts, the exothermic heat of solution 
results from the anien—anion repulsion force during the 
solvation process. The Re/Ra value of potassium. iodide 
at 0-61 does not fit the anion—anion contact model and 
cannot at this time ke explained. 

The exothermic heats of solution accompanying 
potassium fluoride, rubidium fluoride and caesium fluoride, 
can be explained as follows. During the solvation process, 
the attraction of the water molecules to the cations is 
greater than that to the anions'* 4, Thus it is assumed 
that for cations the radii of which are equal to or larger 
than the anion radii, the cation would hydrate (dislodge 
from the crystal lattice) before the anion. The anion- 
anion repulsion force would then predominate during the 
solvation of the cation and thus the solvation would 
exhibit an exothermic heat of solution. Potassium 
fluoride, rubidium fluoride and caesium fluoride are 


exothermic; a> 1-0 for each and thus satisfies the 


a 
conditions of the above postulate. 

The endothermic heats of solution would then be 
explained from the converse of the anion—anion repulsion 
force model. The salts of which the molecules exhibit 
attractive forces during solvation would require energy 
for hydration, and thus the process would lose heat. 

Two conclusions can be drawn from these observations: 
first, the solubility of the alkali halides in water can be 
expressed as a function of the differences in ionic radii 
based on the hard shell electrostatic potential model; 
second, the exothermic heats of solution result from 
anion—anion repulsion forces present in the crystal 
lattice durmg the sclvation process and are apparently 
indirectly dependent on the solvation process itself. 
The endothermic heats of solution are explained, con- 
versely, as arising from the attractive force present in the 
crystal lattice during the solvation process. 
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PRESENCE OF A SERIES OF PLASTOQUINOMNES IN PLANTS 
By Dr. W. T. GRIFFITHS, J. C. WALLWORK and Dr. J F. PENNOCK 


Department of Biochemistry, Johnston Laboratories, University of Liverpool, 
Liverpool 3 


CHROMATOGRAPHIC fractionation of plant lipids has 
revealed the presence of a family of compounds, the 
plastoquinones (PQ), members of which exhibit the same 
ultra-violet absorption characteristics, maxima at 255 
and 263 my, although they are chromatographically 
distinct. Crane! originally described plastoquinone-9 
(PQ-9 or PQ A) as 2,3-drmethyl-5-solanesylbenzoquinone 
from spinach chloroplasts and since then this source has 


also yielded PQ-3 (ref. 2) (with a farnesyl side chain) 
while PQ-4 (geranylgerany! side chain) has been found in 
horse-chestnut leaves’. Three more plastoquinones, 
designated PQ B, PQ C and PQ D to distinguish them 
from PQ A, have been found in spinach chloroplasts‘- =e 
PQ B was similar in. chromatographic polarity to PQ A, 
whereas PQ C and PY D were much more polar in nature 
and were shown to have a hydroxyl group by infra-red 
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Fig, 1. Adsorption (a) and partition (b) thin layer ohromatogramh of 
purified “PQ B” type quinones from Ficus. About 10 ug of each sample 
was applied. Solvent: adsorption, 12 per cent di-iso-propyl ether m 
hight petroleum. P i 
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artition, 2 5 per cent water In acetone. Stained with 
erie-Eingel reagent after reduction with sodium borohydride. 


spectroscopy’. Samples of PQ B, PQ C and PQ D have 
been examined by mass spectrometry® and PQ B was 
reported to have two hydrogens less than PQ A, while 
PQ C and PQ D had an oxygen atom more than PQ 4. 
Thus it was suggested? that PQ C (or PQ D) could be a 
hydroxy PQ A or a hydrated PQ B. 

In the present examination of plant lipids a column 
fraction of similar polarity to PQ B has been obtained 
which on adsorption and partition thin layer chromato- 
graphy could be resolved into six distinct components 
each with the 255, 263 mu spectrum. It is proposed to 
call these compounds PQ B,, PQ B., PQ B, PQ B, 
PQ B, and PQ B,; identification of one or all of these 
compounds with PQ B as previously described awaits 
further study. It has also been shown by thin layer 
chromatography that there are at least six distinct 
compounds (each with the 255, 263 mu chromophore) 
eluted from a column in the PQ C-PQ D region. The 
assignment of trivial names for these quinones is difficult 
because we cannot identify them with Crane’s PQ C or 
PQ D specifically. On thin layer chromatography the six 
quinones are split roughly into two groups of three which 
may correspond broadly with PQ C and PQ D. As 
PQ C was the first “polar” plastoquinone to be deseribed4 
we will call the six “polar” plastoquinones described here 
PQ C,, PQ Ca PQ Oa, PQ Oy, PQ C, and PQ C, for relative 
simplicity. While it is possible that there is some relation- 
ship between the two groups “PQ B” and “PQ O” we 
do not wish to imply any connexion between PQ B, and 
PQ C, ete. 

Leaf tissues were obtained from the University Botanical 
Gardens, Ness, a few hours before use. Elder (Sambucus 
nigra) was examined by one of us (W. T. G.) in some 
earlier work on “PQ B” and so values for “PQ O” were 
not obtained for this tissue. Again the “PQ B” fraction 
from Gossypium contained a congener which intensively 
absorbed ultra-violet light and which was difficult to 
remove; this tissue was eliminated from the “PQ B” 
survey. The leaves were extracted by homogenizing in 
acetone and diethyl ether/light petroleum (40°-60° C) was 
added to the filtered extract and the acetone was washed 
out with water. The extracts were chromatographed on 
acid-washed alumina (Woelm) deactivated to Brockmann 
Grade 3 and six fractions were collected, 0-25 per cent 
diethyl ether/light petroleum (E/P), 1 per cent E/P, 3 per 
cent E/P, 8 per cent E/P, 20 per cent E/P and ether. 
PQ A was present in the 1 per cent E/P fraction, “PQ B” 
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was in the 3 per cent E/P fraction while 20 per cent}H/P 
eluted the “PQ C-PQ D” material. All three of these 
fractions exhibited ultra-violet absorption at 255, 263 muy. 
Plastoquinone A was estimated by reduction with sodium 
borohydride using a Ae mol. of 18,700. Chlorophyll was 
determined by the method of Arnon’, 

The 3 per cent E/P fractions, which contained “PQO B”? 
and a-tocopherol as the major ultra-violet-absorbing 
components, were chromatographed quantitatively on 
preparative thin layers (500) of silica-gel Œ impregnated 
with ‘Rhodamine 6 @” and developed in chromatotanks 
with 12 per cent di-iso-propyl ether/light - petroleum. 
Under ultra-violet light!’ three distinct bands were seen 
migrating in front of «-tocopherol on the developed 
chromatograms and these were eluted separately and 
rechromatographed on paraffin-impregnated silica-gel G 
layers (2502) developing with 97-5 per cent aqueous 
acetone in the saturation chamber of Davies. The 
developed plates were sprayed with 0-001 per cent 
fluorescein in ethanol and examined under ultra-violet 
light. In this system each of the three bands from the 
adsorption plates separated into two fractions (see Fig. 1) 
and these were eluted. 

The samples were chromatographed on columns of 
alumina (3 g), light petroleum eluting the paraffin and 
6 per cent E/P bringing off the quinones. The quinone 
content of each fraction so obtamed was estimated by 
reduction with sodium borohydride in ethanol (assuming 
As mol. at 255 my of 18,700 for all PQs). All six quinones 
possessed the typical PQ spectrum, imax. 255 my, inflexion 
263 mu and gave the same isosbestic points at 232 and 
276 my on reduction. 

A small sample of the 20 per cent E/P fraction (0-3- 
0-5 mg) was subjected to two-dimensional thin layer 
chromatography with 15 per cent ether/benzene as solvent 
in both dimensions. The developed chromatogram was 
sprayed with borohydride solution, acid and then 
Emmerie—Engel reagent!* and the quinones were thus 
detected as pink spots. Seven quinones were detected 
in a diagonal line across the plate (see Fig. 2). There 
was one relatively polar spot and two groups of three. 
Two portions of each sample were chromatographed and 
the developed chromatograms were sprayed with 0-001 
per cent fluorescein and the quinones seen in ultra-violet 
light as dark areas on a fluorescent background. The 
silica-gel corresponding to each spot was scraped off 
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Fig. 2. Two-dimensional thin layer chromatogram of poles plastoquinone 

fraction from Gossypium. Solvent: 15 per cent di-lso-propyl ether 

benzene in both dimensions. A sample of the 20 per cent ether/ligh 

petroleum fraction from column chromatography of Gossypium lipids 

was treated to the two-dimensional thin layer chromatography and was 

stained with Emmerie-Engel reagent after reduction with sodium 
borohydride. 
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Table 1. PLASTOQUINONES A AND B* AND CHLOROPHYLL} CONTEN™ OF LEAVES 


Chlorophyll PQA PQ B, 
Freus elasticus 0 89 145 ii-i 
Passtflora gzallardz 2°24 108 49 
Fuchswa arborescens 1°75 36-0 3-2 
Stephania japonica 2°83 76-9 2-1 
Izora cocanea 1:60 14:6 25 
Urtica divica 1:57 82:3 2°3 
Pinus nigra 1-06 20:4 6 2 
Sambucus nigra 1-26 160 11-2 


* Quinone values expressed as umoles x 10*/g fresh weight. 
t Chlorophyll values expressed as mg/g fresh weight. 


Table 2. PLASTOQUINONE C*, a-TOCOPHEROL QUINONE* AND CHLOROPHYLL CONTENT OF LEAVES 


Chlorophyll PQA PQ C: 
Ficus elasticus 0°69 145 16-6 
Passiflora zallardiı 2-24 198 351 
Fuchsva arborescens 1-75 36-0 22 
Stephan zjapomeg 2-83 76-9 8-4 
Ixora coccinea 1-60 % 14°6 6-1 
Urtica dinca 1-57 82 3 1-4 
Pinus nigra 106 29-4 58 
Gossymum herbaceum 2°57 136 13 9 


* Quinone values expressed as umoles x 10%/g fresh weight. 
t Chlorophyll values expressed as mg/g fresh weight. 
t Unidentified lid interfered with borohydride reduction. 


(material from the two plates was bulked) and extracted 
twice with ether. The absorption spectrum of each 
fraction in ethanol was examined and the most polar spot 
showed maxima at 262 and 269 my which is indicative 
of «-tocopherol quinone. All the other six spots gave 
spectra with maxima at 255 mp and inflexions at 263 mp. 
The plastoquinones and «a-tocopherol quinone were 
determined by borohydride reduction using the Aemol. 
figures of 18,700 at 255 my for PQs and 17,840 at 262 my 
for a-tocopherol quinone. 

Table 1 shows the content of “‘plastoquinones B” in the 
various leaf samples. The total “PQ B” level was in 
general much lower than that of PQ A and varied from 
0-0056 umole/mg chlorophyll in Stephania to 0-102 
umole/mg in Ficus. Pinus was exceptional in that the 
total “PQ B” (28-0 umole/g fresh weight) was of the same 
order as PQ A concentration (29-4 umole/g fresh weight). 
The relative amounts of each “PQ B” type quinone 
varied between tissues; however, the PQ B, plus PQ B, 
fraction (eluted together from adsorption thin layer 
chromatogram) accounted for the highest proportion while 
the PQ B, fraction always occurred at the lowest level. 

All the 20 per cent fractions gave similar two-dimen- 
sional thin layer chromatograms showing the same seven 
spots. The quinones were (in order of increasing polarity) 
PQ C,, PQ Oa PQ C3, PQ Cas PQ Css PQ Ce and «-toco- 
pherol quinone. Table 2 shows the content of the quin- 
ones in the leaf samples. The ratio of PQ A to “PQ C” 
varied; for example, in Passiflora and Ixora there was 
more “PQ O” than PQ A and in Gossypium the levels 
were about the same. In Urtica and Fuchsia, however, 
there was very much more PQ A than “PQ C”. «-Toco- 
pherol quinone was found to be present at levels generally 
much lower than those of PQ A and lower than the total 
“PQ C”. In general PQ C, was in the highest amount 
in the “PQ O” group and there were relatively large 
amounts of PQ C, in some cases. There was usually 
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PQ B, PQ B; PQ B, PQ B, PQ B, 

13-1 18°7 12:9 5-2 11-2 

3-9 3-4 - £9 19 2-9 

42 3-6 1-5 0-6 20 

34 1-2 2-3 O-1 1-1 

2-5 2-3 1-7 08 0-9 

30 2-6 1:9 0-7 12 

3-9 4:5 7-3 22 3-9 

21-2 9-4 11-2 46 4°8 

PQ C, PQ C; Pa C, PQ C; PQ C, a-T'Q 
24-7 183 11-8 13 7 14-0 34°8 
38-8 26 0 15°38 28-6 20 5 14-8 
3-0 17 D2 52 19 80 
0-2 89 4-2 63 5-5 22-9 
8-1 6-1 3:0 4°9 4:3 18 8 
1-4 7 1-2 2:5 19 11-9 
0-6 17-2 + t $ 8-4 
7-7 15-8 13-2 42 2 18-3 23-4 
much more “PQ (@” in a plant than “PQ B”. All the 


plastoquinones in the “C group” gave isosbestic points 
at 231 and 307 my on reduction of the quinone to quinol 
with borohydride and these positions are similar to those 
recorded for PQ C end PQ D by Threlfall, Griffiths and 
Goodwin’. These isosbestic points are slightly different 
from those given by the “PQ B” components, and the 
reason may be that, because of the methods used, the 
“PQ B” materials were purified to a greater extent. 

It might be argued that this multiplicity of “PQ B” 
and “PQ C” fractions is merely a reflexion of the instab- 
ility of the materials and that many of the PQs reported 
here are artefacts. =lowever, the various chromatograms 
obtained could alwsys be reproduced and there was no 
indication of changes in pattern; furthermore, the 
presence of six quinones in each group cannot be without 
some significance of familiarity. 

One of us (J. C. W.) is the recipient of a Science Research 
Council research stadentship. Part of the equipment 
used in this work was provided by a grant from the Science 
Research Council. We thank Prof. R. A. Morton for his 
help and interest in this work. 
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STEREOCHEMICAL CODE OF AMINO-ACID RESIDUES : 
THE MOLECULAR CONFORMATION OF GRAMICIDINE S 


By Pror. A. M. LIQUORI, P. DE SANTIS, A. L. KOVACS and L. MAZZARELLA 


Centro Nazionale di Chimica delle Macromolecole (CNR) Sez. Ill, Institute of Chemistry, University of Naples 


Tue possible conformations of helical polypeptide chain 
with amino-acid residues in equivalent positions are 
restricted by their van der Waals interactions!*. The 
limited number of permissible conformations includes those 
established experimentally by X-ray analysis. 


We have published contour maps showing the conforma- 
tional free energy of helical poly-t-alanine and poly-t- 
proline as a function of the angles of rotation about the 
bonds adjacent to the «-carbon atoms. Figs. 1 and 2 
are the same maps redrawn according to the new con- 
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vention‘. The maps show that only five helical configura- 
tions are sterically permissible (R«,8,7,8, Da). Amino- 
acids with bulky side-chains, such as valine, threonine 
or isoleucine, which are repeated indefinitely, can distort 
any of these helices, but especially the «-helix?*. Accord- 
ingly, only a restricted number of conformations are 
permissible for a polypeptide chain made up of non- 
identical residues. The chain, which would not necessarily 
consist of conformationally equivalent residues, would 
have a tertiary structure defined by the sequence of 
conformational states of its component residues. We have 
calculated the potential energy of the following unit: 


o} 
/ SLX WINS 


This does not correspond to an amino-acid residue but to 
that part of the chain the conformation of which is 
determined by two angles of rotation posc and ®n-c, 
adjacent to the «-carbon atom. The energy map obtained 
in this way makes ıt possible to select the most stable 
conformation of an L-amino-acid residue in a polypeptide 
chain independent of its nearest neighbours in the se- 


360° 





Q° 180" 


Fig. d Two-dimensional plot of the van der Waals conformational 

po ntal energy ofa oo of poly-L-alanine as a function of the angles of 

rotation » (Ca-~-0’) and A(N — Ca) about the non-rigid skeleton bonds 
of amino-acid residues, 
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Fig. 2. Van der Waals conformational potential energy of a trans- 


poly-L-proline chain as a function of the angles of rotation y (Ca—C’) 
about the non-rigid skeleton bond. 
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quence. Such a calculation shows that the only conforma- 
tional states permissible for any one “unit’’ are those 
which we shall call Ra,o,..4, La, shown in Fig. 3, which 
generate by repetition the helical conformations Ra, B,y,5, 
La permissible for homopolymers of L-amino-acids. 
However, the minima of the energy map calculated with- 
out the condition of conformational equivalence are 
broader because the co-operative interactions which 
stabilize a helix are absent. Nevertheless, this procedure 
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Fig.3. Allowed conformations of L-amino-aerd residues in a polypeptide 


chain. The peptade bonds are broken. 
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i Fig. 4. a, Primary structure of gramicidine S. b, Model of structure of 


gramicidine S. The y axis is parallel to the dyad axis. 
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Table 1 
a(A) y(A) 2(A) 
N -27 1-1 —15 
Ca -3-0 2-2 —0-6 
Valine o’ -40 17 0'4 
0 -38 19 17 
C8 —4-0 3-0 -1:5 
N —50 0-9 O-1 
Ca — 6-0 0:3 0-9 
Ornithine 0’ -53 — 1-0 0-19 
0 -56 — 1-0 0-31 
cg — 66 -07 0-0 
N — 44 — 1-5 1-5 
Ca -36 —2-4 2-3 
Leucine bag —2-9 — 1:6 3:3 
o — 2:9 — 20 4:5 
cA -25 — 2-7 1:3 
N — 2-2 — 0'6 2-0 
Ca — l'4 0-3 3:8 
D-Phenylalanine C -0:1 0-3 3-3 
0 0-8 12 3:6 
cs — 1:9 15 3:5 
N Q4 -08 2-7 
Ca 17 —1-0 21 
Cc 2-0 0-0 1:0 
Proline 0 17 -02 -02 
cg 1-6 — 2:3 1-4 
Cy 0-6 — 3-1 1:5 
Cå -05 —2-2 2-4 


may enable the most stable conformations to be identified 
and a tertiary structure to be predicted on a rational 
basis from the primary sequence. Such a method was 
tested for the cylic decapeptide gramicidine S. 
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The ten residues are identical in pairs (Fig. 4a). We 
determined the secuence of permissible conformational 
states that can be assigned to the amino-acid residues 
in order to satisfy as closely as possible the condition 
of ring closure. Sach states are indicated in Fig. 4a. 
It should be noted that for D-Phe we have chosen a state 
c* which is enanticmorphous of state c permissible for 
L-amino-acid residves. Starting with this model and 
adjusting it so as to close the ring, the structure shown 
in Fig. 46 was obtained. This consists of two antiparallel 
single turns of right-handed «-helix bridged by proline and 
phenylalanine. Each helical section contains one hydrogen 
bond between the first and fourth amino-acid residues. A 
dyad axis perpend cular to the direction of the helix 
relates one half of tha molecule with the other. The atomic 
co-ordinates with respect to the axial system of Fig. 4b 
are given in Table 1. The dimensions of the molecule 
agree with those given by Schmidt et al. on the basis of a 
preliminary X-ray analysis. 

1 De Santis, P., Giglio, E., Liquori, A. M., and Ripamonti, A., Nature, 206. 
456 (1965). 


? Liquori, A. M., J. Polymer Sci., C, 12, 409 (1966). 

3 Liquori, A. M., Symp. Praviples of Biomolecular Organization Ciba Founda- 
tion (J. A. Churchill, Ftd., London, 1966). 

* Edsall, J. T., Flory, P. L, Kendrew, J. C., Liquori, A, M., Nemethy, G., 
Ramachan , Q., aad She H. A., J. Mol. Biol., 15, 399 (1968); 
J. Biol. Chem., 241, 1004 (1966): Biopolymers, 4, 121 (1966). 
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MICROPULSATION MEASUREMENTS DURING THE PUGET SOUND 
EARTHQUAKE OF APRIL 29, 1965 


By JAMES F. KENNEY and LEONARD E. JOFNSON* 
Boeing Scientific Research Laboratories, Seattle, Washington 


On April 29, 1965, a severe earthquake occurred in the 
Puget Sound area which was later reported to be about 
magnitude seven on the Richter scale. issen and 
Harding? have recently published the location and magni- 
tude of the earthquake as determined by an analysis of 
seismic records from an extensive array of seismometers 
and from damage surveys in the area. These authors 
have also given a description of the geological setting and 
history of seismicity in this area. 

The purpose of this article is to report an interesting 
observation made by a pair of three-component micro- 
pulsation detectors located near the epicentre. Normally 
this equipment is used to measure rapid changes in the 
Earth’s magnetic field induced in a stationary induction 
loop. If the magnetic field is uniform and unchanging, 
an electromotive force (E.M.F.) can also be induced in 
the coils if they undergo a rotation, but not if they undergo 
asimple translation. The three loops are shown schematic- 
ally in Fig. 1, and their expected response to the com- 
pressional or P wave and the distortional or S wave is 
indicated. The P wave arrives first and induces a rocking 
motion in the vertically mounted coil (Hz), but not in 
the two coils (Hz and Hy) lying flat on the Earth’s surface. 
As the slower S wave passes, the Earth’s surface tilts 
and induces rotation in all three coils. 

The two stations are located near Tulalip, Washington 
(48-077° N., 122-192° W.), and Cougar Mountain, Washing- 
ton (47-531° N., 122:125° W.). At Cougar Mountain, 
two telluric current probes (Hz and Hy) were also function- 
ing, and their response was similar to that of Hz and Hy 
at the same station. The signals from the three magnetic 
coils at each station and from the two telluric current 
probes at Cougar Mountain were amplified, telemetered 


* Permanent address: University of California, San Diego, La Jolla, 
California. 


to Seattle, and recoded on a pair of slow-speed (15 em/h) 
magnetic tape reecrders. Timing marks derived from 
the local power lires were also recorded hourly. The 
data were later recovered and analysed by playing the 
tapes back at high speed on a recording oscillograph. A 
reproduction of these data is given in Fig. 2. 

The E.M.F.s induced in the moving coils were sufficiently 
large to cause saturation in the amplifier chain, so that 
details of the Earth movement cannot be derived from 
these data. However, it can be seen that the H+ coils 


responded to both the P and S waves, whereas the Ë, 
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Fig. 1. Schematic representation of the three induction loops and their 
sesponse to P and S waves. 
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and Hy coils responded only to the S waves. It is also 
apparent that the signals arrived first at Cougar Mountain. 
The separation of the P and S waves is particularly clear 
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Fig. 2. Recordings of the magnetic field and earth-current detectors at 
Tulalip and Cougar Mountain at the time of the Puget Sound earthquake, 
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in the Tulalip records, and the delay time for the arrival 
of the S wave after the P wave is about 11-25 sec. Because 
the three magnetic components at Tulalip were recorded 
on the same magnetic tape as one telluric current com- 
ponent (Ez) at Cougar Mountain, a reasonably accurate 
measurement of the relative arrival times of the wave 
at the two stations was also possible. As can be seen in 
Fig. 2, the S wave arrived at Cougar Mountain just as the 
P wave arrived at Tulalip. 

For the purposes of this article, it will be assumed that 
the velocity of the P wave, vp, is 6 km/sec, and that the 
velocity of the S wave, vs, may be represented? by 

Up 

A (1) 
Using these velocities and the times already mentioned, 
it is possible to deduce from equation (2) 

Dr = 6T = (6/4/3)(T + 11-25) (2) 
that the distance of Tulalip from the epicentre, Dr, was 
about 92 km, and the P wave arrived there at T = 15-4 
sec after the earthquake. Because this is the time for 
arrival of the S wave at Cougar Mountain, it is possible 
to determine the separation distance, De, of that station 
from the epicentre. Hence 

De = (6/4/3)(15-4) ~ 53 km (3) 

The separation distances of the two stations from the 
epicentre (122-3° W., 47-4° N., 59 km depth) published by 
Algermissen and Harding! can also be computed. 
These distances are 96 km and 62 km for Tulalip and 
Cougar Mountain, respectively, and are shown in Table 1. 

Considering how difficult it is to determine the exact 
time of onset of a P or S wave, and the assumptions that 
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Fig. 3. Spectral analysis of the earth motion at the two stations during the Puget Sound earthquake, April 20, 1965. 
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oo ` Pable 1. SEPARATION OF THE STATION FROM THE EPICENTRE 


Rpicentral Epicentral 
separation separation 
according to (Algermissen Residual 






Station Location magnetic records and Harding distance 


ee oe (ref. 1)) 

_ Cougar Mountain 47-5381° N 53 km 62 km 9km 
A 122:125° W 

~ Tulip 48-077° N 92 km 96 km 4 km 


122-192° W 


were made concerning the velocities of the P and S waves, 
the residuals are certainly within the limits of error of 
this experiment. 

Spectral analysis of Earth movement. The magnetic 
tapes were also played back on a ‘Sonagran’ spectrum 
analyser to determine the frequency content of the 
Earth movement as a function of time after the earth- 
quake. These data are presented in Fig. 3. It can be 

` seen that the motion was considerably smaller and termin- 

ated much more rapidly at Cougar Mountain than at 
> Tulalip. Tulalip is located on a sedimentary area, whereas 
=. he Cougar Mountain station is situated on top of an 
extensive coal deposit with considerable surface out- 
¿oo evoppings. 
_.. Magnetic precursors. In recent years several observa- 
tions have been reported of magnetic changes before 
` earthquakes. These seem to fall into two main classes: 
_. first, very slow changes which are detected as an increase 
in the total magnetic flux density at the surface of the 
- Earth over a period of several years before the earth- 
© quake’; and second, very rapid disturbances of large 
-< magnitude in the hours just preceding the seismic dis- 
turbance‘. Breiner® has reported actual measurements 
of this type for very small earthquakes in Nevada in 1962. 
- The general explanation for these phenomena is usually 
_. given as a change in magnetic permeability of the piezo- 
magnetic rock resulting from changes in stress before the 
earthquake. It is clear that the pattern of magnetic 
. disturbance before an earthquake will be difficult to 
. predict because of the lack of knowledge of the magneto- 
_ strictive properties of the underlying rock, and because 
of the complicated behaviour of the stress distribution 
‘before and after faulting. 

Because the micropulsation equipment described in 
this article responds to a time rate of change of the 
‘magnetic flux density, it is incapable of measuring any 

long-term variation. Stacey and Westcott® have recently 
discussed the limit of observability of the seismomagnetic 
effect due to local variations in geomagnetic disturbances. 
Our two stations are unevenly spaced near the epicentre, 
and for this reason we are in a very favourable position 
` to detect any rapid variation that may have taken place 
and discriminate effectively against natural micropulsa- 
-tion activity. 

` Rather large natural micropulsation activity was 

evident at both stations after the magnetic storm of 
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April 17, 1965, but the period just preceding the earth- 
quake was exceptionally quiet. It was not possible to 
detect any magnetie perturbation which could be con- 
sidered to have arisen from a seismomagnetic effect 
before the earthquake. Of particular interest is the fact 
that no magnetic disturbance was detected at the instant 
of the earthquake. If any magnetic disturbance was 
present, it was buried in the system noise. In all models 
based on the response of magnetostrictive rock to changing 
stress, and in the measurements of Breiner’, a large mag- 
netic signal would be generated at the instant the stress 
was relieved by the Earth movement. The fact that no 
effect was noted at the exact time of the earthquake makes 
it very unlikely that any appreciable change in the local 
magnetism had occarred before the earthquake either 
in a very slow build-ap or in an abrupt fashion.. | 

Because the noise level of the amplifier chain corre- 
sponds approximately to 2 milligammas/sec, we may 
set this as an upper limit to the time rate of change of 
magnetic flux density at the detectors at the instant of 
the earthquake. Assuming also that the magnetic impulse 
caused by the relaxstion of piezomagnetic rock would be 
generated in a period less than a couple of seconds, it can 
be inferred that the upper limit on the maximum change 
of the Earth’s magnetic field at the time of the earth- 
quake was 10-? gamma, and that the upper limit on the 
dipole moment of the stressed region was 25 x 10%* C.G.s. 
E.M.U. This is smaller than the value derived by Breimer® 
for a microseism in Nevada. | 

Thus in summary, the E.M.F.s induced in micropulsation 
coils have been analysed to compute an epicentre and to 
look for possible magnetic signals generated by the 
Puget Sound earthquake of April 29, 1965. The epicentre 
calculated by this method agrees with that published by 
Algermissen and Harding! within the limits of experi- 
mental error. The search for magnetic precursors yielded 
negative results. The upper limit to the change of dipole 
moment of the stressed region has been determined to be 
2-5 x 104 c.a.s. E.x.U. The fact that the focus was so 
deep may explain she lack of any appreciable effect. 
The results of this experiment indicate that, at least in 
this area, the possibility of using the piezomagnetic 
effect as a useful pre-indication of earthquake activity is 
rather remote. 

We thank F. G. Marshall of the Boeing Company for 
many useful discussions and comments. 
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In recent years interest in hypotheses to explain genetic 
‘recombination, or chiasma formation, has increased. 
-This is in part due to the increasing volume of abnormal 
. crossing-over data which high resolution microbial 
genetic systems have been providing and in part due 
o the fact. that studies on chromosome chemistry and 
ultrastructure are beginning to converge and provide 
hope that an understanding of recombination phenomena 
n molecular terms may not be too distant. The purely 


mechanical torsion aypothesis! is no longer satisfactory, 
for it is unable to account for the molecular precision 
with which crossing-over occurs, and until recently the 
most widely accepted hypothesis, particularly to explain 
microbial recombination results, was the copy-choice 
hypothesis?:3.. Greatly modified from the form in which it 
was originally suggested by Belling’, this entails a syn- 
thetic error at the time that new chromatids are being 
synthesized. The sheoretical and practical limitations 
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“of this Iba a are conside: 
conservative DNA -replica “toe 
behaviour in “higher” organisms, however, ‘and many 
modifications have been suggested to circumvent some 
of these difficulties. Doubt was first thrown on the ten- 
-ability of the copy-choice hypothesis when it was dis- 
aS: vered that recombination i in virus lambda of Escherichia 
coli involved “chromosome” breakage and could appa- 
‘rently take place in the absence of DNA replication”, 
‘Though proof was not presented that recombination 
could not also accompany replication, particularly in 
other systems, faith in copy-choice was certainly shaken. 
More recent work, including the observations reported 
‘below, collectively show that the copy-choice hypothesis 
must now be discarded. 

In the present experiments, which were designed to 
test the relation between the time of chiasma formation 
‘and the time of DNA synthesis, use was made of the 
fact that an environmental change, in the form of high- 
3 temperature treatment, will modify chiasma formation 
in. locusts in a predictable fashion. Minutes before 
beginning such a treatment, cells undergoing DNA 
thesis were labelled with radioactive thymidine. 
‘lled stages were identified autoradiographically 
the time taken for labelled cells to reach diplotene 
metaphase I compared with the time taken for chias- 
frequency to be modified at these stages of meiosis. 
be. experimental material used was the desert locust, 
< Sehistocerca gregaria, for my earlier studies have estab- 
d both the normal chiasma properties of this species 
at male meiosis’ and the manner in which these are 

odified when the chiasma frequency is greatly reduced 
high temperature treatment ataconstant40°C®-°, Three 
ferent labelling experiments were carried out, two involv- 
eat treatments and one involving control temperature 
C) alone. These may best be described separately. 
the first experiment twelve young adult male 
sts were injected with tritiated thymidine (6-T(n) 
ific activity 24-8 c./mmole). This was provided 
mn isotonic saline to reduce any effects of osmotic 
k.. Each locust received 0-02-0-025 ml. (about 10 
abdominally, without anaesthesia. The locusts were 
faced in an incubator maintained at 40°C and 
wice daily on fresh rye seedlings and bran. They 
ved no light except during feeding times. One 
ividual was taken on the third and ninth days of 
it treatment, two on the fourth, fifth, sixth, seventh 
eighth days. The testes were removed by vivisection, 

eaned of fat body and fixed in acetic-alcohol (1: 3). 
_ Autoradiographs were made from Feulgen-stained squash 
OP parations of part of the testes using ‘Kodax AR10’ 
stripping film. The exposure time was 50 days. The 
: ‘remainder of the testis material was refrigerated and, once 
satisfactory autoradiographs had been obtained, chiasma 
frequencies were scored in propionic-orcein squash pre- 
parations made from this material. Chiasma frequencies 
were scored at diplotene when high and at metaphase 
I when very low (see refs. 9 and 10 for reasons). Twenty 
cells from each individual were scored and standard 
deviations and means calculated. 

A constant temperature of 40° C greatly reduces chiasma 
frequency in this species and ĉan lead to complete failure 
of bivalent formation. There is an initial time lag of 
several days before the expression of this effect, however, 
the most drastic reduction beginning at 6 days’. In the 

- present experiment, using locusts bred in this Department, 
from material kindly supplied 2 years ago by the Anti- 
Locust Research Centre, London, the pattern of response 
differed slightly from that reported earlier: slightly 
greater sensitivity was noted. The great heterogeneity 
of response of different individuals after the initial lag 
of several days® suggests a strong genetic element in the 
sensitivity to heat treatment and the slight differences 
in response noted probably reflect some genetic differences 
between. the stocks used. 










































was. found to possess a low mean chiasma frequenc 





The „dividual sampled on: the third day of Bo a 





but this was just within the normal control mean range 
(Fig. 1). In some cells, however, a measure of distal _ 
localization was found (Fig. 2) which indicated that the = 
heat-treatment effect was just beginning to be shown. = 
This was borne out on days 4 and 5, where both individuals- None 
sampled on each of these two days showed reductions 
in chiasma frequency, with some accompanying localiza- 
tion, which placed them well below the control mean range 
(Fig. 1; 3-7). Univalents were first found on day 5 (Fig. 5). 
As before, the most drastic initial reduction was found on 
day 6 (Fig. 1; 8-10). On subsequent days all individuals 
showed varying degrees of univalence. : | 
On days 4 and 5, when appreciable reductions in chiasma — 
frequency were found at diplotene and metaphase I, the < 
autoradiographs showed that the latest labelled cells, 
which were involved in premeiotic DNA synthesis at the ` 
time that the treatment was begun, were still at zygotene, | SRS 
This first wave of labelled cells did not reach diplotene- 05 
metaphase I until the sixth day (Fig. 11), coinciding with. 
the rapid drop in chiasma frequency previously estab- 
lished for this day. Although no label was found beyond — 
zygotene on the fifth day, on the sixth day label was 
found over both chromatids at all stages of meiosis. 
from pachytene—anaphase II in both of the individuals. 
sampled. This shows that the period of premeiotic DNA. 
synthesis in this species is no longer than 1 day at 40° C. 
and also that leptotene and zy gotene are of 5 days dura- 
tion at 40° while all of the remaining meiotic stages from 
late pachytene to anaphase II are completed within 
1 day at 40°C. No label at metaphase I or II was found: 
on days 7 or 8, but another wave of labelled cells was 
found at these stages in the one individual taken on the 
ninth day. As only half the chromosomes were labelled 
in this individual at metaphase I, this must, on a semi- 
conservative model of chromosome replication, have: 
been the third wave of labelled cells to pass into meiosis, 
corresponding to those cells which were undergoing DNA 
replication two spermatogonial mitoses before meiosis. 
The second wave of labelled cells must have passed: 
through meiosis between the seventh and eighth days 
and been missed (Fig. 1). This would make the time of 
meiosis 6 days and the time of spermatogonial mitosis. 
1-5 days at 40° C. f 
More important than these considerations of meiotic | 
timing is the observation that the reduction in chiasma. 
frequency begins some 2 days before the labelled cells 
reach diplotene-metaphase I. This shows quite clearly. 
that the events which are affected by the heat treatmen 
and which lead to a reduction in chiasma frequency. 
(which may coincide with the time of chiasma formation. 
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Fig. 1, Pattern of chiasma frequency reduction of labelled individuals: 

of 5. gregaria achieved at a constant 40° C. Means, standard deviations. 

and (dotted) cell ranges are shown for each individual sampled. The. 

firat wave of Nag stg cells to reach metaphase I did so ini sen individual ae 

on day 6 (4). The third wave arrived on day 9 (C). The second mast war oe 
have reached this stage between days 7 dary 8 {B}. sperar" 
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Figs. 2-10. Chiasma frequency reduction with reesei Ei p localization observed at diplotene ane metaphase I after 3-6 days at a 


coneis 40° C. Fig. 2: 3 days heat treatment: atypical dis 


tion beginning. Figs. 3—4: 4 lays heat treatment: slight chiasma 


ot reer reduction with distal chiasma localization. Fios! 5-7: 5 days heat treatment: greater ~ecuction with univalent formation 
nning. Figs. 8-10: 6 days heat air reduction, ee and univalence all well marked. (Figs. 2, 4, 5, 7, 8, 10: meta- 
hase I, Figs. 3, , 9: diplotene.) (All x e. 900.) 


or, more likely, precede it) do not occur at the time of 
premeiotic DNA synthesis but take place at least 2-3 
days (at 40°C) after this period of DNA synthesis is 
complete. This places the time of chiasma formation in 
zygotene or early pachytene nuclei. 

The second experiment carried out was the timing of 
meiosis at the ‘‘control” temperature of 30° C. Ten male 
locusts were injected with about 10 ue. of tritiated 
thymidine in saline, as before, and maintained in an 
incubator at a constant temperature of 30°C. One 
individual was taken each day on days 3, 8, 9, 10, 11, 12, 
13, 14, 15, 16. On autoradiographs prepared as before 
and exposed for 40 days it was found that labelled cells 
reached diplotene—metaphase I on days 13 and 14. This 
shows that the premeiotic DNA synthetic period and the 
duration of the pachytene—anaphase IT stages are both 
approximately 2 days at 30°C compared with 1 day at 
40° C, while the total duration of meiosis is 14 days at 
30° C, compared with 6 days at 40°C. This gives a Qi, 
for this temperature range of 2-3. 

It was known from earlier experiments! that a heat- 
treatment of 2 days at 40°C could irreparably modify 
the chiasma properties of those cells which were at the 
sensitive stage of meiosis when the heat-treatment was 
applied and that if returned to a temperature of 30° C 
a pulse of cells showing reduced chiasma frequencies, with 
univalent formation, would pass through meiosis. Because 





Fig. 11. Autoradiograph from one of the two individuals sampled jon day 

6 showing the arrival of tritiated thymidine-labelled chromosomes at 

metaphase I, 3 bivalents, and 16 univalents are present in this cell. 
The late replicating = chromosome is unlabeled, (x 1,800.) 
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Fig.12. Pattern of chiasma frequency reduction of labelled individuals of S. gregaria observed 
at 30° C after 2 days heat treatment at 40°C, Means, standard deviations and cell ranges again 
Doe each individual. One of the two individuals sampled on days 11 and 12 showed 
iabelling in both chromatids at metaphase I and II (A). These cells were engaged in premeiotic 


DNA synthesis at the beginning of the heat treatment. 





of the much slower rate of development at 30° C, however, 
- these affected cells do not reach diplotene—metaphase 
-T until a week or so after returning the locusts to this lower 
- temperature. It was considered that this slower develop- 
mental rate found at 30° C might lead to a clearer separa- 
tion of the time of premeiotic DNA synthesis from the 
time at which the high temperature treatment begins 
to affect chiasma formation. Accordingly, in the third 
-labelling experiment, fourteen male locusts were injected, 
a8 before, with about 10 ue. of tritiated thymidine in 
< saline and heat-treated at 40° C for 2 days. They were then 
_ transferred to an incubator maintained at 30° C and two 
_loeusts were dissected on days 7, 8, 10, 11 and 12; three 
-wero taken on day 9. One of the fourteen injected died. 
- When autoradiographs were successfully developed (expo- 
sure time 60 days) chiasma frequencies were once again 
scored in twenty cells from the remainder of each testis, 
an -propionic-orcein squash preparations, and standard 
~ deviations and means calculated. The results are shown 
-= On days 7 and 8 both individuals sampled possessed 
dow mean chiasma frequencies, but these were well within 
the normal control range. On the ninth and tenth days, 
however, marked reduction in chiasma frequency was 
evident, with accompanying univalent formation along 
_with the tendency for the localization of those chiasmata 
_. which do form to the chromosome ends. On days 11 and 
- 12, recovery was well under way, though it was by no 
‘means complete. It was found that the autoradiographic 
results confirmed and extended those obtained before. 
-When chiasma formation was greatly reduced on days 
Sand 10, the most advanced label was confined to zygo- 
tene nuclei. Labelled cells did not reach diplotene— 
‘metaphase I until days 11 and 12, when one of the two 
individuals taken on each of these two days showed 
labelling in all chromatids at metaphases I and IT. The 
fact that both individuals on these days did not have 
identical labelling properties suggests that the wave of 
labelled cells passes through’ these later stages of meiosis 
within one day after this combined 40-30° C treatment, 
with a mean of about 11-5 days, and might be missed if 
only one individual is sampled per day. 
~The observation that the labelled cells do not reach 
metaphase I until days 11 and 12 shows that not only is the 
time of chiasma formation, or the time of some possibly 
synaptic stage preceding chiasma formation which is 
sensitive to heat treatment, not coincident with the time 
of premeiotic DNA synthesis, but it is sufficiently separa- 
ted from this for a considerable heat-treatment effect 
to be manifest and recovery to be well advanced before 
the labelled cells pass through mid-meiosis. Clearly any 
hypothesis to explain chiasma formation, such as the 
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copy-choice hypothesis, which involves 
the formation of chiasmata at the time = 
of premeiotic DNA replication can no  ž 
longer be entertained. Hypotheses which -> 
require chiasma formation to occur before 
the time of DNA synthesis” are even 
further from the truth. These findings — 
are in agreement with the conclusions 
drawn by Lawrence, based on the effects 

of radiation on chiasma frequency" and 
recombination, that these take place 
after DNA synthesis is complete, during 

the more classical times of zygotene or 
pachytene. 

While this work was in progress, two 
independent sets of observations of a 
comparable type, using genetic recom- 
bination rather than chiasma frequency, 
were published. In one, a 1 day =| 
heat-treatment of 35° C was given to -= 
Drosophila melanogaster females and the = 
effect of this heat shock on recom. | 

bination frequency determined on sub- ~~: 
sequent days at 25° C. As described above in Schisto- => 
cerca, a wave of affected cells passed through meiosis .. 
giving a maximum effect in eggs laid on the ninth day. 
The effect itself differed in being an increase in crossing 
over adjacent to the centromere of chromosome II, — 
though this may well reflect an overall decrease, with - 
the tendeney for proximal localization. The time taken 
for tritiated thymidine-labelled oocytes to mature was 
determined in autoradiographs of histological sections 
of ovaries. Because the mean time of oocyte maturation 
within the ovary was also 9 days, the authors came to the 
conclusion that recombination does occur at the same time 
as DNA synthesis. They did not determine the mean time 
of oviposition of labelled eggs, however, which is more 
relevant. To explain the discrepancy with our results on 
locusts, this need only be longer than the time of egg 
maturation within the ovary by 1 or 2 days. Alterna- 
tively, the time of the prophase (synaptic ?) stage sensitive 
to the heat treatment may, in this material, be separated 
from the time of DNA synthesis by an interval no greater 
than 1 day. In this case a ] day sampling programme 
would lack the resolution necessary to separate these 
stages. In the second report of this type'’, recombination | 
was measured in the liverwort Sphaerocarpus donnellii, — 
subjected to a heat treatment of 35°C during the day. ` 
time. It was concluded that an effect of the heat treatment: 
could be obtained after the fifteenth day post-fertilization, 
although DNA synthesis, as estimated by radiation- ` 
induced mutation studies, is completed by this time. = 
These findings are thus in direct agreement with those. 
obtained in Schistocerca. err 

One final observation which provides valuable support oo 
for the conclusions drawn above is that of Westergaards. === 
using the Ascomycete fungus Neotizlla rutilans. Here 
nuclear fusion of two haploid nuclei takes place immed- 
iately before meiosis in the ascus. Using Feulgen miero- 
spectrophotometry he has concluded that, in this species, 
DNA doubling appears to occur before nuclear fusion. 

In this instance, recombination between dissimilar: 
genotypes could hardly occur at the time of DNA syn- 
thesis if, at this time, the two haploid nuclei have not yet 
fused. : 

These findings in Schistocerca, Sphaerocarpus and. 
Neotiella, three completely different life forms, are ==> 
sufficiently clear for us now to be able to say with cer-. 
tainty that chiasma formation and genetic recombination =--> 
do not occur at the time of premeiotic DNA synthesis or. 
earlier. In Schistocerca, chiasma formation must take 
place at least several days after premeiotic DNA synthesis 
is complete, during the classical time of zygotene or early 
pachytene and true breakage and reunion must be involved. > 
Whether hybrid DNA formation? is also involved in this 
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“ments grow in size and fragment’. 


to exhibit any definite structural features. 


-been studied more extensively than the others. 
- from normal monkey kidney in 1955, it has been main- 
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exchange process will, perhaps, be one of the next things 


to attempt: to decide. 
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STRUCTURE DEVELOPMENT IN AGGREGENS 


By Pror. MERWIN MOSKOWITZ, Dr. GRACE F. AMBORSKI 
and CAROLAN H. WIEKER 


Department of Biological Sciences, Purdue University, Lafavette, Indiana 


ae U NDER appropriate conditions, established strains of 


: eultured mammalian cells aggregate’ and with continued 


- eultivation such aggregates grow in size and eventually 
-_ fragment. The eycle is repeated as the individual frag- 
` In a growing culture, 
-cells which adhere to each other in a group taking the 


form of a relatively organized mass are referred to as 


 “aggregens”., In our initial studies the development of 
aggregens from three strains, HEp,, WISH, and L strain 
was determined’?. The aggregens of these strains varied 
both in external appearance and in internal organization. 
It was found, however, that in all cases there was a 
relatively thin peripheral layer of healthy cells and active 
_ multiplication occurred in this region, while the interior 
<: portion of the aggregens seemed to consist of deteriorating 
vor dead cells. The cells in the outer layer did not appear 
a As the growth 
-of cells in the form of aggregens provided one of the 
requisites for structural differentiation, however, we 
thought that conditions might be found which would 
permit such differentiation to occur. 

-= We have now been able to form aggregens from fourteen 
~ additional established strains of mammalian cells (Table 1). 
We used the same methods for aggregating cells? and 
culturing aggregens? as in our previous experiments. We 
observed that some of the strains formed structures and 
this article reports the details of our observations. 


Table 1. CHARACTERISTICS OF AGGREGENS OF VARIOUS CELL STRAINS 


Amorphous Structured 
Chang liver* Chang conjunctiva* 
HeLa-Gey t Girardi’s heart-H* 
HEp,t Girardi’s heart* 
E929-DC t HeLa-S,t 
Monkey heart* Monkey kidney-M K,* 
Monkey kidney-M K,* Pig kidney* 


Monkey kidney-AfKG* 
Mouse lymph node t 
Mox 12-6t 
Swine lymph node* 
Wish amnion* 
Cell strain: *Normal epithelial; + malignant epithelial; f normal fibro- 
blastic. 
The development of structures was first noted in 
nee aggregens formed from cell strain AZK,. This strain has 


Isolated 


tained in continuous cultivation since theni. In sections 
of aggregens of this strain (Fig. 1) transverse longitudinal 

‘sections of tubular structures were noted in the healthy 
‘outer portion. In addition to the presence of these it 
yas noted that all the remaining cells in this region of 
he aggregen were arranged in various patterns and were 
ot. randomly orientated as they are in aggregens with 









amorphous layers’. Whereas the cells of the other strains 
required a number cf days to aggregate, the cells of the 
MK, strain aggregated quite rapidly and complete 
aggregation of all the cells occurred within 24 bh. When 
aggregation was carred out on the roller drum in a peptone 
medium containing 3 and y globulin serum fractions, a 
number of aggregates formed in the tube. This medium 
was removed at the ənd of 24 h and a medium consisting 
of 10 per cent horse serum in Eagle’s mixture was added. 
Shortly after, the smaller aggregates joined together to 
form a single large aggregate. When the initial aggregation | 
procedure was carried out in the medium containing 
serum, & single large aggregate formed within 24 h. 7 

In order to determine the time sequence for the develop- - 
ment of structures in MK, aggregens, a large number of 
ageregates were made. They were fixed, sectioned, and 
stained immediately after aggregation had been observed. 
This process was repeated at daily intervals during the 
differentiation of the aggregates. The youngest aggregates 
did not exhibit any tubular structures but, although the 
arrangement of celb was essentially amorphous, there 
appeared to be grouping of cells within the aggregate. 
Structures did not develop in the aggregens until a certain 
size had been achieved, and degenerating and dead cells 
were observed to be present in the interior of the aggregon. 
With continued growth of the aggregen, the structures - 
of the outer healthy layer were no longer observed and had 
an amorphous appearance as also did the cells in the outer 
layer of daughter aggregens that developed following the 
fragmentation of the parent aggregen. Aggregens 
apparently grow by the multiplication of cells in this 
healthy layer at the periphery, and when the outer layer 
reaches a certain size the cells on its inner border become. 
ill and die probably as a result of the lack of nutrients. 
available to them®. 7t would appear, therefore, that after 
the period in the growth of the aggregen during which 
structures develop, she next generation of cells are in- 
capable of forming differentiated structures. Moreover, 
it would also seem that when the structures “arrive” at 
the inner border of tie outer*layer they are obliterated by 
the necrosis that occurs here. 

Clone cultures were developed from the MK, cell strain 
using Puck’s method® and aggregates were made with 
cells from the clone 2ultures. Structures similar to those 
noted in aggregens of the original MK, strain were 
observed to develop in aggregens of these clone cultures. 
Furthermore, the sequence of structure development was 
similar to that in both parent and daughter aggregens. __ 

The structures observed in aggregens of other strains of 
cells were mainly in the form of vesicles (Fig. 2). The 
ageregens formed from one of the HeLa sublines (S83) 
(Fig. 3) appeared tc contain large numbers of adjacent 
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vesicles which resembled the organoid type of structure in 
tumours produced in vivo by this straint, However, 
aggregens of another subline of HeLa (Gey) were amor- 
phous. This variation, dependent on the subline of HeLa 
used, contrasted with the situation observed in HeLa 
and L strains; for here the aggregens produced from 
numerous clone cultures of both strains manifested no 
structural differences from those observed previously*. 
On the basis of their cellular organization, the aggregens 
that have been studied thus far can be divided into two 
general groups, “amorphous” and “‘structured’’. A distri- 
bution of the cell strains in these groups is given in Table 1. 
The types of organization which we describe here 
developed in our standard medium (10 per cent horse 
serum in Eagle’s mixture). It is possible that, under 
different environmental conditions, or by the addition 
of different substances to the growth medium, differences 
in the organization of the cells of respective aggregens 
might have been observed, In preliminary experiments 





Fig. 1. Aggregens of MK, strain. A, Cross-section of structured aggregen 
(x,42). B, Segment of outer layer of A (x 150). C, Segment of outer 
layer of older aggregen without structures (= 180), 
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Fig. 3. Cross-section of outer layer of aggregen of HeLa S, strain (x 120). 


along these lines some differences in organization have 
been noted. 

Discussion. It was previously observed that, although 
cultured mammalian cells can aggregate, it takes from a 
few days to a week for this to occur’*. With cells from 
chick embryos up to about 10 days of age, aggregation 
occurs relatively rapidly and is complete within 24 h. 
The ability of the cells to aggregate decreases as the 
embryo grows older, or if the embryonic cells are main- 
tained as a monolayer’. Although they have been grown 
in culture for more than 10 years, cells of the MK, strain 
aggregate in the same manner as do cells taken from young 
embryos; that is, in a serum containing medium they 
form a single large aggregate within 24 h. In view of the 
fact that they can form definite structures, it would seem 
likely that the cells of this particular strain of cultured 
cells are endowed with some of the unique properties of 
cells present in young embryos. 

The development of structures in aggregens of this 
strain appears to occur at a particular time in their cycle 
of growth as aggregens. Their potential for producing the 
structures is not apparently expressed until the cells have 
interacted for a certain time. The cessation of structure 
development with increasing age of the aggregens suggests 
that continued association of cells in the tissue-like mass 
finally results in the repression of the ability to form these 
structures. The sequence of events can be likened to 
embryonic development in which a particular type of 
differentiation occurs at a given period in the growth of 
the embryo and then ceases. 


It is evident that the production of structures does not 
result from the interaction and sorting out of different 
types of cells in the original culture because structure 
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development occurred in clone cultures derived from the 
parent MK, strain. Although it cannot be said that 
the ability to form structures still resides in every cell of the 
original strain, clearly the potential to form these struc- 
tures is present. The structures observed in MK, aggregens 
often exhibited a definite tubular shape; however, there 
was great variety both in the size and conformation of 
the tubules. During cytodifferentiation of the embryo 
the development of specific structures is assisted by the 
structures already present. These provide support and 
may also act as guides to groups of differentiating cells. 
It may therefore be possible to produce more definite 
and regular development of structures if aggregens are 
produced from mixtures of the MK, strain and another 
strain of cells, with the latter strain providing some form 
of support or matrix for the MK, cells. The observation 
that the organization in the aggregens produced with a 
tumour cell strain, HeLa S, is similar to structures 
observed in these tumours grown in vivo lends support to 
the previous suggestion that the properties of these cells 
in aggregens may resemble those of natural tumours’. 
No variations in the structure of the aggregens derived 
from clones of the HEp, and L strains of cells were ob- 
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served. The differences which we noted in structure 
development using Cifferent strains of HeLa cells may 
reflect a greater variebility among cells in cultures of the 
latter strain than in those of the other two. Without 
any doubt, the ability to form structures is associated with 
a surface property of cells. Yamada! has observed that ' 
HeLa cells form different types of clones; for example, 
tight clones and locsely packed clones’. The various 
properties of the surface of cells, as manifested by the 
type of clones that form, may be related to their ability 
to develop structures when grown as aggregens. 

This work was supported by grants from the U.S. 
National Institutes >f Health and the U.S. National 
Science Foundation. 
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PRECIPITATION OF TOBACCO MOSAIC VIRUS BY MACROMOLECULES : 
A METHOD FOR ESTIMATING MOLECULAR VOLUMES 


By Dr. W. F. DUDMAN 
C.S.1.R.O. Division of Plant Industry, Canberra, Australia 


Toxsacco mosaic virus (TMV) diffuses through agar gels? 
but not through gelatine gels?. To investigate the cause 
of this unexpected anomaly the behaviour of TMV in 
solutions of gelatine and agar was investigated. It was 
established that the virus is precipitated by solutions of 
gelatine and agar above specific threshold concentrations. 
The addition of TMV to solutions containing the threshold 
concentration, or more, of gelatine or agar leads to the 
immediate formation of a visible precipitate. No visible 
reaction is detected below the threshold concentration. 

The present article is concerned with the use of this type 
of precipitation reaction between TMV and macro- 
molecules as a simple and rapid means of estimating the 
volume displaced by the macromolecules. 

The mechanism by which TMV is precipitated is thought 
to be one of incompatibility and mutual spatial exclusion 
between the virus and macromolecules, that is, another 
manifestation of the phenomenon described in its various 
aspects by Albertsson®, Ogston and Phelps‘, Laurent and 
Ogston® and Laurent®. When a large enough quantity of 
the macromolecular materia] has been added to confine 
the virus in a volume sufficiently small for the distance 
between the central long axes of the particles to be of the 
order of 200-250 Å, the particles aggregate and form 
needle-like crystals’. Taking the TMV particle to be a rod 
with a length of 3,000 A and diameter of 150 A, and a 
molecular weight of 40 million (ref. 8), it can be calculated 
that 1 mg of TMV contains 1:5 x 10" particles and that 
these ae 0-009567 ml. when the interparticle spacing 
is 250 A. 

Because of the tendency of TMV particles to distribute 
themselves so as to occupy all the available space as 
uniformly as possible’, it is reasonable to postulate that 
in a mixture of TMV and a macromolecular species all 
the space not occupied by the macromolecules must be 
occupied by TMV, and vice versa. Thus when a macro- 
molecular species is added step by step to a suspension of 
TMY, the virus particles are thought to occupy a progres- 


sively smaller fraction of the volume of the solution, with 
a progressively smaker distance between particles, until 
at the threshold concentration the TMV particles are less 
than 250A apart and they aggregate. This threshold 
concentration of macromolecules is thus the concentration 
required just to fill or to occupy all the remaining space in 
the solution. From an estimate of this remaining volume, 
obtained by subtracting the volume occupied by the 
TMY from the total ~olume, it is possible to calculate the 
volume occupied by a single macromolecule by using the 
molecular weight of she macromolecules and Avogadro’s 
number (6:023 x 10% molecules per gram molecular weight) 
(ref. 9). This in turn 2an be used to obtain the dimensions 
of an equivalent sphere. 

The validity of ths hypothesis and its applicability as 
a general method for estimating molecular volumes were 
tested by observing the precipitation of TMV by a range 
of compounds, the molecular dimensions of some of which 
have already been investigated by other methods. 

The following macromolecular materials were used: 
agar (‘Ionagar No. 2’, Oxoid), bovine serum albumin 
(Armour), casein (ight, white, soluble, British Drug 
Houses), dextran 2,000 (Pharmacia), dextran grades A 
and C (British Drug Houses), gelatine (fine leaf E, Société 
d'Exploitation des >roduits* Chimiques Coignet). hyal- 
uronic acid (ox synovial, kindly provided by Prof. A. G. 
Ogston), and Rhizobizm meliloti strain F polysaccharide’. 

The procedure used for the precipitation was simple. 
Where sufficient meterial was available, samples were 
dissolved in a phosghate buffer? and various dilutions 
made. With gelatine the reaction was carried out with 
1 ml. volumes in small tubes, and with all the other 
materials in 3 ml. volumes in 1 cm cuvettes. Small 
samples of TMV were added to the solutions and 
thoroughly mixed. ‘The gelatine experiments were carried 
out with the addition of 0-03 ml. containing 0-63 mg of 
TMV, and the expertments with other materials with the 
addition of 0:04 ml. containing 2-4 mg of TMV. The 
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Fig. 1. Precipitation curves obtained by mixing tobacco mosaic virus and solutions contain- 
ing various concentrations of macromolecular materials. Optical density measurements were 


made 30 min after mixing. 


muxtures were allowed to stand for 30 min at room 
temperature, except agar, where incubation at 45° C was 
used to prevent the formation of a gel. The optical 
density of the mixtures was determined at 750 mp. It 
was found necessary to make this measurement without 
agitation of the tubes or cuvettes in order to avoid 
temporary changes in optical density. When the turbid 
suspensions were shaken the optical density rapidly 
decreased by about 20 per cent but returned to its former 
value within a few minutes when left stationary. For this 
reason the mixtures were always made directly in the 
vessels in which the optical density readings were to be 
made. 

In order to minimize the weight of material required 
when using bovine serum albumin, a direct titration 
procedure was utilized instead of the series of dilutions. 
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obtained when TMV was added, and this 
was the highest concentration of hyaluronic 
acid available. 

The following points (all obtained from 
unpublished data) are considered to support 
the view that the mechanism of precipita- 
tion is one of mutual incompatibility between 
the virus and added macromolecules, which 
results m compression of the virus into 
smaller fractions of the solution until phase 
separation in the form of crystallization or 
the formation of tactoids occurs. (1) Elec- 
tron micrographs of the precipitated material 
show closely packed arrays of parallel rods, 
indicating that the precipitates contain only 
TMV. (2) The amount of precipitation 1s 
directly proportional to the amount of virus 
present in the mixture and is independent of 
the macromolecular material provided suffici- 
ent ıs pieces to exceed the threshold concentration. 
(3) When a sufficient amount of macromolecules has been 
added to achieve maximum turbidity and the mixtures 
are centrifuged at low speed (11,150g for 15 min) no virus 
remains in the supernatant quid. Thus all the virus 1s 
aggregated and none is left in the volume of the mixture 
occupied by the macromolecules. (4) The threshold con- 
centrations found here for dextrans (12:5-14-5 mg/ml., 
depending on molecular weight) are similar to the concen- 
tration (14 mg/ml.) at which the sedimentation behaviour 
of dextrans was found by Ogston and Woods* to show a 
change. These authors interpreted this as resulting 
from the fact that the dextran molecules are no longer 
separate and discrete, that is, this is the minimum con- 
centration of dextran required for the molecules just to 
fill all the available space. 


120 


Table 1. MOLECULAR VOLUMES AND RADH OF EQUIVALENT SPHERES CALCULATED FROM MACROMOLEOULAR THRESHOLD CONCENTRATIONS REQUIRED TO 
PRECIPITATE Topacoa MOSAIG VIRUS 


Threshold Concentration of Unit Radius of : 
Macromolecular Molecular concentration molecules at volume per equivale ae Molecular shape and dimensions 
substance weight (mg/ml.) threshold (No./ml.) molecule (A?) sphere (A) reported in Iv. 
(a) Results obtained ın reactions with 0 80 mg TMV/ml. Volume occupied by TMV at threshold. 000765 mi./ml. 
Agar 160,000 2 04 769 x105 129 x 108 313 Not avaiable 
Albumin 69,000 68-5 554 x10" 179 x 10° 75 Aigo ti 8 moves major axis 144-150 A 
Casein 16,300 25 924 x 10 1:07 x10* 64 Rod, length 150 A, radtus 8 A (ref. 15) 
Dextran 2,000 2,006,000 12-5 8-76 x10! 264 x 10° 398 Not avaiable 
Dextran A 200,000 18-5 407 x10 24-4 x10? 180 Not available 
— 275,000 20:6 x10% 385 x10 200 
Dextran O 80,000 14-5 145 x 105 684 x 106 118 Not available 
— 90,000 97:0 x 105 10-2 x10° 135 
Rhizobium polysaccharide 8,000 57-5 4,328 x 10% 0:229 x 10° 38 Not available 
(b) Result opan In peacen with 0:63 mg amNY Volume occupied by TMY at eee 0-00803 ml./ml. 
Gelatine ,000 784 1015 18-5 x10? 148 Srne Janon coil (ag = 165-175 A) 
re 
. (£) Result obtained in atau with 1:6 mg nen, Volume geoupie? by TMV a khir panoi: 0-0153 m1.jml. 
Hyaluronic acid 13,000,000 44 0-204 x 1015 4,825 Lo* 1,048 


Small volumes of a concentrated albumin solution (150 
mg/ml.) were added to 1-5 ml. of TMV suspension in a 
cuvette. After each addition the solution was mixed and 
allowed to stand for 15 min before the optical density was 
determined and more albumin added. When the mixture 
was turbid the end-point was sharply defined. 

The results obtained by these procedures are shown in 
Fig. 1. The shapes of the curves for all the macromolecules 
were the same: below a certain threshold concentration, 
characteristic for the material, there was no precipitation, 
but above the threshold concentration the optical density 
of the mixture rapidly increased with increased concentra- 
tion until a maximum density was reached. 

Examination of the precipitates by light microscopy 
showed needle like erystals of the type described by 
Cohen™, except in the case of hyaluronic acid where tac- 
toids? were observed. <A precipitation curve was not 
obtained with hyaluronic acid because this material was 
not available in a sufficiently concentrated form for dilu- 
tions to be made. The threshold concentration for 
hyaluronic acid was taken to be 4-4 mg/ml. because this 
was the only concentration at which turbidity was 


me a random coil (eg= 

The results obtamed for the molecular volumes, cal- 
culated from the threshold values shown in Fig. 1, are 
presented in Table 1. It will be seen that the molecular 
dimensions, expressed arbitrarily as radii of equivalent 
spheres, are of the same order as the published data 
where these are available. 

Some of the results require comment. Little seems to 
be known of the molecular dimensions of agar. The value 
found here applies only to agar solutions. When turbid 
agar-TMV mixtures are allowed to gel the turbidity 
disappears within 15-30 min, showing that the TMV 
particles are no longer confined to a small volume. Agar 
molecules in the gel state thus appear to occupy less 
volume than when in solution. 

The result for albumin (diameter of equivalent sphere 
150 A) is close to the dimension of the major axis of the 
prolate ellipsoid (150 A) reported by Oncley, Scatchard 
and Brown’? and the later prismatic molecule with 
dimensions 144x45x22A (ref. 14). However, other 
recent estimates of the albumin molecule by gel filtration 
in dextran’® and diffusion through agar?® give values of 

Continued on page 1067 
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BRITISH ASSOCIATION SUPPLEMENT—NOTTINGHAM, 1966 


WHICH WAY 


AN organization which goes back to the Great Reform 
Bill, which served as a learned society of the most 
vigorous kind through most of the nineteenth century, 
and which has retained a good deal of its original 
homespun independence, cannot fail to command 
respect and even affection. This is one of the reasons 
why it is good to see, with another revolution of the 
calendar, that the British Association for the Advance- 
ment of Science is still alive, that its programme is 
packed with the names of interesting people, and that 
the crowds will flock to Nottingham for the meeting 
in spite of the change in the timing of the summer 
public holiday in Britain. So much is common ground. 

These days, however, each recurrence of the annual 
meeting of the association is also a time for asking 
what purpose is really served by the meeting and, for 
that matter, by the association as a whole. One 
difficulty is that the annual meeting has been overtaken 
by events, and particularly by the increasing speed 
with which news of discovery spreads within the 
scientific profession and beyond by means which are 
faster than annual gatherings can hope to be. Another 
is that science as a whole has become less accessible to 
the interested layman, although this is too frequently 
exaggerated. The immediate result, however, is that 
the British Association, in the annual meeting and in 
its less obvious work, has become less and less con- 
cerned with the advancement of science as such, and 
more and more of a popularizer, propagandist and 
proselytizer. Nobody complains at this change, which 
is at once desirable and inevitable. 

Why then the talk of crisis ? The annual report for 
the financial year to March 31 is a gloomy document. 
The association has been dipping into its meagre 
reserves, so that its Victorian sponsors must be turning 
in their graves. Revenues have risen buoyantly in the 
past decade, but costs have outstripped them. One 
result is that, in spite of the stringent economies, there 
is likely also to be a deficit in the year ahead. Another 
is that the association has taken to complaining, 
somewhat more querulously than may everywhere 
seem justifiable, that the Department of Education 
and Science should pay a larger share towards the 
educational work now being undertaken. Nevertheless, 
even though this is not a good time for fund raisers in 
Britain, the association and those outside who wish it 
well should not refrain from hoping for the compara- 
tively little luck that could banish anxiety for a year 
or two to come. 

In the long run, however, survival will require more 
than mere luck, which is why it is good to learn that 


TO CHANGE? 


the council of the association is now looking carefully 
at its motives for ccntinuing to exist. Everybody will 
wish the council wel. It is to be hoped that it will be 
as courageous and as imaginative as were the old 
people who first recognized the vacant place in British 
life for a scientific society which could turn its energies 
to evangelism and tub-thumping when circumstances 
required. There are two sorts of remedies that the 
council should be Icoking for. 

In the first place, the annual meeting should be given 
a much firmer impact on the outside world. At present, 
of course, great crowds of people derive great pleasure 
from it, and will continue to do so in the years ahead. 
But the council is also right to recognize that the 
annual meeting is zhe focal point for the rest of its 
work throughout ths year. As such, it deserves to be 
more exciting and more stimulating. 

This year, at Notzingham, the association has taken 
a tiny step in this direction by arranging three sym- 
posia, outside the usual framework of the meeting, 
concerned with separate issues of public importance. 
The promise of the kind of discussion which might 
help to resolve putlic doubt has not, unfortunately, 
materialized. All kut one of the speakers advertised 
for the symposium cn supersonic aircraft, for example, 
belong to organizations committed to their develop- 
ment. Only Sir William Hildred, from the Inter- 
national Air Transport Authority, is in a position to be 
sceptical about their value without being actively 
disloyal to his employer. There is no sign on the 
programme of the man from the Noise Abatement 
Society, or of the taxpayer who may well consider that 
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This year’s meeting of the British Association for the 
Advancement of Science is the fourth to have been 
held in Nottingham. The pages which fellow include 
extracts from the P-esidential Address in 1966 and some 
historical material, compiled by the editorial staff of 
Nature, which may help readers to appreciate how the 
British Association has changed over the years. 
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a nation which finds it hard to make ends meet should 
now squander £200 million, and a large part of its tiny 
skilled labour force as well, on such a risky venture. 

If the British Association really wishes to make a 
mark on issues like these—and there is every reason 
why it should—then it must take a leaf out of the old 
books, and appoint committees to take up these 
important causes, see that intelligent reports on them 
are fully discussed in public, and then commit to 
them such prestige as it can command. There is a 
host of issues to be taken up. Such a course would 
often bring the association up against official doctrines, 
but it used not to be afraid of that. Perhaps the 
greatest of its present troubles is that it has been 
overtaken by gentility. 

The money troubles are subsidiary but dependent. 
They would vanish overnight if the association aban- 
doned its lecture services and some of its other novel 
undertakings. So why not then abandon them ? 
This may seem a cruel question when there is undoubted 
evidence of sound achievement in the recent past, but 
it should not be dismissed lightly. Everything depends 
on what kind of organization the association wishes to 
become. If it sees itself as providing a continuing 
educational service of a special kind, handling large 
sums of public money and similar sums from industry 
and charity as well, then there will be a whole sequence 
of general treasurers going grey before their time. 
There should be some way of organizing these educa- 
tional activities so that they finance themselves. If 
the lectures, for example, are as much appreciated as 
the association says, then local education authorities 
should be easily persuaded to pay more towards them. 
If, on the other hand, 3s. 9d. is more than the market 
is prepared to pay for providing a child with a single 
lecture, it is better to learn that now and not later. 
With the alternative methods of communicating 
science to young people, the association should not be 
surprised that the Department of Education and 
Science should be reluctant to increase its grant. 

All this suggests that the association would be very 
much happier, and more fully in control of its own 
affairs, if it came to think of itself as what it used to 
be—an initiator of new projects, a catalyst of new 
ideas and a defender of those which are old and 
cherished. It should be ready to show other organiza- 
tions how good works may be accomplished, but chary 
of undertaking too much on its own account. Most of 
all, it should beware of too much dependence on 
government departments. The arrangement with the 
Ministry of Technology by which the association has 
undertaken to encourage an interest in technical 
matters among young people is particularly suspect, 
for it is hard to know precisely how it will be able to 
earn its keep. And in the long run, of course, the 
objective should be to find some way of bringing 
forward from within itself a flow of new and vigorous 
ideas. There is every reason to believe that such 
activity would beat least as welcome now as it used 
to be. It would also be fun, which is not a negligible 
consideration. 
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INFORMATION 


How best to manage scientific information ? Section 
X of the British Association has had the wit this year 
to arrange a discussion on this important problem. 
More than that, it has had the good luck to recruit as 
speakers people who live with the problem every day 
—the Director of the National Lending Library, the 
Head of the Information Division at the National 
Science Foundation, and a representative from 
Aslib. Sir James Cook, the Vice-Chancellor of the 
University of Exeter, is devoting his presidential 
address to the same cause. No doubt the room in 
which the section will be meeting will echo for days 
with the sound of that evocative phrase “the informa- 
tion explosion”. But what really is the problem ? 

In the first place, there are mechanical issues which 
have thrust themselves on public attention. The 
development of devices which simplify the reproduction 
of printed text has opened up the possibility of unfam- 
iliar means of circulating information. Some people 
suggest that the most familiar means of communica- 
tion between people—the printed page—may instead 
be replaced by an electrical connexion to some central 
bank of computers, and there is even talk of trans- 
ferring to the machines not merely the task of 
storing information, but also the more subtle tasks 
of digestion and criticism. The first thing to be 
recognized is that the obvious advantages of speed 
and comprehensiveness which possibilities like this can 
offer are accompanied by certain risks. In particular, 
there is a danger that the machines, which are neces- 
sarily better at storing facts than ideas, may over- 
simplify the traffic in scientific information, and may 
neglect that function of the scientific literature which 
is to stimulate as well as to inform. There is also a real 
danger that some schemes intended to make the 
circulation of the scientific literature more efficient 
would, in reality, help to put it out of business. Those 
who make machines are as aware of these risks as the 
potential users, but that is not enough! 

How to handle the scientific information is, however, 
comparatively easily decided. There remains the nasty 
suspicion that all the improvements of efficiency which 
the machines now seem to offer may merely enable a 
much greater volume of scientific information to 
saturate and overwhelm potential users. So many 
working scientists complain of the problems of assimi- 
lating information, and of distinguishing archival 
material from that which is intended to stimulate 
further work, that the nature of the scientific literature 
probably requires careful study. In other words, 
there is a need to attend to the quality of the litera- 
ture as well as to its handling. At the very least, 
there is a need that it should become more pithy, 
more intelligible, and more effective as a means of 
intellectual communication within the growing profes- 
sion of science. As things stand, there are plenty of 
suggestions for managing the computing machinery 
more effectively; improving the quality of the literature 
is unfortunately more difficult. 
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LAND AND HUMAN POPULATION 


The following are extracts from the Presidential Address delivered on August 31, 1966, 
at the Nottingham Meeting of the British Association, by Sir Joseph Hutchinson, 
Drapers’ Professor of Agriculture, University of Cembridge. 


THe characteristic of our age is the dominance we have 
achieved over our environment. We can organize our- 
selves so that, according to Burton and Wibberley', 
“The six English conurbations of London, the West 
Midlands, south-east Lancashire, west Yorkshire, Mersey- 
side and Tyneside, contain 17 million people at an average 
density of 8,050 persons per square mile”, and we can 
establish a camp at the South Pole where men can live 
ın reasonable comfort for months at a time, and maintain 
contact with the rest of the world. We can feed ourselves 
better than ever before. There are black spots in the food 
situation, but the chance of a man dying of starvation 
anywhere in the world is less now than it ever has been 
hitherto. We have even acquired the skill to escape from 
this Earth and to begin the exploration of space. 

There is therefore a wealth of scientific achievement, 
but I believe it is important to temper any account of 
our successes by drawing to your attention what I believe 
to be our most serious failure. We can, with our present 
knowledge, feed, clothe and equip a larger human popula- 
tion than ever before, but a large and increasing share of 
our productive effort is absorbed in providing for further 
population increase and, despite our successful conquest 
of practically the whole of the plant and animal kingdom, 
we have not yet begun seriously to undertake the control 
of our own. species. 

Biologically, this is not a difficult undertaking. Even 
without modern knowledge and techniques, there have 
been periods in the past when our numbers in Britain 
were static, or even declined. The relation durmg the past 
millennium between population increase and prosperity 
has been discussed by van Bath?, and he has drawn 
attention to the manifold interactions between the size 
of harvest and opportunities for industrial employment 
on the one hand, and nutritional level, age at marriage, 
and the incidence of epidemics on the other. Van Bath 
was concerned with a period ending in A.D. 1850, but we 
need to go no further back than the 1930’s, within the 
experience of many of us here, to note a time when the 
birth rate was inadequate for replacement. So population 
increase is not inevitable. 

Our difficulties in population control are social and 
emotional. In Britain we have not yet really accepted 
that population pressure is an immediate concern of our 
own, and not just a vague menace in distant parts of Asia. 
We forget that, in the United Kingdom, there are 570 of 
us to the square mile, whereas in India there are only 
about 385 (ref. 3). Western Europe is one of the most 
densely populated areas on Earth. Whether this amounts 
to over-population is, of course, another matter. I believe 
that Britain is in fact over-populated now, and will 
inevitably be more heavily over-populated in the future, 
whatever we may decide to do about it. Over-population 
means, in simple terms, too many people for the resources 
in land that are available to them. Recently there has 
been an important step forward in the definition and 
estimation of over-population. William Allan in his very 
valuable book The African Husbandman‘ has developed 
the concept of “Critical Population Density”, the maxi- 


mum. population density that can be supported by a given 
agricultural system without progressive deterioration of 
the land. Allan was concerned with subsistence farming 
in a purely agricultural community, but the concept can 
be usefully apphed much more widely than this. It is a 
characteristic of our biological environment that we can 
for a limited period exploit it in excess of its real productive 
capacity, and only after a lapse of time is it apparent that 
we have initiated in it a progressive decline. We have 
spent working capital as well as mcome, and when the 
capital has been depleted the income falls. This is easy to 
see in African shifting cultivation, when a reduction in the 
period of the recuperative fallow leads to degenerative 
changes in the nasural vegetative cover, accelerated 
erosion of the soil, and declining yields in the cropping 
period. That the degeneration of the environment is a 
real problem, and mey, and indeed does, lead to an almost 
irreversible decline m productivity, is evident from the 
present state of the Mediterranean lands after sıx or so 
millennia of overcuttng, overgrazing, and overcultivation, 
and from the present state of heaths and moors in Britain 
for which we have the evidence of pollen diagrams that 
they once carried a forest cover’. One is reminded of the 
forester’s bitter comment on so much of the agricultural 
development of Latin America——‘Cut down wealth to 
sow poverty !”’. 

This concept of ‘‘Critical Population Density” is relevant 
in all human communities. It is in the natural course of 
events that a developing community should service its 
development first by bringing into use its unused resources. 
There comes a time, however, when all the readily avail- 
able resources have b2en brought in. At this point of time, 
the population densixy has reached the critical level, and 
the choices before the community lie between the over- 
exploitation of resources to the long-term detriment of the 
system, the planning of new systems of resource use that 
are both more conservative of resources and more produc- 
tive of real income, and population control. 

The history of population growth and the agricultural 
exploitation of the land in Britain is one of alternation 
between the first twc of these choices, culminating in the 
position we have reached in the last decade, of an abund- 
ance of farm produce, even though the growth of our 
population continues unchecked. Our present food supply 
position might lead us to the complacent conclusion that 
we have now learnt how to m&tch with increasing supplies 
our ever-increasing needs. The historical evidence is 
against such a conclusion, and current assessments of our 
need for, and use of. our limited land indicate that our 
present abundance may not be long continued. 

Developing countrias have in common a heavy depend- 
ence on agriculture, and agricultural systems that are 
still in the main ex>loitive. They differ substantially 
among themselves in the extent to which there is pressure 
of population on land, and in the nature and the degree of 
sophistication of tha relationship between town and 
country. In all of them, the great need is for the initiation 
of agricultural revolkitions of the kind through which 
Britain has passed. Having so recently been ourselves 
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through the fertilizer and mechanization revolution, we 
have been disposed uncritically to advocate fertilizers 
and machines for other countries. This was not the way 
that we emerged from exploitive to improving agriculture, 
and we have good evidence that these agents of our latest 
revolution are most successful where land is held on modern 
systems of tenure, and where the art of husbandry has 
already assimilated the practices of fertility conservation. 

In India we know that the improvement of fertility is 
possible. We can see it in the highly fertile fields in the 
immediate vicinity of the villages. We know also that 
yield mecreases are obtainable from fertilizers. The agents 
of agricultural improvement work as they do ım Europe. 
But the change in habits and customs necessary to estab- 
lish the systematic conservation and distribution of the 
elements of fertility has hardly begun, and social inertia is 
such that land reform is extremely slow. Agriculture is 
static, and we are more in need of incentives than of 
knowledge, if change is to come about. 

When European agriculture stagnated, some stimulus 
from outside the industry was necessary before a new phase 
of improvement began. It was the food shortages of the 
war-time blockade that set gomg the application of 
industry to agriculture in recent years. There is now & 
stimulus to Indian agriculture that could be used to 
initiate agricultural change if there is the imagination and 
determination to see it through. India is engaged on a 
great extension of water conservation and irrigation, 
often in multipurpose schemes involving power generation 
and industrial development. Here are opportunities to get 
agriculture moving, by undertaking land reform, trans- 
ferring some surplus population from the land to industry, 
and providing the education and advice on the new 
farming practices necessary to ensure the conservation 
of the elements of fertility. In India the sequence of 
improvement must start with the mitigation of climatic 
risk, but then it should follow the pattern of this country 
—land reform, fertility conservation, and then fertility 
improvement. I only lived four years in India. I left with 
an unfulfilled ambition—to see whether, using both 
fertility conservation techniques and fertilizers, one could 
achieve in twenty years the level of fertility built up over 
2,000 years on the village perimeter. I believe we know 
enough to set about such an enterprise, and, since that 
would mean multiplying productivity by two or three, the 
impact of such an achievement on India’s food problems 
would be very large indeed. 

African problems are of a different kind. There are 
vast areas where the rainfall is good and reasonably 
reliable, and the population small. But over most of them 
the soils are very ancient, and have been leached to the 
poverty line. Even in Uganda, where the climate is good 
and the soils better than the African average, fertility 
levels are not such as to sustain a high level of production. 
As land is abundant, it has been impossible to maintain 
growth in agricultural production over half a century, 
and in particular there has been a great increase in produc- 
tion for export. Little has been achieved in improving 
the productivity of the land, but the need for greater 
productivity has not been apparent while production 
could readily be increased by bringing more land into 
cultivation. Pressure on the land is still not great, but 
pressure on the market for export crops is increasing. It 
is quite clear that the increase in national income to which 
Uganda aspires cannot be financed by increases in the 
exports of cotton and coffee. But unless agriculture can 
contribute substantially, the Increase in national income 
will be slow. Here also we can learn from western 
European experience. Buganda, the central area of 
Uganda, gained through the mailo system of freehold in 
land, the advantages Britain gained from the enclosure 
movement. The-next stage in British agricultural progress 
stemmed from the example of high farming in the Nether- 
lands, where the stimulus of town demand led to the 
development of intensive farming. In Uganda there is 
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substantial urban development that has already had a 
great impact on the farmmg up to 20 miles or more from 
the town boundaries. Milk is produced in quantity and 
retailed in the towns by men who take ıt in on bieyeles. 
The staple foodstuffs are taken into the town markets on 
bicycles and lorries. ‘Traditional cash crops are of little 
importance near the towns, but the food crops are fully 
integrated into the cash economy. This is the new growing 
point of Uganda agriculture, as food and industrial crops 
provided the growing point of the agriculture of the 
Netherlands. What is now needed is the drive and magina- 
tion to initiate a new system of farming where livestock 
products and food crops have a ready sale, and where the 
conservation of fertility that can be practised with mixed 
farming can be developed, and supplemented by utiliza- 
tion of town wastes and fertilizers. Uganda agriculture 
could traverse in two decades the trail opened up over two 
centuries by the agriculture of western Europe. 

It will be apparent that I advocate for both India and 
Africa a pattern of agriculture that many advanced 
practitioners of British agriculture are giving up. The 
conservation of fertility means the conservation and dis- 
tribution of bulky organic manures, and this 1s an expen- 
sive matter where labour costs are high. But we are 
considering developing economies where labour costs are 
low, and where fertilizers have to be bought with the 
proceeds of the sale of low-value agricultural produce. A 
poor country, hoisting itself up on its own resources, must 
use first the local materials and the home labour force. 
This is the way we started on the improvement of our own 
land and, even if it could be demonstrated that the whole 
process could be successfully carried out with inorganic 
fertilizers, 1t would still remain true that only by making 
the most of local materials, and using local labour, has a 
poor country any hope of escape from exploitive agri- 
culture. Only the rich can afford to squander organic 
manures. But this is not all. Western European mixed 
farming revolutionized the nourishment of our people as 
well as the nutrition of our soils, and its establishment in 
developmg countries would be the surest way of ensuring 
@ high dietary standard for the human population. 

Let me be quite clear. In advocating the sequence of 
change and improvement through which western Europe 
has achieved high agricultural productivity, I am not 
suggesting that the products of industry should be 
eschewed until the practices of the Norfolk improvers have 
been applied. The successive revolutions through which 
we have passed can—and should—be telescoped. I do 
not believe that their order can be reversed. 

Let us now look to the future. The lands that remain 
untilled are agriculturally unpromising, and in any case 
are likely to be wanted to meet the needs of growing local 
populations. The security of Britain’s food supply depends 
on the continued improvement of the productivity of the 
lands, here and overseas, that we now farm. That there is 
a real prospect of this continued improvement, we can be 
assured. Exploitive agriculture has given way to conserva- 
tion and improvement in all the advanced communities of 
the temperate parts of the world. But other needs and 
other problems face us, with our limited land resources 
and our large and increasing population. Of these, the 
most important are water supply and effluent disposal, and 
recreation. Britain is well watered. Our rivers run the year 
round, and we have great underground aquifers on which 
we have been accustomed to draw. But a population of 50 
millions, living as we do, and running vast industries 
that use prodigious quantities of water, is now drawing on 
our supplies at a rate that will soon exceed summer avail- 
ability. Moreover, we all too easily overlook the fact that: 
our rivers are not only the source of most of our domestic 
and industrial water. They are the only possible recipients 
of our domestic and industrial effluent, with all the 
pollution that that entails. Here we must distinguish 
between organic and industrial pollution. Given a summer 
flow adequate to dilute sewage effluent, organic pollution 
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is dissipated by water life, and rivers contaminated with 
sewage become fresh and sweet by natural means. Indus- 
trial pollution is another matter. We have learnt a lesson 
with insecticides. Persistent poisons turn up persistently 
in unexpected places, and they are cumulative. The most 
persistent of all water contaminants are industrial wastes, 
containing indestructible matter such as metal salts. 
Water so polluted must run to the sea. We are getting 
pollution conscious, and control of effluent discharges is 
much better than it was, but we still have much to learn, 
and we still need to develop the kind of public conscience 
that will make the proper disposal of effluents a matter of 
civilized behaviour rather than of law enforcement. 
Indeed we still have to get our own thinking straight on 
our handling of persistent materials. 

Water supply and effluent disposal must be planned 
together. Of water we have enough, but it is going to cost 
us a great deal to keep it pure, and to ensure that we have 
enough all the year round. Deforestation and drainage 
have increased the amplitude of seasonal fluctuations. 
Agricultural demand for irrigation is increasing where 
supplies are most limited, and at the time of year when 
they are at their lowest. We must store our winter sur- 
plus, and there are only two methods of storage, in surface 
reservoirs and in the aquifers from which we pump a part 
of our supplies. Surface reservoirs submerge land, much of 
it good agricultural land, some of it with vegetation of 
great natural and scientific interest, and some of it of great 
recreational value. But storage we must have, and we must 
site it where it will do least damage. Storage in estuaries 
may help, but the maintenance of flow to keep our rivers 
from degenerating into open sewers will alone require 
substantial up-river storage. Recharge of aquifers we have 
only recently begun to take seriously, but we have some 
limited experience and we urgently need more extensive 
experimentation. 

Recreation and amenity also make demands on our 
limited land. The countryman has recreation and amenity 
on. his doorstep, and his holidays are in consequence much 
less important in his life than are those of the townsman. 
Most of us live in towns now, very many of us in vast 
conurbations from which escape is expensive and time- 
consuming. If we have a semi-rural home, it is at the 
expense of our family life, since one member of the family 
is out of the house from dawn to dusk, five days a week. 
So we get the great summer exodus to the country and the 
sea, the growing demand for rural cottages as weekend 
retreats for those who can afford two homes, and the great 
increase in fishing, sailing, mountaineering and—remark- 
ably !|—~-caving. This is the relief we seek from the stress 
of urban life, and in our consideration of the use of our 
land, we must take it increasingly into account. Indeed, 
already our resources near the great cities are under strain. 

Away from the industrial regions there are great areas 
suited to recreational use, though they are less accessible 
to those who need them most. Wales, and large parts of 
Scotland, could profitably provide recreation for many 
more than now enjoy them. Here is an opportunity in land 
use, and with wise management it should be possible to 
make a working adjustment between the interests of the 
naturalist, the farmer, and the holiday-maker. These are 
areas that are agriculturally of low productivity, and it 
might be argued that they should be surrendered to the 
tourist industry. This would be a mistake. Holiday- 
makers go to the country, but they do not go to empty 
country. They want both services and companionship, 
and the size of population necessary to maintain a high 
amenity value is greater than that needed to service the 
tourist industry. Thus the need, and the opportunity, to 
maintain vigorous local communities as centres to which 
holiday-makers can go. Farming, forestry, and tourism 
should be together in Britain’s hill country. 

To these competing needs for land must be added the 
need for land for urban growth and industrial expansion. 
And this emphasizes the basic problem with which we are 
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faced. To provide the food, the water, and the recreational 
areas we need for oir present urban population will take 
all our limited resources in land. Yet inexorably our 


‘population grows, oar cities grow, and the pressure on our 


land increases. In all our thinking, population growth is 
accepted as inevitable. and indeed it is, in the sense that 
any action to control it will only be effective after a 
substantial lapse of time. We are now familiar with the 
‘population explosian’, and with the predictions of hunger 
or intolerable overccowding in times beyond the limit of 
the lives of most of us. But very few of us have accepted 
the population protlem as one which we should face and. 
solve. We may reasonably hope that our resources in 
land will be sufficient, if wisely managed, to meet the 
needs of our expancing population for our lifetime. But, 
even on the most optimistic forecast, that leaves us barely 
time to meet what we can foresee of the needs of the 
twenty-first century. We find the population problems of 
our own race difficult for the same reason. We have the 
knowledge and the technology for control, but we lack 
the vision to plan ard initiate a programme that we know 
will take several human generations to bring to fruition. 

This is a matter of our hopes and ambitions for our own 
children. The problems of young people in an urban 
environment, and the stress and disorientation they suffer, 
are apparent already. No doubt there is still much we can 
do to mitigate the strains of urban life, and to maximize 
its advantages. But do we really believe that a population 
twice the present size—as it may well be a century hence— 
can live and work and enjoy adequate leisure and recreation 
within the confines of thisisland ? Andif we do not, now isthe 
time to set about ensaring that our numbers are stabilized. ` 

We need first a target figure. I would like to set 40 
millions, though I believe that, short of catastrophe, it 
would take two certuries to achieve it. Perhaps more 
important than a target figure, we need a social philosophy 
that will embrace the concepts and consequences of a 
stable population. This will come easily to a biologist, 
who is accustomed to thinking of growth in terms of a 
sigmoid curve, with a slow start, a grand period, and a 
levelling off to an asymptote. The ecological concept of 
the climax involvee a stable population, within which 
individuals grow and mature and die, while the com- 
munity maintains its vigour and stability. 

The heart of the whole matter is, of course, the birth 
rate. The fall in ths birth rate to less than replacement 
rate in the 1930s and during the 1939-45 war shows how . 
sensitive our community is to constraints on our multipli- 
cation such as economic depression and the hazards of 
war. We may be en2ouraged to believe, therefore, that if 
we really appreciated the threat to our children’s well- 
being posed by unrestricted increase in their numbers, we 
might take advantaze of the techniques of control that 
are available to us. Surely we can learn to take aceount of 
the fact that large families are detrimental to the interests 
of our children later in their lives, and to accept as normal 
a family size of one cr two, or occasionally three, children. 
For, make no mistaks, Britain already carries a population 
as great as the envircnment can support without degenera- 
tion, and it will call Zor all the knowledge and skill we can 
command to prevent irreparable damage before we achieve 
a stable population. even if we set about stabilization 
without delay. 

This is the great remaining challenge of our time. We 
have mastered the physical world and the world of biology. 
We ourselves remain untamed. Our greatest need is to 
master the threat of our own numbers. ` 
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THE BRITISH ASSOCIATION IN NOTTINGHAM — A CENTURY AGO 


EXACTLY a century ago the British Association for the 
Advancement of Science met, for the thirty-fifth time, at 
Nottingham. Its influence in Britain was then at its 
height. Close on 2,000 people were members, and the 
membership was sufficiently permanent for its names to be 
printed at the end of each annual report. Most of the 
sections which now exist then also held their separate 
meetings, although the sections individually and the 
general assembly of the British Association as a whole 
made a practice of passing resolutions on matters that 
seemed to them to be of public importance. The 
Nottingham meeting was serious and concerned with a 
number of admunistrative matters such as the association’s 
spending on scientific research. It was also, however, a 
cheerful meeting. As always the new president delivered 
his address at 8 o’clock, there was a soirée the following 
evening, and evening discourses on the Friday and 
Monday—the second of them by Joseph Hooker on 
insular flora. After another soirée on the Tuesday the 
meeting broke up with a discussion on the afternoon of 
Wednesday, August 29, at which the proceedings of the 
general committee were reported to the general meeting 
as a whole, and the whole body of the membership was 
given an account of how the committee had decided to 
spend its resources. At that time the association was 
reasonably prosperous. From a few years after its forma- 
tion it had begun making small grants of money to those 
engaged on scientific research. In most years something 
of the order of £1,000 was spent on these activities and, 
after the thin time which the association apparently 
experienced in the late 1840s, the funds available were 
sufficient for it to allocate £1,750 13s. 4d. to scientific 
research at its meeting in Nottingham in 1866. The 
present treasurer will no doubt envy the state of affairs 
which allowed the association to lay out these funds from 
its income derived almost exclusively from subscriptions 
—dividends were then a mere £250 a year. 

The variety of the general committee’s interests is quite 
apparent from the report of its proceedings. In the first 
place, it was concerned with the affairs of the Kew 
Observatory and indeed spent £600 on supporting the 
work there. During the year the Observatory calibrated 
a dip circle for a Russian naval officer and did similar 
work for the Indian Survey. The Observatory was also 
engaged in the instrumentation of the survey being carried 
out of Zanzibar, and calibrated instruments for the 
Admiralty as well. Self-recording magnetographs were 
in fashion and Kew played a leading part ın instructing 
workers from what is now called the Commonwealth, 
as well as from Russia and the United States, in the 
operation of these devices. Mr. Whipple, described as 
the Magnetical Assistant, is commended for his diligence. 
The Observatory was also deeply engaged in gravity sur- 
veys in India, and a Mr. Loewy at the Observatory was 
charged with special responsibility for seeing whether 
“Captain Kater’s pendulum is still in a state to justify 
its adoption as an instrument to give correct determination 
of the lengths of the second’s pendulum”. 

Sunspots were recorded. The Government was given 


advice about the setting up of a meteorological depart- 
ment, and Kew volunteered to be the first station. The 
Observatory asked the council of the British Association 
to consider favourably a request that a young clerk should 
be employed to tabulate magnetic and meteorological 
recordings at the Observatory. 

The British Association was also preoccupied with what 
was called its Lunar Committee—a body of men among 
whom Sir John Herschel and Mr. J. N. Lockyer (who 
later founded this journal) were prominent. In 1866 
they were given £120 to spend, and one of the products 
of their work is to be found in a report of the meeting at 
Nottingham as an attempt to construct a map of the 
Moon 100 in. in diameter. In retrospect the report of the 
committee’s work is striking for the detail and care 
with which it tackled the problem of estimating the 
shapes and sizes of objects visible on the surface of the 
Moon. There is also a detailed discussion of the problem 
of deciding on reference points for lunar mapping and, in 
the drafts of the map which were available at Nottingham, 
attempts were made © indicate that some parts of the 
Moon were “higher” or “lower”? than others. In its 
description of the aia Hipparchus, the committee was 
able to say: “The north boundary differs in a very 
marked degree from the S.W., inasmuch as the land on 
the 8.W. rises to a considerable elevation, while on the 
N.N.E. it is depressed. The north boundary consists 
of cliffs which do not appear to rise much, if at all, above 
the surface of Hipparchus. It is this feature which 
occasions the evanescent character of Hipparchus, so 
that in about forty-eight hours after the terminator has 
passed it, this boundary is no longer discernible.” The 
committee’s careful listing of craters and other features 
on the Moon’s surface was compiled from drawings and 
photographs by professional and amateur observatories 
throughout the country and abroad. The committee 
had no illusions about the difficulties of this work, and 
emphasized at several points in its report at Nottingham 
that “the map is not intended to be a perfect or complete 
lunar map, but only a guide to observers in obtaining 
data from the complete map”. 

The Committee on Electrical Standards was reappointed 
in 1866 and was to do valuable work throughout much 
of the nineteenth century. The Nottingham meeting 
was also told of the work done by a committee on “Uni- 
formity of Weights and Measures” which boasted in its 
report that “‘during the year steps of great importance 
have been taken to promote the adoption of one common 
decimal system of weights and measures both at home 
and abroad”. A conference had been held in Frankfurt 
on this subject. The committee complained that this 
conference had adopted a curious proposal that the metric 
system should be linked to the English system by defining 
a foot as three decimetres, but it was heartened by the 
way in which the United States Congress had in the 
previous year introduced bills making the use of the 
metric system lawful in the United States. The committee 
promised to press the cause of decimalization at the then 
impending exhibition in Paris in 1867, recording with 
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satisfaction that interest in decimalization in India was 
high but that administrators in India were divided about 
the virtues of different systems. At home the picture 
was less cheerful. ‘“The only legislative measure recently 
passed is one for transferring to the Board of Trade the 
Department of Weights and Measures previously con- 
nected with the Office of the Comptroller of the Ex- 
chequer”. The committee complained that there was no 
provision for the acquisition of standard metric weights 
and measures. “The law on the subject is in a very 
anomalous state.” It recorded that a deputation had 
called on the President of the Board of Trade and that 
the noises of goodwill which he made were of no value 
because “the session was too far advanced and nothing 
has been done”. The committee wanted to see education 
“among the young” on the metric system, a change of 
heart among the pharmacists, the adoption of the metric 
system by the railways, and a continuing effort by itself 
to promote the cause of decimalization. 

As it happens, the cause of astronomical observations 
in the southern hemisphere was as much an issue in 1866 
as it is a century later. The observation of meteors was 
also being encouraged by the British Association, and the 
committee responsible for this reported at Nottingham 
details of several visible meteors going back to an observa- 
tion in 1768 on Cook’s voyage around the world, but 
mostly collected by devoted amateurs and members of 
the British Association in the previous decade. 

Perhaps the most adventurous of the British Associa- 
tion’s projects was the work of the Balloon Committee, 
including ‘‘Colonel Sykes, Mr. Airy, Lord Wrottesley, 
Sir David Brewster, Sir J. Herschel, Bart., Dr. Robinson, 
Dr. Fairbairn, Dr. Tyndall, Dr. W. A. Miller, and Mr. 
Glaischer”. During the year the committee had spon- 
sored three flights by balloon with the object of collecting 
physical and meteorological information. One ascent 
took place from Woolwich Arsenal in October 1965. 
Mr. James Glaisher took off after the Sun had gone down, 
chiefly because the committee was anxious to have in- 
formation about the temperature lapse in the lower 
atmosphere at night. Myr. Glaisher was surprised to find 
that the temperature did not lapse at all but actually 
increased with height up to 1,900 ft. He was also sur- 
` prised to find that the humidity decreased with height. 
Mr. Glaisher made an attempt to measure ozone with 
slips of paper containing chemical reagents. He had 
trouble with his Davy lamp, which was the only way of 
reading his instruments. He was overcome with the 
brilliance of the sight of London from the balloon and 
felt it “impossible to convey any adequate idea of the 
brilliant effect of London viewed from an elevation of 
1,300 ft. on a clear night when the air is free of mist”. 
In the event the balloon crossed London by the Marble 
Arch and the Harrow Road and came down at Highmoor 
in Oxfordshire after dawn. One of Mr. Glaisher’s con- 
clusions was that it would be valuable to carry telescopes 
on balloons to high altitudes so that an observation 
might be made of the Milky Way and other stars, 

Two other ascents that year seemed to be less successful. 
In December 1865 the temperature lapse was marked, but 
the balloon was buffeted much by the winds, and a lamp 
was put out by accident at 2,400 ft. (by which time the 
temperature was down to freezing) so that the journey 
was abandoned. Not until April 1866 was another ascent 
possible, and this time the journey started from Windsor 
and finished in Sussex. The committee of the association 
agreed to continue with the balloon flights and allocated 
& further £50 to the work of the committee—a modest 
amount, 1+ would appear, in all the circumstances. 

The less spectacular parts of the association’s work also 
have a curiously up-to-date appearance. There was, for 
example, a committee concerned with the transmission 
of sound under water, whose formation had been prompted 
by experiments carried out in 1826 in the Lake of Geneva, 
and whose motive was to find some way of communicating 
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between two ships “in company at sea, or between a ship 
and the coast during foggy weather’. Another committee 
was exploring Palestine; the archaeology of Kent’s Hole 
in Devon was supp»rted with £100; and there were 
projects to excavate fossil elephants from Malta, fossil 
crustacea from wherever they could be found, fauna 
from the Kilkenny caalfields, and similar palaeontological 
work in Iceland, Irland and Scotland. Finally, the 
association was exercised by the problem of the perform- 
ance of steam ships and the need to make ships’ plates 
impenetrable to bullets and other projectiles. Much of 
the work was carried out at Shoeburyness where shots 
were fired at ships armoured with various kinds of plating. 
One of the conclusions was a suggestion as to how wooden 
ships might be most offectively armoured with steel and 
iron. The committee was able to make suggestions about 
the tactics to be followed by ships so as to minimize the 
danger that their armour would prove ineffectual. It 
also commented on tne relative advantages of the Ameri- 
can and English systems of artillery; the Americans 
were apparently inclined to use heavy shot at low velocity 
in the hope of shattering the armour, while the British 
Navy looked for penetration of the armour with the 
intention of killing she crew, damaging the machinery 
and sinking the vessel. By 1866 the committee was not 
in @ position to take a firm line about the advantages or 
disadvantages of the two systems. 

Compared with contemporary meetings of the British 
Association, the attention paid a century ago to matters 
like these may seem remarkable. In practice the general 
committee of the British Association did even more to 
sponsor research by drawing attention to problems which 
needed solution, and, in this spirit, it encouraged an 
investigation of methods of solving simultaneous equa- 
tions, the study of she chemistry of cast iron, and the 
difficult matter of hcw best (if at all) to present scientific 
evidence in courts of law. 

As was the custom in the nineteenth century, the 
address by the president, Mr. William Robert Grove, 
Q.C., M.A., F.R.S., was an attempt to survey the then 
state of science in Britain. He began his address, however, 
with a declaration about the importance of publie under- 
standing of science. “It is sad to see the number of 
so-called educated men who, travelling by railway, 
voyaging by steamboat, consulting the almanac for the 
time of sunrise or ful/-moon, have not the most elementary 
knowledge of a steam-engine, a barometer, or a quadrant; 
and who will listen with a half-confessed faith to the most 
idle predictions as tc weather or cometic influences, while 
they are in a state »f crass ignorance as to the cause of 
the trade-winds or tne form of a comet’s path. May we 
hope that the slight infiltration of scientific studies, now 
happily commenced, will extend till it occupies its fair 
space in the education of the young, and that those who 
may be able learned-y to discourse on the Eolic digamma 
will not be ashamed of knowing the principles on which 
the action of an ai-pump, an electrical machine, or a 
telescope depends, and will not, as Bacon complained of 
his contemporaries, despise such knowledge as something 
mean and mechanical.” 

In the second half of the nineteenth century the mem- 
bers of the British Association were also concerned to 
understand what astronomy was doing. The orbits of 
the double stars were easy enough to understand, but how 
could nebulae be accounted for in terms of gravitation 
as known on the surface of the Earth ? Meteorites were 
also a puzzle, especcally because they seemed to radiate 
from particular points in the sky. It was remarkable to 
the then president that the number of asteroids had 
increased so that there were a total of eighty-eight planets, 
and the notion that the space between Mars and Jupiter 
might be filled with planets varying in size from Jupiter 
to a cannon ball was already current. 

But why should tke Earth be so dense ? On the assump- 
tion that meteorites are a kind of primeval rock, and the 
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suggestion—due to a French geologist—that rocks become 
more like meteorites the further their source beneath the 
surface of the Earth, it was still a puzzle to know why 
the average specific gravity of the Earth should be 
between five and six and why that of olivine was a mere 
3-3. The explanation suggested by the president was 
that the oxidation of rocks was confined to regions near 
the surface of the Earth and that the deeper rocks were 
more dense because they were free from oxygen. 

Mr. Grove was also interested by the measurement of 
the spectrum of a star which appeared suddenly on May 12, 
1866, “equal in brilliancy to a star of the second magni- 
tude”. Its brightness diminished in a few days and its 
spectrum was sufficiently unusual, with bright emission 
lines superimposed on a continuous spectrum, to suggest 
that something new was happening. As to the surface 
of the Moon, the appearance of the craters “‘is not unlike 
that seen on the surface of some metals such as bismuth, 
when cooling from fusion and just previous to solidify- 
ing’. May it not therefore be that the Moon is really 
substantially metallic with an oxide coating too thin 
to be seen? This at least was the suggestion, and one of 
the reasons why the British Association was anxious to 
keep its lunar committee at work, but the president 
admitted that the problem “‘needs more examination and 
study before any positive opinion can be pronounced”. 
No doubt the frustration of not knowing what the Moon 
was made of helped the president to complain, as he did 
with some bitterness, that instruments ought to be 
improved. 

With Joule a member, and actively engaged on much of 
the association’s work, it is not surprising that the presi- 
dential address should have taken up the equivalence of 
heat and mechanical energy. The president himself had 
been impressed with an experiment demonstrating this 
in an unfamiliar way. “A train of multiplying wheels 
ended with a small metallic wheel which, when the train 
was put in motion, revolved with extreme rapidity 
against the periphery of the next wheel, a wooden one. 
In the metallic wheel was placed a small piece of phos- 
phorus, and as long as the wheels revolved, the phosphorus 
remained unchanged, but the moment the last wheel 
was stopped by moving a small lever attached to it, the 
phosphorus burst into flame. My object was to show 
that while motion of the mass continued, heat was not 
generated, but that when this was arrested, the force 
continuing to operate, the motion of the mass became heat 
in the particles. The experiment differed from that of 
Rumford’s cannon-boring and Davy’s friction of ice in 
showing that there was no heat while the motion was 
unresisted, but that the heat was in some way dependent 
on the motion being impeded or arrested. We have now 
become so accustomed to this view that whenever we 
find motion resisted we look to heat, electricity, or some 
other force as the necessary and inevitable result.” But 
where does heat energy come from? The president sug- 
gested that there must be a sharp distinction between 
influences such as heat and influences such as magnetism, 
which must be “cosmical and not merely terrestrial”. 
There is no connexion to be found between sunspots and 
magnetism. And as to the heat of the Sun itself, the -` 
theory that this might be caused by the impact of meteor- 
ites was not convincing because it was hard to believe 
there could be enough meteorites. 

The president was also perplexed by what is known as 
Albers’s Paradox, pointing out that it was hard to imagine 
what could be happening to the radiation from the Sun 
and smaller stars. ‘If the universe have no limit and it is 
difficult to conceive one, heat and light should be every- 
where uniform; and yet more is given off than is received 
by each cosmical body, for otherwise night would be as 
light and as warm as day. What b comes of the enormous 
force thus apparently non-recurrent in the same form ? 
Does it return as palpable motion? Does it move or 
contribute to move suns and planets? and can it be 
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conceived as a force similar to that which Newton specu- 
lated on as universally repulsive and capable of being 
substituted for universal attraction? We are in no 
position at present to answer such questions as these; 
but I know of no problem in celestial dynamics more 
deeply interesting than this, and we may be no further 
removed from its solution than the predecessors of Newton 
were from the simple dynamical relation of matter to matter 
which that potent intellect: detected and demonstrated.” 

Thanks to his understanding of molecular physics, the 
president was able to be entirely confident that the heat 
delivered up by burning coal really comes from the Sun 
much earlier, at the time of its formation. He pointed 
out, however, that coal fields would become exhausted 
and that it was impossible to predict what changes would 
then be necessary if energy were to be used for practical 
purposes. “The waste of fuel in ordinary operations is 
enormous, and can be much economized by already known 
processes. It is true that we are, at present, far from 
seeing a practical mode of replacing that granary of force 
the coal-fields; but we may with confidence rely on 
invention. being in this case, as in others, born of necessity, 
when the necessity arises. 

“I will not further pursue this subject; at a time when 
science and civilization cannot prevent large tracts of 
country being irrigated by human blood in order to 
gratify the ambition of a few restless men, it seems an 
over-refined sensibility to occupy ourselves with providing 
means for our descendants in the tenth generation to 
warm their dwellings or propel their locomotives.” 

But there was electricity just round the corner. The 
president pointed out that “Mr. Wilde and Mr. Holz” 
had found that it was possible to increase “electrical 
power”? by coupling electrical coils and electro-magnets 
together. “There seems hardly a limit to the extent to 
which mechanical may be converted into electrical force.” 
There were also experiments with machines which “Mr. 
Holz” had bven experimenting with. - 

The tone of the president’s address in 1866 was optimis- 
tic. “As phlogiston and similar creations of the mind 
have passed away, so with hypothetic fluids, imponderable 
matters, specific ethers, and other inventions of entities 
made to vary according to the requirements of the 
theorist, I believe the day is approaching when these will 
be dispensed with, and when the two fundamental con- 
ceptions of matter and motion will be found sufficient to 
explain physical phenomena.” He was, of course, before 
his time. 

The aftermath of the great argument about evolution, 
which took place at Oxford in 1862, was still perplexing 
the association. The pr sident in 1866 set out to sum- 
marize the arguments for and against. His task was 
made easier by the controversy then raging in France 
between Pasteur and Pouchet on spontaneous generation, 
although Mr. Grove gave victory to Pasteur. He was 
particularly impressed with Pasteur’s argument that the 
assertion of spontaneous generation had become possible 
only for more and more “lower forms of life” as experi- 
mental techniques had become better. But there were 
difficulties about talking about the origin of species 
without a definition of what a species really consists of. 
“Ths more gaps between species are filled up by the 
discovery of intermediate varieties, the stronger becomes 
the argument for transmutation and the weaker that for 
successive creations.”* Indeed, the president then was a 
firm believer in continuity. He confessed that he leant 
to the view that the successive changes in organie beings 
do not take place by sudden leaps and said that “if the 
facts are stronger in favour of one theory than another 
it would be an affectation of impartiality to make the 
balance appear equipoised”’. Tho prejudices of education 
were against new views, he said. The acid test was 
whether a new theory would “remove more difficultics, 
require fewer assumptions and present more consistency 
of observed facts than that which it seeks to supersede”. 
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NOTTINGHAM BETWEEN THE WARS 


The third annual meeting to be held in Nottingham convened on September |, 1937. 

The programme and the proceedings were similar in form to those of the nineteenth 

century, yet the problems of the twentieth century, practical as well as intellectual, 
were also plainly evident. 


THE meeting of the British Association at Nottingham 
in 1937 was the third to have been held there, and was 
by all accounts successful and stimulating. The associa- 
tion was at that time deeply engaged in a number of issues 
of public importance, ranging from the importance of 
adult education in science to the planning of land use in 
Britain. The proceedings were enlivened by the appear- 
ance of H. G. Wells as president of the Educational 
Section, and by his eloquent plea for a sensitive apprecia- 
tion of the character of education and its role in the modern 
world (see page 1061, this supplement). This was also 
the year in which George VI agreed to become patron 
of the British Association, and in which the then president, 
Sir Edward Poulton, undertook to represent the British 
Association at the Coronation on May 12. The balance 
sheet was in a reasonably healthy condition, and if there 
were warning signs of the difficulties which at present cause 
the treasurer such anguish, there was no cause to be 
unduly worried by them. 

The Nottingham meeting was inaugurated at the Albert 
Hall, Derby Road, on September 1, 1937. The president 
spoke on the History of Evolutionary Thought, as recorded 
at Meetings of the British Association, and concerned 
himself with a review of the doctrine of evolution from its 
foundation through the mid-nineteenth century to the 
development of cytogenetics in this century. The meet- 
ings of the sections were held at what was then known as 
the University College of Nottingham. There were even- 
ing discourses on the Friday and Monday, the first by 
Dr. R. E. Slade on Grass and the National Food Supply and 
by Professor (later Sir) James Gray on the Meniality of 
Fishes. 

Financially, the mid-thirties were a watershed for the 
British Association, for it was then that the association 
began to find it difficult to finance its scientific activities 
out of the income from membership subscriptions and 
investment revenue. The total budget for the year 
worked out at something less than £5,000, while invest- 
ments produced a cheerful £1,500 and membership sub- 
scriptions somewhat more than £2,000 even in a year that 
was only moderately well attended. What with the sale 
of publications and occasional large donations, the associa- 
tion could cover its modest outgomgs comfortably, and 
yet spare some hundreds of pounds each year for the 
support of scientific research. In addition there was a 
substantial expenditure on small grants for research 
from various special funds administered by the council 
of the British Association, so that the total expenditure 
on research projects in 1937 amounted to £720. 

Even so, Mr. P. G. H. Boswell, the general treasurer, 
was worried. He pointed out that the association had not 
found it possible to meet its target of an annua! allocation 
of £500 to a contingency fund, and that the accumulated 
surplus over five years was merely £1,940. He was also 
concerned that the association’s support of research pro- 
jects of various kinds had increasingly tended to become 
support for long-established committees. Like all 
charitable foundations, the association wished to regard 
itself as an initiator of new work. ‘The true function of 
the association, in making grants to research committees, 


is the initiation of particular pieces of research rather 
than their quasi-permanent endowment.” But wishes 
are one thing and realities another; alternative sponsors 
for work begun wers apparently as hard to come by in the 
thirties as they are now. 

In the thirties, the various sections of the association 
were still passing resolutions on various matters of scientific 
or public importamce. Frequently the council of the 
association, which alone was empowered .to act on the 
basis of sectional resolutions, was also required to decide 
what should be done about them, and the report of the 
meeting in 1937 imcludes records that the council had 
found it impossibls to act on a resolution passed the 
previous year at Blackpool, by the Chemistry Section, 
and which declared that the “extent to which chemistry 
is applied for beneficient purposes in connection with the 
industry of the British nation and the health of its citizens 
is enormously greaser than the scope of its employment 
for purposes of warfare’. As a result, the resolution went 
on, “chemists as & body view with grave concern the 
increasing use of science for destructive ends”. 

At Nottingham itself, the sections of the association 
were earnestly prcductive of resolutions. The mathe- 
maticians and physicists, for example, were sad to note, 
“fon the occasion of æ visit to the grave of George Green, 
the world-famous mathematician of Nottingham”, that 
“deterioration is taking place in the tombstone, and 
would respectfully suggest that representations should 
be made to the prcper authorities to take such steps as 
seom fit to maintain in good condition the resting place 
of this renowned man”. Green, who worked for a time 
as a miller but later graduated from Cambridge as a 
mathematician, was, of course, the man who did much 
to put into mathematical language the work of Faraday 
and others on electro-magnetism. 

The zoologists at Nottingham were anxious that Lord 
Rothschild’s house at Tring should continue to be used 
as & centre for research and as a museum, even though it 
had passed into ths hands of the British Museum. The 
geographers made & gentle protest at the decision by the 
published. The engineers wanted the council of the 
British Association z0 use its influence with the engineering 
institutions so as to create better channels for the exchange 
and dissemination of information about engineering 
research and development. The anthropologists wanted 
anthropology made compulsory in the studies of pro- 
bationer civil servents in India and Burma. Zoologists 
and others asked for some public investigation of the 
ways in which wild animals—pests and others—-were dealt 
with in British agriculture; one of the questions at issue 
was whether the gin trap was humane or otherwise. 

In the late thirti2s the research committees were more 
numerous than the sections of the association. One of 
them—the committee on seismological investigations— 
remains alive, and in 1966 includes at least one member 
who was active in the late thirties. But the Mathematics 
and Physics Section was also engaged on the calculation 
of mathematical tables, and, in collaboration with the 
chemists, on the determination of thermal conductivities 
of rocks by makinz direct measurements in deep mines 
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and boreholes. Through the activities of the seismological 
committee, the British Association had become the sponsor 
of much detailed work, and, by its support, the University 
Observatory at Oxford was able to contribute to the work 
of the Seismological Survey. The six Milne-Shaw seismo- 
graphs belonging to the association were scattered around 
the world at Oxford, Edinburgh, and in Australia and 
South Africa. It was largely because of the association’s 
support for seismology that the Oxford Observatory was 
able to equip itself with a large brass globe some 18 in. 
in diameter and conveniently ruled and drilled with 
holes so as to assist in fixing the epicentres of 
earthquakes. 

The Committee on Mathematical Tables was busy on 
Bessel Functions, and about to start work on the tabula- 
tion of Airey Integrals. During the year the committee 
made arrangements for its mechanical computing machine 
to be housed at the Galton Laboratory at University 
College, London, under the eye of Professor R. A. Fisher, 
and plans were in hand to employ a full-time operator 
{out of a budget of £200). At the same time, the Com- 
mittee on the Measurement of Thermal Conductivities in 
Rocks completed plans for drilling a borehole 100 ft. 
deep, at a cost of £40, having convinced itself that thermal 
conductivity could be inferred without much inaccuracy 
from the measurements of temperature which could be 
made at various depths. 

The geologists were particularly active. The committee 
responsible for collecting photographs of particular geo- 
logical interest was able to add 154 items to its collection 
of nearly 9,000 photographs. A project was under way to 
ensure that full advantage should be taken of quarry 
working in the oolite at Stow-on-the-Wold to collect 
what evidence there might be of fossil reptiles, and a 
great many specimens came to light during the year. 
The quarries on which this interest was lavished had 
previously yielded up some splendid dinosaur remains. 

The excavations at Kent’s Cavern near Torquay, in 
which a committee of the association was first engaged a 
century ago, were still in progress. During the year a pit 
was dug in the floor of the cavern, and from it was 
excavated a substantial quantity of mammalian remains 
but only a few flints to indicate human presence. In 
Derbyshire, the cave known as the Whalley Rock Shelter 
had been found to be a primitive workshop site, with a 
yield of some hundreds of pieces of stone artefacts. Yet 
another committee was hard at work on the excavation 
of ancient mining sites in Wales and Northern Ireland, and 
was able to date with some accuracy the succession of 
improved techniques at a refuse dump on the Great 
Orme (Llandudno), and in particular to demonstrate that 
the Romans had worked there. 

The principal work of the research committees, at least 
so far as the meeting at Nottingham was concerned, was 
in education. The geologists had been particularly con- 
cerned to make a study of the ways in which the teaching 
of geology in the schools could be improved, and this will 
no doubt be considered a curious premonition of the 
discussions to be held at Nottingham this year on the 
teaching of geology. In 1937, as now, the geologists felt 
neglected by the school curriculum, but at Nottingham 
they were more interested in showing how geology could 
be introduced into the school curriculum than with making 
the general case that geology should not be neglected. 
They were apparently encouraged by the way in which 
the school examinations in the thirties were being reorgan- 
ized in such a way as to make a more general study of 
science a commonplace in grammar schools, and they 
argued that geology was a particularly suitable subject 
for study in those schools sited near what were called 
“natural geological laboratories’. The committee also 
considered that the industrial demand for geologists would 
grow rapidly (though it did not cite exploration for petrol- 
eum as one of the causes of growing demand) with the 
result that there would be a dearth of suitably trained 
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people “unless something is done to stimulate the entry of 
students into geological courses’’. 

The committee argued that it was particularly important 
to include some teaching of geology early in the school 
career of most schoolchildren because “only a small 
proportion of those who enter for the various school 
examinations pass on to university work. Most of them 
take up posts in industry and commerce at once. Of 
these, a considerable proportion who have no further 
academic training obtain posts where they are sooner or 
later concerned with mining, building, engineering or 
other problems in which even a small acquaintance with 
geological matters would be of real assistance. In ordinary 
life, too, opportunities for using scientific knowledge are 
continually increasing in number. The applications of 
geology are certainly not fewer or less important than 
those of other sciences. Unless some work is introduced 
into school curricula, not only will there be a serious restric- 
tion in the numbers who will seek to take up geology as a 
profession, but many who may be later concerned with 
the applications of geology will hardly know of the exist- 
ence of a science which has close contacts with their 
work”. 

The other educational theme to dominate the proceed- 
ings at Nottingham in 1937 was that of adult education in 
science. This had been a continuing concern of the associa- 
tion since the early thirties. By 1937 the committee 
responsible for the work had been able to collect a mass 
of information about the extent of adult education in 
Britain. As a result, it felt confident enough to present 
to the meeting at Nottingham a detailed report showing 
in great detail the place of science in adult education 
as it was and as it should be. 

This cause was close to the association’s heart. The 
Committee on Science in Adult Education produced for 
the Nottingham meeting a detailed analysis of the then 
current practice, which showed that only some seven or 
eight per cent of the various adult education courses— 
run by evening institutes, the Workers’ Educational 
Association and by extra-mural departments of universi- 
ties—were devoted to scientific subjects. Scientific 
studies were most neglected in the south-east of England 
and London, where they took up only one or two per cent 
of the time of the evening institutes. In the hope of 
making the spread of education in science for adults easier, 
the committee drew up detailed syllabuses for studies in 
astronomy, anthropology, biology and the like. This 
activity chimed in well with the presidential address to 
the section on Education Science in Nottingham that 
year. 

For the rest, the programme for 1937 has a curiously 
familiar appearance. Thers was a symposium on the 
industrial use of X-rays led by Sir William Bragg, a paper 
on rate processes by Henry Eyring, and talk about the 
best way of observing eclipses and of introducing algebra 
into the school mathematics curriculum. ‘The chemists 
were told about chemotherapy and—by W. T. Astbury— 
about the X-ray analysis of protein structures. Between 
them the geologists made a thorough survey of the 
Midlands, and the zoologists ranged from sex ratios in 
wild animals to the technique of recording bird song. 
There was some economics of an academic character, a 
paper on the possible use of electrical vibrations mn 
television, a paper on Palaeolithic Man in Nottinghamshire 
and an anthropological study of the painted headboards on 
horse-drawn carts. The physiologists, much moved by 
what Wells had said about the need for a liberal education 
in science, made a concerted plea for the inclusion of 
physiology in the education of all young people. 

By all ordinary tests, the meeting was a success. 
Altogether there were 2,027 people in attendance at 
various times, roughly half of them for the duration of. 
the meeting. There were four or five hundred casual 
visitors and persons described in the reports as 
“foreigners”. 
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H. G. WELLS ON EDUCATION? 


In 1937 Mr. H. G. Wells was the president of the Section of the British Association 


on Educational Science. 


The substance of his address to the session, delivered on 


Thursday September 2, 1937, is reproduced here because it faithfully if brilliantly 

reflects the flavour of the British Association in the thirties, because of the historical 

importance of Wells’s ideas on education, and also as a way of ~ecalling that this year 
is the centenary of Wells’s birth. 


SECTION L of the British Association is of necessity one 
of the least specialized of all sections. Its interests spread 
far beyond professional limitations. It is a section where 
anyone who is, so to speak, a citizen at large may hope to 
play a part that is not altogether an impertinent intrusion. 
And it is in the character of & citizen at large that I have 
accepted the very great honour that you have offered me 
in making me the president of this section. I have no 
other claim whatever on your attention. Since the remote 
days when as a needy adventurer I taught as non-resident 
master in. a private school, invigilated at London Univer- 
sity examinations, raided the diploma examinations of 
the College of Preceptors for the money prizes offered, 
and, in the most commercial spirit, crammed candidates 
for the science examinations of the university, I have 
spent very few hours indeed in educational institutions. 
Most of those were spent in the capacity of an enquiring 
and keenly interested parent at Oundle School. I doubt 
if there is any member of this section who has not had 
five times as much teaching experience as I have, and who 
is not competent to instruct me on all questions of method 
and educational organization and machinery. So I will 
run no risks by embarking on questions of that sort. 
But, on the other hand, if I know very little of educational 
methods and machinery I have had a certain amount of 
special experience in what those methods produce and 
what that machine turns out. I have been keenly in- 
terested for a number of years, and particularly since the 
war, in public thought and public reactions, in what 
people know and think and what they are ready to believe. 
What they know and think and what they are ready to 
believe impresses me as remarkably poor stuff. A general 
ignorance--even in respectable quarters—of some of the 
most elementary realities of the political and social life 
of the world is, I believe, mainly accountable for much of 
the discomfort and menace of our times. The uninstructed 
publie intelligence of our community is feeble and con- 
vulsive. It is still a herd intelligence. It tyrannizes here 
and yields to tyranny there. What is called elementary 
education throughout the world does not in fact educate, 
because it does not properly inform. I realized this very 
acutely during the latter stages of the war and it has 
been plain in my mind ever since. It led to my taking an 
active part in the production of various outlines and 
summaries of contemporary knowledge. Necessarily they 
had the defects and limitations of a private adventure, 
but in making them I learnt a great deal about—what 
shall I say ?—the contents of the minds our schools are 
turning out as taught. 

And so now I am proposing to concentrate the attention 
of this Section for this meeting on the question of what is 
taught as fact, that is to say on the informative side of 
educational work. For this year I suggest we give the 
questions of drill, skills, art, music, the teaching of 
languages, mathematics and other symbols, physical 
training and development, a rest, and that we concentrate 
on the inquiry: What are we telling young people directly 
about the world in which they are to live ? 

*Reprodnced by permission of Professor G. P, Wells. 


Now when I set myself to review the field of inquiry 
I have thus definec, I found it was necessary to take a 
number of very pra2tical preliminary issues into account. 
As educators we are going to ask what is the subject- 
matter of a general education ? What do we want known ? 
And how do we went it known? What is the essential 
framework of knowledge that should be established in the 
normal citizen of our modern community ? What is the 
irreducible minimum of knowledge for a responsible 
human being to-day ? 

I say irreducible minimum-~and I do so, because I 
know at least enough of school work to know the grim 
significance of the school time-table and of the leaving 
school age. Under contemporary conditions our only 
prospect of securirg a mental accord throughout the 
community is by lsying a common foundation of know- 
ledge and ideas in the school years. No one believes to-day, 
as our grandparents—perhaps for most of you it would be 
better to say great-grandparents—-believed, that educa- 
tion had an end scmewhere about adolescence. Young 
people then left scnool or college under the imputation 
that no one could teach them any more. There has been 
a quiet but complete revolution in people’s ideas in this 
respect and now it is recognized almost universally that 
people in a moderr community must be learners to the 
end of their days. 

Nevertheless it ic true that what I may call the main 
beams and girders of the mental framework must be laid 
down, soundly or unsoundly, before the close of adoles- 
cence. We live under conditions where it seems we are 
still only able to efford for the majority of our young 
people, freedom from economic exploitation, teachérs 
even of the cheapest sort and some educational equip- 
ment, up to the ag> of 14 or 15, and we have to fit our 
projects to that. and even if we were free to carry on 
with unlimited time and unrestrained teaching resources, 
it would still be in taose opening years that the framework 
of the mind would aave to be made. We have got to see 
therefore that whatever we propose as this irreducible 
minimum of knowledge must be imparted between infancy 
and, at most, the fifteenth or sixteenth year. 

And next let us turn to another relentlessly inelastic 
packing-case and that is the school time-table. How 
many hours in the week have we got for this job in hand ? 
The maximum school hours we have available are some- 
thing round about chirty, but out of this we have to take 
time for what I may call the non-informative teaching, 
the native and foreizn language teaching, teaching to read, 
teaching to write clearly, basic mathematical work, 
drawing, various forms of manual training, music and so 
forth. A certain amount of information may be mixed in 
with these subjects but not very much. They are not what 
I mean by informative subjects. By the time we are 
through with these non-informative subjects, I doubt if 
at the most generous estimate we can apportion more than 
six hours a week to essentially informative work. Then 
let us, still erring on the side of generosity, assume that 
there are 40 weeks Df schooling in the year. That gives us 
a maximum of 240 hours in the year. And if we take ten 
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years of schooling as an average human bemg’s prepara- 
tion for life and if we disregard the ravages made on our 
school time by measles, chicken-pox, whooping-cough, 
coronations and occasions of publie rejoicing, we are 
given 2,400 hours as all that we can hope for as our time 
allowance for building up a coherent picture of the world, 
the essential foundation of knowledge and ideas, in the 
minds of our people. 

Our question becomes therefore: “What should people 
know—whatever else they don’t know? Whatever else 
we may leave over—for leisure-time reading, for being 
picked up or studied afterwards—what is the irreducible 
minimum, that we ought to teach as clearly, strongly and 
conclusively as we know how ?’ 

We begin telling true stories of the past and of other 
lands. We open out the child’s mind to a realization that 
the sort of life it is living is not the only life that has been 
lived and that human. life in the past has been different 
from what it is to-day and on the whole that it has been 
progressive. We shall have to teach a little about law and 
robbers, kings and conquests, but I see no need at this 
stage to afflict the growing mind with dates and dynastic 
particulars. I hope the time is not far distant when 
children even of eight or nine will be freed from the 
persuasion that history is a magic recital beginning 
‘William the Conqueror, 1066’. Concurrently, we ought 
to make the weather and the mud pie our introduction to 
what Huxley christened long ago as Elementary Physio- 
graphy. We ought to build up simple and clear ideas from 
natural experience. 

We start a study of the states of matter with the boiling, 
evaporation, freezing and so on of water and go on to 
elementary physics and chemistry. Local topography can 
form the basis of geography. We shall have to let our 
learner into the secret that the world is a globe—and for 
a time I think that has to be a bit of dogmatic teaching. 
It is not so easy as many people suppose to prove that the 
world is spherical and that proof may very well be left to 
make an exercise in logic later on in the education. Then 
comes biology. Education, I rejoice to see, is rapidly 
becoming more natural, more biological. Most young 
children are ready to learn a great deal more than most 
teachers can give them about animals. I think we might 
easily turn the bear, the wolf, the tiger and the ape from 
holy terrors and nightmare material into sympathetic 
creatures, if we brought some realization of how these 
creatures live, what their real excitements are, how they 
are sometimes timid, into the teaching. I don’t think that 
descriptive botany is very suitable for young children. 
Flowers and leaves and berries are bright and attractive, 
a factor in aesthetic education, but I doubt if, in itself, 
vegetation can hold the attention of the young. But 
directly we begin to deal with plants as hiding-places, 
homes and food for birds and beasts, the little boy or girl 
lights up and learns. And with this natural elementary 
zoology and botany we should begin elementary phy- 
siology. How plants and animals live, and what health 
means for them. 


There I think you have stuff enough for all the three 
or four hundred hours we can afford for the foundation 
stage of knowledge. Outside this substantial teaching of 
school hours the child will be reading and indulging in 
imaginative play—and making that clear distinction 
children do learn to make between truth and fantasy— 
about fairyland, magic carpets and seven league boots, 
and all the rest of it. So far as my convictions go I tl ink 
that the less young children have either in or out of school 
of what has hitherto figured as history, the better. I do 
not see either the charm or the educational benefit of 
making an important subject of the criminal history of 
royalty, the murder of the Princes in the Tower, the wives 
of Henry the Eighth, the families of Edward and James I, 
the mistresses of Charles IT, Sweet Nell of Old Drury, and 
all the rest of it. I suggest that the sooner we get all that 
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unpleasant stuff out of schools, and the sooner that we 
forget the border bickerings of England, France, Scotland, 
Ireland and Wales, Bannockburn, Flodden, Crecy and 
Agincourt, the nearer our world will be to a sane outlook 
on life. In this survey of what a common citizen should 
know I am doing my best to elbow the scandals and 
revenges which once passed as.English history into an 
obscure corner or out of the picture altogether. 

But I am not proposing to eliminate history from 
education—far from it. You will see how large a propor- 
tion of our treasure of 2,400 hours I am proposing to give 
to history. This next section represents about 800 to 1,000 
pre-adolescent hours. It is the school-boy—school-girl 
stage. And here the history is planned to bring home to 
the new generation the reality that the world is now one 
community. I believe that the crazy combative patriotism 
that plainly threatens to destroy civilization to-day is 
very largely begotten by the schoolmaster and the 
schoolmistress in their history lessons, They take the 
growing mind at a naturally barbaric phase and they 
inflame and fix its barbarism. I think we underrate the 
formative effect of this perpetual reiteration of how we 
won, how our Empire grew and how relatively splendid 
we have been in every department of life. We are blinded 
by habit and custom to the way it infects these growing 
minds with the chronic and nearly incurable disease of 
national egotism. Equally mischievous is the furtive anti- 
patriotism of the leftish teacher. I suggest that we take 
on our history from the simple descriptive anthrop- 
ology of the elementary stage to the story of the early 
civilizations. 

We are dealing here with material that was not even 
available for the school-masters and mistresses who 
taught our fathers. It did not exist. But now we have the 
most lovely stuff to hand, far more exciting and far more 
valuable than the quarrels of Henry II and a Becket or 
the peculiar unpleasantness of King James or King John. 
Archaeologists have been piecing together a record of the 
growth of the primary of civilizations and the developing 
roles of priest, king, farmer, warrior, the succession of 
stone and copper and iron, the appearance of horse and 
road and shipping in the expansions of those primordial 
communities. It is a far finer story to tell a boy or girl 
and there is no reason why it should not be told. Swinging 
down on these early civilizations came first the Semitic- 
speaking peoples and then the Aryan-speakers. Persian, 
Macedonian, Roman followed one another, Christendom 
inherited from Rome and Islam from Persia, and the world 
began to assume the shapes we know to-day. 

Look at our time-table and what we have to teach. If 
we give history four-tenths of all the time we have for 
imparting knowledge, that still gives us at most something 
a little short of 400 hours altogether. Even if we think it 
desirable to perplex another generation with the myths of 
the Creation, the Flood, the Chosen People and so forth, 
we haven’t got the time for it-—any more than we have the 
time for the really quite unedifying records of all the 
Kings and Queens of England and their claims on this 
and that. No reason why much of that stuff should not 
be picked up in private reading—by those who like that 
sort of thing. But so far as the school time-table goes we 
are faced with a plain alternative. One thing or the other. 
Great history or hole-and-corner history ? The story of 
mankind or the narrow, self-righteous, blinkered stories 
of the British and the Jews ? 

There is a lot more we have to put into the heads of our 
young people over and above history. It is the main 
subject of instruction but, even so, it is not even half of 
the informative work that ought to be got through in this 
school stage. We have to consider the collateral subject of 
geography and a general survey of the world. We may 
have a little mapmaking here, but I take it what is needed 
most are reasonably precise ideas of the various types of 
country and the distinctive floras and faunas of the main 
regions of the world. We do not want our budding citizens 
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to chant lists of capes and rivers, but we do want them to 
have a real picture in their minds of the Amazon forests, 
the pampas, the various phases in the course of the Nile, 
the landscape of Labrador and so on, and also we want 
something like a realization of the sort of human life that 
is led in these regions. We have enormous resources now 
in cheap photography, in films and so forth, that even our 
fathers never dreamt of—to make all this vivid and real. 
New methods are needed to handle these new instruments, 
but they need not be overwhelmingly costly. 

Geography and history run into each other in this 
respect and, on the other hand, geography reaches over 
to biology. Here again our schools lag some fifty years 
behind contemporary knowledge. The past half-century 
has written a fascinating history of the succession of 
living things in time and made plain all sorts of processes 
in the prosperity, decline, extinction and replacement of 
species. We can sketch the wonderful and inspiring story 
of life now from its beginning. 

And finally, we have the science of inanimate matter. 
In a world of machinery, optical instruments, electricity, 
radio and so forth we want to lay a sound foundation of 
pure physics and chemistry on the most modern lnes— 
for everyone. Some of this work will no doubt overlap the 
mathematical teaching. And finally, to meet awakening 
curiosity and take the morbidity out of it, we have to tell 
our young people, and especially our young townspeople, 
about the working of their bodies, about reproduction and 
about the chief diseases, enfeeblements and accidents that 
lie in wait for them in the world. 

That, I think, completes my summary of all the informa- 
tion we can hope to give in the lower school stage. And 
as I make it I am acutely aware of your unspoken com- 
ment. With such teachers as we have! Well, I think that it 
is a better rule of life, first to make sure of what you want 
and then set about getting it, rather than to consider 
what you can easily, safely and meanly get, and then set 
about reconciling yourself to ıt. I admit we cannot have a 
modern education without a modernized type of teacher. 
Everything I am saying now mplies a demand for more 
and better teachers—-with better equipment. And these 
teachers will have to be kept fresh. It is stipulated in most 
leases that we should paint our houses outside every three 
years and inside every seven years, but nobody ever 
thinks of doing up a sehool teacher. There are teachers 
at work in this country who haven’t been painted inside 
for fifty years. They must be damp and rotten. Two- 
thirds of the teaching profession now 1s in urgent need of 
being either reconditioned or superannuated. In this 
advancing world the reconditioning of both the medical 
and the scholastic practitioner is becoming a very urgent 
problem indeed, but it is not one that I can deal with here. 

And there is another matter also closely allied to this 
question of the rejuvenation of teachers, at which I can 
only glance now, and that is the bringing of school books 
up to date. In this informative section of school work 
there is hardly a subject in which knowledge is not being 
vigorously revised and added to. Our school work does 
not follow up contemporary digesting. Still less do our 
school libraries. They are ten, fifteen years out of date 
with much of their information. 

Then our new citizens have to understand something 
of the broad elements in our modern social structure. They 
should be given an account of the present phase of com- 
munication and trade, of production and invention, and 
above all they need whatever plain knowledge is avail- 
able about the conventions of property and money. On 
these conventions human property stands, and the 
efficiency of their working is entirely dependent on the 
general state of mind throughout the world. We know now 
that what used to be called the inexorable laws of political 
economy and the laws of monetary science are really no 
more than rash generalizations about human behaviour, 
supported by a maximum of pompous verbiage and a 
minimum of scientific observation. Most of our young 
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people come on to edult life, to employment, business and 
the rest of ıt, blankly ignorant even of the way in which 
money has changed slavery and serfdom mto wages and 
employment and how its fluctuations in value make the 
industrial windmilS spin or flag. They are not even 
warned of the significance of such words as inflation or 
deflation, and the wage earners are the helpless prey at 
every turn towards prosperity of the savings-snatching 
financier. Any plausible monetary charlatan can secure 
their ignorant votes. They know no better. They cannot 
help themselves. Yet the subject of property and money-— 
together they maks one subject because money is only 
the fluid form of property—is scarcely touched on in any 
stage in the educasion of any class in our community. 
They know nothinz about it; they are as innocent as 
young lambs and born like them for shearing. 

Thus I budget, 3o to speak, for our 2,400 hours of 
informative teaching. We have brought our young people 
to the upper form, the upper standard. Most of them are 
now going into employment or special training and so 
taking on @ role ın the collective life. But there remain 
some very essential things which cannot be brought into 
school teaching, not through any want of time. but because 
of the immaturity o7 the growing mind. If we are to build 
a real modern civiiization we must go on with definite 
informative instruction into and even beyond adolescence. 
Children and young people are likely to be less numerous 
proportionally in the years ahead of us in all the more 
civilized populations, and we cannot afford to consume 
them in premature employment after the fashion of the 
preceding centuries. 

Social organization is equally a matter for definite 
information. ‘We are all socialists nowadays.’ Everybody 
has been repeating shat after the late Lord Rosebery for 
years and years. 

A certain elemertary training in statistical method 
is becoming as necessary for anyone living in this 
world of to-day as reading and writing. I am asking for 
this much contemporary history as the crowning phase, 
the graduation phass of our knowledge-giving. After that 
much foundation, tke informative side of education may 
well be left to look efter itself. 

I put [this] before-you as a statement of my convictions. 
I do not know how it will impress you and I will not 
anticipate your criticisms. It may seem impossibly bold 
and Utopian. But we are living in a world in which a 
battleship costs £8 million, in which we can raise an 
extra, £400 million for armaments with only a slight Stock 
Exchange qualm, and which has seen the Zeppelin, the 
radio, the bombing aeroplane come absolutely out of 
nothing since 1900. And our schools are drooling along 
much as they were drooling along 37 years ago. 

There is only ons thing I would say in conclusion. 
Please do me the juszice to remember that this is a project 
for Knowledge Organization only and solely. It is not an 
entire scheme of eduzation. It is only a part and a limited 
part of education—-che factual side of education. There 
are 168 hours in the week and I am dealing with the use 
of rather less than s:x during the school year of less than 
40 weeks—for 10 years. It is no good saying, as though it 
were an objection to my paper or to me, that I neglect or 
repudiate spiritual, emotional and aesthetic values. They 
are not disregarded, but they have no place at all in this 
particular educational scheme. I have said nothing about 
music, dancing, drawing exercise and so on and so forth. 
Not because I woukl exclude them from education but 
because they do nov fall into the limits of my subject. 
You no more want these lovely and elementary things 
mixed up with a corspectus of knowledge than you want 
playfulness in an ordnance map or whimsicality on a 
clock face. But the spiritual, emotional, aesthetic lives 
our children are likely to lead will hardly be worth living, 
unless they are sustained by such a clear, full and 
sufficient knowledge as I have ventured to put before you 
here. 
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CRISIS AND CHALLENGE 


The annual report for 1965-66 talks of financial crisis and intellectual challenge. Where 

will the money come from to support the new activities which have been started? 

How will the annual meeting be changed so as to make a greater impact on the mem- 
bership and the rest of the country? 


Tue dominant part of the annual report of the British 
Association for 1965-66, which will by now have been 
presented to the General Committee at Nottingham, is 
the report of the General Treasurer, Mr. I. H. Cox. 
According to what he says, the British Association faces a 
“grave crisis” in its affairs. In the year past it has been 
drawing on its reserves, and is likely to have to do so 
again in the year ahead. Though income is not actually 
falling, the costs of the projects on which the association 
has set its heart are rising steadily, with the result that 
the hunt for economies, which has perplexed the associa- 
tion for the past decade, must continue. 

The financial position is all too simple. The British 
Association no longer has a comfortable cushion of invest- 
ments on which to fall back. Ironically, the market value 
of the securities which it owns is hardly different (at 
£41,000) from. what it was thirty years ago. The income 
from investments is less than 3-5 per cent of the total 
budget (in 1965-66) of £66,000. Moreover, membership 
subscriptions are no longer sufficient to cover a substantial 
part of the cost of keeping going, even though the sub- 
scription has recently been raised to four guineas (£42) 
and even though the generosity of local industries and 
institutions is usually sufficient to cover the cost of the 
annual meeting. (At Nottingham, the overhead costs 
will be borne by the ratepayers of that city.) The result 
is that the association has now to support itself increas- 
ingly by means of grants and donations from foundations, 
industries and public bodies. Making sure that grants 
continue is necessarily a continuing cause for anxiety. 
Trying to arrange that they should be increased must 
often seem a superhuman undertaking. 

The immediate outlook is this. Income in the year to 
the end of March 1966 was £60,000, or roughly £5,000 
less than in the previous year. Although the membership 
increased, and the association sold more copies of its 
publication The Advancement of Science, the past year was 
also one in which a number of covenants made seven 
years ago by industrial companies came to an end. 
(Even so, the association still received £22,000, or a third 
of its total income, from this source.) But as income has 
fallen, opportunities to spend money have increased. 
The result is that the General Treasurer expects that 
the association will be in deficit in the current 
year as well, even though it will begin to enjoy a grant 
from the Ministry of Technology intended to allow the 
association to embark on a programme for persuading 
young people to take an interest in technology. It is 
no wonder that the officials of tthe association feel curiously 
frustrated by circumstances outside their own control. 
This is how the treasurer puts it: 

“As to the future, I regret my inability to be more 
reassuring than my predecessor in his last report. For 
any inter-meeting activities to take place (and this is an 
area in which the association’s work has developed fast) 
advance financial provision must be made, and the council 
has felt that it could not but approve a budget for 1966—67 
which again anticipates a deficit—£5,000—even after 
substantial economies in staff and a further drastic reduc- 
tion in subventions to branches and area committees 
which permits no material development. As a continuing 


policy, however, budgeting for deficit 1s clearly suicidal 
and, as I write, the closest reassessment of the association’s 
deployment of its slender funds is being made and new 
sources of income are being energetically sought. In the 
course of this I greatly hope that new financial policies 
may emerge in time for me to report upon them to the 
General Committee when it meets in Nottingham in August. 

“Let there be no doubt, however, that for the present 
the association faces a grave crisis in its affairs. This is 
all the more ironic and regrettable in view of the recent 
reorientation of its activities more specifically to meet 
the needs of the times by creating a better understanding 
of the commercial and intellectual life of the nation, and 
by offering a forum where different disciplines can be 
brought to bear on matters of national moment, and 
broadening the horizon of young people so that those 
with the aptitude for careers in science and technology 
may discover themselves, and be discovered, before it is 
too late. Of the pressing need for these things, none 
can have serious doubt; that they le squarely within the 
role and competence of the British Association is also 
generally accepted; what appears to be wrongly assumed, 
however, is that we can somehow continue to perform our 
national function without adequate support from public 
funds. Business, industry and charitable foundations 
are already exhibiting their faith. The further sum we 
sought—-and still seek—from this other source to afford 
a stable central structure from which all else stems 
(£12,500 a year and pound for pound up to another £25,000) 
seems a pitifully small sum to ask and be refused.” 

The last passage is a reference to the way in which the 
association has been trying to persuade the Department of 
Education and Science—so far without success—to in- 
crease the annual payment of £12,500 towards the general 
cost of the association’s work. Elsewhere in his report 
the Treasurer says that it is “deeply disappointing” to 
have to report that this request had been declined in 
November 1965. It is, no doubt, a measure of the associa- 
tion’s despair about the financial outlook that it can risk 
being as openly critical about a government department 
on which it will have to continue to rely for a measure of 
financial support, at least in the foreseeable future. 

There is, of course, no doubt that the character of the 
association has changed enormously in recent years. The 
form of the annual meeting may have remaimed more or 
less unchanged in the past century, but its flavour is now 
very different from what it used to be. The association’s 
direct support of research and innovation has died away 
to a trickle—though the Seismological Committee con- 
tinues, and although the geologists are working on the 
improvement of the curriculum and the anthropologists 
are studying burial sites and ancient field systems. 

There has, however, been a rapid growth of the associa- 
tion’s work in schools and with the public. The annual 
report makes no bones about the importance which is 
now attached to these activities. 

“For the last decade the association has done wonders, 
within. the limits imposed by its scant financial resources, 
in providing throughout the year and all over the country 
a massive and successful service of lectures and meetings 
for schools and other audiences, at which the pattern of 


> the annual meeting is translated into a less formal and 
often most exciting style.” 

©. The annual report goes on to draw attention to its 
work with visual aids and in various other studies intended 
to help with education and educational experiment. 

The lecture service is now the central component. of the 
association’s contemporary claim on public attention— 
and financial support. How does it work? The head- 
quarters of the British Association, the two branches (the 
Southern Branch centred on Southampton and the West 
Midlands Branch at Birmingham) and the nineteen 
area committees which now exist all undertake to provide 
speakers on scientific subjects for audiences in schools and 
those provided by adult organizations. During 1965-66 
a total of 1,719 lectures was provided, four-fifths of them 
by the area organizations. In the annual report now 
current, the association claims that the total audience 
during the year was 128,000, including nearly 40,000 
= adults. This is marginally less than the corresponding 

figure for 1964-65. 

The total cost of providing the lectures seems to have 
been about £24,000, of which some £7,000 came from 
local sources—chiefly local education authorities 
approached by area committees of the British Association. 
_. This works out at 3s. 9d. for each member of the audience, 
- “although the net cost to the association was only three- 

quarters of this. The annual report says that during 
1964-65 the area committees were asked to restrict their 
- spending on lectures and other similar activities, and 
that a still further reduction has been called for in the 
- current financial year. The extent to which this will 
hamper activities will no doubt be determined by the 
. success with which individual area committees are able 

to raise extra funds from their local authorities. 
_ The association also has encouraging news to report 
about its work with young people. For some years it 
has been organizing “Science Fairs” at which young 
people from schools exhibit the results of project work 
carried out either at school or in their spare time. The 
area committees of the British Association take the 
initiative in organizing these events, though some of the 
work and all of the money are provided by the Sunday 
Times. (Dr. T. A. Margerison of the Sunday Times has 
played a particularly valuable part in the development 
of this work.) In the past few months the science fairs 
have been turned into a remarkably successful series of 
television programmes, thus setting at rest the anxieties 
on the part of the council of the British Association as 
these are expressed in the annual report. Another new 
venture is the organization of what is called a young 
scientists’ association based on Southampton, and there 
_ is also a scheme for replicating a meeting for young people 
at which visits to factories and other industrial establish- 
ments play a prominent part. 
. The association also conducts a number of programmes 
supported by ear-marked grants, chiefly from charitable 
_ foundations, which run to something like £5,000 a year. 

One of these is a project to maintain a continuing interest 

in the development of school curricula in mathematics. 

Another is intended to make it easier for teacher training 

colleges to keep in touch with scientific developments, 

usually by receiving a distinguished lecturer on some 
_ special topic, but sometimes by making visits to scientific 
"or industrial establishments. Then there is a scheme for 
-encouraging youth clubs to carry out scientific investiga- 
tions, frequently in the form of ecological investigations 
spread over a considerable interval of time. The associa- 
tion also maintains a visual aids committee, with a full- 
time executive officer who arranges programmes for the 
annual meeting of the association and who keeps liaison 
with film makers and film users, in industry and education, 
-iñ the hope of increasing the mutual benefit of the inter- 
-ested parties. 
_ . Though the annual meeting may now seem less important 
than it used to, the association quite properly says, 
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in the current annual report, that this meeting is a “foeal 
point” for the rest of its work. If the meeting is now less 
of a means of communication between professional scient- 
ists than it was a century ago, it retains the pattern the 
original purpose of which was to provide an annual review 
of developments in the whole of science in the course of 
the preceding year. Joint discussions involving members 
and speakers from different sections have always been a 
feature of the Britssh Association, and just as there is 
now a committee intended to find ways of exploring 
common ground between botanists and zoologists in 
cytology and genetics, so in the past there have been 
similar committees attempting, with varying degrees of 
success, to raise fcr discussion topics lying across the 
conventional boundaries between different branches of 
science. , ee 

In the past year or so the officers and officials of the 
association have been looking for ways of giving this 
annual occasion mere bite, and more impact on public 
affairs. In this spizit, there has appeared on the annual 
programme an increasing number of public discussions, 
involving members of different sections of the association. 
In recent years 









of well known points of view. 
of the symposium at Cambridge in 1965 at which t 
distinguished heads of the nationalized industries. con- 
cerned with the production of fuel outlined the well known 
policies of their organizations. The trouble, of course, 
is that an open meeting of the British Association is not 
an ideal setting for critics of official fuel policy to have 
their say. It woukl seem only fair to recall that in 1937 
there was a discussion as vigorous as any likely to take 
place this year at Nottingham on the issue of how best to 
use the land of Brtain. The British Association as such 
had earlier taken sides on this question by sending 
resolution to the Government asking that a statutory 
body should be established to undertake what was called 
town and country planning, but there were several 
of the members who did not take kindly to the word 
planning. | ae 

None of these censiderations is directly relevant to the 
anxieties which beset the Treasurer. There may even be 
some comfort for him in knowing that the day is gone 
when the ability of the association to spend money is 
determined by the size of the attendance at the annual 
meeting; that, teo, could be embarrassing, at least in 
years when bad weather or competing attractions kept 
people away from she annual meeting. In any ease, there 
is no longer a city in the United Kingdom that could 
accommodate so many people at the same time that their 
membership fees would keep the association going from 
one year to the next. Yet the meeting remains the focal 
point, and its success will inevitably determine. how 
easily the associat.on as a whole can win the attention. of 
those who must ir future keep it supplied with funds. 

There is every reason to believe that the council of the 
association is awere of the problems which confront: it. 
The annual report, which is remarkably frank for docu- 
ments of this kind, says that ‘“‘Institutions no less than 
individuals must, if they are to survive, react quickly 
and effectively to ehanges in the world around them. It is 
therefore satisfying to report that the council has, during 
the year, engaged in continuing discussions aimed at 
redefining both the association’s purposes in the modern 
world and at clarifying the ways in which it can most 
effectively implement those purposes”. 
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LEEDS, 1967 
Sir Willis Jackson 


NIR WILLIS Jackson, who will be President of the British 
Association in 1966-67, and who will deliver the Presi- 
dential Address at Leeds in 1967, has been an elder states- 
man for as long as most people can remember, but he is a 
mere 62 years old. He was born in Burnley and educated 
there and at the University of Manchester. His first 
job was as a lecturer in electrical engineering in the then 
College of Technology at Manchester, from where he 
moved to Oxford in the early thirties. He went into 
industry, with Metropolitan Vickers Electrical Co., for a 
brief spell before the Second World War and then became 
professor of what was called electrotechnics at the 
University of Manchester and professor of electrical 
engineering at the Imperial College of Science and Tech- 
nology. His public reputation was enormously enhanced 
by his spell as Director of Research and Education at 
Associated Electrical Industries (Manchester), Ltd., in 
the fifties. There Sir Willis was responsible for building 
up an efficient and imaginative scheme for the training of 
people at all levels, especially young apprentices. The 
success of the training scheme was such that it became a 
model followed widely by other similarly placed companies 
in British industry. Sir Willis left industry to become 
head of the Department of Electrical Engineering at 
Imperial College in 1961. 





For the past decade Sir Willis has also been extremely 
active as a member of committees concerned with public 
policy towards science and technology. He joined the 
Advisory Council on Scientific Policy in 1961 and has 
remained the chairman of the sub-committee responsible 
for scientific manpower since he took over from Sir Solly 
Zuckerman in 1963. The sub-committee has recently 
been preparing an up-to-date survey of the use made of 
scientific manpower in Britain which is due to be pub- 
lished in September 1966. The chances are that this 
document will have an important bearing on the discus- 
sions now going on about the spending of public money 
on science on one hand and technology on the other. 

The election of Sir Willis Jackson as President for 1967 
will do much to gratify the wish of the British Association 
to be more intimately concerned with technology. 
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DUNDEE, 1968 


Dame Kathleen Lonsdale 


SCIENTISTS throughout the United Kingdom, whether 
suffragettes or not, will be delighted to learn that Professor 
Dame Kathleen Lonsdale has been elected President of 
the British Association for the Advancement of Science for 
1968. Professor Lonsdale was one of the first two women 
to be elected to the Royal Society of London; she now 
becomes the first woman to hold the presidency of the 
British Association—an election long overdue. 

A pioneer in the field of X-ray crystallography, Professor 
Lonsdale worked with Sir William Bragg’s original team 
in the early 1920s. Since then her work has encroached 
on the structure of the benzene ring, magnetic anisotropy 
of crystals and molecules, X-ray seattering in diamonds 
and ice, and diamond/graphite transitions; more recently 
it has been applied to medical fields in which she is 
investigating bladder stones and other calculi. 

Throughout her views on various aspects of life, science 
and politics there runs a strong ethical thread. Professor 
Lonsdale is known as a Quaker and a pacifist. She is 
forthright in her views, and her refusal to register for war- 
time duties led to a prison sentence in 1943. 





j 


She is known to hold strong views as to the moral 


obligations of the scientists. As citizens she believes they 
ought to be vigilant to see that the applications of science 
which ease their own conditions of life do not lead to 
unnecessary danger for other people. She has also said 
that they have a duty towards the general public and 
towards the statesmen and politicians to make sure that 
they are well informed—here perhaps lies the reason for 
her constant support of the activities of the British 
Association over many years. 

Professor Lonsdale is an inspiration to all who work 
with her in the Department of Chemistry at University 
College, London, or come into contact with her through 
her extensive committee work with the International 
Union of Crystallography, the Royal Institution, and 
various prison and borstal institutions. 

Married to Dr. T. J. Lonsdale, a scientist now retired 
but previously at the Road Research Laboratory, Profes- 
sor Lonsdale has two daughters, one son, six grandsons 
and two granddaughters. 
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7 Continued from page 1050 

F. 12 and 14 A, respectively, for the diameter of the equiva- 
: -lent sphere, 
= The result for casein illustrates one difficulty of the 
| proposed present method for estimating molecular dimen- 
sions associated with molecules far removed from spherical 
shape. The x-casein molecule has been reported to be a 
rod 150 A long and 16 Å in diameter. Such a molecule 
can be calculated to have a radius of gyration of 43 A 
and an equivalent sphere radius of 19 The present 
result by TMV precipitation indicates that the domain 
occupied by casein molecules is larger than either of these 
dimensions. 

The molecular weight of dextran fractions had little 
effect on the threshold concentration, which indicates that 
a given weight of dextran occupies a volume fraction that 
is independent of the size of the molecules. This coincides 

-with the observation by Laurent’ that the effect of various 
dextrans on the solubility of albumin was the same for 
equal weights of all dextrans, regardless of the molecular 
weight of the dextran used. The close agreement with the 
data of Ogston and Woods®*, already referred to, is valuable 
support for the validity of the hypothesis underlying the 
technique. 

The result obtained here for gelatine solutions also 
_ applies to gelatine gels. Unlike that with agar, the 
turbidity of gelatine~TMV mixtures is not affected by the 
sol-gel transformation, which suggests that gelatine 
molecules occupy the same volume in sols and gels. This 
-is similar to the situation with dextran, where no essential 

difference was found in the exclusion phenomenon in gels 
or solutions’. 

The molecular radius found here for hyaluronic acid is 
less than half the value of the radius of gyration obtained 
by light scattering (Ogston, personal communication). It 

is possible that the present result is low because the 
space-excluding efficiency of a molecule probably decreases 
as the diameter of the excluding molecule increases, rela- 
tive to a fixed size of excluded molecule*. Some compres- 
sion of the hyaluronic acid molecules may be necessary 




























-Tuts article describes a family in which several members 
“show a chromosomal abnormality. It has been possible 
- with the aid of meiotic studies to interpret this as a 
reciprocal translocation involving two autosomes. Studies 
.... Of nineteen autosomal marker genes suggest the possible 
-< location of the genes determining the Kidd blood group 
system on one of the chromosomes involved in the trans- 
location. 
The family was selected for chromosomal study because 
a young couple (IL 5 and 6 in Fig. 1) had produced a 
stillborn, heavily malformed daughter and had a history 
=o - of one previous, spontaneous abortion. The chromosomes 
Bs OE: the abnormal child were not examined. The mother 
“Was apparently normal, but the father showed a very 
- slight abnormality in that the short arm of one chromo- 
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to exclude the TMV particles from the interstices between 
the hyaluronic acid molecules. 

The results shown in Table 1 suggest that, provided some 
caution is taken in interpreting the data, the TMV 
precipitation method can be used as a rapid and simple 
technique to obtain some idea of molecular dimensions. 
In its simplest form it is not necessary to measure the 
optical density of the turbidity achieved by adding TMV 
to the macromolecules. Such measurements were made 
here in order to establish the nature of the precipitation 
curves. All that is required is the detection of the ‘end- 
point’ or threshold concentration by visual observation 
of the lowest concertration of macromolecule required to 
give a visible turbid:ty. This will permit the technique to 
be applied to small volumes of sample. 

I thank Prof. A. 4%. Ogston for valuable discussions on 
the mechanism of the phenomenon. 
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POSSIBLE LOCALIZATION OF THE GENES FOR THE KIDD BLOOD GROUP ON 
AN AUTOSOME INVOLVED IN A RECIPROCAL TRANSLOCATION 


By MAJ HULTEN*, J. LINDSTEN*, L. MING PEN-MING*9, M. FRACCAROT, ANNA MANNINIt, 
L. TIEPOLO+, Dr. ELIZABETH B. ROBSONt, A. HEIKEN§ and K-G. TILLINGER| 
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Pedigree of fandly Z. Semifilled symbols indicate translocation. 


Fig. 1. 
carriers, empty ones caromosomally normal individuals, crossed ores. 
individuals not studied, and smali filled circles spontaneous abortions not... 
evtogzenetically analysed. The results of the Kidd blood group testing 
are indicated to the left of the symbols by + = Jka + and — = Jka —. 
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Fig. 2. Karyotype obtained from a mitotic blood cell from the niece of the propositus. Note the 
short, short arm on the right hand chromosome of pair No. 2. 
some No. 2 was slightly shorter than usual (Fig. 2). The and one characteristic quadrivalent (Fig. 3). Twenty 


abnormality was very slight and in some cells it was 
scarcely detectable, probably because of variation in 
contraction of the chromosomes. A similar abnormality 
was detected in the grandfather, uncle and cousin, while 
the grandmother and two aunts showed no detectable 
abnormality. All these individuals, carriers of the trans- 
location and normals, were apparently healthy. 

A testicular biopsy was obtained from II 6 and it 
showed a normal histological picture. Altogether forty- 
nine cells in diakinesis or first metaphase were analysed. 
All cells demonstrated an apparently normal X Y bivalent 


Le KP 





Fig. 3. First meiotic metaphase in a testicular cell from the propositus, 

twenty-one bivalents and one quadrivalent. The XY bivalent and the 

q valont formed by the chromosomes involved in the translocation 
and their homologues are indicated by arrows. 


autosomal bivalents were found in eighteen cells, and 
nineteen in five cells. In the remaining twenty-six cells 
the exact number of bivalents could not be determined 
with certainty. A chain of four chromosomes was never 
observed, nor cells with twenty-three bivalents. Judging 
from the shape and size of the quadrivalent, chromosome 
No. 2 and one chromosome in the group 6-12 seemed to be 
involved in the translocation. All individuals with an 
abnormal karyotype could thus be considered as trans- 
location carriers. 

Nineteen autosomal marker genes were investigated to 
determine their linkage relationships with the chromo- 
somal abnormality. Seven systems gave information, and 
of these Rh, MNS, Hp, Gm and Ge showed definite 
evidence of crossing-over with the marker chromosomes. 
The only one to give any suggestion of linkage was the 
Kidd (Jk) blood group system. The results are shown in 
Fig. 1. The probability of finding such a family, assuming 
complete linkage due to the suppression of crossing-over, 
is 16:1 in favour of linkage. Without this simplifying 
assumption the probability of linkage of some degree is 
about 7:1. It must be remembered, however, that the 
initial odds of finding linkage in these circumstances is 
dependent on the length of the two chromosomes involved 
in the translocation in relation to the total chromosomal 
length. If this is taken to be about 1/10, then the final 
odds for linkage lie between 3 : 2 in favour and 7 : 10 
against. While one cannot be more precise at this stage, 
this family does provide a suggestion that the genes deter- 
mining the Kidd red cell antigens may be located either 
on chromosome No. 2 or on one of the chromosomes in the 
group 6-12. 

These investigations were supported by grants from the 
Swedish Cancer Society and Medical Research Council, 
BIOI EURATOM, the University of Pavia, and the 
National Heart Institute, National Institutes of Health, 
Bethesda, Maryland. 
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ASTRONOMY 


Neutrino Energy Losses from Vibrating 
Neutron Stars 


Ir has been suggested by Cameron! that the spectra of 
discrete X-ray sources in the sky may arise from two 
ci ei gourees, each attributable to the presence of neutron 
stars: a thermal component emitted from the photosphere 
of the star and a non-thermal synchrotron or brems- 
 strahlung component emitted by electrons accelerated in a 
_ vibrating magnetosphere. It is assumed that the latter 
< process derives its energy from stored gravitational energy 
“in the form of radial oscillations with characteristic 
- fundamental frequencies in the 10° c/s range. 
co Caleulations by Bahcall and Wolf? indicate that 
neutrino cooling of non-oscillating neutron stars by way of 
the reactions (n,n) —> (n,p,e or v9), (R, 77) —> (n,e or uY) 
and their inverses can reduce surface temperatures below 
observable limits in a matter of months. Tsuruta and 
Cameron? have pointed out, however, that this view is 
overly pessimistic because at neutron star densities 
{~ 101-101 g/em*) the pion-neutron interaction is pre- 
dominantly repulsive which makes it unlikely that pions 
will be present at all. On this basis, cooling times are 
extended to times of the order of 105 years. 
In this communication I shall examine Cameron’s 
other conjecture in order to determine whether significant 
amounts of vibrational energy can be stored for long 
times. The temperature effect will be excluded by con- 
--gidering only zero temperature neutron stars. 
< If the star is in hydrostatic equilibrium the major 
~ component of its composition will be neutrons, with added 
—. traces of protons, electrons and negative muons. The 
-abundances of these particles, in the non-interacting 
Fermi gas model, are easily determined by the condition 
- imposed on their Fermi energies (including rest mass), 
o namely, 
Ep(n) = Ep(p) + Ep(e) = Ep(p) + Erlu) (1) 
plus charge neutrality. In this model no pions appear 
until densities reach ~ 102? g/em* (ref. 5). For this case 
there are no neutrino losses from neutron-neutron scatter- 
ings because only zero energy neutrinos can be emitted. 
- If, however, the star is set into vibration so that portions 
of the interior are subject to sufficiently rapid density 
~. fluctuations, then equation (1) is no longer satisfied and 
-` neutrinos can be lost from the system. 
=o Baheall and Wolf?, Finzi*, and Ellis’? have computed 
-- matrix elements and phase space integrals for the (n,n) > 
~.(nyp,e or u,v) reactions in the non-zero temperature 
case for neutron stars in hydrostatic equilibrium. Their 
= results are in remarkable agreement. It appears that this 
. process will provide the dominant neutrino energy loss 
-mechanism from vibrating neutron stars. I have followed 
> Bahcall and Wolf’s course and have used their matrix 
-elements while adapting their phase space integral calcu- 
lation to the case where equation (1) is not satisfied. We 
obtain, for the neutrino luminosity Ly 


L, œ 0-74 x 10 (py/pP[ Ael? 
+ |Au|Spr*(u)/pr(e)] ergs/g sec (2) 


<o Ae = Ep(n) — Ep(p) — Ep(e) MeV 


NATURE 


1069 


LETTERS TO THE EDITOR 


prle) and pp(u) are the electron and muon Fermi momenta, 
and py is nuclear density equal to 3-7 x 10! g/cm. Ly is 
a function of time because the Fermi energies and momenta 
change as the density changes during vibration. = 

A somewhat simlar calculation has been performed. by 
Finzi’, but at only one density, so that no realistic model 
was used. Finzi suggested that some unknown mechanism 
transfers vibrational energy to the surroundings of a 
neutron star with @ half-life of ~ 55 days, thus accounting 
for the exponential tails of Type I supernova light: curves, 
However, more recently Morrison and Sartori* ha 
proposed a detailed theory which can account. quanti- 
tatively for the shape of these light curves and the details 
of the observed spectra. This theory depends only on the 
flash of light at maximum luminosity and is thus not 
related to the nature of a supernova remnant. | 

To incorporate these results into a realistic. neutron 
star model we hav used the results of Tsuruta*:!® based 
on equations of stete derived from two nuclear potential 
calculations of Levinger and Simmons!!. The two poten- 
tials, Vg and V,, yield models the density profiles of 
which are sufficientcy different so as to represent a consider- 
able spread in possibilities. The star is assumed to oscillate 
in a sinusoidal, homologous fashion such that each element 
of mass experiences a radial displacement proportional to 
its equilibrium radial distance from the stellar centre 
with all elements moving in phase. (Prof. A. G. W: Cam- 
eron informs me tnat these assumptions may be signifi 
cantly in error.) The fundamental frequency is obta 
from the variational principle of Misner and Zapolsk 
On this basis, an approximate expression for the total 
vibrational energy is owe 


Ey-3 œ% 2rw? gaye ri o(r)dr i; : W 











where w is the circalar frequency and § = $r/r is the ratio 
of the maximum radial displacement dr of a mass element 
during expansion (or compression) to we equilibrium. 
position. By the homology assumption € is a constant 
for all elements. F is the total radius. 
For a given medel, the rate of decrease of Eva | is 
given by E ee 
By, = — 4r JEL; (r) e(r)redr Eo 6) 
L'y (r) is the neutrino luminosity of equation (2) integrated ee 
over as many cycles as occur in 1 sec. i 
Six models havə been calculated assuming an 





value of č = 0-05. Table 1 lists the relevant parar neters 
for each. ee 
Tatie 1. NEUTRON STAR MODELS 
Mass. Radius Evip/é 
Potential (in MC) (in &m) (ergs). (radians/sec) 

Fg 0-34 11-7 0-6 x 10%! Lox 108 
p 0-62 7-0 3-3 x 10% 1-96 x 10# 
v O89 5-7 4-4x 10%? 2-00 IE 
Vo 0-33 14-3 2-3 x 10% 1-23. x 1 
Fy 1-07 12-3 17 x 105 1-67 x 104 
Fy 1-80 11-2 1-4 x 10 1:23 xip 


The time variation of Eym is shown in Fig. 1 for all 
models. It can be shown that 
Eym œ% [Ewm (¢=0) + constant x tj (8) 


where t is the elapsed time. After an elapsed time équal 
to the life of the Crab Nebula (~ 3 x 10 sec), vibrational 
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TE Fig. 1. Vibrational energy ve elapsed time for six neutron star 
oe models, 


energies are still in the range > 10% ergs for Vg models 
2 10% ergs for V,. Without knowing how efficiently 
ational energy can be dissipated into the surrounding 
dium, it is difficult to interpret these figures. However, 
energies are probably large enough to account for 
the rate of electromagnetic radiation from the Crab 

Nebula which is ~ 10°’ ergs/sec based on figures given by 
Gould's, If this rate has been relatively constant for the 
ast 1,000 years, then the total loss has been ~ 3 x 104 

















energy which can still be stored at the present time. I 
have also calculated the decrease in vibrational energies 
for non-zero initial temperatures and find that the above 
conclusions still hold for initial temperatures as high as 
0° “IK (ref. 14). 

J thank Prof. A. G. W. Cameron who suggested and 
guided this work, and Dr. S. Tsuruta who was prompt in 
making additional neutron star models and frequency 
ealeulations at my request. 
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AS part of a new experimental and theoretical programme 7 


of solar radio research in Tasmania, a number of dynamic _ 


spectrographs are being built to obtain information of the 


amplitude, polarization and direction of arrival of radio __ 
The . 


bursts with high time and frequency resolution. | 
first two instruments, which have been in operation since ` 
early 1965, have the following specifications: (a) frequency 
range 8-230 Mc/s, bandwidth 200 ke/s sec, scan rate 200 — 


sec~'; (b) frequency range 24-28 Mc/s, bandwidth 50 


ke/s sec~', scan rate 200 sec~!, Each uses a fixed log perio- 


dic antenna directed obliquely into a horizontal reflecting 
screen. In receiver (a), the first oscillator frequeney is 
swept with a varactor over the range 440-662 Me/s and = 
there are three intermediate frequency amplifiers at 670. - 


Mc/s, 50 Mc/s and 10 Me/s respectively. Records of 
dynamic spectra are made on 35 mm film moving at 


18 in./h for 8 h each day and intermittently with a film igs 


speed of 6 in./min during solar bursts. The operation of the i : 
faster cameras is initiated by the bursts. a 


Apart from a few bursts, mainly type III, nothing of = i - 


significance was recorded until the major series of radio 


outbursts which began on March 16, 1966, and continued > 
until March 29. This event was characterized by a single — 

spot group which, when observations began at 2200 v.t. 
on March 16, was situated at approximately 45° north =. 


latitude and 60° east of the meridian. Large numbers of 
type I and III bursts and drift pairs and some U-bursts 
were recorded. 

In addition, many narrow bandwidth bursts, apparently 
of a type not so far reported, were observed in the fre- 
quency range 20-50 Mc/s. On the wide range records 
(spectrograph a), they appeared as sharp lines of almost 
constant frequency and lasting for 1-2 sec (Fig. 1). They 
generally occurred in groups of about ten individual 
bursts distributed in frequency from 20 Mc/s to 50 Mc/s, 
with the higher frequency components beginning slightly 
earlier. The frequency-time slope of the leading edges 
was in the range — 4 Mejs to — 10 Mc/s, that is in the same 
range as for type III bursts. The rate of occurrence of the 
burst groups was approximately 10/h during March 17 
and 18. With the higher frequency resolution of the 24-28 
Me/s spectrograph, the individual bursts were observed 
to be made up of two components separated slightly in 
frequency (Figs. 2a, b and c). The mean frequency interval 
was 0-12 Me/s and its range of values 005-025 Me/s. 
The centre frequency of each component normally 


decreased with time at the mean rate 0-1 Me/s and the oo 


mean duration was 1-2 sec. oo 
A possible explanation of these split pairs is the excitas `- 


tion of electromagnetic waves near the ordinary and = > 


extraordinary mode critical frequencies. The small ` 
frequency separation, about fH/2, would then imply > 


that the source is located in a region of low magnetic field 
intensity (~ 012 oersted). The generation of two mage à — o5 
neto-ionic modes of opposite polarizations in the solar- 


corona has already been examined by Zeleznyakov' in 


the theory of plasma Cerenkov radiation, and it is interest- ` ‘ 
ing that he found the extraordinary wave will in general 
not be observable because of high attenuation unless the . 


magnetic field intensity is very small. With a field inten- 
sity of 0-12 oersted, the extraordinary wave might still be 


seen but could be expected to be much weaker than the o oc 
ordinary wave which would correspond to the lower oon 
frequency component of the split pair. However, examina- o = 
tion of the records shows in general that the higher. = 


frequency component is the stronger. With this mechanism, . 
the two components would have opposite polarization. = > 
An alternative process is Doppler shifted cyclotron radia- 


tion from electrons?:*. It has been shown by Fung and. po 
Yip** that in the solar corona, electrons moving in the. = > 
magnetic field of a sunspot may generate cyclotron: ão => 


radiation which will be observable mainly in the ordinary 
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Fig. 1. Wide range record showing split pair group. 
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Fig. 2. a, 24-28 Mc/s record showing frequency splitting of bursts within 
a group. b, Individual pair. Note the ter intensity of the higher 
frequency component. c, Enlarged record showing frequency-time slope. 


mode in the vicinity of the second harmonic of the cyclo- 
tron frequency. The frequency will depend also on the 
direction of emission, and two waves of differing frequen- 
cies corresponding to forward and backward emission 
normally will be observable. The velocity of the guiding 
centre would need to be only about 0-01 c to produce 
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the small frequency splitting observed. If the 
mean direction of motion is outwards through the 
corona, then this velocity is consistent with the 
observed rate of change of the centre frequeney. 
The polarizetion of both components would be 
ordinary in shis event. 

Polarizaticn observations may thus be expected 
to throw more light on the origin of the split pairs, 
and in assoc ation with directional measurements 
may produce new information about the dynamics 
of particles and the magnetic fields in the solar 
corona. 

This research programme is supported by the 
Australian E.adio Research Board. 

G. R. A, ELLIS 
P. M. McCuLLOoCH 
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PLANETARY SCIENCE 


Anti-matter Content of the Tunguska 
Meteor 


Cowan et al.! have advanced the hypothesis that the 1908 
Tunguska meteor ezplosion resulted from the anti-matter 
content of the metecrite. Although their analysis indicates 
a probable upper limit of 1/7 for the anti-matter content 
of the Tunguska meteor, this result depends to a large 
extent on the validty of certain assumptions used in the 
calculations. 

The present analysis should be considered an extension 
of the former work and assumes as its starting point the 
previously determimed four charged pions produced per 
nucleon pair annihiated. Whereas Cowan et al. assumed 
that only negatively charged pions are absorbed by atmo- 
spheric nuclei (and thus instrumental in producing carbon- 
14), the cross-section data of Marshak? indicate that the 
mean free path for nuclear absorption is essentially the 
same for both positively and negatively charged pions. 
This is reasonable as the pion-nucleon interaction arises 
mainly from the nuclear rather than electrostatic forces. 
If the charged pion nean free patho for nuclear absorption 
is taken as 80 g cm~ in air’, it is possible to compare the 
fraction of pions which decay with the fraction which are 
absorbed provided she pion mean life is known. Horwitz 
et al.* report an average total energy Er of 380 MeV per 
charged prong in the pp annihilation. The charged pions 
then have an average kinetic energy Ex of 240 MeV (the 
rest mass energy F is 140 MeV) and a small relativistic 
correction to the mean life tm of the pion is necessary. A 
conservative estimste of the increased pion mean life +’ 
can be made by assuming an essentially constant speed 
equivalent to Hy = 240 MeV. Since Er = yE,, Tm = 
ytm (y = [1—82]-+, then e'm = (380/140) (2-54 x 10+ 
sec) = 6-9 x 10-* sec. 

If n, represents the total number of charged pions 
produced initially by annihilation reactions, then the 
number of pions n remaining at some later time ¢ would 


be n = n, exp — (: [tm + ee. where 6 and p represent 
o 


respectively the average pion speed and atmospheric 
density along the flight path. Since $6/o is effectively 
the probability of assorption per unit time, then by letting 
ha = BO/o and A'm = l/rm, the above expression may be 
written n = no exp — (Ae + A‘m)t. Since in this form the 
expression for n is similar to that for branched radio- 
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pions which are lost through the process of nuclear ab- 
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may be defined as Ra = Am PERA 
Am + ha Am + Ae 


respectively. For an explosion at a height of 5 km, 
p= 73 x 10-4 g-em-3, and if ë = 0-9¢ (v = 0-93 c for 
Ey = 240 MeV), then Ra = 0-983 and Ra = 0-017. 
‘Whereas the previous analysis assumed that 50 per 
cent of the charged pions were absorbed thus producing 
a 7 per cent increase in radiocarbon activity, the caleu- 
lations already given indicate only 1-7 per cent are ab- 
sorbed thus yielding only a 0-24 per cent increase in radio- 
carbon activity. Although this value may only be correct 
to within a factor of two owing to over-all uncertainties 
in the initial assumptions, it is questionable whether a 
0-24 per cent increase in radiocarbon activity would be 
detectable. Cowan et al. report an increase equivalent to 
about 1 per cent in some tree rings around 1909, but 
Suess? finds no change whatsoever in another sample. 
‘These results are consistent with the hypothesis that the 
Tunguska meteor was entirely anti-matter in content. 
“A-closer look at the mechanisms which initiate thermo- 


and Rae = 





nuclear and anti-matter explosions is now in order. Of 


the 200 MeV available as a result of uranium-235 fission 
about 85 per cent is converted immediately into kinetic 
energy of very short range fission fragments (less than 
3 em in air at sea level), thus liberating a tremendous 
amount of energy within a relatively small volume. The 
tion of a fireball from a fission-fusion explosion arises 
arily from this phenomenon. 

x contrast to this approximately 65 oS cent! of the 









pe lone lana is remainder into neutral pions (assuming 


kinetic energy is the same as that of the heres pions). 
tharged pions which are absorbed ( 2 per cent of 
total) by atmospheric nuclei result in neutron and 
ton. emission from excited nuclei. Because the neutron 

n.free path in air is much too large to permit much 
ption close to the explosion centre, only proton 










gy to the growth of the fireball. Thus, of the charged 


tion, less than 1 per cent are effective in contributing 
he thermal yield of the explosion. 
n the contribution of the ee pions 







E ARAOS, of course, Gonia a a no energy 
tsoever to the thermal yield. The muon contribution 
mds on the average energy at which the pions decay. 
img pion range-energy curves’ a value of —d#/dx = 
2 x 10- MeV/cm is deduced for rate of energy loss of 
200 MeV. pions in air at sea level. More than 98 per cent 
of the pions decay within six half-lives, and using the 
above datum, calculations show that the pions suffer 
little energy loss during this interval (less than 15 MeV 
on the average). By calculating the maximum and 
minimum muon energies (in the laboratory system) 
resulting from pion decay, the average muon kinetic 
energy is taken as about 160 MeV. Owing to the ex- 
tremely large absorption mean free path in air, nearly 
ail the muons will decay before being absorbed. Because 
the maximum kinetic energy of the electron from muon 
ay is 52-3 MeV in the muon reference frame, a certain 
portion of these decay electrons will possess enough 
energy in the laboratory system to initiate electronic 
showers and with lower energy decay electrons will aid 
in the development of a fireball. 

As mentioned earlier, more than 30 per cent of the pp 
annihilation energy is channelled into neutral pions. 
Owing to the extremely short mean life (#10- sec) 
these pions disappear rapidly yielding mostly high 
energy quanta (99 per cent) and a smaller proportion 
(1 per cent) of electrons and positrons. The absorption 
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F mean 5 fies: path® a of 50-100 MeV quatit in air is about : s 
67 g cm}, implying that most of this energy will bè = 
absorbed at large distances, thus adding relatively little 


to the thermal yield of the explosion. Thus, the over-all- 
contribution to fireball growth from neutral pion decay 
electrons and positrons may be about the same as for 
those from muon decay. 

Although qualitative in some respects, these calculations 
permit a comparison to be made of the energy distribution 
between an ordinary nuclear explosion and an anti-matter 
explosion. In an air burst? of a fission-fusion device 
roughly 50 per cent of the energy is dissipated in blast 
and shock effects, 35 per cent of the total yield appears as 
thermal radiation, 5 per cent as initial nuclear radiation, —- 
and 10 per cent as residual radioactivity. These per- — 
centages are of course dependent on altitude. The sig- 
nificant point for this type of explosion is that a major 
proportion of the particles emitted in the fission-fusion 


reactions dissipate their energy within a short distance, © 
thus producing conditions favourable for the formation =~ 


of a fireball. = 

In contrast the greater percentage of primary particles — 
produced in an anti-matter explosion rapidly decay, — 
and the secondary emissions will in general be absorbed _. 
over a relatively large volume. Qualitatively it might be — 
expected that within a certain critical volume near the 
explosion centre the secondary and to a lesser extent the — 
primary emissions would produce conditions favourable 
to the development of a fireball. Under these conditions 
it would not be surprising if the percentage of thermal 
yield from an anti-matter explosion was considerably 


less than that resulting from an ordinary nuclear explosion. 


The observations of an eye-witness to the Tunguska. 
meteor explosion are significant at this point. As Cowan et- 
al. point out, the fireball did not last long. 8. B. Semenov, . 
an observer, just managed to lower his eyes as the ex 
plosion occurred, and when he looked again the fireball- 
had disappeared. The account of P. O. Kosolopov in the: 
same connexion has similar implications. This relatively. 
short duration fireball (presumably only several seconds) 
is difficult to reconcile with the 33 sec fireball’ to be ex- 
pected from an ordinary 30 megaton thermonuclear. 
explosion (the calculated equivalent yield of the Tunguska 
burst). It definitely appears that the relatively short - 
duration fireball is reasonable evidence against the - 
Tunguska explosion being thermonuclear in nature. A 
Monte Carlo calculation would be necessary to evaluate — 
properly all the parameters involved, but it certainly seems ` 
possible that an anti-matter explosion of this yield would. 
have a fireball of only a few seconds owing to the vastly 
different nuclear interactions inherent in the process itself. 
Finally, very recent studies indicate the possibility that 
certain shock haloes in biotite are of anti-matter origin’. 
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Institute of Planetary Science, 
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Strontium : Calcium Ratio in Tourmalines 
from South-west England 


GOLDSCHMIDT has pointed out! that during the cooling 
of an igneous magna the earliest formed calcium minerals. 
would be poor in strontium relative to calcium while 
later calcium minerals would show a progressively higher. 
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proportion « f strontium to éalviuzn: In his opinion this 
ud be so because the calcium ions would be taken into 
crystal lattice in preference to strontium, because they 
ero. more abundant and because they had a smaller 
ionic radius and would form a stronger bond. Other 
workers? have shown that the ratio of strontium : cal- 
cium in plagioclases does increase as caleium decreases 
with fractionation in certain igneous rock series. 
oono Samples of tourmaline have been separated from some 
>of the various rock types that make up the granitic 
masses of south-west England and their strontium and 
-ealeium content determined by emission speetrographic 
analysis‘. When the ratio of strontium : calcium of each 
tourmaline sample is plotted against calcium content 
several features of interest emerge. In Fig. 1 tourmalines 
taken from granites, aplites and pegmatites and some of 
those from quartz-tourmaline rocks form a series in which 
_... both the ratio of strontium : calcium and the absolute 
amount of strontium increases as calcium decreases. 
-If the granites, aplites and pegmatites are considered to 
make up a fractionation series then the variation in 
the ratio of strontium : calcium with fractionation shown 
by others to be present in plagioclases may also be said 
to exist in tourmalines from the granitic rocks of south- 
sst England. In addition, on the basis of the low calcium 
sent and the high ratio of strontium : calcium in their 
constituent tourmaline, certain quartz-tourmaline rocks 
can be considered to be the product of extreme fractiona- 
ion. 
A second generation of tourmaline, usually occurring 
-as blue-green acicular crystals which sometimes form 
stellate aggregates and grow around corroded nuclei 
of an earlier generation of tourmaline, has long been 
ognized in the granites of south-west England’ and 
may be attributed to late-stage hydrothermal activity. 
Perhaps the most striking feature of Fig. 1 is the way 
-in which the samples (H), selected as of undoubted hydro- 
‘thermal origin on the basis of their mode of occurrence, 
- may be seen to be quite separate from all the other 
=o samples. The ratio of strontium : calcium for the hydro- 
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thermal samples is as much as ten times greater than that 
for other tourmaline samples containing similar amounts of 
calcium. 

The ratio of strortium: calcium may be used as an 
aid in establishing whether or not a given tourmaline — 
sample is of hydrothermal origin. Tourmaline from a zone 
of reddened granite in Castle an Dines quarry near 
Penzance, on examination in thin-section, was found to 
consist of anhedral yellow grains each with an outer 
zone of blue tourmeline. Samples of both the yellow 
and the blue tourmadine were obtained by careful hand- 
picking of the pure mineral fragments and analysed 
separately. The yelow central zone (Y) contains 0-16 
per cent calcium anc. 16 p.p.m. strontium and falls into — 
the same region in Tig. 1 as the samples from. aplites. | 
On the other hand the blue outer zone (B) contains 
0-38 per cent calcium and 122 p.p.m. strontium and 
falls into the same region as the hydrothermal samples, 
which strongly suggests that the growth of the blue 
rims was of hydrothermal origin. Certain other tourmaline 
samples from quartz-tourmaline veins and from some 
quartz-tourmaline rocks were often found to have a patchy 
yellow and blue coleration in thin-section, and if their 
ratios of strontium : calcium were plotted on Fig. 1 they 
would fall between the fractionation series and the hydro- 
thermal tourmalines. These samples are interpreted as 
having undergone some degree of hydrothermal! alteration. = 





The ratio of stromtium: calcium in tourmaline may, ae 


therefore, be used not only as an indicator of fractionat jon. 
and to distinguish hydrothermal tourmaline from other 
varieties of tourmakne but also to detect tourmaline 
that has suffered some degree of subsequent hydrotherma Le 
alteration. eee 

I thank Prof. F. W. Cope and Dr. C. 8. Exley. for 
encouragement and guidance in this work which was 
carried out in the Department of Geology, University of 
Keele. 
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ENGINEERING 


Wind Forces on Groups of Structures 


A RECENT letter by Gunn and Malik! raises the possibility ie 
that the collapse of the Central Electricity Generating. 
Board’s cooling towers at Ferrybridge in 1965 might- 
have been caused by the unusual aerodynamic loads E, 
present on this type of configuration. | 
Very little is known about the flow around groups of 
bodies, and a preliminary investigation has just been. 
completed in this laboratory of the pressures on one: 
eylinder in a group cf cylinders as shown in Fig. 1. The 
cylinders, 2 in. in diameter arid 28 in. high, were mounted 
on the floor of the 5-4 ft. by 4 ft. working section of a low 
speed wind tunnel and tested at a Reynolds number based. 
on the diameter of the cylinder of 15 x 105. The pressure 
distribution on one ef the cylinders in the rear row was 
measured for various angles of inclination of the group. 
to the flow direction. The pressure tappings were placed: Ma 
around the cylinder in a plane 9 in. below the top. | 
One interesting feature of these results is that over a 
small angle of inclination « the force F on the cylinder. 
in the rear row changes by almost 100 per cent. Fig. 2 
shows these results, and it can be seen that if the main — 
stream is inclined to the group at an angle of 26° then a. - 
change of + 2° in the wind direction can produce a 
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nge in the non-dimensional force coefficient Op of 

t 0-5. Also shown on Fig. 2 is the variation of the 

ction of this force with the angle «. 

his result may be relevant to the collapse of the cooling 

towers, because it is quite conceivable that if the mean 
- wind direction were at this critical inclination to the 





group and the direction of the wind were oscillating by a 
<c few degrees about this mean direction then this would 
a produce æ large fluctuating force on the towers. The 
-freguency of the fluctuating force would be determined 
-by the frequeney of the wind oscillation and not by the 

| frequency of oscillation of the wake of the cylinder. 
oo. 2 "She tests mentioned here were, of course, at a Reynolds 
ee number much lower than those of the actual tow ers, but 
it is thought that the flow producing these results is not 

“sensitive to Reynolds number. 

similar result was found earlier by Mitchell, also in 
-- this laboratory, for the flow around a group of rectangular 
aoa blocks {to be published). 








D. J. Maur 
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_. The Central Electricity Generating Board now considers the collapse of the 
_ “gooling towers to be due to structural weakness.—-Editor, Nature. 
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Wany the diameter ofi a round: tube is very much larg 
than the mean free path (m.f.p.) of the molecules of a@gas žo 
flowing through it the volumetric flow F of the gas in a T A 
axial z direction is given by the expression oe 





1 _, nat dp 

aie Bu dz l 

where a, u and p are the tube radius, and the gas viscosity 

and pressure, respectively. eee 

When the width to thickness ratio of a rectantular tube es 

as well as the thickness to m.f.p. ratio are very large, the. 

flow of gas dF per unit width dw of the tube is likewise. __ 
given by the expression oe 


aF _ 2 dp 
dw ~ 12u dz 


where 5 designates the inner thickness of the tube. Eo 

Conversely, at low pressures when the m.f.p. is very -5 
much larger than the dimensions of a uniform tube of = 
circumference 0 and cross-section area A extending in 
the z direction, and under the assumption that the 
accommodation coefficient is unity, that is, that molecules 
bounce off the walls in a Maxwellian distribution, th ; 
mass flow of gas is generally given by aaa 
equivalent to (1) (ref. 1) z 
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where 6 and p designate the average speed of the molecules 
and the gas density respectively. It is immediately 
apparent that equation (1) cannot have a general applica- - 
tion. For example, did the general cross-section consist of > 
two parallel connected round tubes of different radii a, - 
and a,, the inequality 

(a? +a) 

a+ aa 


would demonstrate the inapplicability of {1). 
When the tube is round, equation (1) can be written 


2 d oe 
a = 3 Ca =E (2) oov 


a°+ a? Æ 

















where q designates the average mass flow per unit cross- 
section area of the tube. This is the case in which a) 
correct, as the following calculation will verify. Th 
method used consists of first calculating the mean- fr 
path, é, of the low-pressure gas n molecules in a round tul D 


and, second, the mean square ez? of the free paths pro; 
tions in the axial z direction. The axial molecular dif- 
fusivity, Dz, is then given by i 


1 v 


2 e 


because the mean squared random travel of a naan. in So . 
the z direction in a time ¢ is given by 2Dz2, and the average eee 
mass flow per unit area is given by a 

é is obtained immediately from the observation that, since : : aoe 
the rate of molecular collisions with the tube wall ISen 
} & v per unit area, where v designates the number òf 
molecules per unit volume, for a single molecule in a tube 
of radius a, length } and wall area 2ral we should have 


D; = 


q = Di =z, 


l G 1 1 @ 
= — s and-= = ~ y, fral = = -— 
x ra?l dz 4 2 a 
whence 
é= 2a 


In order to calculate 2,7, a polar system of co-ordi sy 
is placed on an element of the inner wall, the elevatio E 
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aa ofan any ‘direétion. being measured from the axial z direction, 
an : irauth. ka from an inner. directed normal to the 


e is calculated from the 









— f z? dQ 
fdQ 


where z designates the z projection of any path originating 
‘on the wall element and where dQ designates any properly 
weighted elementary solid angle from the wall element 
- considered. Any unweighted solid angle is given by 
- sind dô dọ and the weight sindcosp must be applied to 
correct for the foreshortening of the elementary area for 
slanted directions. z is given by 


2a cos ọ cos ò 
sin 8 





We obtain for ez? 
Ẹ ds fé 4a? cos? ọ cos? § 


[f dé H sin? § cos ọ dọ 
0 


— FE 



















sin? § cos 9 dp 


“whence for D; 





¢é= = ad (4) 


nd substitution of this value for Dz in equation (3) yields 
quation (2). 

-Tt is illustrative to note that the average net mass flow 
given by equation (3) is not uniform throughout the tube. 
‘Thus, for example, we may calculate the flow through 
‘an element of unit area of the tube cross-section near the 
tube wall by noting that, for a uniform density gradient 
-do/dz, the rate of mass flow from a small area at the height 
-2 above the cross-section element considered is given by 


l dp\ . 
4 (po +z SE) édQ 
jaa 


where dQ designates the properly weighted solid angle 
through which that small area is seen from the element of 
‘the tube cross-section at which the system of polar co- 
ordinates is centred, and where pọ designates the gas 
density at that small element. The proper solid angle 
eight for this calculation is cos ò, which measures the 
eshortening of the cross-section element for directions 
anted with respect to the normal to that element, and 
> obtain for the z (dp/dz) term 





E cos @ cos § 


any 80 ò cos å do 


p in the Havsetabor eae over pare half the domain of 
he denominator because the Py of the wall ensures 
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qiw represents, therefore, the: excess of mass flow down- 

ward which results from the greater gas density above the. . 
cross-section. Likewise, the calculation of the mass flow _ 
upward would reveel a deficiency of gas flow of the same — 
magnitude due to tae lower density of the gas below theo 
area considered, so zhat the total mass flow per unit ares- 
near the wall would be | 
1 d Saa 

qu = 2qiw = 5 ae T (5). 


or somewhat less taan the average mass flow given. by _ 
equation (4). E 

A similar calculation for the excess mass fow from. : 
above through an element of the cross-section in the | 
centre of the tube would give l 





ge = F° dz faQ 

an 
f dè | a ns aad sin ô cos 3 dg 
0 0 | 





_ 1 _ de 
=Ma x on ; 
j {2 as |" sin ô cos 8 dọ 
0 0 
w 
EE OOT CE SE: 
wa Ode I Re ae 
g 27 


and adding a like contribution resulting from the deficiency 7 

in the mass flow from below ee 

G d ar 

qe = q= Jai 0, 

This mass flow is greater than the average given by equa- j 
tion (4) which is thas seen to be intermediary between a __ 
higher flow in the tube centre and a lower flow at the. tube i 
side. 
If we now consider a rectangular tube of inner width 
and thickness B and t, respectively, the classical formula 
(1) gives for the mass flow per unit area a 
Bt dp 2 de 3 l 
= Bi 7 3 Bt 2(B+t) dz = gtég B>t o 
When we attempt to verify equations (7) by EE 7 
the diffusivity of molecules in the z direction, we obtain — 
readily for é, using an argument similar to the one used 
for the case of a round tube: | 


ë = 2t 


On the other hand, when we calculate e? we have for 
the elementary weighted solid angle: okt 


dQ = sin? § cose dò dọ 
and for the projection z of any path: 


cos ò 
cos ọsin § | 
and it is clear thas the integral fz°dQ taken over the | 
entire solid angle viewed from a wall element is infinite. _ 

It can easily be verified tifat an infinity is also obtained. i 
when the mass flow shrough an element of the tube cross- 
section is calculated. as was done for a round tube. | 

This result illustrates the care with which some of the 
subtleties of kinetic theory must be tackled and suggests 
that the study of gas flow at low pressure through any- 
but round tubes may require a computer approach and an 
presentation of the data through multiple aed tables: 

MARCEL J. E À. Goray 
The Perkin-Elmer Corporation, 
Norwalk, Connecticct. 


2 Ser ha J, K., Heat and Thermodynamics, fourth ed., 
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THE SOLID STATE 
Rehbinder Effect in Lubricated Metal Cutting 


Tue mode of action by which lubricants reduce cutting 
forces during machining operations has been the subject 
of many conflicting hypotheses'~*. Shaw et al.* stimulated 
new interest in this field with the observation that carbon 
tetrachloride caused a reduction in cutting forces of some 
10-15 per cent if applied to the workpiece surface and 
allowed to evaporate immediately before cutting. This 
phenomenon has been the subject of a recent investiga- 
tion in which both “CCl, and C**Cl, were used to study the 
location and distribution of the tagged species in copper 
chips cut at slow speed. 

The fluid was applied to the workpiece surface ahead 
of the advancing shear zone (Fig. 1) in sufficiently small 
amounts to have evaporated visibly before deformation 
of the surface occurred. Nevertheless, a reduction in 
cutting force of some 10 per cent was achieved. By taking 
direct activity counts on the resultant chip it was determ- 
ined that chemical reaction had occurred predomi- 
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nantly on the rough surface of the chip remote from the 
chip/tool contact under these conditions. Lubrication 
of the chip/tool interface had not occurred. By preparing 
autoradiographic records from chip taper sections and 
also by directly counting the activity on chip surfaces 
progressively subjected to acid dissolution, the distribu- 
tion of activity in the body of the chip was determined. 
There was, however, no evidence for the existence of a 
concentration gradient of tagged material across the 
chip section, which would have indicated diffusion of the 
applied fluid into the chip itself, 

The evidence obtained suggested that carbon tetra- 
chloride changes the mechanical properties of the deform- 
ing metal by a purely surface chemical reaction. Some 
confirmation that the shear zone was sensitive to change 
in condition of the deforming surface area was, therefore, 
sought. Electropolishing the deforming area during & 
cut produced the same changes in cutting parameters 
that had previously been obtained by the reaction of 
carbon tetrachloride in the same area. Fig. 2 shows a 
dynamometer trace and longitudinal chip section for a 
cut—lubricated throughout with electrolyte (phosphoric 
acid—ethanol—water mixture)—during which the deform- 
ing surface was from time to time electropolished. The 
reduction of cutting force and increase in shear angle 
which result from what is again a purely surface effect 
are clearly demonstrated. 

The effect of adsorbed media on the rate of strain 
hardening of metal single crystals was first demonstrated 
by Rehbinder’, and attributed to diffusion of physically 
adsorbed molecules into microcracks thought to be 
present in the surface. It was suggested that this diffusion 
process caused microcracks to propagate, so weakening 
the metal. More recently Kramer* showed that, during 
tensile tests with single crystals of aluminium and copper 
which were immersed in stearic acid solutions, chemical 
reaction and localized solution of the test specimen 
accompanied a reduction in the rate of strain hardening 
of the metal. Removal of the surface by electropolishing 
the specimens during the tensile test produced similar 
changes in the rate of strain-hardening’, and it was 
argued that the function of the surface active media 
used by Kramer, and earlier by Rehbinder, was to produce 
localized surface removal in regions of dislocation pile-up 
below the metal surface. Because the surface represents a 





le- Electropoli shed -el #— Electropolished —ei 







NENN ANS 


VERTICAL COMPONENT 


-= 














- il PW Apion, i "a 
ate hme ayy S ‘waite 7# “Vv j f¥ > 
N a es i x / VN, pul MA 
AN eee f a a AN F r 


COMPONENT 


yet sal 
~ -- = 





< DIRECTION OF CUTTING 





Fig. 2. Dynamometer trace and longitudinal chip section showing the effect of electropolishing. Cutting speed, 56 in./min; undeformed chip 
thickness, 0-004 in,; rake angle, 15°; metal, 99°3 per cent copper. 
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"partial barrier to the egress of dislocations, removal of the 
surface would lower this barrier and accelerate the flow 
of dislocations from the crystal; in this way the rate 
of strain hardening of the metal undergoing deformation 
would be reduced. 
In this investigation, because at the most only a few 
< monolayers of carbon tetrachloride can be present on the 
surface at the time of deformation, solution of the reaction 
product is ruled out. The surface-mechanical interaction 
| eannot be the result of localized surface removal. The 
co emphasis has therefore been transferred from surface 
~~ removal to the chemical reaction itself. It is proposed 
“that the barrier to dislocation flow out of the metal 
<- results from the resistance to fracture of the interatomic 
bonds linking the atoms which constitute the surface. 
Passage of a dislocation out of the metal to form a slip 
step involves the breaking of many strong bonds and 
=o o leaves the atoms forming the slip step in a high energy 
-condition with an excess of electron charge. The presence 
con the crystal surface of electronegative species, which 
could by reaction during slip step formation take up the 
excess charge, must reduce the resistance of the inter- 
.. metallic bonds to fracture and facilitate slip step formation. 
On this basis the reaction of carbon tetrachloride will 
accelerate dislocation flow from the metal and reduce the 
_ rate of strain hardening in the shear zone. It can be shown 
= bhat a reduction of the strain hardening rate will result 
im the higher shear angle and reduce cutting force; 
these are, in fact, observed. 
It appears that the surface-mechanical interaction of 
_ fluids such as carbon tetrachloride which occurs during the 
. gutting process is basically the same phenomenon as that 
-observed originally by Rehbinder during tensile tests with 
metal single crystals, and can therefore be classified as a 
Rehbinder effect. Further evidence has shown, however, 
that this Rehbinder effect does not occur in metal cutting 
when the whole of the cutting zone is flooded with lubri- 
„cant and suggests, paradoxically, that Rehbinder, who 
used flood lubrication in his metal-cutting studies, could 
not have observed the effect in metal cutting which bears 
his name. 
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Fatigue Crack Propagation in Metals 
A PARAMETER often used for correlating the propagation 
rate of fatigue cracks is the stress intensity factor K. 
This follows the work of Irwin!, who showed that the 
elastic stresses at a point near the root of a crack always 
have the form 


K 
¢= Vor f(0) (#(8) < 1) 


where r and 6 are polar co-ordinates, with the origin at the 
erack tip, of the point. The expression is only valid if 
r <a (the crack half length). 

This report provides K values for crack propagation 
rates of 10 and 10-4 in. per cycle obtained from fatigue 
experiments on various metals—the object being to try to 
correlate the K values for fixed crack propagation rates 
with the tensile properties of the metals. Most of the 
-experiments were made on test pieces of in. x 1 in. 
-cross-section tested in bending, the K values being calcu- 
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lated from the measured bending moments using the ` 
boundary collocatioa calculations of Gross and Srawley?. 
Table 1 gives the K values and includes some values 
obtained from tension experiments on panels 3 in. wide. 
(Experiments on specimens cut from the same sheet of 
D.T.D.5070 aluminium alloy gave very good agreement 
when tested in either tension or in bending.) The loading 
in the fatigue expesments was of the form 1:1 P + P 
(stress at the crack tip always tensile) and the K values 
were calculated fram the alternating load (P) rather 
than the peak loac (2-1 P) which is sometimes used. 
Table 1 also gives the tensile properties of the metals and 
values of K/H, where E is Young’s modulus. It will 
be seen that the K values for the two propagation rates 
do not correlate with the tensile properties of the materials 
but that the values of K/H are reasonably constant. 
When log K/# is pletted against log da/dn a straight. line 
of slope 3-6 is obtamed and over the range investigated 
(daj/dn = 10 — 1€- in./eyele) a reasonable approxima- 
tion to the fatigue crack propagation rate for all. the 
metals is given by tae equation 


da 


et = 343 x Log) ee K in lb./in.? x 4/in. 
dn E 


E in Ib./in.? ) 


This suggests that tke main factor governing the propaga- 
tion rate of fatigue eracks is the elastic strain concentra- 
tion at the tip of the crack and not the flow properties 
of the metals as might be expected. It should be noted 
that the experimensal values were obtained from tests 
made in laboratory air so that it is possible that in some 
cases the low values of K/H resulted from the rate of crack 
propagation being eccelerated by corrosion fatigue. 

Another point to be considered is the effect of frequency 
on fatigue crack propagation. It has been shown by 
Schijve, Broek and de Rijk* and by Bradshaw and Wheeler* 
that for aluminium aloys a change of frequency of 100 to 1 
produces a change in the propagation rate of fatigue 
cracks of about 1 to 2. This is probably a corrosion fatigue 
effect because for tests on aluminium alloy in vacuot the 
same change in frequency produced a much smaller change 
in the rate of cracx propagation. It seems, therefore, 
that in the absence of corrosion the propagation rate of 
fatigue cracks is not influenced to any great extent by 
the time during which the stress is applied. 

From fractograph:e studies of fatigued surfaces it“has 
been shown by Forsyth and Ryder? and by Schijve* 
that at high propagation rates (> 10-3 in./eycle) the crack 
advances every stress cycle, and recent work by Hertzberg’ 
indicates that this relation holds for crack propagation 
rates as low as 10-* in./eycle. It seems therefore that once 
the cracking process aas started it repeats itself every cycle. 

The implications of these considerations are that for 
the propagation of fetigue cracks a metal can be regarded 
as a continuum in which the rate at which the crack 
advances is governed by the geometry of the system and the 
distribution of elastiz strain near the crack tip. It is well 
known that a plastic zone forms ahead of the crack 
during fatigue cyclmg before failure occurs, so plastic 
flow would have to >e taken into account in any mathe- 
matical treatment of the problem. 

A possible qualitative mechanism by which the crack 
grows will now be saggestegd. Once a crack has formed, 
probably by a dislocation mechanism, the highly strained 
material at the end of the crack flows to form a plastic 
zone in front of the «rack. Eventually, owing to restraint 
by the surrounding material a condition of triaxial ten- 
sion is reached in a small region at the crack tip. In this 
region the shear stress is less than that required to cause 
flow and a large elastic tensile strain can cecur. The 
material fails in tension and the crack advances until the 
strain is relieved by plastic flow in the surrounding 
material. Reverse flow occurs in the plastic zone as the 
stress is removed anc during the next cycle the condition 
of triaxial tension again occurs, the material fails and the 
crack advances. It seems probable that this process can 


K, Ib.fin.? x 4/in. 
4,300 
7,700 





KJE x 10*+/ in, 


0 injeyele 
om in, jeyele 





n of proportionality 9,000 40,000 —_ 
ar ‘per. cent proof stress 18,000 60,000 §4,000 
‘G2 per cent proof stress 1,000 64,000 55,000 
Ultimate tensile stress 80,500 70,006 79,000 
“¥oung’s modulus. Ex 10-* 6-5 10-5 10-0 
Elongation (per cent) 4 11 16 


„occur only if the thickness of the material is appreciably 
< greater than the plastic zone size, a condition which always 
applied in the experiments reported here. 
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ystem of Nomenclature for the Fibrous 
Maum Silicates, and a Study of Xonotlite 


Polytypes 


ous calcium silicates occur as polytypes because each 
Oo or (S8i,0,,)0 chain can occupy alternative 
ns differing by 6/2 relative to sheets of calcium 
si-?, In an attempt to limit the number of “trivial” 

, the ee -Miieralogicni Association’s 


ed This communieation describes a compr sere 
3 = oh A S which uses 


y ue in 1 other i inorganic phases. 
raction patterns from polytypes 
Ly species of calcium silicate have 
in reflexions in common, which indi- 
a “pseudo-cell” corresponding to the 
sat unit for the calcium and most of 
cygen atoms. Weaker, often streaky 
lexions are also present, associated with 
. the positions of the silicate chains. A 
| “smaller reciprocal cell in accord with the 
“weak reflexions can be defined on the same 
axes as the reciprocal pseudo-cell, as in 
Fig. 1. A suffix LUV W is then allocated 
to define the polytype, so that Ua* = 
_pseudo-a*, Vb* = pseudo-b* (V is almost 
o prvariably 2), and We* = pseudo-c*; U, 
` V and W are also the ratios between the 
nd pseudo-repeat distances along 
eudo-cell axes in the real lattice. 
efix L represents the Bravais lattice 
pe (P, ©, A, F or I), and indicates 
ranslational relationships between adja- 
vont pseudo-cells. The usual conventions 
r selecting the true unit cell are ignored, 
they would obscure the relations 
ween polytypes, but a more con- 
ntional unit cell may be selected later 
required. On the proposed system, 
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Xonotlite-Al22 


proposed system of nomenclature. For the polytypes in the up 
doubled, that is, W = 
Reciprocal pseudo-cells are outlined in thin Hnes; the true reciprocal cells defined 
1@ Same axes are outlined in thick lines and shaded. For polyt ne 

F222, small closed and open circles represent reflexions for the twinned forms 
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Tensile properties of metals fb./in.? 


San 10,500 45,000 — ae 
51,000 29,000 148,000 — ee 
58,000 30,000 150,000 117,000 51,500 
65,000 57,500 160,000 145,000 96,000 

10-5 11-5 18 30 30 
6-5 42 13 16 45 


wollastonite-Te and -2M would be renamed wollastonite- 
C221 and -P121, respectively, and the two known poly- _ 
types of foshagite, Ca,8i,0,(0H), (ref. 7), would bear tke el 
suffixes A122 and F222. n 

Xonotlite, Ca,5ig01,(OH)s, 1 is a typical fibrous calcium 
silicate, comprising triple rows of calcium atoms, doubli 
silicate chains, and hydroxyl ions®3. Consideration 
the structure suggests the possibility of four regu! 
polytypes, xonotlite-P121, -C221, -A122 and -F222, a) 
two others, -P0o21 and -A 022, with complete diso: 
within (001) planes. Reciprocal lattices for these pol 
types are shown in Fig. 1. Earlier I used electron diffr 
tion to identify xonotlite-A122 in a specimen from- 
Francisco’. A specimen stage for the electron micro 
permitting tilt through angles up to 55° about 
selected axis has recently been used to investigate. ‘pol 
types in samples from four other localities, in Newfor 
land, Puerto Rico, Pakistan and Aberdeenshire, Scotile 
Six synthetic specimens have also been examined; 
were prepared hydrothermally at temperatures of 
185, 200° C (ref. 10), and 350° C (Dr. K. Speakman), 
times between 25 and 120 h. The Aberdeenshire specimerx 
comprised A122, F222, Aco22 and Pœ21 polytypes, 
intergrowths with values of 1 and 2, or 2 and 4, for 
All the other natural crystals were A122 or Aw22 t 
Synthetic specimens prepared at 165° and 185° C were 
Aœ22, but the higher preparation temperatures favou 
intergrowths of A 0022 with P121 o: Pw2l. Reflexions 
W = 1 were stronger than for W = 2 in the 350° C specim 
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Fig. 1. Reciprocal lattices for polytypes of xonotlite, with their symbols on the 


per half, ¢ is n 
1, while for those in the lower half, ¢ is doubled. and W- 
















ere. AET in Cnetočal 
ly fe ‘in synthetic crystals only for 
-he temperatures of formation of the natural 
imens are not known, but the Aberdeenshire specimen, 
1ich contained Poo21 polytype, occurred in a metamor- 
hie region, with considerable evidence of high-tempera- 
ture products. The results therefore suggest the possibility 
of a low-temperature xonotlite with W = 2, and a high- 
temperature form with W = 1. Consideration of the 
central row of calcium atoms, in each triple row parallel 
-to b, shows that each calcium has one hydroxyl ion 
=- co-ordinated where W = 2 while two and no hydroxyls 
alternate where W = 1. Taylor and I have shown’ that 
similar rows of calcium atoms in foshagite bave equal 
> -eo-ordination of hydroxyl ions, possibly because of 
forces owing to the relative polarizations of Ca—OH and 
_.. CaOSi bonds. The present investigation suggests that 
such forces may be dominant at lower, but not at higher, 
mperatures of formation for xonotlite. In order to test 
this hypothesis, samples of xonotlite will be prepared 
th very long reaction times at various temperatures, 
and data on the natural localities will be examined for 
videnco of formation temperatures. 
I thank Prof. H. F. W. Taylor, Dr. A. Aitken, Dr. K. 
wakman, and Dr. H. G. Macpherson for the specimens 
natural and synthetic xonotlite, and for their interest 
‘this work. 
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PHYSICS 


Piezoelectric Effect in Poly-y-methyl-L-glutamate 


- Tus communication presents some experimental evidence 
illustrating the piezoelectric effect in certain synthetic 
polypeptides. 
It has been recently established that a number of high 
lymeric substances show a piezoelectric effect?-?. The 
substances so far investigated have been naturally occur- 
‘ing polymers such as cellulose, keratin, silk fibroin and 
collagen. Actual specimens used in the study have been 
aken from wood3-*, wool’, silk’, bone®-!° and tendon". 
-.. ‘The effect can be accounted for by taking into consider- 
eee zation the crystal symmetry and unidirectional orientation 
of crystallites of such polymers. It seems likely that the 
origin of piezoelectricity in cellulose and protein results 
“from the abundance of hydrogen bonds in their crystal 
structure. Until now, the piezoelectric effect in synthetic 
__. \polypeptides—in which the hydrogen bond plays an 
essential part in determining its molecular configuration 
and crystal structure—has not been investigated. 
Thin films of poly-y-methyl- L-glutamate were kindly 
ovided by the Ajinomoto Chemical Co., Tokyo. The 
“was stretched to twice its original length, and this 
esulted in a thickness of about 0-025 mm. The electrodes, 
each with a diameter of 10 mm, were fixed on either side 
of circular films of 20 mm diameter by painting them 
silver paste. One end of the film was clamped to a 
etal bar connected to the centre of an electro- 
ibrator and the other to a frame which could 
d s0 as to give an appropriate tension to the 
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film. Through two thin, flexibl sail -foils attact 
the electrodes, the electric signal was ted toe 


Apparent piezoelectric modulus d 
(x 10 C.4.8.8.8.0,) 









amplifier and then to a synchroscope. ` 

If a longitudinal vibration was applied to he 
the electromagnetic transducer, an electrical pola 
with the same frequancy as that of the mechanical vib 
tion was produced cn the faces of the film and coule 
presented on the vertical axis of the synchroscope. Ifa- 
voltage proportiona. to the coil current in the eldstra. a 
magnetic transducer was applied to the y axis of the 
synchroscope, a Lissajous figure, showing the relationship : 
between stress and polarization of the specimen, was 
observed. During measurement, the circular film as 
rotated to various aagles to the oriented direction. s 
the stress could be epplied in different directions: 

The apparent piezoelectric modulus d, which is ti 
coefficient connectiag the electrical polarization and 
mechanical stress, ie plotted in Fig. 1 against the angle 9 
between the directicn of stress and the orientation. axis. s 
The points are the average of experimental results 
two films. The curve is well represented by a formula 
d = dmax sin 20, as would be expected for such unid ec- 
tionally oriented substances. The absolute value of ho.. : 
piezoelectric modulus d,, for these films of poly-y -m an 
L-glutamate is 28 x 10-* ¢.¢.8.n.8.0., which is 
half the d,, coefficieat of quartz erystal. | 
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Angle between dizections of orientation and applied stress 2 
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It is significant that the value of piezoelectric modulus if 
fairly large. This substance does not absorb water because 
methylation of the acidic group occurs. The mole ular 
conformation is the c-helix form. The degree of pol 
ization is 3,200. The degree of crystallinity is unk 
but would be higher than 30~ 40 per cent, as- rough 
estimated by X-ray diffraction patterns. It is be 
that many synthetse polypeptides other than p 
methyl-1-glutamate will also show a similar piezoelectr 
effect and that such studies might provide fundamenti 
clues toward understanding the piezoelectric . 1e O 
observed in a number of biological substances ‘wank a as - | 
hair, bone and tenden. : 
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Potentials of Metallic Powder Formation 
on the Mercury Dropping Electrode 


Tue formation of electrolytic metallic powders on solid 
electrodes at a certain potential in the region of the limit- 
ing current was first observed with copper, gold and 
cadmium!:*. However, the conditions of electrodeposition 
on the solid electrodes make it impossible to determine 
precisely the corresponding potentials* and to construct 
a series of potentials of metallic powder formation. 

Using the phenomenon of metallic dendrite formation 
on the dropping mercury electrode‘, it is possible to deter- 
mine the potential of the powder formation with a rela- 
tively high precision (+25 mV) by microscopic observa- 
tion. In the case of cadmium, for example, the powder 
begins to form at a potential more negative than —0-9 V 
(Fig. 1). At the same time the concentration of the metal 
ion must be greater than a certain minimum value 
(0-0125 M for Cd**). In this way we determined the series 
of potentials of formation (ep) of various metallic powders 
on the mercury dropping electrode (Fig. 2). Fig. 2 shows 
that these potentials are independent of the concentration 
and that the minimum value is in general about 0-01 M. 
Experimentally it was found that the formation of 
powders is favoured by a certain value of the rate of 
growth of the surface of the drop. In the case of cadmium, 
in a range of concentration of 0-1-0-4 M, the metallic 


3 


Amalgam 





Fig. 1. Amal and powder regions of cadmium (cadmium chloride) 
{ discharge on dropping mercury electrode in 2 M potassium nitrate and 
0-05 per cent gelatine solution. Beginning at 0 V, —200 mV/abac. 


O x 1007M 





-0-5 
ep, V (S.C.E.) 


Fig. 2. Potential series of metallic powder formation (2p) on the mercury 

dropping electrode as a function of metal concentration. Silver nitrate 

in 3 M sulphuric acid, bismuth nitrate in 4 M hydrochloric acid and 

lead nitrate, cupric chloride, cadmium chloride and thallium nitrate in 
2 M potassium nitrate base solution, 0-05 per cent gelatine. 
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dendrites are formed when a fast capillary (t, = 3 sec) 
is used, while in the range of 0-025—0-05 M it is necessary 
to use a slow capillary (t = 75 sec). The presence of gela- 
tine favours the dendrite formation by diminishing the 
threshold of the concentration. The experimental observa- 
tion shows also that the dendrites are not in close contact 
with the mercury; immediately after direct contact with 
mercury is established, the particles are rapidly dissolved 
in the mass of the drop and often (in the case of the 
cadmium, for example) an intense hydrogen discharge 
is observed on the non-dissolved dendrite portions. 

These experimental results are in good agreement with 
the quantum mechanical mechanism suggested for the 
formation of electrolytic metallic powder'* and make 
possible a more complete explanation of the phenomenon. 
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Nucleation of the Solid Phase by Cavitation 
in an Undercooled Liquid which expands on 
Freezing 


Hickuinc! has proposed that nucleation by cavitation 
in an undereooled liquid which expands on freezing is 
caused by adiabatic compression into a region where a 
high pressure phase is stable: the high pressure phase 
nucleates and later transforms to the stable low pressure 
phase. Originally, his arguments were intended to explain 
only the results on water, but were later extended to 
include other materials which expand on freezing?, 
although no such observations were available. 

In recent experiments we have found that gallium, 
which expands on freezing, behaves like water, benzene, 
nickel, ete., in that the solid phase can be nucleated 
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Fig. 1. Lines of adiabatic compression in water superimposed on a plot 
of the equilibrium melting line of ice. — —, Reversible adiabatie 
compression. ---, Shock-wave adiabatic compression. 
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in the undercooled liquid by cavitation. A 2 c.c. sample 
of gallium contained in a sealed glass tube could be under- 
cooled 25° (to 5°.C) but nucleated in an ultrasound field 
with a few degrees undercooling. We believe that this 
is the first observation of such nucleation in a material 
other than water which expands on freezing. 

In calculating the path taken during the collapse 
of a cavity, Hickling has considered only the temperature 
rise which results from reversible adiabatic compression. 
The collapse of a cavity is not reversible in the thermo- 
dynamic sense. The conditions should more closely 
approximate those in a shock front, as specified by the 
Rankine-Hugoniot® relationships. Using these equations 
we have calculated the irreversible part of the heating 
under such conditions’. This gives the temperature rise 
as indicated by the dotted line in Fig. 1. It is evident 
that the irreversible heating is sufficient so that the high 
pressure solid phase will not nucleate, because the liquid 
phase is stable over the entire path. The mechanism 
suggested by Hickling cannot, therefore, be operative 
in water. The nucleation must occur while the system 
is locally under tension, as has been suggested by Hunt 
and Jackson‘. : 

J. D. Huna* 


K. A. JACKSON 


Bell Telephone Laboratories, Inc., 
Murray Hill, New Jersey. 
* Present address: Metallurgy Division, Atomic Energy Research Estab- 
lishment, Harwell, Didcot, Berkshire. 
1 Hickling, R , Nature, 206, 915 (1965). 
* Hickling, R., Nature, 207, 742 (1965). 
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Effect of Precipitation on Transmission 
through the Atmosphere at 10 Microns 


Tue development of high power maser sources at 10-6 
microns? has made possible an investigation of the charac- 
teristics of propagation through the atmosphere at this 
wavelength. Our investigations were conducted over the 
same 2-6 km path in Holmdel, New Jersey, which was 
used at shorter wavelengths by T. 8. Chu and D. ©. Hogg?. 

A continuous gas-flow 10-6 oscillator, provided by 
T. J. Bridges? and operated to produce 0°5 W, was used 
as the source in our experiments. Observations were 
made continuously during most of the period from Decem- 
ber 1965 to the end of May 1966. The 7 mm diameter 
output beam of the maser was directly transmitted during 
most of the work, although a 6 in. diameter Cassegrainian 
telescope was also used. The receiver was a thermopile 
placed at the focus of a 6 in. mirror. Mechanical chopping 
of the transmitted beam at 10 c/s and synchronous de- 
tection yielded a measuring range between 50 and 70 
dB depending on the configuration used. 

Fogs. During the past North American winter on ten 
occasions—each lasting several hours—-we observed 
attenuation, due to fog, larger than our measuring range. 
On one such occasion we observed a fade of 50 dB which 
lasted a few minutes and which we were able to correlate 
with the movement into the beam of a patch of fog which 
intercepted less than half the 2:6 km path when the 
attenuation was maximum. 

Snow. Because theoretical predictions of snow attenua- 
tion at different wavelengths have not so far been possible, 
it was of particular interest to observe the wavelength 
dependence of this effect. On six occasions during the 
past winter, appreciable snowfalls occurred and in each 
case there were periods, typically several hours long, 
during which the attenuation exceeded 50 dB. On one 
such occasion, simultaneous measurements were made 
by T. S. Chu at 0-63p and 3-5u. A comparison of the data 
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indicates that the ettenuation m decibels at 102 was 
about 50 per cent greater than at the shorter wavelengths. 

Rain. Most of tke appreciable rainfalls during this 
period were accompanied by light fogs which produced 
the dominant attenuation and, therefore, obscured the 
effects resulting from the raindrops. On three occasions, 
however, rainfalls esentially free of fog were recorded. 
The attenuations observed were all between 8 and 10 dB/ 
mule/in./h precipitaticn rate. (The rates measured ranged 
up to 2 in./h.) This result can be compared with the 
theoretical prediction of 11:5 (in the same units) by Chu‘. 
Because this theory Joes not take into account the fact 
that some of the forward scattered signal is collected by 
the receiver, we consider the agreement between theory 
and experiment to be quite good. 

We thank T. J. Evidges and TF. 8. Chu for their co- 
operation in this experiment. 

R. W. WILSON 
A. A. PENZIAS 

Bell Telephone Laboratories, Inc., 
Crawford Hill Laborstory, 
Holmdel, New Jersey. 
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Variable Focal Langth Lenses using Materials 
with Intensity Dependent Refractive Indices 


Recent theory! and experiments‘-? have demonstrated 
the existence of an infensity dependent non-linear compo- 
nent in the refractive index of some materials. This 
non-linearity in the refractive index has been observed to 
rotate an elliptically pslarized optical maser beam*: and to 
lead to self trappmg*® . This communication considers the 
two step nature of foeusing which leads to the conclusion 
that a sample tank illed with one of these non-linear 
materials can be made to behave like a lens. It will be 
shown that it is possible for beam trapping to occur 
within the non-linear medium but for the beam to come 
to a focus outside the medium tank (see Fig. 1). 
Consider, for example, a diffraction limited beam of the 
form 
a .. 8na Np 2J, (kaB))? 
á ck? ee kaß (1) 


where a is the radius pf the aperture, A is the free space 
wavelength of optical maser, ne the refractive index, 
c the velocity of hght, R the distance from aperture, 
P, the total beam pcwer, J, (kaB) the Bessel function, 
and B = sin 0. If the non-linear refractive index is of the 
form 


A = No + He E? (2) 


then the non-linear pcrtion becomes 


2J, (kap) (3) 


Bra Hots P 
— t 
kaß 


nE? = ca R? 
From equations (2) and (3) it i8 obvious that the refractive 
index-is not uniform azross the beam owmg to the power 
distribution in the beam. This means that the centre 
of the beam will be slowed more than the edges as shown 
in Fig. 1. The net result of this non-uniform phase delay 
across the beam is identical to what occurs in a lens as a 
result of the increasec path length in the centre of the 
lens. If the same considerations are used here as in the 
ease of thick lenses 1t is possible to determine an effective 
focal length for our nen-linear system. 

When the phase delay between the outer edge and the 
centre of the beam is computed for passage of the beam a 
distance AR in the tark, the effective difference in path 
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ee between the centre and the extremal rays is shown 
to be 
8r7a*y AR 
Al = 8TA p (sea) 4 
cx? “\R,(R, — AR) ($) 
Substituting for Al using the Sagitta equation 
2 
p eee 
2R, 


the distance in the sample tank at which self-trapping 
occurs (that is, the beam is rendered parallel) is seen to be 


AR = (L 2 | loria if Oe ime ee 
(1-64)y,a7} A + aa P|) a aP, (5) 
Thus equation (5) gives the minimum path distance 
necessary to render the diverging diffraction limited beam 
parallel. Ifthe path length in the tank is further increased, 
the beam will necessarily converge and focus outside the 
tank. As the tank length is increased the focal point moves 
toward the tank-air interface and for a distance in the 
medium beyond AF of fy given by 





SR = Ry = U%e one 


es = @?K 6 
ao (6) 


3°8 
(which is very nearly what Kelley? obtained) the beam 
will focus in the tank. Thus it is seen that it is possible 
for the beam to focus outside the tank for a tank length } 


between 
AR <l< AR + Ry (7) 
With these ideas in mind it is now possible to determine 


the relationship between the focal length of the non-linear 
system and the tank length /. Because 

sk = l — AR (8) 
1t is obvious that the radius of the beam at the air-tank 
interface is given by the relationship 

Sie aK — òR 


z (9) 


Furthermore, the path difference between the extremal 
and the central ray of the beam 1s 


Al = See in: OEE 1} 
: L 


— 





10 
AO a 
Using the Sagitta equation again, the focal length is 
found to be given by the relationship 


Pies Oe 
f 2 Al 
This must, however, be modified because there is a change 
of index of refraction at the tank-air interface. The focal 
length of the system thus becomes 
Ja f = a@kK—bR a? K-l 
NM 2h KA 2y,K Al 

the approximation being valid as AR s 0:05 Ry. 

A theoretical focal distance has been calculated for a 
10 cm length tank / filled with carbon disulphide, an input 
beam power P: of 100 kW and an aperture diameter of 
0-5 mm. From ref. 5, yn. is found to be 3-1 x 10-1! E.s.vU. 


at a of 6943 A. From equation (12), the focal length 
f is thus found to be 18:5 cm. 


(11) 


(12) 
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Fig.1. Ray diagram ofa diffraction limited beam which is being self-focused. 
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_ It should be pointed out at this time that in this crude 
analysis only the centre and extreme rays have been 
considered in arriving at the focal distance of equation 
(12). For a complete analysis all intermediate rays should 
be considered, which would yield the spherical aberration 
of the system. It will turn out that the spherical aberra- 
tion is dependent on the beam intensity profile and would 
be different for a Gaussian distribution than for an aperture 
limited distribution. Thus it is that this lens in general 
has a tendency for spherical aberrations; however, it 
should be possible to select a beam profile such that no 
aberration occurs. It should also be noted that the focal 
point of equation (12) is dependent on both power and 
frequency owing to the dependence of f on Pz, A and n(o). 

This work was supported in part by a contract between 
Air Force Avionics Laboratory, Wright-Patterson Air 
Force Base, Ohio, and the Ohio State University Research 
Foundation. 
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CHEMISTRY 


New Evidence for the Fine Structure of 
Porous Carbons 


Most speculations about the detailed pore structure of 
carbons have been unsupported by direct experimental 
evidence. The classification in terms of micropores, 
transitional pores and macropores was developed mainly 
by Dubinin et al.1 on the basis of adsorption and mercury 
penetration investigations. These methods, however, 
give no information about the detailed pore geometry 
and only limited information about the statistical character 
of the structure. Molecular sieve investigations? have led 
other workérs to the conclusion that the pores are often 
slot-like. Wolff? and Mizushima‘ have proposed more 
specific models in which active carbons are pictured as 
aggregates of graphite-like plates which impose a slot-like 
character on the spaces between them. 

We have obtained evidence, based on a combination of 
adsorption and electron microscopic investigations, which 
enables us to propose a more complete structure for 
carbons produced by the decomposition of powdered or 
pelletted polyvinylidene chloride (PVDC): the same model 
is thought to be applicable to carbons formed by the 
decomposition of hexaiodobenzene, coconut 
shell and anthracite coal. 

When the initial stages of the decom- 
position of PVDC occur below the softening 
point of the polymer (~180° C) the mor- 
phology of the original polymer sets the 
pattern for the structure of the carbon. 
Once about 10 per cent of the decomposi- 
tion has taken place at the lower tempera- 
ture, the nature of the final carbon is 
insensitive to the conditions under which 
the reaction is completed. In the present 
work, carbons (‘‘low-temperature”’ chars) 
were prepared by carrying out about 50 
per cent of the decomposition below 
180° C, and completing decomposition 
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(100 + 0-2 per cent) by raising the temperature to 750° ©. 

Adsorption of benzene at 25° C by low temperature 
PVDC chars is accompanied by a hysteresis loop extending 
from the saturation vapour pressure down to a relative 
pressure of about 0-25 (Fig. la, d). When samples of such 
chars are finely ground (to pass 400 B.S.S. sieve size) the 
powder retains its high adsorptive capacity, but the 
hysteresis loop is largely and sometimes completely 
eliminated (Fig. la, d): similar results (though not always 
leading to complete elimination of hysteresis) have been 
obtamed with carbon prepared from hexaiodobenzene 
decomposed below its melting point (Fig. 1b), with coconut 
shell charcoals (Fig. Ic), and with anthracite coal char- 
coals. Soft coal charcoals, however, still retain a hysteresis 
loop after grinding. 

Electron microscopic examination of finely ground 
low temperature PVDC chars shows that they consist 
very largely of thin platelets (200-500 A thick) of. carbon 
the porosity of which is too fine to be observed. These 
observations are consistent with the view that the carbon 
platelets have been formed from polymer crystallites. A 
detailed investigation of ultrasonically dispersed samples 
of the PVDC powder from which our carbons have been 
prepared shows that they are highly crystalline. Although 
a variety of habits have been observed, typical crystals 
are of the order of 100 A thick’ and occur as sheets, or 
more often as ribbons (possibly formed by rupture of the 
sheets in preparing the samples for electron microscope 
investigation) 2~3 wide and 30p or more long. The 
carbon particles formed by pyrolysis are usually thicker 
than the single polymer crystals: multi-layer crystals in 
the original polymer, which are broken down by ultra- 
sonic dispersion, are probably bonded together during the 
cross-linking stage of the decomposition. 

The major part of the adsorptive capacity of the final 
carbon is associated with the very fine and extensive 
micropore structure of the pseudomorphs of the original 
polymer crystals. These pores are formed by the loss of 
hydrogen chloride from the crystals: on the basis of the 
folded chain picture of polymer erystals5, one would expect 


W (per cent) 





02 04 08 98 92 04 06 08 10 


PIP, 


Fig. 1. Adsorption of benzene vapour at 25° C by (1) unground and (1i) 

finely ground samples of, a, carbon from decomposition of PYDC powder 

{sample 89-1077 from Dow Chemical Company) pelletted at 75,000 

Ib./in?; b, carbon from hexaiodobenzene decomposed below its melting 

point; c, activated coconut shell charcoal; d, carbon from decomposition 

of PYDC powder (sample HP-0961-10-9 from Dow Chemical Company) 
unpellette O, Adsorption; @, desorption. 
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these pores, generally, to be onented normally to the 
crystal surface. They are of molecular dimensions, and 
consideration of the stereochemistry of the cross-linking 
reactions which are ceeded to complete the decomposition 
makes it plausible that they should have a slot-like charac- 
ter: this structure occurs within the platelets. The stack- 
ing together of these porous crystal pseudomorphs forms a 
second structure of voids with which the capillary con- 
densation hysteresis is associated. The elimination of 
hysteresis by breaking down the void structure by grmding 
is essentially the cor-verse of the experiments of Carman 
and Raal*, who wers able to create void structures and 
so to induce hysterssis of this kind by pellettimg fine 
non-porous silica and carbon black powders. The simi- 
larity in the resporse to grinding of hexaiodobenzene 
carbons, coconut shell charcoal, and anthracite charcoals 
suggests that these materials have a structure similar 
to that already deser-bed: work to confirm this is in hand. 
In each case the nature of the starting material and its 
observed behaviour during carbonization make it probable 
that the basic crystal structure is retained in the car- 
bonization process, although the random nature of cross- 
linking reactions destroys the regular internal structure 
so that the carbons show no clearly distinguishable X-ray 
patterns. 

Carbons formed by the decomposition of PVDC above 
its softening point, of hexaiodobenzene above its melting 
point, or of PVDC in solution, exhibit small or vanishing 
hysteresis loops in benzene adsorption and electron 
micrographs show them to have a much more uniform 
dispersed structure apparently formed by the decom- 
position of amorphous material. The PVDC chars pre- 
pared by Wynne-Jones et al.” from the glassy polymer 
obtained by exposing liquid vinylidene chloride to sunlight 
show no hysteresis end presumably also have a simular 
structure. 

These views are supported by further work on PVDC 
polymers the softening point of which has been raised 
by ultra-violet irradiation or by flash photolysis; and on 
PVDC/PVC copolymers with lower softening points. 
They are also consistent with the results of an investigation 
of the kineties of the decomposition of these polymers. 

A. BAILEY 
D. H. EVERETT 
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Losses due to Adsorption during Filtration of 
Aqueous Solutions of Polycyclic Aromatic 
Hydrocarbons 


ALTHOUGH it has been pointed out that some adsorption 
of a solute may occur during ffltrations! there is apparently 
no general awareness of the possible magnitude of such 
losses with dilute so.utions of certain solutes. Loss by 
adsorption of polycyclic, aromatic hydrocarbons during 
filtration? or dialysis? has been mentioned briefly, and 
such adsorption has heen shown‘ to be the cause of a 
major discrepancy in some recent attempts to determine 
the solubilities of such hydrocarbons in aqueous solutions 
of deoxyribonucleic acid (DNA)*5-’. Stauff and Reske® 
found filtration to be unsuitable for the removal of 
benzo[a]pyrene in determinations of solubility in aqueous 
protein solutions; thay attributed the observed 20-50 per 
cent error to mechanical denaturation of the protein 
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by the glass frit during filtration, but it 1s quite possible 
that adsorption of the hydrocarbon was also a con- 
tributing factor. Except for a brief investigation of the 
amount of protein. adsorbed during the filtration of aqueous 
solutions through ‘Millipore’ filters’, however, there has 
been no detailed report on the extent of losses due to 
adsorption. 

In the course of some preliminary experiments on 
solubilization undertaken 3 years ago, I was able to trace 
the erratic results obtained for the solubilities of pyrene 
and benzo[a]pyrene m aqueous solutions of polyvinyl- 
pyrrolidone (PVP) or DNA to adsorption of the hydro- 
carbons by the filter media. 

To evaluate the extent of this adsorption, experiments 
were carried out on solutions of phenanthrene in distilled 
water, because phenanthrene is sufficiently soluble m 
water to permit changes in concentration to be observed 
spectrophotometrically by means of the strong absorption 
band at 251 mu. To reduce errors arising from the back- 
ground absorption resulting from ultra-violet absorbing 
materials leached from the filters and from light-scattering 
by suspended particles, the base-line technique’! was 
used for determinations of concentration. It is especially 
Important to use this method in solubilization experiments 
if the solvent is a solution of a polymeric material. The 
solute often appears to bring about changes in the light- 
scattering and sedimentation properties of the polymer, 
with the result that the background absorption of the 
reference blank and the experimental solution are no 
longer exactly comparable. (Application of the base-line 
technique to the spectral curves shown ın Fig. 3 of ref. 7, 
using readings at 385, 395 and 405 my, indicates that the 
concentrations of benzo[a]pyrene actually remain quite 
constant at about 1 x 10-* M during centrifugation. The 
spectral changes shown in this figure appear to be the 
result of the more rapid sedimentation of the DNA in the 
hydrocarbon-containing solution than in the blank’. I 
have also observed a similar effect in PVP solutions of 
these hydrocarbons.) All spectrophotometric measure- 
ments were made on a double-beam recording spectro- 
photometer using matched, fused quartz absorption cells 
with the appropriate solvent or solution as a reference. 
The results obtained are shown in Table 1. 

The solutions used were filtered solutions which showed 
no particles of undissolved phenanthrene when examined 
visually in ultra-violet light!?. A membrane filter (solvent- 
resistant; pore size 0:-45u) was the material usually used 
for this preliminary filtration. No essential difference in 
the amount of phenanthrene adsorbed was observed when 
suspensions were used instead of pre-filtered solutions. 
Comparable results were also obtained when aqueous 
solutions of naphthalene, pyrene or anthracene were 
filtered, and the relative losses were greater with the less 
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soluble hydrocarbons. For example, when an aqueous 
solution of pyrene was filtered through a sintered glass filter 
(fine frit) the concentration of pyrene in the first 50-ml. 
portion of filtrate was 44 per cent of the original concen- 
tration. Similarly, no anthracene could be detected 
spectrophotometrically in the final 20 ml. portion of 
filtrate after filtration of 270 ml. of an aqueous suspension 
of anthracene through ‘Polypore AM-7’. No adsorption 
of hydrocarbon was observed from solutions in aqueous 
ethanol (20 or 50 per cent) or in other organic solvents. 
When solutions of pyrene, benzo[a]pyrene, benz[a]Janthra- 
cene, dibenz[a,hJanthracene, or similar hydrocarbons in 
aqueous solutions of PVP or DNA were filtered there was 
a marked loss of hydrocarbon in the filtrate. 

For several hydrocarbons, particularly with the mem- 
brane filters, some of the adsorbed hydrocarbon could be 
washed out of the filter with a small amount of water 
after the filter had been allowed to dry. Occasionally, 
supersaturated solutions were obtained in this way. Most 
of the adsorbed hydrocarbons could be washed out of 
alcohol-resistant filters with ethanol. 

Such polymeric materials as PVP and DNA were also 
adsorbed from aqueous solution, but the filters were 
quickly saturated by these materials and, after the first 
20-50 ml. of filtrate had been collected, further changes 
in concentration of the filtrate were not usually observed. 
In contrast to this rapid saturation, and the saturation 
of membrane filters by protein®, the filters are not readily 
saturated by the hydrocarbons. Even after filtration of 
sufficient solution to give apparent saturation, refiltration 
through the same filter often produced a further reduction 
of the concentration of hydrocarbon in the filtrate. 

From Table 1, it may be seen that the amount of ` 
hydrocarbon removed from solution by adsorption during 
filtration depends to some extent on the composition of 
the filter, but that the pore size of the filter also has a 
very marked effect, indicating the influence of changes in 
surface area as well as in the rate of filtration. The pro- 
nounced increase in the amount of hydrocarbon removed 
from solution when two filters are used instead of one 
(see the data obtained with ‘Polypore 274°) is also a 
result of increased surface area and decreased rate of flow. 
The effect of changes in the rate of filtration alone may 
be seen particularly well in the data for ‘Polypore 4M-1’ 
and ‘Polypore @M-6’, where a decrease in the rate of 
filtration resulted in a sharp decrease in the concentration 
of phenanthrene in the filtrate. 

Munck? used silicone-treated glassware to reduce the 
adsorption of steroids from aqueous solutions; but, in the 
present work, similar treatment of fritted-glass filters 
with a silicone preparation did not produce any clear-cut 
effect on the amount of phenanthrene adsorbed during 
filtration. The reduced affinity of the treated surface for 


Table 1. CHANGES IN CONCENTRATIONS OF PHENANTHRENE IN FILTRATE DURING FILTRATION OF SOLUTIONS OF PHENANTHRENE IN DISTILLED WATER 


Pore Original 
Filter medium size conc. Vol. 
(#) (M x 10) (mi) 
Glass, coarse frit 40-60 65 16 
Glass, fine frit 4-5 5 69 15s 
Paper, ‘Whatman No. 7 53 15 
Paper, ‘Whatman No. 4:5 15 
reel) Alver-holdert (sintered siginless 68 15 
stee 
‘Milhpore HA’§ 0 45 7 8il- 140 
‘Millipore OH’§ solvent-resistant 15 6-9 15 
‘Polypore AM-1’ 5 6°11] 5O0s** 
‘Polypore AM-3’ 2 3°5 25 
‘Polypore AM-5'’t 0 65 6 4 50s 
‘Polypore AM-7’ F 0-3 7-8) 75s 
‘Polypore GM-6'T gravimetric 0 45 59 508 
‘Polypore 27 A’ $ solvent-resistant 0 45 7-5il 15 
‘Polypore 27.4’ two membranes superim- 0 45 7-9 15 


posed, 


* Allowed to filter by gravity except where caps veogtiel = (suction). 

t Expressed as percentage of the original concentra 

t Prom Gelman Instrument Co.; 2 in. diameter Toes dematin. 
§ From Mullipore Filter Corp.; 47 mm diameter. 

lt A suspension, not necessarily saturated. 

“ After filtration of three 50 ml portions. 

** Filtered rapidly. 

tt Filtered more slowly by reducing the suction 


First 


Filtrate fractions* 
Second Fourth 
Cone. Yol. Cone. Vol. Conc. Vol. Conc. 
(%) Tt (ml.) (%)T (ml.) (%)f (ml.) (%)T 
84 15 96 60 99 
64 158 84 808 96 
56 15 74 60 7 80 93 
24 15 50 80 74 60 79 
54 15 87 60 96 
0 50 Z 50 8084 42 
1 14 0 6 365 41 
41. 508 t t 31 50s** G4 540¢ 9 
0 50 0 50s 17 
0 508 2 50s 6 508 14 
0 753 0 75s 0 340s 
28 508 58 50 $2 50s 66 
2 50 70 50 9i 
0 60 0 75 i 75 24 
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the hydrocarbon appears to be counteracted by the effect 
of the reduction in the rate of filtration brought about by 
the hydrophobic surface of the filter. 

In addition to the errors introduced by this adsorption 
during filtration, particles of hydrocarbon (seen as bright 
fluorescent specks when the filtrates are viewed in ultra- 
violet light) occasionally pass through paper or sintered- 
glass filters. The centrifugation procedure of Kofahl and 
Lucas!4 was found to give fairly reproducible results, even 
with viscous solutions of highly polymerized DNA. Two 
centrifugations, with “Pyrex’-wool plugs centrifuged down 
on to the residue, were sufficient to ensure removal of 
suspended hydrocarbon. Comparison of the spectra of the 
resulting solutions and of the original suspensions, using 
the base-line technique, showed the change m concen- 
tration of the dissolved hydrocarbons to be less than 10 per 
cent during this procedure. By this method, considerably 
less variation is observed than when filtration is used to 
remove undissolved hydrocarbon. The loss may arise 
from adsorption on the centrifuge tubes and on the glass- 
wool plugs. 
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X-ray Fluorescence Analysis of Heavy 
Elements in a Light Matrix 
WHEN solids or liquids are irradiated with X-rays the 


elements in the substance emit secondary fluorescent 
radiation. The intensity of the fluorescent radiation 
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from an element in. a mixture is usually not propor- 
tional to the concentration of that element. The reason 
for this is that the heavy element exhibits an X-ray 
absorption markedly different from the matrix. Thus 
a plot of the intensity of the emitted wavelength 
(L line) against concentration of the heavier element in 
the mixture gives a curve which, as the concentration 
of the element increeses, becomes parallel to the concen- 
tration axis (Fig. II». 

Addink, Kraay and Witmer! have shown that by 
adding quantities of strongly absorbing material, a Imear 
relationship can be effected between the intensity and 
concentration; however, special considerations are re- 
quired when the results so obtained are interpreted. 
The same effect can be accomplished by makmg intensity 
measurements at a longer wavelength when the absorp- 
tion in the heavy element and matrix is more or less 
equal (Fig. 1M). Under these conditions, the analysis 
resembles the measurement of the concentration of a light 
element in a light matrix. Thus, for example, when the 
concentration of lead in silicates 1s determined by this 
technique it is the mtensity of the PbhbM a. Hne which 
is measured instead of the usual PbLa, and when the 
concentration of bismuth in sodium carbonate 1s determ- 
ined it is the BiM «,,- line and not the Bila. 


T. Groor 
P. C. M. N. Broys 
J. H. T. ©. VERBEEK 
Philips Research Laboratories, 
N.V. Philips’ Gloeilampenfabrieken, 
Eindhoven, The Netirerlands. 
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Extension of the Periodic Table 


Iw the course of an investigation concerning the behaviour 
of orbital objects aroand a nucleus, in which the properties 
of various simple theoretical models were studied to 
determine under what conditions the exchange of radia- 
tion and/or particles cbeying the “‘inversesquare e law’ could 
account for other irteraction laws (not necessarily only 
at the nuclear or atomic level), the following series was 
found: 


sn OR ALA Ota ee = 2k (k = l, 2, 3, ete.) 


Io 92 © 3 


It arose in more tian one model, and is of little signifi- 
cance to the more ambitious main investigation. For 
example, the factor “2” in the right-hand side is to be 
expected whenever certain conditions of symmetry are 
postulated: and the left-hand side occurs at once when 
considering the “‘c.assical’’ potential energy of “n,” 
electrons in the “r”-th Bohr orbit!; and also in other 
models (for example, in which the radius of the ‘“‘r’’-th 
orbit is proportionel to “r° and “inverse square Taw” 


attractions are summed) 


Table 1 
k nı Te e Ng Rs 
1 2 — — — 
2 2 1 3.2" — — 
3 2 2.2.2" — — ete. 
4 2 2.2 22 12,3? — 
5 2 2,2 22 2.2 385 — 
6 2, 2 2,22 2.2.35 124°? 

ete 


From the infinite number of solutions of this equation, 
however, the regular pattern of solutions given in Table 1 
is highly suggestive. 

In the original :nvestigation, the “ni”, “‘n,”, etc. 
referred to the number of orbital objects in successively 
remote orbits from the nucleus, and the regular pattern of 
solutions already g-ven tallies precisely with the gross 
electron structures of the noble gases? as shown in Table 2. 
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Table 2 
. Atomic No 
Gas k First Second Third Fourth that is 
period period period period nyt+n, m net 
etc. 

Hehum 1 2 — — memen 2 
Neon 2 2 8 — mmn 10 
Argon 3 2 16 — == 18 
Krypton 4 2 16 18 -m 36 
Xeron 5 2 18 38 oo 54 
Radon 6 2 18 36 32 86 


Continuing the pattern, one can predict the gross elec- 
tron structures of all the noble gases yet to be discovered. 
For example, the next heavier one will have an electronic 
structure, corresponding to k = 7, of: 


2 : 2.2.27 : 2.2.3": 2.2.45, 
thatis2 + 16 + 36 + 64 = atomic number 118; 
and the next after that, corresponding to k = 8, will be: 


2 : 2.2.22 : 2.2.32? ; 2.2.42 : 1.2.52, 
that is 2 + 16 + 36 + 64 + 50 = atomic number 168. 


By noting how the mtervals between the noble gases 
are occupied in the existing Periodic Table’, a prediction 
can be made in some detail of the properties of all elements 
up to atomic number 118, the next noble gas; and a less 
specific, but more dramatic, prediction of the properties 
of even heavier elements can be made, as follows: 

The regular pattern of solutions requires, of its very 
nature, that the intervals between successive noble gases 
go in pairs of equal numbers of elements; thus, from 
helium to neon is eight elements, as is the interval from 
neon to argon; from argon to krypton is eighteen elements, 
as is the interval from krypton to xenon; and so on. 

With each successive pair of intervals, more and more 
elements have to be accommodated, so while there is a 
one-to-one correspondence between the elements in one 
interval and those in the “paired” interval, there has to be 
a drastic change when the next interval occurs. Thus, the 
eight elements from helium to neon match the eight 
elements from neon to argon; but the interval from argon 
to krypton copes with its larger number of elements by 
dispersing them fully into A- and B- sub-groups, and by 
introducing a transition group of three elements (iron, 
cobalt and nickel). The following interval from krypton 
to xenon matches this plan exactly, element-for-element. 
However, the next interval again, from xenon to radon, 
has so many elements that it must adopt an even more 
drastic plan, and in addition to using every available 
place in the Periodic Table it must lump together fifteen 
elements in a single place (the lanthanides, atomic num- 
bers 57-71). On this scheme, the interval from radon 
to the next (undiscovered) noble gas should match the 
interval xenon to radon exactly, element for element, 
so that the fifteen elements from actinium (atomic number 
89) to lawrencium (atomic number 103) should occupy 
only one place in the Periodic Table (refs. 4, 5 and 6 
illustrate early discussion along these lines), and elements 
108, 109 and 110 should be transition-type elements corre- 
sponding to osmium, iridium, and platinum, and so on. 

There is reason to believe that extremely heavy atoms 
are most unstable”! so the interval from atomic number 
118 to 168 may never be reached. But if it is, because this 
starts another pair of intervals one can predict that a 
dramatic device to fit the elements into the interval will 
necessarily appear. 

S. SMITH 
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Fundamental Stretching Vibration in Liquid 
Water 


We have recently investigated the fundamental stretching 
vibration of liquid water in the infra-red region 4,000- 
2,000 cm-? using the thin cell technique developed by 
Thompson'. The spectra, recorded under high-resolution 
conditions on a Perkin-Elmer 125 spectrometer, are 
shown in Fig. 1. It is apparent that the absorption in the 
3,450 cm~ region is complex and composed of three 
bands with frequencies of ~3,625 cm-!, 3,410 em- 
and 3,250 cm=!. The band profile is almost identical to 
that observed in the Raman effect (see, for example, 
Schultz and Hornig’). 
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Fig. 1. Effect of temperature on the OH stretching absorption of water. 
. 385° C; »¢ 60°C; 6. 6° O, 
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The most interesting observation, however, is the effect 
of temperature on the band system. As the sample is 
cooled from ambient temperature (~35° C when in the 
sample compartment of the spectrometer) to about 5° C, 
the intensity of the low-frequency band 3,250 cm- rises 
while that of the 3,625 cm band falls. When the tempera- 
ture is raised above ambient to about 60° C the 3,625 cm~? 
band increases while the 3,250 cm! band decreases in 
intensity. Schultz and Hornig’s? Raman spectra show 
exactly similar behaviour. 

We now believe that the simplest explanation for these 
infra-red and Raman observations is in terms of three 
different types of water molecules with differing degrees of 
hydrogen bonding, as postulated by Buijs and Choppin? 
from their investigations of the combination band v, + 
Ya + vg ab ~ 8,300 cm7. 

In the past we have advocated‘ a different explanation 
for the observed infra-red and Raman bands of liquid 
water using, like Schultz and Hornig, the idea of Fermi 
resonance to explain the Raman bands at 3,625 cm~! 
and 3,250 em-! as a combination and overtone band 
respectively. At that time the available infra-red spectra 
indicated that our assignment was reasonable. In view of 
the infra-red data presented here, however, we believe 
that an explanation in terms of three types of water 
molecules is preferable to the earlier one which made use 
of the idea of Fermi resonance between bands separated 
by the order of 200 cm-!. The assignment of the infra-red 
and Raman bands at 35° C is probably as given in Table 1. 

The frequencies given in Table 1 for both infra-red and 
Raman results are taken directly from the recorded 
spectra. The differences between these three fundamental 
frequencies are consistent with the differences found by 
Buijs and Choppin? in the 8,300 cm~ region in the infra- 
red. 
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Table 1 
Raman Infra-red 
3,820 $3,625 cm~! Vibration of non-bonded water molecules 
3,415 3,410 cm— Vibration of water molecules with one proton 
involved ın hydrogen bonding 
3,260 8,250 em-! Vibration of water molecules with both protons 


involved in hydrogen bonding 


We are. continuing our investigations on the tempera- 
ture variation of the infra-red and Raman bands of liquid 
water and hope to enlarge on the use of spectroscopic data 
to define the properties of bulk water. 

We thank Dr. C. Smart for advice and encouragement. 
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Photolytic Degradation of Textile Fibres in 
the Far Ultra-violet 


ALTHOUGH it is generally recognized that the action of far 
ultra-violet radiation on textile fibres is photolytic in 
character, investigations of the influence of oxygen and 
water vapour on the complex reactions involved have 
been mainly confined to cotton cellulose. The tempera- 
ture of the system and the parameter of degradation are 
other factors which profoundly influence the nature of the 
results’. In the experiments described here we have used 
as parameter the loss in tensile strength of the textile 
yarn which was exposed to the radiations from a low 
pressure mercury—vapour lamp emitting mainly at 
2537 A. The yarn was contained in the inner compart- 
ment of a brass cell fitted with a quartz window. The 
cell was maintained at a constant temperature by cir- 
culating a suitable heating (or cooling) medium through 
the outer compartment. During the experiment a stream 
of gas brought to the required temperature was passed 
through the cell. For the exposures (Fig. 1) m dry oxygen 
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Fig. 1. Effect of temperature on the degradation of undyed yarns 


exposed to low pressure mercury-vapour lamp in dry oxygen (©) and 
dry nitrogen (x ) for 20 h. 
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Fig. 2. Effect of temy=rature on the degradation of undyed yarns 
exposed to low pressure mercury-yapour lamp in air at 0 per cent relative 
humidity (©) and 100 per cent relative humidity (x) for 24 h. 


and nitrogen involving temperatures down to —60° C 
the quartz face of tke brass cell formed part of the wall of 
an airtight lamp chamber. At the bottom of the chamber 
was a tray of phosphorus pentoxide to absorb moisture 
and prevent the deposition of ice on the cold quartz 
plate. In addition 2 stream of dry nitrogen was passed 
continuously through the chamber. For the experiments 
(Fig. 2) with dry andmoist air in which the lowest tempera- 
ture was 15° C, thie procedure was unnecessary and the 
cell was irradiated in a large well ventilated cupboard. 
Where dry gases were used they were dried with phos- 
phorus pentoxide. In experiments performed in air at 
100 per cent relative humidity, air was bubbled through a 
sintered glass filter immersed in distilled water which 
was maintained at she same temperature as the cell. 
The effect of temmerature on the degradation of some 
textile fibres exposad in dry oxygen and dry nitrogen 
to 2537 A radiation is shown in Fig. 1. The fibres com- 
prised scoured undyed yarns (free from delustrant or 
other additive) of rylon (hexamethylene diamine-adipic 


` acid, Du Pont de Nemours, 4-fold, 45 den. 13 fil.), cellulose 


secondary acetate rayon (Courtaulds, 250 den. 48 fil.), 
and silk (degummed Japanese silk, 190 den.). With all 
three yarns the deg-adation in both gases is of negligible 
proportions at temperatures below about 0° C, but rises 
rapidly as the temperature is increased above this value. 
These results are in some contrast to those obtained with 
cellulose fibres. Results for undyed cotton yarn using 
fluidity in cuprammonium as the parameter of degradation 
have been reported! at temperatures down to 8° C. Further 
results at — 60° C have shown that the change in fluidity 
(and also in reducing power) is of the same order as that 
at 5° C in the corresponding atmosphere. Moreover, with 
undyed cotton yarn (and also with scoured undyed viscose 
rayon) the loss in tensile strength in dry nitrogen and dry 
oxygen seems to be of the same order in the two gases 
and is only slightly affected by temperature over the 
range from — 60° C zo +90°C. As the temperature of the 
system falls to 0° C. it does not show the marked decrease 
in strength loss thas is evident in Fig. 1 with silk, nylon 
and acetate rayon. 

Nylon is particulerly sensitive to the presence of oxygen 
in the irradiation system, and it would seem likely that 
in the absence of oxygen there is extensive recombination 
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of the free radicals formed on photolysis of the polyamide. 
Even in the presence of oxygen recombination would 
seem to be favoured at low temperatures. The reactions 
involved are undoubtedly complex as is shown by results 
which have been obtained with transparent films of nylon 
and other polymers’, and may involve cross-lnking of 
the polymer molecules’. 

The effect of temperature on the degradation of yarns 
of undyed silk, nylon and cellulose acetate rayon on 
irradiation in air at 0 and 100 per cent relative humidity 
is illustrated in Fig. 2. Except with acetate rayon the 
strength loss of the yarn 1s inhibited by water vapour. 
This effect 1s particularly evident with nylon, but as with 
acetate rayon, the strength loss increases substantially 
and at a much greater rate than in dry air, as the tempera- 
ture is mereased. The effect of water vapour on the 
degradation of cotton yarn by 2537 A radiation has been 
shown! to depend on the parameter of degradation; the 
loss in strength being greater in the absence of water 
vapour, and the reverse being the case when the chain 
length of the cellulose (as measured by fluidity in cupram- 
monium) is considered. This evidence seems to suggest 
that in the presence of air and water vapour the polymeric 
free radicals formed on photolysis undergo secondary 
reactions involvmg not only gaseous oxygen but also 
water itself. It is possible that in certain circumstances 
hydrogen can be abstracted from a water molecule by 
the polymeric free radical. The resultant hydroxyl 
radicals would be expected to have a greater oxidative 
effect on cellulose than on polyamide fibres. 

G. 8. EGERTON 
E. ATTLEE 
M. A. RATHOR 
Department of Polymer and Fibre Science, 
Faculty of Technology, 
University of Manchester. 
1 Egerton, G. S., Nature, 194, 968 (1962). 
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Formation of Cyclic Molecules by 
Macro-radical Reactions 


MACRO-RADICALS formed by thermal degradation of 
polymers are known to participate in depolymerization} 
with subsequent detachment of a volatile compound. 
We have found another type of macro-radical reaction, 
namely, the formation of cyclic molecules. 

A radical ~OCH,—OCH,—OCH, is formed by thermal 
degradation of polyformaldehyde. As a result of chain 
conformation by addition of a free-valency carbon atom 
to oxygen or to another carbon atom this radical may 
form cycle atoms of trioxane: 


CH, 
we Bs 


du. 


O 


dn, 


O 


or of dioxalane: 


CH,—OH, 
s ` 


N z 
Saat 


These were identified by means of chromatography and 
mass-spectrometry. Sometimes cycles with many links 
are also formed; this was demonstrated by mass-spectro- 
metry. . 

Similar macro-radical reactions were observed during 
an investigation of the thermal degradation of polyvinyl- 
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chloride. Here hydrochloric acid is the primary reaction 
product. Its detachment results in the formation of a 
macro-radical with a system of conjugated bonds: 


~CH — CH — CH = CH — CH — CH 


In closing the cycle this radical 1s capable of detaching a 
benzene molecule. Benzene formed as a secondary pro- 
duct was identified by chromatography or mass-spectro- 
metry. 

So far as we know, no such cyclization of radicals in 
the degradation of polymers has previously been reported, 
though simular reactions of light radicals are known’. 


A. B. BLUMENFELD 
Vv. S. Pupov 
M. B. NEIMAN 
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BIOCHEMISTRY 


Effect of Temperature on s-Ribonucleic Acid 
Aggregation induced by Magnesium Ions 


RECENTLY, the aggregation of sRNA from Escherichia 
cols has been reported?. At neutral pH and at 25° C 
the aggregation process is dependent on nucleic acid and 
Magnesium ion concentration. In 0-02 M magnesium, 
the aggregates dissociate into monomer units at low 
nucleic acid concentrations. This report shows that a 
modest increase in temperature (from 25° C to 45° ©) 
partially dissociates the aggregates and that the decrease 
in molecular weight is reflected in the viscosity thermal 
profile. 

E. colt SRNA was obtained from General Biochemicals, 
Chagrin Falls, Ohio, and freed of protein by repeated 
mechanical shaking with phenol. The aqueous super- 
natant was then chilled and the sRNA precipitated with 
two volumes of an ethanol—potassium chloride (0:3 M) 
solution. This was repeated twice. The final precipitate 
was dissolved in 0-01 M ethylenediamine tetraacetic acid 
(EDTA) and dialysed overnight against 0-01 M EDTA 
at 4° C. The solution was then treated twice with benton- 
ite—50 mg/25 ml. of solution?. EDTA was then removed 
by dialysis against frequent changes of doubly distilled 
water at 4° over a period of 72h. The aqueous sRNA was 
finally lyophilized. 

The calibration, thermal control, use and calculation 
procedures with the Price~Phoenix light scattering photo- 
meter have already been described. The instrument was 
modified in one respect; a narrow slit nosepiece was 
mounted in front of the photometer and the instrument 
refocused by a reflectance method. Viscosity measure- 
ments were made with a Ubbeiohde viscometer with a 
solvent flow time of about 90 sec (25° C) or with a conven- 


" tional viscometer with a 0-8 mm bore having a flow time 


of about 300 sec (25° C). Temperature regulation in 
viscometry was achieved as previously described?. For 
either viscometry or light scattermg measurements, dust 
was removed by ‘Millipore’ filtration. sRNA concentra- 
tion was estimated spectrophotometrically®. 

A low ionic strength medium used in these and previous 
investigations! was chosen on the basis of the observations 
of Lipsett et al.4. These investigations clearly show a 
competition between moderate concentrations of neutral 
salt and magnesium ions for binding sites on polyribo- 
nucleotides and suggest that an investigation of the 
effects of magnesium ions on nucleic acids should be made 
in a low ionic strength medium. 

Fig. 1 shows the effect of increasing temperature on the 
molecular weight of sRNA. In neutral salt, the apparent 


r 
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molecular weight (about 25,000) is only slightly decreased 
as the temperature is raised to 45° C, and essentially 
quantitative reversibility is obtained when the solution 
temperature is brought back to 25° C. In solutions which 
are 0-02 molar in Mg*+ and 0:01 molar in potassium 
acetate, the molecular weight of the aggregated form of 
8RNA at 25° C is roughly equal to that of a dimer. Heat- 
ing to 45° C results in a drop to about 37,000. The process 
is about 95. per cent reversible, as is indicated by the 
checked circles. Heating to temperatures much above 
45° C for longer periods of time in the presence of mag- 
nesium results in extensive aggregation!. 

Fig. 2 shows the intrinsic viscosity in the presence of 
magnesium ions at 25°, 35° and 45° C. At 25° C, the 
variation in ņsp/C with concentration clearly reflects the 
dissociation process reported earlier?. At 35° and 45° C 
the dependence of yap/C on concentration is less than that 
at 25° C. This is probably a consequence of the decrease 
in degree of aggregation at each of these temperatures 
(Fig. 1) although possible conformational changes cannot 
be ruled out. Linear extrapolation of the 25° C data 
above 3 mg/ml. leads to a value of 0:074, dl./g for the 
aggregate form, in good agreement with the value of 
0-076 dl./g reported earlier!. In view of the scatter of 
the data below 3 mg/ml. at 25°, 35°, and 45° C, apparent 
intercepts at zero concentration were averaged giving 
0-041 + 10 per cent dl./g for the monomeric form of 
sRNA in magnesium ions. 

These results show that the aggregation of sRNA in- 
duced by magnesium ions is, within a limited temperature 
range, thermolabile. In this respect it resembles the low 
temperature aggregation reported by Henley et al.'°. 
The nature of the aggregation 1s unknown. Whether it 
results from magnesium ion phosphate links or base—base 
interaction or both is at present conjectural. 

In solutions which are 0:3 molar in potassium chloride 
and 0-01 M molar in potassium acetate, the intrinsic 
viscosity at 25° C of E. colt sRNA monomer is 0-059 dl./g 
(ref. 6). Clearly, in a low ionic strength magnesium ion 
containing solvent the effective hydrodynamic volume of 
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Fig. 1. The effect of temperature on the molecular weight of sRNA. 
O, SRNA XI, @, sRNA XII. Solvent systems: upper curve, 0-02 
molar in magnesium acetate and 0:01 molar in potassium acetate, pH 7-0. 
sRNA XI, 4:25 mg/ml.; sRNA XII, 3-2 mg/ml. Lower curve, 0:3 
molar in potassium chloride and 0 01 molar in potassium acetate. sRNA 
XI, 3°8 mg/ml.; sRNA XII, 2°95 mg/ml. Reversal from 45° to 25° C 
indicated by checked circles. Light scattering artefacts arising from 
thermal effects on the cell housing block and cell were corrected by 
measuring the turbidity of a 1 per cent solution of bovine serum albumin 
as a function of temperature. All solutions were kepi 5 min at tempera- 
ture before results were recorded. 
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Fig, 2. Determination wf the intrinsic viscosity of sRNA in 0:01 M 

potassium acetate, 0 02 M magnesium acetate, pH 7'0, at 25°, 35°, and 

45°C. O,sRNA IX; ®sRNA XI; @, SRNA XII. About 97 per cent 

reversal was obtained when any of the three preparations used was cooled 
from 45° to 25° C, R 


sRNA is less than that in moderate concentrations of 
neutral salt. The imprecision of the viscosity data pre- 
vents any meaningful estimation being made of the size 
of the equivalent ellipsoid of revolution. 

If this reduction in effective hydrodynamic volume 
reflects only a difference in shape of sRNA in the two 
solvent systems, then it is conceivable that the effect of 
magnesium ions of raising the Tm from 57°-58° C in 
solutions which are ):3 molar in potassium chloride and 
0-01 molar in potassium acetate (pH 7:0)* to 77°—78° C 
in solutions which are 0-02 molar in Mg*+ and 0-0] molar 
in potassium acetate (pH 7-0) simply results from a relief 
of electrostatic stress which compacts the molecule and 
strengthens secondary forces. Alternatively, a more 
complex conformaticnal transition cannot be excluded. 
Finally, it should be noted that the hypothesis outlined 
here may be restricted to the solvent system described. 
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Optical Rotatory Dispersion of Phosvitin 


PREVIOUS investigations of*phosvitin in solution have 
shown that the specizic optical rotation, [a], in the visible 
and near ultra-violet regions is highly dependent on the 
pH and to a certain extent on the solvent composition. 
Furthermore, it has been reported that the rotatory 
dispersion constant of this protein varies with pH, à = 
225 mu at pH 4-7 and 207 my at pH 10.75 (refs. 1 and 2). 

During a characterization of the chemical properties 
of phosvitin, prepared according to the procedure of 
Joubert and Cook, the optical rotatory dispersion of this 
protem was recorded over the wavelength range of 600- 
190 my using a Cazy. 60 recording spectropolarimeter. 
In the spectral regions removed from absorption bands, 
the rotatory dispersions fit the one-term Drude equation. 
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Fig. 1. Far ultra-violet rotatory dispersion of phosvitin. 4, © 6, 

In 0-032 M sodium monohydrogen phosphate-0-004 M sodium dihydrogen 

phosphate, pH 7-7 and ionic strength 01; O— — O, in 8-0 M urea- 

phosphate. Protein concentration: 001 per cent. B, A——A, In 

distilled water; [}-~-——[], in O-1 N sodium hydroxide. Protem concen- 
tration: 0°04 per cent. 





In a sodium phosphate buffer of pH 7-7 and ionic strength 
of 0-1, A; = 220 mp, which agrees well with that found 
by Jirgensons?*, If the protein is dissolved in 8-0 M 
urea-phosphate of apparent pH 77, e= 218 my, 
thus duplicating the behaviour of other proteins with a 
low dispersion constant where urea has no effect on the 
specific optical rotation*. An intrinsic Cotton effect 
occurs in the far ultra-violet optical rotatory dispersion of 
phosvitin. As Fig. 14 illustrates, this Cotton effect has 
an inflexion point at 193 mu and a minimum at 205 mp. 
Such a negative Cotton effect with a trough at 205 mu 
has thus far only been reported for collagen’. As also 
indicated in Fig. 14, the residue rotation [R] is not 
altered if the protein is transferred from aqueous solution 
to 8-0 M. urea-phosphate. The far ultra-violet dispersion 
of phosvitin dissolved in distilled water, a solution with 
resulting pH of 3:3, revealed two intrinsic negative Cotton 
effects with minima at 205 and 232 my respectively 
(Fig. 18). Finally, we note some observations on the 
Cotton effect of a phosvitin solution on 0-1 N sodium 
hydroxide at pH 12-2. Although it was not possible to 
record the optical rotation in this solvent below 208 mu, 
it is nevertheless apparent from Fig. 1B that the residue 
rotation in 0-1 N sodium hydroxide is larger in magnitude 
than that in phosphate buffer of pH 7-7. 

As we have reported elsewhere*, 56 per cent of the 
amino-acids of phosvitin are phosphoserine and phospho- 
threonine, 12 per cent dicarboxylic, 17 per cent basic, 
and only 15 per cent non-polar amino-acids. Thus the 
predominance, in this protein, of acidic constituents 
must considerably influence its conformational pattern. 
The dependence, therefore, of the macromolecular con- 
formation on pH or on solvent composition is not sur- 
prising. At pH 3:0, for example, not all acidic groups are 
dissociated, whereas in the pH range of 7-0-8-0 some of 
the acidic groups may be neutralized by the proximity 
of the basic amino-acids. Furthermore, the possibility 
of 0—>N migration. of the phosphoryl groups at neutrality?’ 
or 6-elimination and formation of dehydroalanine at 
extreme alkalinity’ are all factors that have to be con- 
sidered in an attempt to understand the conformational 
pattern of this protein. Whatever interpretation of the 
optical rotatory dispersion curves of phosvitin will finally 
be established, we feel it is essential at this point to warn 
against any overemphasis of the rotation measurements 
in terms of a known conformational pattern unless 
supplemented by other chemical and physico-chemical 
methods or by work on known model compounds. 
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The Cary 60 spectropolarimeter was kindly made 
available to us by Dr. William F. Harrington, whom we 
thank for many helpful suggestions. Some of the experi-. 
ments were carried out at the Marine Biological Labora- 
tory, Woods Hole, Massachusetts. 

This work was supported in part by a grant from the 
National Science Foundation. 
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Inhibition and Possible Feedback by 
6-Methylsalicylic Acid 


WHEN commenting generally on ‘secondary metabolic 
phenomena and on the particular example of the synthesis 
of 6-methylsalicylic acid (6-MS) in Penicillium urticae 
Bainier (=P. patulum Bainier, etc.), we referred! to 
unpublished evidence suggesting that 6-MS could exert 
feedback inhibition on its own synthesis. Recently, 
Arihood and Light have described? investigations of this 
problem, and have reported that the addition of 6-MS, 
or of certain related compounds, inhibits the incorporation 
into 6-MS of carbon-14 from exogenous 1-**C-acetate in 
intact mycelium. Our own work, however, revealed un- 
suspected complexities in this type of experiment. These 
have been summarized elsewhere’, but the publication of 
Arihood and Light prompts us to record some of our 
evidence in more detail. The basic experimental techniques 
and the general dynamics of 6-MS synthesis have already 
been deseribed‘. 

At first we studied the gross levels of 6-MS in the 
medium of P. urticae cultures to which had been added, at 
various stages, 6-MS in the concentration range 2~ 6 x 10-4 
M (that is, about a tenth of the concentrations used by 
Arihood and Light). Normally, any mycelial accumula- 
tions of 6-MS can be neglected, but this is not so when 
extra 6-MS is added suddenly. This can be shown by 
spectrophotometric assay of 6-MS in the aqueous medium; 
the time-scale of events varies somewhat with the age, 
phase, and history of the mycelium, but the same qualita- 
tive behaviour is consistently observed. For example, on 
taking a suspension of 13 mg/ml. (wet weight) mycelium in 
fresh medium and adding 80 ug/ml. of 6-MS, there is a 
rapid removal of about 25 ug/ml. from the medium, in 
the first 30-60 min, followed by a slower reappearance 
over the next 2 h. This occurs even with trophophase 
mycelium, which has not yet commenced 6-MS synthesis‘. 
In similar experiments, using 1-*C-6-MS and recovering 
the 6-MS by co-crystallization with carrier, the specific 
activity of 6-MS shows little or no change. Thus, after the 
initial uptake of 6-MS, its subsequent reappearance does 
not arise from synthesis of 6-MS but from expulsion of the 
exogenous material, undiluted, possibly as a result of 
changes in the internal pH of the mycelium. Only in late 
idiophase mycelium which is actively converting 6-MS 
into patulin‘ is this picture materially altered. 

With this complication added to the fact that even in 
control cultures the endogenous 6-MS is a reaction inter- 
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mediate present in fluctuating amounts‘ it was clear that 
measurements of gross levels of 6-MS following 6-MS 
addition would not give any information concerning the 
actual synthesis of 6-MS. Accordingly, we turned to the 
type of experiment which Arihood and Light have now 
described?, in which early idiophase mycelium of P. 
urticae was incubated with added 6-MS and 1-!C- 
acetate, and the fate of the carbon-14 observed. We found 
that, even at concentrations of 4~ 6x 10-4 M, 6-MS almost 
completely inhibits the incorporation of exogenous 1-14C- 
acetate into 6-MS, and this is immediate. The isomeric 
analogue 3-methylsalicylate (3-MS) is equally effective. 
Thus far our observations coincide with those of Arihood 
and Light. We found, however, that the inhibitory effects 
are actually more widespread. At the same levels of 6-MS 
and 3-MS there is, for example, a comparably drastic 
inhibition of the incorporation of exogenous carbon-14 
into lipids, mannitol, mycelial insolubles, and respired 
carbon dioxide, which is observed whether the carbon-14 is 
supplied as acetate or as glucose. Moreover, there is a 
comparable inhibition of the total carbon dioxide evolved 
and of dry weight increase and lipid synthesis during the 
incubation. In brief, these substances are acting as general 
inhibitors of metabolism. We are uncertain as to whether 
or not this effect is related to the effects of salicylates on 
oxidative phosphorylation. 

These effects adequately explain the data of Arihood 
and Light?, using rather higher concentrations, and also 
certain anomalous results which have been described, 
such as the observations of Tanenbaum and Bassett’ on 
the rate of patulin synthesis by P. urticae in the presence 
of 4C-6-MS, and of Packter* on the effects of 6-MS on 
the synthesis of fumigatin in Aspergillus fumigatus 
(allegedly from 6-MS but compare with ref. 7). It is also 
possible, however, to observe a more specific action of 6-MS 
on P. urticae by operating at somewhat lower-levels. At 
5~ 10 x 10-5 M, for example at 7 ug/ml., 6-MS still inhibits 
the synthesis of 6-MS, as revealed by the recovery of 
undiluted material after incubations of idiophase mycelium 
with 1-4C-6-MS for 0-5-2 h, yet at this concentration the 
more general inhibitory effects are comparatively slight. 
The analogue 3-MS does not seem to show this selective 
effect. It is for this reason that we adduced the 6-MS 
synthesis system of P. urticae as a possible example of 
the operation of product inhibition, or a similar feed- 
back mechanism, in secondary biosynthesis, though a 
conclusive test must await the description of a reliable 
procedure for the study of polyketide synthetases in cell- 
free preparations. 
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Effect of Orchidectomy and Ovariectomy on 
Survival against Lethal infections in Mice 


Tue reticulo-endothelial system plays a predominant 
part in. the defence of the body against infection. We have 
previously shown that stimulation of the reticulo- 
endothelial system leads to raised body defence (indicated 
by increased phagocytic activity, accelerated antibody 
production, raised serum gamma globulin and increased 
protection of experimental animals against virulent 
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infections), and thst the strongest reticulo-endothelial 
stimulants are the oestrogens!:?. We have also shown that 
the action of oestrogen on the reticulo-endothelial system 
is independent of its action on the reproductive tract, 
although these two biological activities are contained 
in the same molecul*. We have also demonstrated that 
cyclical variations in reticulo-endothelial activity occur 
during the oestrous cycle and during pregnancy in the 
rat and the mouse. These findings suggest that when 
protection against icfection is required, general and local 
body defence is increased by raised blood oestrogen 
levels. We also found that reticulo-endothelial activity 
falls after ovariectcmy in the mouse’. These results 
suggest that oestrogen, especially 17$-oestradiol, is 
the principal natural stimulant of body defence in both 
the male and the female—the latter having raised oestro- 
gen levels when prozection against infection is normally 
most needed. 

The purpose of tois communication is to report the 
effects of ovariectonry and orchidectomy on resistance to 
lethal doses of viruleat organisms, and to demonstrate the 
protective effect of oestrogen administration in intact 
and gonadectomized animals. 

Forty male and forty female white mice (T.O. Swiss 
strain) of 20-25 g body-weight were used in the experiment. 
The orchidectomizec and ovariectomized animals were 
spayed 4 weeks before the experiment started. The mice 
were divided into sight groups, each containing ten 
animals, as shown ir Table 1. In the oestrogen treated 
groups, each dose cf diethylstilboestrol (0-1 mg) was 
administered orally by stomach tube in 0-1 ml. of sterile 
distilled water® once Jaily for 3 days. On the day follow- 
ing the last dose of diethylstilboestrol, all the animals 
received a single intraperitoneal injection of 0-2 ml. of 
1/10 dilution of an 18h broth culture of Pnewmococcus 
Type 1 (about 10,00G-100,000 lethal doses). The number 
of animals surviving was noted at 2-hourly intervals. 
The mean survival times were calculated according 
to one of the metkods used by Burroughs Wellcome 
Laboratories*. The survival time for each animal was 
recorded and conversed into the reciprocal; the recipro- 
cals were then handEd as normal variates and averaged 
within groups in the ordinary way. 


Table 1. MEAN SURVIVAL Times or 7.0. Swiss MICE INFEOTED WITH 
Pneumococcus TYPE 1 FCLLOWING ORCHIDECTOMY AND OVARIECTOMY 
AND AFTER TREATMENT WITH DIETHYLSTILBOERSTROL 


Daily dae 
of diethyl- Mean 
stilboestdl No. of survival 
Group for 3 dars Dose of infection animals time 
before infec- - in group +S.E. 
tion (m£} {h} 
Intact males — 0-2 ml. of 1/10 dilution of 10 151407 
Orchidectomized — 18-h broth culture of 10 11-8+0°6 
males Pneumococeus Type 1 
Intact males + di- {about 10,000-100,000 10 24-941:4 
ethyistiboestrol lethal doses) intraperi- 
Orchidectomized 01 toneally 10 23°2+1°6 
males + diethyl- 
stilboestral 
Intact females — 10 15 3+0-8 
Ovariectomized — 10 11+2+0-9 
females 
Intact females + 
diethylstalboes- 
trol 01 e 10 27:31-38 
Ovarlectomized 
females + di- P 
ethylstilboestrol 0-1 10 23-8 + 1-2 


Broth: Oxo Nutrient No. 2 with 15 per cent horse serum. 
Mean survival times were zalculated according to the method of reciproca 
survival with observations every 2 h. 


The results are shcwn in Table 1. It can be seen that 
there was no difference in the mean survival times of the 
untreated intact males and females. It can also be seen 
that orchidectomy ard ovariectomy significantly reduced 
the survival time to about the same level. The adminis- 
tration of diethylstilboestrol produced a marked increase 
in survival time in toth the intact and gonadectomized 
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animals, there being no significant differences between the 
varlous groups receiving oestrogen. 

The observations recorded in this experiment clearly 
show that removal of the gonads significantly reduces 
survival against large doses of highly virulent infection 
in both sexes. In the human male it is known that con- 
siderable quantities of oestrogen are produced by the 
adrenal cortex and testes, and that, following orchidec- 
tomy, there is a marked fall in the urinary excretion of 
oestrogen’. In the human female, increased production 
of oestrogen by the adrenal cortex compensates, to some 
extent, for the removal of the ovarian sources of these 
hormones', but the increase is not sufficient to restore body 
defence to pre-operative levels‘. Furthermore, it has been 
shown that, following ovariectomy in women of pre- 
menopausal age, there is a significant increase in the 
susceptibility to certain diseases*. Thus, it appears that 
gonadal oestrogen plays an important part in maintaining 
body defence in both sexes. 

We have previously demonstrated that diethylstilboest- 
rol prolongs survival against a wide variety of virulent 
Gram-positive and Gram-negative organisms in intact 
male micet. The present results show that diethylstilb- 
oestro] is equally effective in prolonging survival in both 
intact and gonadectomized animals of both sexes. 

The present results provide additional evidence in sup- 
port of our earlier postulate that oestrogen is the 
principal natural stimulant of body defence in both the 
male and the female; and, further, that oestrogen treat- 
ment would seem to be of clinical value in the treatment 
of acute bacterial infections. 
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Stimulation of Spawning in Xenopus laevis 
by Fowl Manure 


SavaGczE! found that pondweeds in the presence of light 
stimulate spawning in Xenopus laevis in the laboratory. 
This finding prompts me te report my own experience 
with this amphibian under more natural conditions in 
the Transvaal. 

At the Provincial Fisheries Institute, Lydenburg, 
fishponds that have been. dry for the winter are filled with 
water and fertilized with fowl manure in spring for the 
breeding of fish. Within 2 or 3 days after fertilization 
such ponds usually contain large numbers of Xenopus, 
which immediately start spawning, so that by the time 
plankton has developed the pond is teeming with larvae. 

On such a station, these frogs are usually spread over 
numerous ponds, but fertilized water is so attractive to 
them that they can be collected simply by fertilizing a 
pond and netting the frogs from it after a few days. They 
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come from adjacent ponds overnight even when these are 
not receiving seepage from the fertilized pond. It is 
suspected that they are able to detect fertilized water 
by scent when coming up for air or while travelling over- 
land at night. 

The fact that they are attracted by fertilized water and 
spawn before an algal bloom develops suggests that the 
primary stimulus for spawning under these conditions 
could be the fertilizer rather than an algal metabolite. 
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Coat Structure in Soay Sheep 


EARLIER work on the coat of the Soay! was carried out 
with “mainland” Soays which stem from stock removed 
from St. Kilda some 50 years ago. Apparenily, all these 
animals have a woolly, chocolate coloured coat. The 
designation of St. Kilda as a National Nature Reserve has 
enabled an investigation to be made of the sheep remaining 
on the islands by a team organized by the Nature Con- 
servancy*. Many of the sheep have a hairy coat, and only 
75 per cent are dark brown in colour; the remainder are 
light brown. The coat structure of these primitive 
domestic sheep throws lght on fleece evolution. This 
study reveals a lack of heterotype hairs, and a higher 
secondary/primary follicle ratio (S/P ratio) ın the hairy 
than in the woolly type. 

Mid-side coat and skin-snip samples were taken in 
August 1963 from twenty-four animals removed from St. 
Kilda that year, and in May 1964 from twenty animals 
on Hirta, St. Kilda. 

Despite gradation in the type of coat, it was possible 
to divide the samples into hairy and woolly types by eye. 
Of the dark animals 63 per cent had a hairy coat, compared 
with 60 per cent of the light animals. The hairy type 
was characterized by straight hairy fibres projecting 
beyond the rest of the coat, whereas the woolly type had 
more definite staples with a curly tip. Most rams had a 
hairy coat. The hairy fibres are apparently kemps, and 
although these are finer than those of the wild sheep‘, 
the coat often resembles that of the Mouflon. No evidence 
was found for heterotype hairs, that is, hairs that are 
kemp-like in summer but narrow and non-medullated in 
winter. Hairy sheep had a longer coat than woolly sheep, 
and there was a tendency for the dark animals to have a 
longer coat than the light ones, so that the coat lengths in 
August (grown since the spring moult) ranged from a 
mean of 22-5 mm in the light woolly sheep to a mean of 
35 mm in the dark hairy ones. This trend was not obvious 
in the animals with a year’s growth of wool (sampled in 
May); this may have been the result of equalization 
of hair lengths through wear at the tips, and of shedding 
of the longest hairs. In only one of these animals did the 
coat length (80 mm) exceed 50 mm. The maximum length 
found in mainland Soays was 50-60 mm. 

The mean fibre diameter was about 25u in the woolly 
sheep, and about 30u in hairy ones, ranging up to a mean 
of 35u in dark, hairy animals. This compares with a 
mean in some mainland Soays of 23-5u. There was a 
“‘skewed-to-fine”’ distribution, and the overall diameter 
range in woolly animals was 12-48u in August, although 
some animals had a few hairy fibres up to about 70u 
in diameter. In May the range was similar with little 
apparent reduction in the diameter of either the wool or 
the hairy fibres. The diameter range in the hairy animals 
was 12~144y in August and 10-106p in May. This con- 
trasts with some spring measurements in the Mouflon 
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of the outer kemp: 40-190p (narrowing to shed), mean 
144u; and under wool: 6-18u, mean 12u. 

Examination of skin sections showed the primary 
fibres in August to be very variable. At one extreme were 
coarse fibres with a wide, latticed medulla like that of 
kemps in cross-section. Some less coarse fibres had 
either the same extremely wide latticed medulla, or a 
narrower latticed medulla comparable with that of hetero- 
types. At the other extreme some fibres were of medium 
diameter, and had either a non-latticed medulla or no 
medulla. The central primaries tended to have coarser 
fibres than the laterals, but not fibres of a different type. 
There was more variation in fibre type between animals 
than between different fibres of the same animal. Most 
coat variation seemed to be the result of differences in 
the type of primary fibres. There was little apparent 
variation in the diameter of the secondary fibres, and few 
exhibited any medullation. A greater density of pigmen- 
tation was frequently seen on one side of the secondary 
fibres than the other’. 

The mean proportion of primary fibres with a latticed 
medulla was 34 per cent in the dark, hairy animals and 
38 per cent in the light, hairy ones. But of these 9] per 
cent were of the wider type in dark animals, compared 
with only 67 per cent in the light animals. These figures 
accord with the tendency for the dark animals to have a 
coarser coat. The dark and light woolly sheep had a 
similar proportion (27 per cent and 28 per cent) with a 
latticed medulla—32 per cent and 39 per cent respectively, 
having the wider type. The proportion of non-latticed 
medullation ranged from 10 per cent to 15 per cent in the 
different groups. The animals sampled at the end of May 
were about to shed their fleece; by this time most fibres 
had ceased to have any medullation and many had a brush 
end. This is in keeping with a complete moult, and supports 
the identification of the hairy fibres as kemps. 

About 75 per cent of both the primary and secondary 
fibres were pigmented in August, but whereas 63 per cent 
of the primaries and 49 per cent of the secondaries had 
dense pigmentation in the dark group, the figures were 
only 13 per cent and 10 per cent in the light group. 
The difference in colour between light and dark animals 
is, therefore, mainly the result of differences in the density 
of pigmentation, and less the result of differences in the 
number of pigmented fibres. Pigmentation was not so 
great in the skin of animals sampled in May, in keeping 
with preparation to shed the fleece. 

Preliminary results indicate that at birth less than 10 
per cent of the secondary follicles are growing fibres. 
Side" found that in the Mouflon no secondary fibres were 
above the skin surface at birth. In contrast, a 135 day 
Romney foetus had about 80 per cent of the secondary 
follicles with fibres’, while at 1 day of age the Herdwick 
had about 60 per centë! and the Suffolk 85 per cent’. 
In the two week old Soay, the proportion of mature 
secondaries had increased to a mean of 50 per cent and of 
these as many as 59 per cent had outgrowths like those 
observed by Ryder?. Follicle branching therefore seems to 
be important in the development of later secondaries in 
the Soay. 

The mean S/P follicle ratio for all sheep sampled on 
St. Kilda was 3-86/1, compared with 3-59/1 in mainland 
Soays. The mean S/P ratio of woolly animals on St. 
Kilda was 3-59/1 (range 3-2/1 to 3-7/1) and that of the 
hairy sheep was 3-95/1 (range 3-2/1 to 4-7/1), this differ- 
ence being significant at the 2 per cent level. - 

This paradox whereby the hairy animals have a higher 
instead of a lower S/P ratio probably lies in the primitive 
nature of the Soay coat. Thus the hairy type is probably 
closer than the woolly type to the Mouflon, which has a 
relatively high S/P ratio approaching 5/1 (ref. 4). This 
is higher than in many domestic breeds, for example 
Scottish blackface, 3-4/1. Animals with a similar S/P 
ratio can have markedly different coat types resulting 
from differences in the type of primary fibre (compare 
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the Mouflon and Down fleece, both with an S/P of 5/1). 
Thus the S/P ratio is not necessarily associated with 
fineness, and may cnly become important when the 
primary fibres are not coarse, and when it exceeds about 
5/1. Fineness in the Merino, however, is associated with 
high follicle density, and so in this breed fineness is not 
directly associated with a high S/P ratio, which here 
appears merely to refct the high follicle density. 

The lack of heterotype hairs, and the “‘skewed-to-fine”’ 
distribution of fibre diameter, supports the identification 
of the Soay with the generalized medium wool type, 
and the hairy type as being a hairy medium wool. The 
affinity with the Mouilon indicated by this investigation 
suggests that a graclual evolutionary replacement of 
kemps with heterotypes did not occur. The heterotype 
seems to be a specialized and highly evolved fibre type, 
the origin of which is probably associated with the change 
from moulting to continuous growth. 

In order to investigate the possibility that heterotypes 
could be produced as a result of a cross, some Merino 
ewes (fine wool only, were mated with a Mouflon ram 
(kemp and fine wool) The progeny are now a year old; 
all their secondary foLicles are growing wool, and all their 
primary follicles are apparently growing kemp. Thus 
no evidence for heterctypes has yet been found. 

I thank the Nature Conservancy for facilities to study 
these animals. I also thank Mr. H. B. Scott and Miss 
M. T. Butler for technical assistance. 


M. L. RYDER 


Agricultural Research Council, 
Animal Breeding Research Organization, 
Edinburgh, 9. 
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Cytokinins in Ribonucleic Acids 


ComrouNDsS which, like kinetin (6-furfurylaminopurine), 
induce cell division ic certain excised plant tissues have 
been termed cytokinins’. A number of synthetic sub- 
stances (6-substituted purines, 1-substituted adenines 
and urea derivatives} show this characteristic. The most 
active natural cytokinin so far discovered is also a sub- 
stituted purine, termed zeatin [trans-6-(4-hydroxy 3- 
methyl but 2-enyl) ancinopurine]. This was isolated from 
Zea mays seeds*. Other natural cytokinins, as yet un- 
identified, occur in many other plant tissues, but there 
have been no reports of the occurrence of cytokinins as 
natural constituents of animal tissues. This communica- 
tion, however, provides evidence that compounds with 
cytokinin activity arə natural constituents of animal 
soluble RNA. 

Mixtures of highly purified RNA and DNA were 
prepared (by methods described previously*) from rat 
and sheep liver, and from exponential phase tobacco cells 
(Nicotiana tabacum var. ‘Wisconsin 38’) grown in cell 
suspension culture. RNA was hydrolysed in 1 N potassium 
hydroxide at 25° C for 24 h to give a mixture of 2’- and 
3’-ribonucleotides. ‘The hydrolysate was neutralized by 
passing it through a cclumn of “Zeocarb 225’ (ammonium) 
cation exchange resin (10 em x 0-5 cm) and evaporating 
it to dryness. Ribonucleotides were extracted from this 
dried eluate with 70 per cent ethanol, pH 4. The insoluble 
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Fig.J1. Average weight of carrot explants after growth in the presence 


and ‘absence of tobacco cell and rat liver nucleic acids and their hydro- 
lysis products. Kinetin was added to some treatment (0 2 mg/l.). The 
following fractions were assayed at the levels indicated/ml. culture fluid: 
2’- and 3’-ribonucleotides (alkaline hydrolysis); 5’-deoxyribonucleotides 
amne hydrolysis}; unhydrolysed (polymeric) nucleic acids (RNA + 
DN. ); control (indole-3-acetic acid alone). [J, Fractions plus indole- 
3-acetic acid alone; $W, fractions plus indole-8-acetic acid and kinetin. 


DNA which remained was digested to 5’-deoxyribonucleo- 
tides by treatment with DNase I (deoxyribonucleate 
oligonucleotido-hydrolase, E.C.3.1.4.5) followed by treat- 
ment with purified snake venom phosphodiesterase 
(orthophosphorie diester phosphohydrolase E.C.3.1.4.1)*. 
RNA and DNA were also hydrolysed to the mixed 5’- 
ribo- and 5’-deoxyribonucleo- 
sides using crude snake venom). 
Protein was removed from the 
enzyme hydrolysates by 70 per 
cent ethanol extraction as before. 

To assay for cytokinin activity, 
nucleic acids and hydrolysates 
were filter-sterilized, and their 
effect on the growth of phloem 
explants* was determined. All 
culture media used contained 
the growth factors imdole-3- 
acetic acid (2 mg/l.) and myo- 
inositol (50 mg/l.). All extracts 
were assayed both in the presence 
and in the absence of an added 
synthetic cytokinin (kinetin, 0-2 
mg/l.) in order to check for the 
possible presence of inhibitory 
compounds or synergistic effects. 

Alkaline hydrolysates of sheep 
and rat liver RNA showed consid- 
erable cytokinin activity, while 
tobacco RNA hydrolysates were 
inactive. All deoxyribonucleo- 
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artefact caused by the strongly basic conditions of 
hydrolysis. On the other hand, a mixture of pure 
ribonucleotides (Pabst Laboratories) was inactive, show- 
ing that the cytokinin activity was not due to the four 
major ribonucleotides found in RNA. 

The possibility was considered that the compounds with 
cytokinm activity may be confined to RNA from one 
particular part of the cell. Rat liver was therefore homo- 
genized (0:25 M sucrose, 0-025 M potassium chloride, 
0-005 M magnesium chloride, 0°05 M. iris-hydrochloric acid, 
pH 7:8) using a tapered glass homogenizer (Kontes 
Glass Co.); and the sub-cellular particles were isolated 
from the resulting homogenate by differential centrifuga- 
tion. RNA was prepared from each fraction and hydro- 
lysed to 2’- and 3’-ribonucleotides as before. Each 
fraction was assayed for cytokinin activity. The nuclear, 
mitochondrial and ribosomal RNA hydrolysates (0-35 
ODs]. culture fluid) caused moderate growth incre- 
ments, but RNA from the cytoplasmic fraction (105,000g 
supernatant, principally sRNA), though at a lesser concen- 
tration (0-21 OD,,,/ml. culture fluid), caused a growth 
increment 2-5 times as great. Hence the activity of 
hydrolysates of sRNA. far exceeded that of the other 
ribonucleic acid fractions. 

The high degree of purity of nucleic acids used in this 
investigation? imphes that RNA products themselves 
rather than nucleotide contaminants are responsible for 
the cytokinin activity observed. The absence of activity 
in enzyme hydrolysates of tobacco RNA, and its presence 
in simular hydrolysates of sheep liver RNA, suggest that a 
true component of liver RNA is involved rather than an 
artefact produced by modification of a common nucleotide. 

A. possible source of the cytokinin activity in liver 
RNA is a compound of the methylated purine type. 
Dunn’ and Bergquist and Matthews?! have shown that such 
compounds are particularly abundant in sRNA. A num- 
ber of these compounds have been tested for cytokinin 
activity and found to be inactive (9-methyladenine, 
6-methylaminopurine, 6-dimethylaminopurine) when 
assayed alone®; though 6-methylaminopurine is active at 
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Fig. 2. Average weight of carrot explants after growth in the presence and absence of 


cytokinin activity to that of 
alkaline hydrolysates of this 
material (Fig. 2) Thus the 
activity in alkaline hydrolysates 
of RNA is not likely to be an 


enzyme and alkalme hydrolysis products of tobacco cell and sheep liver nucleic acids. 

Kinetin was added to some treatments (0 2 mg/l). Fractions were assayed at two levels, 

001 mg and 0-1 mg per roducts/ml]. culture fad, The following fractions were 

assayed: 2’- and 3’-ribonucleotides (alkaline hydrolysis); 5’-deoxyribo- and mbonucleo- 

sides (enzyme hydrolysis); 2’- and 3’-ribonucleotides oes Pabst products); unhydro- 

lysed (polymeric) nucleic acids (RNA + DNA). 1, chons plus indole-3-acetic acid 
alone; W, fractions plus indole-3-acetic acid and kinetin. 
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very high concentrations in the presence of adenine’. 
Hall" has reported the presence of N* aminoacy] adenines 
in hydrolysates of yeast RNA, but these are alkali-labile 
and in this study should have been eliminated during 
hydrolysis procedures. Thus the identity of the active 
compound or compounds remains unknown. 

A. R. BELLAMY 
Fruit Research Division, 
D.S.1.R., Auckland, 
New Zealand. 
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Cutaneous Melanocyte Syam of the Indigo 
Snake Drymarchon corais 


For many years it has been believed that the cutaneous 
pigment cell system of the so-called lower vertebrates— 
fishes and amphibians—is mainly a dermal one. As an 
effector system its function is primarily to show aggregated 
or dispersed melanin in different hormonal situations, 
and it does not significantly donate pigment to other 
tissues. On the other hand, the pigment cell system of 
birds and mammals has been considered to have primarily 
a cytocrine function, and to be effectively resident in the 
epidermis and its derivatives. Here the melanocytes 
function by donating melanin to contiguous epidermal 
cells in the integumental epidermis, or in the matrix 
of hairs or the collars of feathers. It is difficult to under- 
stand how the presumably dermal pigmentation of the 
ancestral vertebrates produced the very elegant epidermal 
system of birds and mammals, and little descriptive work 
on the reptile pigment cell system has proved of value 
in this connexion. 

Routine histological sections of the skin of the indigo 
snake (Drymarchon corais) were taken in the course of 
another investigation. During their analysis, a very odd 
and apparently new phenomenon was noted. The melano- 
cyte system appears to be mostly dermal although 
occasionally melanocytes may be seen in the epidermis. 
The shed skin is, however, quite darkly pigmented and it 
was considered that there were insufficient epidermal 
melanocytes to account for this. Close investigation 
of the histological sections revealed that many and per- 
haps most of the dermal melanocytes had fine processes 
which extended across the dermis above the melanocyte 
layer, through the basement membrane, and into the 
basal layer of the epidermis. Because of the fine and highly 
irregular nature of these dendrites, it is very difficult to 
demonstrate convincingly that any particular dendrite 
extends from a certain melanocyte up into the epidermis. 
Sometimes the thicker dendrites (Fig. 1) may be seen to 
do this, however, and they are occasionally found com- 
plete in one 7u section. 

The significance of this finding is rather difficult to 
assess. It is tempting to suppose that this condition may 
represent an intermediate between the situation in fishes 
and amphibians and that in mammals and birds. It has 
been shown by Szabo (unpublished) and by Hadley (also 
unpublished) that there is an epidermal melanocyte system 
in several North American frogs, so that the situation in 
this snake may be indicative of no more than a possible 
evolution from a dermal to an epidermal melanocyte 
system. Nevertheless it raises a number of questions 
about the presumed inviolability of the basement mem- 
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Fig. 1. Part of a 7a secteon of Drymarchon corais dorsal skin. Dermal 

melanocytes (D) are seen packed with melanin, and parts of epidermal 

melanocytes (E) are secticned. Note the processes extending across the 
basment membrane (BM) 


brane of vertebrates. and provides a framework for the 
consideration of versebrate pigment cell systems as a 
whole. Further investigations using electron microscopy 
are in process, 
Howarp P. BADEN 
GEORGE SZABO 
Department of Dermatology, 
Massachusetts Generel Hospital, 
Boston, Massachusetts. 
JACK COHEN 


Department of Zoology and Comparative Physiology, 
University of Birmingham. 


Echineid Coelomic Cells 


ECHINOID coelomic cells were first described in detail by 
Geddes', who studiec the coelomic fluid of Paracentrotus 
lividus and Echinus esculentus. Since then, these cells 
have been the subject of numerous papers, principally 
descriptions of the eell-types in various species*-*, 

The main coelomic spaces of a regular echinoid are the 
perivisceral and lantern coeloms and the watervascular 
system. The perivisceral coelom alone occupies 40-50 
per cent of the volume enclosed by the test of a Psam- 
mechinus miliaris 2—= cm in diameter, and 70-80 per cent 
of an Echinus esculeatus of about 12 cm diameter. The 
coelomic cells are suspended in the coslomic fluid within 
these spaces, but some of the cells are amoeboid and are 
found in other tissues, notably in those of the haemal 
system. Coagulation and phagocytosis of “foreign” 
material are two known functions, and other important 
functions have been attributed to the coelomic cells; 
however, as has been recently stated’’, their role has not 
been entirely elucidated. 

The present report is based on a cytological study of 
the cells found in the Derivisceral coelomic fluid of Diadema 
antillarum and Psanenechinus miliaris. The cells can be 
divided into three morphological types. 

(1) Bladder amoebocytes. These are cells usually about 
25u in diameter, with a central mass of endoplasm con- 
taining the nucleus. The endoplasm is surrounded by 
labile bladder-like processes which become filiform as an 
irreversible coagulat on change. Such cells are phago- 
cytic but, as they are so readily involved in coagulation 
changes, information on taxes or any locomotor activity 
is difficult to obtain. 

(2) Spherule amoesocytes. These are active amoeboid 
cells about 35u, lorg when extended. They contain 
numerous spheroidal inclusions which move freely in the 
cytoplasm as does the nucleus. In all echinoids studied 
there were two types of amoeboid cell, one with unpig- 
mented—termed co ourless—inclusions, and one with 
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predominantly red inclusions. Re 
coelomic fluid of D. antillarum resembled echinochrome A", 


while that from P. miliaris had the characteristics of 


spinochrome E!!. Cells with yellow-green inclusions were 
found in Echinocardium cordatum, Spatangus purpureus, 
Brissopsis lyrifera and in some specimens of Arbacia 
lixula. 

(3) Flagellated cells. These are small cells with a cell- 
body 5-10u in diameter. These cells invariably move 
with the flagellum posterior to the cell-body. The nucleus 
is anterior in position. Cuénot!*!4 at first believed that 
these flagellated cells were parasitic and assigned them 
to the genus Ockomonas with the specific name echinorum. 
He later expressed doubts as to the validity of this classifi- 
eation™ and to the parasitic nature of the cells!®, His 
doubts have since been confirmed!*, Besides the occur- 
rence of these cells in every echinoid examined, the 
position and form of the flagellum, the form and size of 
the cell-body and the staining reactions indicate that 
these cells are echinoid rather than parasitic protozoa, 
Indeed, detached peritoneal cells closely resemble the 
_flagellated cells, which accords with previous views of 
their origin! *, 

-~ The composition of the inclusions of the spherule 
amoebocytes has been investigated. A modification of 
Liebman’s formol-vapour fixation® was used, with a 
method of identifying cells before and after staining. 
.It was found that, contrary to previous opinion! 28, 
-the red spherules are not acidophilic. Histochemical 
methods did not detect lipid or protein in particular 
association with the red spherules. It is possible that 
previous authors have not made allowances for the 
reactivity or tinctorial effects of pigment retained after 
the use of certain fixatives. The spherules were, however, 
found to be associated with carbohydrate, probably 
sulphated mucopolysaccharide. Boolootian and Lasker 
found glycogen in red coelomocytes of well-fed Strongylo- 
centrotus purpuratus and this glycogen content was found 
to diminish on starvation’®. Glycogen was not detected in 
` spherule amoebocytes of D. antillarum or P. miliaris. 
"o> Kollmann’s conclusion’ that the colourless spherules 
are albuminous is substantiated by reactions to tests for 
amino-acids. There is a strong positive reaction to the 
Adams’ test for 3-indolyl derivatives. An indolie com- 
pound extracted from perivisceral coelomic cells of P. 
miliaris resembles tryptophan in its chromatographic 
behaviour. The colourless spherules may also be associated 
with some phospholipid and/or fatty acid. 

Some authors have supposed an inadequacy of vascular 
function in echinoids. Stott? believed that the coelomic 
amoebocytes are responsible for some intracellular 
digestion in the stomach lumen, and for absorption and 
transport by migration through the haemal system. He 
thought that this might be associated with the poor 
development of the haemal system and lack of a pumping 
mechanism, which may now be disputed*!-*3, His con- 
clusions on absorption and transport were based on histo- 
logical examination after injection of iron saccharate 
into the pharynx of Echinus esculentus. I have never 
observed coelomic cells in the stomach or intestinal lumen 
of echinoids, except where insufficient precautions have 
been taken with dissected specimens to prevent contamina- 
tion by coelomic fluid. Absorption of iron and trypto- 
phan labelled with carbon-14 can be shown to occur 
without the initial participation of the coelomic cells in 
P. miliaris. An iron-containing pigment occurs in D. 
antillarum*4, Control specimens of P. miliaris showed 
the presence of small rounded bodies which stained blue 
after sulphide and ferrocyanide treatment and emphasized 
the need for careful interpretation of iron saccharate 
experiments. It was concluded that the eoelomic cells 
are probably not important in digestion or in the initial 
absorption and transport of nutrients from the gut of 
P. miliaris. The spherule amoebocytes, however, may 
act as nutrient distributors, as suggested by Boolootian 
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surrounding fluid or by active amoeboid progression. © 
There was an apparent reduction in the indolyl content 
of the coelomic amoebocytes at the onset of gonad matura- 
tion in both sexes of P. miliaris. It was thought that this 
might be an indicator of transfer of material. There was 
no evidence of direct transfer to the gametes, however, 
as previously described by Liebman in the ovaries of 
Arbacia punctulata®. Holland and Giese?* did not observe 
direct transfer in the ovaries of Strongylocentrotus pur- > 
puratus. Thus, although the spherule amoebocytes appear: - 
capable of direct transport and may indeed function in — 
this capacity, it has not yet been demonstrated. 7 
This investigation was conducted under the supervision = 
of Prof. N. Millott during the tenure of a Department. of 
Scientific and Industrial Research studentship. ae 


M. P. M. BURTON 


Department of Zoology, 
Bedford College, 
Regent’s Park, London, N.W.1. 
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Are Pelagic Diatoms Free from Bacteria? 


In attempting cultures of pelagic diatoms it is the common 
experience that success is more often achieved when the 
isolating procedures have not beer. so thorough as to 
eliminate all bacteria from the cultures. Although direct 
nutritional dependence on excretions of the bacteria 
cannot always be ruled out, physico-chemical effects 
are probably of greater importance. But do bacteria 
play the same part in nature? The onset of the spring 
increase of phytoplankton in coastal waters can seldom |... 
be traced to simple causes. It is often observed to follow’ ~ 
a period of quiet fine weather when a major factor is- 
undoubtedly the absence of vertical mixing. Light may 
be all that is needed to trigger the diatom growth; but 
it is also conceivable that the winter water requires _ 
“conditioning” before growth can start, and the slight 
increase of temperature at the surface during a fine spell. 
increases bacterial metabolism sufficiently for this: 
Such an effect will be greatest when the association- 
between bacteria and diatoms is most intimate—that is, 
between any epiphytic bacteria and their host cells. 
It is not clear from the literature, however, how close is the 
association between bacteria and phytoplankton in the 
sea. Marine bacteria are nearly always associated wi 
particulate matter’?, and there is often a correlatiot 
between the abundance of bacteria and living diatoms? 
Nevertheless, live plankton diatoms do not seem to 
harbour a heavy epiphytic flora, as do many freshwater 
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16 contrary, the cells usually appear to be 
ean. There are, however, no published 
ervations, although other evidence’* suggests that 
oms may have antibiotic activity. 
fe have attempted by cultivation and by direct obser- 
ration. to determine the extent to which bacterial infesta- 
‘tion oceurs on the cells of two species of diatom. We 
picked specimens of the large winter species Coscinodiscus 
concinnus from tow nettings over a period of several 
‘months during the winter of 1963, carried them through 
six washes of sterile sea water and placed them singly 
< into cultures of the diatom Phaeodactylum tricornutum 
“in a liver infusion/soil extract/sea-water medium (6, 
our medium for routine sterility testing of algal cultures*). 
Ph. tricornutum was provided as an alternative sub- 
stratum, since the object was to isolate bacterial strains 
“intimately associated with, and therefore possibly depen- 
dent on, the live cells, whereas most C. concinnus cells 
. fail to survive the washing procedure. C. concinnus is 30 
large. that it was not possible to avoid transferring a 
‘considerable volume of water along with the cells; we 
therefore set up controls at the same time by transferring 
to Phaeodactylum cultures a little of the wash water 
from the final bath, but without the Coscinodiscus. The 
results of this experiment (Table 1) show that, if any 
acteria were associated with the diatom, either they 
ailed to survive the transfer, which is improbable, or 
at the association was loose enough to allow their 
emoval simply by passage through sterile sea water. 
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able 1. BACTERIAL CONTAMINATION IN CULTURES OF Phaeodactylum tri- 
cornutum IN WHICH HAD BEEN PLACED (a) SINGLE WASHED CELLS OF 
Coscinodiscus concinnus, OR (b) A LITTLE WATER FROM THE Last WASH BATH 


Presence of bacteria 
-4 


(a) With Coscinodiscus 12 291 303 
(b) Control 9 221 230 
21 512 533 


Satisfactory direct observation to determine the inci- 
_ dence of attached bacteria could not be made on a suff- 
_ ciently large sample of C. concinnus, but we made some 
. phase contrast counts on Skeletonema costatum in the 
_. following spring. During the diatom increase there were 
-between three and five bacteria attached to each hundred 
Skeletonema cells, while within a week of the diatom 
maximum the count had gone up to thirty-two per 
‘hundred cells. We repeated the phase contrast counts, 
but in greater detail, the following year, examining some 
hundreds of cells on each oceasion. The result was essen- 
‘tially the same (Fig. 1); the attached bacterial cell/diatom 
cell ratio remained low and remarkably constant through- 
ut the phase of diatom multiplication and for several days 
the stationary phase. These bacteria appear to have 
en multiplying at the same rate as the diatoms; alter- 
tively, the cells failing to resist bacterial attachment 
vere a constant proportion of the whole. On the sixth 
ay of stationary phase the bacterial count suddenly 
began to mount, but by then the diatoms had taken on the 
unhealthy aspect of a population obviously in need of 
rejuvenation by auxospore formation, and dead cells had 
begun to appear in the chains, later presumably to be 
--eolonized by saprophytic bacteria. Waksman et al.? have 
“previously recorded an increase in bacterial activity in 
the later stages of a (laboratory) diatom growth. The spring 
icrease in the Clyde in 1965 was early and rather light, 
eing terminated either by depletion of nutrient or by 
xhaustion resulting from the absence of auxospore 
ormation, but not by turbulence or by grazing as the 
jater was calm and zooplankton (Calanus) were few and 
ad scarcely started to feed. 
Both our sets of observations, therefore, lend support 
‘the idea that healthy pelagic diatoms are virtually 
ee from. bacteria and they invite speculation about the 
fence mechanism of the diatom. If our results are typi- 
epiphytic bacteria are certainly too few to influence 
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Fig. 1. Time course of the spring increase of Skeletonema costatum in the 
Clyde in 1965. Open circles, logy, diatom ceils per ml. from straight 
samples from Keppel Pier taken at mid tide on the flow. Closed circles, 
numbers of attached bacteria per ten diatom cells. The water tempera- 
ture lay between 5-4° C and 67° C throughout the period of observation. 


the growth of Skeletonema. This conclusion, of course, 
does not touch the wider issues of microbial/diatom 
interactions in our waters, for Skeletonema merely forms. 
the early spring increase, the first wave of diatom growth, 
whereas the subsequent history of the water is likely to 
be influenced by the enormous increase in the numbers 
of the bacteria as the spring advances. 


M. R. Deoor 
K. G. R. Erson* 


Marine Station, Millport, Seotland. 


* Now at Department of Agriculture and Fisheries for 
Laboratory, Aberdeen. 
' Lioyd, B., J. Mar. Biol. Assoe., U.K., 16, 879 (1930). 
* Waksman, S$. A., Kreuszer. H. W., Carey, G. aa Hotchkiss, 3., and Renn; 
C. E., Biol. Bull., Wood: Hole, 64. 183 (1933), 
3 Gran, H. H., Biol. Bull., Woods Hoie, 64, 159 (1933). 
4 Steeman Nieisen, E., Deep Ser Res, Suppl, 3, 281 (1955). 
‘Sieburth, J. MeN., and Pratt, D. M., Trans. N.Y. Acad. Sei., Ser. i, 24, 
498 (1962). 
t Provasoli, L., 
392 (1957). 
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MICROBIOLOGY 


b-Glucarate Catabolism by | 
Pseudomonadaceae and Enterobacteriaceae 


p-Griucaric acid, the naturally occurring dicarboxylic acid 
analogue of p-glucose, can be utilized as the sole source of 
carbon and energy br many Enterobacteria’ and Pseudo- 
monads?. Blumenthal and Fish! found that the induced 
catabolic pathway shown in Scherne 1 operated in all the 
Enterobacteria whick they investigated (see Table 1). 
This pathway (here identified as the glycerate pathway) 
involves tartronic semialdehyde (HCO.CHOH.COOH) 
derived from one hadf of the p-glucarate molecule as a 
precursor of pyruvate. When cell extracts are incubated 
with p-glucarate, tartronic semialdehyde accumulates 
because its conversion to glycerate requires substrate 
levels of reduced nicotinamide-adenine dinucleotide 


(NADH). Since tartronic semialdehyde, or its spon- | 
taneous decarboxylation product,  glycolaldehyde 


(HCO.CH,OH), forms an «-bis-2,4- dinitrophenylhydrazone 
with a characteristic purple colour in alkali (Ama 550-565 
mu)’, its accumulation can be detected and used as a 
diagnostic test for the operation of this pathway in a test 
organism. 
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© An alternative induced pathway has been reported for a 
. single Pseudomonas strain by Dagley and Trudgill’. In this 
pathway, the «-oxo-glutarate pathway, p-glucarate is not 
cleaved to form two C,-units but undergoes two dehydra- 
tions and a decarboxylation to form 2,5-dioxovaleric 
acid (Scheme 2). 

As the oxidation of 2,5-dioxovalerate to «-oxoglutarate 
requires substrate amounts of nicotinamide-adenine 
dinucleotide the 2,5-dioxovalerate accumulates when cell 
extracts are incubated with p-glucarate®. Like tartronic 
semialdehyde this compound forms a bis-2,4-dinitrophenyl- 
iydrazone. In contrast to the derivative of tartronic 


COOH .(CHOH),COOH 
v-Glucaric acid 
H,03 


COOH.(CHOH),.CH,.CO.COOH 
bD-4-deoxy-5-oxoglucaric acid 






© COOH.CHOH.CHO 
_ tartronic 
-semialdehyde 


(A) NADH, 


NAD 


COOH.CHOH.CH,OH 
glyceric acid | 


ATP CH,.CO.COOH 


pyruvic acid 
ae ere Y 
 Tricarboxylic acid eycle<— — — CH,CO.S.CoA 
| acetyl coenzyme A 
- Scheme 1, p-Giucarate catabolism by the glycerate pathway (after Blumen- 
thal and Fish (ref. 1)). Dehydration yields predominantly the 4-deoxy-5- 


oxoglucaric acid (Blumenthal and Jepson (ref. 3)). (4) Catalysed by tar- 
tronic semialdehyde reductase (ref. 4). 


COOH.(CHOH),.COOH 
p-glucaric acid 


H,O 


COOH .(CHOH),.CH,.CO.COOH 
1-4-deoxy-5-oxoglucaric acid 


H,O co, 


CHO.CH,.CH,.CO.COOH 
2,5-dioxovaleric acid 
& 


(B) NAD 
NADH, 


COOH.CH,.CH,.CO.COOH 
a-oxoglutaric acid 


’ 


Tridarboxylic acid cycle 


Scheme 2. D-Glucarate catabolism by the a-oxoglutarate pathway (ref. 6). 
(8) Catalysed by 2,5-dioxovalerate dehydrogenase (ref. 6). 





| SEPTEM E pi i 1966 vonar 
semialdehyde, however, it gives a brown colour in alkali 
(Armax 433 my)’. Se eee ee 


To investigate the frequency of the x-oxoglutarate path a 


way in Pseudomonads, micro-organisms forming morpho- 
logically distinct colonies and capable of growth in 
D-glucarate as source of carbon were isolated by enrich- 


ment culture from soil and mud samples gathered in the 
i Pseudomonas strains isolated by = 
other workers and found to be capable of growth on 

D-glucarate were also used. The micro-organisms were: eon 
grown aerobically in shake culture in a p-glucarate mineral >. 
salts medium‘, They were collected by centrifugation, — 
by centrifuging. Finally, extracts were incubated with — 

The pathway followed was elugi o 
dated from the nature of the bis-2,4-dinitrophenylhydra- ~ 
zone formed by the reaction product. It was found that 
all the Pseudomonas strains investigated utilized the 
«-oxoglutarate pathway (Table 2), whereas the three = 
strains of Hnterobacteria which had been isolated followed =) 
the glycerate pathway described by Blumenthal et al > 


Aberystwyth area. 


disrupted by sonication and cell extracts 


b-glucarate at 30° C. 


(Table 1). 


Table 1, ORGANISMS UTILIZING THE GLYCERATE PATHWAY OF D-GLUCARATE. < 


CATABOLISM 
Source Organism 
Soil sample A Aerobacter aerogenes 
Soil sample B 2 EE 


Soil sample C . 5 
Escherichia coli* 
Escherichia freundii 
Data of Erwinia caratovera 
Blumenthal and Fish? < Aeroebacter aerogenes 
Paracolobactrum arizona 
Salmonella typhosa 
Klebsielia pneumoniae 
* Nine strains. 


Spectrophotometric enzyme assays provided further 
evidence that the pathways could be attributed to the 
organisms listed in Tables 1 and 2: only organisms 


utilizing the «-oxoglutarate pathway possessed high levels. 
Tartronic semi- = 
aldehyde reductase‘ was present at high levels in those =) 
micro-organisms which were operating the glycerate path- ~ 


of 2,5-dioxovalerate dehydrogenase®. 


way. 


Table 2. ORGANISMS UTILIZING THE «c-OXOGLUTARATE PATHWAY or” 


D-GLUTARATE CATABOLISM 


Source Organism * 

Soil sample A Pseudomonas fluorescens 
Soil sample B * putida 

J acidivorans 
Soil sample C < f putida 

{ 3 Fluorescens 

{ 5 fluorescens 
Soil sample D < E fluorescens 

| 7 eats 

; 4 és putida 

Soil sample E i ‘i putida 
Ref. 7 Pseudomonas A (acidivorans) 
Ref. 8 Pe CLB (putida) 
Ref. 9 Pseudomonas fragi (putida) 
Ref, 16 ei CT (putida) 


* Classified by the system of Stanier et al. (ref. 2). 


Thus the evidence so far accumulated suggests that on 


these metabolic grounds a division can be drawn along the ` ne 
Besides 
the obvious catabolic reaction differences between the two 


boundary between the two families of bacteria, 


pathways, differences of a more fundamental nature are- 
apparent. | 
The glycerate pathway cleaves D-glucarate into two Q=- 
units both of which yield acetyl coenzyme A by way of | 
pyruvate; the necessary provision of C,-compounds to` 
operate the biosynthetic reactions of tricarboxylie acid 
cycle is probably achieved by anaplerotic fixation of 
carbon dioxide on to phosphoenol pyruvate. The 


formation of «-oxoglutarate in the alternative pathway | = 
can provide directly tricarboxylic acid cycle intermediates 


for biosynthesis. For complete oxidation of the «-o 


glutarate, a proportion of the oxaloacetate formed a 


from it must be converted to acetyl coenzyme A. This is 











The two pathways are in a sense opposites. — 
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presumably derived from pyruvate formed by the action 
of oxaloacetate decarboxylase’. 
P. W. TRUDGILL 
R. WIDDUS 


Department of Biochemistry and 

Agricultural Biochemistry, 

University College of Wales, 

Aberystwyth. 
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CYTOLOGY 


Collagen in Normal Mouse Glomeruli 


Tue mesangial region of the normal renal glomerulus 
has been the subject of controversy for many years and is 
the site of collagen production in some diseases™*. Al- 
though there have been many investigations in a variety 
of animals, we are aware of only one published account 
which has described collagen fibrils in the normal glo- 
merulus. These were described in the rat*. During in- 
vestigations of experimental renal amyloidosis in the 
mouse we had cause to examine the glomeruli of normal 
animals. Careful search of the mesangial regions revealed 
the presence of typically striated collagen fibrils with 
periodicity 500-600 A and showing intraperiod striations. 
Fig. 1 shows parts of two mesangial cells (the arrows point 
to collagen fibrils). Fig. 2 is a higher power electron 
micrograph of the area indicated between the arrows in 
Fig. 1. The tissue was fixed in buffered osmium tetroxide 
solution, embedded in ‘Araldite’, and after sectioning 
stained for 1 h with 2 per cent phosphotungstie acid 
dissolved in absolute alcohol. 





Fig. 1. Portions of three mesangial cells. Arrows indicate the position of 
collagen fibrils. (x 10,000.) 
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Arrow indi- 


Higher power electron micrograph of part of Fig. 1. 
cates intraperiod striations. (x 80,000.) 


Fig. 2. 


The presence of collagen fibrils within the normal mouse 
glomerulus establishes that these are not restricted to the 
rat. This emphasizes the potential functional importance 
of the mesangial cels. Although such small numbers of 
collagen fibrils coulc not offer much structural support 
to the glomerulus, their presence is indicative of the 
mesenchymal properties of the mesangial region and its 
possible role in disease processes. 

R. PEACH 
G. WILLIAMS 


Departments of Anasomy and Pathology, 
University of Manchoster. 


t Suzuki, Y., Churg, J.. Grèhman, E., Mautner, W., and Dach, S. S., Amer. 
J. Pathol., 43, 555 (1963). 


* Bencosme, S. A., Stone, R. S., Latta, H., and Madden, 8. C.. J. Ultrastruct. 
Res., 3, 171 (1959). 
* Latta, H.. J. Ultrastruct. Res., 5, 364 (1961). 


Modification of Relative Mutagenic Efficiency 
in Barley of Mesyloxy Esters by Different 
Treatments 


THE mutagenicity of mesyloxy esters of differing chemical 
structure has been studied in Drosophila, and the marked 
differences observed have been attributed to differences 
in the reactive alkyl group and the non-alkylating “‘pros- 
thetic” parts of the compounds'. Relationships between 
the chemical strucsure and the biological effects of 
different monomesylates have also been studied in barley*. 
Although the qualitetive and the quantitative differences 
in the biological effects, including chromosome breakage 
and mutation rates, produced by this group of compounds 
have been attributed to a correlation between structure 
and activity, very Lttle attention has been paid to the 
physical factors which may influence the reactivity. 
By “physical” we mean such factors as temperature and 
hydrogen ion concentration of the treatment solutions, 
which may influence the reactivity, functionality, stability 
and the rate of diffusion of a chemical, and which in turn 
may modify its biclogical effects. We have therefore 
studied the modifying offects in barley of temperature 
and hydrogen ion concentration on various biological 
effects produced by the three mesyloxy esters—ethyl 
methane-sulphonate (EMS), methyl methane-sulphonate 
(MMS) and _ 1,4-dimethylsulphonoxybutane (myleran). 
The compounds have different reactive alkyl groups. 
The present report summarizes data relating to the effect 
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Table 1. FREQUENCY OF SOMATIC CHROMOSOME BREAKAGE INDUCED BY 
EMS, MMS AND MYLERAN IN VARIOUS TREATMENT CONDITIONS OF TEM- 
PERATURE AND pH (BREAKS/CELL) 


A B C x? 
pH arc 18° © 32° C for A and C 
EMS 9:2 042 0-42 0:50 0-604 
70 O45 O44 (67 4-32 
3-5 0-39 043 0-77* 12°44 
MMS 9-2 0-41 0:76 0-84 14-78 
70 0:58 0-05 1-05 13-55 
35 0:59 O81 1-157 18-02 
Myleran 9-2 024 0-53 0-61 16-90 
70 0-27 0-50 0-62 13°26 
a5 0-25 0-46 0:75 2-00 


A es for O92 and 3-5 pH at 32° C = 5-74 significant at the 5 per cent 
level. 

tz Shas for 92 and 3-5 pH at 32° C = 4-828 significant at the 5 per cent 
level. 


Table 2. CHLOROPHYLL MUTATION RATES INDUCED BY EMS IN VARIOUS 
TREATMENT CONDITIONS OF TEMPERATURE AND pH (AS PERCENTAGES OF M, 
SPIKES SEGREGATING) 


Temperature 
pH 0° C 18°C 32° C Mean 
9-2 16-15 21-71 42-19* 26-68 
70 12-87 23-21 $918 27°97 
35 12°45 23-65 32:52 22-97 
Mean 13-82 22-85 38-06 


* Effect of pH is significant at 32° C. 


Table 3. CHLOROPHYLL MUTATION RATES INDUCED BY MMS IN VARIOUS 
TREATMENT CONDITIONS OF TEMPERATURE AND pH (AS PERCENTAGES OF 
M, SPIKES SEGREGATING) 


Temperature 
pu orc 18° C 32° C Mean 
92 9-31 16-34 36-06* 20-58 
70 8:22 18:15 29-75 1871 
3:5 8-06 17-61 23:52 16:70 
Mean 884 17-34 20-78 


* Effect of pH is significant at 32° C, 


of temperature and pH on the frequency of chromosome 
breakage in somatic cells and on chlorophyll mutation 
rates induced in barley by the three chemicals. 

Dry resting seeds of a hulled variety of Hordeum vulgare 
(c.v. NP 104) were treated with three mutagen solutions 
prepared in buffers adjusted to acid (pH 3-5), neutral 
(pH 7-0) and alkaline (pH 9-2) conditions. Three identical 
treatments were carried out at 0°, 18° and 32° C for 12 h. 
Details of treatment and the methods of estimation of 
chromosome breakage and mutation rates are described 
elsewhere*. Because the comparisons of biological effects 
could be made for 0-3 per cent of EMS, 0-03 per cent of 
MMS and 40 mg/100 ml. of myleran at all temperature 
and pH levels, the results for these concentrations alone 
are summarized in Tables 1, 2 and 3. Myleran induces 
chlorophyll mutations with very low frequency when dry 
seeds are used for mutagenic treatments. Thus, for the 
purpose of comparison, rates observed for previously 
soaked seeds are given. 

A highly significant response to temperature has been 
observed in all cases, as is evidenced by both chromosome 
breakage and mutation rates (Tables 1, 
2 and 3). The response to pH was sig- 
nificant at higher temperatures, especially 
with EMS and at high concentrations 
of mutagen. A comparison of the bio- 
logical effects at different temperature 
and pH indicated that in alkaline con- 
ditions the frequency of chromosome 
breakage is appreciably lower than with 
acid pH, while the frequency of chloro- 
phyll mutations is high (Tables, 1 2 and 
3). The converse was observed in acid 
conditions. This relationship was strikingly 
similar for all the three chemicals. 

The increase in the frequency of chloro- 
phyll mutations in alkaline conditions 
may be explained by the reduction of 
injury to the seeds likely to be caused by 
the acidity of hydrolysed mutagen solu- 


Fig. J. 
had been replaced with ferrocyanide a weak stimulus produced the same response as did the 
control, but a strong stimulus produced a slow response with repetitive firing (A4). A5 
was taken 5 min after chloride had been replaced with ferrocyanide (the stimulus was the 
same as that in A4, but the record was taken by a sweep speed ten times slower). The 


tions, which may result in higher re- 
covery. 
The specificity of the mutagen en- 


hanced by pH, which was evident from 
the high frequency of chromosome breakage 
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Al and A2, Responses in normal solution (lower traces). 


membrane remained in a depolarized state even after the repetitive firing ceased, 
shows the effect of hyperpolarization on the slow response. Stimulusintensity and duration 
were throughout the same asin A4 (5 x 10-* amp, 7 msec). Conditioning hyperpolarization 
was reduced from B1 to B4. 

hyperpolarization levels. 
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at low pH, may also be responsible for the observed differ- 
ences. 

From this study it appears that the production of 
mutations and chromosome breakage are independent 
events, and that their relative proportions vary with 
the treatment conditions to a considerable extent. Analy- 
sis of several chlorophyll mutations for their karyotypes 
indicates no detectable chromosomal change in the 
complement. The incidence of seed sterility at these 
doses was roughly 50 per cent in all cases, so that the 
elimination of mutated cells at low pH appears not to be 
operative. 

The three chemicals fall into three distinct categories, 
on the basis of their ability to induce chromosome break- 
age and mutations, (a) agent that induces a high fre- 
quency of mutation accompanied by a low frequency 
of chromosome breakage (EMS); (b) moderately high 
frequency of mutation accompanied by a high frequency 
of chromosome breakage (MMS); (c) very low frequency 
of mutation accompanied by a high frequency of chromo- 
some breakage (myleran). It appears that by appropriate 
manipulation of treatment conditions, any one of these 
biological effects may be produced in preponderance 
so as to enhance the mutagenic efficiency of these 
chemicals. 


A. T. NATARAJAN 
M.S. RAMANNA 
Division of Botany, 
Indian Agricultural Research Institute. 


Delhi. 


! Fahmy, O. G., and Fahmy, M. J., Genetics, 46, 1111 (1961). 
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PHYSIOLOGY 


Slow Response of Crustacean Nerve Fibre in 
a Solution Deficient in Chloride lons 


I~ skeletal muscle fibres the permeability of chloride ions 
is higher than the permeability of potassium ions?. 
Deficiency of chloride ions leads to a prolongation of the 
action potential, suggesting that the repolarization phase 
depends to some extent on anton-current*. In the nerve 
fibre, however, the permeability of chloride tons is 
relatively low in the resting state and chloride ions are 
not important for the repolarization phase of the action 
potential (for example, see ref. 3 for squid giant axon and 
ref. 4 for Ranvier node of frog). 


3 min after the chloride 


Row B 


In B5, three responses were superimposed at different 
The time scale for A5 is 100 msec, 
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When chloride in the medium surrounding a crustacean 
nerve fibre is replaced by glutamate, ethanesulphonate 
or ferrocyanide, it is possible to elicit a slow response to 
electrical stimulation. The response is a prolonged depolar- 
ization similar to that seen in potassium-rich media*® and 
is usually accompanied by repetitive spikes. This suggests 
that there is normally an increase in the permeability 
of chloride ions and an inward movement of these ions 
during the falling phase of the action potential. In media 
free of chloride ions there would seem to be an outward 
movement of the anion with the formation of a plateau. 

Single motor nerve fibres, fast closer or opener fibres, 
were dissected from the meropodite segment of the 
walking limb of the crab, Callinectes sapidus, collected 
in the Gulf of Mexico. The techniques used for recording 
and stimulation were the same as those previously de- 
scribed®. 

Figs. 1 and 2A show examples of responses to electrical 
stimulation in a ferrocyanide solution free of chloride ions, 
and Fig. 2B, those in a glutamate solution free of chloride 
ions. When the normal solution was replaced with a 
solution deficient in chloride ions, the membrane potential 
remained constant for a few minutes, then gradually 
decreased. The response to stimulation was unchanged for 
a few minutes (A3 in Fig. 1), but then a prolonged de- 
polarization was produced during or after stimulation 
as shown in A4 and 5 in Fig. 1 and Fig. 2A. The slow 
response was usually accompanied by repetitive spike 
activity. When the magnitude of the slow response was 
small the spike activity was maintained as long as the 
slow response continued (Fig. 1 and Fig. 2A), but when 
the slow response was large the spike activity stopped 
although the depolarization persisted (Fig. 2B). The spike 
shape remained normal throughout these periods of 
repetitive activity. The peak potential reached during the 
spike depended on the magnitude of the slow response. 
As the slow response developed and then decreased, the 
peak potential decreased and then increased. In a solu- 
tion free of chloride ions, as the membrane potential fell 
spontaneous repetitive firing was often initiated at critical 
firing level and was maintained for long periods of time 
(Fig. 2, A3). 

During a slow response without spike activity, cathodal 
stimulation could no longer produce an active response. 
A conditioning hyperpolarization, however, restored the 
excitability of the membrane. Thus the slow response was 
easily produced by outward current pulses given during 
the passage of conditioning inward current. As seen in 
Fig. 2B, the repetitive spike activity was reactivated 
during (B1 and 2) or after (B3) hyperpolarization. The 





Fig. 2. 
(about 200 msec) in chloride-free ferrocyanide solution. 
A2, 3 min; A3, 5 min after replacing the solution. Repetitive firing was 
continuous for many minutes in A3. B, The effect of hyperpolarization 
during the slow response produced by a 100 msec cathodal pulse in a 


A, The slow responses produced by long stimulating pulses 
Al, 1 min; 


glutamate solution free of chloride ions. Note reactivation of repetitive 
spike activity during (B1 and B2) or after hyperpolarization ( B3). 
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duration of the slow “esponse depended on the membrane 
polarization as reported for the slow response observed in 
potassium-rich media®. Hyperpolarization made the 
response shorter (Fig 1B). 

The substitution ef glutamate and ethanesulphonate 
for chloride produced more or less similar effects to those 
of ferrocyanide solution. When thiocyanate was sub- 
stituted for chloride, neither the slow response nor sus- 
tained repetitive firing was seen. 

The slow response obtained in solution deficient in 
chlorine ions cannot result from the decreased calcium 
ion activity of the solution. Reducing calcium concentra- 
tion in solution with a normal chloride content did not 
produce the same kind of response. High calcium con- 
centration, however, reduced the slow response. The 
slow response in solutions deficient in chloride ions differs 
from the slow response in solutions rich in potassium ions 
because the latter response does not show associated 
repetitive firing. 

T. Tomita* 
E. B. WRIGHT 


Department of Physiology, Medical College, 
University of Florida, Gainesville, 
Florida. 


* Present address: Department of Pharmacology, University of Oxford. 
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Axon Hillock of Neurones of the Lateral 
Vestibular Nucleus of the Ox 


THe axon of vertebrate neurones may arise either from 
the soma or from a dendrite. When it arises from the 
soma it may arise d_rectly, as in the Purkinje cells’, or 
from a specialized region known as the axon hillock. 
Little appears to be <nown regarding the electron micro- 
graphic appearance of this region. Electron microscopical 
studies on isolated neurones facilitate the identification 
of specific structures, and during our investigations 
of neurones isolated from the lateral vestibular nucleus 
of ox (Bos taurus) brain we have been able to obtain 
sections through the axon hillock and the non-myelinated 
part of the axon. 

The neurones were isolated from freshly slaughtered 
animals by the metaod previously described* and were 
prepared for electron microscopy in polythene planchets’. 
The observations to xe described here were made on cells 
which had either been isolated in Ringer—Locke solution 
and fixed in phosphate-buffered glutaraldehyde followed 
by 1 per cent veronel-buffered osmium tetroxide, or had 
been isolated in 0-9 per cent sodium chloride containing 
0-25 mg, 0°55 mg, er 1-1 mg gangliosides per ml., and 
fixed in 1 per cent veronal-buffered osmium tetroxide. 
After dehydration in a graded series of ethanol, the cells 
were stained with 1 per cent phosphotungstie acid and 
embedded in ‘Araldite’. Isolation, fixation and dehydra- 
tion were carried out at 4° C. 

The axon hillock was identified positively by tracing 
the origin of the axon from the soma through the non- 
myelinated part to the beginning of myelination. On 
account of the size of the structure we have not as yet 
obtained a section showing the whole of it. Typical 
pictures of the origin of the axon are shown in Figs. | 
and 2. On the right of Fig. 1, part of the slope of the cone 
can be seen, and on the left, part of the hillock is shown 
running into the non myelinated part of the axon. Fig. 2a 
shows the central core of the axon hillock. The increased 
density of packing of the neurofilaments, their parallel 
alignment, and the ebsence of Nissl substance, character- 
istics of this region noted by Cajal‘, are clearly illustrated 
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in the figures. The tubular structures appearing at the 
bottom of Fig. 1 have been observed frequently in the 
vicinity of the axon hillock, but we have not as yet been 
able to determine their relationship to the rest of the 
structure. 

In one case we were able to obtain longitudinal sections 
through the non-myelinated part of the axon from the 
point of origin to the start of myelination and thus 
obtained a measurement of the length of the initial 





Fig. 2, a, Central core of the axon hillock. b, Part of the axon hillock at 
higher magnification showing Coney packed neurofilaments (n) at the 
S ace, 
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segment (axon hillock plus non-myelinated axon). The 
initial segment was 50u long—a figure which is com- 
patible with previous estimations of its length in other 
neurones®, 
The most striking electron microscopical feature of 
the axon hillock is the denseness of the surface. At low 
magnifications this gives the appearance of a thickened 
surface membrane (Fig. 1), but at higher magnifications 
it can be seen that this effect is due to the close packing 
and alignment of the neurofilaments at the surface 
(Fig. 2b). Unlike the surface of the soma (and most 
dendrites) which varies in appearance with the composi- 
tion of the isolation medium, and is very disrupted when 
cells are isolated in Ringer—Locke solution, this appearance 
of the axon hillock is consistent. The reason for this is 
not known. It may indicate an intrinsic difference in the 
molecular structure of this region, and/or it may be due 
to there being fewer nerve endings so that the surface is 
not disrupted by their removal?:?. 
Although it is not known whether the axon hillock of 
neurones from other regions of the brain presents a similar 
electron micrographie image, the observations reported 
here present criteria for the identification of the initial 
segment in these cells (and possibly others) and should 
facilitate further observations on this region. Further 
observations are in progress aimed at clarifying the situa- 
tion regarding the possible difference in the surface struc- 
ture, and determining whether or not nerve endings occur 
on the hillock. 
We thank Mr. S. Waterman for assistance with photo- 
graphy, and the Nuffield Foundation for financial support. 
PATRICIA V. JOHNSTON 
Betty I. Roots 
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' Herndon, R. M., J. Cell Biol., 18, 167 (1963). 

* Roots, B. I., and Johnston, P. V., J. Ultrastruct. Res., 10, 350 (1964). 

* Johnston, P. V., and Roots, B. I., Nature, 205, 778 (1965). 


* Cajal, R., y 8., Histologie du Système Nerveux de’ Homme et des Vertébrés, 1, 
185 (Maloine, Paris, 1909). 


* Eccles, J. C., The Physiology of Nerve Cells, 4 (Oxford University Press, 
London, 1957). 


Oestrus and Ovarian Morphology in Gilts 
following Treatment with Orally 
Effective Steroids 


THIS communication describes an experiment carried out 
to evaluate the effect of two combinations of progestin 
and oestrogen treatments on oestrus and ovarian morpho- 
logy in gilts. 

Attempts to synchronize oestrus in gilts with orally 
effective progestins have generally resulted in a | 
proportion of cystic ovarian follicles'-*, The level of 
progestin treatment has also been reported to affect the 
occurrence of cysts'*, Addition of a gonadotrophin to 
the treatment regime may be beneficial in reducing cystic 
conditions’, indicating that an insufficiency of ovulating 
hormone may be involved in the formation of cysts. 

Forty gilts (Duroc, Hampshire, Yorkshire and cross- 
bred) were used in a trial conducted during May—July 
1963. Gilts were checked daily for the occurrence of 
oestrus with vasectomized boars before treatment. All 
animals had exhibited at least one oestrous period during 
this interval, and about half had experienced a complete 
oestrous cycle (18-23 days in length). The animals were 
divided into four groups on the basis of breed, weight and 
stage of oestrous cycle. Two groups were administered 
daily 25 mg 6-chloroA*-17 acetoxyprogesterone (CAP) 
per gilt and 1 mg ethynyl oestradiol 3-methy! ether (EE) 
per gilt. The remaining two groups received daily 125 mg 
CAP per gilt and 5 mg EE per gilt. These hormones were 
mixed in 6 lb. of the normal ration and administered for 
10 days in individual feeders to ensure that each animal 
would consume the predetermined amount of CAP : EE. 
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- Three days after termination of CAP : EE feeding, gilts 
receiving the 25:1 combination were injected with 500 
.u. human chorionic gonadotrophin (HCG) and 1 mg 
stradiol benzoate (ODB). HCG and ODB were adminis- 
ered intramuscularly in the loin area as separate injec- 
ions, HCG in 4 ml. physiological saline and ODB in 
ml. sesame oil. The remaining two groups (125: 5 
AP : EE combination) received the identical HCG—-ODB 
injections, but the interval between the last CAP: EE 
feeding and the injections was 5 days. All gilts were 
checked daily for symptoms of oestrus with intact or 
-= wasectomized boars during the experimental period. 
Animals were slaughtered 7 days after the HCG-ODB 
injections. The reproductive tracts were then recovered 
and evaluated. 
Both CAP : EE treatment combinations were effective 
in inhibiting oestrus during the feeding phase. Only half 
the gilts, however, were observed to be in heat following 
-treatment (twenty out of forty, Table 1). The low level 
of CAP: EE resulted in nearly twice as many gilts in 
oestrus as the high level (thirteen compared with seven), 
but this difference was not statistically significant 
(P ~ 0-10). Gilts were observed in oestrus approximately 
two days following the HCG-ODB injections (range of 
1-4 days). Neither the interval to oestrus nor the length 
of oestrus was significantly affected by treatment. 
Examination of the ovaries revealed that 72 per cent 
of all gilts had one or more cystic follicles (those 15 mm 
or greater in diameter). Although the number of gilts 
with cystic follicles did not differ appreciably between 
treatments, the number of cystic follicles per gilt was 
significantly different (P < 0-05). Gilts receiving the 
igher CAP: EE level had fewer cystic follicles than 
those receiving the lower level. This difference was also 
reflected in total ovarian weight (P < 0-05). The average 
number of follicles 2-14 mm in diameter was nearly twice 
as great for the 125:5 treatment combination. The 
average size of these follicles was about 5 mm in both 
groups. Although the number of these “moderate” 
sized follicles did not differ significantly between the two 
treatments, it does suggest that the occurrence of cysts 
reduces the number of follicles in this classification. 
The ovulation rate, as reflected by number of corpora 
lutea and corpora haemorrhagica, was 13-5 in the 25: 1 







































.. Table 1. EFFECT OF CAP : EE TREATMENT ON OESTRUS, OVARIAN MORPH- 
OLOGY AND UTERINE WEIGHTS OF GILTS* 

CAP : EE (mg) 
R, item 25:1 125:5 
No. of gilts 


A 20-0 20-0 
‘No. in oestrus after treatment 13-0 7-0 
‘Days, HCG-ODB to oestrus t 1-9 1:9 
> {tange) (1-4) (1-4) 
“Length of oestrus, days 2-2 1-9 
“No. of gilts with cystic follicles { 16-0 13-0 
Av. No, of cystic follicles§ 6-8 2-0 
Av. No, of follicles, 2-14 mm diam. 13-1 23-6 
Av. No. of follicles, less than 2 mm diam. 19-5 21-7 
Av. No, of corpora lutea 11-6 11-8 
Av. No. of corpora haemorrhagica 1-9 4-4 
Wt. of ovaries (2)§ 71:6 24-5 
Wt, of uterus (g 663-0 642-0 


* CAP and EE, administered in feed for 10 days. 
<t HCG, Human chorionic Souadonopnit, ODB, cestradiol benzoate. All 
gilts received 500 Lv. HCG and 1 mg ODB intramuscularly following 
CAP: EE treatment. 
t Refers to follicles 15 mm or greater in diameter. 
§ Significant treatment difference, P < 0-05. 


EFFECT OF BREED ON OESTRUS, OVARIAN MORPHOLOGY AND 
UTERINE WEIGHTS OF GILTS 

















Table 2. 


Hamp- York- Cross- 
Breed Duroc sbire shire bred 
vo. of gilts 16 6 13 5 
6. in oestrus? 9 5 2 4 
fa. with cystic follicles t 10 4 16 5 
_ Av. No, of eystic follicles 3-7 5-3 3-0 8-8 
Av. No. of follicles, 2-14 mm diam.* 19-0 18-8 22-4 5-0 
vy. No, of follicles, less than 2mm diam.* 17-2 28-8 26-8 5-4 
iv. No. of corpora lutea* 151 Q-7 10-2 7°2 
v. No, of corpora haemorrhagica 4:8 0-7 1:0 6-8 
Wt. of ovaries (g) 31-7 56-5 21-2 159-9 
Wt, of uterus (g)* 671 518 702 625 


Significant difference between breeds, P < 0-05. 
| Refers to follicles 15 mm or greater in diameter. 


NATURE 


1103 


CAP: EE group and 16-2 in the 125: 5 group. More 
corpora haemorrhagica were observed in the higher 
CAP : EE group (not statistically significant), suggesting 
that ovulatory response was delayed somewhat on this. 
treatment. Results summarized by breed groups are 
presented in Table 2. The small number of animals in- 
volved in two breed groups (Hampshire and crossbred) 
limits the conclusions which can be drawn concerning 
breed differences. In general, crossbred gilts differed 
markedly from the other groups in most of the traits 
evaluated. Larger numbers would be required to assess 
the real significance of this apparent difference. 5 
The CAP and EE utilized in this trial were kindly 

provided by Eli Lilly and Co., Greenfield, Indiana. — 

D. E. Ray* 

R. W. SEERLEY 
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South Dakota State University, 
Brookings, South Daketa. 


* Present address: Departraent of Animal Science, University of Arizona, 
Tucson, Arizona. 
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Guinea-pig Mast Cells and Age 


Ix the course of certain experiments on guinea-pigs, it 
was considered relevant to examine the mast cell popula- 
tion with reference to the age and degree of sexual matura- 
tion reached by the animals. 

Guinea-pigs were kHed by cervical section, and their 
abdomens opened by a median incision. The greater 
omentum was spread thinly on a slide and excess fat 
removed. The slides vere then subjected to the technique 
of Shelley and Florence? which involved fixation with ice- 
cold ethylene glycol monomethyl ether as these mast cells 
are water soluble, and staining with 0-25 per cent aqueous 
methylene blue. After dehydration and before mounting 
in ‘Depex’, it was necessary to vary the time in xylol 
depending on the amount of fat present. Mast cells 
were found in greatest numbers in the perivascular and 
adjacent fat tissue; ten fields representing 7:35 mm 
were counted for these cells. Similar methods were used 
by Cairns and Constentinides*, and Koltai, Minker and 
Deak’. 

The average count with ten female adult guinea-pigs 
was 37 + 2:5 mast cells, while immature female animals 
had an average count of 110 + 5-9 cells. When bilateral 
oophorectomy was performed, and counts made 2-3 
months later, an average figure of 42 + 5-5 mast cells 
was obtained. Statestically, this is not significantly 
different from the vaiue found for the adult unoperated 
animals. Comparable results were met in the male 
animals, adults having average counts of 55 + 32, 
immature 104 + 3-6 and orchidectomized guinea-pigs 
51 + 45 mast cells. The difference between the figures 
obtained from norma. male and orchidectomized animals 
was not significant. These findings suggest that the sex 
hormones are probab:y not important in this connexion 
especially as there is no apparent change in the count 
with sexual maturity. My conclusion that oophorectomy 
fails to influence the mast cell count is supported by 
Harvey‘, who also found that oestrogens given to spayed 
female hamsters did not have any effect on the population 
of mast cells. Constantinides and Rutherdale*, working 
on rats, reported thas neither testosterone nor orchidec- 





tomy changes the cardiac mast cell population in the — 
Similarly, in the female, the cardiac mast cell | 


male. 
count is not affected by oophorectomy or by the injection _ 
of progesterone. 
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Fig. 1. The relationship between mast cell count and body weight. 
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When the mast cell counts of the guinea-pigs were 
plotted against body weight, a rectilinear relationship 
was found (Fig. 1). The correlation coefficient for the 
female animals was 0-89 and for the males 0-77. Selye’, 
in his intensive bibliography, presents no constant picture 
of the mast cell count in the ageing process, and makes 

no mention of it in guinea-pigs. Because weight gives a 
reasonable estimate of the age of these animals, my results 
suggest that there is a significant fall in the omental mast 
cell count with age within the range studied. 

R. St. J. Buxton 
Department of Physiology, 
University of Bristol. 
* Shelley, W. B., and Florence, R., Nature, 191, 719 (1962). 
* Cairns, A., and Constantinides, P., Science, 120, 31 (1954). 
* Koltai, M., Minker, E., and Deak, G., Die Naturwiss., 52, 15 (1965). 
* Harvey, E. B., Anat, Record, 148, 407 (1964). 
* Constantinides, P., and Rutherdale, J., J. Geront., 12, 264 (1957). 
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Metabolic Differences between Dietary 
Liquid Glucose and Sucrose 


in the fifty years since Higgins! obtained evidence that 
fructose has a greater tendency to change into fat in the 
body than has dextrose, more evidence has accumulated, 
much of it in the past few years, to show that lipid meta- 
bolism in man and experimental animals is affected 
differently by different carbohydrates*-§. Recently, it 
was found that substitution of sucrose for starch in the 
diet of weanling and three month old rats caused metabolic 
changes’, and that diets containing sucrose, and more 
especially fructose, increased plasma cholesterol levels 
and carcass and liver fat of adult rats compared with 
diets containing dextrose or liquid glucose or a standard 
laboratory diet’. 

Long-term feeding trials in man under strict experi- 
mental conditions are difficult, but studies of primates are 
desirable to investigate further the possible connexion 
between dietary sucrose and ischaemic heart diseasc*-’. 
The susceptibility of baboons to develop atherosclerosis 
has been demonstrated", and at present we are using 
mature baboons (Papio anubis=P. doguera) for long- 
term feeding trials in which high carbohydrate diets are 
being compared. In preliminary studies with a small 
group of twelve animals, differences have been found 
between baboons fed liquid glucose and those fed sucrose ; 
the present findings support the accumulating evidence 
that dietary carbohydrates are not all metabolically 
equivalent. 

Sexually mature animals weighing about 9-5 kg were 
fed for 26 weeks on diets containing 74 per cent available 
carbohydrate, either as spray-dried liquid glucose BPC 
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Table 1, MEASUREMENTS ON BABOONS FED LIQUID GLUCOSE, Sucrose 
OR. CONTROL DIETS FOR 26 WEEKS* 
Liquid glucose Sucrose Control 
Total serum lipid, mean value 347429 458 + 27 341+ 22 
over 26 weeks (mg/100 mi.) 
&-lipoprotein fraction (precipita- 1-3 + 0-1 L8+0-1 1540-1 


tion index (ref. 18)), mean 
value over 26 weeks _ . 
Results at end of experiment 
4-2 


Energy value of food consumed 122-1 189-14 8-5 103-5 + 3-4 
{keal x 10°) 
Weight gained (kg) 1:04 0°57 2-2+ 0-51 264016 | 
Increase in thoracic girth (em) 0-3 + 1-41 33+ 1-70 2621-33. 
Bey, a fat+epididy- 33-647-0 815+ 5-2 SB6+197 
mal fat (g É 
Lipid content of abdominal 6052+108 80-24 1-7 64-3453 


depot fat (g/100 g) 


* The values are means and standard errors of means for groups of four. : 


mature baboons, two male and two female. Differences between sexes were 


not significant. E 
(ref. 12) (an aqueous preparation of partially hydrolysed — 
starch) or as sucrose, or a control diet containing 4T 
per cent available carbohydrate mainly as starch but | 
with some sucrose (4:5 per cent) and liquid glucose © 
(4:5 per cent). The results are summarized in Table 1. a 

The total serum lipid of the baboons fed the three diets 
increased during the first 2 weeks, and the increase was > 


greatest in the animals fed sucrose; at the end of the... 
experiment, the total serum lipid in these was significantly 
higher (P < 0-01) than in the animals fed liquid glucose ~~ 
The serum §-lipoprotein was alo o-< 
significantly higher (P < 0-01) in the baboons fed sucrose > 


or the control diet. 


than in those fed liquid glucose, while the corresponding 
value in the control group was intermediate. 

Although the animals fed sucrose showed trends towards 
higher food intake, greater weight gain and larger increase 
in thoracic girth than those fed liquid glucose, the differ- 
ences were not statistically significant. 

In the animals fed sucrose, the combined weight of 
abdominal and epididymal fat was significantly greater 
(P < 0-01) than in those fed either of the other diets. 
The abdominal depot fat from the animals fed sucrose - 
also contained significantly more lipid (P < 0-01) than | 
that from the other animals. “ae 

Small atherosclerotic plaques were found in some 
animals, but their frequency was not related to the diet 
used and the lesions were apparently of long standing. 

Qur initial results indicate that, compared with a high 


liquid glucose diet, a high sucrose diet increases the level — 
of serum lipid, and that this increase is associated with an = 
increase in the amount of abdominal fat deposited. Tf — 


these results with primates are confirmed in tests with 
larger numbers they could have implications for human 
diets. 
We thank Dr. G. A. Gresham for examining the aortae — 
at post-mortem. | 
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Breast Cancer in a Tree Shrew (Tupaia glis) 


On May 29, 1965, a female tree shrew—Tupaia glis 
sordida, according to the system of Lyon'—was found 
in a late stage of pregnancy on Tioman Island off Malaya. 
A nodular lesion measuring about 4 mm was present 
beneath the skin of the right thoracic breast near the 
nipple. No other lesions were found and there were no 
large ectoparasites. The animal was marked and released 
in accordance with standard procedure’. Three days later, 
the animal was found dead in a trap; the cause of death 
was not apparent, and the animal was well preserved 
and had obviously given birth since it was released, 
The carcass was injected with 70 per cent alcohol, and 
a week later placed in a strong solution of formaldehyde, 
and taken to the United States. On arrival it was washed 
in water and examined. 

The skin was intact except for a reddish-grey, wrinkled, 
somewhat indurated area of skin surrounding the right 
thoracic nipple, which measured about 4 mm in greatest 
dimension. The nipple itself was short and retracted. 
Beneath the skin about 1 cm to the right of this area 
and a little below it was a firm nodule 3 mm in diameter, 
which was not freely movable. A somewhat smaller 
area of discoloured and indurated skin was found near and 
above the abdominal nipple. The thoracic and abdominal 
breast nipples on the left side were prominent and intact, 
and measured slightly more than 2 mm in length. The 
skin on the left side showed no lesions and felt soft. 

Dissection of the skin from the thorax and abdomen 
on the left side revealed a layer of enlarged, lobulated, 
yellow breast tissue extending from the upper thorax to 
the inguinal region, which measured 5 mm in thickness. 
Dissection of the skin and underlying breast tissue 
from the right side was more difficult. In general, the 
breast tissue on this side was much thinner (less than 3 
mm), and less uniformly enlarged than on the left. Breast 
tissue was almost wholly absent from some parts of the 
thoracic and abdominal region. The subcutaneous 
nodule near the right thoracic nipple was found to consist 
of poorly demarcated, firm, grey tissue. The thoracic 
and abdominal viscera were grossly normal in arrange- 
ment and appearance. The bicornuate uterus was en- 
larged, and both uterine horns were dilated, which was 
consistent with the recent pregnancy. The ovaries were 
small. 

Sections of skin and underlying breast tissue from the 
intact left side of the thorax and abdomen showed well- 
preserved normal epidermis and dermis and a large amount 
of normal lactating mammary tissue. Much of the sub- 
cutaneous fat and breast tissue from the right side of the 
thorax and abdomen was replaced by an invasive malig- 
nant tumour of epithelial origin. 

The subcutaneous nodule consisted of (1) glandular 
tumour tissue (Fig. la); (2) extensive intraductal tumour 
growth with distension and inflammation of ducts; 
(3) a small amount of normal lactating mammary tissue. 
The tumour showed areas of acute and chronic inflam- 
mation with oedema and fibrosis, especially around the 
enlarged and greatly distended ducts filled with tumour 
cells and debris. Many tumour cells showed large secretory 
vacuoles in the cytoplasm, but only in the more differen- 
tiated portions of the tumour. Small calcified concretions 
were scattered throughout the tumour. 

Sampling of the skin from the entire right side showed 
that the tumour had spread from above the right thoracic 
nipple to a little below the abdominal nipple. Although the 
tumour was confined to the subcutaneous tissues and the 
dermis, leaving the epidermis largely intact, it had invaded 
lymphatic channels in the dermis and perineural spaces, 
compressing the nerves (Fig. 1b). There was an isolated 
intraductal papillary lesion in one section of lactating 
breast tissue which otherwise showed no abnormalities. 
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Fig. 1. Adenocarcinoma oč breast (a) with invasion of perineural spaces 
compressing nerve (+) of a tree shrew (Tupaia glis). (x 50.) 


A careful search was made for parasites in the tumour 
and in adjacent breass tissue, but none was found. 

This adenocarcinoma is the only tumour which we 
observed during a study of tree shrews on ths Malayan 
Peninsula over a period of 4 years. About 400 animals 
were observed carefully enough to ensure detection of 
tumours or other external abnormalities had they been 
present. Of these 75 per cent were adults, 55 per cent 
females and thirty-nine were pregnant. Although many 
instances of “spontaneous” benign and malignant tumours 
in sub-human primates have been reported, we have found 
no reference to neoplastic disease occurring in Tupaioidea’. 

This work was supported by a grant from the National 
Science Foundation aad a contract with the U.S. Atomic 
Energy Commission. We thank Prof. Howells, Dr. Albert 
Damon, Dr. H. W. Carter and Mr. H. W. Chooi for 
assistance at various stages of the work. 
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Evaluation of the Queue Leagh Distribution 
for some Queues with Correlated Inputs 


Tue need for further progress in the analysis of queues 
with correlated inputs has been referred to by Kendall! 
and Lindley?; while systems with randomly delayed 
regular inputs have been studied*-+, explicit results do 
not appear to be available except when the disturbances 
from regularity are small. Consider the case of a single 
‘server queue, with exponential service times pede 
(uot = p, the traffic intensity) and an input generaied by 
“superposing independent random exponential delays ,e-“dé 
on a grid of scheduled time-points . — 1, 0, 1, 2, 

-The characteristics of this system (‘ ‘model A” , say) a are so 


ace far unsolved, but Kendall has suggested that progress 


ght be possible if the model were modified by redistribut- 
g the arrivals randomly within each scheduled interval 
4 + 1) (‘model B”). Except when à is large (the 
arly regular case), model B approximates to model A. 
è- purpose of this communication is to show, with 
one that explicit results can be obtained with this 
pe of modified model. 

Let x be the number of overdue arrivals and y the 
mber queueing (including the one, if any, being served) 
time 1-, that is to say just before a scheduled point. 
ren (x) and (x, y) are each Markovian. If m and n are 
e corresponding values at 0-, the number of arrivals in 
l) ism + 1 — æ = a, say. Assume that the distribu- 
m of these a arrivals over [0, 1) depends only on the 








-values of n and a; this defines a class of models which 











< includes model A, model B and also, for example, model C: 
a all a arrivals at o+, and model D: all a arrivals at 1-. 

=>. For the Markov chain (2), the transition probability 
: “Pain is (37) pmti—z gz, (p = 1 — e, q = e), and the 
= “stationary distribution of x, wz say, can be readily com- 


E pee from the generating function 


Drz? = i (1 — q? + zq) 





-For the Markov chain (x, y), the transition probability 

 Pryimen is of the form Prim Pyja;n, Vanishes when 2 > m+ 1 

and also when x+y > m+n + 1, and equals pz,,e-# 
petn—aiia +n — y)! when m 4+ 1 <@+yom+n+ i; 
thus the transition probability matrix takes the form 





PN, Ny 0 0 O0 
PN, 2pqN, gN, 0 0O.. 
PINs 3p ‘aN, *pq Ma PNo 0.. 


iia where rows are labelled by m and columns by x, each 

element being a sub-matrix associated with a set of 

transitions for fixed m, x. The sub-matrices Na (in which 

rows are labelled by n and columns by y) are stochastic. 

N, is the same for all input models of the class, with 

{n,y)th element Oforn < y, e ."-¥/(n~y)!forn > y > 0, 
x} 


and e-#S, for y = 0, where Sy pee Aurit. Fora > I, 


= 


the (a + j)th column of Na is the same as the jth column 
of Ny when j > 1; the distribution of probability among 
the first a + 1 columns of Na depends, subject to the 
<- stochastic condition, on the particular input model 
tA, B, ete.). Accordingly, if the stationary distribution 
.) = Cr, the 
-probabilities cry satisfy equations of the form 


~s rml ae , r 
u(r ) pmti~-z gf em Nml- = e's 


It is advantageous to post-multiply by Nọ, which gives 


E (PII) pmtl—2 qe'm (Nm+i~—a2No7) = eN, . . . (1) 
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itself is given® By 'N, ia) = 
in the case of model C, NaN, = Us, ie 


U= 0 1 0 9 
0 0 1 0 
0 0 0 i 


Equations (1) can then be solved iteratively in any given = 
numerical case, providing u is not too near to l. For o< 
example, when e = 0-5 (that is, mean delay = 1-44 x o cs 
oe interval) and u = 2 (that is, traffic intensity + mee 

0-5), the stationary distribution is as follows: Seo ae, 


ziy p 1 2 3 4 5 6 
0 0-1657 00636 00387 06-0151 0-0044 0-0011 0-0002 
1 03490 0-0738 00302 00085 00020 00004 90-0001 
2 041803 00210 ©0057 06-0012 00003 
3 00334 06-0021 06-0004 
4 00026 60001 
5 00001 

0:7311 0-1606 00750 0-0248 06-0067 00015 68-0003 

















The known values of wz = Lezy determine at the sta: t 


of the caleulation the effective x-range (for example, fi 

= 0-1 one would take, say, 4 < x < 16); the effective 
y-range for each x is not predetermined but emerges as 
a by-product of the solution. Beginning with estimates — 


such as (Cre); = Os, (Coy), = = 0 (y > 0), one solves each of 
the equations (1) in appropriate order for the leading i: 


Cry on the right hand side, takes (Cxo)2 for the next cycle 


as Or — Bleu) and so on. The particular distributio 


fabulnted: es and also the one given below for model B, 
have been approximately checked by means of equivalent 
Monte Carlo runs. 

For model B, which is of particular interest, the 
(n, y)th element of Na can be shown to be ) 


en H yunta- y at al uS 
(m+ta—y)! buar E J-W] ° ie 
fory < a,a > 1, whence 


NaN,- 1! = 0. .0 — a! pal a! pa +1 +1 0 0. 
0...0 —a! poao a! pige 10. 
0. -0 L, 278443 ai 075443 0 1 e> 


a— i T 


The equations for the cz, can be solved auena | 
before. With e+ = 0-5 and p = 2, for example, t 
stationary distribution for model B is as follows: | 


zjy 0 1 2 3 4 5 6 7 
0 @0824 01026 0-0654 00272 00085 06-0022 0-0005 0-0001 
1 02371 01485 0-0571 06-0164 00039 0-0008 0-0002 

2 01450 0-0491 0-0116 0-0023 0-0004 0-0001 

3 00295 0-0055 0-0008 0-0001 

4 0-0024 0-0003 

5 0-000 


i 
> ©3060 0-1349 0-0460 ©0128 6-0031 0-0007 0-0001 


It is interesting to note that the probability of the. oe 
server being free at time l- is 0- "4965, slightly below the =- 
overall value 1 — pọ = 0-5; there is a phase effect, the 
value of any such probability varying with the position. 
in the time-grid at which it is measured. The phase _ 
effect is small except for large values of 4. Inthe extreme == 
ease of regular arrivals (A —> 00) re-positioned oneineach o 
grid interval according to model B, the eae of ee: 
the server being free at 1- can be shown to be ie 


) — Pte — 1) 


where ef- = B. When ¢ = 0:5 this comes to 0-473 
Part of this research was done duri ing the summer: 
1965 while I was working at the Statistical Laborator 


+ I am indebted to the referee for pointing out that this is a consequene Ot: 
the fact that N,(4)=exp(u0’). a 
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University of Cambridge. I thank Prof. D. G. Kendall 
for his encouragement and helpful discussions. 

T. Lzwis* 
Department of Mathematics, 
University of Western Australia, 
Nedlands, Western Australia. 


eon leave from Department of Statistics, University College, London, 


1 Kendall, D. G., Nature, 186, 344 (1960). 

* Lindley, D. V., J. R. Statist. Soc., B, 21, 22 (1959). 
* Winsten, 0. B., J. R. Statist. Soc., B, 21, 1 (1959). 

t Mercer, A., J. R. Statist. Soc., B,22, 108 (1960). 


Nature’s Time-scale 


Pror. McCormick! has recently suggested that “all 
naturally occurring phenomena proceed according to 
exponential functions of time and each process in Nature 
conforms to its own unique time scale”. The empirical 
equation: 
Y = exp (—kt-*) 

is suggested as an appropriate quantitative formulation, 
the values of k and c depending on the process considered. 

There is no doubt that an extremely diverse series of 
processes do indeed closely obey a law of the kind con- 
sidered, so long as they occur under controlled conditions, 
and it is well worthwhile to direct attention again to this. 

It must of course be noted that the formulation does not 
represent any natural phenomenon if taken literally, 
that is as valid for all values of ¢ up to infinity, but must 
be subjected to an arbitrary cut-off at a finite value of 
t at the end of the experiment or when the subject dies 
or is thrown away, etc. This objection may fairly be 
regarded as trivial but even so it is scarcely justifiable to 
claim that such a formulation is relevant to all natural 
phenomena. Even if we limit ourselves, from the entire 
range of nature, to a two-component biological system, 
there are two common classes which cannot be even 
approximately represented by such a formula. 

With changes only in quantitative properties of the 
components in such a system, we can illustrate the class 
which McCormick suggests to be universal, or either of 
the two quite different classes. 

Suppose that we start with a few individuals of a single 
species of herbivore, with no natural enemies, confined 
to a limited area on which grows a single species of vege- 
tation. : 

Case 1. Suppose that the vegetation is a continuously 
growing perennial type like a turf-forming grass and that 
the herbivore is a continuously breeding kind, with marked 
territorial habits, that is in which each breeding pair is 
able to defend an area adequate for the sustenance of 
itself and its offspring against other members of the 
species (as, for example, do grouse). The excess population 
unable to find unoccupied territory does not breed. Then 
the system will be well represented by one of McCormick’s 
curves in which there is an initial exponential growth of 
the herbivore population, which later slows down as the 
breeding population expands to occupy the whole area 
available. The population will then tend to a stable 
equilibrium which will remain unchanged until it is 
disturbed from outside or until the character of one of 
the species changes. 

Case 2. Suppose now that the herbivore exhibits no 
territorial behaviour, that the vegetation has a marked 
seasonal growth and that this seasonal growth continues 
fora period long compared with the breeding period of 
the herbivore. 

Again, the early part of the curve showing the growth 
of the herbivore population will be closely in agreement 
with the early exponential part of one of McCormick’s 
curves. As the growing season finishes, however, the 
herbivores may have reached numbers which cannot 
possibly be supported by the dormant vegetation until 
the next growing season; if they are reasonably efficient 
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at finding residual vegetation they will destroy this and 
the entire animal population will die, a result which cannot 
be represented from any modification of the exponential 
relation already given. 

Case 3. Here we will suppose a very large effect of 
abundance of food cm the fertility of the herbivores— 
whether this is physio.ogical or behavioural is unimportant 
-——together with a maturation period long compared 
with the recovery raze of vegetation. The latter will be 
supposed to be continuously growing as in Case 1. Here 
again the initial rate of rise of population is normally 
exponential, but as the food supply begins to dwindle 
the reproduction rate will drop. This will not at first 
reduce the number of consumers, so that the food and the 
reproduction rate wil dwindle more rapidly still untal 
the population begins to fall as a result of starvation or 
old age. Eventually 2 minimum number of animals will 
be reached which the damaged vegetation can just keep 
alive. No reproductior occurs in this period, and presently 
old age will begin t> remove further herbivores. The 
vegetation can then kegin to recover and will soon reach 
a level at which reproduction of the herbivores becomes 
possible again. Because maturation is slow, however, this 
does not for a long zime appreciably increase the con- 
suming population, aad the vegetation is able to escape 
from its limitation and build up to its original luxuriance. 

The herbivores can mow begin to expand exponentially 
again and, in suitable conditions, the process will be 
repeated indefinitely, ziving a stable periodic variation in 
herbivore numbers of the kind known to engineers as a 
relaxation oscillation. 

Such a periodic veriation must be represented by a 
Fourier series and cannot be even remotely represented 
by McCormick’s “general” equation. 

In real life none of shese cases will occur in so simple a 
form, but it would seem to me that a periodic solution 
of the general type of Case 3 is far more frequently found 
in nature than either of the other two. The conditions 
for such oscillations are well known to engineers; they 
occur whenever a charge of any quantity produces effects 
which will tend to reverse this change but which operate 
after a time lag. The aumerical relations determining the 
frequency of oscillaticn are given in any advanced text- 
book of electrical engineering. 

I should like to maze a final comment on the proposal 
for logarithmic scales of temperature or pressure. This, 
though undoubtedly advantageous in some ranges, is 
not so over the ranges commonly used. Let us write 
pT for temperature cn a logarithmic scale by analogy 
with pH; suppose thst we take what is now written as 
1°K as our “base” where pT = 0 so as to avoid negative 
values over our main working range. Then normal human 
mouth temperature will be pT = 2:4912 (36-9° C) while 
a high fever will be represented by pT = 2-4955 (40° C). 
When the temperature falls below pT = 2-436 there is 
danger of ice on the roads while on a hot day the tem- 
perature might reach £:493 in the shade. The entire range 
of biological phenomena will occur between pT = 24 
and pT = 2-6. This -s not convenient. Such quantities 
as specific heat or thermal conductivity would be no 
longer even approximately constant. The fact is that in 
most of our ordinary experience, and in much of our 
scientific work, we are concerned with temperature 
differences, not ratios, and the former are not readily 
handled on a logaritamic scale. I would invite Prof. 
McCormick to rewrite Newton’s law of cooling using a 
logarithmic temperatcre scale. 

In the case of pressure also, there are practical incon- 
veniences in recording small changes; Boyle’s law, for 
example, becomes verr awkward unless we also measure 
volumes logarithmicelly. Then, indeed, it becomes 
even simpler than the standard formulation, but it will 
be difficult to persuace the ordinary man that to order 
one unit of milk he w-ites 0 on the‘slate but to get two 
units he must write © 301. Incidentally, it is incorrect 
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to say that a perfect vacuum has never been obtained. 
- In any radiation-shielded experiment at very low tem- 
peratures, say 0-1°K or less, the vapour pressure even of 
helium is so low that there will be as many as one free 
molecule of gas in the cooled volume less than once a 
, century. 
' The logarithmic notation, as in the case of pH, or of the 
decibel used by the electrical engineer, is valuable where 
very long ranges are habitually used, with only moderate 
accuracy required. For limited ranges and high accuracies 
it ıs not advantageous. 


J. H. FREMLIN 
Department of Physics, 
University of Birmingham. 


t McCormick, N. G., Nature, 208, 334 (1965) 


PROF. FREMLIN’S criticism is based primarily on the in- 
ability of the equation, Y exp (— kt), to describe 
adequately natural processes that do not have apparent 
sigmoidal time-course curves. Of the three hypothetical 
situations presented, I agree that the first would describe 
a typical sigmoid curve which can be generated by the 
basic equation. The time-course of the type of process 
outlined in the second case would resemble a frequency 
distribution function, a curve which is generated by the 
first derivative of the equation!. My colleagues and I 
have suggested that the equation may represent a new 
type of distribution function?. The similarities between 
the parameters of the equation and those of the Weibull 
distribution function® have been noted‘. 
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Fremlin states that the third hypothetical case gives 
rise to a curve resembling that known as a “relaxation 
oscillation”, in which instance the resulting curve could 
not be generated by the equation. He refers to a stable 
periodic variation which implies to me that each cycle of 
growth must achieve the same maximum density before ıb 
declines into the death phase. If the curve describes a 
relaxation oscillation it must increase in some exponential 
manner to a maximum, then decrease in an exponential 
manner, as in Fig. 1A. Any process of growth as it occurs 
in nature will possess an induction period and the sharp- 
ness of the peak will be rounded off as in Fig. 1B. In this 
case the ‘relaxation oscillation” might be represented by 
the following series ‘of sigmoidal growth curves and 
sigmoidal decay sa 
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where Y, and Y; are the rates of increase for the phases of 
growth and Y, and Y% are the rates of decline for the 
death phases. As an alternative, the experimental curve 
might better resemble a series of distribution functions as 
in Fig. 10. This curve might be represented by the series 
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Depending on the values of k and c for each function, 
either equation can generate a relaxation oscillation in 
which each successive wave is diminished in amplitude. 
By proper selection of the limits of integration the duration 
of each succeeding cycle can be made to increase. These 
properties are more likely to be found in nature than an 
oscillation with periods of constant amplitude and equal 
duration. It may be of some interest that higher order 
derivatives of the equation generate damped oscillation 
curves with cycles of decreasing amplitude and increasing 
duration. 

A discussion of the aforementioned points is relevant 
to the acceptance or rejection of the proposal of exponen- 
tial time scales’. A polemic over the issue of logarithmic 
scales of temperature of pressure can, however, serve 
no useful purpose at this time. Fremlin states In several 
instances that inconvenience is a major reason for not 
considering these scales. It is my contention that the 
inconveniences are not insurmountable and are far over- 
shadowed by the possibilities of a better understanding 
of nature. The main point I am trying to make is the 
proposal that all processes in nature conform to exponen- 
tial functions of time, and that the time-scale of each 
process is exponentially related to the time-scale of every 
other process. I am proposing a different kind of clock 
than the one our senses dictate, an inconvenient clock, 
perhaps, but a clock that affords a different perspective 
into nature’s time-scale. 

I would like to point out that the equation applies 
ideally to a process in a closed system where the time- 
course of the process is determined by the initial conditions. 
So long as no outside influence is exerted on the system 
after time zero ({é,), the process (Process I) flows smoothly 
and continuously. The mstant any condition changes, 
Process I is terminated and a new process (Process IT) 
comes into existence, with new initial conditions and a 
new time zero (tọ). All preceding events experienced by 
the constituents of Process IT are of no consequence 
because they are all incorporated.into the new initial 
conditions. Thus Process II cannot continue to be timed 
in reference to the former tẹ but only with reference to 
the new +, involving its own initial conditions. 

My reply to the criticism of the statement concerning a 
perfect vacuum is that so long as the data must be ex- 
pressed as the probability of finding a molecule within a 
specified volume of space at a specified time, I can agree 
only that the probability approaches zero as the tempera- 
ture approaches absolute zero and, accordingly, the 
vacuum approaches a perfect vacuum. 

N. G. McCormick 
Department of Microbiology, 
School of Medicine, 
University of Virginia, 
Charlottesville, Virginia. 


1 McCormick, N. G., J. Bact., 88, 1180 (1965). 
2 Ya ; C., and McCormick, N. G., Spores, 3, 188 (Amer. Soc. Microbiol., 
1 i 


3 Weibull, W., J. App. Mech , 18, 298 (1951). 
t Vary, J. C., and Halvorson, H. O., J. Bact , 89, 1340 (1985). 
t McCormick, N. G., Nature, 208, 334 (1065). 
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ii (Meetings marked with an asterisk are open to the public) 


Sunday, September 4—Wednesday, September 7 
BRITISH ASSOCIATION FOR THE ADVANCEMENT OF SOTENOE (at Nottingham) 


“" Continuation of 128th Annual Meeting. 


Sunday, September 4 


At 10.45 a.m.— Official ‘Service at St. Mary’s Church. Preacher: Canon 
D. R. Feaver. 


Monday, September 5 | 


At 10 a.m.—Prof. J. S. Weiner: “Aspects of Human Adaptation” (Presi- 
` dential Address, Section H}. 


At 10a.m.—~Prof. J. N. Bradley: “Shock Waves in Chemistry and Physics” 
(Kelvin Lecture). 
At 10 a.m.—Dr. D. Noble: “How the Heart Beats” (Darwin Lecture). 


At 2.30 p.m.—Prof. R. L. F. Boyd: “The Rocket Age” (Young People’s 
Lecture). ‘ 


At 8 pm.—Dr. N. Tinbergen, F.R.S.: “Behaviour as Equipment for 
Survival” (Evening Discourse). 


Tuesday, September 6 

At 11.20 a.m.—Prof. E. J. Ball: “Economic Model Building for Control’ 
(Lister Lecture), 

At 2.30 p.m.—Prof. A. R. Gemmell: “Biology and Crime” (Young People’s 
Lecture). 


Monday, September 5—Friday, September 9. 


orra PRHARNACRUTIOAL CONFERENCE (at Manchester)--108rd Annual 
eeting. 


. Thursday, September 8 


INSTITUTION OF CHEMICAL ENGINEERS (at the Geological Society, Burling- 
ton House, Piccadilly, London, W.1), at 3 p.m.—Meeting on “The Further 
Education of the Graduate Chemical Engineer’. Chairman: Mr. F. E, 
‘Warner. Speakers: Prof. Frank Morton, Mr. H. Arthur and Mr. John Kane. 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or before the 
dates mentioned: 

LEOYURER or ASSISTANT LECTURER (with good professional qualifications 
and experience in ophthalmic See or in a related science) IN THE OPHTHAL- 
mic OPTICS SECTION OF THE DEPARTMENT OF PHysIcsS—The Staff Officer, 
The University of Aston m Birmingham, Gosta Green, Birmingham, 4, 
quoting Ref. 495/2 (September 9). 

LECTURER (graduate in science, already with, or wishing to have, experience 
and research opportunities in virology, including clinical virology) IN THE 
DEPARTMENT OF BACTHERIOLOGY—The Secretary, The University, Aberdeen 
(September 10). k 

ESEARCH FELLOW (honours graduate in physics, electronic engineering or 
geology) at the Tidal Institute and Observatory, to join a research project 
concerned with the investigation on a regional basis of tides of the solid earth 
and associated phenomena—The Registrar, The University, Liverpool, 3, 
quoting Ref. CV/207/N (September 10). 

SENIOR RESEARCH ASSISTANT or TEMPORARY ASSISTANT LECTURER IN 
THE DEPARTMENT OF SOCIOLOGY to contribute to the development of urban 
sociology and the study of consumer behaviour—The Secre , University 
of Edinburgh, Old College, South Bridge, Edinburgh (September 11). 

EXPERIMENTAL OFFICER or SENIOR TECHNICIAN IN THE RADIATION PRO- 
TECTION SERVICE which provides health physics services for the twenty-one 
departments in the University In which radioactive substances or fonizing 
radiations are used-~Dr. D. Hughes, Radiation Protection Officer, The 
University, Leeds, 2 (September 12). 

RESEARCH ASSISTANT (with a first- or upper second-class honours degree in 
botany, and special interests in plant pathology and fine structure of plant 
cells), and a TEOHNIOLAN (with experience in preparation, sectioning and 
electron microscopy of plant material) in connexion with research on electron 
microscopy of infection of plants by fungi—Prof. R. K, 3. Wood, Botany and 
Plant Technology Department, Imperial College of Science and Technology, 
London, 8.W.7 (Sept omber 12). 

EXPERIMENTAL OFFICER (with H.N.C. or university ordinary degree in 
science, and experienced and mterested ın histological techniques) IN THE 
DEPARTMENT OF MIOROBIOLOGY—The Professor of Microbiology, The Queen’s 
University, Belfast, Northern Ireland (September 15). 

TEACHING FELLOW IN MICROBIOLOGY at Rhodes University-——-The Associa- 
tion of Commonwealth Universities (Branch Office), Marlborough House, 
Pall Mall, London, 8.W.1, or The Registrar, Rhodes University, Grahams- 
town, South Africa (South Africa and London, September 15). 

LECTURER IN THR MECHANICAL AND ENGINEERING PROPERTIES OF 
MATERIALS (with particular reference to Poy merle materials)}—The Regis- 
trar, The College of Aeronautics, Cranfield, Bedford (September 16). 

RESEARCH ASSISTANT (graduate in either science or medicine) IN THE 
DEPARTMENT OF SURGICAL SCIENCE to work on experimental immuno- 
therapy of cancer, under the direction of Prof. M. F A. Woodruff—The 
Secretary, Department of Surgical Science, University of Edinburgh Medical 
School, Teviot Place, Edinburgh (September 17). 

SENIOR RESEAROH FELLOW (graduate in engineering, mathematics or 
physics) IN THE SCHOOL OF ENGINEERING, to work on an analytical and 
experimental investigation of rolling contact phenomena—-The Registrar, 
University College of Swansea, Singleton Park, Swansea, South Wales 
(September 17). 

SCIENTIFIC OFFIOER/SENIOR SCIENTIFIO OFFICER (with 8 good honours 
degree in botany or biology and preferably postgraduate experience in ecologi- 
cal research) to take part in the ceological studies of the Nature Conservancy’s 
Conservation Research Division at 1ts Monks Wood Experimental Station, 
Abbots Ripton, Huntingdon-—~The Natural Environment Research Council 
(E), State House, High Holborn, Landon, W.C.1 (September 24). _ 

ASSISTANT BOTANIST (man or woman graduate) at Wisley for duties which 
will include advisory work, dealing with queries on plant physiology, genetics 
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and chemistry, plant identification, cataloguing and labelling and committee - 


work—The Secretary, The Royal Horticultural Society, Vincent Square, 
London, 8.W.1 (September 3). 

CHEMIST (B.Sc. Hons.) IN TEH AUOKLAND LABORATORY OF THE DEPARTMENT 
OF SCIENTIFIO AND INDUSTRIAL RESEARCH, to work with a small group of 
specialists in the fleld of industrial chemical research and service, including 
pe ag in plastics, waters and corrosion-—The High Commissioner for New 

ealand, New Zealand Hour, Haymarket, London, -S.W.1, quoting Ref. 
B13/18/50/82384 (September 30). 

JUNIOR DEMONSTRATOR (non-medical) (preferably with experience in some 
branch of endocrinology) IN THE DEPARTMENT OF PHYSIOLOGY to assist in 
the practical teaching of uncergraduate students-—~Prof. A. A. Harper, The 
Department of Physiology, The Medical School, University of ‘Nowtaatle 
upon Tyne, Newcastle upon Tyne, 1 (September 30). 

LECTURER IN PHYSIOLOG@E or BIOCHEMISTRY (with special reference to 
cron Lar Registrar (Room 39, 0.R.B.), The University, Reading 

eptember ; 

LECTURER IN THE DEPARTMENT OF PHysics—The Registrar, The Uni- 
versity of Manchester Institcte of Science and Technology, Sackville Street, 
Manchester, 1 (September 30. 

LIBRARIAN to the proposed University of Bradford-—-The Registrar, 
Bradford Institute of Technology, Bradford, 7 (September 30), 

ASSISTANT LECTURER poraiy interested in experimental psychology) IN 
rote oo Registrar The University, Liverpool, quoting Ret. Cv. 216 

ctober 1). 

ASSISTANT LECTURERS (2) in the Bland-Sutton Institute of Pathology—— 
Iis eati r Hospital Medical School, Mortimer Street, London, 

. C er . 

SEORETARY (with a degree cr equivalent qualification in science or engineer- 
ing and experience of administration) OF THE PHYSICS DEPARTMENT, for 
duties which will include resronsibility for the technical staff of the Depart- 
ment, negotiations about research grants and detailed planning of a new 
ey for ab Sir Nevill Mott, Cavendish Laboratory, University of Cam- 
bridge, Free School Lane, Cambridge (October 1). 

LECTURER IN BIOCHEMISTEY at the University of Sydney, Australla—The 
Association of Commonwealh Universities (Branch Office), Marlborough 
House, Pall Mall, London, S W.1 (Australa and London, October 10). 

DIRECTOR (medical graduate with substantial research experience) OF 
MEDICAL RESEAROH at the Kanematsu Memorial Institute—H. R. Beer, 
Chief Executive Officer, Sydney Hospital, Box 1614, G.P.O., Sydney, N.S.W., 
Australia (October 81). 

READER IN History AND PRILOSOPHY or Scrence-—-The Secretary- 
General of the Faculties, Un-versity of Cambridge, The Old Schools, Cam - 
bridge (November 16). . 

LECTURER/SENIOR LECTURER (with a degree in veterinary science regis- 
trable in the State of Vietoris and postgraduate teaching or research exper- 
fence in veterinary pathology) IN THE DEPARTMENT OF VETERINARY PARA- 
CLINICAL SCIENCE, University of Melbourne, Australia—The Association of 
Commonwealth Universities (Branch Office), Marlborough House, Pall Mall, 
London, 8.W.1 (Australia and London, November $0). 

BIOCHEMIST for research on. dental caries in relation to dietary factors with 
porani reference to carbohydrate; and a CHEMIST for research on modified 

our and wheat starch and the study of potential commercial application of 
such products—The Director of Research, Research Association of British 
Flour Millers, Cereals Research Station, St. Albans, Herts, 

BIOCHEMIST to collaborate in research into lipoprotein metabolism in 
children—The Secretary, Institute of Child Health, 30 Guilford Street, 
London, W.C.1, quoting Ref. C jB. 

BOrTANIstT (with a B.Sc. with botany as a main subject and national of, and 
permanently resident in, the Jnited Kingdom or the Republic of Ireland) IN 
THE NATURAL CHEMOTHERAPEUTIUS RESEARCH LABORATORY, KAMPALA, 
UGANDA, for work which wil involve the identification and evaluation of 
local medicines for commercial exploitation—Ministry of Overseas Develop- 
ment, Room 404, Eland Hous, Stag Place, London, 8.W.1, quoting Ref. No. 
RC205/183/030. 

DEMONSTRATOR (graduate in biochemistry or chemistry) In BIOCHEMISTRY 
—The Acting Registrar, University College of Wales, Aberystwyth. 

ELECTRON MicROScOPIST twith extensive experience in preparing thin 
sections and familiar with the maintenance and operation of the Siemens 
electron microscope) in the Electron Microscopy Unit for duties which will 
include maintenance, demonstrating the equipment to potential microscope 
users, assistance in the deve-opment and application of new cytochemical 
techniques, and possibly the supervision of other electron microscopes- 
Lp asian tf Royal Free Eoaspital School of Medicine, 8 Hunter Street, 

ndon, W.C.1. 

EXPERIMENTAL OFFICER (graduate in electrical or electronic engineering) 
for workin connexion with the University of London Inter-collegiate Research 
Service for Chemistry and Related Sciences and to be responsible for the 
running and maintenance of a Decca electron paramagnetic resonance spectro- 
meter under the general surervision of Dr. K. D. Sales-—-The Registrar, 
Queen Mary College (Universiy of London), Mile End Road, London, F.1. 

LEOTURER (honours graduate interested in ponera: and social psychology) 
IN Psyonoroey—The Principal, Lanchester College of Technology, Priory 
Street, Coventry. 

MATHEMATICIANS to work on a wide range of prob ems arising from research 
into the utilization and dis:ribution of electricity; topics include: are 
physics, electro chemical reat tion kinetics, solid state devices, magnetism, 
electrical distribution systems, heat transfer, and the appheation of mathe- 
matics to life science—D. C, Page, Head of Personnel Services, The Elec- 
tricity Council Research Cente, Capenhurst, Chester, quoting Ref. N/29. 

MEDICAL RESEARCH COUNC-L POSTDOCTORAL FELLOW IN THE DEPARTMENT 
OF PHYSIOLOGY—Dr. J. C. Bwown, Department of Physiology, University of 
British Columbia, Vancouver B.C., Canada. 

PHYSICIST, BASIO GRADE (ionours graduate, male or female, in physics) 
in a newly established medical physics department serving Cornwall and 
South-west Devon, based in new pone at Plymouth General Hospital- 
The Hospital Secretary, Plymouth General Hospital, North Friary House, 
Greenbank Terrace, Plymouta, Devonshire. í 

PHYSIOLOGIST/BIOPHYSIOISS to study dan bag hope Tesponse to con- 
trolled changes ın environmertal conditions-——D. C. Page, Head of Personnel 
Services, The Electricity Ccuncil Research Centre, Capenhurst, Chester, 
quoting Ref. N/28. 

POSTDOCTORAL FELLOW I3 THE DEPARTMENT OF CHEMISTRY for work, 
supported by the 8.R.C., on the photochemistry of aromatic compounds-— 
Prof. D. Bryce-Smith, Department of Chemistry, University of Reading, 
Whiteknights Park, Reading. 

RESEARCH ASSISTANT (gracuate in engineering, mathematics, physics or 
geology, with research expemence, preferably ın matenals science, applied 
mechanics, structural or eng meeting geology) to undertake original work on 
the engineering propertie of rocks, the mechanics of rock fracture, the determ- 
ination of stress and strain in socks in situ, and the stability of rock slopes and 
excavations-~-The Regstrar, “he University, Sheffield, 10. 
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RESEARCH ASSISTANT (graduate in metallurgy, chemical engineering or 
allied fields with previous research experience) IN THE JOHN PERCY RESEARCH 
GROUP IN PROOESS METALLURGY, to assist in the administration of the 
research group and to conduct research on his own account (which could 
lead to a higher degree) in the fleld of high temperature process engineering 
applied to metallurgy—Prof. F. D. Richardson, Imperial College of Science 
and Technology, London, 8S.W.7. 

RESEARCH ASSISTANT (with a university degree in biochemistry, zoology 
or a related subject) to study aspects of the physiology and biochemistry of 
less complex nervous systems of lower an:mals—Dr. G. A. Cottrell, Gatt 
Marme Laboratory, University of St. Andrews, St. Andrews, Fife, Scotland. 

RESBAROH FELLOW (with a postgraduate qualification or experience im 
chemistry, biochemistry, and the chemistry and technology of adhesives) in 
DENTAL MATERIALS to ener errr in a broad programme of work on the 
development of adhestve dental filling materials under the immediate direc- 
tion of Dr. D. OC. Smith—Prof. E. Matthews, Department of Prosthetic 
Dentistry, Turner Dental School, The University, Manchester, 15. 

RESEARCH OFFICER (graduate, pass or honours, in chemistry, biochemistry 
or any related field, and preferably some postgraduate laboratory experience) 
IN THE DEPARTMENT OF BIOCHEMISTRY AND AGRICULTURAL BIOCHEMISTRY, 
for duties which will include administrative supervision of the day-to-day 
running of the modern research and teaching laboratories—The Acting 
Repastar, University College of Wales, Aberystwyth. 

ENIOR BACTERIOLOGIOAL TECHNIGIAN (A.I.M.L.T. or equivalent) IN THE 
PATHOLOGY LABORATORY-—The Establishments Officer, Zoological Society of 
London, Regent’s Park, London, N.W.1. 

YOUNG POSTGRADUATE PHYSICISTS, MATERIAL SCIENTISTS, ELROTRIOAL 
ENGINEERS, and MEGHANIOAL ENGINEERS to work on a new approach to the 
use of conducting, dielectric, and magnetic materials (also matenals with 
compound properties) in such applications as: cabling, wirmg, switching 
(at distribution, industrial and domestic voltages), heat transfer, and elec- 
trical machines—D. C. Page, Head of Personnel Services, The Electricity 
Council Research Centre, Capenhurst, near Chester, quoting Ref. N/85. 
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THE academic year now beginning in Britain is likely 
to be difficult for the universities, and not merely 
“because there will be some who expect that the dons 
of Oxford will have spent at least some of the long 
vacation following their Vice-Chancellor’s advice and 
reading the report of the Franks Commission so as to 
decide how—if at all—to respond to it. This is also the 
year in which the level of spending for the new quin- 
quennium will have to be fixed, that in which research 
budgets will feel the first real pressures of financial 
restraint, and the year in which the British Govern- 
ment’s long flirtation with what is called technology 
may crystallize into a frankly hostile public attitude 
towards institutions which are, in the last resort, 
cheerfully academic in their convictions and intentions. 
There is, in other words, a danger that, a year from now, 
British universities will be diminished in freedom, 
impoverished and robbed of their present pride of 
place at the apex of the British educational pyramid. 
As yet, there is no sign that they will lift more than a 
gentle little finger in their own defence. 

Perhaps the most serious difficulty is the uncertainty 
which has grown up, in the past three years, about the 
real function of universities on the British pattern. 
Curious though it may seem, the Robbins Report, 
which should have helped to define a sense of purpose 
for the universities, has instead helped to confuse the 
several issues now crying out for solution. Robbins 
implied, and everybody seems to agree, that a sub- 
stantially larger fraction of the British population 
than at present deserves some form of higher education. 
But how is this to be accomplished ? Robbins implied, 
and the universities joyfully agreed, that more uni- 
versities on the old pattern would be the best way of 
doing this. Only recently has it become plain that the 
Robbins solution may not have been the best way of 
meeting the need which Robbins cogently defined. In 
particular, it is probably a needlessly expensive solution. 

The eagerness with which the Secretary of State for 
Education and Science has embarked on the develop- 
ment of the polytechnics is one immediate consequence. 
It seems easier and cheaper to obtain more higher 
education by building up a second tier of would-be 
universities than to put more money into the existing 
institutions. In this atmosphere, however, it is bound 
to be hard for the universities to lay hands on the 
funds they need simply to keep ticking over. At the 
same time there will be created a gulf between the 
universities proper and the other institutions of higher 
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education. Everythinz would be simpler if only the 
universities themselves were to recognize two important 
sets of problems—the need of something corresponding 
to a cost-benefit analysis for higher education, and the 
need of a greater diversity within the system. Uninten- 
tionally, the Robbins Report has worked in the other 
direction, by making existing university practices seem 
the ideal, and by making it seem that all universities 
are entitled to the same uniform standards of staffing, 
accommodation and equipment. It is a step in the 
right direction that the Committee of Vice-Chancellors 
plans to support a study of the efficient use of univer- 
sity capital equipmert (see page 1113). 

The universities as a whole have also been uncom- 
monly slow to give atzention to their own curricula and 
methods of teaching. In half a century, the output of 
students has multiplied more than ten times, but what 
is taught and how kas not changed anything like as 
much. Yet it is hari to be sure that the old courses 
are still the best in c.rcumstances in which the univer- 
sities must and shoudd be increasingly concerned that 
graduates go into industry and business. It does not 
follow that universities should be more concerned with 
vocational training taan they are at present, but there 
is at least a case to answer in the argumenis of those 
who say that the standard academic diet should be 
more stimulating of those interests which are most in 
demand in the mod2rn world. Some universities, not 
all of them new, are trying out new kinds of courses, 
but these are only she beginnings of the experiments 
which circumstances demand. In the same way, 
though at a more humdrum level, the recent attempt 
by the universities themselves, under the aegis of the 
University Grants Committee, to show how better 
use might be made of audio-visual and other aids to 
teaching, served principally to show how much remains 
to be done before she universities will be able to do 
efficiently whatever job it is that they and the com- 
munity decide is nezessarye 

Research comes into this directly and not as icing 
on the cake. In the past the universities have too often 
conspired in the belief that the research which their 
staffs undertake is somehow distinct from the teaching 
process, and somthing which must be supported 
for its own sake. It follows that university research 
is even more vulnerable than university teaching when 
public funds are scarce. But in reality, the justification 
of university research is that it is an essential part of the 
process of producing competent graduates. In their 
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own interests, universities should now insist on this 
connexion, and take some trouble to show outsiders 
how research fertilizes teaching. For one thing, doing 
this would help to solve some of the pedagogical 
problems facing the universities. For another, it would 
help to bring some sense of realism to those who think 
the second-tier polytechnics will solve all the problems 
of higher education at a fraction of the cost of the 
universities. Most of all, however, a convincing 
demonstration by the universities that they value the 
link between teaching and research would help to 
fend off the attacks, which there are certain to be in 
the months ahead, on all those activities that are not 
somehow relevant to the process of keeping Britain 
solvent. 

This is where technology comes in. Just as there is a 
danger that the pendulum will swing too far against 
research, so it may swing too far against what is some- 
times called pure science. With the Ministry of Tech- 
nology growing bigger and stronger with the passage 
of time, and the Department of Education and Science 
(which is responsible for financing university research) 
anxious to know where to get money for teachers’ 
colleges, kindergartens and comprehensive schools, 
it is inevitable that things that smack of being tech- 
nological should command attention and public support. 
The fallacy is that technology is not some kind of 
antithesis of science, but an application of science. 
To pretend, as some now seem to do, that a country 
can become prosperous by technology alone is a little 
like saying that a man can hoist himself off the ground 
by pulling hard enough on his bootstraps. If the 
universities were more sure of what they are for in the 
modern world, they would be able to exert an invaluable 
influence in this misconceived tug-of-war between 
science and technology. 

But who are the universities? And who speaks for 
them ? This is the root of the trouble. The University 
Grants Committee has become a kind of government 
department. The Committee of Vice-Chancellors is still 
feeling its way, and only time will tell whether it can 
be an effective initiator- of the kinds of self-critical 
studies of the working of the university system which 
circumstances demand. (The chance that the Associa- 
tion of University Teachers, torn as always between 
the roles of trade union and professional organization, 
will be able to undertake such tasks is small but not 
to be dismissed outright.) Even within single univer- 
sities, there is often no means of subordinating the 
autonomy of individual departments to the need for 
common policies on matters as innocuous as entrance 
requirements. If there were time for leisurely solutions, 
it would be tempting to think of radical innovations 
in the machinery of university self-government— 
elected vice-chancellors, for example. But the threats 
to the character and status of British universities are 
urgent, and, in the nature of things, the universities 
will have to make their own defence. It would be 
ironical if their freedom were to suffer in the months 
ahead simply because they have exercised their freedom 
in such a way that there is nobody to defend it. 
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A POUND FOR A POUND? 


TuE Consumers’ Council is fighting a lonely but entirely 
just war with the Chancellor of the Exchequer over the 
decision that Britain should have a decimal currency 
in 1971. Decimalization as such is not at issue, of 
course—even the visionaries of the Duodecimal 
Society, dedicated to what they think of as a reform 
of the whole of arithmetic, would probably agree that 
Britain should enjoy the advantages of a decimal 
currency of some sort in the near future. 
dispute is whether the new coinage should be based, 
like the present, on the pound sterling as a unit, or 
whether the new coinage should be based on a unit 
equal to half the present £. The advantages of keeping 
the present unit are largely those of familiarity and 
continuity, although the Halsbury Committee held. 
that overseas confidence in the British economy might 
be undermined by the disappearance of the pound 
sterling. The chief disadvantage is that decimalization 
based on the £1 unit will make it necessary to legislate 
for half-cent coins, each of them equal in value to 1-2 
pence in the present system. By adopting £0-5 as the 
unit for the new coinage, a cent would have the 
manageable value of 1-2 pence, but it would also be 
possible to relate a great many existing coins to sensible 


decimal fractions of the new unit. In particular, the 
shilling and sixpenny pieces now in use would become,’ 


without change of value, the dime and the nickel of the 


new currency. E 


Obviously it is impossible ever to be sure which set 
of arguments deserves to win the day. It is also some- 
what irrelevant of the Consumers’ Council to make 
as much as it does, in its protest to the Chancellor, 
of the fear that decimalization with the pound sterling 
as a unit will give shopkeepers a chance to put up thcir 
prices; at the worst, that would be only a transitory 
effect. But it is entirely proper that the council should 
protest at the irrationality of the Chancellor’s reasons 
for sticking to the £. It is not good enough for him to 
say that the government “chose to retain the £ only 
after a full consideration of the many arguments 
for and against”, and then to fall back on the argument 
that the half-cent coin would be likely to disappear 
in the course of time. Even if the Chancellor is right 
in saying that he is counting on prosperity and not 
inflation to work this vanishing trick, half-cents are 
likely to survive for long enough to be a galling re- 
minder of the durability of vulgar fractions in British 
society. 

Those who worry about how the pence and half- 
pennies would vanish should take note of a C.S.I.R.0. 
training document on Dollar Currency prepared for 
“O” day when Australia went decimal and accepted 
the 1:2d. conversion: “It is imperative that on and 
after ‘O’ day cashiers, etc., should ‘accept halfpennies, 
pennies and threepences only in some combination 
which is a multiple of sixpence. Halfpennies, pennies 
and threepences should not be given out in change”. 
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NEWS AND VIEWS 


-! More and Longer Education 


CONTROVERSIES May rage over examination systems, 
school systems and the importarice of Oxford to the 


. nation, but two important facts should be kept in 


į mind—Britain is spending a larger amount and a 


j 


greater percentage on education and more pupils are 


` staying at school longer. These and other interesting 


facts emerge from the Statistics of Education published 
last week by the Department of Education and Science 
(H.M.S.0., 19s.). 

Expenditure by public authorities rose to £1,485 


.~. million in 1964-65, nearly three times the figure ten 


| 
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. years ago of £513 million, and representing an increase 
/ from 3-2 to 5-1 per cent of the gross national product. 


Of this total, £1,248 million came from the local 
education authorities and £147 million from the 
University Grants Committee. More than 60 per cent, 
‘or £785 million, of the total went to the primary and 
secondary education of 8,980,000 children, a 50 per cent 
increase on the £523 million spent in 1959-60 (during 
this period the enrolment increased by about 1 per cent). 
The expenditure and emphasis on new universities are 
reflected in the 126 per cent increase over the five year 
period, with £157 million spent last year. Teacher 
training represented the greatest surge forward with a 
growth rate of 180 per cent, but this is somewhat 
misleading for the increase is from £19 million to a 
slightly improved £53 million; the decrease in the 
pupil/teacher ratio from 24-8 in 1960 to 23-3 in 1965 
is an improvement but does not yet really ease the 
pressing teacher shortage in Britain. 
While there has only been a 53 per cent increase in 


_ expenditure on secondary education during the past 


~ 


“a 


- five years, 22-9 per cent of the 13 year olds in school 


-three years ago were still in school at 16 in 1965, 
compared with a percentage of 13-3 in 1956 and 17-2 
in 1960. The number of sixth-formers in maintained 
schools rose to 169,000 from 76,000 in 1958—partly 
because the age-group was larger but also reflecting 
the tendency to stay in school longer. While the 
percentage remaining in school drops off rapidly as 
pupils grow older, 11-4 per cent were still in school at 
17 and 4-1 per cent at 18, nearly double the figures for 
ten years ago. Even the public, non-maintained, 
schools show a similar, though not as spectacular, 
increase, with percentages of 69-5, 42-8, and 12-9 for 
pupils aged 16, 17 and 18, a steady increase from the 
figures ten years ago of 59-5, 33-1 and 11-4 per cent. 
In spite of the increasing emphasis on comprehensive 
schools, both the number of schools and the total 
enrolment of grammar and modern secondary schools 
has increased from 1955. During the same period, it 
is true, the number of comprehensive schools increased 
from 16 to 262 with an increase of 224,000 pupils. 
With more than three million secondary pupils last 
year, a much more radical increase in comprehensive 
enrolment must be effected over the next ten years 
if all schools are ultimately to be made comprehensive. 


University Efficiency 


` AN attempt to study the effectiveness of the use, of 


university buildings and other capital equipment is 
being sponsored by the Committee of Vice-Chancellors 
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and Principals of Universities of the United Kingdom. 
The intention is to recruit a person with experience in 
work study, operational research and the like to carry 
out a study, lasting two years in the first instance. 

C. F. Carter, vice-chancellor of the University of 
Lancaster and chairman of the sub-committee in 
charge of the study, called the project “down-to- 
earth”. “We have no large expectations to begin 
with,” he said, “but British universities have been 
conscious for some time that such a study is needed 
and there is no dcubt that there will be many areas 
to investigate.” The Committee of Vice-Chancellors 
decided that it would be more economic to make a 
joint study and agreed to sponsor such a programme. 

The programme will start with an efficiency study 
of lecture rooms in a medium-sized university—-how 
both hours and wzeks can be used most effectively. 
Another area of immediate study will be the use of 
undergraduate scisnce laboratories. The common 
practice in British universities of keeping separate 
laboratories equipped for each year of a degree course 
invariably leads to much wasted time and space. The 
sub-committee hopes to determine whether a more 
intensive use of laboratory space, which would 
require more techrical staff and the moving of equip- 
ment, would actually be more economical than the 
present system. On a wider scale, the study will be 
concerned with the actual cost per hour of expensive 
equipment, such as buildings—is centralization an 
economie and practical solution? No matter what 
conclusions are reazhed during the next two years, Mr. 
Carter feels that there is a permanent need for an 
advisory staff in this area. 

While the study can hardly fail to yield improve- 
ments in the use of capital equipment at British univer- 
sities, it will also have the immediate merit of enabling 
the universities to refute more easily the criticism that 
they are unconcerned about the way in which their 
expensive facilities are used. 


Medical Tapes 


Dr. A. J. Harrer of the National Lending Library for 
Science and Technology and director of MEDLARS, 
the medical information retrieval service, is treating the 
three year trial peziod of the service as an experiment. 
“The most important thing is to determine just how 
useful the service is—something that has never been 
studied before for any retrieval system,” he said. 

MEDLARS—or Medical Literature Analysis and 
Retrieval System—is an American import from the 
National Library of Medicine; started in Britain in 
the spring of 1965 it consists of both a computerized 
index to medical literature, the Index Medicus, and 
a search service based on the Indez. 

The study in S3ritain js operated jointly by the 
Computing Laborstory of the University of Newcastle- 
upon-Tyne and the National Lending Library for 
Science and Technology. Copies of the search tapes 
are flown over from Washington every month and are 
available at abort the same time as the monthly 
Index reaches the libraries; this is the third service 
to use these tapes—similar services are being studied 
at the University of Colorado and the University of 
California. The Computing Laboratory has been 
given a £27,000 grant for 3 years until the spring of 
1968 by the Office for Scientific and Technical Informa- 
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tion of the Department of Education and Science; 
they are primarily interested in the computer problems 
involved and for the past year have been programming 
the University’s English Electric KDF9 to carry out 
searches on the CCF tapes from the National Library 
of Medicine’s Honeywell computer. The National 
Lending Library is more concerned with training in 
computer searches and the collecting and editing of 
requests. 

_ In response to a researcher’s request, a list of cita- 
tions on a specific topic is compiled using the Index 
Medicus. Once a week, searches are processed on the 
computer; the aim is to provide a comprehensive 
subject search rather than a rapid answer service. 
Because the commercial computer time rate for a 
single search is in the order of £15, MEDLARS can 
only be economic where a detailed, extensive search 
involving either a large number of pertinent references 
or a large number of terms is involved. Since the 
service came into use 3 months ago, about 220 searches 
have been carried out and the weekly number has 
been growing as word has spread. The Library ran 
a series of four-day courses on the system for librarians 
and researchers last spring and is starting a new series 
of two-day courses this autumn. It is hoped that by 
properly explaining the system it will be possible to 
eliminate requests that could easily be done by a 
research worker using the Index for half an hour. 

“While it is still too early for any analytical results,” 
Dr. Harley said, “it seems that most references could 
have been found in the Index but would almost always 
have meant more work—say, 2,000 references instead 
of the 200 searched by the computer.” Besides com- 
paring each computer search with a search using tradi- 
tional methods, Dr. Harley hopes to get feed-back from 
all research workers using the service; they are re- 
quested to grade, on the basis of its usefulness, each 
reference which they receive. The thirty responses 
received so far have varied widely; however, some at 
least have discovered pertinent references that 
they would either have missed or have spent hours 
finding. Whether such cases occur sufficiently fre- 
quently to justify the cost of the service remains to be 
seen—Dr. Harley is waiting until next spring to reach 
any conclusion. 


Over the Rainbow 


More and more young British doctors are avoiding the 
economic plight of their colleagues by emigration. 
It is now estimated that about 650 doctors, or the 
equivalent of more than one-third of the output of 
British medical schools, emigrated from Great Britain 
and Ireland in 1965. In a British Medical Association 
Lecture delivered in Birmingham last spring and 
published this week in the British Medical Journal 
Gi, 576; 1966), Dr. John Seale of the Middlesex and 
St. Thomas’s Hospitals said that while there was a 
decline in the rate of medical emigration in 1961 and 
1962, from 1963 to 1965 the rate has been higher than 
ever before. 

Based on figures from the medical councils and 
immigration departments of the Commonwealth coun- 
tries and the United States, Dr. Seale estimated that 
emigration from the British Isles has increased from 
470 in 1960 to 553 in 1965. “These are estimates,” he 
said, “of the number of doctors leaving each year who 
will not return to the British Isles for many years— 
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if at all.” He added that an earlier study by Professor 
Brian Abel-Smith and Miss Kathleen Gales (British 
Medical Journal, ii, 53; 1964) showed that Common- 
wealth and United States estimates should be increased 
by 17 per cent to give a more accurate estimate of 
emigration to all countries, thus bringing the 1965 
total to 650. 

Reflecting this trend over the past few years has 
been the stagnation of the medical practice in Britain ; 
in the early fifties the number of general practitioners 
was increasing at the rate of 300-400 each year but in 
1965 there were 750 fewer than in 1960. Again, 
although the number of consultants in England and 
Wales increased by 1,084 between 1962 and 1965, 
Dr. Seale noted that this was nearly offset by a fall 
of 933 in the number of senior hospital medical officers 
in the same period. Junior hospital staff has been . 
increasing steadily but this is almost entirely due to 
the large influx of foreign doctors (Nature, 211, 448; 
1966). 


Halothane Safety 


HALOTHANE is a very popular general anaesthetic; 
it is not inflammable, does not irritate the respiratory 
tract, and produces little nausea and vomiting and few 
metabolic side effects. It is therefore not surprising 
that 5 years after it was introduced in the United States 
it had become the chosen agent in more than 40 per 
cent of operations requiring general anaesthesia. 

A number of unexplained deaths resulting from liver 
injury after halothane anaesthesia led to concern 
about its effects on the liver, and the National Academy 
of Sciences—National Research Council initiated in 
1963 a large-scale investigation of anaesthetics and 
liver damage. The report of the committee responsible 
for the survey, under the chairmanship of Dr. J. P. 
Bunker, has now been published (J. Amer. Med. Assoc. ; 
September 5, 1966). 

Thirty-four medical centres took part in the survey 
and contributed histor’es of 859,515 instances in which 
general anaesthesia of all types was used. The com- 
mittee found eighty-two cases of death due to massive 
hepatic necrosis in the sample. On examination only 
nine of these were found to be due to “unknown” 
causes. Seven of the nine dead had been given halo- 
thane. The course of the disease and the appearance 
of the liver in these cares were similar to those in viral 
hepatitis or to the appearance in chloroform poisoning. 
This incidence is very small and the committee states 
that if the drug does cause liver necrosis, it occurs 
rarely. It failed to establich any causal relation 
between halothane and hepatic necrosis, and in fact, 
the survey shows that halothane is, if anything, slightly 
safer than other common anaesthetics. The report 
comments that halothane has probably been examined 
as exhaustively as any drug in the history of medicine, 
but it is still impossible to give definite answers to a 
number of outstanding questions about halothane. 
The committee therefore recommends that this type 
of survey be applied to drugs as they come into use, 
through the setting up of a permanent panel of hospitals 
and institutes. It also calls for statistical surveys of 
deaths associated with anaesthesia and for a watch ' 
to be kept on cases of hepatic necrosis. 

An interesting and somewhat disturbing by-product 
of the survey is the finding of very considerable 
variations in the death rate after operation between 
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different institutions in the survey. The highest crude 
death rate was twenty-three times the lowest, and this 
cannot be entirely due to differences in the type of 
patient at the hospitals involved. A study of the 
reasons for these variations might also produce some 
interesting results. 


Organisms for Biology Teaching 


Tux boom in biology teaching in British schools, to- 
gether with the spate of interest in new curricula, has 
created curious and somewhat unexpected shortages 
of organisms for students to dissect or otherwise to 
use. Professor J. W. S. Pringle pointed out, at the 
' British Association last week, that the demands of 
biology teaching had themselves helped to reduce 
the size of populations of frogs in Britain, though it is 
likely that the increasing urbanization of the country- 
side and the difficulty of persuading men to collect 
wild frogs have contributed to the difficulties of the 
biological suppliers in meeting—at an economic price— 
the demands of the schools. Fortunately there is the 
promise of a substitute for the frog; the South African 
clawed toad, Xenopus laevis, is as suitable for dissection 
by juveniles, and has the added virtue that it can be 
bred in the laboratory, and that the tadpoles—which 
C are almost transparent—are valuable object lessons in 
' development. Precisely these advantages account 
for the popularity in recent years of the locust as an 
experimental creature. In the long run, however, the 
supply of traditional organisms for teaching is likely 
to be less of a problem than the need to supply un- 
familiar organisms. Biological suppliers, and some 
schools, have been hard pressed in recent years to 
know how best to handle distinctive mutants of a 
species of yeast used in a genetical study as part of the 
biology programme of the Nuffield Science Teaching 
Project, because one of the mutants tends to revert 
to the other. Problems like these are bound to become 
more common in the years ahead. 

Fortunately, some of the difficulties seem to have 
been fully anticipated. The Institute of Biology, 
independently and through the joint committee on 
biological education with the Royal Society, is but one 
of the organizations to have directed attention to the 
problem. The ideal outcome is a greater awareness 
among the biological suppliers of the needs of the 
schools, and a willingness to spend money on develop- 
ment, not merely of methods of culture but techniques 
of distribution as well. Another prerequisite of good 
management is that schools and school authorities 
should be prepared to pay the real cost of the more 
sophisticated service which the new curricula will 
require, and not just what it used to cost to supply 
_ each half a dozen pupils with a dogfish and a dozen 
_ frogs. In the long run, of course, it would be splendid 
if the universities—which have similar problems on a 
more exalted level—could keep an avuncular eye on 
what is happening in the schools. 


European Biochemistry 


‘ Tae Federation of European Biochemical Societies 
', (FEBS) was founded three years ago with the aim of 
promoting closer contact and co-operation among 
' European biochemists. The federation is governed by 
a Council of delegates from the constituent societies 
which meets under the chairmanship of the delegate 
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of the society responsible for organizing the next general 
meeting. So far. these meetings have been held 
annually, in London (1964), Vienna (1965) and Warsaw 
(1966). 

The third annual meeting was organized for the 
federation by the Polish Biochemical Society and was 
held during April 4-7, 1966, in Warsaw, under the 
chairmanship of Professor K. Zakrzewski. The meeting 
was the largest helc in Warsaw in recent years and was 
attended by 1,571 biochemists, of whom 545 came 
from Poland, 993 from other European countries and 
thirty-three from overseas, including three from China. 
The scientific programme consisted of an inaugural 
lecture by Professoz P. Grabar (Paris) entitled “L’im- 
munochimie des proteines”, thirty-eight invited lec- 
tures given in a symposium on “Properties and 
Functions of Genetiz Elements” and two colloquia, one 
on “The Biochemistry of Blood Platelets’, the other on 
“The Biochemistry of Mitochondria”, and 525 free 
papers. The contributions to the symposium and 
colloquia are to be published jointly in November of 
this year by Academic Press, Ltd., London, and Polish 
Scientific Publishers, Warsaw. It would be invidious 
to select for specia. mention any particular contribu- 
tions from the large number of papers presented at 
this meeting. There is little doubt, however, that, 
provided the present high standard is maintained in 
future years, the annual FEBS meeting will quickly 
achieve recognition as one of the most important 
scientific events for European biochemists. 

The federation is also active in directions other than 
the annual meetings. A programme of summer schools 
began in 1965 witk Professor H. R. V. Arnstein as 
chairman of the organizing sub-committee. The 1966 
programme involved schools at University College, 
London, on “Mechenisms of Enzyme Action”, organ- 
ized by Dr. B. R. Rabin, and at the University of 
Uppsala on “Separstion and Fractionation of Macro- 
molecules and Particles”, organized by Professor A. 
Tiselius and Professor J. Porath. Financial support for 
these schools has been given by the European Molecular 
Biology Organization, the Council of Europe, the Royal 
Society of London end the British Council. In 1967 
there will be two schools, one on “Steroid Bio- 
chemistry”, organized by Dr. J. K. Grant, which will 
be held in Glasgow Curing April 3-14, and the other on 
“Nucleic Acids”, whch will be held in Marseilles during 
September 11-16 ander the direction of Dr. M. 
Grunberg-Manago and Professor R. Monier. Details 
of the schools are advertised in the bi-annual FEBS 
Bulletin, distributecé to all societies in the federa- 
tion. 

The council of the federation, meeting in Warsaw, 
has taken a major decision to enter the publishing field 
with a general journal of biochemistry. This is 
planned to appear early in 1967 and has Sir Hans Krebs 
as honorary chairman, with Professor C. Liébecq as 
editor-in-chief, and the support of senior European 
biochemists as editors and advisers. The appearance of 
the journal will not however, add to the number of 
such publications, sir.ce an agreement has been reached 
whereby the new pvblication will succeed an existing 
biochemical journal. 

Information abou= the activities of the federation 
can be obtained from the Secretary-General, Professor 
W. J. Whelan, Royal Free Hospital School of Medicine, 
8 Hunter Street, Lordon, W.C.1. 
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Changeover at Mt. Stromlo 


PROFESSOR OLIN J. Eaazw has now taken up his new 
post as Director of the Mt. Stromlo Observatory, 
Canberra. He succeeds Professor Bart Bok, who has 
been at Mt. Stromlo since 1957 and who has now 
become Professor of Astronomy at the University of 
Arizona. Eggen, who is an American by origin, started 
his distinguished career at Lick Observatory. From 
there he moved to Canberra when Sir (then Dr.) 
Richard Woolley was director and when the 74-in. 
telescope was being built. Since the mid-fifties Eggen 
has moved between the Royal Greenwich Observatory 
(which is not at Greenwich but at Herstmonceux) and 
Pasadena in California. For a time he was assistant to 
the Astronomer Royal at Greenwich. 

Eggen is an astrophysicist who has spent much of 
his time making photometric observations and has 
studied motions of stars within our galaxy. He has 
said in Australia that he intends to concentrate the 
work of the observatory at Mt. Stromlo on observation 
and should in this be helped by the care with which 
Mt. Stromlo is being equipped. 

At this stage there is no knowing whether the arrival 
at Mt. Stromio of an American astronomer with close 
connexions in Britain will affect the issue of the 
Southern Hemisphere telescope. It remains to be 
decided whether the British Government or the 
American Government will eventually help with the 
building of a large telescope (with an aperture of 
150 in. or more) in Australia. Astronomers of all 
nationalities regret the delay there has been. 


Railway Relics 


Not only Mr. John Betjeman will be up in arms about 
the proposal by British Rail to dismantle St. Pancras 
and Kings Cross Stations, and it is bound to be some 
time before it is known whether one modern terminal 
will be built toreplace both monuments to the Railway 
Age. To replace St. Pancras and Kings Cross by a 
modern terminal would in any case be an unenviable 
task for the architect chosen, for he could scarcely 
contrive to improve on their combined merits; the 
flamboyant self-confidence of St. Pancras, offset by 
the sterner stuff of Kings Cross. The two buildings 
epitomize the ambivalence of the Victorian age. 

By guile or by accident, however, the railways board 
has made sure that there will be few technologists 
among those who will, no doubt, be lying in the road to 
impede the demolition men. It has been promised 
that when the soaring Gothic of the station eventually 
disappears, the arch of the station itself will be exposed 
for all to see. The arch was built by William Henry 
Barlow in the continental style in 1868. The vault is 
vast, and makes great use of cast iron arches and glass, 
although less elegantly than John Dobson’s Newcastle 
Central Station of many years earlier. The icing sugar 
hotel façade was added in 1874 to the designs of that 
high-priest of Victorian Gothic, Sir George Gilbert 
Scott. 

It seems churlish to carp at British Rail when their 
intention is to cut costs and increase efficiency; a 
more modern approach to the running of the railways 
is a right and proper end to pursue, but if St. Pancras 
and Kings Cross follow the steam engine into oblivion, 
for many the romantic flavour of the railways will be 
gone for ever. 
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University News: The City University 


Mr. K. J. Suone has been appointed professor and head 
of the Department of Management Studies. Mr. M. L. 
Meyer has been appointed to the second chair of mechani- 
cal engineering. Dr. R. N. Cox has been appointed to the 
second chair of aeronautics. Dr. R. C. Pitkethly has been 
appointed associate professor in the Department of 
Chemistry for three years. 


Appointments 


Dr. F. S. Damron, vice-chancellor of the University of 
Nottingham, has been appointed chairman of the advisory 
committee for Scientific and Technical Information, in 
succession to Sir James Cook, at present vice-chancellor 
of the University of Exeter and vice-chancellor designate 
of the University of East Africa. 


Dr. C. A. Spomw has been appointed director of operations 
of the National Environmental Satellite Center, Environ- 
mental Science Services Administration, in succession to 
A. W. Johnson who has been appointed deputy director of 
the Department of Commerce facility. 


Dr. K. O. Wricur has been appointed director of the 
Dominion Astrophysical Observatory at Victoria, B.C., 
in succession to the late Dr. R. M. Petrie. 


Announcements 


Tae London office of the National Institutes of Health, 
U.S. Public Health Service, is being closed as from 
September 12. The functions of this office will be trans- 
ferred to the N.I.H. European officein Paris. The research 
grant, fellowship, and other programmes of N.I.H. in the 
United Kingdom and other areas will continue as before 
with administrative responsibility consolidated in Paris. 
Further information can be obtamed from Dr. P. G. 
Condliffe, Chief European Office, National Institutes of 
Health, 2 Avenue Gabriel, Paris 8e. 


Tse British Society of Rheology has instituted a gold 
medal which will be awarded every three years for “‘the 
best contribution to the solution of an industrial problem 
by the application of fundamental rheological knowledge”. 
The first medal will be awarded next year, and the closing 
date for entries is May 1, 1967. Further information can 
be obtained from Mr. A. T. J. Hayward, National Engin- 
eering Laboratory, East Kilbride, Glasgow. 


CORRESPONDENCE 


Preprints Galore 


Sir,—-Your editorial of August 27 will be read with great 
interest and many biologists will agree with your state- 
ment that ‘The defects of IEG and PIE are no excuse 
for hiding from the problems which stimulated their 
emergence’. ‘These problems are to be discussed at a 
conference on ‘‘Communication in the Biological Sciences”, 
to be held during December 14-15, 1966, under the 
auspices of the Biology Group of Aslib and the Institute 
of Biology. The organizers hope that this conference 
will agree on the steps needed to deal with the problems 
of information exchange facing biologists working in 
laboratory and library. If so, it should guide the various 
bodies concerned with the publication, dissemination and 
retrieval of information. 


Yours faithfully, 
D. J. B. Copp, 


General Secretary. 
Institute of Biology, 
41 Queen’s Gate, London, 8.W.7. 
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AGRICULTURE AND CLIMATE 


At the end of July an interdisciplinary meeting was held at the University of Reading, 


to discuss the relationships between climate and agriculture. 


This symposium was 


attended by scientists from thirty-six countries, sponsored by Unesco, and organized 
by Professor A. H. Bunting, professor of agricultural botany at Reading, and Mr. L. P. 
Smith, president of the Commission for Agricultural Meteorology of the World 


Meteorological Organization. 
summarized here by Mr. L. P. Smith. 


Tue demand for the correct assessment of climatic factors 
when planning for the increased food production which is 
s0 urgently needed by an expanding world population has 
become a matter of prime importance-to both United 
Nations technical agencies and individual countries. Time 
is short, and if the fundamental scientific knowledge is 
as yet so incomplete that it cannot point immediately to 
the best solution to any specific problem, at the very least 
it should be adequate to avoid errors. The cost of the 
mis-use of land is no longer measured in terms of money, 
but in human lives. 

It is not surprising that agroclimatology is in an 
imperfect form. Both biology and meteorology are partly 
understood sciences of infinite complexity, so that the 
links between the two and the responses of a plant or 
animal to its physical environment are bound for the 
most to be tenuous and empirical, or, at the very best, 
semi-empirical. Empiricism, when applied by skilled 
brains, is an excellent tool with which to attack practical 
problems, but its Imitations have always to be borne in 
mind, otherwise considerable dangers can arise. 

The validity of any agroclimatological analysis depends 
basically on the depth of agrometeorological knowledge or, 
in other words, the way in which any of the manifold 
agronomic factors, growth, pest and disease incidence, 
depend on the weather. Considerable progress has been 
made in the past decade in several such problems. This 
progress has been made both on the micro-meteorological 
scale and in field research on a meso- or macro-scale. As 
& result, much more confident deductions can now be 
made regarding agricultural potential by the use of 
weather parameters than was hitherto possible. 

The increasing accuracy, on a practical scale, of such 
bio-climatic “models” leads to a greater demand for data. 
In the past, meteorological data, albeit of a fairly simple 
character, have been more plentiful than biological data, 
but in the future it is clear that progress must be made on 
both sides. For the meteorologist more radiation data are 
required, and problems of the routine measurements of 
evaporation or transpiration, and of soil moisture, with the 
attendant instrumental errors, exposure errors and 
sampling errors are nowhere near a satisfactory solution. 
In many areas, almost any biological or agricultural data 
would be an advance, provided that a degree of accuracy 
and representativeness is attained. An increase in plot- 


, trial data is attractive but recent micro-meteorological 
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The conclusions reached at the symposium are 


research casts doubts on the ways in which such trials 
can be interpreted meseorologically. The climate in which 
a plant grows depends greatly on the nature of the ground 
surface up-wind; this takes a considerable distance to 
become established so that small plots are not all ex- 
periencing the same weather on a micro-scale, especially 
when they have been randomized in conformity with the 
statistician’s designs. The science with the all-embracing 
brief, ecology, would eppear to be suitable to play a leading 
part in satisfying this need for more biological data, and 
yet it has provided ite exponents with so many fascinating 
by-ways that so far is seems to have made little progress 
along the main road to agronomic assessment. Perhaps 
the old practice of pnrenology needs reviving in terms of 
functional agriculture. 

In the absence of measurement of the precise meteoro- 
logical parameters required, principally radiation and 
evaporation. or transp_ration, many ways are now available 
to estimate such parameters, using data of a simpler 
nature which are more readily measured. Radiation 
estimates can be made from sunshine or cloud amount 
observations which, on average, are not much greater in 
error than direct messurements often made by inaccurate 
or poorly maintained instruments, but with transpiration 
the position is more difficult. So far as potential transpira- 
tion is concerned, as was pointed out at the Reading 
symposium, there now exist almost as many meteoro- 
logical formulae as there are religions. This comparison is 
not so ridiculous as i sounds, for each of these formulae 
have their extreme supporters who will hear no ill of their 
chosen idol and lose no opportunity to heap scientific 
scorn on the beliefs o7 others. Fortunately this frustrating 
combination of blind trust aud illogical intolerance is not 
common. to all scientists and with careful choice of formula 
appropriate to the coaditions under review it is possible to 
obtain a close approx_mation to the potential transpiration 
factor. 

Further troubles srise, however, in the search for an 
estimate of actual transpiration, which is extremely 
difficult to measure azcurately ın natural conditions. Here 
again “models” proliferate, and the results of small-scale’ 
experiments, both in the laboratory or in the field, tend 
to confuse rather then clarify. Progress can nevertheless 
be expected in this d-fficult aspect of the subject, for there 
are quite a few dissinguished micro-meteorologists and’ 
research plant physiologists carrying out research in 
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‘several countries. Many of them are associated with the 
production processes section of the International Bio- 
logical Programme, and the World Meteorological Organ- 
ization has recently formed a small working group to 
facilitate collaboration and the cross-fertilization of ideas 
and techniques. 

The correct interpretation of climate in terms of 
agriculture has always been one of te most important 
aspects of the problems of land-use in semi-arid zones. 
Three United Nations technical agencies, Unesco, 
F.A.O. and W.M.O., have recently joined together in 
sponsoring agroclimatological surveys of the semi-arid 
zones in the Levant and in the area of Africa lying to the 
south of the Sahara; one is an area of limited winter 
rainfall, the other of limited summer rainfall. These 
surveys, each carried out by a team of a -meteorologist 
and an agronomist, were discussed in detail at Reading. 
The methods used recerved general commendation from 
the meeting, especially when the limitations of time and 
data were considered. Sound precedents for such work 
were lacking, so that the degree of scientific caution which 
had been exercised met with general praise, in that no 
conclusion was reached or method of argument used 
without corroboration from the limited evidence available. 
In particular the treatment of the water balance was 
approved; this involved the choice of Penman’s formulae 
for calculation of potential transpiration, in that it was 
the least likely to introduce major errors ın this funda- 
mental factor. 

It was not suggested that these studies were either 
perfect or complete and more elaborate analysis was 
needed on a more local scale. Such analysis should include 
the theoretical investigation of the water balance for 
alternative systems of cropping. This follow-up action 
demanded increased co-operation with the existing 
research stations in the area and increased scientific 
activity by the countries concerned both in meteorology 
and agronomy, and, most important of all, greater 
collaboration between the two sciences. 

This collaboration is possibly the key to more rapid 
progress in agrometeorology but it is easier to specify 
than to bring about. It is always evident at international 
meetings, and Reading was no exception, that there is 
rarely a balance between the two sciences in terms of the 
numbers of participants. In only a small minority of 
countries does there exist a tradition of active co-operative 
research or investigation. The reason for this might with 
justice be traced back to the schools, where biology is 
often taken as an alternative to physics or mathematics, 
and few universities include adequate teaching of 
meteorology in any course of agriculture or horti- 
culture. 

The result is that, at postgraduate stage, there is no 
convenient common scientific language in which ideas 
can be exchanged. Beyond the universities, it is not 
common to find active collaboration between research 
stations dealing with agricultural problems and profes- 
sional meteorologists, although Britain is one of the 
conspicuous exceptions, and the closing of this gap is not 
made easier by the preoccupation of weather bureaux 
with the treadmill of forecasting and the fulfilling of 
insistent aviation demands fer meteorological aid. 

It is clear that a radical review of scientific education 
is needed in almost every country, but in the meantime 
there is an increasing tendency for agricultural meteoro- 
logists to work within the biological field. This process is 
resulting in more knowledge being gained in the basic 
problems and more reliable practices being advocated in 
agricultural advisory and extension services. A similar 
evolution is taking place in hydrology where the scientist 
is coming more and more to the aid of the water engineer. 
Indeed, as one of the clues to greater food production lies 
in the increased use of skilled irrigation, it may be said 
that agrometeorology and hydrometeorology must advance 
together, quite apart from the fact that both applied 
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sciences are fundamentally concerned with the water use `’ 


of crops and ground cover. 

The Reading symposium did not overlook the secondary 
effects of weather and the part which climate plays in 
determining the incidence and epidemiology of pests and 
diseases, both during growth and in storage. It also 
touched on the modifications of climate which are within 
the scope of the farmer. Irrigation and shelter have been 
used since time immemorial to ameliorate a difficult 
climate; in modern times, science is replacing art as the 
prime mover in such management. 

Climate assessment is also a factor in determining 
correctly the economics involved in-seasonal decision- 
making in practical agriculture. The risks, climatically 
speaking, of early or late planting of a crop can be 
interpreted in terms of economic risk, if the crop—weather 
relationships are known. The difficulty arises, however, 
in determining the variability of the climate. It is often 
thought, without much justification, that while weather is 
variable, climate is constant, but nothing could be more 
misleading. 

The climate of most areas of the world is constantly 
changing, and it is a matter of mortification that such 
changes, or climate trends, are rarely identified in 
meteorology until they have almost ceased to be effective 
in terms of agriculture—or, on the other hand, agriculture 
may have adjusted itself, by force of circumstances such 
as three successive crop failures, before any scientific 
guidance can be given. 

This points to the need for a relatively new line in 
meteorological, research, backed by modern data and 
machine analysis, with the aim of attempting seasonal 
forecasting or even forecasts of climatic change. There 
is no immediate hope of such aids to agronomical planning 
becoming available in the near future, but, as more is 
learnt of world circulation patterns and the forces behind 
them, then the more distant future may see a new scale 
of weather forecasting. 

In the past, agroclimatology has been a creature of a 
world more academic than practical, more of the lecture- 
room than the field, and bedevilled by the enthusiasm of 
the scientifically ill-equipped. Climatic classifications have 
been proposed, with criteria which owe more to the 
ingenuity of the originator than to any basic scientific 
truth, and have been applied on a world scale with a 
degree of labour and devotion that seems largely mis- 
applied. The gibe of ‘“‘little lines on little maps, drawn. by 
little men with little brains” is not entirely devoid of truth. 
Simplicity has often demanded, and been granted, the 
sacrifice of validity. While the world, and world science, 
owes much to its enthusiasts and non-conformists, the 
energetic worker with the second-class mind can cause 
infinitely more trouble than the gifted idler. 

The originator of any new technique, designed to make 
a practical approach to resolving an area of ignorance, 1s 
often aware of its limitations. His disciples, fired by the 
new possibilities, sometimes disregard these zones of 
uncertainty and apply new ideas rigidly and with limited 
imagination. The result can be chaos, and we would be 
well advised to remember the dictum of Descartes: 
‘‘Nothing must be accepted as true till it has been clearly 
recognized as being so; which means that every care 
must be taken to avoid haste and prejudice.” 

Haste, however, is inevitable in modern times, and the 
future of agroclimatology must take this into account. 
It must help to provide reliable answers to land-use 
problems, and provide them quickly. It must not only 
improve its own methods and techniques, but also must 
ask agrometeorologists to provide more reliable aids. 
Thus on one hand it must look to the furtherance of 
fundamental research on the micro-scale; on the other it 
must make the most use of macro-data. 

The data themselves must be improved and greater 
care must be devoted to establishing the radii of error 
involved. Short-term field experiments must be better 
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7 “planned and the results interpreted with care. In far too 
many cases experimenters tend to find the answers which 
they have (perhaps subconsciously) determined before 
starting the practical proving test. 

Interchange of ideas between biologists, physicists and 
mathematicians is essential; one of the major advantages 
of meetings such as the symposium at Reading lies not in 
the papers presented or the proceedings published, but 
the endless open-ended discussions which take part 
between scientific workers in different fields and from 
different parts of the world. 

The international technical agencies provide, at little 
enough cost, an immense service to humanity m organizing 
these meetings. An idea, picked up at Reading, may lead 
to a completed research in Tokyo which could resolve a 
practical problem in Argentina. The future, however, 
demands more than these interim aids to the improved 
application of science. Education, balanced in nature and 
pruned of its archaic inaccuracies, has to be advanced at 
all levels. Not only must the scientist of tomorrow be 
better armed at all points for his attack on ignorance, but 
the farmer of tomorrow must be better equipped mentally 
to make use of new discoveries. 
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It is probably true to say that a very small proportion 
of existing knowledge is properly applied to practical ° 
agriculture on a worlc scale. Errors are still being made in 
land-use that were made by the Romans two thousand 
years ago. Peasant wisdom tends to be forgotten, sound 
technical advice dos not advance rapidly enough to 
replace it. 

Unsound pseudo-sc-entific advice, unhappily, sometimes 
appears to advance very rapidly indeed and for this 
reason agroclimatology must maintain a very high degree 
of scientific honesty Even though the demands are 
urgent, facile approaches cannot be tolerated unless every 
precaution has been taken to eliminate error. 

The participants at Reading clearly realized these 
principles and, while -t would be untrue to say that every 
view advanced coulc be accepted without reservation, 
there was a conspicuous absence of anything resembling 
charlatanry. If we ere to survive on this planet, every 
advantage must be taken of the natural resources to 
produce more food, and we can no longer rely on the 
old-time, hit and miss, trial and error methods of a more 
leisurely. age. It is vital that SET OETOAEOIDEY and 
agroclimatology showd advance. 


PREDICTION OF ECLIPSES 


By D. H. SADLER l 


Royal Greenwich Observatory, Herstmonceux Castle, Hailsham, Sussex 


THE main object of this article is to review the most recent 
contribution to the prediction of solar eclipses, namely 
the Canon of Solar Eclipses’ prepared by J. Meeus and 
colleagues. Before doing so it may be. of interest to give 
some background and historical information about the 
prediction of eclipses in general. 

There are two essentially different methods of predicting 
eclipses: they can be predicted, without any real knowledge 
of the theories of the motions of the Sun and Moon, on 
the basis of mean periods derived from investigations of 
past records; and they can be calculated in advance, to 
almost any desired degree of precision, from theories of 
these motions. Gravitational theories of the motions of 
the Sun and Moon only became available in the past 
three hundred’ years, but they rapidly improved to the 
point at which predictions adequate for all practical 
purposes could be made without any difficulty of principle; 
the computational difficulties continued to be considerable, 
and it is only in recent years that electronic computers 
have made it possible to calculate the detailed circum- 
stances of all eclipses over several thousand years. 

At the instants of new moon (for solar eclipses) and full 
moon (for lunar eclipses) the Sun, Moon and Earth are 
aligned in longitude (that is, lie in the same plane per- 
pendicular to the ecliptic). Eclipses occur at such times 
when the Moon is sufficiently close to the ecliptic in latitude. 
The Moon moves in an orbit which is inclined at an angle 
of about 5°-15 to the ecliptic, and its latitude is sufficiently 
small for eclipses to occur only when it is close to the 

“nodes” in which its orbit intersects the ecliptic. ‘‘Ecliptic 
hmits” (of latitude, angular distance from the nodes, or 
more crudely of time from the “nodal passage)’ can be 
specified within which eclipses must or may occur’and 
outside which they cannot occur: These limits vary slightly, 
mainly on account of the varying distances of the Sun and 
Moon, but may be treated as fixed for general descriptive 
purposes. The important periodicities are therefore the 
synodic month or lunation (the interval between successive 


new or full moons) and the nodical_ or draconic month (the 
interval between successive passages of the Moon through, 
the nodes of its orbita. 

The main features. of the occurrences of eclipses (as 
contrasted with the. detail of times, magnitudes and, 
visibility) can be derived from a consideration of the 
mean values of these periods which, are, at the present 
time 
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29-53059 days 
27°21222 days 


lunation, L 
_ draconic morth, D 


— 
— 
— 
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Starting from a full o? new moon, at which the Moon is a 
fraction f, of a revolution past a node, it will be fn =, 
fo + 2:170392 n revolations past a node after n lunations; 
eclipses must, may, o? cannot occur according to whether 
the decimal part of fa is within prescribed limits. Thus, 
provided an initial value of f, is known, the main features 
of the occurrences of eclipses can be’ obtained in a simple 
calculable sequence. With the introduction of refinements 
arising from the consideration of the relationship to the 
year and to the anomalistic month (the interval between 
successive passages cf the Moon through perigee—or its 
closest point to the Earth), more detailed circumstances 
of eclipses (such as the nature of the eclipse, durations 
and areas of visibility) can be given. Such methods have 
been extensively devzloped and analysed by G. van den 
Bergh?. 
Most interest, however, attaches to the rational approxi- 
mations tothe decimal fraction 0-170392; a converging 
sequence (1/5,'1/6, 741, 8/47, 15/88, 23/135, 38/223, ...) 
is immediately obtamable from its representation as a 
continued fraction. Ihe ratio 38/223, corresponding to 
the Saros of 223 lunasions and 242 draconic months, is in 
error by only 0-000012, the equivalent of 0-04 days after, 
a cycle of 6585-32 dys. Eclipses therefore are repeated, 
but not at the same times of day, at intervals of 223 
lunations. Such regular cyclés, and even the more com- 
plicated patterns thet occur over shorter intervals, can. 
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be derived from an investigation of the occurrences of 
eclipses, without any knowledge of tho underlying reasons; 
the Saros was so derived by the Chaldeans in about 
750 B.C., and was probably used for the famous prediction 
of the eclipse of Thaies which is now considered to be 
that of May 28, 585 B.c. 

In view of the recent suggestions that Stonehenge was 
designed and built to serve as an aid for the prediction 
of eclipses, it is of interest to exami.:e how these “‘simple”’ 
cycles are related to the more complicated procedures 
put forward. Neglecting complicated refinements, there 
are six periodicities involved, only three of which are 
independent; these are the periods of revolution of the 
Earth about the Sun, of the Moon about the Earth, and 
of the nodes of the Moon’s orbit 


the year, Y 
the month, M 
the nodal period, N 


l! 


365-24220 days 
27:32158 days 
6798-37 days 


ii 


The derived periods are the lunation (L = 29.53059 
days), the draconic month (D = 2721222 days) and the 
eclipse year {the interval between successive passages of 
the Sun through the nodes of the Moon’s orbit, E = 
346-62005 days). Using lower-case letters for the daily 
motions in revolutions (for example, l = L, d = D), 
the following exact relationships hold 


=m—-y;d=min;je(=d-D=ytin 


For the prediction of eclipses, the only periods required 
are the lunation L and the draconic month D, or its 
equivalent; the nodal period N enters only in so far as 
it is necessary to derive D from other periods. 

G. S. Hawkins’ has suggested that Stonehenge was 
designed to mark the extreme and mean azimuths of the 
rising and setting of the Sun and Moon, corresponding 
to declinations of 0°, +65°2, +1893, +28°°5, +28° 6; 
although the evidence is far from conclusive, this sug- 
gestion is astronomically acceptable. He goes on to suggest 
that the purpose of this construction was to facilitate the 
prediction of eclipses, using a combination of observations 
over the markers with a simple computer based on the 
fact that the number (fifty-six) of Aubrey holes is about 
three times the nodal period N measured in terms of years 
Y (N = 18-613Y). F. Hoyle® elaborates the method of 
use, and his method may be briefly summarized as being 
equivalent to predicting the relative longitudes of the 
Sun, Moon and node by using 


Pai 


13 y = 2/56; m = 256; n = 3/56 y 


The approxımations to the periods are poor but they are 
only required to serve for short intervals, being monitored 
by deductions made from the observation of the azimuths 
of the rising and setting of the Sun and Moon. 

Both Hawkms and Hoyle base their suggestions on the 
number fifty-six and its relationship to the ratio N/Y, 
presumably on the grounds that the independent periods 
Y, M and N can be derived from the observations of 
azimuths; this is certainly true for Y and M, but some 
care is required to derive N (though not to the accuracy 
required) because of the possible error of 0:5 days 
in the time, and a corresponding error in the declination, 
of moonrise or moonset. As has been seen, however, the 
only relationship required for the prediction of eclipses 
is that between L (which is the first and most obvious 
periodicity to be observed) and D. A simple calculation, 
or even better a reference to a list of eclipses, since there 
is no change of principle over the centuries, provides the 
sequence of full moons at which lunar eclipses, visible 
from ‘Stonehenge, occurred. Because of the gaps this 
sequence is very complicated, but the Saros is readily 
seen; moreover, there are several recognizable shorter 
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cycles, particularly that of forty-seven lunations, though 
it is questionable whether such would have been recognized 
by @ primitive people. The sequence of risings or settings 
of the full moon in directions opposite to those of sunset 
or sunrise would fill the gaps, and, apart from solar 
eclipses, there are other, less likely, methods of determining 
the relationship between L and D from observation. 
Such information might suggest a single shift, at each 
lunation, of four stones in a circle of forty-seven; this 
would predict eclipses more simply and more accurately 
than Hoyle’s method. 

One further point should be clarified: with three in- 
dependent periods, there are two independent ratios; 
one of these, L/D, gives rise to the Saros in which 


223 lunations (L) = 6585-32 days 
242 draconic months (D) 6585:36 days 
giving 19 eclipse years (E) = 6585-78 days 


Il 


The other ratio, L/M, provides the Metonic cycle in 
which 


235 lunations (L) = 6939-69 days 
254 months (M) = 6939-68 days 
giving 19 years (Y) = 6939-60 days 


but 


I 


255 draconic months (D) 6939-12 days 
In his book® Hawkins refers to the Saros, which is funda- 
mental to the prediction of eclipses, as “the saros of 18 
years” and misleadingly refers to the Metonic cycle as an 
eclipse cycle because it operates as such over a very 
limited range; it is in fact only as accurate as the 13/12 
ratio for L/D. Hoyle! uses the relationship 223 L = 19 Æ 
with the comment “This is probably the method of the 
Saros used in the Near East’. F. Wheeler’ refers to the 
18-6 year ““Metonic cycle” and later to ‘‘the nodes circle 
the Earth once every 19-61 years—the Metonic cycle...”’. 
The nodal period N of 6798-37 days (= 18-61 years) is 
not an eclipse cycle and has no simple ratios with L, 
M or D. 

Clearly no definite answer can be given as to whether 
Stonehenge was designed and used as suggested; it appears 


` that it could have been so used, but it is strange that so 


complicated a procedure should have been used when 
apparently simpler methods were available. 

It is nevertheless interesting to note that Hoyle pro- 
pounds the concept of an all-powerful god at the nodes 
of the Moon’s orbit. Can he not know of the well-known® 
origin of the term “‘draconic”’ for the nodical month, or 
of the dragon that supposedly eats up the Sun or Moon at 
the nodal pomts ? god eats dragon ? 

A great deal has been written® about ancient eclipses 
and about the methods used by the ancient civilizations 
for their prediction; the Assyrians, the Babylonians, the 
Chaldeans, the Chinese, the Egyptians, the Greeks and 
the Romans were all able, in lesser or greater degree, to 
make predictions. And, generally, the basis was the Saros 
or an equivalent cycle. Hipparchus, who flourished in the 
second century B.C., is credited with the discovery of the 
nodal period, as a result of investigating the Chaldean 
and Babylonian records of observed eclipses; he was 
aware of all the principal periods involved. With this 
knowledge, the prediction of eclipses, though still an 
esoteric art commanding the greatest respect, became less 
specialized. 

With the introduction of the theory of gravitation, the 
prediction of eclipses became the supreme test of the 
theories and tables of the motions of the Sun and Moon; 
and it was for long regarded as an intellectual triumph 
to be able to predict eclipses to within a few minutes, 
and later seconds, of time. Apart from the technical and 
computational difficulties, which were considerable, 
precise times and local circumstances were limited by the 
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irregular rotation of the Earth; predictions over long 
periods were also uncertain on account of the unknown 
secular accelerations of the Sun and Moon, as 2 result of the 
dissipation and interchange of energy within the Sun- 
Earth-Moon system. The astronomer’s interest in ancient 
eclipses lies primarily in their use in determining such 
accelerations**, and much research into old records has 
been done for this purpose. 

In 1829 F. W. Bessel introduced the geometrical method 
of prediction that bears his name; this was used, in con- 
junction with the best available ephemerides of the Sun 
and Moon, for the predictions in the national ephemerides 
and is still so used. Meanwhile in 1887 Th. Ritter von 
Oppolzer produced his famous Canon der Finsternisse 
which gives the main circumstances of all (there are a 
few missing!) solar eclipses from 1208 B.c. to A.D. 2161 
and all lunar eclipses from 1207 B.c. to A.D. 2163. The 
basis of this enormous work consists of approximate 
tables of the motions of the Sun and Moon, in which only 
the prinicpal terms are included; the Saros was used to 
indicate the occurrence of the eclipses. Elements of the 
eclipses are given in an abbreviated form of Hansen’s 
method, and, together with the charts showing the central 
lines of total and annular solar eclipses, provide the data 
for its two main objects: to give the occurrence and the 
circumstances of future eclipses to a precision that is 
adequate for planning purposes; and to provide material 
for the identification and investigation of ancient eclipses. 
For long a carefully guarded scarce treasure, it has recently 
been made generally available by the publication of a most 
excellent reprint!!. 

The general introduction, ın 1960, of the concept of 
ephemeris time and of the ephemeris meridian made it 
possible to predict all the circumstances of eclipses without 
reference to the irregularities in the Earth’s rotation; 
a final reduction to the Greenwich meridian can be made 
simply at the time of the eclipse. Computer programs 
for these calculations, requiring only the date and the 
positions of the Sun and Moon (from other programs) 
as input data, were written at the U.S. Naval Observatory 
(which is responsible for the calculation of eclipses under 
international agreements) and elsewhere. 

This then is the background to the publication of the 
Canon of Solar Eclipsest. In this magnificent volume, 
J. Meous, who is an amateur astronomer, has given 
essentially all required data for the 1449 solar eclipses 
occurring between July 1898 and March 2510 with almost 
the maximum possible precision. Whereas Oppolzer 
used very crude tables of the motions of the Sun and Moon, 
Meeus has used modifications (based on his own tables‘) 
of the best currently available theories which considerably 
reduce the amount of calculation while preserving the 
high precision, of order 1”; also, because positions are 
required only near the times of new moon, many terms 
dependent on the elongation of the Moon from the Sun 
can be greatly simplified. With ephemerides of such high 
precison, Meeus and his colleagues have calculated, 
using rigorous formulae, and tabulated: (a) the general 
circumstances (date, time, nature, magnitude) in Part I; 
(b) the Besselian elements for each hour covering the whole 
eclipse in Part IL; (c) all data for the central line of the 
track on the Earth’s surface for central eclipses in Part ITT. 
These central lines are also plotted, as precisely as the 
scale will allow, on a series of charts similar in concept 
and design to those so usefully given by Oppolzer in his 
Canon. All the calculations have been carried out in 
terms of ephemeris time. 

The data given are not sufficiently precise for tho 
rigorous comparison of observation with theory, but they 
are almost as good as many observations are likely to be 
and they are certainly far more than adequate for all 
other purposes. With one important reservation, the 
volume thus pre-empts the data on solar eclipses to be 
tabulated in future editions of The Astronomical Ephemeria 
(A.H.). Ruefully it has to be admitted that a discrepancy 
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between the figures in the A.E. and the Canon for the 
annular eclipse of July 31, 1962, arises from an error in the 
A.E. (in the initial data, not in the eclipse calculation 
itself). At the request of the International Astronomical 
Union, detailed predictions of eclipses have been made 
available ten years in advance for the planning of eclipse 
expeditions, and so many years in advance of the systematic 
calculations for the ephemerides; the data available in 
Meeus’s Canon now meet this requirement and will make 
unnecessary the always dangerous practice of special 
non-systematic computations. 

A thorough invest. gation into the precision of Meeus’s 
ephemerides and eclipse data is unnecessary, as anything 
less than the rigorous evaluation of the internationally 
adopted theories is unsuitable as a reference standard; 
apart from the apprcximations there are also a few minor 
differences in the corstants used, but the main limitation, 
over the period of 6C0 years, is certainly the uncertainty 
in our knowledge of he secular accelerations. The eclipse 
data, in the 4.E. must, therefore, be continued and must 
be used in the reduction of observations. 

All the calculatiocs were performed on the JBM 1620 
computer at the Conputing Laboratory of the University 
of Ghent; this is a relatively small machine and nine 
separate programs were necessary, involving much 
handling of cards. The theory, the planning, the pro- 
gramming, the exesution and the production reflect 
the greatest credit on Meeus and his co-workers; as one 
example, the data in Part 1 are given for the time of 
closest approach rataer than for the traditional time of 
conjunction. Meeus also contributes a long introduction 
containing (in additicn to all necessary explanations of the 
data and methods of their calculation and use) much in- 
formation of interest regarding eclipse cycles, comparison 
with Oppolzer’s Canon, etc.; his enthusiasm and his 
energy appear inexhaustible. 

His enthusiasm has, however, overstepped his under- 
standing of the relationship between ephemeris time 
(z.T.) and universal time (v.t.). The difference, AT = 
E.T.—U.T., which depends on the departure from regu- 
larity of the Earth’s rotation, cannot be predicted; in fact 
estimates based on all available observations in 1957 
were 28 in error by 1960. Anxious to have values of AT 
in order to use Greenwich longitudes for the plots of the 
central lines, Meeus has used an incomplete formula for 
extrapolating values of AT; his values after 1963 are 
likely to be increas-ngly in error. Since his values of 
AT can result in a saift of up to 64° in longitude at A.D. 
2500, the tracks of tha central lines as plotted on the charts 
may be significantly in error as given—though easily 
corrected when betcer values of AT become available. 
The tabulated ephemeris longitudes should be used, with 
m.r. as the time argument; the tabulated values of AF 
and the deduced Greenwich longitudes should be ignored 
after 1963. 

Meeus’s Canon is none the less a monumental work, 
extremely well procuced; and it certainly is the “last 
word” in eclipse prediction. Could it possibly be that 
Stonehenge was the first ? 


1 Meeus, J., Grosjean, Carl t , and Vanderleen, Willy, Canon of Solar Eclipse} 
(Pergamon Press, Loncon, 1966). 

2 van den Bergh, G., Periozicity and Variation of Solar (and Lunar) Eclipses 
(H. D. Tjeenk Willink-and Zoon N.V., Haarlem, 1956). 

3 Hawkins, G, S., Nature, £00, 306 (1963). 

‘Hawkins, G. S., Nature, 202, 1258 (1964). 


ê Hawkins, G. S., and White, J. B., Stonehenge Decoded (Souvenir Press, 
London, 1986). 

* Hoyle, F., Nature, 211, 454 (1966). 

? Wheeler, F., New Scients:t, 31, 251 (1966), 

® Berry, A, A Short History of Astronomy, 48 (1898); and repeated in many 
text-books and histories. 


a See article ‘“Eclipse” in Encyclopedia Britannica, and in almost all histories 
of astronomy. s 


10% Jeffreys, H., The Earth, Tard edition, 222 (1952). 


11 Oppolzer, Th. Ritter von Canon of Eclipses, translated by Owen Gingerich 
(Dover Publications, E62). 


12 Meeus, J., Lables of Moon and Sun (published privately, 1962). 


1122 


NATURE 


SEPTEMBER 10, 1966 YOu. 241 


BOOK REVIEWS 


MOONS, MOTORS AND MARS 


Advances in Space Science and Technology 

Vol. 8. Edited by Frederick I. Ordway, ITI. Pp. xiv+ 396. 
(New York: Academic Press, Inc.; London: Academic 
Press, Inc. (London), Ltd., 1966.) 128s. 


PREVIOUS volumes in this series have provided lengthy 
reviews of known techniques or speculative essays on 
future developments in space science and technology. 
The present volume conforms to this pattern and con- 
sists of four lengthy contributions. 

The first is a persuasive discourse in support of the 
volcanic theory of lunar craters, by G. J. H. McCall. 
The author is a geologist, and his arguments depend 
largely on detailed examination of the pattern of the 
craters and the way in which the smaller bite into the 
walls of the larger. He also produces some interesting 
new comparisons with terrestrial features. His thesis, 
though it may have little impact on exponents of the 
meteoric school, really leaves them with a great deal to 
explain away. 

In Chapter 2, which runs to 130 pages, the structure 
of lunar eraters has yielded place to the structure of solid- 
fuel rockets. The case of a solid-propellant rocket not only 
houses the propellant but also has to withstand the hot 
pressurized gases and carry the flight loadings due to 
aerodynamic forces; furthermore, its weight has a critical 
effect on the rocket’s performance. The authors of this 
chapter, C. W. Bert and W. S. Hyler, provide a very 
thorough survey of the subject, covering stresses, struct- 
ural design, rehability, forms of fracture, fatigue behaviour, 
environmental effects and other factors, with 317 refer- 
ences to support their case. 

The third and longest chapter, by G. W. Morganthaler 
and G. E. Fosdick, is devoted to the future exploration 
of the solar system. Readers may quail when faced with a 
speculative preview extending to 150 pages. And they 
may also be irritated by the assumption that up to 1l 
per cent of the gross national product of the U.S.A. will 
continue to be devoted to space exploration: anyone 
with the smallest concern for the happiness of mankind 
could find better uses for $10! per year, or even 
$10°; and if that concern is absent, is our way of life worth 
exporting to the planets? However, any such irritation 
tends to evaporate as one reads on. Although the authors 
are prone to quote ‘authorities’ of doubtful worth, their 
survey is impressive in its scope and detail, They provide 
extensive tables giving a complete space programme, 
with costs yearly for the next three decades, including 
manned spacecraft for landing on Mars and fly-by of 
Venus. It is quite a relief to find that the total cost is 
only about $101. , 

In the final contribution, which is almost an appendix 
to the preceding one, E. A. Steinhoff considers the 
logistics of exploring Mars and its satellite Phobos. In 
particular he discusses how far to exploit extra-terrestrial 
resources instead of bringing all the required materials 
from earth. 

In its printmg, production and price, as well as its 
contents, the book maintains the high standard of 1ts 
predecessors. 

D. G. Kine-HEe 


GYRO-MECHANICS 


Mechanics of Gyroscopic Systems 

By A. Yu. Ishlinskii. Translated from the Russian by 
A. Barouch. Edited by T. Pelz. Pp. iv+313. (Jeru- 
salem: Israel Program for Scientific Translations; 
London : Oldbourne Press, 1965.) 135s. 


THis is primarily a textbook on the geometry and kme- 
matics of gyroscopic systems. As such it is excellent, 
particularly in the development of mathematical oxpres- 
sions where the author applies approximations immediately 
they become relevant and not, as is commonly done, at a 
stage long after the less mathematical reader has lost the 
trend of the argument. 

The scope of the book, however, 1s largely limited to 
geometry and kinematics. This, to some extent, is 
explained by the date of the first edition (1952) and that 
this is the first revision. Before 1950, the use of un- 
monitored gyros was almost entirely restricted to marine 
applications with a few exceptions such as the twin gyro 
guidance system of the German V2 rocket. The philosophy 
of this latter guidance system is clearly explained in the 
book. The continuous rolling and pitching of a ship 
makes gimballing errors of major importance, and a 
proper understanding of these, as is given in this book, 
is essential to the marine gyro designer. Since 1950 a 
vast amount of research and development has been done 
on gyros in connexion with mertia navigation. In this 
field, where the premium on space lmits gyro angular 
momentum to values two or three orders of magnitude 
less than those of marine gyros, investigations have of 
necessity been directed towards ways and means of 
minimizing random precession of the gyro, arising from 
such sources as instability of the position of the centre of 
gravity, frictional torques in the gimbal suspensions and 
anisoelasticity of the rotor bearings. ‘These topies are 
touched on in one chapter of the book and the few examples 
given are well chosen, but the treatment is too limited in 
view of the vast strides which have been made in the past 
two decades in the development of new suspension systems 
and in the development of single axis rate and rate 
integrating gyros. 

I consider this book excellent in its analysis of the 
geometry and kinematics of gyro mechanics but I hope 
that in a future edition the appendix on inertial navigation 
will be brought into the body of the book so that the 
mechanical design difficulties of small angular momentum 
gyros and the methods adopted to overcome them could 
be analysed and thereby add to what is already an 
excellent textbook. A. I. STEVENSON 


EMIL ARTIN, MATHEMATICIAN 


The Collected Papers of Emil Artin 

Edited by Serge Lang and John T. Tate. Pp. xvi+ 560. 
(Reading, Mass., and London: Addison-Wesley Publishing 
Company, Inc., 1965.) 102s. 


Emit ARTIN was born in Vienna in 1896. His father was an 
art dealer and his mother an opera singer. Artin himself 
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was a keen musician, playing the flute and several key- 
board instruments. 

His intercst in mathematics, he tells us, was not 
awakened until he was 16 years of age. But after that his 
rise to fame was very rapid. Although his studies were 
interrupted by military service in the First World War, 
he was appomted to the Faculty at the University of 
Hamburg ın 1923 and elected to a chair in 1926, Escaping 
from the tyranny of Nazi Germany, Artin emugrated to 
the United States in 1937. His stay in America, and espe- 
cially the twelve years he spent at Princeton, had a pro- 
found effect on the development of mathematics. Many 
mathematicians of many nations were thus given the 
opportunity of benefiting from Artin’s brillance both 
as a research worker and as a teacher. Artin returned to 
Hamburg in 1958 and remained there until his death in 
1962. 

Artin will rank as one of the great mathematicians of 
this century. His work is admired for its depth and for its 
elegance, and it is distinguished by an aesthetic approach 
to mathematics which is communicated in lucid and 
eminently readable expositions, however technical their 
contents, and whether composed in German or in English. 
It was his basic conviction that “we all believe that 
mathematics is an art’? and that “the author tries to 
convey the structural beauty of mathematics to his 
readers’, 

This volume is edited by Serge Lang and John T. Tate, 
who have prefaced the work with a short biography and 
an interesting discussion of some of Artin’s conjectures, 
several of which had not been previously published. 
They have also added a list of text-books and lecture 
notes which are not included in this volume. All Artin’s 
papers are reproduced in this collection. They are ar- 
ranged according to topics, the chronological order being 
preserved in each section, beginning with the doctoral 
thesis on quadratic fields. This is followed by the section 
on class field theory, which includes Artin’s celebrated 
discoveries on L-series and the general reciprocity law. 
The other headings are algebraic number theory, real 
fields, algebra and number theory, topology, and 
miscellaneous, 44 titles in all. Finally, there is a set of 
five general papers dealing with various aspects of mathe- 
matics, historical, educational and critical, which are 
addressed to a wide audience. Every mathematician, 
whatever his field of interest, will treasure this volume, 
which enshrines the work of a genius whose inspiring 
influence will extend far beyond his own generation. 

W. LEpERMANN 


WHITEHEAD DEFENDED 


Experience and Conceptual Activity 

A Philosophical Essay based upon the Writings of A. N. 
Whitehead. By J. M. Burgers. Pp. vii+ 277. (Cambridge, 
Mass.: The M.1.T. Press, 1965.) $7.50; 57s. 


THE purpose of this essay is to indicate a system of thought 
in which notions concerning values can find a place along 
with ideas of causal relationships which are applied in the 
physical sciences. It stems from Prof. Burgers’s admiration 
of A. N. Whitehead, and from his belief that the views of 
the great philosopher deserve re-interpretation and exten- 
sion because of their complexity and because Whitehead 
was not always the clearest of communicators. The basis 
of Whitehead’s doctrine is that in every act occurring in 
the universe, experience derived from that which has gone 
before is integrated with conceptions concerning possi- 
bilities. To this, Burgers grafts on the theme that through- 
out the universe there is an underlying purpose and design 
and that this can be discerned in the inanimate and ani- 
mate worlds; in the latter, this is reflected in conceptual 
activities even in the lowest animal orders. Although 
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Burgers recognizes th» difficulty of ascribing values to any 
but human activity, he is “convinced that values, 
intentions and anticcpation are not features of human 
life alone. I therefore believe that biological research can 
not come to terms with hfe unless it recognizes the 
effectiveness of such features in the activities of living 
organisms”. 

Such is the thread which winds through a book of vast 
scholarship supportec by copious annotation. Its mam 
defects are that argument fails to convince if premises are 
not acceptable—and Burgers’s are founded on assumptions 
which are not capabb of substantiation in much human 
experience—and thatthe attempt to elucidate Whitehead 
might have been more successful with less turgid prose, 
greater use of orthodcx grammatical construction, and the 
avoidance of words whose coinage seems to have come from 
an. overheated furnace. Inadvertently, however, the book 
may achieve its aim of drawing renewed attention to 
Whitehead’s philosophy; it should lead many students 
to re-read his works -n the original. 

T. H. HAWKINS 


DIFFRACTION AND COHERENCE 


Diffraction : Coherence in Optics 

By M. Françon. Translated from the French by Barbara 
Jeffery. Translation edited by J. H. Sanders. (The 
Commonwealth and International Library of Science, 
Technology, Engineering and Liberal Studies.) Pp. 
ix+139. (London amd New York: Pergamon Press, Ltd., 
1966.) 20s. net. 


THis 1s a book for students, bascd on the courses given by 
the author in the University of Paris. It contains a fairly 
detailed discussion o? a great number of special cases of 
diffraction, together with an elementary discussion of 
coherence. Prof. Erançon is known as a masterful 
lecturer, and ıt is therefore somewhat surprising that his 
course-book makes rether dry reading and has the charac- 
ter of a manual rathər than a text-book. I suspect that 
to save space he haz left out many of the ilummating 
remarks with which he illustrates his lectures, leaving 
only a skeleton of formulae. It is also somewhat surprising 
that in a book on diffraction phenomena which are 
all within the sccpe of Kirchhoff’s integral, that 
general formula canmot be found and even Kirchhoff’s 
name is not mentioned. But, lest one might accuse the 
author of nationalism, Fresnel zones are not mentioned 
either. 

This makes the tceatment rather too mathematical. 
I suspect that the beginner will have difficulties because 
of the reluctance of tke author to introduce Dirac functions 
on pages 32-34, for axample. Surely, ıt would help the 
beginner simply to state that the Fourier transform of an 
infinite sine wave is & Dirac function. It would also help 
him if he were to have been told, on page 51, that the 
Fourier transform of a periodically repeated signal goes 
over into a Fourier series, especially after such pains 
have been taken to work it out for one, two, . . . repetitions. 
Jt was probably the preocéupation of the author with 
physiological optics which made him introduce the 
resolving power of an optical instrument, which after all is 
an objective phenomenon, as something relating to the 
perception by an eyə with a pupil of 0-6 mm diameter 
and a contrast thresaold of 0-02. This too, I am afraid, 
can scarcely fail to cenfuse the beginner. 

All this had to be said in the hope that in the next 
edition the author will make this a much better book, 
but even as it stancs, it is a valuable introduction for 
second and third year physics students into this very 
important field. Tha many excellent illustrations make 
up for much that appears to be lacking in the text. 

D. GABOR 
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SOVIET QUANTUM RESEARCH 


Methods of Quantum Chemistry 
By M. G. Veselov. Translated by Scripta Technica, Inc. 
Translation edited by S. Chomet. Pp. xi+181. (New 
York : Academic Press Inc.; London: Academic Press 
Inc. (London), Ltd., 1965.) $7.50. 


Advances in Quantum Chemistry 
Vol. 2. Edited by Per-Olov Lowdin. Pp. xi+372. 
(New York : Academic Press, Inc. ; London: Academic 


Press, Inc. (London), Ltd., 1965.) 116s. 
THE current research literature of the U.S.S.R. can 
nowadays be read translated into Enghsh; text-books, 


research monographs, and even review periodicals cannot. 
A few books recognized as outstanding, like the works of 
Landau and Lifschitz, have appeared in translation 
several years after first publication, but most are never 
seen at all in western countries, and one has little idea 
of the character and scale of such secondary publishing 
in comparison with the bewildering abundance in the 
West. Do scientists in the U.S.S.R., in reflective assess- 
ments of recent work, assign importance to the same 
discoveries ? Do they have distinctive scientific attitudes 
to the role of theory in chemistry ? Is there a distinguish- 
able official “line” informing -their more critical writings 
and tending to influence the course of original work ? 
On present-day evidence, supported by the evidence of 
Methods of Quantum Chemistry, there are no such differ- 
ences. Indeed, there seems no particular reason why 
this book, which is a collection of reviews, should have 
been singled out for translation because most of the 
material, while perfectly soundly presented, is widely 
available in English language review publications. This 
is true of “‘Semi-empirical Methods in the Theory of 
Small Molecules” (T. K. Rebane), of the chapters on 
molecular orbital methods (Mestechkin), and theoretical 
reactivity studies in conjugated systems (Tupitsyn and 
Adamov). WNikitin’s article on “Interelectron and Non- 
Adiabatic Interaction ın Long Molecules”, and to a lesser 
extent Rebane’s on finite difference methods in molecular 
orbital theory, have greater interest on account of their 
discussions of the application of less familiar theorotical 
methods. M. G. Veselov’s connexion with the book is 
that of editor, a fact which is not disclosed on the cover 
and title page. It is regrettable that he ıs not also one 
of the authors. 

The second Advances in Quantum Chemistry is well up 
to the standard of the first. The articles are by Boys 
and Rajagopal, Fischer-Hjalmars, Blinder, McWeeny 
and Steiner, Jansen, Jehle and Löwdin. Good reviews 
are always to be welcomed; and as the original literature 
slips out of reach by its sheer quantity, recovery in 
digests and comprehensive reviews as good as in these 
Advances is the more worth while and essential. 

D. P. CRAIG . 


ONE- ARIES A FLAMES 


Flame Structure 


By R. M. Fristrom and A. A. Westenberg. (McGraw-Hill 


Series in Advanced Chemistry.) Pp. xii+ 424. (New 
York: McGraw-Hill Book Company, Inc.; Maıden- 
head : McGraw-Hill Publishing Company, Ltd., 1965.) 


$17.50; 140s. 


A FLAME is, at first sight, the obvious medium for the 
experimental investigation of high'temperature processes. 
It may be time-invariant phenomenon, almost completely 
free from surface effects and cheap to set up. Flames 
can be produced with a wide range of temperature and 
composition. However, the disadvantages of flames— 
having many components and large temperature and con- 
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centration gradients in the reaction zone—have caused 
many research workers interested in physical and chemical 
processes at high temperatures to dismiss flames as too 
complex to be suitable media for research. The authors 
of Flame Structure believe that this view is too pessimistic 
and their belief is fully substantiated by this book. There 
is no denying, of course, that flames are more complex 


‘than some other experimental media and that the steep 


gradients which exist in them make the analysis of flame 
data to obtain chemical kinetic information more dzrfficult. 
These gradients can, however, be measured accurately 
and taken into account in many cases and the expenditure 
of effort involved is amply repaid by the results 
obtained. 

This book is intended for combustion research workers, 
in particular for those working in the field of gas phase 
reaction kinetics. It is concerned primarily with measure- 
ments of the properties of pre-mixed, laminar flames and 


' with the interpretation of these measurements to obtain 


information on fundamental physical and chemical 
processes in flames. This type of flame is chosen because 
1t approximates closely to a one-dimensional flow system 
and is therefore the most amenable to quantitative analy- 
sis. It is also the best type of flame to use to assess the 
validity and accuracy of some of the experimental 
techniques commonly used in combustion studies. 

The book begins by dealing with the basic equations 
needed in discussing flame processes, together with an 
essential amount of relevant information on transport 
processes, thermodynamics and chemical kinetics. The 
basic equations for the conservation of energy and the 
conservation of species are given with emphasis on the 
forms of the equations applicable to flat and spherically 
symmetrical flames. The information which can be 
obtained from these equations 1s discussed as are the flame 
variables which have to be measured to do so. 

The second, and principal, section deals with the practi- 
cal measurement of the properties of one-dimensional 
flames. It begins with a description of different types 
of burners and of the ancillary flow metering and pumping 
equipment. This 1s followed by accounts of experimental 
techniques used to obtain flame velocities, temperature 
profiles, the concentration profiles of stable species (by 
probe sampling), the concentration profiles of free radicals 
and ions and by accounts of techniques for measuring 
distances and positions in flames, and obtaining flame 
photographs. 

Throughout this section careful attention is paid to 
essential practical details and clarity of presentation. 
Each technique is ilustrated by numerous excellent 
diagrams—somewhat over-elaborate in some cases—and 
photographs. In addition there are several compact 
summaries of useful practical data, numerous references 
and a critical evaluation of the accuracy of the results 
obtained by different methods of measuring the same 
physical quantity. Most of these techniques are not, of 
course, limited in their usefulness to one-dimensional 
flames but can be used in many combustion systems. 
Because of this, Flame Structure will also appeal to research 
workers who study flames other than the idealized ones 
with which the book is mamly concerned. The weakest 
parts are those dealing with spectroscopic measurements 
of flames. Descriptions of spectroscopic methods of 
determining flame temperatures and species concentra- 
tions are not given at the same,depth and with the same 
amount of detail as are descriptions of the other tech- 
niques. 

The chapter summarizing values obtained experiment- 
ally for the diffusion coefficients and thermal conduc- 
tivities of binary mixtures of gases is particularly valuable. 
Included also are the means for calculating the values 
of these transport quantities at flame temperatures either 
from the kinetic theory of gases or from values which 
have been obtained at lower temperatures. As the 
authors say, “The magnitude of the diffusion velocities 
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found in typical cases may seem surprising to anyone 
inclined to ignore diffusion and look upon a flame as a 
purely thermal phenomenon”. The importance of 
diffusion in sub-atmospheric flames is brought out very 
clearly here. 

The final two chapters deal with the information which 
can be deduced by applying the conservation equations to 
data on laminar flames. The two chapters cover the 
results on physical properties of flames and chemical 
reaction rates in flames, respectively; the latter subject 
is generally the principal reason for studying flames of 
this type. The chemical reactions considered are only 
those which are thought to occur in normal flames and 
the detailed descriptions of low temperature or “cool” 
flame kinetics which are commonly substituted for a 
discussion on combustion chemistry are not included. 
An account of the analysis of a fairly complete set of data 
on methane—oxygen flames is given as an example of the 
kind of information which can be obtained. Included also 
are summaries of the values of rate constants for 
elementary reactions in flames, given in the form of 
Arrhenius plots whenever a sufficient range of values is 
known. 

Within its framework this book is first rate and will 
be found very valuable by research workers interested 
in high temperature gas phase kinetics and by combustion 
engineers who need to make measurements of flame 
properties. Unfortunately, as a good deal of the material 
which appears here has been published previously, it is 
likely that many who would like to have their own copy 
of this book will find the price too high. 


D. R. JENEINS 


PROGRAMMING AND FLOW 


Programming, Games and Transportation Networks 
By Claude Berge and A. Ghouila-Houri. Translated by 
Maxine Merrington and C. Ramanujacharyulu. Pp. x+ 
260. (London: Methuen and Co., Ltd.; New York: John 
Wiley and Sons, Inc., 1965.) 55s. net. 


Tars book consists of two parts of nearly equal length. 
The first part, by Prof. Ghouila-Houri, is entitled “General 
Theory of Convex Programming”, and devotes its first 
three chapters to an account of the pure mathematics 
needed later in the book. The topics considered include 
vector spaces, linear manifolds, convex sets and convex 
functions, open, closed and compact sets, continuous and 
semi-continuous functions, convex hull of a set, inter- 
sections of convex sets, Von Neumann’s minimax theorem 
and the Farkas~Minkowski theorem. The presentation is 
clear and is adequate for a reader well grounded in a 
modern approach to pure mathematics, but those who do 
not possess such a background and are more interested in 
applications than in mathematical foundations would find 
the reading severe. The next two chapters are concerned 
respectively with programming and with convex pro- 
grammes with linear constraints, and are still mainly of a 
theoretical nature. The final chapter of Part 1, the shortest 
in the book, deals with games of strategy and is at a less 
abstract level than the preceding chapters. 

The second half of the book, by Prof. Berge, is entitled 
“Problems of Transportation and Potential’. The first 
two chapters give the necessary theoretical background of 
graph theory and a general theoretical study of flows and 
potential differences. The central theme is that of duality, 
first between cycles and co-boundaries of a graph, then 
between trees and co-trees, continuing with a planar graph 
and its dual graph, strongly connected graphs and graphs 
without circuits, flows and potential differences, cyclo- 
matic and co-cyclomatie matrices, and finally between 
the transportation problem and the problem of potential. 
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The whole treatment has unity and coherence and is 
extremely elegant. 

The remainder of ths book is entirely concerned with 
applications. A large number of algorithms for solving 
various flow problems are given and there is a chapter 
devoted to problems related to the transportation problem. 
The detailed examples illustrate methods due to Dantzig, 
Ford and Fulkerson, Eoy, Minty, and others. 

The book will be read with interest and pleasure by 
those concerned with theoretical aspects of the subject, 
and with profit by those interested in the applications. 
Although a number of 2rrors were noted, the presentation 
is of a high standarc and the translation reads well. 
There is an excellent index. H. O. FOULKES 


A USEFUL TECHNIQUE 


Agar Gel Electrophorasis 
By R. J. Wieme. Pp. xiii + 425. (Amsterdam, London and 
New York: Elsevier Publishing Company, 1965.) 110s. 


SOME years ago, in my review of Dr. Wieme’s thesis 
Studies on Agar Gel Electrophoresis, I expressed the 
hope that it would form the basis of a more widely pre- 
sentable work. This hope has now been realized. Agar 
gel is, of course, wide-y used for immunocelectrophoresis, 
but it is also a useful medium for simple zone electro- 
phoresis, having a separating power between paper or 
powder slabs and starch or acrylamide gel, and it is to 
this aspect of its use that Agar Gel Electrophoresis is 
mainly devoted. 

The first chapter provides an excellent account of the 
physics underlying electrophoretic processes in non- 
convective media and compares the properties of agar 
with those of other gels. (Incidentally ıt scarcely seems 
appropriate to give details in this chapter of the prepara- 
tion of acrylamide gels, which are not complete anyway.) 
The next chapter surveys the various techniques used for 
agar gel electrophoresis. This is followed by a chapter 
which chooses the taree techniques which the author 
considers to be of mcst general usefulness. These are a 
macrotechnique using gel on long glass plates, a micro- 
technique on microscope slides and a special procedure 
designated ‘“‘fluid film” which uses dilute agar. ‘The 
practical details are "ery adequately described. In the 
next chapter quantitative aspects are fully discussed, as 
are the properties of different varieties of agar, its chemis- 
try and purification and the preparation of agarose (the 
representation of ths linear agarose molecule is not 
correctly given). There is also a good discussion of various 
other properties of agar gel—endosmosis, interactions 
with electrophoretic substances and ion exchange and 
molecular sieve effects. Next comes a survey of the 
methods for rendering substances visible following electro- 
phoresis, which provides full details of reagents for 
proteins, lipids, carbohydrates, nucleic acids and so on. 
Of particular interes is the description of reagents for 
substances having erzymatic activity. There is a short 
but useful section on immunoelectrophoresis giving useful 
details of preparaticn of immune sera, electrophoretic 
procedures and intervretatiqns. 

The sixth and finsl chapter is the longest, occupying 
seventy-one pages. -tis a detailed review of the many 
applications of simp agar electrophoresis and covers a 
very wide field. Tho.gh it contains much useful informa- 
tion, this chapter suffers from being written in the style 
of a thesis where everything is included, important or not, 
and where arguments sometimes verging on the polemical 
are indulged in over matters not always worth arguing 
about. This does not help to make for easy reading, 
neither does the occasionally obscure English. Since 
1959, when Dr. Wiere’s thesis was published, the applice- 
tions of agar electrophoresis have grown enormously, 
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but so have those of other types of electrophoresis, not to 
mention non-electrophoretic methods. Consequently to 
concentrate on one technique, as this chapter does, 
carries the danger of giving the erroneous impression 
that this technique has played a major part in advancing 
knowledge in some important fields. Some examples are 
the isolation and properties of human ĝa serum globulins, 
structural studies of immunoglobulins (it is admitted 
in this section that “analysis on Sephadex columns also 
proved fruitful’ for this purpose !), human haemoglobin 
varieties and the study of plasmocytoma. Many of the 
detailed discussions of these and other subjects are scarcely 
relevant to a book of this nature and publications about 
them exist which cover all the analytical methods. 
This chapter does show that agar-gel electrophoresis is 
a useful complementary analytical technique, however, 
and the full coverage of the literature will be of great 
value to those who may want to use it for their own 
particular problems. 

Agar gel electrophoresis is probably not so widely 
used in Britain as it is in the author’s own country and 
other Continental countries. It has been used with great 
success in some important fields, a good example being 
isoenzyme studies. In general this book, well printed and 
illustrated, provides excellent guidance on the method- 
ology of agar gel electrophoresis and should encourage its 
wider use. R. ConspEN 


VANISHING PEOPLE 


Documents Anatoliens sur les Langues et les Traditions 
du Caucase 

Par Georges Dumézil. 3: Nouvelles Etudes Oubykh. 

(Université de Paris. Travaux et Mémoires de l'Institut 

d’Kthnologie, 71.) Pp. 269+6 planches. (Paris: Institut 

d@’Ethnologie, 1965.) 60 francs. 


Tue Ubykh are a small but important branch of the 
Caucasian family of peoples, closely related to the Cir- 
cassians and the Kabardians. Since Greek and Roman 
times, they are reported as inhabiting a stretch of the 
Black Sea coastline between Abkhazia and the Crimea, not 
far from the modern Sochi. In 1864, the Russian conquest 
of the Caucasus resulted in the total dispersion of the 
Ubykh people, one segment being deported to the province 
of Kostroma, the other preferring to emigrate en bloc to 
the Ottoman Empire, to join forces with their Muslim 
co-religionists. In both cases, linguistic and cultural 
assimilation proceeded apace. To-day, Ubykh is spoken 
and understood only by a handful of old men, and these 
are rapidly dying out. i 

The interest presented by the Ubykh and their language 
was appreciated by scholars over the past century; the 
Russian Baron Uslar, the German Dirr and the Hungarian 
Mészáros all produced valuable pioneer studies. Much 
remained to be done, however, towards recording the 
vocabulary and phonology of this unique language before 
its final disappearance. Prof. Georges Dumézil, of the 
Collége de France, whose publications in the Caucasian 
field cover more than 30 years, has for several years been 
making annual trips to the remaining Ubykh villages in 
Turkey to preserve and interpret the vestiges of Ubykh 
folklore and oral tradition. This latest volume in his 
series of Ubykh publications commemorates the centenary 
of the annihilation of the Ubykh nation by Tsarist troops. 
Opening with a historical narrative of the last years of 
the independent Ubykh people, and biographical notes 
on Ubykhs whom the author has known, the book con- 
tinues with nearly 150 pages of fresh Ubykh texts— 
traditional stories, anecdotes and personal reminiscences, 
of Caucasian and Turkish provenance—given with French 
and Kabardian translation. There is also an analysis of 
Hans Vogt’s Ubykh dictionary, published at Oslo in 
1963, as well as miscellaneous notes on Ubykh grammar 
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and personalia. With six plates depicting the life of the 
survivors of this dying warrior nation, the book is a 
worth while addition to all libraries of ethnography 
anthropology and linguistics. Davip M. Lane 





The Principal Diseases of Lower Vertebrates 

By H. Reichenbach-Klinke and E. Elkan. Pp. xii+ 600. 
(London: Academic Press, Inc. (London), Lid.; New 
York: Academic Press, Inc., 1965.) 126s. 


Tas book fills a gap in the literature and brings together 
a vast amount of information on the pathology, bac- 
teriology, zoology and parasitology of fishes, amphibians 
and reptiles. Itis not a ‘popular’ book but can be recom- 
mended to students. 

Although the cover citation states that the book “‘is 
designed to help owners of such animals to maintain 
healthy stock, to afford some explanation of the losses 
they invariably suffer and to suggest the means of avoiding 
their occurrence”, I consider it to be much too advanced 
for the ordinary owner. It will, however, find a place in 
laboratories which conduct post-mortem examinations 
and carry out investigations into losses of animals in 
these three groups. 

The problem of diseases in these animals is immense, 
and this book emphasizes the difficulties of diagnosis, 
particularly in fishes. The present outbreak of disease 
among salmon in the Republic of Ireland is a case in 
point. Despite weeks of careful investigation, no clear 
pronouncement on the cause of the trouble has yet been 
made. To a pathologist this book emphasizes the unity 
of pathology in all species. The diseases and parasites of 
domestic animals have their counterparts in the lower 
animals and the means of investigation are not dissimilar. 

Part I deals with fishes. Methods of investigation, 
infectious diseases, non-infectious diseases, environmental 
factors, healing of wounds and regeneration are adequately 
covered. Chapter 6 is devoted to lampreys, and Chapter 7 
deals with fish as carriers of human disease. In Chapter 8 
is given a useful review of the main symptoms and local- 
ization of fish diseases. Chapter 9 deals with treatment 
but emphasizes the importance of hygiene. Treatment at 
the moment does not seem too promising and prevention 
is obviously to be aimed at. Part IT deals with amphibia, 
and Part III with reptilia, on similar lines to those on 
fishes. 

Altogether this book is most interesting and the authors 
are to be congratulated. H. Q. LAMONT 


Advances in Chemotherapy 

Vol. 2. Edited by Abraham Goldin, F. Hawking and 
Robert J. Schnitzer. Pp.x+330. (New York: Academic 
Press, Inc.; London: Academic Press, Inc. (London), 
Ltd., 1965.) $13. 


Like its predecessor, this book devotes nearly half 
its space to the chemotherapy of cancer, but the em- 
phasis is perhaps more derived from the volume of 
work than the rate of advance in this field. What 
advances have been made in the recent past stem not 
from new drugs but from the more skilful clinical applica- 
tion of those drugs already available. This is described 
with a fascinating precision by Frei and Freireich in 
their account of the four-drug attack on leukaemia being 
conducted in the United States. Wallace Fox’s chapter 
on, “Tuberculosis” presents a most interesting comparison. 
He also describes a pattern of combined therapy with 
streptomycin, p-aminosalicylic acid and isoniazid, and 
even though the antitubercular drugs available can 
achieve cures—-which are most rare in the leukeemias— 
the author comments that “100% success has only been 
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achieved in the best hands”. This chapter as a whole, 
excellently written though 1t may be, fits oddly into the 
series. Much of it is devoted to discussion of the relative 
merits of institutional and domicilary treatment and this 
surely is much more a medico-social question than a 
problem of chemotherapy. 

The two chapters, one on “Cephalosporins” and the 
other on “Olivomycin, Mithramycin, Chromomycin: 
Three Related Cancerostatic Antibiotics’, are perhaps 
the best models for collections of this sort. They deal 
most readably with limited topics, authoritatively enough 
for the expert while still maintaining interest for the 
general reader. To a slightly lesser extent, the same is 
true of the very different chapter on “Systemic Control 
of Plant Nematodes”. But of the chapter on “Purine 
and Pyrimidine Analogs” one can only agree with the 
authors themselves when, they say that ‘To some extent 

. . readability has been sacrificed to logic. ... This 
proves a severe disadvantage in a book that has been 
produced to be read. WALTER Davis 


Human Nutrition and Dietetics 
By Stanley Davidson and R. Passmore. 
Pp. xii+ 864. (Edinburgh and London: 
Livingstone, Ltd., 1966.) 958. net. 


In bringing this invaluable text-book on human nutrition 
up to date the authors have revised all the sections and 
brought the bibliography up to 1965 to include most 
recent revisions of recommended allowances of nutrients 
and other such important material. Chapters on the 
composition of the body, appetite and satiety, proteins, 
fats, carbohydrates, poisons, various deficiency diseases 
and the population- problem have been completely 
rewritten. 

In Part IV of the book, which is concerned with diet 
and physiological stress, the chapter on nutrition and care 
of the aged is considerably revised and new statistical data 
are included as well as a brief comment on social aspects of 
the problems of the increasing numbers of aged members of 
the population. This is only one example of the way in 
which the text has been improved since the first edition 
in 1959. The book continues to be indispensable for all 
atudents and teachers in the field of nutrition and dietetics 
as it brings together in one volume the whole subject of 
food for man. It is written by medical authors but their 
language, style and approach are such as to be fully under- 
stood by both medical and non-medical readers. In fact, 
most of the text makes easy reading for the student or 
the layman. For those who need deeper knowledge of 
particular problems the references give proper leads into 
the relevant literature. References to recent reviews are 
especially useful and are given in many sections where 
only a brief treatment of a subject is indicated. 

A. M. COPPING 


Third edition. 
E. and 8S. 


Embryology of the Ovary and Testis 
Homo sapiens and Macaca mulatta. By Gertrude van 


Wagenen and Miriam E. Simpson. Pp. xvii+256. (New 
Haven and London: Yale University Press, 1965.) 56s. 


Dr. Gertrude van Wagenen and Dr. Miriam E. Simpson 
have provided a valuable illustrated atlas which compares 
successive stages in the development of the ovary and 
testis in Man and the Rhesus monkey. Half the volume 
consists of plates of photo-micrographs, and for this reason 
alone its price is very moderate. Unfortunately the text 
is limited, both in scope and in the quality of the interpre- 
tation. The descriptions are on simple classical lines, and 
the study extends neither to an electron microscopic 
analysis of the kind with which students of gametogenesis 
are now becoming familiar, nor to a quantitative analysis 
of the stages of development which are described. Students 
will, none the less, find the book valuable, since even if it 
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only confirms the class.cal picture of the development of 
the gonad, it provides useful background material with 
which those new to tha subject will be able to orientate 
themselves in their more detailed studies. 


Insects in Southern Africa 

How to Control Them—a Handbook for Students, Health 
Officers, Gardeners, Farmers. By Bernard Smit. Pp. 
xiv+399. (London and Cape Town: Oxford University 
Press, 1964.) 63s. net. 


No text-book of econoric entomology has been published 
in southern Africa sincs C. K. Brain produced his Insect 
Pests and their Control <n South Africa in 1929. Since that 
time many new crops and new pests have been introduced; 
and the method of control, whether by cultural and bio- 
logical means or by ths use of modern insecticides, have 
been transformed. Luring the past forty years Dr. 
Bernard Smit has been engaged in economic entomology 
in South Africa and has indeed been responsible for many 
of the advances that hsve been made. It is most valuable 
to have all this accumulated experience, much of which 
has hitherto been repcrted only in science bulletins and 
leaflets, brought together in book form. The book 1s 
wholly practical. Intzoductory matter is reduced to a 
minimum; no attempt is made to give more than the 
barest elements of insect anatomy, and insect physiology 
does not come into consideration. Clear and homely 
line drawings serve for identification. The msects are 
given their scientific, English and Africaans names; their 
life history and habits are clearly described; and measures 
of control are set out in a simple and effective style. The 
book is intended ‘‘for students, health officers, gardeners, 
farmers”. It will fulfil this purpose admirably and can be 
warmly recommended. It may even find use outside South 
Africa. V. B. WIGGLESWORTH 


Physical Properties o” Martensite and Bainite 

(Report of the Proceedings of the jomt conference organ- 
ized by the British Iran and Steel Research Association 
and the Iron and Steel Institute, held at Scarborough, 
10-12 May, 1965. Special Report 93.) Pp. 211. (Lon- 
don: The Iron and Steel Institute, 1965.) 100s. 


Tue physical propertiss of martensite and bainite are of 
great technological importance to the steel Industry and 
also provide challenzing topics of investigation for 
research workers in industry, the universities and research 
associations. This vclume reports the proceedings of a 
conference attended by representatives from these different 
backgrounds and successfully reflects the diversity of 
interest in the crystallography, morphology and kinetics 
of these classes of phase transformations. Highteen 
papers, which review tie field and describe recent research, 
are included. These were circulated to participants 
before the meeting and this has helped to produce an 
informed discussion which provides a major and valuable 
section of the book. Although the martensite and 
bainite reactions in steels are given prominence, work on 
non-ferrous metals and alloys is also described, emphasiz- 
ing the close relationsLip which exists between transforma- 
tions in a wide rangə of mdterials. The most striking 
feature of the book is she wealth of experimental informa- 
tion on the internal siructure of transformation products 
which has been revea.ed by thin foil electron microscopy 
in recent years. This should provide a stimulus to the 
further development of theories of martensite crystallo- 
graphy which have tndergone only minor modifications 
in the past decade. 

The papers and Ciscussion are of a generally high 
standard and the pres=ntation is attractive. In particular 
the Iron and Steel Institute are to be congratulated on 
publishing this report less than five months after the 
conference was held. A. G. CROCKER 
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MEETINGS 


PLANT TERPENOIDS 


A symposium on ‘“‘Terpenoids in Plants” was held in con- 
junction with the annual general meeting of the Phyto- 
chemical Group at the Department of Agricultural Bio- 
chemistry, Aberystwyth, during April 12—14, 1966, under 
the chairmanship of Professor E. Lederer (Gif-sur-Yvette). 
The symposium covered aspects of the occurrence, 
chemical structure, biosynthesis, and biological function 
of the major groups of terpenoids. 

In the opening lecture Professor T. W. Goodwin (Uni- 
versity College of Wales, Aberystwyth) reviewed some 
possıble biological functions of terpenoids in plants, in 
particular the role of abscisin in the control of leaf abscis- 
sion, the control of carotenogenesis in the (—) strain of 
Blakesleea irispora by trisporic acid and the stimulatory 
effects of sterols on oospore production by Phytophthora 
spp. and by Pythium spp. 

The biogenetic isoprene rule was reviewed by Professor 
D. Arigoni (Federal Technical College, Zurich). In the 
past few years a variety of sesqui-, di-, and triterpenes 
have been found which have structures which were not 
expected from the biogenetic rule. These apparent 
anomalies, however, can now be explained by several types 
of intramolecular arrangements which were outlined. 
Recent work on conformational analysis of terpenoids and 
steroids was described by Dr. J. S. E. Holker (University 
of Liverpool). He also showed how ‘the behaviour of 
terpenoid molecules during chemical reactions was corre- 
lated with differences in their molecular geometry. 

Methods of synthesis of mevalonic acid labelled with 
carbon-l4 or tritium, or deuterium in specific positions 
were described by Dr. G. Ryback (Shell Research, Sitting- 
bourne); these compounds can be used in the elucidation 
of the biochemical mechanisms involved in the biosyn- 
thetic conversion of mevalonate to terpenoids. The bio- 
synthesis and metabolism of monoterpenoids was des- 
eribed by Dr. W. D. Loomis (University of Oregon). From 
the results of experiments in which the incorporation of 
mevalonic acid and “4CO, into monoterpenes was com- 
pared, it was suggested that mevalonic acid was formed 
near the site of monoterpene synthesis, presumably from 
sugars. The monoterpenes seem to be metabolically inter- 
converted and these reactions are influenced by illumina- 
tion and by night temperature. 

Dr. A. C. Ochschlager (University of Strasbourg) 
described in vitro transformations, and particularly acid- 
catalysed stereospecific cyclizations of diterpenes; in 
many of the transformations the sequence of arrangements 
follows that of the proposed biogenetic pathways, such as 
in the acid-catalysed stereospecific cyclization of all-trans 
isoprenoid alcohols to trans decalins and the conversion of 
pimaladiene to abietadiene. 

The chemistry of sesquitérpenes was outlined by Dr. 
M. O. Sutherland (University of Brisbane), Although the 
sesquiterpenes are derived from farnesyl pyrophosphate, 
the reactions involved in the further transformations are 
not clear. For example, the hydrocarbon geijerene which 
has two asymmetric centres is isolated in racemic form and, 
therefore, cannot be derived as an artefact of isolation 
from elemol. The toxic principles of Myoporum deserti 
contain sesquiterpene furanoid ketones, related to myo- 
porone, which seem to arise by extensive allylic oxidation 
of unsaturated precursors. 

The chemistry of triterpenes was reviewed by Dr. T. G. 
Halsall (University of Oxford). Recent structural determi- 
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nations on more complex molecules and also on small 
amounts of compounds have clarified views on triterpene 
biogenesis. It is now clear that, after the methyl and 
hydrogen shifts accompanying the initial biosynthetic 
cyclization of squalene, oxidation occurs which leads not 
only to ketones and acids, for example, but also to loss of 
carbon, to bond fission, to further carbon-carbon bond 
rearrangement and even to new carbon-carbon bond 
formation. Such reactions were illustrated by reference to 
a number of triterpenes including platanic acid, nycthanic 
acid, limonin, swietenine, ceanothic acid and related 
compounds. 

The biosynthesis of phytosterols, reviewed by Dr. L. J. 
Goad (University College, Aberystwyth), appears to be 
similar in many respects to that of cholesterol in animals. 
The extra C,,-alkyl groups arise by transmethylatien pro- 
bably shortly after the cyclization of squalene. In plants 
it seems that lanosterol is not ın the biosynthetic sequence 
but that its place is taken by cyclo-artenol which has 
recently been found always accompanying the plant 
sterols. 

Professor R. Tschesche (University of Bonn) described 
recent experiments on the biosynthesis of steroid sapo- 
genins and related compounds. 21-'4C-A5-pregnene-36- 
ol-20-one glucoside is converted, in leaves of Digitalis 
lanata, to radioactive digitoxigenin, digoxigenin and 
gitoxigenin. Similarly, 4-14C-cholesterol glucoside is con- 
verted to tigogenin, gitogenin and diosgenin. There must, 
therefore, be a hydrogenase which saturates the A5 
double bond to give a cms configuration in ring A/B and 
hydroxylases which can introduce hydroxyl groups at Cy 
and C,, of digitoxigenin and C, of tigogenin. 

The introduction of infra-red, nuclear magnetic reson- 
ance and precision mass spectrometry into structural 
studies of carotenoids was described by Professor B. C. L. 
Weedon (Queen Mary College, University of London). 
Even if the older degradative methods have to be used 
they can now be combined with chromatographic analysis 
of the products so that as little as 5 or 10 mg of carotenoid 
can be used. The newer methods were used to determine 
the structures of capsanthin and capsorubin, and also more 
recently the structures of fucoxanthin and foliaxanthin, 
both of which are shown to possess allene groupings, have 
been investigated. 

Dr. J. F. Pennock (University of Liverpool) reviewed 
the chemistry and occurrence of the four major groups of 
terpenoid quinones, namely the vitamins K, plastoquin- 
ones, ubiquinones, and tocopherol quinones. These are 
all associated with intracellular organelles and their 
functions are associated with hydrogen transport by con- 
version to the corresponding hydroquinones although the 
possibility of biological reactions involved in cyclization 
to the chromanol forms may also be important. 

The biosynthesis of the terpenoid quinones was reviewed 
by Dr. D. R. Threlfall (Aberystwyth). The three major 
distal precursors of the quinones appear to be mevalonic 
acid which gives the terpenoid side-chain, shikimie acid 
which gives the aromatic nucleus of the p-benzoquinones, 
and methionine giving the ring methyls and methoxyls. 
Permeability barriers across organelles has hampered 
many of the biosynthetic studies. It is not yet clear 
whether prenyl phenols, analogous to 2-decaprenyl phenol, 
are universal precursors of the terpenoid quinones. 

Dr. EF. W. Hemming (University of Liverpool) described 
the recent isolation from green leaves of long chain poly- 
isoprenoid alcohols with chain lengths up to 110 carbon 
atoms. Each of these so-called prenols has more cis than 
trans isoprene residues and some of them resemble the pig 
liver dolichols because the double bond normally 8— to the 
hydroxyl group is saturated. The cis—trans prenols occur 
as a mixture of isoprenologues, varying with the species, 
the concentration in green leaves increases with age and 
the bulk of them is associated with the osmiophilic globules 
of the chloroplast; the rest occurs outside the chloroplast. 

J. FRIEND 
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HAEMORHEOLOGY 


No. 5034 


Tae First International Conference on Haemorheology 
was held at the University of Iceland, Reykjavik, during 
July 10-16, 1966. | 

Haemorheology—the study of the flow of blood and its 
components, of its coagulation and lysis and of the 
mechanical properties of the vessel walls—is of such 
practical importance that it was felt worth while to 
organize a series of conferences on the subject and to have 
a society responsible for such organization and inter- 
national co-ordination. Before the conference started, 
an International Society of Haemorheology was founded. 
The Officers and Council of the Society were elected but 
it was left to the Council to draw up a constitution. The 
conference chairman, Professor A. L. Copley (United 
States), was unanimously elected president. Should an 
international society of rheology as a whole, or of bio- 
rheology, be formed at some future date, it was agreed 
that the new Society would consider some form of affilia- 
tion. 

After a formal inaugural session at which the con- 
ference was welcomed by Professor A. Snaevarr, Rektor 
of the University, the Minister of Education and Dr. A. 
Brekkan of the Icelandic Medical Association, there were 
three short addresses. The first, by Professor A. L. 
Copley (Onited States), was an inaugural address covering 
the general purposes of the conference. This was followed 
by short lectures on applications of haemorheology to 
the practice of medicine by Professor H. Hartert (West 
Germany) and on the link with physics by Dr. G. W. 
Scott Blair (United Kingdom). More than sixty papers 
were read during the conference and in the closing session 
short appraisals of the achievements in the various fields 
covered were given by specialists. 

Dr. A. Silberberg (Israel), in a summary of the papers 
on haemorheological theory, pointed out the difficulties 
involved in applying precise mathematical expressions 
unless certain biological processes are ignored. He noted 
with approval the paper. by Professor W. G. Frasher et al. 
(United States), who combined a rheologically well defined 
system with the immediate return of the blood to the 
living animal. A further complication is the two-phase 
nature of blood which makes the experimentation depend 
on. the dimensions of the apparatus. Casson’s very popular 
equation, for which the square roots of stress and of 
shear rate are plotted for capillary flow, may be regarded 
as sound if it is used to study the process of flow in one 
direction only. Dr. Suberberg also discussed the theoretical 
implications of an assumed yield value for blood and 
closed by emphasizing the considerable progress which has 
oe been made in the haemodynamics of pulsatile 

ow. 

Work on haemorheological techniques was summarized 
by Dr. M. Joly (France). Of special interest were Professor 
Frasher’s work (already referred to) and a paper by 
Professor H. Wayland (United States), who emphasized 
the importance of the exact determination of three- 
dimensional geometry in in vivo studies. The use of 
cinemicrophotography was emphasized by Professor H. 
Bloch (United States), and Professor H. R. Jacobs (United 
States) described studies on meniscal resistance. Thrombo- 
dynamography, a technique developed by Professor 
H. Hartert (West Germany), was now widely used 
clinically. 

Model theory and phase separation were discussed by 
Professor G. Bugliarello (United States). The models 
proposed during the conference covered a very wide range 
from Dr. A. Silberberg’s physico-chemical boundary 
process to Dr. E. O. Attinger’s (United States) model of 
peripheral circulation. Proposed systems included 
hydrodynamic, mathematical, electrical and visual 
models. Model suspensions for blood continue to be 
improved, and the importance of adsorption of molecules 
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on the vessel wall in regulating the flow in small 
vessels and also bifurzations as controls for the haema- 
tocrit in downstreara vessels are increasingly being 
appreciated. 

Professor S. Witte West Germany) summarized work 
on cellular and fibrin zlotting. The two most important 
questions concerning clotting were undoubtedly the 
production of fibrin and the aggregation of platelets. 
Professor M. E. Leroux (France) discussed the effect of 
platelets on retraction in terms of Professor H. Hartert’s 
thrombelastograph and retractograph techniques, Retrac- 
tion starts much earLer than was previously supposed. 
Professor A. Copley (United States) reported investiga- 
tions of an intermediats product during fibrin development 
when only the fibrino-peptide A is split off from the 
molecule. Fibrinolysis was also much discussed. This is 
inhibited by the presence of platelets. The building of 
platelet aggregates is important for haemostasis and for 
thrombosis; however, it seems to bear no relation to 
vascular changes in the early stages of arteriosclerosis, as 
was shown by Professor W. E. Stehbens (Australia). 
Dr. G. W. Scott Blair (United Kingdom) made a pre- 
liminary attempt to propose basic equations for flow, 
coagulation and fibrir. softening but such generalizations 
are still at an early stage. 

Dr. R. L. Whitmore (United Kingdom) discussed the 
findings of the conference on plasma expanders. All 
dextrans of molecula> weight greater than about 20,000 
tend to cause some aggregation of red cells. The addition 
of dextrans with molzcular weights of 40,000 to suspen- 
sions which have been strongly aggregated by fibrinogen 
or dextran of high molecular weight gives no better flow 
behaviour than is cbtained with those diluted with 
albumin or saline. The addition of dextrans of high 
molecular weight to dogs in vivo leads to a fall in haemato- 
crit and a dramatic decline in cardiac output. The 
improvement in the dispersion of red cells following 
infusion of dextran of 40,000 molecular weight is probably 
a result of an increase in the shearing forces to which the 
blood is exposed. Interaction between dextran and plate- 
lets on the vessel walls must also -be taken into 
account. 

Professor M. G. Teylor (Australia) summarized papers 
on in vivo work but hea first emphasized the importance of 
Poiseuille’s work on water and other simple liquids flowing 
in wide artificial capillaries, which is the basis of all 
studies of flow under in vivo conditions. Conditions in 
very small vessels, sach as were discussed by Professor 
C. A. Wiederhielm (United States), are particularly 
complex. Dr. A. C. 4room (United Kingdom) described 
a muscle preparation giving transit times of cells and 
muscles through the vascular bed. 

Professor A. C. Burton (Canada) discussed the papers on 
blood cellular elemen+s. He emphasized the importance of 
microscopy in such studies. ‘There is no substitute for 
observation of the shape and general appearance of the 
erythrocytes.” ‘Black-box’’ types of apparatus have 
their uses but one mast look inside “‘to see the wheels of 
transformation turning”. The electron microscopist may 
miss irregularities ix the living membranes of the cells 
that may be all-important. Other methods, such 
as the measurement of biyfringence, as described by 
Dr. H. H. Pfeiffer West Germany), can also be very 
helpful. 

Finally, Professor L. E. Gelin (Sweden) appraised the 
clinical value of the @anference. He emphasized especially 
the value of current work in relation to the study of shock. 
The importance of tme viscosity of blood and plasma is 
increasingly realizec but viscosity in non-Newtonian 
systems is itself complex. In the field of blood clotting, 
the importance of >latelet aggregation is increasingly 
appreciated and also the effect of split products (peptides) 
on clotting. The importance of fat in the circulation was 
also discussed. 

Continued on next page 
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OBITUARIES 


A. T. Glenny 


ALEXANDER THOMAS GLENNY died on October 5, 1965, at 
the age of eighty-three. He was born in Dulwich on 
September 18, 1882, and brought up—though he never 
joined the sect—-as a Plymouth Brother. He was educated 
at Alleyn’s School, Dulwich, and when in 1899 Dr. W. 
Dowson, the director of the Wellcome Physiological 
Research Laboratories, asked the headmaster of the school 
to recommend two boys as posstble laboratory assistants, 
Glenny was one of those chosen. His association with the 
Laboratories lasted for forty-eight years, as laboratory 
assistant and as head of the Department of Immuno- 
logy. 

Much of Glenny’s work was done in collaboration, but 
the ideas are in general his or follow from his own. Apart 
from a few miscellaneous papers, his output forms a 
connected whole which deals with a wide variety of 
problems concerned with mmmunization of man and 
animals—the production, purification and assay of 
antigens, the increase in their potency, and the basic ideas 
underlying their use in immunization; the characteristics 
of passive immunity, and its effect on active immuniza- 
tion; the assay of antisera and the nature of the toxins 
present in bacterial filtrates. In much of this work he was 
@ pioneer, and to everything he worked on he added 
fundamental observations and ideas. 

Some of his earliest papers deal with the basic and 
almost universal responses to antigens—the primary and 
secondary response. These and a consideration of the 
nature of normal antibodies ın animals led him to lay 
down the ideal conditions for immunization—few injec- 
tions with long rests between them. To this fundamental 
work he added the production of new antigens—diphtheria 
and tetanus toxoids, diphtheria toxin precipitated by alum 
and toxoid antitoxin floceules—and methods for their 
assay and use. Not only did he work out the characteristic 
phases of passive immunity, but he also applied the 
information to the natural case of homologous passive 
immunization of the human foetus im utero. Here he 
showed that the immunity transferred passively from the 
mother may interfere with active immunization of the 
newborn child, and that, on the average, the interference 
falls almost to nothing by 6 weeks after birth. 

Glenny also showed that combined antigens were a 
practical proposition, but that they had to be made and 
used intelligently. Above all, he showed that basic 
immunity to one antigen in a mixture may reduce anti- 
body response to other components of which the subject 
has had no experience—~a development of earlier work in 
which he had shown that horses sensitive to horse serum 
respond poorly to diphtheria toxin-(horse)-antitoxin 
floccules. By all these methods Glenny laid down the 
rules that govern modern immunological practice, 
especially against those diseases in which bacterial toxins 
are important. 

He made considerable advances in assaying antitoxins, 
both by introducing new methods or improvements on 
old ones, and, most important, by determining what was 
being assayed. To this end he developed many of the 
means of detecting multiple toxins in bacterial filtrates, 
and of assaying antitoxins against them singly. Besides 
this, he did excellent work on the avidity of antitoxins— 
the intensity with which they are bound to their toxic 
antigens. Most of this work was carried out while he was 
m charge of the production and testmg of antitoxins and 
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prophylactics; it is an astonishing performance for a 
man so strenuously occupied. 

He was not easy to get on with; shy, diffident, but very 
conscious of his own capacity, and (often justifiably, but 
not always sensibly) very critical of that of others. He 
was almost unbelievably thorough in his own work, tidy, 
and constantly occupied with the best and most useful 
form of recording for routine immunization and testing 
and experimental work. 

He was elected Fellow of the Royal Society m 1944, 
and awarded the Addingham Gold Medal and the Jenner 
Medal in 1953. He married Emma Blanche Lilian Gibbs 
in 1910; she and two of their three children survive him. 
He retired from the headship of the Department of 
Immunology at the Wellcome Physiological Research 
Laboratories in 1947, but continued working there until 
1959. C. L. OAKLEY 


W. R. Spurrell 


WALTER ROWORTH SPURRELL, emeritus professor of 
physiology in the University of London, died at his 
home in Dorset on June 7, 1966, at the age of sixty- 
nine. 

He belonged to the generation which was depleted of so 
many of its best men in the First World War, but Spurrell 
survived three years of active service as a gunner officer 
and returned to his medical studies in 1919. His career as 
a student was brilliant. He carried off all the best prizes 
at Guy’s Hospital Medical School and found time to take 
an honours degree in physiology before he qualified 
M.B., B.S., with the university gold medal. He then 
embarked on a career of surgery, gained an M.S. and his 
F.R.C.8., and within a few years his scientific training and 
his clinical excellence marked him out as a surgeon of the 
highest promise. But a long illness forced him to give up 
his clinical career. 

With characteristic courage and enthusiasm he turned 
to physiology and, after spending some happy years in 
McSwiney’s department in the University of Leeds, he 
was invited to return to his old school to take charge of 
the Department of Physiology at Guy’s when M. §. 
Pembrey retired in 1933. Spurrell retired from his- chair 
in 1962, so that for 30 years he directed the teaching of 
physiology; no one ever did more to bring together the 
pre-clinical and clinical activities of Guy’s Hospital and its 
School. His experience and understanding of patients 
which he gained as a surgeon in his earlier years gave him 
a unique insight into the teaching of fundamental 
physiology to medical students. 

He had a simplicity of expression which came from 
profound knowledge and clarity of thought and the most 
difficult subjects seemed simple when he expounded them. 
His own work included subjects as diverse as gastric 
function and endocrinology. He generously encouraged 
the lecturers in his department and guided them past 
fallacies to sound work. In the development of the 
Medical School at Guy’s he was a uniting force. His own 
personal modesty and unselfishness gave him an authority 
that was often the means of settling conflicting views and 
interests. His wise advice was sought by individuals in 
their personal problems no less than by commuttees in 
their difficulties over big issues. G. F. GIBBERD 


Continued from previous page 

At a special session, a gold medal, cast in honour of 
Poiseuille, “the first haemorheologist”’, was presented to 
Professor Robin Fåhraeus (Sweden) in recognition of his 
pioneer work on blood flow and sedimentation. 

The secretary of the new International Society of 
Haemorheology is Professor George Bugliarello, Depart- 
ment of Civil Engineering, Carnegie Institute of Tech- 
nology, Pittsburgh, Pennsylvania. 

G. W. Scorr BLAIR 
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A MODEL FOR VARIABLE EXTRAGALACTIC FADIO SOURCES 
By Pror. H. VAN DER LAAN* 


National Radio Astronomy Observatory}, Charlottesville, Virginia 


THe recently discovered? temporal variations in the 
millimetre and centimetre radiation from a number of 
quasi-stellar radio sources and one Seyfert galaxy?-* provide 
radio astronomy with a potentially rich source of informa- 
tion on the physics of non-thermal radio sources. It has 
been suggested®-* that the varying components are sources 
of synchrotron radiation which are initially optically 
thick but, as they expand, become optically thin at 
progressively longer wavelengths. Indeed, data now 
available’ suggest that the variability in the high fre- 
quency part of the radio spectrum has a systematic 
character. The purpose of this article is to present a 
quantitative discussion of the evolving synchrotron self- 
absorption model. The time-dependence of the radio 
spectrum is derived, and it is shown how variations 
observed at one frequency may be used to predict the 
behaviour at any other frequency. 

The attitude here is to admit the present mysterious 
nature of the initial event(s) giving rise to the relativistic 
electron flux. Rather than add to the multi-parameter 
speculation concerning such events, a definite model for 
the subsequent evolution of the radiation source is con- 
sidered, which has a number of features accessible to 
direct observational tests. In this manner it may be 
possible, as additional and refined data are obtained, to 
approach the initial event by imposing well defined 
boundary conditions and other requirements. 

Properties of the model. Consider a uniform and spherical 
cloud of radius r, expanding at the rate 7, filled with a 
flux of electrons at relativistic energies. Let these 
electrons have an isotropic velocity distribution and an 
energy distribution N(E)dE = K(t)H-7d# (cem) confined 
to a range E(t) < E < E(t). They radiate as they are 
accelerated in a magnetic field of strength B gauss (G). 
Initially, the cloud is sufficiently compact to be optically 
thick at all radio frequencies. The condition that the 
brightness temperature of the radio source cannot exceed 
the equivalent temperature of the electrons chiefly 
responsible for the synchrotron radiation at any given 
frequency yields the well known relation’*® 


Ym = CBS 9-4/5 {S (ve) [ve/Ym] -2/2325 (1) 


where vm is the frequency at which the spectral curve 
reaches a maximum, v; 1s some frequency at which the 
source is transparent, S(vz) is the flux density at frequency 
ve, 8 is the angular diameter, and C is a numerical constant 
dependent on the units used. For synchrotron radiation 
the volume emissively p(v)avity—D/2 while the absorp- 
tion coefficient p(y) cv-(y+4)/4, and for this reason it follows 
that the frequency dependence of the spectral curve takes 
the form 


p(y) z0 
S yee 27] 
oc v8! [1 — e770] (2) 


where the optical depth t{v) = fu(vjdl œ vitoe, 
For frequencies v < vm the flux density is given by 
S(v) = k B 82 v5.2, (3a) 


4 TE Tanon address: Department of Astronomy, University of Western 
ntario. 
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while at y > vm 
S(v) = kK Byt 03 y (y2 


where k, and k. are constants. 

The parameters ckange as in the adiabatic expansion 
model first proposed >y Shklovsky® to represent the early 
phase of supernova mmnant evolution. Magnetic flux is 
conserved 


(38) 


B = Byr/ry)~ 


and the relativistic gas cools adiabatically, so that for an 
individual particle 


(4a) 


E = L,(r]ro)> (4b) 
while the angular diameter, of course, varies as 
0 = 0a(r/ro) (£o) 


In the model, particls neither enter nor escape the reser- 
voir after the initiatmg event, so that 

d E(t) 
— faoz) f E- an} = 0 
dt E(t) 

The subscript 0 denotes parameter values at a specified 


(4d) 


instant. From relafions (3) and (4) it follows that for 
y < Vin 
(vp) = So(v) p? (5) 
and for v > vm 
5(v,p) = Sofy) pr (6) 


where p = 1/7, is the relative radius of the source. From 
relations (1), (4) and (6) the dependence of vm, the fre- 
quency of maximum. flux density, on radius is seen to be 


Vl) = Vmo p “rte lyre (7) 


From equations (7) and (5) or (6) the variation of the 
maximum flux density follows: 


Sime) = Sao (ty t8) My +4) (8) 


The evolution of the spectrum 1s thus seen to be very 
simple. The spectra- curve, as given in the usual log S(v) — 
log v plane, does not shange, but moves down and towards 
the left, that is, to lower flux densities and lower fre- 
quencies. Observing such a source at one frequency will 
show the flux density to increase rapidly at first, reach a 
maximum and then decrease more gently. Simultaneous 
observation at a Icwer frequency will show the same 
fractional rate of increase, but the maximum will be 
reached later and heve a snfaller value. 

Secular variations take the form 





. ee i: oe ee [YEN 
VmjYm = £ Fi ri ) tir: Sm/Sim = (a řjr (9) 
and for y & Vm V vin 

S/S = 3řjr ; S/S = — Qyr/r (10) 


To calculate S(v, o1, the flux density at a given frequency 
and radius, use expressions (2), (7) and (8). It is noted 
that the spectral curve has no identifiable features other 
than the curvature associated with the turnover, which 
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provides the point of reference. The flux density and 
frequency are therefore given relative to their values at 
the spectral maximum when p = 1. Then 


Sie) = Sa(~ ) [SE | 


Ymo 
[1 — exp (— Tm)] 


where tm, the optical depth corresponding to the frequency 
at which the flux density is a maximum, is the solution of 


4. 
e (TE *\e-1=0 


which is the condition for expression (2) to be a maximum. 


= Sing (v/Vmo)*/? 9° 


(12) 
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Fıg. 1. The radial dependence of flux density. The frequencies of succes- 
sive curves differ by a factor of two. The spectral index (a) in this case 
13 0'25, Values for the ee ay on muy : (1) 1/2; (2) 1; (8) 2; 
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Fig. 2. The evolution of a typical variable radio source spectrum. The 
vaniable source spectrum is added to that of the constant source and the 
resultant is shown at successive integer values of e. 
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Flux density as a function of frequency and time. In 
order to obtain the flux density at any frequency as a 
function of time, it is necessary to specify the time depend- 
ence of the expansion velocity. Let t, = 79/7, be the 
“apparent age” of the source when its radius is rẹ Suppose 
p = (¢/Gt,)? and define Pt, as the “expansion age” at 
radius rẹ» (The “true age’’ is not defined when 
the circumstances that give rise to the source 
are unknown.) ‘Two cases will be referred to in 
particular: (a) constant expansion velocity, 
that is, 8 = 1; and (b) deceleration in the manner 
of a relativistic gas cloud expanding into a uniform 
gaseous medium?®, asymptotically 6 = 2/5. 

The function S(v, p)/Sme, as given in equation (11), is 
presented graphically in Figs. 1 and 2 for several values 
of v/¥m, and a range of p. These curves were computed 
using a spectral index « = (y — 1)/2 = 0-25. If the 
frequency of maximum flux vm) is known and Sm, is 
obtained from measurement or from equation (11), then 
the vertical scale of curves such as in Fig. 1 can be specified 
in flux units and each curve can be assigned a definite 
frequency. 

The time scale factor łą can be determined from a 
measurement of one observable and its rate of change. 
Any of the equations (9) and (10) is an expression for the 
apparent age when 1/t, is substituted for (7/r),. If, for 
example, the flux density and its rate of change are meas- 
ured at a frequency v << v 


to = 3S,/S, (13) 


p 


In order to relate radius and age, let the time?’ be measured 
from the instant i’ = 0 when S, S, and vm, are specificd. 
Then 


(1 + #'/Bto) 
1 + tft for |t| < Bi, 


© 
I 


(14) 


l2 


The function (14) is sketched in Fig. 3 for several values of ` 
the deceleration parameter 8. For times small compared 
with Bte before and after the instant i’ = 0, the model can 
be compared with given sources at any frequency and 
For times separated from the instant v’ = 0 by 
intervals of order Bt, the curves in Fig. 3 serve to relate 
ọ and ¢’ for a chosen §. 

If the maximum of the spectral curve is at frequency 
vı when ?@’ = ¢,, then this maximum reaches another 
frequency v, at 


t’ (Vm) E ba = (Bto + Ei) (Y/Y) VIP BGyt® — Bi, (15) 


If at t = t the maximum flux is Sm(v,), then at the time 
given by relation (15) the flux density maximum is at 
v and is given by 


Bi +t ~Bl7y+3) J (p+4) 
Sm(te) = S(t) Ge) (162) 
or the equivalent expression 
Sm(¥2) = Sim(¥3)(vz/v0) ert) / ayo) (16b) 


These relations together can be applied to any source 
the spectrum of which is variable and known over a 
fraction of the expansion age. Spectral changes in the 
immediate future are then predictable; for later times 
they depend on the expansion mode. Prolonged observa- 
tions can be expected to provide information about the 
dynamics of expansion and to yield a value for 6. 

The applicability of the model überhaupt can be tested 
by the requirement that the expressions for tọ equivalent 
to expression (13), given by each observable and its rate 
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of change as given m equations (9) and (10), result in 
values equal within expermental errors. Data now 
available are spread too thinly in time and wavelength 
to attempt as yet quantitative tests; qualitatively the 
model conforms to observed radio source behaviour?4)5, 

There are ways other than synchrotron self-absorption 
which can give rise to a turnover in the spectral curvet, 
A magneto-ionic medium dense enough to cause significant 
dispersion leads an otherwise inverse power law spectrum 
to decrease sharply on the low frequency side of v= 
20 n/B Mc/s where ne is the free electron number density 
in cm-? (Tsytovich effect). In that case the adiabatic 
expansion model without synchrotron self-absorption 
gives 

Vm X nej BX p™ 


Qualitatively the alternatives are similar, but quantita- 
tively they differ considerably. Compare, for example, 
the following ratio in the two cases: 


pa = (3y + 1)/2 (dispersive medium) (17a) 


= (7y + 3)/(4y + 6) (synchrotron self- 
absorption) 


vm/¥m 


(17b) 


Because for most sources y ~ 1:5-2-5, spectral information 
over a time ~/, will enable such cases to be distinguished. 

Multiple bursts. Although current spectral data are 
incomplete, in a few instances the spectral information is 
sufficient to indicate that the observed spectrum is a 
superposition of two or more time-varying remnants of 
“bursts” and a constant component with the usual inverse 
power law spectrum. Such is the case for 30 273 and 
3C 279, for example. Very homogeneous data, at closely 
spaced time and frequency intervals, will make it possible 
to separate the contributions of each component, to which 
the method here outlined can be applied to predict the 
evolution of the composite spectrum. 

The presence of more than one variable component in 
_a@single radio source has interesting implications. It 

cannot be ruled out a priori that the magnetic field is an 
attendant result of the event that produced the relativistic 
particles, but- it is simpler to regard the former as an 


Relative age (¢’/é,) 





0 I 2 3 
Relative size (9). 


Fig. 3. The relation between the radius and the age of the source for 


several values of the deceleration parameter £. 
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ambient field, present before the event in which energy is 
released. If this were indeed the case, then the spectra 
would indicate that tke events occur at spatially separate 
points. Repeated ousbursts at the same position would 
result in the following sequence of events: the first burst 
sweeps out the surrounding magneto-ionic medium, 
leaving an explosion vacuum. Particles produced in a 
second burst at that point would travel in a vacuum and 
not radiate until they entered the expanding shell owing 
to the preceding event. The result would be a shift in the 
spectral curve towards higher frequencies and an intensity 
increase. The observad spectra show, however, that the 
frequency spectra rasher than the energy spectra are 
superimposed. It is therefore probable that regions exist 
in the quasi-stellar ralio sources where conditions favour 
the occurrence of many independent outbursts. The 
available data show separate components which become 
observable only 2—5 y2ars apart’; the regions of explosive 
activity may therefore be only a fraction of a kiloparsec 
in extent. The cumalative effect of many outbursts is 
expected to be a non-varying radio source with a conven- 
tional spectrum”, resulting when the expansion volumes 
overlap and the energy spectra are superposed. 

Discussion. In the first instance the model is intended 
to account for and to predict the gross features of early 
radio source evolution. Departures from the predicted 
behaviour will occur to the extent that the complexity of 
the radio source excseds that of the model. Such dis- 
crepancies will either show that the model is not related to 
the phenomenon observed or suggest what additional 
structure the model requires for a more adequate repre- 
sentation. 

It should be notec that the higher the frequency at 
which the variation ic detected, the shorter the time scale 
factor t,. This shortens the time interval over which: 
predicted variations can be compared and different 
expansion modes car. be distinguished, proportionately. 
Millimetre and centametre observations will yield the 
parameter values required to predict expected variations 
at longer wavelengths. Because the measurements 
cannot be repeated, is is highly desirable that at least two 
instruments are used for simultaneous observations at 
(nearly) equal frequencies. Systematic monitoring of the 
variable sources at many frequencies 1s necessary to 
acquire homogeneous.data*, so that theoretical suggestions 
can be tested. Optical and X-ray data are equally neces- 
sary; correlated variations at widely separated regions 
of the electromagnet spectrum could shed much light on 
the nature of these sources. Such correlations are expected 
for plausible parameser ratios, where some radio photons, 
by inverse Compton interaction with the relativistic 
electrons, are converted to hard radiation. 

Homogeneous radi data will make it possible to obtain. 
reliable life times and linear diameters of the varying 
components. This nformation may then enable radio 
interferometry with baselines of several thousand kilo- 
metres to settle the zontroversial question of quasi-stellar 
distances. 

I thank Drs. K. I. Xellermann and I. I. K. Pauliny-Toth 
for informative discussions and a preprint of their paper. 
I also thank Dr. D. 3. Heeschen, director of the National 
Radio Astronomy Observatory, Charlottesville, for the 
hospitality of this imstitution. 
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IN THE LIGHT OF RECENT ROCKET 


PHOTOGRAPHY OF THE MOON AND MARS 
By Pror. G. MUELLER 


University of Concepcion, Chile 


THE theories of the origin of meteorites have been summa- 
rized by Mason! and Anders*. Parent bodies of cometary, 
astercidal or moon dimensions are visualized in the 
most generally discussed up to date hypothesis of genesis. 
Urey? suggests a “complex” origin through the break-up 
of a moon-sized object and the re-formation of smaller 
bodies within the range of dimension of the asteroids. 
Other possible theories suggesting a “complex” or “‘mul- 
tiple” origin are (a) that diverse types of meteorites (irons, 
mesosiderites, chondrites, carbonaceous chondrites, achon- 
drites) originate from two or more distinct types of parent 
bodies of markedly different dimensions; (b) that parent 
bodies of different dimensions may still produce identical 
or very similar types of meteorites, because certain geo- 
logical processes may occur over a considerable range of 
conditions. 

The presence of brecciated pieces of two or more of the 
main types within the same stone, and the existence of 
remarkably well defined interrelations between the vola- 
tile constituents within the stony meteorites**, seem to 
favour, by and large, origin of all meteorites from a group 
of parent bodies of rather closely comparable dimensions 
and cosmological histories. 

Attempts have been made to reconstruct the dimensions 
and cosmological histories of the hypothetical parent 
bodies on the basis of published work and a variety of 
observations. This article deals with certain features 
which, in my opinion, have been illuminated by recent 
rocket photography. 

Implications of the observed lack of water-deposited 
sediments on the Moon and Mars. The absence of water- 
deposited sedimentary structures is, perhaps, the least 
controversial feature of the petrography of meteorites. 
This indicates that the parent body must have been too 
small to hold free water for prolonged periods. The actual 
critical gravitational mass below which water is not 
retained in adequate quantities and for an adequate time, 
under the climatological conditions which prevailed in 
our region of the Solar system, is not known. Preliminary 
analysis of the recent photographs of Mars produced by 
the Mariner space craft revealed no sedimentary structure 
which could readily be detected in the same,scale on our 
planet. No trace of any layered rock appears on the 
photographs of the Moon from Rangers 7, 8 and 9, down 
to a resolution of some 25 em (refs. 6 and 7). It appears, 
so far, that volcanic and impact features predominate 
on both Mars and the Moon and sediments are very subor- 
dinate or not present at all. These observations seem to 
indicate that a “random” assemblage of fragments from 
the Moon or even from Mars, of 6-620 km diameter, could 
resemble the meteorites in our hands, at least in respect 
of absence or relative scarcity of water-deposited sediments. 

Comparison of statistical petrography of the Moon with 
that of the meteorites. It appéars that the distribution of 
inferred rock-types on the Moon surface differs to a 
considerable degree from that represented in our present 
collection of meteorites. 

Nothing is seen of the high albedo of nickel-iron or 
even of material of mesosideritic composition on any of 
the lunar photographs, down to stones 10 in. across. 
This would seem to indicate that nickel-iron may be 
present on the surface of the Moon either in fractional 
percentages or not at all. As against this, the parent 
body—or mean of parent bodies—produced an overall 
percentage of approximately 6 per cent nickel-iron and 
2 per cent mesosideritic fragments}. 


The literature would seem to lead to the conclusion 
that the chondritic meteorites have a tuff-like structure, 
formed through processes resembling terrestrial eruptions 
of ash or welded tuff, at least to the degree of the accumula- 
tion of finely divided matter from a gaseous suspension, 
that is, a cloud. The achondrites, on the other hand, seem 
to originate from molten lavas or intrusions. 954 chon- 
drites and '64 achondntes are known to datet, the latter 
forming only about 7 per cent of the stony meteorites. 
According to Kuiper’, it appears from photographs of 
the Moon that its surface has lava flows far in excess of 
the 7 per cent indicated, as a first approximation, for the 
parent body of the meteorites. In this connexion it should 
be mentioned that the fact that the “fragments” may 
originate from locations deeper in the parent body, 
which may afterwards have become covered by debris, 
or from rare but exceptionally violent volcanic activity, 
may tend to change the proportion of the petrographical 
types, compared with their distribution on the surface. 
Judging from the terrestrial features of igneous structures, 
however, we would anticipate an even greater pro- 
portion of lavas from the deeper zones of the parent body. 

It seems that the tuff lava ratio on the Moon may prove 
to be intermediate between that of the Barth and that 
indicated for the parent bodies of meteorites. An ex- 
planation of this might be that the parent bodies of the 
meteorites were objects smaller than the Moon. It may 
be expected that with the decreasing dimensions of a 
celestial body, its tuff lava ratio would tend to increase 
(a) if cooling occurred relatively soon to temperatures 
below the melting-pomt of silicates, before degassing 
reached an advanced stage, or (6) if escape of gases from 
the interior is impeded by the lower gravitational field. 
The second factor caused the formation of better preserved, 
solidified spray particles, the chondri‘. 

Kuiper? showed that collapse structures are prominent 
in the higher-resolution photographs of the Moon. This 
indicates that the material just beneath the surface of 
the Moon consisted of numerous cavities and the partial 
collapse of these formed the karst-like structures. Al- 
though most of the meteorites contain a considerable 
volume of microscopie pores, no larger partially collapsed 
vesicles are seen in any of the achondrites although such 
structures abound in all the terrestrial lavas and even the 
shallow intrusives. 

Some of the lunar lava flows are markedly red (apart 
from the observed red phosphorescence), indicating the 
presence of tri-valent iron. None of the thousand or so 
available meteorites contains enough tri-valent iron to 
account for the observed red colour which is characteristic 
of a significant percentage of the total lunar surface. 

Mechanical properties of lunar rocks. It was estimated 
by Kuiper‘, from the size and apparent partial burial of 
loose rocks on the lunar surface, that the average lava 
flow floor of the maria supports about 1 ton/ft.?.. In this 
connexion it is worth noting that great diurnal changes of 
temperature and bombardment by micrometeorites may 
cause the fragmentation of rocks, leading to the im- 
pression of a deeper burial than the original penetration 
of the surface, and it is possible that the lunar surface in 
question may be stronger. The same factor may also 
contribute to the apparent rounding of the fissures, rilles, 
which were interpreted by Kuiper’ as indications of a 
rather softer surface material. 

It would appear that experiments on the behaviour of 
diverse terrestrial igneous rocks and meteorites in re- 
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peated changes of temperature of the lunar range must be 
completed before we can obtain the necessary information 
regarding the mechanical properties of the different types 
of surface of the Moon. Another experiment, which seems 
technically feasible in the future, could be the ejection 
through a recoil mechanism of a small explosive charge 
some 10-30 sec before the impact of the space craft. 
If the charge leaves the space craft in the direction of its 
motion with, say, an additional velocity of 1 km/sec, the 
results of the impact and explosion of the charge could 
be photographed with the subsequent frames of the space 
craft. Photographs of the explosion of similar charges in 
different types of rocks and meteorites, or objects with 
simulated mechanical properties of these, may give us a 
clearer impression of the mechanical properties of the 
surface of the Moon, and also which rock or meteorite 
these resemble the most closely. 

Contributions to the problem of origin of carbonaceous 
chondrites. The smooth transition between chondrites 
and carbonaceous chondrites as well as the considerable 
uniformity of the group seem to indicate’ that these 
latter may have formed in the close-to-surface zones of 
the parent bodies of the rest of the meteorites. They sub- 
divide into three rather well distinguishable zones, the 
zone of the parent body closest to the surface producing 
the Type 1 carbonaceous chondrites, which are charac- 
terized by the highest volatile content with 3-54 per cent 
carbon and 20:08 per cent water. Type 2 stones, with 
2-46 per cent carbon and 13-35 per cent water, and Type 3 
stones, with 0-46 per cent carbon and 0-99 per cent water’, 
may originate from successively deeper zones of the parent 
body, which were heated to correspondingly higher 
temperatures in the course of their cosmological history. 
All the twenty-five or so stones hitherto recorded consist 
of a porous ground mass of hydrated silicates and carbon- 
aceous matter in which are embedded the mainly 
globular grains of high temperature minerals: olivine, 
pyroxene, magnetite, troilite, some nickel-iron, ete. It 
is possible that their markedly loose consistency causes a 
high proportion of these stones to disintegrate during 
fall and the overall percentage in space may be con- 
siderably larger than the 2 per cent attributed to them on 
the basis of their observed falls. 

The Type 1 stones, as well as some of the Type 2, 
contain some magnesium sulphate and also some gypsum, 
the salts of which readily form white efflorescences on the 
surface of the stones. In this connexion, the white 
snow-like substance on the peak of the Alphonsus crater 
was interpreted by Kuiper’ as a fumarola product which 
traversed the apparently tuff-like material of pyro- 
clastics. Kuiper further drew attention to the interesting 
terrestrial analogy of a white efflorescence after the 
eruption of the Laimana volcano on Hawaii, which 
proved to consist of gypsum and “a compound of calcium 
oxido”. It is also worth noting that the salts in Type 1 
meteorites were interpreted‘ as of fumarolic origin on the 
grounds that, like terrestrial fumaroles, they contain minute 
grains of iron sulphides, mainly FeS in the meteorites and 
mainly FeS, in terrestrial rocks, as a result of reactions 
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between the Fet+ of the ash and the hydrogen sulphide 
and sulphur vapours which traverse it. In the terrestrial 
“evaporite” type, selt deposits such as crystals of iron 
sulphide are not at al characteristic. It appears that these 
salt-impregnated ash2s can be found in abundance on all 
these relatively smal celestial bodies, in which there is 
inadequate water ta leach them out and eventually to 
re-deposit them in o2eans or in smaller accumulations of 
water. It would appear that this feature, which is common 
to certain lunar rocksand the carbonaceous chondrites, does 
not necessarily indicate a lunar origin for the chondrites. 

A. high proportion. of the Type 2 and Type 3 carbon- 
aceous chondrite msterial contains too low a percentage 
of salts for these to appear as efflorescences. Certain vague 
criteria may, however, enable us to distinguish some 
indications for carbonaceous material. For example, 
certain types of carbonaceous complexes might be ex- 
pelled through solar distillation, and the resulting more 
graphitized residues would give the rock a darker ap- 
pearance, or, if the carbonaceous material were highly 
volatile, the rock might be leached. There is hardly a 
carbonaceous rock >n the surface of our planet which 
would not show sore change of shade on exposure. In 
the case of the Mocn, portions of the craters and other 
inclinations which are more shaded or more heated by the 
Sun may show different shades, but such features are not 
evident from the lunar photographs taken. Another 
point worth noting is that the basic silicates in a finely 
divided form, that is, as pyroclastics, are markedly lighter 
than their fused (lava) equivalents, whereas carbonaceous 
rocks do not show such a strong tendency to become lighter 
in shade with sub-division. The fact that some of the 
minor craters on ths floors of maria are seen surrounded 
by considerably darker ejecta seems to indicate, rather, 
more intensive darxening with fusion, characteristic of 
silicates without a h3zh proportion of carbonaceous matter. 

Conclusions. It appears that not all or even the majority 
of the meteorites are of lunar origin; however, it should be 
emphasized that tke evidence noted and discussed here 
is of an inconclusive nature. The main aim of the present 
article is rather to create interest in the interpretation of 
rocket photographs >f the Moon and other celestial bodies, 
in considering the problem of the origin of meteorites. 
It is possible that she petrography and other geological 
aspects of celestial todies may prove to depend essentially 
on a few parameters such as mass, temperature and other 
properties of the material in the course of condensation, 
etc. We must look Zor additional clues in the specification 
of the parent bodies of meteorites to help us to establish 
the main laws governing the condensation of matter, 
that is, what we may term “cosmic geology”. 
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ELECTRIC AND THERMAL CONDUCTIVITY OF A MEDIUM CONTAINING 
ARRAYS OF SPHERICAL AND CYLINDRICAL PARTICLES 


By D. S. PARASNIS 
Department of Geophysical Research, Boliden Mining Œ., Sweden 


TuE problem of finding the effective electric conductivity 
of an infinite medium loaded with spherical or cylindrical 
particles was proposed by Clerk Maxwell. Interest in the 
problem has revived recently because of its wide applica- 
bility**. For a cubic array of spherical particles (con- 


ductivity o,) embkadded in a matrix (conductivity oo) 
Maxwell obtained.she expression 
(2 - 2fyx +14 2F 


Q@+fx+ti—f (1) - 
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for the effective conductivity o of the composite medium. 
Here f is the fractional volume occupied by the particles 
and x = 0/03. Putting s = (1 — f)/f where e is the 
“voids-ratio” (ratio of the matrix volume to particle 
volume in a unit ell) equation (1) reduces to 


Zext3d¢e 
FEDETT (2) 


The same expression has been derived by other methods?. 

Maxwell emphasizes that equation (1) is essentially 
true only for small values of f (large dilutions). The equa- 
tion was improved on by Lord Rayleigh by taking into 
consideration the effect of neighbouring particles and 
further by Meredith and Tobias’. 

Equations (1) and (2) and their improved versions fail 
to reveal the essential discontinuity in o for perfectly 
conducting spheres as f — 7/6, that is when the gaps 
between the spheres tend to zero. J. Keller‘ re-examined 
the problem and derived the result, valid near the sin- 
gularity, that 


ajos = — (n/2)n[a(4n/3f)s — 1] + ..., (x/6) —f<1 (3) 


For f = 0:5161, equation (3) yields c/o, = 7:65 which 
agrees with the experimental value (7-6) of Meredith and 
Tobias. (Their calculations give 5-8, Rayleigh’s 4&6 
and equations (1) or (2) 4-3 for this case.) 

_ For a square array of perfectly conducting cylinders 
(Fig. 1) Keller derived an analogous expression, namely, 


o/o, = nl (x/f)t — 2]4 + ..., (7/4) -f<l (4) 


He also proved the general theorem that for any value 
of f, c/o, for a medium containing a square array of non- 
conducting cylinders 1s the reciprocal of o/c, for the same 
array of perfectly conducting cylinders. 

H. B. Keller and Sachs’ modified equation (4) by esti- 
mating its second term, which they state as “approxi- 
mately — 1:95”. They also attacked the present boundary 
value problem by the finite difference method and calcu- 
lated a table of s/s, using the IBM 7090 computer. 

Neither Keller nor Keller and Sachs cite any experiments 
on cylindrical particles in support of their calculations. 
This test has been undertaken in our laboratory and the 
results are discussed below. 

Curve 1 in Fig. 2 shows c/o», calculated by Keller and 
Sachs, for a medium containing non-conducting cylinders. 
The abscissa in the figure is the ratio y/a (gap/radius, com- 
pare Fig. 1). We have f = xa?/(y + 2a)? where a is the 
radius of the cylinders. Curve 2 is drawn after the Keller- 
Sachs modified form of equation (4). For yja < ~0:3 it 
differs insignificantly from curve l. Strictly speaking, 
curve 2 cannot represent a correct solution in any range 
since its asymptote for y/a = œ is 0-27 instead of 1-00. 


Q Q 
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The experimental points obtained in the laboratory in 
measurements on blocks of accurately machined plastic 
and graphite rods (diameter 10 mm, mounted in a square 
array on a basal plate) are shown in Fig 2 by circles. 
(The results on plastic and graphite rods may be plotted 
on the same diagram in view of Keller’s theorem.) 

It should be noted that the various points do not fall 
on curve 1 and it seems that the observed o/s, for y/a 
< ~0-2 is systematically less, and for yja > ~0:2 
systematically greater, than the value calculated by Keller 
and Sachs. The position of the point for y/a = 0-06 1s 
uncertain since the gap in this case could not be measured 
accurately Also, there is some doubt whether all the gaps 
in this block were absolutely equal, although metal foils 
of appropriate thickness, which were later removed, were 
inserted as usual between the rods during the construction 
of the block. If the observed point for y/a = 0-06 is to fall 
on curve 1 the nominal width of the gaps must be larger 
than the effective mean width by a factor of between 
3 and 4. An error of this size is conceivable but unlikely. 

As an alternative approach to explaining the experi- 
mental results the conductivity formula derived’ by the 
‘self-consistent’? method was tried. For a medium con- 
taining cylindrical particles we have: 


ex+2+e 
{e + 2)x+¢ (5) 
For x — 0 (perfectly conducting cylinders) equation 


(5) reduced to 
ojos = 1 + (2/e) (6) 


It is obvious furthermore that the solution (5) satisfies 
Keller’s theorem since o/c, for x = œ (non-conducting 
cylinders) is equal to {1 + (2/e)}-}. 

At first sight it seems plausible to put e = (Lf) — 1 = 
4x-{1 + (y/2a)}*; however, this substitution ın (6) 
yields the broken curve in Fig. 2 which is definitely 
not the correct solution. The following explanation can 
be adduced for this failure. 

The assumption concerning the voids-ratio e implies 
a current flow that is perpendicular to the plane of Fig. 1 
(along the axial direction of the cylinders). But = as 
experienced by a current which is flowing perpendicular 
to the axial direction must be of the form s = a, (y/a) + 
aa(y/a}* + .. where a, a, ... are factors of a geometrical 
nature. For cylinders in contact with each other, this 
expression yields s = 0 and hence the correct limit 
S/o, = ©. 

Retaining orly the first term m the proposed expression 
for e the curves 3 and 4 in Fig. 2 were calculated by 
postulating « = 2(y/a) and s = (8/z) (y/a). Thus 


o/o, = 1 + I/{y/a) for curve 3 (7a) 
ojo, = 1 + (n/4)/(y/a) for curve 4 (7b) 


The two curves enclose a narrow strip. Moreover, all 
the observed points except the doubtful one for y/a = 0-06 
lie between them. It appears then that the mean of the 


afo = 


il 


il 
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conductivities given by the simple semi-empirical formulas 
(7a) and (7b) is as good a practical approximation to the 
effective conductivity of a medium containing a square 
array of perfectly conducting cylinders, as the value 
obtained? from the considerably more complicated ex- 
pressions of Keller and Sachs, Rayleigh, and Runge. The 
position of the point for y/a = 0-06 seems to indicate that 
equations (7a) and (7b) may even be nearer to the truth, 
over the entire range of y/a, than any of the expressions 
proposed so far. This question cannot be settled, however, 
without measurements on arrays of nearly touching 
parallel cylinders. 

It was also of interest to look for the physico-geometrical 
significance of the two postulates « = 2 (y/a) and s = 
(8/7) (y/a). 

The gist of the self-consistent method is that we fix 
attention on a single particle of the array and consider 
it to be uniformly coated with a film (of conductivity a) 
the thickness of which depends on the voids-ratio s, and 
the composite particle is supposed to be embedded in a 
homogeneous medium of conductivity o, which is to be 
determined from the boundary conditions at the sphere- 
film and film-medium interfaces. The details are given in 
ref, 2. 
‘Let b be the radius of the film coating the cylindrical 
particle of radius @ so that the thickness of the film is 

= b — a. Then the voids-ratio e = (b? —a*)/a*, from 
which ¢ = {æ?(1 + e) — a. 

For e = 2y/a,t = {ala + 2y) — a. In Fig. 3, 
RP = a, MR = y, and PQ is perpendicular to RR’ meeting 
the semicircle with RR’ (= 2y + 2a) as diameter. Since 
PR’ = 2y + a, PQ = {alia + 2y)}#. Hence KQ = SQ’ 
represents the thickness ¢ of the fictitious cylindrical 
film by which a single particle may be supposed to be 
coated in being embedded in a medium of conductivity o. 





Fig. 3. 
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Fig. 4. 


For e = (8/7) (y/a), t = {ala + 8y/x)}# — a. The 
construction in Fig. 4 is similar to that in Fig. 3 except 
that MR = (4/n)y and hence is equal to the radius of the 
circle in which an ars of length MR subtends an angle 
of x/4 at the centre. 

There is no potential-theory explanation for the 
apparently plausible forms postulated for s. In any case, 
the agreement with experimental results indicates that 
the coefficient of y/a im equations (7a) and (7b) lics between 
1 and 4/z. 

A simple modificat:on of equation (2) (for spheres) on 
these lines does not, >n the other hand, lead to any im- 
provement over the expression obtained by Meredith and 
Tobias? for large gaps and by J. Keller* for vanishingly 
small gaps between the spheres. Moreover, equation (2) 
yields the result that for an array of perfectly conducting 
spheres o/c, is the reviprocal of the same array of non- 
conducting spheres fer all s. This is obviously false. A 
more sophisticated fcrm of the self-consistent method is 
probably needed in tnis case. 

The calculations and experiments reported here were 
made in the course of scale model work on resistivity 
prospecting methods, the expenses of which were defrayed 
from a grant from tro State Technical Research Council 
in Sweden. * 
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PRESSURE DISTRIBUTION IN A PLANE FLUID FILM SUBJECTED 
TO NORMAL SINUSOIDAL EXCITATION* 


By Dr. J. B. HUNT 


Department of Mechanical Engineering, University of Southampton 


CONSIDER a plane circular bearing comprising two parallel 
disks of radius B, distance k apart. A lubricating fluid at 
atmospheric temperature and pressure completely fills 
the space between the disks. 


* The following notation is used thronghout this article: R, bearing radius; 
p, pressure, u, v, w, linear velocity components; r, 2, cylindrical polar co- 
ordinates, 4, absolute viscosity; v, kinematic viscosity, g, density: A, film 
thickness: w, frequency of excitation; a, amphtude. 


Then using cylindrical polar co-ordinates with axial 
symmetry the equat.ons of motion for an element of the 
incompressible fluid are 


1 dp 
oo 


Qu u ðu wu 


u 
yt g z +y (yu - p) (2) 


1138. 
Ow udw w dw 1 dp 
ee = te, Sa ee 2ey) 2 
g +t m Oz oop (2) 
and the continuity equation. 1s 
ou u ow 
se kat L u 3 
or r T Oz (3) 
Eliminating p between 1 and 2 
a /ðu dw u Qu ðu Qu w ou Ou Ou 
di Naz er oroz ər” Oz Qz? Oz ° oz 
u 8w ðu ðw wgw Ow: Jw 
Or? `r ðr? ðr az 
Cu 1 Ou all 
Gree Gat Ae. as, eee 4) 
Lv Oz r? ` Oz V or ( 


Now consider one surface to be moving normally m such 
a way that its position e at any instant is given by 


=h+asinwt 
Thus the boundary conditions are 
u = w = Qatz= 0 i 
| 6) 
= 0, w = (ii) 


From 6(ii) it can be seen that an r independent form for 
w is required, so that the equation 


2 +#)=0 


(5) 


a o cos w tatz =g 


has to be ie 
The general solution is u = Ar + Bfr. 


But atr = 0, 
=: 0, and therefore B = 0. : 


g 
So let u = ay to (z,t) r 


Therefore, w = —~2u, from 3. 
Expanding 4 in full and ignoring second-order terms 


0 Iulo Bulo T y r 
a r NG eee) (0 
Comparing coefficients of r 
GO Quy Guo = Oty 
a Gee Y Gee R 


It is necessary to make a tentative solution for ty. 


ri . ; 
Since u, and i both vanish at z = 0, z? is a factor of 


ty and so 
Up = Z°% + 25Qy t+ o.oo (9) 


where ọ is a function of ¢ only. Equation 8 may therefore 
be expanded in full, and comparing coefficients of z, 
29, = 24 v pa (i) 
129, — 1l2pop1 = 360 v ọ, (ii) 


The boundary condition at z = s has still to be satisfied. 
Suppose for the time being that the successive terms of 
the series decrease in magnitude and solve for 9, and 9, 


(10) 


ð 
by equating u, to 4 a w coso ¢ and > to zero. Thus 


(h + asin wt)*p, + (2 + ansin œ tp, = 4a o cos wè 


and 20, + 3 (k + asin w #) o = 0 
h _ 8a@acos at 
a Po = Oh + asin w t)? 

— @o0 cos wt 
and Pı = 


(h + asin w #)§ 
—ao? Thsineat+a(l+ we 


Tee tk (h + asin œ tP 
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Now each term-in tọ achieves a maximum value when 
z = g and thus the magnitude of the third and first terms 
is, relatively, 


2 
S (hsin wt + a(l + cos? w t)] (h + asin œ t£) 





3 

and F a ® COS w t 

A r : 

Now write ae ‘A and then consider the maximum 

value of i 

= (Asin 9 + 1 + cos? 0) (A + sin @) 

dV 

so that — = cos 9 (A? + 2 — 3 sin? 6) 


dé 


Now since A>1, A’ + 2 > 3 and therefore the factor in 
brackets can never be zero, and the maximum and mini- 
mum values of V occur when cos 6 is zero, in which case 
sin 90 = +1. The maximum is clearly when sin 0 = 1 
so that Vmax = (A + 1)%. Consequently the ratio of the 
maxima of the third to first terms is (w/12 v) (h + a)’, 
which is certainly small in this case. 

Similar arguments apply to the higher terms in the series 


for uy. Thus those terms in the expression for u, may be 
safely neglected so that 
Uy = $ a w Cos at - 
i ease, 
228 7 
EE On) 
Thus u = 4+aarcosat = 
= 3 nt A E 
F + asin w $)? 
6z? 12 
aan | (12) 
Substituting in equation 1, 
1 õp 3r(a@mcoswi)? Gawrycoswt 
p` Or (h + asin o t)? (h + asin o t)? 
Integrating 
3 
2 R%o(a w cos ty? 3a R? t 
jae ef wt) @ 1074, COS O (13) 


(h + asin ot)? (h + asin ot)? 


The maximum value of the second term in this expres- 
sion is very much greater than the corresponding maximum 
of the first term, so that when maximum pressures are 
considered the second term only need be taken into 
account, 


This can be written 


P max 


Hua 





= — 3G e )2 cos wt | 1 — 3 (> =) sin ot | (14) 





Now if Ë a is plotted against œt for a fixed value 


R 
of 7 (= 1,000) and varying values of a Fig. 1 is 


obtained. It ean be seen that for all values of z the 


greatest negative pressure occurs, at 330°, and the greatest 
positive pressure at 210°. So that the maximum pressures 
are given by 
ah a 
a = + 9. » m }2 | . = | 
Pmax E 6 (7) G) 1+ 15 (>) 
LL 


(15) 
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When the non-dimensional factor ~— ıs plotted 
„a : ER , : 
against i, for varying values of 7 Fig. 2 is obtained. 


From a practical point of view the two extreme values of 
Pmax, the maximum positive and maximum negative 
values, are of interest. Apart from the obvious examples 
of thrust and collar bearings, situations similar to that 
considered theoretically can arise in gear teeth and journal 
bearings. Consider a pair of meshing gear teeth under load 
separated by an oil film of 10~‘in. If the natural frequency 
of one of the gear teeth is 3 ke/s, typically, the dimension 
kF for an equivalent circular area of contact is 0-25 in., 
the lubricating oil viscosity is 5 x 10-* Reyn and the 


ratio of vibration amplitude to oil film thickness 5 is 


l 
jo’ then from Fig. 2, pmax is 24,000 lb./in.?.. This pres- 


sure on the tooth face is unlikely to cause damage, but it 
can be seen that any slight variation in any of these 
parameters could bring the stress level up to that which 
could cause a short fatigue life. Before an amplitude/ 


i i La 
thickness ratio of To is reached, however, an even more 


dangerous condition could be encountered, that is the 


condition of cavitation in the fluid. In this case cavitation 
Pmax S 10: 


will commence when It can be seen 





a 
from Fig. 2 that cavitation would occur with 7, ratios 


of much less than 10>. This means that cavitation and 
the subsequent fatigue damage would, in practice, be 
unavoidable in this particular case. 


Experimental Work 


It was decided to check the validity of equation 15 by 
observing the onset of cavitation in a fluid in circumstances 
similar to those outlined in the analysis. A mild steel 
plate of % in. diameter polished to 2u in. was rigidly 
fixed. A similar mating plate was attached to the thrust 
rod of an electromagnetic vibrator in such a way that it 
was parallel to the fixed plate and that its distance from 
the fixed plate could be varied within the range 0—0-010 
in. The two plates were immersed in a liquid contained in 
a transparent vessel. It was intended to observe the onset 
of cavitation characterized by the formation of bubbles 
in the fluid at the centre of the bearing by the naked eye. 
It was found that for film thicknesses less than 2 x 10-3 
in. the onset of the formation of bubbles could not easily 


Prax/jpos ( x 10°) 
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be distinguished. It was therefore out of the question to 
test, by this method, films of the thicknesses actually 
found in gears. It was decided, however, that the curves in 
Fig. 2 could still be ckecked experimentally over a useful 
range. The film thicknesses and amplitudes of vibration 
were measured by capacitance probes. The fluids used 
in the experiment were ‘Shell Tellus 27’, ‘Shell Vitrea 79’, 
gas oil, liquid paraffin (B.P.) and tap water. The visco- 
sities of these liquids are evenly spaced throughout the 
range 10-1 to 10? x 10-* Reyn at 20° C. 


It was found that the experimental values of z at 


which cavitation occurred tended to be up to 20 per cent 
higher than the theoretical values at the lower ratios. 
This is because the criterion for the onset of cavitation 
was that cavitation waz deemed to occur at that amplitude 
at which a bubble world span the gap between the plates. 
It is undoubtedly true that cavitation had occurred 
before this stage was reached, but it was not measurably 
evident. 

After allowing vigorous cavitation to ensue for about 
10° cycles of lateral excitation extensive “pitting” damage 
was present on both plate surfaces. The moving plate 
was replaced by a4 in diameter steel ball at a later stage 
in the experimental work; this enabled a gap of 10-4 in 
to be easily maintained. Cavitation could not be observed 
in such a small gap, but by allowing vibration to proceed 
for 10° cycles again extensive damage was caused to the 
mating surfaces. 

The intention now is to increase R, u and œ so that stress 
levels high enough to cause surface damage will be imposed 
on the plate centres. But, even so, it may be difficult 
to decide whether damage is caused by the high stress 
levels or by cavitation thougll possibly at high frequencies 
the onset of cavitation may be suppressed. It is also 
intended to produce more realistic gear tooth conditions 
by using a two-disk machine, one disk of which would be 
caused to vibrate in a tiametral direction. In this way the 
normal excitation of very thin films can be studied. In 
order to improve the accuracy of the detection of cavita- 
tion an attempt will be made to detect the noise which 
ensues when a bubble collapses. 

I thank the Science Research Council for financial 
support and Mr. A. J. Sherin of the Dynamic Analysis 
Laboratory, Universisy of Southampton, for practical 
assistance. 
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BINDING OF CALCIUM, YTTRIUM AND THORIUM TO A GLYCOPROTEIN 
FROM BOVINE CORTICAL BONE 


By Dr. A. R. PEACOCKE and P. A. WILLIAMS 
University of Oxford, Nuffield Department of Clinical Biochemistry, Radcliffe Infirmary, Oxford 


THERE is a considerable radiobiological interest in those 
elements which, when they reach the blood stream, have an 
affinity for bone. These have been called ““bone-seeking” 
isotopes and include strontium}, yttrium’, americium’, 
radium‘, plutonium®* and thorium. The exact distribu- 
tiort of these elements in the bone varies. Strontium and 
radium are concentrated on active surfaces beneath the 
osteoid border and are spread diffusely throughout the 
bone mineral, probably replacing calcium isomorphously 
in the growing apatite lattice’. Americium and yttrium, 
on the other hand, are mainly taken up on the resting and 
resorbing surfaces of the bone** and plutonium is con- 
centrated particularly on the endosteal resorbing sur- 
faces?*, However, the surfaces on which yttrium, 
americium and plutonium are deposited all react strongly 
in the periodic acid—Schiff (PAS) staining procedure. It 
has been suggested that this procedure is specific to 
materials containing carbohydrates? and consequently the 
binding of these elements in bone has been linked with the 
possible presence of a carbohydrate moiety in the matrix 
at the resting and resorbmmg surfaces?®. 

Herring and Kent" have isolated four fractions contain- 
ing carbohydrate residues from bovine cortical bone, one 
of which is a glycoprotein containing about 20 per cent by 
weight of sialic acid, which has been named bone sialo- 
protein. The chemical‘??? and physical properties** of 
this substance have been described. We now report studies 
of the binding of bone-seeking metal ions to this sialo- 
protein, extracted from bone by the ethylene diamine 
tetra-acetic acid method’. 

The binding of yttrium and caleium has been studied 
by a titration method simular to that reported by Gilbert 
and Myers**. The titration curves of bone sialoprotein 
were determined in the presence of increasing concentra- 
tions of yttrium chloride (0-1-20 mM) and at one concen- 
tration of calcium chlonde (40 mM), with sufficient 
sodium chloride present to bring the ionic strength up to 
0:2. Bone sialoprotein (about 6 mg in 5 ml.) solutions 
were titrated under an atmosphere of nitrogen within 
the pH. range 2:2-10-5 (accuracy of pH measurement 
+ 0:002 umts). Water corrections were made and 
the hydrogen ions bound to bone sialeprotein were 
calculated. All titrations were found to be completely 
reproducible and reversible. Titrations in the presence 
of Y*+ were only carried out in the range pH 5-2-2 because 
at pH. > 5 there was precipitation of erther hydrated oxide 
or a complex of yttrium and the glycoprotein. The depres- 
sion of pH, ApH, caused by the metal ions, was taken 
to be the result of competition between metal ions and 
hydrogen ions for negative sites on the glycoprotein, 
that 1s, carboxylate anions, and depends on the degree 
of binding. The degree of binding, am, defined as the 
fraction of total carboxyl groups to which metal ions 
were bound, was calculated from the value of ApH at 
constant hydrogen ion binding and this was determined 
as the difference, parallel to the pH axis, between the 
titration curves in the presence of Ca?t or Y°+ and that 
in the presence of 0-2 M sodium chloride alone. Two 
assumptions were made: (1) that the titration of carboxyl 
groups could be represented by the expression 
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K, = pH — 1 
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where K, is the intrinsic dissociation constant of the bone 
sialoprotein carboxyl groups, œ is the average degree of 
dissociation and f (Z, u, s) is a function of charge (Z), 


ionic strength (u), and a shape factor (s): (ii) that 
binding of a metal ion caused a neutralization of charge 
on bone sialoprotein equal to its own charge. Calculation 
of the binding is possible because [f(Z, u, 8) — pKo] 
can be determined empirically from the titration curves, 
typical examples of which are shown in Fig. 1. 

The dependence of the binding (am) of yttrium and 
calcium on pH is shown in Fig. 2, and it can be seen that 
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Fig. 1. Titration curves of bone sialoprotein at 25°C, Ionic strength 0-2. 
A, 0-2 M sodium chloride; B, 01 yttrium chloride +199 mM sodium 
chlonde; C, 06 mal yttrium chloride +197 mM sodium chloride; D, 
1 mM yttrium chloride +194 mM sodium chloride; #, 3-25 mM yttrium 
chloride +180 mM sodium chloride; F, 20 mM yttrium chloride +80 
mM sodium chloride. 
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Fig. 2. Binding curves of X*+ and Ca? to bone sialoprotein at 25° C. 
Tonic strength 0-2. W—YW, 40 mM calcium chloride+ 80 mM sodium 
chloride; O—O, 0-1 mM yttrium chloride +199 mM sodium chloride, 
A—A, 05 mM yttrium chlomde+197 mM sodium chloride; i 
1 mM ytirium chloride +194 mM sodium chloride; V--V, 325 mM 
yttrium chloride +180 mM sodium chloride; @—@, 20 mM yttrium 
chloride + 80 mM sodium chloride. Ordinate: am, fraction of carboxyl 
groups involved in binding. 
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almost the sume curves are obtained with calcium at a 
total concentration of 40 mM as with yttrium at a total 
concentration of 0-1 mM. 

Bone sialoprotein contains about fifteen sialic acid 
residues, fifteen aspartic acid residues and twenty glutamic 
acid residues per molecule. To determine if the 
binding of yttrium was specific to any of these carboxylic 
acids, three model systems were titrated in 0:2 M sodium 
chloride, in 20 mM yttrium chloride + 80 mM sodium 
chloride*, and in 40 mM calcium chloride + 80 mM 
sodium chloride. These model systems were sodium 
poly-t-glutamate, sodium poly-L-aspartate and sodium 
N-acetyl neuraminate. The two polyamino acids showed 
the same gross effects as bone sialoprotein, ApH being 
large for Y*+ but small for Ca?t, whereas the ApH of 
the sialic acid solutions was small in the presence of 
Y5+ or Ca*+, and almost the same with the two ions. 
This suggests that the sialic acid was not involved in the 
stronger binding to bone sialoprotein of Y*+ compared 
with Ca?+ and this inference was confirmed by removing 
the sialic acid residues from bone sialoprotein (by hydro- 
lysis in 0-1 N hydrochloric acid for 1 h at 80° C). The 
titration curve of the resulting de-sialated glycoprotein 
was displaced by Y** and Ca?* to the same extent as 
was that of the original bone sialoprotein. Thus binding 
was not diminished by loss of the sialic acid, and was 
therefore mainly on the carboxylate anion of the acidic 
amino-acid residues. 

A similar series of titrations were carried out with 
crystalline bovine serum albumin (Fig. 3) and crystalline 
ribonuclease and also with ribonuclease which had been 
treated with mercaptoethanol in 6 M urea, followed by 
iodoacetic acid to convert the disulphide bonds to 
—S—CH,COOH groups (this treatment destroyed the 
native secondary structure of the enzyme and increased 
the number of carboxylate groups available for titration). 
In no case was the depression of pH caused by the 20 mM 
yttrium chloride + 80 mM sodium chloride solution 
greater than 0-3, and the 40 mM calcium chloride + 80 mM 
sodium chloride did not alter the titration curve within 
the experimental errors. 

Because of the ease of hydrolysis of thorium, even in 
acid solutions, the bmding of thorium had to be measured 
in a different way. By adding acid to a 20 mM solution of 
thorium nitrate and comparing the results with the 
addition of acid to 0-2 M sodium chloride, it was found 
that below pH 2°35 the two solutions behaved identically, 
but above pH 2-35 the change of pH with added acid 
was less for the thorium solution than for the water. 
Therefore, for titration purposes only at pH < 2°35 could 
the thorium be considered ionic. On mixing 3 ml. of 
20 mM thorium nitrate (u 0:2) at pH 2:35 to 2 ml. of a 
bone sialoprotein solution in 0-2 M sodium chloride also 
at pH 2:35, the pH dropped to 2:207 and a diffuse suspen- 
sion was formed. From the titration of an identical 
solution of bone sialoprotein with 3 ml. of 0-2 M sodium 
chloride added in place of the thorium, it was calculated 
that the drop in pH was equivalent to the release of 1:22 x 
10-5 moles of H+; moreover, the amount of hydrogen 
ions bound by the sialoprotein from pH 7-0 to 2-35 was 
also 1:22 x 10-5 moles. This indicates that all the 
hydrogen ions bound to carboxylic acid groups at pH 
2-35 are released on addition of thorium, and that the 
thorium therefore binds to all the carboxylic acid groups 
on the molecule. This binding is apparently much 
stronger than that of Y*+, which has already been shown 
to be stronger than that of Ca?*. 

The common structural factor in the macromolecules 
which, by this criterion, are able to bind Y** strongly, 
namely, bone sialoprotein, de-sialated bone sialoprotein, 
poly-t-glutamate and poly-1-aspartate, is a high density 
of distribution of carboxyl groups along the protein chain 
(42 per cent of the amino-acids in bone sialoprotein are 


* + Indicates that the solution is 20 mM in yttrium chloride and 80 mM 
in sodium chloride. This notation 1s used throughout the article. 
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Ht ions bound by unit weight of bovine albumin 
(arbitrary units) 
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Fig. 3. Titration curv-s of bovine a albumin at 25° C. Tonic 

strength 0-2. A, 0-2 M sodium chloride and 40 mM calcium chloride 

+80 mM sodium chloridS; B, 5 mM yttrium chloride +170 mM sodium 

chloride; ©, 20 mM yttrium chloride + 80 mM sodium chioride. Or- 

dinate: Gram-equiv. H- bound by unit weight of bovine serum albumin 

{arbitrary units). 

either aspartic or glutamic acids#*). Proteins which 
have a much lower proportion of acidic amino-acids 
(bovine serum albumin, ribonuclease), do not bind Y*+ 
strongly. This suggests that the highly acidic protein 
component in bone sialoprotein is maimly responsible for 
its binding of the hoghly charged ions of the bone-seeking 
elements. 

Preliminary experiments show that the chondroitin 
sulphate-protein fraction isolated from bovine cortical 
bone by Herring" also binds yttrium strongly. and calcium 
to a lesser extent, although the relative binding of the 
two appears to differ from that of bone sialoprotein. 

Because bone sicloprotein stains in the PAS reaction 
and also bmds yttoum (and thorium) more strongly than 
calcium it is likely to contribute substantially to the 
uptake of those bone-seeking elements which are pre- 
ferentially deposited at the resting and resorbing surfaces. 

We thank Dame Janet Vaughan for her interest and en- 
couragement, Drs. G. M. Herring and A. T. Andrews for 
invaluable help in «he production and supply of material, 
and Mr. J. R. P. 0’Brien, director of this Department, 
for the provision of facilities. The support of the Medical 
Research Council z0 one of us (P. A. W.) is gratefully 
acknowledged. 
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DISSOCIATION OF SODIUM CARBONATE AND SODIUM SULPHITE IN 
ALCOHOL PLATING SOLUTIONS 


By W. PARKER and W. GULLHOLMER 


Institute of Physics, Chalmers University of Technology, Gothenburg, Sweden 


THE electrodeposition of inorganic compounds from 
alcohol and other organic media has found few if any 
applications in industry. The main reason for this is that 
it is frequently difficult to obtain a coating of pure metal 
on the surface of the material to be plated'. There are, 
however, applications where this need not be a disadvan- 
tage—for example, in the nuclear sciences where thin 
layers of radioactive material are frequently required. 
Usually, in such situations the major concern is the 
production of a homogeneous layer of metal, and not the 
chemical form of the material?-*. The successful electro- 
deposition of layers of actinium and thorium has been 
reported by Haissinsky’, and by Cottelle and Haissinsky’, 
who used acetone as well as alcohol solutions. In this 
instance, however, ordinary electrolysis was reported 
and a voltage of about 10-12 V, d.c. was used. (Parker 
et al? were unable to obtain the near quantitative results 
reported by these workers. Yields were found to vary 
between 45 per cent and 60 per cent.) 

Following a series of experiments aimed at the prepara- 
tion of colloidal solutions!, Parker and Falk?! found that 
with the help of high voltage (> 500 V, d.c.), almost any 
water-soluble compound could be electrodeposited from 
isopropanol on to the cathode. The material was depos- 
ited, not as the metal, but in a more basic form. The 
process proved to be quantitative for a given amount of 
material, and was found suitable for the production of 
thin layers of radioactive material of excellent uniformity. 
As a result of these observations we have named the 
process “molecular plating’. In other reports we have 
described the application of molecular plating to experi- 
ments in nuclear physics!*-1* and also to the preparation 
of electron microscope specimens’, (A general review is 
given in ref. 6.) The experimental results which now 
follow are those obtained from an investigation of the 
nature of the deposits formed and of the degree of dissocia- 
tion which ensued. 

Two chemical compounds were chosen for this study: 
sodium carbonate and sodium sulphite. Both compounds 
are soluble in water but are somewhat less* soluble in 
aleohol. They have the additional advantage of lending 
themselves to radioactive tracer studies in the form of 
“Na, “CO, and *4Na,*5SO,. Chemical methods and 
quantitative titration analysis were used to determine 
the nature of the material deposited at the cathode. 

The radioactive tracer studies were divided into the 
following groups: (1) Na,4CO,8-; (2) *“Na.COsy,8-; 
(3) Na,FSO,8-; (4) *4Na,SO,7,8-; (5) ?4Na,4COsy,8- + 
B-; (6) **Na,**SOsy,8- + B- 

For the preparation of plating solutions of (1) and (3) 
the radioactive material was ebtained from the Radio- 
chemical Centre, Amersham. Solutions of (2) and (4) 
were prepared by irradiating quantities of (1) and (3) for 
5 h periods with slow neutrons in the #1 nuclear reactor 
at Stockholm. Because of the short time of irradiation 
and because slow neutron flux was used, sulphur-35 was 
only produced in very small quantities. For the same 
reasons, the quantities of #4S(n,p)?*P were also very small. 
Finally, solutions of (5) and (6) were prepared by simply 
mixing equal proportions of (1) and (2), and (3) and (4), 
respectively. 

Measurements of the B-ray activity were made by means 
of a liquid scintillation counter, while y-ray activity was 


determined by means of a y-scintillation spectrometer. 
The two counting solutions used for the measurement 
of sulphur-35 and carbon-14 were originally described by 
Eastman et al.1® and had the following composition: 
for sulphur-35, 1-5 g of 2:5-diphenyloxazole and 0-08 g of 
2°2-p.-henylene-bis-(5-phenyloxazole) were dissolved in 
a mixture of 100 ml. of dimethylformamide and 200 ml. 
of anisole; for carbon-14, 15 ml. of the same solution 
as used for sulphur-35 was mixed with 1 ml. of methanol. 
In all the measurements reported here 15 ml. counting 
vials were used. For measurement of the y-rays a thallium 
doped sodium iodide crystal (2 in. x 2 in.) was used 
together with a 400 channel analyser. All combinations 
of labelled compounds which we tested in this investigation 
were subject to the same experimental conditions during 
electrodeposition; only the final measurements differed. 

Stock solutions of the various labelled combinations 
were prepared with concentrations of 10 mg/ml. in water. 
When preparing the plating solution, a 50 ul. portion of a 
given solution was added to 25 ml. of isopropanol and 
thoroughly mixed. A 50 ul. portion of this (a) was 
added to a 15 ml. vial of the appropriate counting solution, 
and the plating solution then transferred to a plating 
cell (Fig. 1) provided with a platinum anode and stainless 
steel cathode. A high voltage (1,000 V, d.c.) was con- 
nected across the cell and the electrodeposition was 
allowed to proceed for 30 min. For an anode/cathode 
distance of 30 mm a current of about 250 pamp passed 
through the cell. During the last few seconds of the 
deposition period another 50 ul. portion (b) was taken from 
the solution and added to a second counting vial. The 
platinum anode was withdrawn from the solution without 
disconnecting the high voltage, and the solution was 
rapidly poured off. On removal, the cathode disk was 
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Fig 1 Diagram of the electrodeposition cell used for the pre aration 

of the **Na,CO, and **Na,*=SO, samples The samples were first subject 

to measurement by means of a y-ray scmiillation spectrometer. r 

decaying, the deposits were washed into vials and the -activity measured 
by a liquid scintillation technique 
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quickly washed with alcohol and allowed to dry. The 
plated area (10 mm diameter) was dissolved in 50 ul. of 
water and washed into a counting vial (c) with the appro- 
priate amount of counting solution. For labelled com- 
pounds’ (5) and (6), the comparatively short-lived sodium 
activity was measured first and after a suitable decay 
period (8 days) the relative sulphur and carbon activities 
determined in the same way. 

Measurement of more than thirty samples of each of 
(a), (b) and (c) showed that in all cases 32 per cent of the 
total radioactive material in solution was deposited. at 
the cathode after 30 min and that the ratio between 
sodium and carbon, and sodium and sulphur, remained 
the same provided the water content did not mecrease to 
more than 2 or 3 per cent of the total cell volume. This 
was verified as follows: A 500 ul. portion of the stock 
solution in question was thoroughly mixed with 150 ml. 
of isopropanol and transferred to a 200 ml. platinum 
beaker. The beaker constituted the cathode, and a 
platinum wire in the form of a spiral acted as the anode. 
The experimental arrangement is shown in Fig. 2. A 
current of about 4 m.amp was passed through the cell at 
a voltage of 1,000 V, and each deposition run lasted for 
30 min. The anode wire was then removed from the 
solution and the plating solution rapidly poured off. Any 
deposits obtained were washed quickly but carefully in a 
few millilitres of isopropanol, and after drying were dis- 
solved from the beaker with about 10 ml. of distilled and 
boiled water. 

The dissolved deposits of sodium carbonate gave an 
alkaline reaction and also precipitated barium carbonate 
from a solution of barium chloride. The samples were 
analysed by quantitative titration with 0-05 N hydro- 
chloric acid, both with and without the removal of any 
barium carbonate present. The dissolved deposits of 
sodium sulphite gave an alkaline reaction and precipitated. 
barium sulphite from a solution of barium chloride: they 
also reduced a solution of potassium permanganate. 
The samples of sodium sulphite were analysed quantita- 
tively by titration with hydrochloric acid and with 
sodium hydroxide after they had been subjected to oxida- 
tion with hydrogen peroxide and passed through a column 
of ‘Dowex 50’ (H+ form). In the case of the sodium 
carbonate samples, analysis showed that they contained 
a mixture of sodium carbonate and sodium hydroxide 
in the ratio 1:2. Likewise the sodium sulphite samples 
were found to be mixtures of sodium sulphite and sodium 
hydroxide ın a molecular ratio between 1:0 and 1: 2. 

These findings indicate that dissociation does not occur 
during electrodeposition of sodium carbonate and sodium 
sulphite from isopropanol solution when high voltage is 
used—provided the water content of the solution is kept 
to a minum. More recent mvestigations have shown 
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Fig. 2. Experimental arrangement used for or paeng milligram quantities 


of inactive sodium carbchnate and sodium s de used for the chemical 
anslysis deseribed in the text. 


that when the wate> content is increased to about 4-5 per 


‘cent, the deposition ratios between sodium and carbon 


and sodium and stiphur tend to increase in favour of 
the sodium. At higher levels, dissociation becomes com- 
plete, that is, the deposition of carbon and sulphur ceases, 
and in the case of zodium sulphite, sulphur is liberated at 
the anode as sulphur dioxide. 

In future attempts to achieve a better understanding 
of the phenomena involved we intend to use tritium- 
labelled water and .sopropanol. 

We thank Prof. Nils Ryde for his interest and support 
in this work. We also thank Mr. H. Riedl of the Institute of 
Technical Chemistzy for his help with the chemical 
analysis. The liqu.d scintillation equipment was kindly 
lent to us by LKB Produkter AB, Stockholm. 
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GROUPING OF NOCTURNAL MIGRANTS 
By E. EASTWOOD and G. C. RIDER 


The Marconi Company, Ltd., Marconi House, Chelmsferd, Essex 


“ONLY birds and fools fy—and birds don’t fly by night” 
was one of the sayings of the men of wartime Bomber 
Command. The first and, perhaps, the most surprising 
discovery made by the radar method of bird watching 
introduced by Lack and Varley in 1945 (ref. 1) refuted 
this statement—hbirds do fly by night and sometimes in 
vast numbers. By means of radar it has now been estab- 
lished that many of the largest mass bird movements of 
the spring and autumn take place by night. Neverthe- 
less, many problems of bird flight at night remain un- 
resolved-—including the question of whether a migrant 
stream is composed of flocks of birds, each of which con- 
stitutes one of the “angel echoes” seen on the plan 


position indicator of a ratlar, or whether a random dis- 
tribution of individual birds only is involved, each bird 
flying in the general direction of migration. 

Many pictures kave been published of bird migration 
recorded from the blan position indicator of a surveillance 
radar, and these Hlustrate the fact that discrete angels 
occur both by day and by night (see, for example, ref. 4). 
It is well known, kowever, that in daytime many species, 
such as the chaffirch {Fringilla coelebs), migrate in large 
flocks, the members of which move together in a coherent 
group by keeping 3ach other in sight. Direct association 
of such visible bird flocks with diurnal radar angels has 
been. reported’. The possibility therefore exists that 


1144 


nocturnal angels can be similarly attributed to real groups 
of birds. 

If this proves to be the case, then ıt would be interesting 
to know how the birds which compose such a group are able 
to stay together at night, and whether there is any form 
of social relationship between them. On the other hand, 
the possibility that radar angels are merely a result of the 
imperfect resolution by the radar of a mass of randomly 
distributed birds must also be considered. 

The spatial resolving power of a pulsed radar signal 
depends on the pulse length and the shape of the beam 
radiated by the antenna. If + is the time duration of the 
transmitted pulse, then targets lying on the same radius, 
and separated by less than $ ¢7, will be shown as a single 
echo on the plan position mdicator (e is the velocity of 
light). Similarly, if 0 and 9 are the horizontal and vertical 
beam-widths, then the limits of linear resolution in the 
azimuthal and meridional planes are r9 and rọ, respec- 
tively, where r is the range from the radar. It follows 
that targets contained within the so-called pulsed-volume 
$£ectr* 6 o at range r will be unresolved and will be recorded 
on the plan position indicator as a single point echo. For 
the surveillance radar at the Marconi Experimental 
Station at Bushy Hill, Essex, which has been used for 
many years to observe bird migration across the North 
Sea, A = 23 cm, t = 5 usec, 4 crt = 2,450 ft., 0 = 0.8° 
and @ is expressed by the vertical performance diagram 
of the radar given in Fig. 1. ‘The mner contour of limiting 
visibility on Fig. 1 is plotted for a target of cross-sectional 
area, 2 em?, which corresponds to a small bird such as a 
warbler; the outer contour refers to a target having an 
echoing area of 100 cm?, which would be roughly the 
echoing area produced by a flight of about twenty starlings 
(Sturnus vulgaris). In such a random formation of birds 
the radio energy is scattered incoherently and the effective 
echoing area of the group is the arithmetic sum of the 
echoing areas of the individual birds. 
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Fig. 1. Cover diagrams, Bushy Hill radar (A= 23 em), 
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Fig. 2. Height distribution histogram. A4=3 cm, 3,562 observations in 
325 h in spring 1966, 


For bird migration over the North Sea, the vertical 
resolution limit of rọ is not reached owing to the hmited 
height of the birds’. The easterly passage of nocturnal 
migrants at the Essex coast during the period January— 
May 1966 was observed from Bushy Hill using a high 
resolution 3 cm radar which had its beam directed ver- 
tically upwards. This radar was recording the passage of 
single birds through the beam, and frequencies of transits 
were measured as well as altitudes. The pattern of the 
height distribution is given in Fig. 2, which shows that 
the most frequently occurring altitude band was 2,700- 
3,000 ft.; very few birds were observed above 7,000 ft. 
and 90 per cent were below 4,500 ft. Fig. 1 indicates that 
birds flying at 4,500 ft. will cross the radio horizon at 
77 nautical miles, and so the magnitude of the pulse 
volume occupied by birds will not vary with the range in 
accordance with the foregoing simple expression, but will 
pass through a maximum before decreasing to zero at 
r = 77 nautical miles. 

As all the birds contained within the pulse-volume 
contribute to the echo signal it will be seen that the 
granular appearance of an angel display could arise from 
the interaction between the polar diagram of the aerial, 
the parameters of the radar and a random distribution of 
migrants within the permitted altitude band. According 
to this view, nocturnal angels would not correspond to 
true groups of birds, but would merely be the echoes from 
those pulse-volumes in which the number of birds hap- 
pened to provide a total echoing area sufficient to produce 
a signal at the radar, exceeding the receiver noise level 
(4 x 10-45 W) by about 10 dB. The inevitable diminution 
of angel density at longer ranges is a consequence of the 
pulse-volume effect, combined with the rapid fall-off of 
signal power with range as expressed by the radar 
equation (1/r*). 

Examples of radar displays of birds which show the 
pulse volume effect are not lacking. Warblers on migra- 
tion have the appearance on the plan position indicator 
of a hazy continuum of light in which are embedded 
transient echoes of low intensity*. A similar diffuse display 
is also typical of night ascended swifts (Apus apus) during 
late June®. These displays are in marked contrast with 
the assembly of bright point echoes which are charac- 
teristic of discrete angels. Ii seems fairly certain that 
such a diffuse type of display is caused by incoherent 
scattering from the mass of small targets contained 
within the pulse-volume; together, these provide a 
fluctuating, weak signal that only occasionally exceeds 
the noise level. Sutter! reported that his nocturnal angels 
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appeared weaker and less sharp than the diurnal angels; 
this, he explained, is because the birds are grouped into 
tight flocks by day but not by night. Lack? also thought 
that the evidence did not point to the existence of night 
groups; on the other hand, he also reported tracking 
strong, discrete nocturnal angels at long range. Bergmann 
and Donner’, however, in their study of the migration of 
the common scoter (Melanitta nigra) and longtailed duck 
(Clangula hyemalis) in the Gulf of Finland, considered 
that these birds were grouped into flocks by night as well 
as by day. 

Observations were made from Bushy Hill during 1964-66 
in the hope of resolving the nature of nocturnal angels. 
Various radar equipments were used which operate at 
wavelengths of 23 em, 10 em or 3 em (L, S and X micro- 
wave bands, respectively). Use was also made of the 
signature analysis technique—the study of the pulse-to- 
pulse variations in amplitude of the signal received from 
a target in order to deduce information about its scattering 
characteristics. A number of strong, discrete, nocturnal 
angels were examined with the aid of a steerable, L-band 
tracker radar the beam-width of which was 1-8°. Signature 
analysis shows that the amplitudes of successive pulses 
from such angels followed a Rayleigh distribution typical 
of a target composed of a number of scattering centres 
moving randomly with respect to each other—that is, the 
strong angels in the vicinity of East Anglia were usually 
composed of a number of birds. In contrast, signature 
analysis applied to the signals received by the X-band 
radar showed them to be typical of single-bird targets— 
this was to be expected in view of the high resolution of 
the equipment and the short range at which the observa- 
tions were made (the pulse-volume used was small). 

The average echomg areas of a number of angels were 
also measured with the L-band tracker, and the echoing 
area distribution function which was obtained for both 
day and night angels of this type is shown in Fig. 3. The 
distribution pattern is not symmetrical and suggests that 
angels having echoing areas of 500 cm? or more are 
markedly more rare than those having echoing areas less 
than this. If we take the most probable value of the 
echoing area suggested by this figure to be about 70 cm? 
it is possible to estimate the average number of birds per 
angel between five and thirty-five, because the echoing 
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area, of those birds likely to be airborne at the time of the 
measurements would. probably range from 2-14 em?. 

A. different method was used to estimate the average 
bird content of nocturnal angels observed during the 
easterly emigration irom East Anglia of winter visitors 
such as the blackbird (Turdus merula), redwing (P. 
musicus), fieldfare (T. pilaris), lapwing ( Vanellus vanellus), 
chaffinch (Fringilla celebs) and starling. An L-band sur- 
veillance radar supplied data on angel densities at a known 
range, while the rate >f passage and density of birds over- 
head were derived from the X-band radar counts. After 
making appropriate zorrection for the thinning of angel 
densities with range, :n a manner similar to that described 
by Nisbet?®, the number of birds per angel appeared to 
lie between four and_ twenty. 

The application of a mixed radar and Moon-watching 
technique by Nisbet ° showed that the average number 
of birds per nocturna. angel which he observed during the 
autumn migration in the region of Cape Cod was usually 
between two and twalve. After a careful review of the 
data, and noting pazticularly the fact that the average 
composition of an argel increases only very slowly with 
the migration density, Nisbet concluded that many birds 
migrate in well-defined groups. 

Bearing in mind the uncertainties attached to radar 
measurements of this_kind, it will be seen that the number 
of birds per angel determined by Nisbet does not differ 
significantly from the value suggested by the two inde- 
pendent methods of essessment used at Bushy Hill. But 
this rough agreement does not prove the group nature of 
the angels observed :n the two regions. One method of 
testing the existence of such angel groups would be to 
record and to compare the angels which occur in & par- 
ticular region by means of two radars with different 
pulse-volumes over the area examined. Real groups of 
birds should then be seen as such on both radars. This 
experiment was, in fact, performed by Eastwood and 
Rider, when angels okserved on the plan position indicator 
of an L-band surveil:ance radar were also photographed 
simultaneously from the display of an S-band nodding 
height-finder. It cen be concluded from this varied 
evidence that many cf the strong angels must correspond 
to groups of birds. Sach a conclusion is supported by the 
comparatively long lives which many angels often possess 
on films of the plan position indicator when viewed by 
the time compression method, and the long distances, 
often 10-20 miles, over which they may be tracked. The 
fact that angels on 2 magnified plan position indicator 
display rarely split further supports the conclusion; this 
would be surprising f angels were only a pulse-volume 
effecti, 

Do these data suggesting the existence of groups of 
migrant birds at nigkt necessarily contradict the idea of 
migration as made ud of random distributions of birds ? 
Counts made with she X-band radar at Bushy Hill 
showed that the rate of passage overhead of individual 
birds during nights o? the spring migration was far from 
uniform. While obssrvations were being made it was 
particularly noticeable that the number of transits during 
successive 15 min intecvals changed greatly. and even that 
the rate of passage @uld vary from minute to minute. 
In other words, the bizds tended to make their appearance 
in bursts, so that taeir spatial distribution was very 
granular and areas of concentration were present among 
the general spread of fhe migrants. The distances between 
the members of suck closely packed sections were well 
within the pulse-volume of the L-band surveillance radar 
and would have been =en as a single angel on the plan posi- 
tion indicator. If suca a local concentration of birds were 
to remain contained within the gradually expanding pulse 
volume during the octward flight, then the single angel 
which would result eculd be tracked on the plan position 
indicator, even thougn the birds might not constitute a 
true group—there bang no form of social relationship 
between them. 
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That this possibility can indeed happen is supported by 
other radar evidence. Time compression films of the sur- 
veillance radar plan position indicator have shown that 
the mass autumn departure of warblers at night from the 
south-eastern region of England can cause the outlines of 
the Essex, Kent and Sussex coasts to advance out to sea 
hke a wall in the direction of migration, which 1s towards 
the south-south-east. Although these warbler echoes 
almost certainly arise from a pulse-volume effect there is 
a continuity to the geographical distribution of the birds 
at take-off which is maintained during the first part of the 
migratory flight and takes a surprisingly long time to 
disappear’. Similarly, films of the vesper flights of 
swifts show that the denser regions which correspond to 
the places of origin of the birds continue to show for quite 
a long time, presumably because the mdrvidual birds 
perform similar tight spiral movements’. 

This continuity of pattern ıs even more marked in the 
night movement of waves of starlings which were reported 
by Lack and Eastwood‘, Furthermore, the dispersals of 
starlings from their roosts at sunrise to join the migrant 
stream to the continent showed that the parallel waves 
of birds, sometimes extending over a front 20 miles long 
in & north-south direction, moved towards the east but 
were still distinguishable as waves an hour later, and some 
60 miles to the east??. 

These examples suggest that some form of station- 
keeping is practised by the birds which can supplement 
the migration direction “‘programme”’ with which all the 
birds are endowed. ‘This station-keeping would ensure 
the continuity of their initial distribution pattern over 
quite long periods. More probably, the birds perform 
similar movements in response to the same stimuli. But 
there will inevitably be scatter ın respect of speeds flown 
by individual birds and on the headings which they take 
up. The effect of these variances will cause the initial 
distribution to become blurred and more extended as the 
flight proceeds. Finally, the pattern will merge with the 
general background of birds—-which is, in fact, observed 
in all the foregoing examples. 

The radar evidence as a whole suggests that while some 
of the nocturnal angels which give good echoes at long 
range are probably true groups of birds analogous to 
those observed by day, others, and perhaps the majority, 
are pseudo-groups which result from the pulse-volume 
effect. Even the “true groups” may only be groups m 
the sense that the birds composing them have taken off 
from a common locality or a common roost; the group 
form is roughly maimtained because the birds fly at 
roughly the same speed and in the same direction. Never- 
theless, the well known visual acuity of the birds may 
serve to bind them into some sort of a unified group; the 
well known phenomenon of acoustic calling on the wing 
would also assist in this. If such were indeed the explana- 
tion of nocturnal angels it would mean that the appearance 
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of discrete angels only differs from the appearance of 
warblers by reason of the echoing areas of the birds 
involved and the intensity of the distribution. 

Radar is perhaps the only method available for counting 
the numbers of birds flying by night, but it is still in need 
of refinement before it can be regarded as a precise 
counting instrument. One further tentative result which 
has emerged from this investigation is of sufficient interest 
to be mentioned here; this concerns an estimate made 
of the total number of birds taking part in the springtime 
migratory movement which corresponds to the return to 
the Continent of many of the winter visitors to these 
islands. Lack? has shown that this is the major migration 
of the spring in the south-eastern region of England. Un- 
doubtedly the most accurate way of counting the passage 
of migrant birds by night 1s to use the vertical incidence 
X-band radar technique. This method gives an accurate 
value for the rate of passage of birds across a 1 mile front at 
the position occupied by the radar, but it cannot supply 
information about the flow of birds at points remote from 
the radar. Many such radars would be needed to cover 
an extended front and the method would be prohibitively 
expensive to apply to a broad front migration. The 
L-band surveillance radar, however, can map the general 
progress of angel activity across a front extending from 
the north coast of Norfolk down to the Pas de Calais. 
Combination of the L and X radar techniques translates 
the angel echoes into numbers of birds and permits useful 
estimates to be made of the rates of flow of birds across 
the whole of this front. When these average rates are 
associated with the pattern of activity for the spring 
migration as a whole, which was established by Lack for 
this easterly movement, it becomes possible to estimate 
the total number of birds involved as 2 x 10%. These 
heavy migrations do not denude the countryside of birds, 
of course, and their place is largely taken by the summer 
visitors which come to these islands to breed. The figure 
of 2 x 107 may be compared with Harper’s® estimate of 
3 x 10° birds takmg part in a heavy migration over 
Hertfordshire in one spring night. 

We thank Mr J. D. Bell, Mr. N. R. Phelp and Mr. J. 
Franklin, of the Marconi Research Laboratory, for 
assistance in making the measurements. 
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GROWTH AND STRUCTURE OF THE SHELL OF LIVING 
ARTICULATE BRACHIOPODS 


By Pror. ALWYN WILLIAMS 


“Department of Geology, Queen’s University, Belfast 


THE relationship between the triple-layered shell and the 
underlying outer epithelum of the mantle of living 
articulate brachiopods has been known for some timet. 
It involves the production of epithelial cells in a generative 
zone at the mantle edge and the secretion of each of the 
three layers in turn by the cells as they become incor- 
porated within the expanding mantle. The morphological 
consequences of this process have not hitherto been 


completely established, but electron microscope studies of 
the shell fabrie of the terebratulides, Macandrevia and 
Terebratulina, and the rhynchonellides, Hemithyris and 
Notosaria, have now shown the full sequence of events. 

The site of the generative zone for each valve is a 
circumferential groove dividing the mantle edge into two 
lobes. Newly proliferated cells, which are ultimately 
added to the outer epithelium, first become part of the 
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inner surface of the outer lobe and are then conveyed 
forward towards the tip of the lobe by the addition of 
new cells behind them. At this juncture they exude the 
outermost shell layer, the periostracum, composed 
exclusively of protein*. The previously reported! differen- 
tial thickening of the periostracum is related to the 
external morphology of the cells, in that thickened bands 
forming a reticulate mesh on the inner surface of the 
periostracum usually correspond to boundaries between 
cells. 

When cells reach the mantle tip they start secreting 
calcite crystallites between the periostracum and the 
underlying cell walls. This crystallite mat is the first 
formed part of the calcareous primary layer. It is built 
up more or less continuously across interceliular bounda- 
ries and bears no recognizable imprint of cell outlines. 
But its strongly pitted appearance at the shell edge, 
with pits up to 0-4u in diameter, indicates that the outer 
surfaces of the cells responsible for deposition of calcite 
bear microvilli intruding into the primary layer. Thus the 
cells are already anchored in position relative to one 
another on the calcareous exoskeleton, and any differen- 
tial movement away from these original loci of attachment 
depends on variation in the rate of secretion for each cell. 
The rigidity and continuity of the calcareous primary 
layer also control the disposition of the outer mantle 
lobe; enlargement of the shell is thus effected by a ‘“‘con- 
veyor belt” system whereby proliferated epithelial cells 
forming the inner surface of the outer lobe are successively 
brought into position to extend the primary layer by 
extracellular caleareous secretion. 

The thickness of the primary layer is a function of the 
number of rows of epithelial cells involved in its secretion, 
with the innermost, oldest cells underlying the thickest 
part of that layer at the shell edge. In general, the number 
of concentric rows making up this zone in adult shells is 
fairly constant; in Terebratulina, for example, there are 
about fifteen, so that the thickness of the primary layer 
underlain by secondary shell does not vary very much. 
This stability is maintained because each row of cells 
undergoes profound changes in secretory habit when, 
through addition of new cells at the tip of the outer lobe, 
they come to form the innermost rows underlying the 
primary layer. The changes are two-fold. They involve a 
reversion to the exudation of protein, now restricted to 
narrow ares more or less coincident with the anterior 
intercellular boundaries, and also the secretion of calcite 
erystallites as a uniformly continuous plaster laid down 
within the protein boundaries. At this stage the cells, 
each with a convex anterior boundary, alternate in slightly 
overlapping rows so that their intercellular boundaries 
approximate to an anterior semicircle subtended between 
two adjacent arcs which are shared with the cells im- 
mediately behind (Figs. 1 and 2). The protein strips 
underlain by the boundaries in common with the two older 
cells are usually completed, at least as contiguous strands, 
before traces of protein exuded by the anterior boundary 
can be seen. Plastering of secondary calcite over the 
comparatively porous primary layer usually starts in the 
re-entrant angle between the two older cells and soon 
coalesces with any isolated deposits that may appear 
elsewhere within the protein boundaries. In this way the 
secondary calcareous layer of the articulate brachiopod 
shell is formed by cells that were initially responsible 
for the secretion of the periostracum and then for the 
calcareous primary layer (Figs. 3 and 4). 

Continuous deposition of protein along the intercellular 
boundaries segregates the calcite of the secondary shell 
into fibres, each of which is contained in a protein sheath 
with only rare lacunae. Thus each fibre is controlled in 
its further growth by the outer surface of a cell which is 
characteristically concave outwards and more pronoun- 
cedly so towards the front, so that the internal surface 
of the fibre is convexly lobate with an outline determined 
by its protein boundary (Fig. 4). In this manner, the 
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inner surface of the secondary shell, unlike that of the 
primary layer, is fash_oned into the so-called shell mosaic 
(Figs. 1 and 2) whicl is in reality a protein-caleite cast 
of the outer surface o” the epithelium*. This pattern is so 
consistent that even cell division taking place after the 
deposition of secondary shell can be identified by varia- 
tion in the morphology of the mosaic. 

The mosaic has a discernible lineation reflecting the 
growth relationship between fibres at the moment of death, 
which can be graphicelly represented by plotting the long 
axes of exposed parts of fibres as growth vectors. Such 
growth charts show that, in convex valves at least, an 
extension of fibres normal to the shell edge is only charac- 
teristic of a narrow deripheral zone, because the over- 


lapping nds of fibres comprising the inner part of the 
mosaic œ> rapidly ne-orientated more or less parallel 
to the» ve margin. Thus each fibre tends to grow in a 
spiral a directed clockwise in the right half of a valve 
and an lockwise in the left half. Some modification 
of the aic occurs when the fibres form skeletal out- 


growth», ut in general the pattern is blurred only when 





Fig. 1. Single stage negative replica of the internal shell surface at the 
junction between the primary and secondary layers of Terebratulina 
caput-serpentis (Linn.): shadowed with gold-palladium at 1 in 1. 


anterior 


@ 6.6. %,*%,%e*s e 
©. 0.96% 6% eee 0.0.0, * 


Tim, protein 
niin Sunn primary 


iY )}— secondar y layer 







layer 





. + 
. d 
SE pa , 
. 5 

te E 


- eo. > 4 
- bos ` o 
a OS = 
-SA 
~ 


kE \ JAG fibre i 
l__trace of 


=? ee 
a es 


| 

Pe, | 
I Sl 
A | 


trace of keel 


———  — Á — 
— 
g 
4 


Fig. 2. Diagrammatic internal surface view of the junction between the 
primary and secondary layers of the articulate brachiopod shell, 
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excessive calcite deposition interrupts the laying down of 
protein boundaries as, for example, in muscle bases. 
The arrangement of the cells of the outer epithelium 
relative to one another is also responsible for the distinctive 
stacking of fibres as seen in any random section of the 
shell. In longitudinal section, fibres appear as blades 
gradually increasing in width towards the inner surface 
of the valve and, when not involved in accommodating 
puncta or contributing to the formation of internal 
features, are inclined at about 10° to the inner surface 
of the primary layer (Fig. 3). A transverse section of a 
typical fibre, however, shows that the inner surface is 
flatly to roundly convex inwardly, usually with a medial 
keel, while the outer surface is made up of two lateral 
areas joined by a medial saddle, all concave outwardly 
(Figs. 5 and 6). The inner surface corresponds to the out- 
wardly concave, anterio-median surface of a cell, the 
lateral areas to the two contiguous halves of alternating 
cells in the immediately younger row, and the saddle to the 
keel laid down by a cell belonging to the next younger 
row (compare Figs. 1 and 5). This arrangement facilitates 
the overlapping growth of fibres. It also enables any shell 





Fig. 3. Single stage negative replica of a longitudinal section of the 
junction between the primary and secondary layers of Lagueus californi- 
cus (Koch); shadowed with gold-palladium at 1 in 1. 
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between an outer epithelial cell and the three layers of an articulate 
brachiopod shell, 
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Fig. 5. Single stage negative replica of a transverse section of the fibres 
of the secondary layer of Macandrevia crania (Muller): shadowed with 
gold-palladium at 1 in 1. 
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Fig. 6. Diagrammatic transverse section showing the neatenta 
between fibres of the secondary layer of an articulate brachiopod shell, 


fragment to be orientated because all concave surfaces 
faco outwards. 

The different appearances of transverse and longitudinal 
sections, the incremental increase in size and the spirally 
arcuate traces of fibres growing away from the primary 
layer have led to misinterpretations of sections of the 
brachiopod shell. Thus Sass, Monroe and Geracet were 
puzzled by their electron micrographs of sections of the 
terebratulids Gryphus and Pictothyris. In fact, a segment 
of any section through the shell will normally show an 
inward increase in size of fibres because those adjacent 
to the primary layer will have been deposited by small 
epithelial cells at the mantle edge, whereas the inner 
fibres will have been secreted by progressively older, 
larger cells as successively overlapping extensions from 
their original loci of attachment. Moreover, in segments of 
longitudinal sections away from the shell edge, it is likely 
that fibres immediately underlying the primary layer will 
be seen in transverse section, and those towards the 
inner surface of the shell in oblique sections which may be 
parallel for part of their lengths with the long axes of the 
fibres. 


' Williams, A., Camb. Philos. Soc. Biol. Rev., 31, 246 (1956). 


*Jope, H. M., Treatise on Invertebrate Paleontology, H. Brachiopoda, 159 
(1965). 


a hir A., Treatise on Invertebrate Paleontology, H Brachiopoda, 254 
(1 , 


* Sass, D, B., Monroe, E. A., and Gerace, D. T., Science, 149, 181 (1965). 
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MODEL OF THE MEMBRANE OF SMOOTH MUSCLE CELLS OF THE 
GUINEA-PIG TAENIA COLI] MUSCLE DURING TRANSMISSION FROM 
INHIBITORY AND EXCITATORY NERVES 


By M. R. BENNETT 


Department of Zoology, University of Melbourne, Auscralia 


THe changes in mombrane potential which occur in the 
smooth muscle colls of the guinea-pig taenia coli muscle 
during transmission from inhibitory and excitatory nerves 
have been described recently}~4. This smooth muscle was 
selected, for these investigations because the ionic proper- 
ties of the membrane, the ionic content of the cell, and 
the effect of transmitter substance on the cell membrane 
had already been examined*-!2, On the basis of these 
investigations a tentative model of the mombrane during 
transmission to smooth muscle cells may be proposed. 
Membrane theory. Before a model of transmission can 
be presented, the ionic properties of the smooth musclo 
membrane need to be known. An attempt has therefore 
been made to determine if the membrane theory of Boyle 
and Conway!3, which has been shown to hold for the 
skeletal muscle membrane!:!5, also holds for the mem- 
brane of the smooth muscle cells of the taenia coli. 
From the theory of Boyle and Conway 


(Na) + (Ke + (Ce + FH C (1) 
(Na), + (Ky — (Cle + BE = 0 (2) 
(K)o (Cl)o = (Kh (Cl): (3) 


From (1) and (2): 
(Naj = (K) (Z — 1) + (Cle (1 + Z) — ZC 
(1 — Z) 
if Z = — |] (ref. 16). 
C 

(Na), = 3 — (K) (4) 
where 2 refers to intracellular concentrations; o refers 
to extracellular concentrations; D is the number of 
indiffusible molecules inside the cell; Z is their average 
valency; V ıs the cell volume; and C is the total con- 
centration of all the molecules in the external solution. 

In skeletal muscle the Donnan equilibrium exists for 
external potassium concentrations above 10 mM?*:15, 
and so 


ET | (K)o 


RT Ch), 5 
En = Ex = -F In R), (i (5) 


F” (0 
where Em is the membrane potential; Eg and Ea the 
equilibrium potentials for potassium and chloride ions, 
respectively; and R, T, F have their usual meaning. 
Hodgkin and Horowicz'! have shown that in a chloride- 
free solution the deviation of the membrane potential 
from the potassium electrode for (K), greater than 10 mM 
can be predicted by the Goldman?’ equation 


RT (K)o T «{Na), 

l F " (K) + a(Na)s (8) 
where « is the ratio of the permeability coefficient of 
sodium to that of potassium. Hence 





Em = 


Em 
_ (K) — (K): 10 53 


E me aai (7) 
Em 

(Na); 10 -55 — (Nae 

The investigations of the smooth muscle membrane of 

the taenia col in high-potassinm solutions (K), > 25 mM 

and in chloride-free solutions (Cjo = 0 made by Holman? 


and Kuriyama’? can now be interpreted in terms of 
equations l-7. 

(K)o greater than 25 mM. In this case it has been 
assumed that the pctassium and chloride ions were in a 
Donnan equilibrium at the highest potassium concen- 
tration, and from equations 3 and 4 (K), and (Cl), have 
been obtained. Thor for lower concentrations of potas- 
sium, if Donnan equi_ibrium continued to hold, potassium 
and chloride ions skould have moved across the mem- 
brane in equal numbers until equation (3) holds. There- 
fore, equation (3) has been used to find the new values of 
(K) and (Cl), and 1° the assumption of a Donnan equi- 
librum is correct thcn the predictions of the value of the 
potassium electrode irom equation (5) should agree with 
the measured value ef the membrane potential. Tables 1 
and 2 summarize ths values of Em, (K)o and (Cl)> taken 
from Holman’s® resalts on page 470 of her paper and 
Kuriyama’s?® results on. page 17 of his paper. All values 
are expressed in mM or mV. The predicted value of Bx 
agrees well with the value of Em measured with micro- 
electrodes. It is therfore probable that m high potassium 
concentrations, potassium and chloride ions are in Donnan 
equilibrium across the membrane. 


Table 1 
Em (K)o (Clo (CI): (K): Eg 
— 20 100 240 120 200 — J9 
—30 50 190 65 145 — 30 
— 33 40 180 54 134 - 33 
— 42 25 166 35 115 — 42 
Table 2 
Em (Ko {Clo { CDs (hi E K 
— 175 118 258 137 220 — 7 
— 27-5 59 199 74 157 — 26 5 
— 40 29 169 40 123 —39 


According to the Boyle and Conway theory, there 
should be little or ro change in the intracellular concen- 
tration of sodium when the potassium and chloride 
concentrations outside the cell are changed, since the 
membrane is supposed to be largely impermeable to 
sodium. If,this is the case, then (Na); ın equation (4) 
should remain conszsant with changes in (K); and in the 
total external concentrations of ions, C. The (Kẹ at 
various values for C ean be obtained from Tables 1 and 2, 
and these are summarizcd in Tables 3 and 4. (Na), in 
each table is fairly constant at different (K)., and both 
tables show that tha value of (Na), is about 40 mM. 


Table 3 
Em (K)e C (Nay 
— 20 200 480 40 
— 30 145 380 40 
—33 134 360 44 
— 42 115 ` 330 45 
Table 4 
Em (Ej C (Nak 
-175 220 516 38 
~275 157 398 33 
— 40 123 338 36 


Chloride-free solidion. If the chloride 10ons normally 
present in Krebs solution are replaced by sulphate ions, 
keeping the potassium concentration constant, there will 
be a decrease in osmotic pressure outside the cell due to 
the decrease in the net number of ions, C. Ions will then 
leave the fibre together with water until osmotic equi- 
librium is regained. and there will thus be a decrease in 
(K). Kuriyama!’ kas performed this experiment, as well 
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as changing the (K)o m a chloride-free Krebs solution. 
The changes in (K); with elevation of (K), in sulphate 
Ringer can be predicted’ by equation (4) with (Na); = 
40 mM. Table 5 summarizes values for Em, (K)o and O 
from Kuriyama’s results and the theoretical predictions 
of Eg. The membrane potential is shown to be close to 
the value of the potassium electrode for each value of 
(K)o It seems likely then that the chloride ion is in 
electrochemical equilibrium with the membrane potential 
for this range of potassium concentrations. 


Table 5 
En (K) C (K)i Ex 
—4 118 387 1638 —§ 
—17°5 59 298 108 ~~ 17 
— 32 29 253 86 -~ 80 
— 45 12 228 74 ~- 49 


For low values of (K)o the membrane potential Em 
deviates from the potassium electrode, Hg, in sulphate 
solution. If we assume that this deviation is due to a 
small permeability to sodium, then the value of « should 
be the same over this range of membrane potentials. 
Using equation (4) to obtain (K); and equation (7) to 
obtain «, Table 6 shows that « does remain constant at 
0-05 for the two values given by Kuriyama?® for Em, 
(K)o and C. 


Tabie 6 
En (K), C (Kyi (Na); (Na)o 
— 475 8 219 70 40 140 6 05 
~~ DB 3 214 67 40 140 0-05 


The deviation of the membrane potential of smooth 
muscle from that predicted by the potassium electrode, 
which was reported by Holman’ and Kuriyama", is 
probably due to their adding potassium chloride salt 
directly to the Krebs solution. This would probably 
increase the osmotic pressure outside the cells, so that 
potassium and chloride 1ons would move mto the cell 
until osmotic equilibrium was regained. If allowance is 
made for this increase in (K); it has been shown that the 
membrane potential they measured does obey the pre- 
dictions of the potassium electrode. It is interesting that 
the normal (K), predicted for the cell was about 120 mM, 
which agrees with the value of 120 mM obtained by 
photometric analysis by Freeman-Narrod and Goodford’®. 

The concentration of intracellular sodium in the smooth 
muscle of the taenia coli is much larger than that found 
in nerve or skeletal muscle, being about 37 mM. This 
value can be obtained from the value of 70 mM of sodium/ 
kg wet weight of muscle found by Goodford®, assuming 
the extracellular space is 333 ml./kg wet weight of muscle? 
and that the intracellular space is 600 ml./kg wet weight 
of muscle’. This value of (Na); agrees well with the value 
of about 40 mM obtained using the Boyle and Conway 
theory. ‘The value of the intracellular sodium concen- 
tration remained constant with changes of the membrane 
potential, a result to be expected if the membrane remains 
mostly iumpermeable to sodium. 

There was no deviation of the membrane potential 
from the potassium electrode for membrane potentials 
less than —40mV. In high-potassium solutions, therefore, 
chloride ions are probably in electrochemical equilibrium 
with the membrane potential. The intracellular chloride 
concentration of 35 mM predicted on this basis agrees 
well with the value of 30 mM’ obtained by Daniels? using 
photometry techniques, this value being calculated on the 
basis of an intracellular volume of 333 ml./kg wet weight 
of muscle. 

It is therefore concluded that for potassium concen- 
trations above 25 mM, potassium and chloride are in a 
Donnan equilibrium, and for potassium concentrations 
less than 25 mM there is a small sodium permeability. 

Transmission theory. Ecceles!! has suggested that trans- 
mission to the motoneurone can be represented by the 
sudden short-circuiting of the total membrane resistance 
and cnpacitance by a low resistance which selectively 
allows the ion species which carries the synaptic current 
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to flow through ıt. The post-junctional membrane changes 
which occur during transmission to smooth muscle can be 
represented by an electrical model similar to that used 
for transmission to the motoneurone}$, if the folowing 
assumptions are made: the length of a single taenia coli 
smooth muscle cell is less than the length constant!®, each 
smooth muscle cell has receptors for both inlubitory and 
excitatory transmission? 1, and the concentrations of 
transmitter artificially applied to the muscle are sufficient 
to maintain the maximum permeability changes at the 
receptors. 

The electrical circuit model of the post-junctional 
membrane is shown in Fig. 1, where V is the membrane 
potential at time ¢; Cm the total membrane capacitance; 
Gm the total membrane conductance; G: the maximum 
conductance at the inhibitory receptor region; Ge the 
maximum conductance at the excitatory receptor region; 
E,; the reversal potential for the ions which carry the 
inhibitory current; Ee the reversal potential for the ions 
which carry the excitatory current; and Em the resting 
membrane potential. i 

Since there is no extcrnal source of current across the 
cell membrane 
CrV’ + Y (Gm +a + Ge) g (GmEm +GiEi+ GeBe) = 0 (8) 


ay, 
where V’ DE and since only steady membrane poten- 


tial are considered, V’ = 0. 


Therefore 
Gi Ge 
a En + Gi + GB! By + als + OE (9) 
i G, Ge 7 l+a+tb 
l + Gr, + Gn 
G 
where @ = a and b = a 
From (9) 
yY E) = aH; + bE. Em (a + b) (10) 
(7 — Ea) = fab) ~ Utat) 


Equation (10) gives the maximal change in the membrane 
potential when the inhibitory and excitatory transmitters 
are simultaneously applied to the cells. 

When the inhibitory transmitter is applied alone, b = 0 
in (10) and: 

ak, akin 
(1+a)  (l1+a) 

When the excitatory transmitter acts alone, a = 0 
in (10), and 


bH bE m 
(1+) (1+6) 
Equations (10), (11) and (12) are shown plotted in the 
graph of Fig. 2. 

Bulbring and Kuriyama?) have examined the effects of 


adrenaline (10-7 g/ml.) on the membrane potential of cells 
with different initial resting potentials. Their results are 


(V — Em) = a 





Fig 1. Circuit model of the membrane ef a smooth muscle cell of the 
taema eol during transmission from inhibitory and excitatory nerves. 
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summarized in the plot of ( V — Em) versus Em in Fig. 3. 
There is a linear relation between the change in membrane 
potential due to adrenaline (V — Em) and the initial resting 
potential Hm, the product moment correlation coefficient 
being 0°71. The regression line for these results is 
(V—Em) = —27 — 0:37 Em, and when this is compared 
with equation (11), the values of #, and ‘a’ are found to 
be —73 mV and 0-6, respectively. This means that the 
reversal potential for inhibition is about —73 mV and 
that the ratio of the maximum conductance at the 
inhibitory receptors to the total membrane conductance 
is 0-6. 

Bulbrmg and Kuriyama?! have also examined the 
effects of acetylcholine (ACh) (10-* g/ml.) on the mem- 
brane potential of cells with different initial resting 
potentials. Their results are summarized in the graph of 
(V —Em) versus Em of Fig. 3. A linear relation exists 
between the changes ın membrane potential to ACh 
(V —Em) and the initial resting potential Em, the product 
moment correlation coefficient bemg 0-97. The regression 
line for these results is {V — Em) = 20 — 0-77 Em, which 
when compared with equation (12) gives Ee and b as 
— 26 mV and 3-3, respectively. Thus the reversal potential 
for excitation is about —26 mV and the ratio of the 
maximum conductance at the excitator receptors to the 
total membrane conductance is about 3:3. 

The values of a, b, E: and E; have been determined, 
and the graph of equation (10) can thus be drawn as in 
Fig. 3. This shows the membrane potential changes to 
be expected when both adrenaline and ACh are simul- 
taneously applied to the muscle cells. Fig. 3 shows that 
simultaneous application of both transmitters brings the 
membrane potential from its resting value to a potential 
between — 30 and —40 mV. 

Recently, Jenkinson and Morton™ have shown that 
noradrenaline produces an increase in the potassrum 
permeability of smooth muscle cells of the taema coli. If 
noradrenaline is the sympathetic inhibitory transmitter, 
then the equilibrium potential for sympathetic inhibition 
is about —80 mV. This value is close to the equilibrium 
potential of —73 mV determined by the present theory. 
The transmitter released from intramural mbhibitory 
nerves to the taema coli smooth muscle cells has not been 
identified®*.*t, This transmitter also increases the permea- 
bility of these cells to potassium ions®!, however, and 
therefore probably also has an inmbitory equilibrium 
potential of about — 80 mV. 

If potassium ions carry the inhibitory current, then 
according to equation (11), adrenaline will only cause a 
hyperpolarization of the membrane when the magnitude 
of the equilibrium potential for potassium (Hx) is greater 
than the resting potential (Hm). It has already been 
shown that in high external potassium solutions there 1s 
no difference in the value of Eg and Em when the resting 





Fig. 2. Theoretical predictions of the relationships between the mem- 
brane potential change caused by the appheation of a transmitter 
substance to the smooth muscle cells of the taenia coli and the initial 
resting potential of these cells. Abscissa, Em 18 the mitial resting poten- 
tial. Ordinate, V-Hm, is the membrane potential change produced by the 
transmitter substance Fol definition of symbols, see text. 
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Fig. 3. Expermentally Jetermined relationship between the membrane 
potential change caused 3y the application of a transmitter substance to 
the smooth muscle cells cf the taenia coli and the initial resting potential 
of these cells, Co-ordinates as in Fig. 1. Closed squares, application of 
acetylcholine. Closed circles and open triangles, appheation of adrenaline. 
Curve marked “excitation” regression line for closed squares. Curve 
marked “inhibition” regression line for closed circles. The three closed 
¢quares from — 50 to —@0 mV are not included m the calculation of the 
regression line for excitation. 


potential ıs smaller than about —40 mV. Hence, adren- 
aline should have ro effect on the membrane potential 
when it has been d=polarized beyond —40 mV by high 
external potassium solutions. This explains why Kuri- 
yama!’ was unable fo hyperpolarize the cells of the taenia 
coli with adrenaling when they had been depolarized 
beyond — 40 mV wth high external potassium solution. 

Takeuchi?? has siown that the end-plate current 1s 
carried by sodium and potassium ions. The reversal 
potential for the end-plate potential is therefore inter- 
mediate between ths potassium electrode and the sodium 
electrode, being approximately ~15 mV. In the case of 
the taenia coh the reversal potential determined for 
excitation was —£6 mV, which is also intermediate 
between the sodium and potassium electrodes. It seems 
likely then that tke excitatory current of the smooth 
muscle cells is also carried by both potassium and sodium 
ions. 

If the external scdium concentration is increased, then 
the value of the socium electrode will be increased. Since 
the excitatory junstional currents probably depend on 
the value of the socium electrode, they will increase with 
an increase in external sodium concentration. This effect 
probably explains why Bulbring and Kuriyama™ observed 
a potentiation of the depolarizing action of ACh when the 
external sodium concentration was increased. 

If the external Dotassium concentration is increased, 
then the amplitude of the potassium electrode will 
decrease and so wall the membrane potential. As the 
reversal potential for excitation probably depends on 
both potassium ard sodium electrodes, high potassium 
solutions will enabB the reversal potential more nearly to 
approach 0 V. Thus the action of high potassium will be 
to depolarize the membrane potential and shift Ee nearer 
to 0 V. There will be no excitation when Ee = Eg = Em. 
This explains why Bulbring and Kuriyama" were unable 
to obtain any depclarizations of the membrane potential 
with ACh when tre memBrane had been depolarized to 
about —14 mV wth high external potassium solutions. 
In this case Ee = x = Em = —14 mV, which is smaller 
than the normal velue of E.e = — 26 mV. 

This model has successfully predicted a near linear 
relation between the resting potential and the membrane 
potential changes caused by excitatory and mbhibitory 
transmitter substances. It has also shown that the equi- 
librium potential fr inhibition is close to the potassium 
electrode. The reversal potential for excitation has been 
shown to be close to that for the end-plate potential. 
The validity of theaznodel remains partly in question, how- 
ever, until the predictions of the membrane potential 
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changes during simultaneous application of both inhibitory 
and excitatory transmitters are verified experimentally. 
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Ir has been suggested that water movement in living 
systems might be an immediate driving force leading to 
unequal distribution of non-reactive substances with 
different mobilitiesi-1!. Starting from this hypothesis, 
the problem of the distribution of alkali ions has been 
examined with the aid of relatively simple models, in 
which selective distribution of ions has been brought 
about’-4, Attempts to apply such models to biological 
problems indicate, however, that further investigations 
are required of certain characteristic properties of systems 
of this type. 

In this work the rate of attainment of the stationary 
state for the distribution of 10ons as a function of water 
flow has been examined both experimentally and theoreti- 
cally. The sodium/potassium selectivity coefficient 
values have been determined at high water velocities in 
order to ascertain whether the values in this range are in 
agreement with the earlier theoretical results?®. Further- 
more, values reported in the literature as having been 
obtained in a series of experiments with living cells have 
been compared with the theory. 

Rate of atiainment of the stationary state. The model 
system under consideration (Fig. 1) consists ðf two com- 





CONDUCTANCE 
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Fig. i. The model system. 
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partments, « and 6, connected by a porous membrane. 
A constant flow of water is supplied to the smaller com- 
partment «, which passes through the membrane to 
compartment 8. At the moment ¢ = 0, sodium chloride 
is added to the larger compartment 6, which initially 
contained pure water. The concentration of the electro- 
lyte in 8, cf, is kept constant during the experiment. 
The electrolyte diffuses through the membrane from 
compartment B to compartment œ. The concentration 
of the electrolyte in the membrane is denoted by 


c = c(v,t); thus c(0,f) = ca. The diffusion obeys the 
equations 
dc 
cv, — v) = -D z (1) 
and 


dc ae ðe 


where v; is the velocity of the electrolyte, and v (constant) 

the velocity of water. D is the diffusion coefficient of the 

electrolyte, which is assurned to be a constant. The 

problem is to solve c¢ as a function of time t from equations 

(1) and (2) with the initial and boundary conditions given. 
Using the transformation 


v vt 
c = c*, exp (spe — b- IÐ (3) 
equation (2) can be expressed in the form 
oc* 0*c* 
Ot Gat (#9 


The followmg initial and boundary conditions are vald in 
the system 


c{z,0) = 0 O<a<l 

e(l,t) = cê = constant t> Q (5) 
dc(0,é DA ac(0,t) vA 
a Bs Pa = Tr e(O) t>0 


where A is the effective area of the membrane, and V the 
volume of compartment «. Equation (5) 1s obtained by 
substituting equation (1) into equation (6), which gives 
the time dependence of the concentration in compart- 
ment « 

ac(0,t) de 
ð 7 d 





(6) 


=op 
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The initial and boundary conditions corresponding to 
transformation (3) are respectively 


c*(2,0) = 0<a2<l 
c*(1,t) = cB. exp (v*t/4D) t>0 (7) 
dc*(0,t)} DA dc*(0,t) m (2 A) s 
t YV m j 
The solution for v = 0; 
ca(t) = ¢(0,t) 
a pe ee E] 


e 
+ E Falv,t,D,..... ) (8) 
n=1 


where we have returned to the original variables, and 
where the initial and boundary conditions are satisfied 
by equation (7), was obtained by using the Laplace trans- 
formation. The last term can be neglected if the “free” 
volume of the membrane is small compared with the 
volume of compartmenta, or Al <V, and we can write 


ca(t) = ch exp ( — Pie epl -F ia 


ENEE 9) 


Equation (9) can also be obtained directly by assuming 
that a quasi-stationary state continually exists in the 
membrane. If ol D, the exponent in parentheses in 


equation (9) takes the form — ae where Avt gives 


the volume of water that has flowed through the mem- 
brane. It is noticed from equation (9) that the decisive 
factor determining the rate at which the stationary state 
is attained is the ratio between the volume of water 
flowing through the membrane and the volume V of 
compartment a, the half-time being t; =]n 2. + When 
the volume of water flowing through the membrane 
exceeds the volume of compartment « by three to five 
times, the stationary state is virtually (95-99 per cent) 
attained. 

The rate at which the stationary state could be reached 
was also studied experimentally at 25° C in the system 
depicted in Fig. 1. The electrolyte used was sodium 
ehloride. The changes in the concentration of sodium 
chloride in compartment « were followed by conductance 
measurements. The porous membrane used in these and 
following experiments was ‘MF 30’ (Membranfilter- 
gesellschaft, Göttingen). Equation (9) was verified 
within the limits of experimental error. The results of 
one typical series of experiments are represented 
graphically in Fig. 2. 





0 10 20 30 40 50 
i (min) 


The sodium chloride concentration in compartment a as a 
function of time. 
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The coefficients 4v/V and vl/D can be obtained from 
equation (9) by substituting the experimental results. 
If the values of V, 1, D and cê are known, the values of 
v and A can be obtained. The values of /, A and v in the 
experiments were az follows: l ~ 10-2 cm, A ~ 2-3 cm’, 
and v ~ 10-* — 107 cm/s. 

If the system ccntains several electrolytes, its exact 
mathematical treatment becomes complicated. In an 
approximate treatment the mutual effect of the electro- 
lytes on their diffusion coefficients can be neglected. In 
this case every electrolyte obeys equation (9) independ- 
ently, and the cheracteristic quantity that determines 
the rate at which the stationary state is reached, is 
still the ratio between the volume of water flowing 
through the membrane and the volume of compartment «a. 

Distribution of sodium and potassium ions in the 
stationary state. Fer the stationary-state distribution of 
sodium and potassium ions the following equation has 
been derived??:3+19; 


= Cra Ona 2 (5 1 
In f'xa,x a n a )= DNac Dra á 


where Dyag and oe are the diffusion coefficients of 
sodium and potassium chlorides, and fya, x is the selectivity 
coefficient, as defined in equation (10). This equation has 
been. verified by tke experiments of Nims and Thurber? 
with a similar system in the range ryax=1*. The system 
lithium chloride—potassium chloride has been investi- 
gated by Rapopors™ in the range ryjx='-’. In living 
systems, however, -arger selectivity coefficients (ryax up 
to 2,000) are found. Thus it is of interest to examine 
the validity of the equation at higher values of ryax. As 
can be seen from ecuation (10), if the diffusion coefficients 
and the thickness cf the membrane, J, are constants, the 
selectivity coefficient ryan depends solely on the velocity 
of water. 

Experiments were performed with the apparatus 
described in Fig. 1 et 25°C. The concentrations of sodium 
and potassium chbrides in compartment B were kept 
constant by adding calculated amounts of concentrated 
solutions. The corcentrations of sodium and potassium 
ions were analysed with a flame photometer at the higher 
concentrations, anc. with neutron activation analysis at 
lower (10-5 moles/l ) concentrations. 


From equation (~1): 


(10) 








B OB B B 
Cra Col Ce Col 

Daa ke -a = Dga in = (11) 
CNa Cel Cx Col 


derived previously™! and from equation (10), it can be 
seen that the concentrations of sodium and potassium 
chlorides in compartment « decrease strongly as the water 
velocity v increases. This places an upper limit to the 
range at which ryaąx could be experimentally studied in 
the present system When the value of ryax approached 
100 the concentration of sodium ions became of the order 
of 10-* moles/l., wkich is of the same order as the sodium 
impurities in the water used. 

Fig. 3 shows that log fwa, depends linearly on the 
rate of water flow. as equation (10) presupposes. The 
concentrations of the electrolytes should also obey equa- 
tion (11). If we calculate the ratio 


Log (2% 4) J Lo (2% a 

Cra Col Cx Col 

from. the experimental values (Table 1), we obtain values 
varying in the rarge 1-17-1-20. For the ratio Dgg/ Drag 
we obtain the theoretical value 1-24, if we use the limiting 
values of diffusion coefficients at 25° C (Dgo = 1-99x 
10-5 cm?/s, Dyaot = 1-61 x 10-5 cm?/s). 

These experiments demonstrate that in the system 
sodium chloride—pwtassium chloride—water it is possible, 
by increasing the value of the term vl, to obtain a high 
value for the selectivity ‘coefficient ryax. This happens, 
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Fig, 3. The logarithm of the sodium/potassium selectivity coefficient as 
a function of the water flow rate. 


however, at the expense of the decline of the concentra- 
tions not only of sodium ions but also of potassium ions 
in compartment «. Thus water flow alone cannot lead 
to the phenomenon characteristic of living cells, that is, 
accumulation of potassium ions with the concomitant 
extrusion of sodium ions. Equation (10) is valid even if 
compartment « contains ions other than sodium, potas- 
sium and chloride; however, the concentrations of 
sodium and potassium lons in compartment « do not now 
accord with equation (11)*°. In connexion with the water 
flow, the hydrochloric acid in compartment « can lead 
to transport of sodium and potassium ions in opposite 
directions against their concentration gradients®*. This 
effect may become pronounced when there are “fixed” 
anions in compartment « and when the concentration of 
hydrogen ions is low. Then the ‘‘fixed”’ anions determine 
the lowest concentration of the sodium and potassium ions 
in compartment g, regardless of magnitude of the water 
velocity and the membrane thickness, and thus the 
selectivity coefficient rya x. 

If the system under consideration contains more than 
two species of alkali cations, it is still possible to calculate 
approximately the selectivity coefficient between any two 
cations by inserting their mobilities into equation (10). 
Since, for example, the mobilities of rubidium and caesium 
ions are slightly higher than that of potassium, the 
selectivity coefficients between sodium and rubidium ions 
Nab» Or between sodium and caesium ions, 7ya,0s, 
will become higher than the selectivity coefficient between 
sodium and potassium ions in the same system. 

Biological applications. If compartments « and $ 
are taken to represent intracellular and ektracellular 
phases, respectively, and if the selectivity coefficients 
of alkali ions in the living systems are determined by 
equation (10), it is possible, with the aid of this equation 
and the experimental value given for fya, to calculato 
the expected values for 7yapp and Tya,cs in living systems. 

Relman et al.1® have determined the distributions of 
sodium, potassium, rubidium and caesium ions between 
the intracellular and extracellular compartments of the 
rat. For 2 or 3 weeks, the test animals were given food 


Table 1, STATIONARY STATE CONOKNTRATIONS OF SODIUM AND POTASSIUM 


Ions aS FUNCTIONS OF WATER FLOW RATE 


a a B B 
Cra Cx Cra CK vA TNa,K 
(mmoles/}.) (ml/min) 
58 4-8 1,040 42 0-56 21 
19 24 1/040 42 1-00 3:2 
8-6 1-6 980 40 1:26 4°5 
8&8 15 975 40 1 26 4-2 
4-9 0 83 1,040 42 1:40 4-2 
1 24 0 47 1,040 42 1-76 95 
038 0-18 860 37 2 04 11 
0 44 0 23 880 34 2 05 14 
0-14 0 087 880 34 2 34 16 
010 0-066 860 37 2-42 15 
0 04 0 032 1,020 41 2°62 20 
0 02 0-022 930 39 2:92 27 
0-004 0-006 900 37 3°35 37 
3-4 x 10> 0 608 840 32 3 35 52-70 
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in which half the potassium was replaced with rubidium 
or caesium ions, after which the alkali ion distributions 
were analysed. The term vi in equation (10) was calculated 
from the concentrations reported for sodium and potas- 
sium ions in the extracellular and intracellular compart- 
ments, and further, by insertion of the diffusion coeffici- 
ents** for rubidium chloride, Dgp = 2:05 x 10 cm?/s, 
and caesium chloride, Deg = 2°04 x 10-5 cm?/s, into 
equation (10), the theoretical values for ryapp and Txa,cs 
were calculated. 

Table 2 shows that in the case of sodium, potassium 
and rubidium ions the calculated selectivity coefficients 
are in satisfactory agreement with the experimental 
results, while a certain discrepancy exists in the case of 
sodium, potassium and caesium. It is to be noted that 
the diffusion coefficients used in the calculations are those 
of dilute aqueous solutions. 

Table 2. SELECTIVITY COEFFICIENTS* BETWEEN SODIUM AND OTHER ALKALI 


IONS CALOULATED FROM THE EXPERIMENTS OF RELMAN ef al. (REF 13) 
AND A COMPARISON WITH THOSE OBTAINED FROM EQUATION (10) 


Cyat Cg+ Crbt Cnat g+ Rbt 
Plasma Muscle TNa,K TNa,Rb fNXa,R 
(mmoles/1.} exper. exper. theor, 
141-4 19 0°86 4-2 T54 90-7 1,840 8,540 3,800 
140 4 1:2 0 83 3-4 63:2 1005 2,210 5,000 5,700 
Twa,03 4 Na,cs 
Cogt Cogt exper. theor. 
144-9 20 0°55 98 751 98 8 568 2,800 1,800 

oe Cra plasma /¢Na muscle (X = K+, Rb*, Cs*) 


= Cx plasmaj €x muscle 


According to equation (9), the water volume flow rate 
required to maintain a stationary state can be calculated 
from the half-exchange times for alkali ions and from the 
effective volume of the cell. Using a half-exchange time 
of 35 h for potassium in red blood cells?®, and assuming that 
the effective volume, V, is equal to the -total cell volume, 
we obtain water volume flow rates of the order of 3 x 10-? 
ml./ml. cells.h. These values, however, are several 
hundred times greater than the water volume flow rates 
which result from oxidative processes, as calculated from 
the measured oxygen consumption rates of red blood cells 
of 10-100 ypl./ml. cells.h?* 17. Thus the suggestion’ that 
the cations could be driven by metabolic water seems to 
require that the effective volume of the cell should be 
several hundred times smaller than the total cell volume. 
It is unlikely that this condition would ever arise, and 
thus metabolic water seems to be inadequate as the sole 
source for the water volume flow rates required according 
to the theory. It is possible, however, that there is 
circulation of water both into and out of the cell. A 
metabolically induced water inflow along positively 
charged cation-umpermeable sites might lead to a water 
outflow along the anionic ‘“Na,K sites” and to a cation 
separation according to equation (10). 

This work was supported by the Sigrid Jusélius Founda- 
tion and by the Finnish Medical Research Council. We 
thank Prof. Pekka Kivalo for valuable discussions. 
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INDUCTION OF TOLERANCE IN ADULT MICE TO ALLOGENEIC RED CELLS 
By Dr. JOHN S. THOMPSON, MARGARET CRAWFORD, CHARLES ,D. SEVERSON and HENRY P. RUSSE 


Department of Medicine, University of Chicago, Ill nois 


It is now well established that specific immunological 
unresponsiveness—‘“‘tolerance’—can be elicited in normal 
adult animals by treatment with the specific antigen. 
Although tolerance to sumple chemicals or soluble proteins 
is more easily produced in adult animals!—, the prolonged 
acceptance of skin homografts has been accomplished 
in mice by means of pre-treatment with large and/or 
repeated imocula of viable or disrupted spleen cells’. 
Recently, Rowley and Fitch’ have demonstrated a state 
of partial unresponsiveness to sheep erythrocytes in rats 
exposed to a small and then repeated injections of this 
antigen. Examination of these reports reveals several 
variables which could well prove critical to the initiation 
of the non-reactive condition. First, the administration 
of a small quantity of specific antigen before or near the 
usually immunizing inoculum facilitates the development 
of tolerance®-5. Second, in addition to the small inoculum 
of antigen, a second larger injection incorporated im 
adjuvant partially eliminates the need for repeated closely 
spaced treatments to establish and perpetuate the tolerant 
state*>. Third, the route of antigenic administration 
has been an important factor in some investigations? ?. 

This article describes the induction of tolerance to 
intravenously administered red blood cells labelled with 
chromium-51 in H-2 incompatible mice when the animals 
have been pre-treated with multiple intraperitoneal 
injections of adjuvant—antigen emulsions. 

C57BL/6 female mice 12-16 weeks old served as hosts 
and C3H/Anf mice of the same age as donors through- 
out the mvestigation. These mice were purchased from 
the Cumberland View Farms, Oak Ridge, Tennessee, and 
maintamed on the ‘Rockland Mouse Diet’ and water 
ad libitum. C3H/Anf red blood cells suspended in saline 
or incorporated in incomplete Freund’s adjuvant (Difco) 
were administered to C57BL/6 mice according to the 
folowing procedure. After separation of the plasma, 
donor C3H/Anf erythrocytes were washed three times 
and adjusted to a 50 per cent suspension in buffered 
saline. Some groups of C57BL/6 recipients were injected 
with 0-2 ml. of this suspension subcutaneously or intra- 
venously. Other groups were inoculated intraperitoneally, 
intradermally, or subcutaneously with 0-2 ml. of 50 per 
cent suspension of C3H/Anf red cells emulsified in 0-2 ml. 
incomplete Freund’s adjuvant. Control mice received 
equal volumes of saline incorporated in adjuvant by these 
same routes, or saline injections alone subcutaneously 
and intravenously. The mjections were repeated every 
2 weeks for a total of 8 weeks. 

Two weeks after the last injection, all the immunized 
and control recipients were injected with C3H/Anf 
erythrocytes labelled with chromium-51. The methods of 
chromation and estimation of survival of the donor 
labelled erythrocytes were identical to those previously 
reported*. Each mouse received 0:15 ml. of the labelled 
cells intravenously and samples were obtained at intervals 
thereafter and analysed for radioactivity m a Packard 
‘Autogamma,’ counter. In addition to these experimental 
groups, the survival of C3H/Anf and C57BL/6 erythrocytes 
was determined in syngeneic recipients. The primary 
response of normal C57BL/6 mice to labelled C3H/Anf red 
blood cells was also demonstrated by this same technique 

Fig. 1 illustrates the survival of C3H/Anf and C57BL/6 
red cells in syngeneic recipients. The time at which 
50 per cent of the radioactivity remained (T+) for C3H/Anf 
cells by this method was about 13 days while that of the 
C57BL/6 cells was 15 days. In addition, Fig. 1 demon- 
strates the survival of C3H/Anf red cells m allogeneic 


C57BL/6 hosts. For 6 days there was no evidence of 
decreased survival, Sut from this point accelerated elimina- 
tion of the allogenerm red cell occurred. Thus, the primary 
response by C57B_/6 mice to allogeneic C3H/Anf red 
cells was indicated by a reduced T? of 8-5 days and by the 
fact that only 13 per cent of the labelled cells remained in 
circulation 20 days after they had been injected. 

The pre-treatment of C57BL/6 hosts with saline or 
saline—adjuvant emulsions administered by the afore- 
mentioned routes Gid not significantly alter the primary 
response and as such is not separately illustrated. 

Fig. 2 demonstrates that some C57BL/6 mice pre- 
treated with intraperitoneal injections of C3H/Anf red 
cells emulsified in. mcomplete Freund’s adjuvant de- 
veloped almost coraplete tolerance to this antigen. The 
survival of the lakelled C3H/Anf erythrocytes in these 
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Fig. 1. The survival of 73H / Anf and C57BL/6 erythrocytes labelled with 

chromium-51 ın syngeneic recipients and of C3H/Anf erythrocytes 1n 

allogeneic C57BL/6 hests. A, C57BL/6 red blood cells in C57BL/6 

hosts (fifteen mice), @,C8H red blood celisin C3H hosts (eighteen mice); 
©, C3H red blioo1 cells in C57 B.L/6 hosts (twenty-five mice). 
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Fig. 2. The fate of C3H/Anf erythrocytes labelled with chromium-51 
in syngeneic recipientsand in allogeneic C57 BL/ô hosts pre-treated with 
multiple intraperitonecl or subcutaneous injections of C3A/Anfred blood 
cells incorporated in n-omplete Freund's adjuvant ©, Normal C8H hosts 
(five mice); C}, control C57BL/6 hosts (ten mice}, O, C57 BL/6 hosts pre- 
immunized subcutanecusly with C3H blood—incomplete adjuvant (eleven 
mice), A, C57 BL/6hos.spre-immunizedintraperitoneally withC3H blood— 
inecplete adjuvant (eleven mice). 
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allogeneic hosts was identical to that in syngeneic re- 
cipients. It should be emphasized that this represents the 
results in one experiment and that this non-reactive 
state did not occur in every mouse so treated. The in- 
duction of fully tolerant mice has varied in several experi- 
ments from 40 to 90 per cent. The remaining mice which 
did not develop tolerance fall into two categories. A few 
behaved as if this were the first exposure to the antigen, 
that is, the survival of the chromated red cell followed the 
pattern of a primary response, or they responded by 
accelerated immune elimination of the erythrocytes. 
The majority of the C57BLZ/6 mice that were intrader- 
mally or subcutaneously inoculated with the antigen— 
adjuvant emulsion developed immunity, and no tolerant 
mice were produced with this procedure. The prior 
injection of red cells without adjuvant, either intra- 
venously or subcutaneously, yielded a somewhat inter- 
mediate response between that of a primary and an 
immune reaction. Within each of these groups consider- 
able variability occurred, but in no instance was a state 
of complete tolerance demonstrated. 

In order to investigate further the condition of the 
immunized and tolerant C57BL/6 host, serum and spleen 
cells were transferred to normal and sublethally (450 r.) 
irradiated syngeneic recipients. The methods of X- 
irradiation and the preparation of spleen cells have already 
been deseribed®. Each recipient received either 0-2 ml. of 
Hanks’s solution intravenously as the control, a sgus- 
pension containing 25 million nucleated spleen cells in 
Hanks’s, or 0-2 ml. of serum obtained from the appro- 
priately mdicated donors. Half the recipients were 
irradiated 48 h before the transfer of cells or serum and 
24 h after the transfer all were injected with C3H/Anf 
erythrocytes labelled with chromium-61. 

The mean survival in each group on the nineteenth day 
after transfusion is summarized in Table 1. At this time 
the primary response to C3H/Anf erythrocytes was 
reflected by a survival of 16-3 per cent in the untreated 
non-irradiated hosts. It is clear that 450 r. effectively 
blocked this response because O3H/Anf red cells survived 
fully as well in the irradiated C57BL/6_hosts, 40-6 per 
cent, as in the control group of syngeneic recipients, 
38-6 per cent. Serum obtained from normal, immune and 
tolerant C57BL/6 mice had no effect on the survival of 
allogeneic red cells in irradiated and non-irradiated hosts. 

Whereas the transfer of normal spleen cells had no 
additional action in the non-irradiated recipients, they 
were able to partially reconstitute the primary response 
in the irradiated hosts as was indicated by the fact that 
the survival of the allogeneic red cell was reduced to 
24-3 per cent. Spleen cells collected from mice which 
had been exposed to the antigen on only one occasion, 
primary response spleen cells, produced a somewhat 
accelerated rejection, 13-1 per cent survival in the non- 
irradiated recipients, and 7-5 per cent in the irradiated 
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recipients. Spleen cells obtamed from immunized C57BL/6 
recipients also evoked accelerated elimination. 

The observation that the cells transferred from tolerant 
mice behaved quite differently in the non-irrediated as 
compared with the irradiated hosts is of particular interest. 
They produced only partial reconstitution of the immune 
mechanism when transferred to irradiated recipients. 
Yet administration of these same cells to non-irradiated 
hosts caused an accelerated rejection—6 per cent survival 
of the labelled erythrocytes, which is an effect at least as 
potent as that obtained by the spleen cells collected from 
immune mice. 

Thus, these results confirm the observation that the 
appropriate manipulation of several factors may be 
critical to the development of either the tolerant or 
hyperimmune state. The fact that neither condition could 
be elicited by the subcutaneous or intravenous injection 
of the same quantity of antigen in saline indicates that 
the antigen—adjuvant emulsion was one important factor. 
Furthermore, ın preliminary investigations not reported 
here, the induction of immunological unresponsiveness 
was more easily accomplished with incomplete rather 
than complete Freund’s adjuvant. The latter agent 
tended to further the production of immunity rather 
than tolerance. This may prove to be an important 
distinction because splenomegaly and reticulo-endothelial 
hyperplasia were greater in those mice injected with an 
emulsion of antigen in complete Freund’s adjuvant than 
in those treated with emulsions lacking the mycobacteria. 

The route of administration of the antigen-adjuvant 
emulsion appears to be another important factor. The 
fact that the subcutaneous and intradermal routes .tend 
to favour the initiation of immunity rather than tolerance 
cannot be adequately explamed at the present time. 
Perhaps the intraperitoneal route favours the early 
release into the circulation of a small quantity of antigen. 
If this were true, the early antigenic stimulation might act 
m concert with the other sustaining properties of the 
antigen—adjuvant emulsion to promote tolerance". 

The mechanism whereby antigen, particularly in small 
amounts, may facilitate the development of immuno- 
logical unresponsiveness has not been definitely ascer- 
tained, but the demonstrations by Uhr and Bauman?’ 
and Neiders, Rowley and Fitch! that passively trans- 
ferred antibody depresses the primary response to antigen 
later administered may offer an explanation. It follows 
that the first inoculum of antigen elicits a humoral response 
which in turn serves to regulate the limits of the reaction 
to antigon later administered. Rowley and Fitch’ also 
conclude that the persistence of antigen is Important in 
the maintenance of tolerance because it may interfere 
with either the division or maturation of cells responsible 
for the formation of antibodies. They have demonstratcd 
that repeated injections of sheep red cells given at short 
time intervals resulted in the stabilization of the number 


Table 1. E¥recr OF IMMUNE AND TOLERANT SPLEEN CELLS AND SERUM ON THE SURVIVAL OF C3H/Anf BLOOD LABELLED WITH CHEOMIUM-51 IN NORMAL AND 
SUBLETHALLY IRRADIATED C57BL/6 Mick 


Group * Host Trradiation. 
I C3#H mice None 
II A C57 BLIG mice None 

B fe 450 r. 
HI A js None 
B D 450 r. 
IV A s None 
B 53 450r. 
V A. ag None 
B i 450 r. 
Vi A Me None 
B ge 450r. 
VII A >i None 
B st 450r. 
VIII A 5 None 
B 9 450 r. 
IX A ii None 
B j 450r. 


+ Each group was composed`of between four and eight mice. 7 


Treatment t 19 day survival 
(per cent) 

None 38 6 
None 16-3 
None 40 6 
Norma! serum 18-4 
2 33 46°6 
Immune serum 181 
pF) a» 42°3 
Tolerant serum 17:8 
++ 3? 41-4 
Normal spleen cells FE 
_Pnm ary response spleen cells oe 
Immune spleen cells”  ” 73 
Tolerant spleen cells 60 
21:0 


13 “93 3? 


t Serim recipients each received 0-2 ml. intravenously. Spleen cell recipients each recerved mtravenously 25 x 10° nucleated cells. Primary response 


spleen cells refer to-cells collected from mice reacting to C3H/Anf blood for the first time 


exhibiting erther an immune or tolerant response to C8H/Anf blood. 


Immune or tolerant spleon cells refer to cells collected from mice 
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of antibody forming cells in the host rat spleen, but as 
soon as the interval was lengthened a progressive increase 
in the number of antibody producing cells occurred. 
Adjuvant; by retarding and yet sustaining the release over 
prolonged periods, may accomplish this same purpose. 
Although the survival of chromated red cells represents 
a useful method of detecting immunological phenomena*!®, 
it does not help to ascertain whether the removal of the 
antigen is brought about by cellular or humoral reactions. 
Moller? has reported that the immune elimmation of 
H-2 incompatible mouse erythrocytes may not occur in 
circumstances where both haemolytic and haemaggluti- 
nating isoantibodies are readily demonstrated in vitro. 
We can confirm that the passive transfer of serum from 
immunized mice was totally incapable of accelerating 
the elimination of labelled allogeneic red cells in normal 
and irradiated recipients; however, spleen cells collected 
from immunized mice were active in both the normal and 
X-irradiated syngeneic recipients. The ability of spleen 
colls transferred from tolerant mice to convey fully adoptive 
immunity on normal, but not on sublethally irradiated 
syngeneic’ recipients 1s of particular importance. This 
suggests that the inductive phase of immunization was 
intact in the tolerant spleen cells, but that the productive 
phase was limited. This observation does not agree with 
the findings of Dietrich and Weigle’, Argyris'* and 
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Friedman", who indicate that the transfer of tolerant 
cells conveys adoptive tolerance on the recipient. Nossal 
and Larkin!*, however, have reported that the transfer 
of rat spleen and bone marrow cells made tolerant to 
mouse red cell antigens lost their tolerance on transfer 
to irradiated rat recipients. At the present time it is not 
possible to explain the difference. 

This work was supported by a U.S. Public Health 
Service grant. 
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EFFICIENCY OF SCINTILLATION COUNTING OF TRITIUM LABELLED 
DNA-PROTEIN IN THE MIXED LEUCOCYTE REACTION IN VITRO 


By Dr. JOHN F. MOORHEAD and Dr, WILLIAM McFARLAND 


Veterans Administration Hospital and Georgetown University, Washington, D.C. 


In the course of experiments on the incorporation of 
tritiated thymidine (thymidine methyl-*H, specific activity 
12:8 c./mmole, Nuclear Chicago Corporation) into deoxy- 
ribonucleic acid (DNA) in mixed leucocyte cultures’ it 
was observed that the efficiency of scintillation counting 
varied considerably with the method of preparation of the 
sample. Investigations were therefore carried out to 
determine the reasons for this variation. 

Mixed leucocyte cultures were prepared according to 
the method previously described’, except that TC 199 
(Grand Island Biological Co., Grand Island, New York) 
was substituted for TC 109 and 20 per cent plasma was 
used instead of 40 per cent. Three-millilitre cultures 
containing 1x 10° cells (0-5x 10° from each donor) were 
incubated for up to 7 days before adding tritiated thy- 
midine (Th-°H). In later experiments the cultures were 
usually collected on the sixth day, because under the 
experimental conditions described maximum DNA syn- 
thesis occurred at this time, and declined thereafter’. 
Radioactive samples were obtained by first incubating 
the cells for 6 h with Th-*H (3 ue. per 3 ml. culture), then 
washing the cells three times in ice-cold 0:9 per cent saline 
before precipitation of the tritium-labelled DNA-protein 
by addition of excess ice-cold 5 per cent trichloroacetic 
acid (TCA). In some experiments precipitates were 
filtered on to membrane filters (Gelman ‘Alpha-6-Metricel’, 
pore size 0:45 (about 0-3u when wet), thickness about 
70u), and then dried (but not desiccated) overnight in 
room air (21° C). After this the precipitates were immersed 
in 0-5 ml. 0-6 N Nuclear Chicago ‘Solubilizer’ (NCS) and 
0-3 ml. of spectroanalysed toluene and the surface pre- 
cipitate was dissolved by shaking in a water bath for 4h 
at 65° C. In a later group of experiments, the precipitates 
were not filtered, but were dissolved in 0°5 ml. of 0°6 N 


NCS, followed by gentle agitation for a few seconds in a 
stream of hot tap water before being transferred to a 
counting vial. Ten millilitres of scintillator fluid (100 mg 
1,4-bis-2-(5-phenyloxazolyl)-benzene (POPOP), 4 g 2,5- 
diphenyloxazole (PPO), 1 1. spectroanalysed toluene) was 
then added to each counting vial. “Blank”? vials were 
made up in an identical manner, but in these the DNA- 
protein precipitate was omitted. In some experiments 
DNA was extracted from TCA precipitate by heating in 
5 per cent TCA for 15 min at 90°C or in 0-5 N perchloric 
acid for 20 min at 90° C; 100 ul. portions of the extract 
were then added to counting vials containing 0:5 ml. 
NCS and 10 ml. fluor. Radioactivity was measured in a 
Nuclear Chicago 720 series liquid scintillation counter at 
ambient temperature and counting efficiency was de- 
termined by the channels ratio method*4 from a standard 
quenching curve prepared in the laboratory using chloro- 
form-quenched samples of known radioactivity. 

To facilitate analysis, results of efficiencies for dry 
solubilized (dry-sol) and wet solubilized (wet-sol) pre- 
cipitates were grouped separately and then arranged in 
classes depending on the% radioactivity (d-p.m.) of the 
sample. Data from extracted DNA were included in the 
wet-sol groups. There were 285 dry-sol and 110 wet-sol 
samples. 

. It was found that the calculated counting efficiency for 
wet-sol precipitates was consistently higher than that of 
dry-sol precipitates; the differences were most marked in 
the low count range of 0-500 d.p.m. (Fig. 1). The distribu- 
tion of counting efficiencies for wet-sol and dry-sol samples 
was determined and, by applying the y? test for goodness 
of fit, it was found to differ significantly from’ normal in 
both cases (P < 0-001). In each case the distribution was 
skewed (wet-sol +/b,=0:999, P<1 per cent, dry-sol 
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Table 1. SIGNIFICANCE OF DIFFERENCES BETWHEN COUNTING EFFICIENCIES 
OF WET-SOL AND DRY-SOL SAMPLES IN GROUPS SELECTED FOR RADIO- 
AOTIVITY (D P.M.) 


(Wilcoxon 2-sample test) 
K* 


d.p.m. Probability 
0- 500 — 6628 < 0-001 
500-1000 — 4-682 <0 001 
1000-2006 — 2 327 0 02 
2000-4000 — 3:120 0 002 
> 4000 — 6469 < 0-001 


* K is the standardized statistic used mn the Wilcoxon 2-sample test (ref. 8). 


4/6, = 0-692, P<1 per cent). Further analysis showed 
that differences in efficiencies for wet-sol and dry-sol 
samples between classes selected on the basis of count 
rate were highly significant (Wilcoxon 2-sample test, 
Table 1). 

It, was found possible to count wet-sol samples and 
extracted DNA after short (3-4 h) stabilization periods, 
whereas dry-sol samples could not be counted for as long 
as 2 days after preparation because of prolonged spurious 
activity. It was at first suspected that the increased 
counting efficiency of wet-sol samples resulted from the 
presence of small quantities of acid, and samples of known 
radioactivity were therefore made up to contain either 
5 per cent TCA, 0-5 N PCA, or hydrochloric acid in 
increasing volumes from 0 to 100 ul.; addition of volumes 
larger than 100 ul. resulted in cloudiness owing to phase 
separation. Controls consisted of NCS-PPO-POPOP.-. 
toluene without radioactive material. All samples were 
then counted at intervals for several days at ambient 
temperature. It was found that 50-100 ul. acid not only 
markedly increased the counting efficiencies of test 


80 
n 2 J 
z ® 
a 
= 20° 
E 
3 
g 15 
z 
8 16 
fy 
5 
“i | aaa 
500 1,000 2,000 3,000 4,000 > 4,000 
d.p.m. 
Fig. 1. 


Comparison of means and standard deviations of wet-sol (O) 
and dry-sol (A) precipitates of increasing radioactivity. I = + 1 S.D. 
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Fig. 2. Upper curves, counting efficiency of hydrated samples of known 
equal radioactivity. Lower curves, loss of spurious counts following 
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Fig. 3. Pulse height spectra of samples of equal radioactivity subjected 
to varying degrees of hydration. ..... » No water, 
10 ul. water, , 50 wl. water, ——-——, 100 yl. water. 
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samples but also led to rapid loss of spurious activity in 
controls. To determine whether acidification alone was 
responsible, the experiment was repeated using distilled, 
de-ionized water. Results were found to be the same as 
for acidification and are shown in Fig. 2. Small increments 
in efficiency (<05 per cent) were noted for all samples 
when they were counted after several weeks. The effect 
of hydration was tested further by the addition of 50 yl. 
of water to dry-sol samples which had been counted 
previously; efficiency increased—notably in samples of 
low activity. It was found, however, that hydration of 
chloroform-quenched samples’ did not merease their 
counting efficiency. 

In connexion with the deterioration in counting effi- 
ciency resulting from quenching, Baillie? has pointed out 
that, probably unique to tritium, small shifts in the pulse 
height spectrum, result in large changes in counting 
efficiency when this is measured by the channels ratio 
technique. The possibility that this phenomenon was 
responsible for the increased efficiency observed was 
examined by scanning the spectra of increasingly hydrated 
samples containing equal amounts of tritiated thymidine 
but no protein or DNA, using a moving window between 
level 3 and level 5 (channel A and channel B). The results, 
which are presented in Fig. 3, indicate that hydration did 
not cause obvious major spectral shifts, but rather 
increased the total number of counts recorded, the 
principal increment being in the number of low-energy 
emissions recorded (Fig. 3, 3-10-V window). From this 
observation it seems likely that the increased number of 
low-energy emissions recorded resulted from enhanced 
sensitivity of the scintillator. Further, increased sen- 
sitivity was accompanied by early stabilization of the 
count rate. It is known that water acts as a quencher 
when its concentration in the scintillator is high’, but to 
our knowledge a gain in efficiency resulting from the 
addition of small quantities of water up to (but not 
exceeding) the point of phase separation has not pre- 
viously been recorded. -Additional points of practical 
importance are that the count rate remains stable for 
long periods (more than 2 months) and does not appear to 
be adversely affected by long exposure to fluorescent light. 
Moreover, it is unnecessary to cool the samples in order 
to obtain normal background counts. 
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In conclusion, following the observation that tritium- 
labelled DNA protein samples could be counted at room 
temperature with greater efficiency if acidified, pre- 
liminary investigations suggest that addition of water 
alone to the NCS-~PPO-POPOP-toluene scintillator sys- 
tem stabilizes the scintillator and enhances counting effi- 
ciency by mereasing the total number of emissions 
recorded, the greatest relative increase being in the low 
energy part of the tritium spectrum. The site of action in 
the scintillator of small quantities of water is unknown, but 
is apparently different from that of chloroform and possibly 
other quenching agents. Small amounts (<3 mg) of DNA 
labelled with tritiated thymidine have been counted 
within a predictable narrow range of efficiency despite 
wide variations in sample activity. We have so far applied 
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this poniai only to the measurement of radioactivity 
in the mixed leucocyte reaction and antigen stimulated 
cultures, but it is possible that it may find wider applica- 
tion in liquid scintillation counting of tritium. 

We thank Dr. H. Masel, director, Computation Center, 
Georgetown University, for assistance in the statistical 
analysis of data. This work was supported by a U.S. 
Public Health Service grant. 
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FAILURE TO DEMONSTRATE BLOCKING OF | ANTIGEN 
BY Mycoplasma pneumoniae IN VITRO AND IN VIVO 


By Dr. T. FEIZI and 


Dr. J. H. DARRELL* 


Department of Medicine and Department of Microbiology, Royal Free Hospital, London 


Inrection with Mycoplasma pneumoniae in man gives 
rise, in a large proportion of cases, to transiently elevated 
titres of cold agglutinin anti-[’*. The chronic cold 
agglutinin syndrome, which is characterized by a pro- 
longed elevation of anti-I level, is sometimes seen in 
association with malignant lymphomata*®. Such observa- 
tions have suggested a possible relationship between 
blood group I, mycoplasma infection and the malignant 
haemopoietic disorders. Furthermore, the blood of 
leukaemic patients has been reported to contain structures 
resembling mycoplasmas’, and tissue cultures inoculated 
with leukaemic material have yielded mycoplasma 
species’; in addition a mycoplasma has been isolated 
directly, on agar, from a human leukaemic bone-marrow’. 
McGinniss e¢ al. reported diminution of I antigen in 
fifteen out of forty patients with leukaemia’ and suggested 
that this probably resulted from blocking or destruction 
of the I antigen by an infective or neoplastic agent. 
Further work apparently demonstrated that anti-I 
activity could be inhibited by treatment of normal 
I-positive red cells with various mycoplasmas’; M. 
pneumoniae was among those which produced “strong” 
inhibition. i 

M. pneumoniae is so far the only human mycoplasma 
of undoubted pathogenicity ın man; the part played by 
other mycoplasmas in human disease is uncertain. We 
therefore chose to study the effect of this organism on the 
I antigen in vitro as well as in vivo. 

In the investigations reported here we used red cells 
from a healthy group OI subject, from a healthy group 
Ai donor and from four group A patients with respiratory 
infections due to M. pneumoniae. The diagnosis in these 
latter four patients was based on the development of a 
four-fold or greater rise in titre of complement-fixing 
antibody to M. pneumoniae in association with a transient 
rise of cold agglutinin titre during the illness. We used 
anti-I sera from the following three persons, (a) a group A 
patient with M. pneumoniae infection who was bled at 
the time of a transient rise of her cold agglutinin titre 
to 128 at 4° C (titre 32 at 20° C), (b) a group A patient 
with the chronic cold agglutinin syndrome who had a 
cold agglutmin titre of 1,024 at 4° C (titre 256 at 20° C) 
and (c) a healthy donor of group Ai who had a cold 
agglutinin titre of 8 at 4° and at 20° C. 

The strain of M. pneumoniae used by us was obtained 
from Dr. Sheila Stewart (Welleome Laboratory, City 
Hospital, Edinburgh). In our laboratory it was main- 
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tained by weekly passage on solid media and when neces- 
sary reclaimed fram cultures stored in sloppy pleuro- 
pneumonia-like organism (PPLO) agar at — 30° C. Difco 
PPLO agar and Difco PPLO broth were used as basal 
culture media. To 70 ml. of each of these were added 
20 ml. unheated horse serum, 10 ml. 10 per cent Oxoid 
yeast extract and 1 ml. 0:2 per cent calf thymus DNA 
(B.D.H.). Thallium acetate (final concentration 1/4000) 
and penicillin G (final concentration 50 units/ml.) were 
included as bacterial inhibitors. The inoculum was 
either 1 ml. of a 3 day broth culture or three blocks, 1 cm 
square, from solid cultures. The culture was incubated 
aerobically for 5 days at 36° C and then centrifuged at 
12,000 r.p.m. at 4° C for 30 min. The deposit was resus- 
pended in physiological saline to achieve a hundred-fold 
concentration and frozen and thawed twice before use. 
Before and after centrifugation subcultures of the material 
were prepared on agar medium and after incubation they 
were examined for typical colonial morphology, B-haemoly- 
sis of sheep red cells and for haemadsorption, and they 
were also tested against mycoplasma rabbit antisera using 
a paper disk technique to confirm the specific identity of 
the mycoplasma. The concentrated mycoplasma sus- 
pension contained between 107 and 108 colony forming 
units per ml. and it was shown to be capable of fixing 
complement with serum known to contain complement 
fixing antibody to M. pneumoniae. Uninoculated medium 
was incubated and concentrated in an exactly similar 
manner for use as a control suspension. 

To test the effect of M. pneumoniae on the I antigen, 
one volume (measured as drops from a 0:025 ml. dropping 
pasteur pipette) of mycoplasma suspension was added to 
one volume of a 2 per cent saline suspension of washed 
OI cells. The mixture was incubated at 20° C for 30 min 
or at 4° C overnight, washed thrice in 5 times its volume 
of normal saline and reconstituted to a 2 per cent red 
cell suspension. As contréls, 2 per cent suspensions of OI 
cells were similarly treated with a concentrate of uninocu- 
lated PPLO medium and with normal saline. Then the 
I antigen on the red cells was measured quantitatively 
by comparing the cold agglutinin titres of the three anti-I 
sera using control OI cells (incubated with saline or with 
a concentrate of uninoculated medium) with the titres 
obtained when OI cells were treated with M. pneumoniae 
suspension. For the titration of the anti-I sera glass 
precipitin tubes and 0:025 ml. dropping pasteur pipettes 
were used. The anti-I sera were initially diluted with 
normal saline so that serial two-fold dilutions of them 
would produce OI cell agglutination in 3-5 tubes (Table 1). 
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Table 1, DEGREE OF AGGLUTINATION* WITH ANTI-I OF CONTROL OL RED 
CELLS AND OF OI CELLS TREATED WITH M, pneumoniae 


Agglutination of red celis 


Treatment of OI celis (reciprocal of serum dilution) 
Anti-I from a case of M. pneumoniae infection 
(8) (16) (32) {84} (128) 
OT cells -++ saline ttt t+tt++ bet ttt +t 


OT cells + medium 


Bett ttt +t +++ ++ 
OT cells + M. pneumoniae 


Heth Feet +++ ++ +H 
Anti-I from a chronic cold agglutinin syndrome 


(64) (128) (256) (512) (1024) 
OI cells +saline ++ + + + + + + 
OI cells + medium +++ tee +++ $+ + 
OI cells + M. pneumoniae + b+ ++ + ++ ++ + 
Anti-I from group Al donor 
(2) (4) (8) (16) 
OT cells + saline + + + + +b + + + 
OF cells + medium. +++ +++ + + z 
OF celis + M. pneumoniae +++ + + + _ 


Agglutination tests performed at 4° 0, 


* +, 2 or 8 cells sticking together; +, agglutinates of 4-12 cells; ++, 
agglutinates of 12-20 cells; +++, large agglutmates but some free cells 
remaining, + + + +, complete agglutination with no free cells. 


To one drop of each dilution of anti-I serum one drop of 
red cell suspension was added and readings for grading 
of agglutination were performed under the low power of 
& microscope after incubation at 4° C for 2 h. In order 
to achieve an accurate comparison between the myco- 
plasma-treated and control cells, these agglutination 
tests were performed at the same session. 

Table 1 shows that treatment of OI red cells with 
M. pneumoniae suspension did not affect the activity of 
any of the three anti-I sera. Furthermore, overnight 
incubation at 4° C of normal red cells with mycoplasma 
suspension did not affect the titre of these sera. Because 
Schmidt eż al. performed their tests of anti-I activity at 
22° C, we performed additional tests at this temperature; 
inhibition of anti-I activity was again not observed. In 
addition, the F.H. strain of M. pneumoniae provided by 
Dr. D. Taylor-Robinson failed to inhibit the anti-I activity 
of the three sera. ° 

The agglutinability (I status) of red cells from patients 
with M. pneumoniae infection was compared with that of 
red cells from healthy OI and Ai donors in the following 
manner. Anti-I serum from the patient with the chronic 
cold agglutinin syndrome was initially diluted 1/32 and 
then serial two-fold dilutions were made to a dilution of 
1/1024; to one volume of each dilution of anti-I serum 
an equal volume of a 2 per cent suspension of test red 
cells was added. After 2 h of incubation at 4° C the 
results of the tests were read microscopically and recorded 
as shown in Table 2. 

The anti-I serum agglutinated the normal OI cells to 
a titre of 512. It reacted only weakly with the Ai cells, 
indicating the lack of I antigen in this donor. .The cells 
of the patients with M. pneumoniae infection reacted 
with the anti-I serum in a manner indistinguishable from 
the normal OI cells. In other words infection with M. 
pneumoniae did not cause blocking of the I antigen in vivo. 

The red cells of the patients with M. pneumoniae 
infection were obtained during the third to the seventh 
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Table 2.. Comparison oF I STATUS RED CELLS FROM PATIENTS WITH M. 

neumoniae INFECTION WITH THAT OF CHILLS FROM A HEALTHY OI AND A 

THY Ai DONOR, USING ANTI-T SERUM FROM A PATIENT Wrrn CHRONIC 
COLD AGGLUTININ SYNDROME 


Type of red Agglutination* (reciprocal of serum dilution) 

cell tested (32) (64) (128) (256) (512) 1,024) 
Normal OI ++++ ++++ ++4++ + + ++ -= 

Al + + — s= = oe 

M. pneumoniae infection 
Patient] ++++ +++ tett+ +++ ++ 2 
Patent 2 +++ ttt ttt +++ + - 
Patent 3 +++ +++ +++ +++ ++ — 
Patent 4 +++ +++ +++ +++ + = 
All agglutination tests were performed at 4° C and at same session. 


* Grading of aggiutimation as In Table 1. 


weeks of illness. Since none of these patients showed 
overt evidence of haemolytic anaemia during the course 
of their disease 1b would be expected that any destruction 
of the I antigen by the mycoplasma during the early 
phase of the disease would have persisted and would 
have been detectable at the time of the test. We have, 
in fact, tested red cells obtained from eight patients 
during the first week of illness due to M. pneumoniae 
infection. These were stored in glycerol at —20° C and 
were shown to be of normal I status. 

The cause of the discrepancy between our in vitro 
results and those of Schmidt et al.® ig difficult to explain. 
The three anti-I sera used in our experiments also failed 
to detect loss of I antigen in patients with acute leukaemia’. 
During the preparation of this report we noted that 
Ducos et al., using a quantitative technique, have also 
failed to detect I antigen loss in leukaemic patients”. 

Apart from our in vitro results, we have also failed to 
demonstrate the blocking effect of M. pneumoniae in vivo. 
Indeed, it would be difficult to envisage a mechanism 
whereby mycoplasma could- block the I antigen of red 
cells and at the same time stimulate the production of 
I-specific cold agglutinins. 

We thank Dr. W. J. Jenkins for the cells from an Ai 
donor, Dr. J. Wallace for the anti-I serum from an Ai 
donor and Dr. R. G. Sommerville for the M. pnewmomae 
complement fixation tests. We also thank Dr. D. Taylor- 
Robinson. for his helpful criticism. 

One of us (T. F.) is in receipt of a research fellowship 
from the Royal Free Hospital and of a grant for technical 
assistance and equipment from the Medical Research 
Council. 
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A THEORY OF THE NATURE OF MEMORY 
By Pror. J. S. GRIFFITH 


Department of Mathematics, Bedford College, London 


Ir appears to be generally believed that no really simple 
theory of memory is possible, which is based on synaptic 
facilitation, is physiologically plausible and is in agree- 
ment with the most basic properties of conditioned 
reflexes!-3. This article describes a mechanism which, 
although undoubtedly speculative, does seem to possess 
all these requirements. 


It seems desirable not to have too narrow a view of 
the problems connected with memory. The nervous 
system of an animal can learn to do new things, but it 
also has a very considerable stability of organization. 
The slow, partial restoration of reflex action after tran- 
section of the spinal cord (recovery from “spinal shock’’) 
is a good example of thist. Whether such a phenomenon 
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should be called stability or learning is an irrelevant 
matter of semantics, but it is clear that any theory of 
memory should find a natural place for it. Even in the 
special case of human memory for material experienced 
consciously, it can be argued that some sort of stability 
criteria are operating. People forget. There is a tendency 
to think of long-term memory as indelibly engraved on 
the brain, but the experimental evidence suggests that it 
decays, although whether completely or not is uncertain‘. 
Even our memories from early childhood are usually, if 
not always, reinforced by being “inspected” from time to 
time. The reciprocally related processes of learning and 
forgetting, as of damage to the nervous system and restora- 
tion of function, show the characteristics of the com- 
ponents of a servomechanism. I shall deal with this 
theme in this article. 

I have investigated the proposal that learning is based 
on changes of threshold or synaptic linkage following the 
joint firing of two neurones and have found myself 
naturally led to quite a comprehensive theory of the basis 
of memory. This theory is much influenced by the earlier 
physiological discussions of the problem of memory? ®, 
especially that of Burns?, and by those which take into 
account our present knowledge of the biochemical organ- 
ization of cells!°-18, I shall not discuss the idea that 
memory is encoded in the nucleotide sequence of RNA or 
DNA. However, mRNA may be a necessary intermediate 
at one point. On account of the confused experimental 
position, no discussion will be entered into on the reports 
of transfer of learning between animals'+15; it will be 
apparent, however, that the present theory is not incon- 
sistent with the transfer of some relatively unspecific 
effects. 


Control of Synaptic Linkage 


One way in which learning could operate is as follows. 
If a neurone A has a synapse from its axon to a cell B, and 
A and B fire together, then the synapse is strengthened. 
Hence the next time A fires, B is more likely to do so. 
It was pointed out by Burns? that, although this par- 
ticular model of learning is popular among theorists, it 
does not really satisfy the requirements of psychologists. 
I shall retain it for the time being, however, because 
Burns’s criticism can be met. A more serious point is 
that most experimental evidence, especially ın the peri- 
pheral nervous system, suggests that use weakens synapses 
rather than strengthens them!*. Because of this, I shall 
consider the more general question: how can the synaptic 
strength be altered as a consequence of the joint firing of 
neurones A and B? 

The first pomt to note is that the alteration process 
involves a mechanism which only works when both 
neurones A and B have fired, otherwise it would not be 
specific for the relationship of A to B. This means it 
cannot depend simply on the transmitter substance 
ejected from A. For similar reasons, a mechanism 
assuming a regulatory action on enzyme synthesis!’ in 
the nucleus of either cell A or cell B is unsatisfactory. 
For example, supposing, through the effect on its nucleus, 
the threshold of B is lowered. Then B is fired more easily 
by all cells having excitatory synapses with it, and not 
just by A. On the other hand, an effect on the nucleus 
of A, which might be difficult, anyway, because of the 
expected axoplasmic flow down the axon!®19, would 
affect all the synaptic terminals, not just those con- 
necting with B. 

These considerations suggest that the change must 
occur directly, not indirectly, at or near the synapse. It 
occurs just when or after the surface membrane on the 
two sides of the synaptic cleft has been disturbed (de- 
polarized) and must involve both cells. This seems to 
suggest strongly that something passes between cell A 
and cell B, that this something can only pass through the 
two membranes when both have been recently disturbed, 
and that the “something’’ forms the basis of learning 
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and memory. Let us call this “something” F. F passes 
between A and B end then alters the synapse, either by 
causing it to grow or atrophy or perhaps by affecting the 
enzyme-controlled production of transmitter!®. Which 
way does F pass? “There are several reasons for thinking 
it more likely to bə from B to A. Synapses are usually 
on or near the cell body of the receiving cell B, but far 
from the body of the transmitting cell A. Thus the chief 
manufacturing district of B is near the synapse, while the 
synaptic region of cell A is distinctly isolated from its 
nucleus. Next, once F gets through into the axonal tip 
of cell A, it will tend to stay in that tip because of the 
axoplasmic flow already mentioned. Were the passage in 
the other direction, there would be less reason for F to 
remain in the tip (alshough there could, of course, be specific 
sites which would absorb it irreversibly). Finally, it is 
believed that in the formation of the nervous system 
cells find their correct partners by a process of axonal 
growth under the stimulation of some substance emitted 
from another cell? 21, All these things suggest, although 
not conclusively, that F passes from cell B to cell A and, 
having arrived there, stimulates or depresses the growth 
of the axonal tip. 


Feripheral Learning 


Much reliable information is available about learning 
at the cerebral level, but it does not relate to cellular 
change. It is therezore better to start with the peripheral 
system, where the experimental evidence appears to be 
clear: use causes atrophy, disuse causes growth!*. If the 
argument of the previous section is accepted, then this 
evidence implies that there is a substance Æ produced in 
the receiving cell 3 which, on joint firing of A and B, 
passes across the synaptic cleft and into the adjacent 
axonal tip of A. # inhibits the growth of that axonal 
tip. On the other hand, the axon was provoked to grow 
there in the first p:ace by an exudate from cell B. Thus 
it becomes necessary to postulate also a growth sub- 
stance, F, which passes continually across the synaptic 
cleft from B to A. The maintenance and growth of the 
axonal tip are assumed to depend partly (or even wholly) 
on this supply of F. We also suppose that the rate of 
passage of F per unit area of synaptic cleft depends only 
on the metabolic activity of cell B but not directly at all 
on the number of times A and B fire jointly. 

This gives a simple servomechanism which, provided 
A receives its normal input, keeps the rate of firing of B 
fairly constant even if the average input to B from other 
sources should change. It is instructive to write down an 
equation governing it, assuming that # and F compete 
in @ proportional and additive manner. We can then 
write 

da 
Ah + i 
Here « is the syneptic area, u the maintenance require- 
ment of the axona tip for F per unit area per unit time, 
and à, v are the rates of flow of F and Ẹ, respectively, 
across unit areas cf the cleft. It is quite in accord with 
present-day theoriss of control mechanisms in cells!” to 
suppose that the concentration of E and F within 
cell B is held constant, ai least unless there is excessive 
demand for them. Hence we take 4 as constant. 

v must depend o2 the rate of joint firing of the two cells, 
however, and henee on the area B of any other synaptic 
linkages to cell B. It also depends on the rate of bom- 
bardment of those other linkages, which for simplicity of 
exposition we suppose to be constant. Then y is pro- 
portional to p, the rate of firing of A and to P («,8). the 
probability that E fires when A does. Thus 


v(a,B) = ppP(a,8) (2) 
where p is a constent for a given cell, but may differ from 


cell to cell. P(«,8) is obviously a monotonic increasing 
function of «, for zach fixed 6. 


Aa — va (1) 
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If we assume that, in the absence of the inhibitory 
factor H, the synaptic area « grows, we must have 


a = à — u > 0. Thus 
a = æ (a — ppP(a,8)) (3) 


Provided ppP(0,8) < a < ppP(œ,ß), equation (3) shows 
that « tends towards the stable limiting value which is 
n = 0 in equation (3). (See Fig. 1, 
in which curve I crosses the horizontal line at height a 
at a stationary point.) This point is stable because of the 
monotonic increasing character of the continuous func- 
tion P(«,8). The stable value for « is therefore determined 
from the equation 


derived from setting 


Pla) = — . (4) 
(aB) = 
We see that « depends both on the area 6 of the other 
synaptic contacts and also on the afferent firing rate p. 
However, the rate at which B fires under the influence of 
A is pP(«,8) = ap- which is constant. 

These conclusions only apply if the condition on 
the range of a is satisfied. If p is very large, then 
a< epP(0,8) and « decreases to zero. In our model, then, if 
the afferent bombardment is too great, the synapse 
dwindles and the axon finally drops off. The values of the 
constants a and 9 may, however, be such that this cannot 
occur. For p can scarcely be more than, say, 1,000/sec. 
If p is very small, then a > ppP(oo,8) and g increases 
without limit. 

Of course, physically, « cannot actually become 
infinite and would ultamately be limited by the available 
area, of contact with cell B or by the metabolic avail- 
ability of F. As the total rate of flow of F across the 
area. g is Xa, then if the availability of F has an upper 
bound A, say, we have Aa< F and therefore, as «— œ, 
so A-> 0. Thus the curve for A-» must fall off and event- 
ually become negative for large enough values ‘of a. 
This means that « can never become larger than gə the 
value of « for which 4 = 0. Two curves, II and IIT, 
for small p are shown in Fig. 1. Of course, for the stable 
points «yr and «rrm, the firing rate of B following A is 
(Au) ep? which is no longer equal to ap~', but is less. 

Not only can the condition a > ppP(0,8) be satisfied 
with p small, but it can also be achieved with p small. If 
ọ is zero, then the stable value for « is %», independently 
of the firing rate. Thus in a cell which does not produce 
the inhibitory growth factor, the total synaptic area will 
be determined simply by the availability of F and hence 
by the cell B. As p passes from a value which gives a 
curve, like curve I in Fig. 1, which crosses A-p in its 
horizontal region, down to p = 0, so does the servo- 
mechanism pass between two limiting types. In the first, 
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Fig. 1. Plots of op P(a,8) against a for medium {1}, small (1) and still 

smaller (TIT values of ep. The mtersections with the curve of j—z 

give the stable values for the synaptic area, ar au, and am, respectively. 
Og corresponds to epP(0,8)> a and a, to gp =0, 
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it keeps the various conditional frequencies constant, 
while in the second it keeps the total synaptic area con- 
stant. For intermediate values of p, a mixed criterion 
operates. When the frequency is kept constant, the 
stable value of «œ is determined from equation (4) and 1s 
inversely related to p: as p decreases so « increases and 
so, therefore, does the excitability of cell B from that 
afferent pathway. 

So far the discussion has implicitly referred to excitatory 
synapses. For an inhibitory synapse it is still necessary 
to suppose the existence of a growth substance F exuded 
from the cell, which first attracts the axon and then 
maintains it. To use equation (3) m this case would lead 
to difficulty, however, because at an inhibitory synapse 
an increase in « results in a decrease in the probability 
of firing for B and thus in P{a,8). Therefore, P(a,8) is a 
monotonically decreasing function of « and the point 
P(a,8) = a/pp is now stationary but metastable. « thus 
always goes towards 0 or œ. The simplest way of getting 
around this is to suppose that, at such synapses, only the 
growth substance F passes. Thus F leaks across the 
synaptic cleft at a constant rate as before, but its motion 
is enhanced in proportion to the rate of joint firing. This 
idea rests on the entirely reasonable assumption that the 
two membranes are slightly permeable to F' in the resting 
state, but when depolarized allow it to flow through more 
freely. 

Then, in place of equation (3), we have 


So = afa + ppP(aB)) (5) 
This has a stationary and stable point at P(«,8) = —a/pp, 
which shows that we must assume a to be negative. This 
means that inhibitor axons are only attracted to cells 
which fire sufficiently often at about the same time as 
they do (in contrast to the excitatory axons discussed 
earlier). This seems quite reasonable as it imples that 
inhibitory interneurones only get attached to cells which 
“need” inhibiting, and which they can inhibit at the 
right time. On the other hand, it is again possible at an 
inhibitory synapse for the synapse to be maintained by 
a process which ıs independent of firing rate. This would 
occur if p = 0 in equation (5) and a is replaced with 
A-u, Which reproduces equation (1) with v = 0, as dis- 
cussed earlier. 

A plausible and simple theory has now been developed 
which goes far towards explaining both the formation and 
maintenance of structure and function in the peripheral 
nervous system. Although ıt does not give independent 
support to our theory, it is interesting to mention that 
the properties assumed for frequency-controlled synapses 
can explain the re-establishment of reflexes in the period 
of readjustment from the condition of ‘‘spiynal shock”. 
When one realizes that the effects of lesions in the brain 
often show a considerable parallel to the effect of spinal 
transection, the loss of specific function often being fol- 
lowed by at least a partial ultimate restoration of 
function, one is led to hypothesize that the mechanisms 
outlined operate at all levels in the nervous system (see, 
for example, ref. 22, p. 274). At the cerebral level, how- 
ever,.they are complicated by the presence of quite 
another mechanism for memory. 

Before dealing with that, however, some consideration 
should be given to the question of what substances E and 
F are likely to be. It would be attractive to suppose 
that they are mRNA. If they were, however, there 
would need to be polyribosomes in the axonal tips in 
order to utilize them. Unfortunately, these havé not 
been observed**-*4, and therefore, on these grounds alone, 
it seems unlikely that # and F are mRNA. Of course, 
the steady production of Æ and F must ultimately be under 
the control of mRNA formed in the nucleus of cell B. 
In this sense mRNA is implicated and there may well be 
some subsidiary control mechanism, relating to this pro- 
duction, which we have neglected to consider. 
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There is, however, another approach to the nature of 
F, at least. As F is a nerve growth factor, it is likely to 
be of the same nature as those factors which have already 
been found*!. These appear to be protein and may be 
enzymes. In that case, Æ would not necessarily be 
protein but might either inactivate F or inactivate, or 
compete with the substrate of, some other quite inde- 
pendent enzyme in the axonal tip. 

It should be borne in mind that the phenomenon of 
supersensitivity of deafferentiated nerve cells may 
duplicate some of the effects of servomechanism*, and 
therefore complicate the mterpretation of experimental 
data. It can scarcely duplicate them all, because it is a 
mechanism operating on cell B without distinguishing 
between the various attached cells A. 


Cerebral Memory 


The need for reinforcement to occur**:27, the existence 
of Korsakoff’s syndrome?! and the effect of lesions in the 
hippocampal region®®, taken together, suggest strongly 
that, even if memory at the conscious level is mainly 
mediated by changes in synaptic strength at the cortex, 
ib is nevertheless partially controlled by some quite 
localized subcortical centre or centres. 

The control of synaptic strength now depends on three 
things—the firing of the cortical cells A and B and also, 
later, of some “‘reinforcing”’ cell O, the axon of which 1s 
apposed to the synapse in question. If 1t 1s assumed that 
the previous picture of synaptic control still holds, it is 
immediately apparent that the most natural way for the 
new control to be operated is by increasing the flow of F 
from cell B to cell A. For this to happen, there must 
still remain evidence, when cell C fires, that cell A and 
cell B have recently fired jointly. The firing of cell B 
depolarizes its membrane and so it is postulated that F 
passes into the synaptic cleft at this time. It would seem 
likely that this extra package of F, which now passes, is 
actively transported by a biochemical process requiring 
the transmitter, T, from cell A as a constituent or, at 
least, that the extra F can only pass in the presence of T. 
Finally, the firing of C mediates the passage of F across 
the second membrane into cell A, possibly by releasing 
another constituent necessary for an active transport 
process. 

The picture may now seem a little complicated, but it 
is difficult to see how any essentially simpler process could 
show the right dependence on the three cells A, B and C. 
The part which is least clear 1s the precise mechanism of 
action of cell C. The model as we have described it would 
seem to imply that every synapse needs a separate axonal 
ending—some 10! in all—a figure which is rather large, 
although perhaps not impossibly so. A way out of this 
difficulty would be if the cells C did not directly influence 
the synapses at all, but acted only indirectly through the 
ghal cells. This is quite plausible in view of the fact that 
we do not require the cells C to carry specific messages 
to specific synapses, but merely the general instruction of 
“record”. The cells C would then simply form a general 
glial activating system, whereupon the glia would exude 
the constituent which “helps” F across the axonal mem- 
brane of cell A. In that event, the exudate from C into 
the glial cells might be mRNA. 

Burns’s point? that a theory of memory must explain 
the classical Pavlovian conditioning experiments can now 
be discussed. Suppose two cells, A and A}, both synapse 
on B and that the firing of A will fire B but of A? will 
not. A, then, is on the path of the unconditioned 
stimulus (US) and A‘ of the conditioned stimulus (CS). 
We may fire A! as many times as we lke, without A, 
and no C-mediated learning will occur, because B does 
not fire: Once A and A! both fire, however, so does B. 
So the combination of the depolarization of the mem- 
brane of B, due to its firing under the influence of A, with 
the presence of the transmitter T from A', due to its 
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firing, brings F into the synaptic cleft between B and A’. 
Thus, providing reinforcement occurs through O, F passes 
ultimately into the axon of cell A1. 

Thus we can interpret the conditioning experiments in 
a general way. But note now that F can only cross the 
membrane of B into the synaptic cleft with A‘ if the 
transmitter T is already there when B fires. Thus the 
conditioning can only work if A! fires at the same time 
as B or earlier, providing it is not so-much earlier that 
T has all disappeared. The time by which the firing of A 
precedes that of B is so small that this makes it possible 
to say, approximately, that A! must precede A for con- 
ditioning to occur. The OCS must precede the US and 
thus it would seem that the model very satisfactorily fits 
the temporal requirements of the conditioning experi- 
ments. The ultimate decay of conditioning would be a 
consequence of the servomechanism described earlier. 

Finally, note that this theory of cerebral memory 
implies the existence of several stages of memory storage, 
in general agreement with recent experimental work?’-?2, 
Also, as the strength of the influence of a synapse on the 
receiving cell depends on two quite independent things, 
T and the growth of the axonal tip, memory may be 
regarded as a sum of a short-term part and a long-term 
part. The time sequence of the two 1s very different. The 
short-term part is largest at first and decays mono- 
tonically. The long-term part must be zero at first, rise 
to a maximum and then decay. The sum of the two 
need not be monotonically decreasing, but might have a 
minimum at a time when the short-term part has largely 
decayed, but the long-term part has not yet become fully 
established. There is evidence that this does occur in the 
“reminiscence effect’, and an explanation of the general 
kind given previously has been advanced5:*4, 
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PLANETARY SCIENCE 


ice-forming Nuclei in the Atmosphere 


THERE is considerable meteorological interest in the nature 
and concentration of ice-forming nuclei in the atmosphere 
and their variation with time and weather situation?. 
Apart from their significance in natural precipitation 
processes, improved knowledge of their nature and 
occurrence is essential to any realistic assessment of 
Ne modification by cloud seeding with artificial ice 
nuclei. 

Most measurements of the concentration of ice nuclei 
have until now been made with mixing chamber and 
expansion chamber methods and the results have suggested 
that the concentration is extremely variable. It is prob- 
able, however, that much of this variability can be attmb- 
uted to limitations in the methods of measurement, 
largely because the conditions under which the 1ce crystals 
are formed are unlike those in natural clouds. In addition, 
these methods are difficult to use in an aircraft, with the 
result that apart from those at ground level very few 
measurements have been made*:®. 

Recently, a much simpler method using ‘Millipore’ 
filters has been developed by Bigg’. In this method, the 
sample of air 1s drawn through the filter which collects 
all the particulate material down to at least O-4y in 
diameter. To determine the number of ice nuclei which 
are active at a certain temperature, for example, at 
—15° C, ice crystals are grown on the nuclei by cooling 
the filter to — 15° C in an atmosphere saturated or super- 
saturated with respect to water. The use of a ‘Millipore’ 
filter has many advantages; it can be used to sample 
large volumes of air and it can readily be used for sampling 
from aireraft—the development of the filters can be carried 
out later in the laboratory. However, Bigg et al.* found 
that the results with this method are not wholly satis- 
factory, because the measured concentration of ice 
nuclei per unit volume depends on the volume sampled 
and also critically on the development technique. Also 
it was found that the background count could be large. 
Mossop?! found that for 10 per cent of the filters the back- 
ground count was more than ten, which was comparable 
with the number of ice crystals found on many of the 
exposed filters. 

After reviewing the methods available for measuring the 
concentration of ice nuclei, we decided to investigate 
further the ‘Millipore’ filter method. We thought that 
it might be possible, by means of a different development 
technique, to obtain better results than those of Bigg 
et al. After 3 years of experiments, our method is now 
giving promising results and does not appear to suffer 
from some of the difficulties encountered by Bigg. The 
roain differences between the two techniques are in the 
means of providing the water vapour and in the method 
used to observe the ice erystals when they have formed. 
In Bigg’s method, a cloud of water droplets is formed 
above the cooled filter and allowed to fall on to it. A 
suitable supercooled solution is then poured over the filter 
so that the newly formed ice crystals are made large 
enough to be seen easily. In our method, before the filter 
is cooled it is placed on molten petroleum jelly, which 
partly fills the pores, so that water vapour cannot pass 
through them. The filter is then exposed to air which has 
been saturated with respect to the ice at the bottom of the 
chamber and, by cooling the filter further, the air in contact 
with the filter can be made saturated with respect to 


, one to six, with a mean of three. 


water. The filter is kept under these conditions for 30 
min. The ice crystals in the central portion of the filter 
{about 40 per cent of the total area) are observed with a 
low-powered microscope. 

Our preliminary results show that the ice crystal count 
does not depend on the length of time that the filter is 
exposed to air at water saturation—the count becomes 
nearly constant after 15 min—whereas Bigg et al. found 
that the number of ıce crystals which formed on filters 
simuarly exposed depended critically on the humidifica- 
tion tume. With our apparatus we are able to keep the 
humidity within 2 per cent of water saturation indefinitely. 
Only if the air above the filter is made more than 5 per 
cent supersaturated with respect to water is there a 
significant increase in the number of 1ce crystals formed. 
In contrast to Bigg’s results, we find that for samples of 
less than 150 1. there is no decrease in the measured con- 
centration of ice nuclei per unit volume as the volume 
of air sampled increases; however. for larger volumes 
there is a decrease. We have compared the ice crystal 
count of pairs of filters which had each sampled simultane- 
ously 100 1. and found that more than half the counts 
were within 5 per cent of the average. This is some 
improvement on Bigg’s experiments in which nearly half 
were within 10 per cent of the mean. With our method 
we found that unexposed filters gave a background count 
of nil to six, with a mean of one, in the observed area, 
whereas over the whole filter the background count was 
These background 
counts are insignificant compared with the counts of 
exposed filters. 

From October 1965 to March 1966 more than forty 
100 1. samples of air were taken outside the Meteorological 
Office at Bracknell and these show that the concentration 
of ice nuclei varied between 0-25 and 3-0/1. with 75 per 
cent between 0-6 and 1-8/l. at a temperature of about 
—18° C. The results show none of the great variability 
from hour to hour and day to day that has previously 
been reported’, although as yet the number of samples is 
not large. 

We are continuing our experiments at ground level 
and hope shortly to obtain samples at higher levels from 
aircraft. 
f J. B. STEWART 
I. Ross 
CATHERINE M. STEVENSON 


Meteorological Office, 

London Road, 

Bracknell, Berkshire. 
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Radiocarbon Dated Postglacial Land Uplift 
in Northern Ungava, Canada 


LATE Quaternary glacio-isostatic uplift curves based on 
radiocarbon dates of material from raised marme forma- 
tions have been constructed for several parts of the 
Canadian Arctic'-°. So far, none has been published for 
areas bordering the Hudson Strait and in particular for 
the north-western part of the Labrador—-Ungava Peninsula. 
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Yg. 1. Preliminary glaclo-isostatic uplift curve for the area between 
Dese tion Bay-Cape Wolstenholme, Northern Ungava. i@] and 
|x}, Carbon-14 dates with limits of statistical errors; @, Deception Bay; 
X, ‘other localities (see Table 1). All altitudes have been corrected for 
eustatic rise of sea-level before 6,000 years B.P. (that is, 3 £t./100 years). 
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Ten radiocarbon dates*® of molluses from raised marine 
terraces between Deception Bay (62° 7’ N., 74° 35’ W.) 
and Cape Wolstenholme (62° 35’ N., 77° 30° W.) in 
Northern Ungava, Quebec, are now available. The 
dates provide sufficient data for construction of a pro- 
visional uplift curve (Fig. 1) in which ages are plotted 
against altitude. 

I collected nine of the samples of dated shells during 
field work in 1961 and 1962. The tenth sample (4SC-327) 
was obtained by D. A. Nichols of the Department of 
Mines, Canada, in 1935. The molluscs were dated by 
Isotopes Incorporated, the National Physical Laboratory 
and the Geological Survey of Canada. Details of localities, 
shell identifications and radiocarbon ages are summarized 
in Table 1. 

Before discussing the significance of the curve several 
points deserve comment: 

(1) In constructing the curve it is assumed that the 
sites, despite the fact that Erik Cove is 96 miles west- 
north-west of Deception Bay, lie along rather than across 
the local trend of isobases. This assumption is based on 
my detailed studies*-* of the pattern of glaciation and 
deglaciation of the area. In support of this theory is the 
fact that marine shells from approximately the same 
altitudes (360-365 ft.), but at widely spaced locations 


Table 1. RADIOCCARBON-DATED SHELLS FROM NORTHERN UNGAVA 


Elevation 
Radiccarbon Labora- above high Species 
age 1n tory Locality water mark dated* 
years B.P. No. (fi 
10,4504 250 J-488 Deception Bay 281 H.a.; Mt. 
7,650+250 7-729 Sugluk Inlet (62° 365 Ha. 
15’ N.; 74°40 W.) 
7,350+150 GSC-327 Tar. Goyo a 360 M.t. 
7,1604195 -726 “Baie Oblongue” 365 M.t; H.a; M.c.; 
(62° 25° N., 76° b. 
20° W.) 

6,970 t 150 NPI—$5 Deception Bay 297 

6,900 +130 NPL-58 Enk Cove Q71, Mt.: M.c., Mb., 
th, 

86,760 +140 NPL-82 Deception Bay (8 148 M.t; Ha.: B 

es inland) 

6,660 +130 NP£-84 Deception Bay 242 M ge H g : ee 
C.; Be. Sg, 

8,880 £125 NPI-83 Deception Bay 196 aa Mi Oes 
A 

3,900+125 NPL-71 Deception Bay 34 M a Mea; Oes 


* H.a., Hiatella arctica Linné; M.t., Mya truncata Linné; M.a., Mya 
arenaria Linné; M. C., Macoma calcarea Gmeiin; B.b., Balanus balanus Lanné: 
alanus s Be. Balanus crenatus (Bruguière): M.b., Macoma balthica 
Lanné; ser Ce, Harar ium ciliatum O, Fabricus; S.¢., Serripes groenlandicus 
rugumère. 
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along the coast, have similar radiocarbon ages, if the 
statistical errors inherent in dating the samples are taken 
into account (compare I-729, [-726 and GSC-327, Table 1): 
this suggests that west-north-west—east-south-east tilting 
of the land did not occur during uplift. 

(2) As with all shell dates there is uncertainty as to the 
depth at which the molluscs lived or have been transported 
and the sea level ralated to any date was higher than the 
actual level of the molluses. Because of this, the true 
uplift curve must elways lie above the graphed position of 
the molluscs. Nevoartheless, in the case of samples [-729, 
I-726, NPL-84 and NPL-71, the error will be slight, as the 
molluses were obtamed from shoreline deposits rather than 
fiord-bottom matezial; they were collected from topset 
beds of deltaic meterial and were associated with inter- 
tidal species of mollusca, such as Mytilus edulis Linné, 
and in one instance (N PZ-71) thin peat layers and brack- 
ish-water ostracode. 

(3) It should be noted that the dates I-729, I-726, 
NPL-84 and NPL-71 were obtained for bivalved molluse 
shells which were found in living positions with their 
periostracum and, in some cases, siphons still attached, 
which suggests that they had not been disturbed since 
death. 

(4) As can be sean from Fig. 1, it was possible to draw 
an uplift curve negr nine of the dates. The oldest date of 
10,450 years B.P. esnnot be fitted into the scheme and it is 
possible that the sample dated was a mixture of old shells 
moved by ice and 2ostglacial shells. 

(5) Allowance hes been made in Fig. 1 for eustatic rise of 
sea level of 3 ft. per-century before 6,000 years B.P. (ref. 9). 

Like all other uplift curves drawn, the pattern of uplift 
with respect to time is that of a strongly exponential 
decrease from approximately the time of ice removal to 
the present day. The graph indicates that the rate of 
uplift was initially rapid between about 7,700 and 6,700 
years ago, that is to say, of the order of about 20 ft. per 
century: this compares favourably with that of 19-5 ft.-per 
century calculated oy Lee! for the coast of Hudson Bay. 

From about 6,7C0 years ago to the present, the rate of 
emergence of the and gradually decreased and for the 
past 4,000 years wauld appear to have been just less than 
1 ft. per century—a rate slightly less than those of 1-3 ft. 
suggested for other parts of Arctic Canada?*?°, If, how- 
ever, a marine tracsgression took place during the forma- 
tion of the lowest marine terraces, as indicated by the 
sequence of thin ‘peat layers and fossiliferous marine 
sediments in the “Gemma beaches’’®, then the rate of 
uplift would have keen much higher and probably between 
1-5 ft. and 3 ft. per century—a rate similar to that 
postulated for the Listoric rate of uplift of the Hudson Bay 
area}t+12, 

Although the geteral form of this provisional curve 18 
very similar to those constructed for other parts of 
Canada and Greenland! 3, it is somewhat displaced in © 
time; deglaciation took place at a later period than in 
most other areas but earlier than in the Foxe Basin area’. 
It appears that, even if sections of the south coast of 
Hudson Strait wer open to the sea and, therefore, de- 
glaciated in part by 10,450 years ago, as suggested by 
date [-488, the gemeral deglaciation of Northern Ungava 
was delayed until 8,000 years ago in coastal areas and 
possibly as late as 6,700¢years ago in inland areas, as 
suggested by date (NPL-82) of shells from the highest 
fossiliferous marine deposit 8 miles inland from Deception 
Bay. Thus local ice caps, or at least large valley glaciers, 
seem to have existed in Northern Ungava during the 
equivalent of the early part of the hypsithermal interval, 
preventing the incursion of the sea; a theory in keeping 
with that recently proposed for central and eastern Arctic 
Canada‘, 

The field work was supported by grants from McGill 
Sub-Arctic Research Laboratory, and the U.S. Air Force 
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Trace Element Concentrations in the Sea off 
South Africa 


A PRELIMINARY Investigation of the distribution of the 
trace metals copper, iron and manganese, with special 
emphasis on copper, was recently undertaken in the ocean 
area south-west of the Cape of Good Hope. Oceanographic 
information collected concurrently with the samples 
was used in a provisional interpretation of the results. 

Samples of sea-water were taken with a polypropylene 
sampler and stored frozen (-—18° C) in polythene until 
analysed. Copper and iron were concentrated from the 
unfiltered samples by solvent extraction; manganese 
was concentrated by co-precipitation. The concentrated 
metals were determined spectrophotometrically. The 
chemical procedures will be described elsewheret?. 

Copper was estimated in seventy samples of surface 
water taken from an area up to 600 miles south and west 
of Cape Town (Fig. 1). Both coastal and deep-sea areas 
were sampled. The results indicate a marked relation 
between the copper concentrations and the water masses 
present (determined by analysis of temperature/salinity 
diagrams). 

Copper concentration 1s at a minimum (2 ug/l.) m the 
Agulhas current and reaches a maximum (17 ug/l.) in 
vigorously upwelling water off the Cape of Good Hope. 
Off-shore water away from upwellmg zones, in the south- 
east Atlantic Ocean, shows moderate concentrations 
(9~12 ug/l.) of copper as does also the sub-antarctic surface 
water just south of the sub-tropical convergence. Intru 
sion of Agulhas current water into the Atlantic Ocean 
could, in general, be followed by observing the change m 
copper content. i 

The low surface concentration of copper observed in the 
Agulhas current is possibly explamed by its tropical 
origin. In equatorial regions, nutrients and trace metals 
are taken up by zoo- and phyto-plankton, which later 
die and sink. The strongly developed thermocline in 
tropical regions inhibits vertical mixing, and a net loss of 
trace metals from the surface layer ıs to be expected. 
Similarly, Morita? found low copper concentrations 
(0-5-0-7 ug/l.) in the tropical water of the Kuroshio 
current off Japan. 

An apparent seasonal variation of copper content in 
surface waters off the Cape of Good Hope may be linked 
with upwelling processes. The maximum concentrations 
of copper (15-17 ug/l.) coincided with the season of 
maximum upwellng (summer) while, during the winter 
season of minimum upwelling, minimum concentrations 
were found (6-11 ug/l). Because river discharge is 
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negligible in this region, and irdeed the season of maximum 
run-off is in the winter, it appears that the copper content 
must be controlled almost entirely by movements of 
water masses associated with upwelling. 

In the mixing region south of Cape Agulhas, some 
Agulhas current water moves round to the north-west 
and penetrates some distance up the Cape west coast 
before its identity is lost by mixing with water of Atlantic 
Ocean origin in the Benguela current region. A steady 
variation ın copper content could be linked to the extent 
of penetration of this current. , 

One set of samples was obtained from sub-surface depths 
in the upwelling region south-west of the Cape of Good 
Hope. High concentrations (15-16 ug/l.) of copper were 
found to a depth of 400m. This layer consists mainly 
of South Atlantic Central water welling up to the surface. 
At greater depths lower concentrations were found (10 and 
7 ug/l. at 700 and 1,200 m respectively). It is mteresting 
to note that the Antarctic Intermediate water mass was 
found to lie at about 800—-1,000 m depth in this region. 

The Central water has 1ts source in the mixing region 
just to the north of the sub-tropical convergence and then 
sinks and moves northwards®. Copper concentrations 
at the source of this water were found to be moderately 
high (138-16 ug/l.) in good agreement with values (15-16 
ug/l.) found in the upwelling water off the Cape of Good 
Hope. 





10 15 20 
R, 
Fig. 1. Positions at which samples were obtained. A, Agulhas current; 


B, Benguela current. @, Copper; W, copper, iron; 


manganese. 


©, copper, iron, 


Ten samples of coastal water were collected for iron 
determination. It was concluded from the provisional 
results that upwelled inshore water off the Cape of Good 
Hope contamed relatively high iron concentrations 
(10-13 pg/l.), whereas 60 miles offshore the iron content , 
was much lower (1 ug/l.). Manganese was estimated in 
seven samples of coastal water. Little variation was 
noted and values ranged between 1 and 4 ug/l. 

No previous data on these elements in the area studied 
were available for comparison, but our results are in 
general agreement with other data on copper, iron and 
manganese in the oceans‘. 

This investigation was sponsored by the Sea Fisheries 
Division of the Government of South Africa, and samples 
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were collected aboard their research vessel Africana II. 
This support is gratefully acknowledged. 
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PHYSICS 


Comparison of Electron Temperature with 
Thermosphere Probe Data 


DuRInG the past few years evidence has been obtained 
for the existence of thermal non-equilibrium in the 
F-region of the ionosphere. A number of heat sources 
have been proposed to account for the observed selective 
heating of electrons in the ionosphere. The solar ultra- 
violet radiation from the Sun was shown to be the mam 
heat source for the daytime heating of the lower- and mid- 
latitude ionosphere!-*. A comparison between measure- 
ments of electron temperature Te, obtained from the 
Dumbbell rocket probe*® and the atmospheric model 
values of neutral gas temperature Ty, has provided the 
first evidence for thermal non-equilibrium of the iono- 
sphere. The simultaneous measurements of Te and Ty 
with the modified “thermosphere probe” have now con- 
firmed that the electron temperature in the ionosphere is 
considerably larger than the gas temperature. With the 
help of recent measurements of solar ultra-violet flux 
and absorption cross-section, we have calculated the heat 
input and electron temperature in the F-region of the 
ionosphere and have compared it with the thermosphere 
probe data’. 

The atmospheric model, ionizing solar ultra-violet 
flux and their absorption cross-section for various atmo- 
spheric constituents are taken from the values tabulated 
by Davies’. The total rate of 10n production and electron 
density distributions in the ionosphere have been caleu- 
lated from these data and various coefficients of production 
and loss rates. (Available coefficients of production and 
loss rates are adopted with reasonable changes to fit 
experimental ion and electron density profiles.) 

Adopting the heating efficiency given by Hanson, the 
heat mput of solar ultra-violet radiation, which is the 
product of heating efficiency and rate of ion production, 1s 
calculated for the F-region of the ionosphere. Fig. 1 
shows a comparison of the calculated heat input of solar 
ultra-violet radiation with the values measured by the 
thermosphere probe. It is evident from Fig. 1 that the 
total heat input measured is an order of magnitude greater 
than the calculated heat input of solar ultra-violet radia- 
tion. 

If Q is the energy of the.solar ultra-violet radiation in 
ergs cm~? given to the electron gas, N cm~, then in 
equilibrium 


= 130 x 104n [ (22), 


The cooling of fast photoelectrons owing to vibrational 
excitation of nitrogen molecules is ignored in the determ- 
ination of electron temperature. The cooling rate of 
equation (1) is rather slow at higher temperatures and 
thus this omission may be justified in view of numerous 
uncertainties in the cooling rates and the heat sources. 

The difference between electron and gas temperature is 
not linearly dependent on the heat input Q. The determ- 
ination of electron temperature from equation (1) involves 
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Fig. 1. Heat ipis calculated with data for solar ultra-violet radiation 


(~ -— — ~) for X= 0, 40 and 60, and with data from thermosphere probe 


y for Y =20, 40 and 60. 
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Fig.2. Calculated electron temperature using solar ultra-violet flux data 
aa ae frequencies for sun-spot maximum (. and minimum 
(~ ——-)}, and electron temperature measured by thermosphere probe 
(a). ‘taht 6-07, Wallops Island, Virginia, April 1963, 1604 &.s.7, 


solution of a seventh order equation in square root of T'e 
and is somewhat complicated. In the present communica- 
tion the electron temperature corresponding to the heat 
input profile for solar ultra-violet (dotted curve Fig. 1) is 
obtained by graphical solution of equation (1). The 
electron temperature profiles thus obtamed are com- 
pared with the data from the thermosphere probe as 
shown in Figs. 2 and 3. 

The heat input of solar ultra-violet radiation to the 
ionosphere for three zenith angles is shown in Fig. 1 
together with corresponding total heat input obtained 
from the thermosphere probe data. The calculated 
heat input of solar ultra-violet radiation is an order of 
magnitude less than the total heat input obtained from 
the thermosphere probe data. The electron temperature 
in the ionosphere resulting from heat input of solar ultra- 
violet is calculated using equation (1) and is compared 
with the electron temperature as measured by the thermo- 
sphere probe (Fig. 2). The absolute electron temperature 
of the solar ultra-violet depends very much on the atmo- 
spheric model used for calculation. The difference 


(=) | av cin 3 tec (1) 


between electron and gas temperature (Te— Tp) is better 
suited for comperative studies (Fig. 3). The electron 
temperature profile for solar ultra-violet shows a remark- 
able fit to the data obtained from the thermosphere probe. 
The data from the thermosphere probe gives a peak tem- 
perature at 240 km whereas calculated temperature profile 
gives a peak at 220 km and is about 100° K smaller than 
the peak temperature obtained by the thermosphere 
probe. 
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ultra-violet flux data and collision Eat for sun-spot maximum 
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There has been much controversy over the effect of 
magnetic disturbance on electron temperature. Jacchia 
and Slowey® have recently shown that during less disturbed 
periods (kp < 5) there ıs a heat input which is best 
correlated with the kp index. The rocket and satellite 
measurements of Te {refs. 4, 6 and 9-11) have shown no 
increase in T'e correlated with the disturbed conditions. 
Maynard and Werstiuk?* and Evans have measured 
the electron temperature on the ground by means of 
radar observations of electron back-scatter and have 
shown. that the electron and ion temperature increases at 
F-region heights during magnetically disturbed conditions. 
If our values for heat input are compared with the heat 
input measured on the magnetically disturbed days, the 
discrepancy in heat input, as already mentioned, is 
increased. The electron temperature profiles for edig- 
turbed days may not show a good fit as obtained here. 
This could be explained in terms of additional heat sources, 
namely, hydromagnhetic' and corpuleular*. 

The calculated electron—gas temperature difference is 
found to fit well with the values measured with the thermo- 
sphere probe. The calculated heat input is, however, an 
order of magnitude smaller than the values measured with 
the thermosphere probe. The electron temperature below 
200 km depends on Q/N and above this height it is con- 
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trolled by Q/N*. The higher values of electron tempera- 
ture calculated may arise from an overestimate of the 
electron density, or from uncertainties in the electron 
cooling processes. It is evident from the present investi- 
gation, however, that the solar ultra-violet flux is the 
main source of selective heating of electrons in the iono- 
sphere. 


R. N. SINGE 
. S. K. TOLPADI 
Department of Physics, 
Banaras Hindu University, 
Varanasi-5, India. 
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Suppression of Halo on Photographic Plates 
used in Mass Spectrometry 


Tue halo effect is well known in mass spectrometry and 
consists of a large black spot on the photographic plate 
in the neighbourhood of high intensity isotope lines. It 
causes an undesirable rise in the limit of detection of 
impurities with adjacent isotope masses. It was sug- 
gested! in 1964 that this halation could be suppressed by 
applying & conductive layer between the emulsion and the 
glass of the photographic plate. The ions reflected by the 
silver bromide gelatin layer have lost a great deal of their 
energy, for example from 20 keV down to 2-4 keV. Some 
of these ions are brought back mto the magnetic field 


B 4mm orn 
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Fig. 1. Joyce Loebl recordings of part of a mass spectrogram of gallum obtamed on an A.E.J.-M.S.7 mass spectrometer without (4) and 
with (8) the use of a small strip of graphite containing pant at the point of impact of the main 1sotope lines of galium. 
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which returns them to regions of the photographic emul- 
sion corresponding to masses higher than those of the 
main isotopes. 

If, however, ions lose their charges more rapidly during 
passage through the emulsion, fewer of them are reflected. 
Swift? confirmed this view experimentally. 

Mai? has shown that if the photographic plate is cut 
into parts in such a way that the ions of the main com- 
ponent do not strike the emulsion at all, no halo is 
produced. 

All these precautions are fairly complicated. An easy 
and simple method of eliminating halation consists of 
painting a small conducting strip on the spot at which 
the main isotope line(s) will appear. This can easily be 
done in the dark room before the plate is placed in its 
hold using a rule and a small brush. This painted strip 
can be earthed by applying a second strip at the bottom 
of the plate so as to make contact with one of the pins on 
which the plate rests. If the strip is not earthed the effect 
is very poor. 

The paint consists of a mixture of 300 mg graphite 
powder, 100 mg cellulose nitrate and polyvinyl acetate, 
and 180 mg ethyl acetate. After drying, the layer has a 
thickness of about 0-1 mm. Graphite has been chosen 
because of its low mass, which gives greater depth of 
penetration’ and more chance of the ions losing their 
charge. 

Figs. 1 A and B show Joyce Loeb] densitometer record- 
ings without and with the use of the strip of graphite 
paint mentioned above. This strip has a width of 4mm on 
the plate. The mass spectrogram (obtained with an A.E.I. 
M.S.7 instrument) is of gallium with arsenic present as an 
impurity. 

This work was carried out with the assistance of Miss 
H. Savenije, Mr. H. Kraay and Mr. A. Witmer. 
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THE SOLID STATE 


Fast Domain Wall Motion in Double 
Nickel-Iron Films 


RECENTLY, Humphrey and Clow? found that flux reversal 
in multilayer films’, consisting of 200 A thick nickel-iron 
films interleaved with silicon monoxide layers each about 
100 A thick, was much faster than that observed in normal 
single films. A possible explanation for this fast flux 
reversal might be that domain wall motion is much faster 
in multilayer than in single films. To verify this assump- 
tion, Patton and Humphrey? have measured wall velocities 
in double films. For small driving fields, the wall velocity 
obeys the relation 

in which H is the applied field, H, the wall motion coercive 
. force and m the so-called wall mobility. Patton and 
Humphrey found that—contrary to expectation—the 
wall mobilities in double and in single films were about 
the same. 

This communication reports the results of wall velocity 
measurements in double nickel—iron films (81/19) which 
show that wall mobilities in double films are much larger 
than those measured in single nickel—iron films. The 
measuring technique used has already been described! 
and is similar to that used by Patton and Humphrey’*. 
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Fig. 1 shows the wall velocity measured in a double 
film (2 x 800 A n:ckel-iron, 100 A SiO, H. = 0-09 oe, 
H, = 5-4 oe) as a function of the applied field. The wall 
mobility as obtained from the straight line relationship 
for small driving félds is 7-3 x 104 em/sec oe, which is 
much larger than that measured both in 800 A and in 
1600 A single niesel~iron films. It is interesting to 
note that in double films the wall mobility decreases for 
higher fields, just as is observed in single films‘. i 


Table 1 
Single films Double films Dsio=100 A 
D(A) mM, (10 em/sec oe) D (A) m, (10 cm/sec oe) 
90? 139 2x 1358 91 
260° 031 2 x 210? D4 
450° 029 2 x 440° 41 
880 071 2 x 870° 73 7 
1,650* 036 
Table 2 
Film He (00) Hx* (oe) 

L 1-3 5-0 

Z 1:9 5-0) 

= 1-5 42 

d- 3-0 7:0 

. 5 18 7-4 

& 0 52 48 

T 0-48 5-0 

= 0-43 5-4 

8 0 09 54 

* Anisotropy feld. 


In Table 1, wall mobilities measured in double and in 
single films are compared; Table 2 gives the He and Hy 
values of the films. That walls in double films move much 
faster than those :n single films can easily be observed, 
which is clearly in contradiction to the results of Patton 
and Humphrey. š 
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E-X Band System of the Copper lodide 
Molecule 


THE coarse spectrum of copper iodide in the visible region 
was Investigated by Mulliken’ in 1925 and Ritschl? in 
1927. Ritschl recorded five extensive band systems in 
absorption, all degraded to red in the region 3750-5500 A. 
From a study of their vibrational analysis he concluded 
that all systems have a common lower state which is the 
ground state of the molecule. This communication reports 


the results of the rotational analysis of the H—X bands. 


of 630}, 12 7I. 

The molecule was excited in an electrodeless discharge 
tube by a 2,450 Mc/s ‘Raytheon’ microwave oscillator 
and the rotational structure was photographed in the 
second order of a 10 m concave grating spectrograph? 
(dispersion 0-33 A/mm). The overlapping structure du- 
to the less abundant species *5Cu?*’I has been avoided by 
adjusting the time of exposures. Exposures of 1-5 h 
duration on ‘Kodak IT-O’ plates were found to be suitable 


for recording the structure of the main bands. The iron’ 


arc spectrum was used as the comparison spectrum. The 
probable error of the measurements is estimated to be 
0:04 cm~. 

The seven bands (4,0), (3,0), (2,0), (1,0), (1,1), (0,1) and 
(0,2) which were found suitable for measurement have 
been analysed. Each of these bands shows the existence 
of only two branches P and R. The J numbering was fixed 
in the usual way by comparing the combination differences 
and the various rotational constants were determined by 
the graphical procedures described by Herzberg*. Results 
are given in Tables 1 and 2. 


Table 1. ROTATIONAL CONSTANTS 


Band . Be’ (om) Beo” (cm) Yo (cm7? 
4,0 0-0842 0-0782 24,8820 

3,0 0 0645 0 0782 24,660-62 

2,0 0 0649 0 0732 24,436-90 

1,6 06-0652 0-0732 24,211°30 

1,1 0-0652 0:0730 23,948-00 

0,1 0 0656 0-0730 gts re 
6,2 60-0656 6 0726 455 $3 

Table 2, MOLECULAR CONSTANTS 
Be De Qe To Tex 10-* 

State (cm~) (cm-t) (cm~) (A) (g om?) 

E 0-0860 2-2 x 10-3 9-0004 2-4863 428-64 

aA 0 0735 1-6 x 10-5 0-0003 2:8834 880-41 


From the fact that a single P and a single R branch are 
observed, it is concluded that the bands arise from a 
transition of the type 1E — 1X. A recent rotational 
analysis of the analogous E-X system of copper chloride 
by Rao, Asundi and Brody® lends support to this assign- 
ment. Rotational analyses of the other band systems are 
in progress 

We thank Prof. N. L. Singh for his interest in the work 
and Shri D. K. Rai and R. B. Singh for helpful discussion 
during analyses of the bands. 
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Effect of Temperature on the Triplet-Triplet 
Annihilation Rate in Anthracene Crystals 
Jortner, Rice, Katz and Choi have recently shown that 


triplet—triplet annihilation leading to delayed fluorescence 
in crystalline anthracene can be adequately described 
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model is valid if the scattering of the triplet excitation 
wave by lattice phonons is so strong that the mean free 
path of the triplet exciton is of the same order of magnitude 
as the crystal lattice spacing. On the basis of the random 
walk model the triplet—triplet interaction rate constant (y) 


is given by 
y = 8n DR (1) 


where D is the triplet excitation diffusion constant and 
R is the triplet—triplet interaction distance, taken to be 
10-’ cm for crystalline anthracene®. The value of y cal- 
culated by Jortner et al. for anthracene is 4 x 10-4/em?/sec, 
and is in good agreement with the experimental values? 
which range from 1x 10-4 to 5x 10-1/em3/sec. (Moore 
and Munro? have recently reported y = 2-] x 10-14/em?/ 
sec for a carefully purified anthracene crystal.) The value 
of D calculated using equation (1) is 30x 10-*/cm?/sec 
which shows quite good agreement with the value of 
6x 10-*/em?/sec obtained by King and Voltz*, (In 
calculating the value of D, Jortner eé al.! assume a pure 
anthracene crystal; King and Voltz?, however, analysed 
the slow scintillation component obtained from anthracene 
crystals of commercial grade. They suggest that the 
ionizing radiation may perturb the’ crystal lattice, thus 
giving a value of D which may be different from diffusion 
in the perfect lattice.) 

The diffusion length (L) of a triplet exciton is given by? 


= (2D T,)3 (2) 


where T, = ‘10-2 sec is the approximate value of the life- 
time of the anthracene triplet‘. This gives L = 3-5x 10- 
em which is in quite good agreement with the experimental 
value of 10+ 5x 10-* em reported by Avakian and Merri- 
field®. 

Jortner eż al.1 have also considered the effect of tempera- 


_ ture on the triplet diffusion constant (D) and the bi- 


in terms of a random walk diffusion model when the - 


effects of charge transfer interactions are included?. This 


molecular annthilation rate constant (y) as predicted by 
the strong scattering model. Considering the effect of 
thermal expansion of anthracene crystals, Jortner et al. 
expect the diffusion constant to increase by about 20-50 
per cent on cooling the crystal from 300° K to 77° K. 
They suggest that investigations of the temperature 
dependence of the triplet-triplet annthilation process will 
provide an important test of the applicability of their 
theory!. 

In the present work the triplet—triplet annihilation rate 
constant (y) has been determined as a function of tempera- 
ture for a pure anthracene crystal 4 mm thick. For times 
short compared with the triplet lifetime (Z',) the fluor- 
escence signal (F) is given by? 


F = iAy [Nof(it+y Not)}’ (3) 


where A is an instrumental factor and N, is the initial 
density of triplet states. From a plot of #-'/ against ¢ the 
ratio of the slope/intercept: gives the quantity yN.. For 
excitation times (ts) short compared with the triplet life- 
time the initial density of triplet states is 


No = Qr tze Io (4) 


Qr is the triplet quantum yield, equal to unity minus the 
prompt fluorescence quantum yield’. This gives Qr = 0:35 
for thick anthracene crystals’. € is the absorption co- 
efficient of the light and J, is the exciting light intensity 
measured using a thermopile. N o and hence y, can there- 
fore be determined?. 

Moore and Munro have used this technique to determine 
y for several crystalline anthracene samples using exciting 
radiation at 434 nm to produce volume excitation of the 
crystals. The average value of y obtained from four 
commercial grade crystals was 1:-4x10-"/cm5/sec, this 
value being correct to within an order of magnitude’. 

Decay curves were obtained at various temperatures 
for a pure anthracene crystal using 434 nm exciting 
radiation, and the linear plots of F- against ¢ obtained at 
each temperature are shown in Fig. 1. J, and & are 
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Fig. 1. Plots of #-'", against t for a pure anthracene crystal at various 
temperatures. (1) 77° K, (2) 198° K, (3) 298° K. 


independent of temperature and Qr decreases by about 20 
per cent when the temperature is reduced to 77° K. 
Although the variation of s with temperature is not known 
it is considered probable that reducing the temperature 
to 77° K produces no significant change 1n this parameter. 
It was therefore assumed that N, did not change appre- 
ciably with temperature and, from the values of YN, 
estimated graphically, the values of y at each temperature 
were calculated. The values of T', and y are listed in Table 
1 together with the corresponding values of D and L 
calculated using equations (1) and (2) respectively. 


Table 1 
Temperature T, (sec) y (cm/sec) D-(cm?/sec) L (em) 
298° E 40x10" 21x10 8x10" 3x 10-4 
196° K. 54x 10-3 3-0 x 10-2 11x10 4 x 10 
77° K 80 x 10-8 3-7 x 10-1 15x107 15 x 10“ 


The results ın Table 1 show that as the crystal tempera- 
ture is reduced from 300° K to 77° K the diffusion constant 
(D) increases by nearly 100 per cent which shows good 
agreement with the increase of about 50 per cent calculated 
by Jortner et al. and therefore provides further evidence 
in support of the random walk diffusion model proposed to 
explain delayed fluorescence from anthracene and other 
organic crystals?. 

The rate determining process in the triplet—triplet 
annihilation mechanism is the formation of adjacent 
excited molecules. For reasons of spin conservation, how- 
ever, only one-ninth of the triplet—triplet collisions produce 
a singlet exciton, and Singh et al.* suggest that the con- 
clusion of Jortner et al. that triplet—triplet annihilation is 
controlled by diffusion is possibly premature. Kepler 
and Switerdick report that the diffusion constant cal- 
culated by Jortner et al. for anthracene may be several 
orders of magnitude too small and suggest that a band 
model may be more appropriate to describe triplet exciton 
motion in anthracene. The band model also predicts an 
increase in D and y as the temperature of the crystal is 
reduced and so the results in Table 1 also may possibly fit 
into this model. 

G. F. Moorr* 
The Physical Laboratory, 
University of Manchester. 


t Present address IMRD Building 62, Lawrence Radiation Laboratory, 
University of California, Berkeley. 
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CHEMISTRY 


Oxidation of Sulphur Dioxide in Air at 
950° C: Co-cperative Influence of Carbon 
Monoxide and Nitric Oxide 


Tar oxidation of sulphur compounds in fuel to form 
sulphur dioxide, anc the further oxidation of a small pro- 
portion of this to sulphur trioxide, give rise to problems 
of atmospheric pollution and of corrosion. The severe 
corrosion frequently experienced in those zones of boilers 
where the combust-on products have become relatively 
cool is related to the sulphur trioxide of the flue gases, 
and the formation ef sulphur trioxide ın boilers has there- 
fore been subjected to extensive investigations. The 
mechanisms generally held to be responsible for the pro- 
duction of the greater part of the sulphur trioxide detected 
in boiler flue gases are: (1) oxidation of sulphur dioxide 
by oxygen atoms in the flame; and (2) catalytic oxidation 
of sulphur dioxide et surfaces in. the post-flame region. 

Our recent investigations have directed attention to 
the possibility that- other mechanisms may be important 
at temperatures berow 1,000° C. In particular, attention 
has been directed te the part played by oxides of nitrogen 
and carbon, both of which occur in flue gases from normal 
fuels, and their influence on the oxidation of sulphur 
dioxide in a clean system has been investigated. A marked. 
effect on sulphur srioxide production was found when 
nitric oxide and carbon monoxide were present together. 
The reactions 


might be expected. to lead to the production of sulphur 
trioxide in suitably designed experiments. In a flow 
system, when a mixture containing 0-2 per cent volume/ 
volume of sulphur -lioxide, and about 0-1 per cent v/v of 
nitria oxide, ın air, was made to react at 950° C in a tube 
of the purest availeble silica to minimize heterogeneously 
catalysed reactions, practically no sulphur trioxide could 
be detected in the quenched products. The residence time 
at 950° C was abcut 1-5 sec. Similarly, when the nitric 
oxide was replaced by carbon monoxide (the combustion 
of which would give rise to oxygen atoms) no sulphur tri- 
oxide could be detacted amongst the quenched products. 
When. nitric oxide and carbon monoxide were present 
together, however, significantly large amounts of sulphur 
trioxide were found. Typical results are given in Table 1. 


Table 1 
0 2 per cent v/v of sulphur dioxide ın aur ın the presence of certain additives 
Concentration of additives (p-p m. viv) Concentration of SO; 
Temp. a (carrier foung ın products 
(°C) NO 3 COs gas for CO) (p.p.m. v/v) 
960 936 0 0 0 0 
1,000 0 1,¢00 0 10° 4 
975 930 700 0 10* 14 
970 930 =50 0 2-5 x 104 76 
960 980 1, 00 Q 08 100 
950 600 0 10° 104 14 
945 800 1,00 165 108 88 


As can be seen from the last two lines of Table 1, in 
comparison with earher ones, the addition of a consider- 
able quantity of carbons dioxide did not substantially 
affect the amount of sulphur trioxide detected. The 
determinations of sulphur trioxide in the products were 
all made by the barium chloranilate colorimetric method, 
using the continuous analyser described by Laxton and 
Jacksont. 

The results are tentatıvely interpreted as follows. 
Because the air was not dried, we are concerned with the 
water-catalysed combustion of carbon monoxide. The 
reactions involved give rise to oxygen atoms capable of 
oxidizing nitric >xide, if this is present, to nitrogen 
dioxide. Nitrogen dioxide, it is known, sensitizes the 
water-catalysed (and incidentally the dry) combustion of 
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carbon monoxide’, thus probably giving rise to an in- 
creased supply of oxygen atoms. These may directly 
oxidize sulphur dioxide, but on the basis of published 
rate data for the reactions 


SO, +0O0+M=-=S0,+M (3) 
NO+0+M-=NO,+M (4) 


where M denotes a third body it seems more likely that 
most of the sulphur trioxide detected in the experiments 
reported here arises through reaction (4), followed by 
reaction (2); extrapolation to 950° C of the data of 
Boreshov and Tlarionov® suggests that reaction (2) is very 
fast at this temperature’. Data on reaction (3) can be 
found in reports by Kaufman’, Levy and Merryman‘, and 
Webster and Walsh’; those on reaction (4) can be found 
in Kaufman’s review’. 

J. T. SHAW 

P. D. GREEN 


British Coal Utilisation Research Association, 
Leatherhead, Surrey. 
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Thermochemistry of Lanthanide Complexes 


VALUES are now available for AH,, the heat content 
change in the reaction 


In™ (aq) + a¥*- (aq) —> In Yn-»- (ag) è (1) 


where Ln represents a lanthanide element and Y a com- 
plexing agent such as the ethylenediaminetetraacetate 
(EDTA) or nitrilo-triacetate (NTA) ion. The measure- 
ments usually refer to dilute solutions of molar concen- 
trations of ~ 0-01 or less. The dependence of AH, on the 
atomic number of the lanthanide is often rather com- 
plicated, a plot of one quantity against the other showing 
both a maximum and a minimum. This is true, for 
example, of the EDTA! and 1:1 NTA complexes? and 
the 1:1 and 1:2 diglycollate and dipicolinate com- 
plexes’. There are, however, grounds for believing that a 
complicating factor may be a change somewhere in the 
middle of the series in the effective hydration number of 
the uncomplexed lanthanide ion, consequent on the 
lanthanide contraction. This factor can be eliminated by 
measuring the integral heats of solution of a series of 
isomorphous lanthanide salts to give suitably dilute 
solutions. Such series of salts covering all the lanthanides 
are not numerous, but two well known ones are the 
bromates and the ethylsulphates, both of which crystallize 
as enneahydrates. If, for example, AH, is measured for 
the process 


Im(C,H;80,4)s . 9H,0(c) — Lm*te(aq) + 
30,H,SO,- (aq) + 9H20 (aq) (2) 


then AH, + AH, = AH, where AH, is the heat con- 
tent, increase for the process 


Im(C.H,80,)5 . 9H,O(c) + ayr- (aq) kaner ad 
Im Y'on-)~ (aq) + 30,H,SO,- (aq) + 9H,0 (aq) (3) 


from which the simple hydrated lanthanide ion has been 
eliminated. 

We briefly report here the outcome of an mvestigation 
of this kind. We have measured the integral heats of 
solutions of lanthanide bromates and ethylsulphates in 
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water at 25° C to give solutions of concentration ~ 0:01 M. 
The differential calorimeter used is capable of a precision 
of ~ 0:1 per cent in favourable circumstances, but the 
factor limiting the accuracy of our measurements is not 
the calorimetry, but departures of the solid hydrated 
salts from an exact stoichiometric composition. The 
bromates, which we studied first and which tend to 
crystallize rather rapidly from their supersaturated 
solutions, were found on analysis to tend towards a ratio 
of moles of water to gram ions of lanthanide somewhat 
more than nine, probably owing to the occlusion of 
other liquor in the crystals. The ethylsulphates appeared 
to crystallize rather more favourably, and all of them 
gave identical powder photographs. Nevertheless, while 
some of them analysed exactly as the enneahydrate 
within experimental error, others proved, like the 
bromates, to have a somewhat higher water content. 
This could again have resulted from the occlusion of 
mother liquor, or perhaps to the interstitial trapping in 
the lattice of individual water molecules, or both. In 
principle, a correction can be applied for occluded mother 
liquor by combining the analytical results for the speci- 
men used with determinations of the solubility of the salt 
at 25° C and of the heat of dilution of the saturated 
solution. It is less easy to correct for errors due to inter- 
stitial water. We shall describe our work more fully 
elsewhere, but meanwhile we present in Table 1 values of 
the best estimates we can make at present of the heats 
of solution of the lanthanide ethylsulphates at 25° C. 
We do not believe that the main conclusions set out here 
are falsified by any corrections which we have had to 


apply. 


Table 1. INTRGRAL HEATS OF SOLUTION IN CAL/MOLE OF mun LANTHANIDE 
SULPHATH ENNEAHYDRATES AT 25° 


Concentration of solution ~0-01 M. 1 cal. = 4-184 ae joules. 


La Ce Pr Nd. Sm Eu Gd 
+11,260 11,620 11,870 11,790 12,490 12,350 12,180 

Dy Ho Er Tm Yb Lu Y 
10,890 10,520 10,010 9,170 8,720 8,590 9,970 


When the values of AH, (= AH, + AH, AH: being 
the heat of solution of the ethylsulphate) are plotted 
against atomic number of the lanthanide, curves implying 
that the relation between the two quantities is still com- 
plicated are obtained for the following complexes: 
EDTA, 1:1 NTA, 1:1 and 1:2 diglycollate and 
dipicolinate. We think this is because these complexes 
are still partially hydrated and are subject to a change in 
co-ordination number about halfway along the series. 
For the EDTA complexes, crystallographic work supports 
this view®. So, although interference from a varying degree 
of hydration of the simple lanthanide rons has been 
removed, that associated with partial hydration of the 
complex remains. Plots of AH; (incorporating Grenthe’s! 
values of AH,) against atomic number for the 1:3 
diglycollate and 1 : 3 dipicolinate complexes, however, are 
strikingly and significantly different, as is shown in Fig. 1. 
It is probable that each of these ligand anions occupies 
two co-ordination centres, and trials with models suggest 
that in these 1 : 3 complexes the co-ordination number of 
the metal is probably six, the shape of the complexes 
being about octahedral with water molecules sterically 
excluded from direct contact with the metal ion. Removal 
of the complications caused by partial hydration of the 
complex then reveals an essentially monotonic trend in 
the heat of complex formation, AH;. But of particular 
interest is the bearing of the plots of Fig. 1 on the question 
of whether ligand field effects involving the 4f electrons 
contribute significantly to the stability of lanthanide 
complexes other than those of lanthanum, gadolinium, 
and lutecium. Such effects have been invoked, for 
example, by Yatsimirskii and Kostromina® to explain 
observed trends in the properties of lanthanide complexes, 
where in fact we believe any underlying simplicity 1s 
obscured by the hydration of the simple, and usually also 
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4H, (keal) 





La Ce Pr Nd 


Sm Eu Gd Tb Dy Ho Er Tm Yb Lu 
Fig. 1. Plot of 4H; nol at 25° O against atomic number of the 


lanthanide for the 1 diglycollate and dipicolinate complexes. AH; 

is the heat content change for the process’ Ln(C,H,;.80,), 9H,O(c) + 

3Y* (aq}>ZImnY*-(aq). Full circles, diglycollate system; open circles, 
dipicolinate system. 


of the complexed ions. It will be seen from Fig. 1 that 
the 1:3 complexes seem to be stabilized with reference 
to those of lanthanum, gadolinium and lutecium by an 
amount of the order of a few hundred calories, and it is 
significant that this effect is larger for the 1 : 3 dipicolinate 
than for the 1:3 diglycollate complexes, because the 
dipicolinate anion forms much the more stable complexes 
and presumably therefore exerts a stronger field on the 
metal ion. It is known that a plot of the ionic radii of 
the trivalent lanthanide ions against atomic number is 
made up of two crescents, and ıt might be asked how far 
this is therefore responsible for the shape of the curves 
in Fig. 1. If AH, for the two 1: 3 complexes is plotted 
against ionic radius, the points, in fact, still tend to lie 
below a line through those for lanthanum, gadolinium, 
and lutecium, even though the deviations from this plot 
are smaller than those of Fig. 1. 

The somewhat less complete results which we have 
obtained for the heats of solution of the bromates are 
consistent with these conclusions. 

We therefore consider that this work shows that on 
eliminating the factors which normally complicate the 
thermochemistry of lanthanide complexes (namely, 
changes in the effective co-ordination numbers of both the 
simple and complexed ions) there is revealed a regular 
decrease of heats of formation with atomic number, super- 
imposed on which there are ligand field stabilization 
effects which may contribute a few hundred calories to 
the heat of formation. ~ 


L. A. K. STAVELEY 
D. R. MAREHAM 
MICHAEL R. JONES 
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Chemical Reections induced in Gases by 
means of a Laser 


THE induction of chamical reactions in condensed phases 
by means of a laser has been reviewed by Wiley’. During 
the course of studying the heating of gases by laser light 
pulses, we analysed ithe residual gases and found in some 
cases a significant change in composition. These results 
are preliminary m nature inasmuch as the experiments 
were not designed primarily for this purpose. 

In our experimert, a typical Q-switched ruby laser 
pulse, of wavelength 694 mu, had an energy of 5 J and 
a duration of 30 nses, corresponding to an average power 
of 1:7x 108 W. This was focused to a “point’’ inside the 
target gas by a simple plano-convex lens, 23 mm m 
diameter and 37 mm focal length. Measurements of the 
focal volume showed that in the region of maximum 
intensity about 50 per cent of the light intensity fell 
within a circle of 200% diameter, corresponding to the 
maximum power dsnsity of @2:7x10% W/cm?*. The 
cone of gas within which the power density was at least 
1x 101! W/em? hac a volume of about 4'2 x10- cm*. 
Complete absorptior of the light within this region would 
correspond to the Gelivery of about 3x 104 eV of energy 
to each molecule, corresponding to a temperature over 
10’ °K. From our other work with hydrogen, however, 
we believe that the temperatures were below 2 x 10° °K. 

The laser output was monitored by reflecting a small 
portion of the incicent beam from a plastic pellicle into 
a rats nest calorimeter. The exit beam was similarly 
monitored for each shot including shots through the 
evacuated cell. The percentage of absorption was 
determined by contparing the exit energy from the gas- 
filled cell to that fram the evacuated cell. These measure- 
ments were qualitetively substantiated by observations 
of the energy-time srace of the exit beam, illustrated by 
Figs. la and 8. 


Light intensity 





Time (nsec) 


Fig. 1. a, Exit pulse frcm evacuated cell; b, exit pulse from gas-filled cell 
° showing breakdown. 


The gas mixtures which were irradiated are listed in 
Table 1. The cell volume was 4:5 cem? for experiments 
(1)—-(7) and 114 cm? for experiment (8). The large per- 
centage of light absorbed indicates that breakdown 
occurred in all cass. The mass spectrographic analyses 
of the gas samples are listed in Table 2. Some impurities 
were present in ths startmg materials and it is evident 
also that some air was incorporated in the course of 
filling, irradiating, and sampling. 

With methane, the fraction decomposed was calculated 
from the analyses. taking into consideration the error 
which results from the presence of air and also the increase 


Table 1. SUMMARY OF IRRADIATIONS 


Exper- Average 
men Compocition No. of Pressure percentage 
No. shots (atm.) of light abs. 
{1) CE, 1 16 50 
2) CE, 3 1:34 82 
E ~10% CHa 90% N: 3 1-34 78 
{4 C 5 121 73* 
(5) ~20% COs 80% D: 1 20 78 
(8) ~783%AHas 27% N, 1 274 83 
(7) ~55% Oar 45% Na 3 130 81 
(8) Solid grapEite in Hs 3 1:03 100 


aTa may increased on successive shots, that is (per cent) 10, 71, 94, 91 
and 100. 


` 
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Table 2. Mass SPEOTROGRAPHIC ANALYSES 
(Percentage by moles) 

Experiment N 0, H, D, ÅT Co CO; CH, CH, CHa CH, CHa 
CH, (uwrrad.) 0 93 0 06 — ~~ —— — — 98 93 0 08 — — = 
No.l 0-88 0 04 2 25 —_ 0-02 — — 96 21 0 08 0 56 0-02 — 
No. 2 1°28 013 6 03 ne ae — — 90 83 010 1°49 0 06 0:08 
No. 3 0 84 0 33 1-97 — Gana — — 6-50 —- 0 33 0 01 0 62 
mt ed) 0 oo : mG — — ~— — 99 38 — — ~- — — — 

0. “4 — — 001 2°40 9518 0-03 a 1 — — 

No, 5 0 82 017 — 77 74 004 099 20-20 0 04 =- a — — 
No. 6 27:30 — 72 68 ~~ ~— — ` 002 — — — — — 
No. 7 -27 54°57 — ~ 0-16 — — ~ oe — — — 
H, (unirrad.) 1-63 0 35 97:98 —_ 9 02 — 0 02 — ~~ — — — 

8 86 1°10 93 96 e 0:06 -— 0 02 — eeen p — — 


in total volume which results, from decomposition of 
methane, and the energy consumption was found to be 
11 eV/molecule decomposed for experiment (1), 14 eV/ 
molecule for experiment (2), and 49 eV/molecule for 
experiment (3). The ratio of hydrogen formed to methane 
decomposed was slightly greater than 1-5 which applies 
to the reaction 
2CH,—C.,H, + 3H, 


For CO,, in a similar fashion, the energy consumption 
was found to be 34 eV/molecule in experiment (4) and 
11 eV/molecule in experiment (5). The oxygen yield was 
as expected in experiment (4), but was very low in 
experiment (5), probably having been converted to 
deuterium oxide which at these concentrations and sample 
size was lost by adsorption during analysis. 

Search for ammonia, nitrogen oxides and hydrocarbons 
in experiments (6)-(8) gave negative results. 

Although the temperature within the directly irradiated 
volume was sufficient to cause complete dissociation and 
ionization, the low overall energy requirements imply 
that the number of molecules decomposed far exceeded 
the number originally ionized, and that most of the 
molecules decomposed received their energy indirectly. 
The pattern of product formation ıs what would be 
expected from high temperature reactions rather than 
from ionizing radiation. This is clearly shown in the 
methane results by the small yield of ethane or ether 
derivatives of methyl radicals and, in general, by the 
lack of any product molecules more complex than the 
starting materials. Thus there cannot be a large contri- 
bution resulting from any mechanism which involves 
irradiation of the cold gas with ions or hot atoms from 
the plasma, 

Those reactions which did occur proceeded with 10- 
20 per cent energy efficiency. The yields, expressed in 
radiation chemistry terms, correspond to G@ values of 
2—9 molecules/100 eV, a value of 9 being considered quite 
large for endothermic radiolysis. For a reaction such as 
methane decomposition, wherein there is no appreciable 
back reaction to form methane again, higher yields might 
be anticipated if quenching were by the surrounding gas 
exclusively and not by the walls of the vessel. The 
nearest wall in our cell was only 3 mm from the focal 
“point”. Further experiments in larger vessels and at 
various pressures are likely to be of considerable interest. 
Geometrical factors might also be important in the 
decomposition of carbon dioxide, and yields of nitrogen— 
oxygen synthesis. 

The present work indicates that the giant pulse laser 
can be conveniently used to study very high temperature 
chemical reactions. Studies to establish the dependence 
of yield on intensity and configuration of focal spot would 
also determine the usefulness of the method as an absolute 
dosimeter or calorimeter for laser shots. Such a dosimeter 
would be useful in laser plasma, studies. 

We thank J. M. Hicks, J. R. Kwiecinski, R. K. Travis 
and the Westinghouse Mass Spectrographic Laboratory 
for their co-operation in this work. 

L. M. EPSTEIN 
K. H. SUN 
Westinghouse Research Laboratones, 
Pittsburgh, Pennsylvania. 
* Wiley, R, M., Ann. N.Y, Acad. Sci.,122, 686 (1965). 


Transition-metal Chelates of 
Hydrazincarboxylic Acid 


THE structural and chemical properties of gompounds 
formed by hydrazinearboxylic acid, H,N’-NH.COOH, 
with transition metals are being investigated in this 
laboratory, and this communication presents a brief 
account of the present stage of the structural researches. 
Three sets of compounds have been prepared (hye = 
H,N’-NH.COOQ) 


(a) M(IT)(N.H,). hye.,, where M(II) = Mn, Co, Ni, Zn; 
(b) (N.H;)(47() hye,].H,0, where A1(1T) = Fe, Co, Ni, Zn; 
(ec) K{M(IT) hyes], where M(II) = Fe, Co, Ni, Zn. 


It has been found from X-ray diffraction patterns that 
the crystals of each set are isostructural. The crystal 
structure of some of them has been determined, and 
results indicate that the compounds are chelates of 
hydrazincarboxylic acid. 

Compounds belonging to group (a) were prepared’? from 
aqueous solutions containing a salt of the metal and 
hydrazine hydrate. When the solutions were left in open 
vessels, carbon dioxide was slowly absorbed from the 
air and crystals separated out. While the crystals of the 
zinc and the manganese compounds are colourless, 
those of the cobalt compound are orange-red, and those 
of the nickel compound blue-violet. Crystals are mono- 
clinice and have space groups of the type P2,/c. The 
crystal data for the zinc compound are 


c=8 270 A 


b= 7384 ; 
De=1 926 gem> 


Din=1 936 


a= 8-412 
8 = 109° 63’ 


Two formula units are contained in the unit cell. 

The crystal structure of the zinc compound, bis(hydra- 
zine)—zine bis(hydrazincarboxylato-N’,O), was determined? 
and found to consist of chelates of the type 


where the hydrazine molecules, which act as monodentate 
ligands, and the hydrazincarboxylato anions, which act 
as bidentate ligands, are bound in the trans position. The 
co-ordination around the metal is of the octahedral type. 

Compounds belonging to group (b) were prepared by 
bubbling carbon dioxide into a solution containing a 
salt of the metal and hydrazine hydrate. Crystals of the 
nickel compound are blue,-those of the cobalt compound 
orange-red, those of the iron compound pale green, and 
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those of the zinc compound colourless. The crystals, 
which are piezoelectric, are monoclinic. 
systematic absences of the reflexions and from the piezo- 
electric properties exhibited, the compounds can be 
uniquely assigned to the space group Oc. The unit cell 


constants of the nickel compound are 


b=10 858 c=10 255 Å 
Dm=1 889 De= 1-868 g.cm> 


a=12 129 
8=121° 06’ 


Four formula units are contained in the unit cell. 
The structure of the nickel compound was determined 
and found to consist of anionic chelates of the type 


79 PN 
hyc hyc 
IE N _\ 7 


with cations N,H,t and water molecules. The co-ordina- 
tion around the metal is again of the octahedral type. 
The hydrazincarboxylato groups are bound in the cis- 
position, that is to say, all oxygen atoms lie on the same 
face of the co-ordmation octahedron and N’ atoms on 
the opposite face. The crystals are racemic, and both 
enantiomorphous forms coexist in the structure. The 
compound can thus be called hydrazinium cis-tris(hydra- 
zin-carboxylato-N’,O)niccolate hydrate; the other metals 
form similar compounds. Before structural determina- 
tions were undertaken the formula M(IT) hyc..(N,H;),CO, 
had been assigned to this class of compounds!~, 
Compounds belonging to group (c) were prepared by 
evaporating mother liquors of type (b) compounds and 
treating them with potassium hydroxide. The colour of 
the crystals is the same as the corresponding salts of group 
b. The crystals, which are also piezoelectric, are trigonal; 
from systematic absences of reflexions and from piezo- 
electric properties it is possible to assign them to the space 


group &#3c. Crystal data for the zinc compound are 
(hexagonal cell) 
a=10 325 e=17 024 A 
Dm= 2123 =: 2-088 g.cm-* 


Six formula units are contained in the unit cell. The 
MM (II) atoms lie on the trigonal axes. Chelate anions of 
the type (M(II) hyc,]- are also present in these compounds 
and have trigonal symmetry; the ternary axis 1s normal 
to both the plane formed by three oxygen atoms and the 
plane formed by three N’ atoms. These crystals are also 
racemic. 

Transition-metal chelates of hydrazinearboxylic acid 
exhibit similar properties to those of glycine’. 
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Evidence for the Pyridine.2l, Complex 
in the Gas Phase 


Some recent spectroscopic studies have led to the identi- 
fication of charge-transfer complexes in the gas phase, for 
the diethyl ether—iodine and the benzene—iodine systems. 
This was made possible by investigations of the charge- 
transfer ultra-violet band, and it was deduced, from the 
shift of the maximum of absorption, compared with that 
of the liquid-state system, that there is considerable 
interaction between the complex and the solvent mole- 
cules. To our knowledge, no direct evidence has pre- 
viously been obtained by mass spectrometry of a charge- 
transfer molecular complex; this communication reports 
some preliminary results using this technique. 

We have investigated the pyridine.2I, crystalline com- 
plex, prepared according to the method cf Prescott and 
Trowbridge?; the structure of this compound, in the solid 
states has been established by Hassel and Hope’. Crystals 
were directly mntroduced on the high vacuum side of the 
introduction system of an AEI-MS9 double focusing mass 
spectrometer, and the mass spectrum was recorded of the 
vapour in equilibrium with the crystal at about 35° C, 

The mass spectrum consists mainly of the free pyridine 
and free iodine peaks. Additional peaks’, however, were 
observed at many masses. The most important ones are 
given in Table 1, and it is probable that they correspond 
to the formulae indicated. The contributions of pyridine 
are also given for comparison. All figures are for electron 
energies of 50 V. The contributions of the complex to 
masses lower than 79 are minimum values; these were 
obtained by deducting the contribution of pyridine, 
assuming that all ions at m/e 79 result from pyridine 
itself. The sum of ion abundances below m/e 79, ascribed 
to the complex, represent 15 per cent of the pyridine 
contribution as evaluated; obviously this cannot be 
ascribed to possible variation of the cracking pattern of 
pyridine itself. The masses below m/e 79 have very 
different relative abundances from those of pyridine—the 
51 peak is the principal ion, instead of the 52 peak in 
pyridine. Also noticeable are the abundances of the peaks 


Table 1. Mass SPEOTRAL FEATURES OF THE PYRIDINE.2I. COMPLEX 


(Abundances ın percentages of total ionization) m 
Abundance* Abundance* Abundance* 
mie Formula {a} (b) mie Formula (a) (b) mie Formula {a} (b) 
26 Cti 0 416 0 965 39 CH,N 0-235 1-086 53 CHN 0 147 1-020 
27 CHN 0176 0-341 CH; 78 C,H,N 0 234 1 640 
CH, 78t+ 
49 OH 0-198 0 334 79 CH; N — 14:516 
28 CEN 0 278 6 308 50 on, 0-782 1 930 254 I — 43 918 
36 C i 0113 0 018 51 CoH, 0 995 3 339 460 Py.I, 0 005 
37 C,H 0-190 0062 52 Co 0888 8821 587 Py.t, 0 006 
38 ON 0103 0316 is 
C,H. 
76t+ 


* (a) Contribution of complex; (b) contribution of pyridine or 1odine, 
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at masses 26, 28 and 50. A small peak is observed at 
mass 128, corresponding to HI+. Most important for our 
purpose, however, are the peaks observed at mass 460 
(Py.I,) and 587—the latter corresponds to the parent 
molecular ion of the complex Py.2I,+. As would be ex- 
pected, its abundance is low (0'006 per cent total ioniza- 
tion); however, it indicates the presence of the charge- 
transfer complex in the gas phase. It is difficult to estimate 
the composition of the gas phase; however, a rough cal- 
culation, assuming as a first approximation a square root 
relation between molecular weights and total ionization 
cross-sections, would lead to about 2 per cent of complex 
and, assuming a pressure of 10-* mm in the ionization 
chamber, the stability constant, Ke, could be calculated: 
Ke = Peompl. (RT)*/pi, X ppy, which would have a value 
of the order of 7-101 mole? 1.~?. i 


Table 2, APPRARANCE POTENTIADS (A.P.) IN PY.2I; (IN eV) 


mie Ion A.P. Literature (free molecules) 
79 C,H N 10 08 10-04 (electron impact) (ref. 7), 9°23 (photo - 
ionization) (ref. 6) 
127 It (1) 8-81 8-62 (ref. 8) (ion pair formation from I,) 
8°83 seuteulated for ion pair formation from 
(2) 11-28 11-96 (calculated for I, +¢—>I* +1+2¢) 
254 Izt 9:37 9:35 (ref. 8) 
687 Fy. 2I,+ 8-9-9-1 No values 


Appearance potentials have been determined using 
Warren’s method and the vanishing current method of 
interpreting the data’. The results are summarized in 
Table 2 (mean values are given). 

It can be seen from Table 2 that, owing to the high 
proportion of free pyridine and iodine ab equilibrium, the 
appearance potentials for the C,H,M+ and I,* ions are 
practically the ionization potentials of these molecules, as 
determined by electron impact. For the same reason, the 
two distmect appearance potentials measured for I+ cer- 
tainly are related to the dissociation processes from a free 
iodine molecule, the lowest appearance potential cor- 
responding to the ion pair process, the highest appear- 
ance potential corresponding to the normal dissotiative 
process, without formation of a negative ion. 

As can be seen, a value for the ionization potential of 
the Py.2I, molecular complex itself is obtained. It is 
somewhat lower than the ionization potentials of both 
iodine and pyridine, but the difference is not important 
if one takes into account the difficulty of such a measure- 
ment for a very low intensity ion. Because the electron 
impact value for pyridine is considerably higher than the 
photon impact value, our results, obtained by electron 
impact, suggest that in the complex the ionization might 
refer to an iodine mg5p orbital, as in the iodine molecule 
itself®, rather than to the 7 orbital of the pyridine ring. 

R. CAHAY 
Institut de Chimie Générale, J. E. COLLIN 
Université de Liège. 
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Radiothermoluminescence of 4,4’-Dimethyl- 
benzophenone 


THe formation of radiation-induced colour centres in 
inorganic crystals is a well-known phenomenon??; 
however, such colour centres have been previously 
reported for only a limited number of simple organic 
compounds*. Colour formation in irradiated organic 
crystals probably results either from the unpairing of 
electron spins to give free radicals or triplet states or by 
the transfer of an electron into a lattice defect*. The 
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latter would be the more probable explanation for stable 
colour formation. On heating the irradiated organic 
crystal to the melting point, emission of light and dis- 
appearance of colour would be expected as the electrons be- 
come released from lattice defects or free radicals combine. 

We have now found that when solid 4,4’-dimethylbenzo- 
phenone (melting point 91° C) is irradiated with 2 MeV 
electrons from a Van de Graaff accelerator, the compound 
acquires a light pink to a deep red colour depending on 
both the dose and the particle size of the compound. At 
2-0 Mrads the first visible coloration is obtained and the 
intensity of the colour increases progressively up to 20 
Mrads. On melting, the colour of the irradiated 4,4’- 
dimethylbenzophenone was found to disappear with the 
emission of light. The amount of light emitted—that 
is, the “radiothermoluminescence’’—was calculated as a 
function of a number of variables. 

The effect of radiation dose on 4,4’-dimethylbenzo- 
phenone was tested as follows: 1-00 + 0-01 g of the 
compound were placed in a 40 mm diameter aluminium 
pill box with a cover and was melted at 105° C. It was 
then allowed to crystallize slowly to give large crystals. 
Samples were then irradiated with 2 MeV at doses of 5-20 
Mrads. To avoid overheating the samples, the dose was 
delivered in 1:0 Mrad pulses at 3 min intervals. Six hours 
after irradiation, the samples were placed on a thermo- 
statically controlled hot plate in a dark box. The hght 
emitted was measured by a phototube and the results 
were printed out directly*. The area proportional to the 
light emission was determined by a planimeter with the 
chart scaled so that 1 cm in width was equal to 24 sec 
of recorded time and 1 em in height was equal to 0-003 
uamp from the phototube. A plot of the results for 
radiothermoluminescence area against the dose of radia- 
tion used-(Fig. 1) reveals a linear relationship for samples 
irradiated and stored in the dark. 

To determine the effect of storage time between irradia- 
tion and the radiothermoluminescence measurements, 
individual samples were prepared and then irradiated as 
before. Fig. 2 shows the results of radiothermolumines- 
cence after various periods of time. Substantial de- 
creases were noted during the first few hours of storage 
after irradiation and a less noticeable decrease after 5 h. 
The same pattern of radiothermoluminescence decrease 
was found for both large and small crystals. 

To test the effect of storage conditions—in the lhght as 
opposed to in the dark—radiothermoluminescence meas- 
urements were made both on small crystal samples both 
irradiated in the dark and stored in the dark and on 
similar samples irradiated in the dark but stored in the 
light. As shown in Fig. 3, the radiothermoluminescence 
decays more rapidly in the light than in the dark. In 
subsequent experiments, it was also shown that the red 
colour induced in 4,4’-dimethylbenzophenone by electron 
irradiation is bleached by light. 


Thermoluminescence area (em?) 





0 2 4 6 8 10 12 14 16 18 2% 
Dose (Mrads) 
Fig. 1. Thermoluminescence area as a function of dose. 
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The luminescence after irradiation observed in these 
experiments could have been caused either by radio- 
thermoluminescence or by oxyluminescence. (The latter 
phenomenon is the continuing luminescence which arises 
when an irradiated sample is continuously heated in 
oxygen®’.) 

To eliminate the possibility that oxyluminescence was 
responsible for the luminescence obtained on heating an 
irradiated sample of 4,4’-dimethylbenzophenone, we 
melted the irradiated sample, allowed it to solidify, and 
then observed whether any additional luminescence 
resulted when it was further heated. The absence of any 
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Fig. 2. Decrease in thermolumimescence with time of dark storage 
(samples given 5 Mrads). ©, Large crystals; C, small crystals. 
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Thermolummescence area (ciu?) 
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Decay tıme (h) 
Fig. 8. Decrease in thermoluminescence as a function of light and dark 
decay time for small crystals. O, Dark; @, hght. 
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Thermolummescence area (om?) 





1 2 3 4 5 
Irradiation number 


Fig. 4. Thermolumin=-scence area as a function of re-irradiation 
(5 Mrads). 


such luminescence indicated that oxyluminescence played 
no part in the present findings. 

Although 4,4’-dimethylbenzophenone could be re- 
coloufed by taking is through twenty cycles of irradiation, 
melting, resolidificetion and re-irradiation, the radio- 
thermoluminescence did not remain constant with each 
re-irradiation. Instead, as can be seen from Fig. 4, 
measurement of the radiothermoluminescence for a series 
of cycles indicated shat the response to the same irradia- 
tion dose increased as a function of the number of 
exposures to radiation. N. S. Marans 
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Determination of the Sodium bound by 
Poly-acids 


THE fact is now widely accepted+~* that some part of the 
sodium in animal sissues occurs not m the form of free 
sodium ion but, rether, in an osmotically inactive form. 
The structures on which the binding occurs, as well as the 
amount of the sodium so bound, remain to be determined. 
A number of substances are capable of binding the 
sodium ion and some of them, such as the acid mucopoly- 
saccharides and nucleic acids, belong to the group of poly- 
acids—polymers with at least one acidic group in the 
monomer unit. Sodium as well as other positively charged 
ions are attracted into the neighbourhood of the fixed 
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negatively charged acidic groups by the strong electro- 
static fields present, and therr apparent activity coeff- 
cient is thus considerably lowered in comparison with that 
ın corresponding solutions of sodium salts of simple mineral 
acids. This type of binding is called “site-binding’’s. 

The bmding of the sodium ion can be estimated by 
comparing the value of the apparent activity of this ion 
in the poly-acid solution with that in a standard solution of 
sodium chloride contaming the same concentration of 
sodium. The apparent activity of the sodium can be 
determimed by means of a glass electrode sensitive to 
sodium’, While there are no special difficulties in using 
this electrode in solutions of simple electrolytes, there are 
possible sources of interference with measurements in 
solutions of macromolecules. The unknown value of the 
hquid junction potential, which may differ significantly 
from that in standard solutions of sodium chloride, 
must be considered one of the most important. In order 
to prove that the low value of the apparent activity of the 
sodium 10n in solutions of the sodium salts of the poly-acids 
results entirely from site-binding, an attempt has been 
made to demonstrate the binding mdirectly. 

Because the site-binding is purely electrostatic, ıt 
might be expected that a polyvalent cation having a 
much higher charge density would replace that of sodium 
bound in the neighbourhood of the charged groups of the 
poly-acid. As all the bound sodium could thus be liberated, 
it would be possible to infer the amount of it from the 
difference between the apparent activity of the sodium 
ion in the original solution and that m a solution in which 
all the sodium ions had been liberated by the addition 
of an excess of a polyvalent cation. 

The sodium salt of heparm (“Heparm Spofa’, twice 
recrystallized) was used. To determine this concentration 
of the acidic groups, solutions of the sodium salt were 
passed through a column of ‘Dowex 50° in the hydrogen 
form. Completeness of the ion exchange was confirmed 
by flame photometry. Solutions of the free acid thus 
obtained were titrated with sodium hydroxide solutions 
free from carbon dioxide. The apparent activity of the 
sodium ion was measured with a glass semi-microelectrode 
sensitive to sodium and a saturated calomel electrode. 
The e.m.f. of the cell thus formed was standardized over 
the range 0-:01-0:2 M with solutions of sodium chloride, 
and found to be reproducible to within 0-3 mV. The 
trivalent 10n of lanthanum in the form of a 0-4 M chloride 
solution was used as the polyvalent cation. The glass 
electrode was insensitive towards the lanthanum ion 
in the range of concentrations used. 

Because the potential of the glass electrode becomes 
dependent on pH at pH below 6, care had to be taken that 
the poly-acid solution was completely neutralized ; other- 
wise, the lanthanum ion would have liberated not only 
the sodium ion, but also that of hydrogen. For the same 
reason, an atmosphere of nitrogen was used to guard 
against contamination by carbon dioxide. 

The concentration of free sodium ions in a solution of the 
sodium salt of heparin is plotted in Fig. 1 as a function 
of the concentration of lanthanum chloride. The measure- 
ments have been corrected for the change of volume and 
for variations of ionic strength. It will be noted that an 
excess of lanthanum is necessary to liberate all the bound 
sodium. An identical curve would have been obtained if 
the solution of the sodium salt had been prepared by 
neutralizing the free heparin. The values found for binding 
of the sodium ion by heparin are comparable with those 
obtained by Ascoli et al.6 by a different technique. 

If the sodium salts of hyaluronic acid and deoxyribo- 
nucleic acid are used with the cation exchange resin 
‘Dowex 50W-—X8’ (200-400 mesh) in the sodium form 
instead of heparin, similar curves are obtained. The resin 
had to be suspended in a 0-01 M solution of sodium chloride. 

Applications of this method are not limited to binding 
of the sodium ion by the poly-acids. It can also be applied 
to systems in which binding other than site-binding is 
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Fig. 1. Concentration of the free sodium ion in a solution of the sodium 

salt of heparin as a function of the concentration of lanthanum chloride. 

The concentration of the acidic groups of heparin as well as that of 
sodium was 48 mM. 


involved, as with ethylenediamine tetraacetic acid or 
adenosine triphosphate. Moreover, because of this high 
selectivity of the glass electrode, the determination can 
also be carried out if cations other than sodium are present. 
Preliminary results indicate that this method, shghtly 
modified, could also be used to analyse this binding of 
the sodium ion in biological systems. V. PALATÝ 
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Nomenciature of Elements 


WOLFENDEN! has suggested changes in the names of the 
elements so as to ensure that the names of all the metals, 
but none of the non-metals, end in ium. For example, 
he proposes the new names platinium and helion. If this 
desirable proposal is to be adopted, a criterion is necessary 
to distinguish metals from non-metals. 

An element can be defined as a metal if, at room tem- 
perature and pressure, it has a low electrical resistivity 
which increases with temperature. By this criterion there 
are twenty-two non-metals: 


H He 
B C N O F Ne 
& P § Cl Ar 
Ge Se Br Kr 
Te I Xe 
At Ra 


Changes in the names of elements in addition to those 
proposed by Wolfenden would be: germanon’, arsenium, 
selenon‘ and telluron*. The references are to resistivity 
data for pure samples of these elements. 

Least satisfactory is the choice of a name for tin, for 
below 18° C the stable phase is a non-metal®’. 

R. SHUTTLEWORTH 
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University of Leeds. 
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RADIOBIOLOGY 


Long-term in vivo Retention of Cerium-144 
by Beagles 


Crrium-144 is a high yield {~ 5 per cent) product of 
nuclear fission that can be readily detected in debris from 
fission reactions. From about the first to the fourth year 
after fission, cerium-144 contributes most to total radio- 
activity!. Because each nuclear disintegration of cerium- 
144 and its daughter praseodymium-144 can result in 
deposition of the effective equivalent of more than 6 MeV 
in bone’, cerium-144 ranks among the more hazardous 
fission products. Although cerium-144 is only poorly 
absorbed from the gut, it has been detected at low 
concentrations in foods, including clams and animal bone‘. 
Liebscher et al. detected it in both lung tissue and 
pulmonary lymph nodes from man. Other workers also 
identified cerium-144 in lung tissue ash*®, A similar situa- 
tion was observed for plutonium-239 by Bair”. To assess 
properly radiation protection guides, it is essential also 
to consider the bodily retention of the element in question. 
Virtually nothing is known about the retention of cerium- 
144 by mammals other than rodents. The purpose of this 
work was to study the long-term in vivo retention of 
cerium-144 following a single dose to adult beagles. 

Four adult male beagles with an average weight of 
13-4 kg (range 12:0-15:27 kg) were used. Ages ranged 
from 60 months to 76 months. Because the animals had 
been maintained in our colony since birth, they were known 
to be free from disease. Each dog was well acclimated 
to periods of confinement in metabolism cages. Immedi- 
ately after a cage conditioning period of 2 weeks, each dog 
received about 28 ue. of carrier-free cerium-144 as cerium 
chloride in 1 ml. sterile solution by injection into an ante- 
cubital vein. The pH was adjusted to 3:5, because Aeber- 
hardt ef al.8 have been able to demonstrate complete 
ionization and lack of colloid formation for pH values less 


than 45. Also, it has been demonstrated that both pH 


and carrier affect deposition patterns of lanthanons in the 
body’. Water and commercial dog food were always 
available. Within 30 min of injection, each dog was 
placed in a large volume radiation detector designed to 
measure the y-ray activity of the entire animal’. The 
almost 4m steradian geometry of the detector virtually 
eliminates the effect of tracer redistribution. About 1 yr 
after injection the dogs were measured (whole-body 
counted) in an improved counting system". Between 
day 369 and day 425 whole-body counts in both counters 
were made on each dog on five different occasions; after 
day 425, measurements were made only in the improved 
counter; the overlap period allowed for normalization 
of the counting data. A polyethylene bottle containing 
about 28 ue. of cerium-144 and tap water to make a total 
weight of 13 kg- was used as a reference standard. Each 
dog was counted for 200 sec for each measurement, and 
appropriate corrections were made for pre-experimental 
y-ray activities (caesium-137 and potassium-40). The 
percentage of biological retention (PBR) was calculated 
from the following relation: 


(PBR)a = 100 P An/Sn * SJA: 


where (PBR) is the percentage of biological retention on 
day n, and A and S are count rates of an animal or stand- 
ard at the nth or ith (initial) measurement, respectively. 
All data processing was carried out on an IBM model 
7094 computer; ithe data reduction and analysis tech- 
niques used have already been reported in detail*?, 

Table 1 gives’ whole-body retention parameters for 
each dog. During the 1,050 day experiment each dog 
was measured 126 times. A simple exponential model was 
used because of the observed linear reduction of log 
retention as a function of time after injection. At least 
two power functions (y = ax) were needed to describe 
retention after day 1; one power function described the 
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Table 1. COMPUTER-DERIVED WHOLE-BODY RETENTION PARAMETERS 
FOR CERIUM-144 INJECTED INTRAVENOUSLY INTO MALE BEAGLES 
Dog. No. a* (per cent) —k* (day) Ta (days) Tt (days) 

19 07°7 1 789 x104 83,873 + 623 t 265 
21 97°8 2082 x 10+ 3,411 + 263 263 
24 99 1 1 861 x 10-4 3,728 + 501 265 
31 99 3 2-141 x 10-4 3,283 + 378 282 


* Rı=a eo,” for t>0<1,C50 days. > 
Tr= Pr To, where 7, -he physical half-hfe for cerium-144, is 285 days. 
6 r r 


Tot T 
t Best value + one stanlard deviation. Te=0:693/k; ofa= Oe OF 


data reasonably wel. from days 100 to 1,050. Effective 
half-lives (T) approsch the maximum value of 285 days, 
which is the physica. half-life (Z',) of cerium-144 (that is, 
if no biological turnover occurred, the serial changes 
in body activity would result from physical decay of 
cerium-144 alone). That only two parameters are needed 
to describe retention over approximately four effective 
half-lives is of consiGerable interest, because cerium-144 is 
known to be deposited in tissues other than bone (for 
example, kidneys, Iver and spleen) when injected into 
rodents at pH 3-5 (rez. 13). Probably the half-life observed 
is a reflexion of ressonably similar turnover rates from 
more than one site. 

Biological turnover is extremely slow with an apparent 
biological half-life of about 10 yr. The biological half-life 
(Ty) of 1,500 days carrently listed for bone by the Inter- 
national Commussior. on Radiological Protection! would 
seem to be too small For cases involving internal deposi- 
tion of cerium-144 in human beings, it would seem 
prudent and conservative to assume that physical decay 
alone would account for subsequent changes in the 
body burden of cerium-144. Furthermore, it is possible 
that following previous atmospheric nuclear weapon 
tests small quantities of fall-out cerium-144 might have 
been deposited in haman bone. To our knowledge this 
conjecture has not been verified. 

This work was performed under the auspices of the 
U.S. Atomic Energy Commission. 
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+ 
Recovery Effect of Heterologous Deoxy- 
ribonucleic Acid from Various Organs 
ou Irradiated Mice 


We have previously shown that native homologous 
deoxyribonucleic aGds (DNAs) can be used as therapeutic 
agents in irradiated animals. We showed that, for example, 
native homologous testes DNA significantly increases the 
percentage of survi~al of infantile rats and mice (8 and 17 
days old), irradiated with a dose of 600 r.*. Furthermore, 
we obtained a positive therapeutic effect in infantile 
rats of the same age injected with liver DNA after irra- 
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diation with a dose of 600 r.?». Our results showed that 
other DNAs, such as those from thymus and spleen, can 
increase the survival from radiation disease. We also 
showed that these homologous native DNAs from 
various organs not only increase the proportion surviving 
radiation disease, but also support the regeneration 
of function in the reproductive organs of irradiated 
immature male rats. The percentage of fertile rats is 
significantly higher (60-70 per cent) ın animals treated 
with DNA (isolated from various organs) after irradiation, 
than in control animals (25-30 per cent)*4. 

Histological investigations have shown that there is 
less damage to the spleen, bone-marrow, digestive tract 
and liver in the animals treated with DNA after irradia- 
tion than in the controls», 

It has also been shown that the effects of lethal irradia- 
tion can be modified in different animals by other treat- 
ments apphed after irradiation, for example, with bone- 
marrow Ccells?:® or spleen homogenates’. 

In view of the importance of this problem from both the 
theoretical and the practical point of view, we investi- 
gated the possibility of curing lethally irradiated animals 
with heterologous DNA. A greater effect was achieved 
if the donors were of the same species. Nucleic acids of 
rabbits injected into irradiated rats failed to give any 
protection". 

Paoletti examined the restorative effect of calf thymus 
DNA in lethally irradiated mice™, and found that the 
percentage of survival was at the limit of statistical 
significance. Wher he applied 2-§-aminoethylisothio- 
urea (AET) before irradiation and then injected hetero- 
logous DNA, however, eleven animals out of forty 
survived. 

In our experiments we irradiated 2-month-old C57 
male mice with 600 r. X-rays (approximately the 100 per 
cent lethal dose). The animals were irradiated under the 
following conditions: 200 kV, 14 m.amp, aluminium 3, 
distance 46cm. Immediately after irradiation the animals 
were injected intraperitoneally with DNA extré&cted, 
according to the method devised by Zamenhoff™, from 
various organs of rats of comparable age. Standard curves 
for the extracts are shown in Table 1. 


A Table 1 
Extract DNA: RNA E geo] E230 
Liver 051 24 
Testes 0 52 22 
Spleen 0°52 2:3 
hymus 0 53 21 
Kidney 0-50 21 


The survival rates were determined over a period of 
30 days for 288 adult male mice, 236 of which had received 
post-irradiation injections of DNA (see Table 2). 


Table 2, Dosage OF DNA EXTRACT AND No. OF MICE INJECTED AFTER 
IRRADIATION WITH 600 R. X-RAYS 


Extract and dosage (mg) No. of mice 
Liver, 1 6-18 49 
Testes, 1:3-2:0 48 
Spleen, 1-0-1°4 53 
Thymus, 2 8 51 
Kidney, 1-2-1 4 35 
(Controls) 52 


The results obtained are shown in Fig. 1. They indicate 
that 4 per cent of male mice irradiated with a dose of 600r. 
were able to survive (controls). Mice irradiated with the 
same dose and treated with DNAs show increased survival. 
Thus, liver DNA increases the percentage of survival 
to 53 per cent, kidney DNA to 54 per cent, thymus DNA 
to 37 per cent (above), spleen DNA to 37 per cent and 
testes DNA to 31 per cent (below). 

Our results show that DNAs reduce the effects of irradia- 
tion by a factor of 9-13. Statistically the differences are 
highly significant (P < 0-001). 
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Fig. 1. Restorative effect of DNA isolated from cee organs on the 
survival of adult male mice 


From these data, we conclude that heterologous native 
DNAs extracted from various organs of adult rats enable 
a high percentage of mice to survive the effects of irradia- 
tion. The exact nature of the mechanism involved has 
not as yet been established, but it is possible that DNA 
which has been damaged during irradiation can be 
replaced or restored by the injection of either homologous 
or heterologous deoxyribonucleic acids. 
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:  Photoreceptive Features of Vesicles associated 
-~ with the Nervous System of Cephalopods 


From the results of an investigation using both the 
light and the electron microscope Nishioka, Hagadorn 
and Bern) concluded that the epistellar body of Octopus 
bimaculatus(?) found off the coast of California was 
probably a photoreceptive organ. Present within the 
lumen of the epistellar body are processes equipped 
with microvilli; these are often organized into rhabdomes 
as in the eyes of many protostome invertebrates*. In 
this species of Octopus, as well as in others studied, the 
--epistellar body is only barely discernible as a pale orange 
pot at the base of the posterior stellar nerves of the stel- 
late ganglion. In Eledone, however, the similarly located 
pistellar: body is much larger and more intensely orange 
han in Octopus. Even with light microscopy the reticular 
pattern suggestive of rhabdomeric organization was 
pparent at the periphery of the lumen. The morphology 
idicative of a photoreceptive function and the large 
ount of pigment observed provided the basis for the 
ent investigation of the biochemical nature of the 
gment of the epistellar body of Eledone moschata. The 
ails of this study and related information on vesicles 
sociated with the nervous system of cephalopod mol- 
cs will be reported elsewhere’. 
Sixty-three £. moschata were dark-adapted for at least 
6h before killing them. The stellate ganglia and eyes 
vere then removed under red light. Both tissues were 
immediately frozen in beakers suspended over dry ice in 
cetone. After thawing and further dissection, the portion 
of the stellate ganglia which contained the epistellar 
bodies and the remainder of the stellate ganglia were 
homogenized separately and centrifuged in a sucrose 
gradient. The eyes were also homogenized and centri- 
fuged in a similar sucrose gradient after an initial crude 
eparation of cellular material from pigment granules. 
faterial floating in the 0-5 M sucrose concentration was 
hen removed and mixed with 1 M disodium acid phos- 
phate and centrifuged. The precipitate was dissolved in 
digitonin and transferred to a Beckman cuvette, and the 
“absorption spectrum characteristic of rhodopsin was ob- 
ained on the eye material using a Beckman ratio recording 
ephotometer. A similar spectrum was obtained 
terial from the epistellar body. The pH of the 
ution was then raised slightly above 9-0 with sodium 
arbonate, and the solutions containing rhodopsin were 
“exposed to room light for about 1 h before a second 
absorption spectrum was obtained; this recorded the 
shift to metarhodopsin in both instances (Table 1). The 
max of rhodopsin m the eye* was slightly higher than 
Gn the epistellar body, whereas the Amax of alkaline 
-metarhodopsin was identical for both organs. These 
curves were obtained on three separate batches of material, 
-and the data for one run are given in Table 1. No evidence 
for the presence of rhodopsin—metarhodopsin was obtained 
_ from the stellate ganglion (control tissue preparations). 
| In their earlier paper, Nishioka et al.* concluded that the 
--apistellar body could not be a neuroendocrine structure®~? 
<= or the homologue of the third-order giant. fibre system of 
= squids’. We have suggested that the parolfactory vesicles 
in. decapod cephalopods’ were more likely 
“of the octopod epistellar body. Aqa 
-o factory vesicles of the squid dag 
Investigated. Histological, 
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those of the octopod epistellar body*. These vesicles 
vary in number from four to fifteen on each side and lie 
superficially in connective tissue adjacent to the olfactory 
lobes—-thus the name “‘parolfactory”. Because of their 
minute size, we initially expected that they would be 
extremely difficult to find in fresh material; however, 
here again the intense orange pigmentation facilitated 
their collection. 

Parolfactory vesicles from ninety-two Loligo vulgaris 
were used. Except for a shorter duration of dark adapta- 
tion (about 6 h)-—because of the higher mortality of 
squids in captivity-~-the experimental procedure was 
identical with that used on Eledone material. Pieces of 
optic lobe approximately equal in volume to the parol- 
factory vesicles in their enveloping connective tissue 
were taken as control tissue, and the eyes* were again 
used for comparisor. The dAmax of rhodopsin and of meta- 
rhodopsin from one of two determinations are given in 
Table 1. The optic lobes showed no evidence of visual 
pigment. 

To substantiate further the specificity of the biochemical 
features of these pkotoreceptive structures, the antimony 
chloride method fcr determination of vitamin A, (see 
refs. 8 and 9) was used on extracts. Vitamin A, (ref. 9) 
was detected in both organs, but none was found in the 
control tissues (the remainder of the stellate ganglion 
in the octopus and parts of the optic lobe in the squid). 

Because of the small size of both epistellar and parol- 
factory structures, 20 weights were taken. Nevertheless, 
we are impressed by the appreciable amounts of visual 
pigment isolated from these organs. Gross comparison 
with the eye leads us to believe that the concentration 
of visual pigment in the epistellar body and parolfactory 
vesicles is probably greater than in the eye. 

We conclude from the biochemical information. pre- 
sented here that the epistellar body and the parolfactory 
vesicles contain corsiderable amounts of visual pigments 
very similar to those present in the eyes of the same 
animals. Our initiel belief that the epistellar body was à 
vestigial organ in the adult organism’ (conceivably impor- 
tant only in larval life) may now be untenable. It seems 
more likely that these organs are of importance in. photo- 
periodic regulation in the adult, despite their cryptic 
locations. The vesicles are not to be viewed as 3rd: and 
4th eyes’, inasmuch as they would .searcel) 
responsible for vision (that is to say, ima 
Photoreceptive function can extend ysig 
regulations and inelude much more than vision 7 a 
It is to this more general aspect that comparative physio- 
logists need now acldress themselves. 

This study was aided by a U.S. National Seience 
Foundation grant. We thank Dr. Peter Dohrm, Dr. 
Andrew Packard end Dr. Luisa Tosi for their help in 
this research. 
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A Descending Pathway which is Mono- 
synaptically Excitatory to Motoneurones 


NEARLY twenty-five years ago, Lloyd’ described a path- 
way descending in the ventral part of the spinal cord of 
the cat which ended directly on lumbosacral motoneurones 
and which facilitated the monosynaptic reflex. The 
pathway was shown by Lloyd to originate from neurones 
of the brain stem and from spinal proprioneurones. He 
named the pathway the ‘‘bulbospinal correlation system”. 
Since Lloyd's original description, there has been some 
physiological work which suggests that the brain stem 
neurones from which this pathway originates may belong 
either to the reticular formation? or to the vestibular 
nuclei? or to both. Recent studies of the mode of termina- 
tion of the reticulospinal and vestibulospinal tracts, how- 
ever, offer little support for the presence of more than a 
few monosynaptic endings on lumbosacral motoneurones 
from fibres descending in these tracts*. The experiments 
to be described confirm the presence of long descending 
axons in the ventral part of the spinal cord which mono- 
synaptically excite motoneurones. 

Activity in what is presumed to be the bulbospinal 
correlation system of Lloyd has been investigated in the 
following manner. Cats were anaesthetized with pento- 
barbital sodium and their cords transected at the first 
lumbar level, The dorsal columns were removed for 
about a segment below the transection, and the dorsal 
halves of the lateral columns severed. The ventral part 
of the cord was placed on a pair of stimulating electrodes. 
Motoneurones of the lumbosacral enlargement were 
impaled by glass microelectrodes filled with 2-7 M potas- 
sium chloride or 4 M sodium chloride (resistances of 3—10 
megohms). Because the roots were generally left intact, 


a motoneurone could be identified by the antidromic 
action potential that resulted from stimulation of the 
appropriate muscle nerve®. 
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Motoneurones belonging both to extensor and to flexor 
muscles were frequently observed to receive short latency 
excitatory postsynaptic potentials from volleys descend- 
ing in the ventral part of the spinal cord. Furthermore, 
when the ventral cord was separated into left and right 
halves, motoneurones often received comparable excita- 
tory potentials from the two sides of the cord. For 
example, Fig. 1 illustrates the effects of stimulation of the 
left and right ventral cord quadrants on an extensor and 
a flexor motoneurene. The neurones were identified by 
their receiving antidromic action potentials from the 
flexor digitorum and hallucis longus (Fig. 14) and the 
peronei-deep peroneal (Fig. 1D) nerves. Both these action 
potentials are shown at threshold stimulation of the 
motor axon; when no action potential was produced, 
the monosynaptic excitatory potential produced by the 
afferent volley in the same nerve could be seen. Each 
of the motoneurones received a small excitatory potential 
from volleys descending in either of the two halves of 
the ventral cord (Fig. 1B-C and E F). The descending 
volley was recorded from the cord dorsum by a ball- 
tipped electrode placed near the entry point of the micro- 
electrode. The interval between the arrival of the fastest 
component of the descending volley and the excitatory 
postsynaptic potential was less than 1 msec in each case, 
and so the potentials were monosynaptic. 

The fact that the monosynaptie excitatory potentials 
which result from descending ventral cord volleys are 
rather small explains Lloyd’s observation! that such 
volleys facilitate reflex transmission but do not discharge 
motoneurones. Lloyd also noted that repetitive stimula- 
tion of the bulbospinal correlation system greatly en- 
hanced the facilitation. Fig. 2 illustrates the effect of 
brief repetitive stimulation of the ventral cord on the 
excitatory potentials recorded from motoneurones. The 
antidromic action potentials in Fig. 24 and D identify 
the motoneurones as belonging to the gastrocnemius- 

soleus and the posterior biceps-semitendin- 

muscles, respectively. The mono- 
synaptic excitatory postsynaptic potentials 
that were produced by stimuli 
applied to the ventral cord are shown in 
Fig. 2B and Æ. The records in Fig. 2C 
and F were the result of brief tetanie 
stimulation of the ventral cord (four volleys 
at about 300/sec). The individual excitatory 
potentials not only merge with the residual 
depolarization of the previous potentials, 
but in addition they grow larger. The 
potential of Fig. 2C resembles the augment- 
ing excitatory potentials produced by 
repetitive stimulation of the corticospinal 
and corticobulbar tracts and recorded from 
cervical motoneurones® or reticular forma- 
tion neurones’. A difference may be seen, 
however, especially in Fig. 2F, in that the 
rising phases of the excitatory potentials 
from the ventral cord pathway are often 
double. The component of the 
excitatory potentials evoked by repetitive 
stimulation begins too late to be mono- 
synaptically evoked by the earliest com- 
ponent of the appropriate descending 
i ley. Lloyd! pointed out that the 
ing volley has two peaks, which he 
ae a directly conducted volley 
‘elayed through a set of 
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ation begins within 1 msec of the second component of 
the preceding descending volley. Thus, the simplest 
hypothesis to explain the augmentation of the excitatory 
potential with repetitive stimulation would be the adding 
together, with time, of the descending excitation of ventral 
horn interneurones, increasing their contribution to the 
relayed descending volley as more interneurones discharge. 
This would increase the second excitatory potential, 
adding to the peak of that produced monosynaptically 
by the direct volley. There may be in addition a growth 
of the initial excitatory potential, however, owing to a 
form of postactivation potentiation. 





Fig. 2. 
antidromic action potential. 


The time scale above Æ is for 
Cand F. 


for the other records. 


Further work is in progress to determine the site of 
origin of the descending ventral cord pathway. Assuming 
that it is identical to Lloyd’s bulbospinal correlation 
system, this pathway should be of considerable importance 
both as a mechanism used by supraspinal control systems 
and as a part of the system for interlimb reflexes. 

This work was supported by a U.S. Public Health Service 
research grant from the National Institute of Neuro- 
logical Diseases and Blindness. 

Note added in proof. Since this report was submitted for 
publication, two similar findings have been reported of 
descending monosynaptic excitatory fibres ending on 
spinal motoneurones (Lund, S., and Pompeiano, O., Expert- 
entia, 21, 602; 1965; and Griliner, S., and Lund, §., 
Experientia, 22, 390; 1966). 
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Department of Anatomy, University of Texas, 
Southwestern Medical School, Dallas, Texas. 
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Sensory Discharges from Lactating Mammary 
Glands 


AFFERENT nervous impulses from mammary glands are 
known to play a part in the reflex release of oxytocin 
during suckling’. They may also be implicated in the 
subjective sensation accompanying milk-ejection in 
women?, in nervous zeflex arcs controlling intramammary 
muscle tone? and mik secretion’ postulated by Russian 
workers, and in the eontrol of secretion from the anterior 
pituitary®. This communication describes preliminary 
findings from electroohysiological investigations of action 
potential discharges in mammary afferent 
nerves. 

Lactating female rabbits were anaesthet- 
ized with urethane. A teat duct was can- 
nulated for recording intramammary pres- 
sure Changes. The abdominal segmental 
nerves were exposed, transected dorsally 
and filaments of the peripheral end were 
placec on silver-silver chloride recording 
electredes under a pool of warmed liquid 
paraffn. Nerve fibre activity was recorded 
by means of a push-pull input to a high-gain 
oscillescope and also monitored on a loud- 
speaker. Permanent records were made by 
photographing the stationary cathode-ray 
oscillescope spot on a moving film. Selected 
nerve filaments were stained in osmic acid 
and sectioned transversely at 5u. 

The effects of various mammary stimuli 
were examined, These included: (a) pres- 
sure epplied with a finger or a Von Frey 
hair; (b) the teat grasped with blunt for- 
ceps and light pressure applied; (c) suckling 
by a pup from the doe’s litter; (d) cold, 
produced by spraying the area with ethyl 
chloride; (e) oxytocin injected intraven- 
ously to elicit milk-ejection; (f) distension 
of a mammary lobule by introduction of 
saline into the cannulated teat duct; (g) 
traction on an interlobular septum. 
Stimuli a, b, e, f and g were used 
after the skin over the gland under 
observation had been removed except 
over the teat itself, and the exposed 
surfaee sprayed with 2 per cent lignocame 
to prevent injury discharges from cut or damagid nerve 
fibres. 

With the skin over the gland intact, receptors have 
been detected which respond to pressure, including many 
of the low threshold, slowly adapting, type described by 
Frankenhauser*. Many teat pressure receptors adapting 
rapidly and a few adapting slowly were demonstrated, 
and these were activated in a characteristically rhythmic 
and vigorous manner by suckling (Fig. 14). Most fibres 
activated by mechanical stimuli were also excited by cold. 
Injection of oxytocin caused excitation of many receptors 


A is the 
B is the monosynaptic EPSP that was produced by stimu- 
lation of the ventral half of the spinal cord at the first lumbar level. © is also from ventral 
cord stimulation, but from four volleys at 300/sec. D—F are similar records from a posterior 
biceps-semitendinosus motoneurone. The potential scale is 10 mV for A and D; itis 1 mV 


coincident with the rise in intramammary pressure, 
though the pressure rise considerably outlasted the 
receptor discharge. Similar adaptation of pressure 


receptor discharge was seen when saline was introduced 
into the teat duct. + 

After removal of the skin, the number of units parti- 
cipating in a response recorded from any given nerve 
filament was greatly reduced, The response of remaining 
active fibres to finger pressure, distension of a mammary 
lobule and oxytocim injection (Fig. 18) was retained. 
The number of responding fibres was reduced by infil- 
trating lignocaine around the base of the teat. Active 
fibres still present (Fig. 10) were most sensitive to finger 
pressure when this was applied in an area at some distance 
from the nipple, indscating that they were situated within 
the parenchyma of the gland; such fibres were often 
excited by traction on the interlobular septum in this area. 
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Histological examination of the nerve filaments revealed 
the presence of both myelinated and unmyelinated fibres; 
it has not yet proved possible to assign modalities of 
sensation to particular fibre groups. 

The data so far obtained confirm histological evidence 
of the profusion of teat receptors and provide physiological 
evidence for the existence of receptors within the gland 
itself. An understanding of their role in normal sensory 
and reflex phenomena must await a more detailed study 
of their thresholds and adaptation properties. 

I thank Dr. B. A. Cross for much useful advice. The 
work was supported by grants from the Agricultural 
Research Council and by the U.S. Public Health Service. 
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Influence of Sex Hormones on Frequency of 
Micturifion 

THE frequency of micturition during pregnancy is regarded 
as a normal reaction to this physiological state. The 
mechanism which is responsible for this action, however. 
remains a matter of conjecture. It was once assumed 
that, during pregnancy, frequent micturition resulted from 
the impingement of the enlarging uterus on the urinary 
bladder. It has since been recognized that this is not 
the complete answer to the problem?*, 

Although a neural component has been suggested?, 
other factors in addition to neural stimuli should be 
considered as influencing vesicle activity. It is possible 
that the vesicle muscle is influenced not only by nervo 
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carried in the blood, urine, or both. There 
WV is no evidence, however, to substantiate 
the suggestion that sex hormones have a 
direct influence on bladder motor activity*. 
Furthermore, studies have alluded to the 
fact that, in the pregnant state, the 
vesicle muscle is attended by a marked 
increase of hormones not only in the blood 
but also in the urine. The effective action 
site of these agents in influencing bladder 
motility to stimuli has not been ascer- 
tained. In an attempt to obtain informa- 
tion on this, in vitro studies were under- 
taken with rat urinary bladder according to 
the classical tissue-bath technique. 

Thirty-two female Wistar rats were 
followed through three consecutive oestral 
cycles by the vaginal smear technique. 
During the fourth cycle, they were killed in 
the oestrus and dioestrus stages. These 
stages were selected because of their 
relative dominance of oestrogen or proge- 
sterone. Additional bladder preparations 
were used from thirteen full term pregnant 
rats. 

The entire bladder was placed in an 
organ bath of 250 e.c. capacity containing 
oxygenated Tyrode's solution which was 
kept at constant temperature and pH. 
Following normal suspension, the bladder 
was everted, re-suspended in the bath of 
Tyrode's solution, and subjected to similar 
procedures. The following drugs were added 
directly to the bath: acetylcholine chloride, 5-hydroxy- 
tryptamine creatinine sulphate (serotonin), histamine 
dihydrochloride, pilocarpine hydrochloride, progesterone 
aqueous suspension, and polyoestradiolphosphate (‘Pre- 
marin’), 

From our results, in vitro bladder muscle showed no 
spontaneous activity nor could it be activated by increased 
tension alone. In all preparations, acetylcholine always 
increased the tonus and force of contractions. This 
response occurred after a very brief latent period and was 
sustained for several minutes. No evidence of tachy- 
phylaxis was obtained. In all cases, the dioestrus bladder 
responded to acetylcholine with a marked increase in 
tone, and contractions of greater magnitude and duration 
than those exhibited in the oestrus stage. Contractions 
of the pregnant bladder were similar to those of a bladder 
from an animal in dioestrus. No significant effects were 
obtained with pilocarpine, histamine, or serotonin. 

The reactivity of the bladder was also followed after 
oestrogen and/or progesterone had been added to the 
bath. Irrespective of the stage, these hormones did not 
affect bladder motility. There was a distinct influence, 
however, on the responsiveness to acetylcholine which was 
the same whether oestradiol and progesterone were used 
alone or in combination. We found that pretreatment of 
the in vitro bladder with relatively large doses of oestrogen 
and/or progesterone (2 ug/ml.) made the muscle sensitive 
to acetylcholine (Fig. 1). This increased responsiveness 
to acetylcholine was not seen when the respective bladder 
was everted. It is interesting to note that administration 
of these hormones to serosal or mucosal preparations did 
not affect the bladder responsiveness to other para- 
sympathomimetic agents. 

Earlier investigations suggested a hormonal factor in 
the modification of bladder responses observed during 
pregnancy®:*. In the present investigation, in vitro 
evidence has been obtained suggesting (1) that hormones 
in the urine have no apparent effect on bladder contrac- 
tility; (2) that circulating oestrogen and progesterone 
may exert a permissive effect on bladder contractility to 
cholinergic stimuli. It is, of course, recognized that the 
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Fig. E “Record showing the increased response of the excised dioestrus 
bladder to acetyicholine after treatment with oestradiol. 


trogen ‘and progesterone substances used may have 
‘ted actions as chemical agents rather than as hor- 
is is all the more true in view of the relatively 
trations used in our in vitro studies. Experi- 
ments with doses of these substances in a lower concentra- 
tion range are now in progress. 

This work was supported by a general research support 
eras from the U.S. National Institutes of Health. 

Martin F. Tansy 

| Rosann KAUFMAN 
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Temple University School of Dentistry, 
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© Youssef, A. F., Obstet. and Gynec., 13, 61 (1959). 
: 3 Langworthy, Q. R., and Brock, C. B., Amer, J. Obstet, Gynec., 87, 121 (1939). 
* Leonard, W. E., and Brooks, C. McC., Fed. Proc., 1, 50 (1942). 


Anaphylactic Shock and the Secretion of 
Adrenal |7-Hydroxycorticosteroid in the Dog 


-IN earlier investigations we evaluated directly the adrenal 
_. 17-hydroxycorticosteroid (17-OHCS) secreted in response 
to histamine by unanaesthetized dogs?. Marked increase 

in 17-OHCS secretion was observed after injection of 

histamine. It has been suggested by some authors that 
histamine is released from mammalian cells in anaphy- 
lactic shock. Very little experimental information is avail- 
able, however, on the effect of anaphylactic shock on the 
adrenal cortical secretion. In the present investigations 
we attempted to evaluate directly the adrenal 17-OHCS 

¿c geeretion in response to anaphylactic shock in unanaes- 

C thetized and anaesthetized dogs. 

Mongrel dogs weighing 10-17 kg were used. In un- 
anaesthetized dogs the adrenal venous blood was collected 
by a modification of the method of Satake, Sugawara and 
Watanabe? just as in cur previous studies!3-§, The 

dorsal spinal roots of TiL, were cut bilaterally under 
sodium pentobarbital anaesthesia. The experiments 

-were performed more than 3 weeks after the spinal 

-cord sections. The lumboadrenal vein was exposed by 

way of the lumbar route and its small branches were 

oubly ligated and cut. A small glass cannula, connected 
ith a short rubber tube, was inserted into the vein on 
the side of the adrenal gland. The cannula and the rubber 
tube were filled with heparin-saline solution. A loop of 
silk thread was placed around the adrenal vein between the 
posterior vena cava and the adrenal gland. The actual 

‘(periments were performed without anaesthetizing the 
imal, bout 18 h after the cannulation of the adrenal 









NATURE 


1185 


vein. Adrenal venous blood. samples were taken 30 and 
10 min before anaphylactic shock was induced. At the 
time of collecting the adrenal venous blood the silk 
thread around the adrenal vein between the adrenal gland 
and the posterior vena cava was gently tightened so as to 
direct adrenal venous blood flow to the exterior through 
the cannula and the rubber tube. 

In anaesthetized Gogs the adrenal venous blood samples 
were withdrawn by almost the same procedure as in 
unanaesthetized dogs. No dorsal spinal root sections, how- 
ever, were performed in this group. On the day before 
the experiments were performed the adrenal vein cannula- 
tion was performed. under sodium pentobarbital anaes- 
thesia. Actual experiments were started about 18 h 
after the cannujation. One hour before the start of obser- 
vation the animals were anaesthetized with an intra- 
venous injection of sodium pentobarbital (25 mg/kg). 

Anaphylactic shozk was induced in both groups of 
animals by the method used by Sato, Ohguri and Wada’. 
About 4 weeks befere the experiments were performed 
0-5 ml. horse serura/kg body-weight was injected sub- 
cutaneously. On the following day the same amount of 
serum was injected intravenously. On the day of the 
actual experiments, 2orse serum diluted 1: 1 with isotonic 
saline solution was injected intravenously at a speed 
of 2ml./min until the femoral artery pulse became 
feeble. 

In advance of tke experiments described here, some 
experiments were undertaken on anaesthetized dogs in 
which the measurements of blood pressure were made by 
a mercury manometer connected with the femoral artery; 
horse serum was injected intravenously until the blood 
pressure began to fall. In those experiments, before 
injection of horse serum the blood pressure was 90-94 
mm mercury. It fel to 20-34 mm mercury within 2 min 
after the end of injection. This low blood pressure level 
continued for a few minutes and then slow recovery 
occurred. About 40min after injection the blood pressure 
resumed the pre-anaphylactic level. In those experiments, 
however, the 17-O31CS secretion before anaphylactic 
shock was induced was sometimes so high that it was far 
outside the range of physiological variations of 17-OHCS 
secretion rate. Thus in the experiments described here 
the blood pressure was not registered. In actual experi- 
ments horse serum was injected in volumes of 0-18-0-46 
mL/kg. The adrenal venous blood samples were also 
taken at 10, 20, 40 60, 90 and 120 min after the horse 
serum was injectec. The volume of adrenal venous 
blood collected at each period before and after inducing 
anaphylactic shock was 2-5-4 ml. Isotonic saline solution 
was injected intravenously to replace all blood loss. The 
blood samples were immediately centrifuged and adrenal 
venous plasma was analysed for 17-OHCS according to 
the method devised by Nelson and Samuels’®. 

Experiments were performed on four unanaesthetized 
and three anaesthetized dogs. In all cases the femoral 
artery pulse became definitely feeble after the injection of 
horse serum. In addition to this hypotension, a variety 
of symptoms of anaphylactic shock was observed in 
unanaesthetized dogs. Just before the end of the period 
during which the horse serum was injected, the dogs 
became restless. Salivation, dilatation of the pupils 
and retraction of the nictitating membranes were ob- 
served. Respiration became irregular and laboured, and 
its frequency exhibited a definite increase. Within a few 
minutes a marked paralysis developed. The animals 
were unable to stand, and lay on their side. In this con- 
dition they did not respond to various painful stimulations, 
and myasthenia was observed. These symptorns lasted for 
about 20 min, after which the animals slowly recovered. 
In four dogs (dogs 4, 5, 6 and 7) defaecation oecurred 
about 10 min after the injection of serum. Table 1 shows 
the results of the adrenal 17-OHCS secretion rate before _ 
and after anaphylac:ic shock was induced. The 17-OHCS 
secretion rate marxedly increased after anaphylactic 
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Fable 1. EFFECT OF ANAPHYLACTIC SHOCK ON ADRENAL 17-HyDROXY- 
CORTICOSTEROID SECRETION RATE IN UNANAESTHETIZED AND ANAESTHET- 
= ED Dogs 
Body wt. Adrenal 17-OHCS secretion-rate (ug/kg/min) 
Dog (kg) Min before Min after inducing anaphylactic shock 
No. andsex 30 10 10 20 40 60 90 120 


(Experiments in unanaesthetized dogs) 


1 1343 3 0-01 G03 0-66 100 Ql 0-08 0-04 0-12 
2 1709 003 002 047 0-96 L17 1-04 1-22 1:36 
8 12-6 2 009 O21 015 043 0-58 0-78 0-66 1-06 
. 4 156 3 009 0-16 1:29 80-77 0-73 0-76 023 0°27 
(Experiments in dogs anaesthetized with sodium pentobarbital) 
3 98 S G11 0-23 726 1-61 Lit 020 002 0-06 
8&8 107 3 024 023 1-37 1:34 1-55 1°38 1:35 O81 
7 108 9% 000 O64 056 084 0-41 0-06 O08 020 


shock was induced in anaesthetized as well as in unanacs- 
thetized dogs. There seemed to be a possibility that in 
unanaesthetized dogs psychical excitation as a result of 
anaphylactic shock could be responsible for the increase 
in adrenal cortical secretion. We were able to show that 
this was not the case, however, because a marked response 
of adrenal cortical activity to anaphylactic shock was also 
observed in anaesthetized dogs. 
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KENJI HIRAI 
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Antagonistic and Synergistic Actions of 
< Thyrocalcitonin and Parathyroid Hormone 
-on the Levels of Calcium and Phosphate in 
H the Rat 


Tue discovery of the existence of a hypocaleaemie hor- 
mone in the thyroid gland! raises the question of the 
respective roles of thyrocalcitonin and parathyroid 
hormone on plasma calcium and phosphate homeostasis. 
As the kidney is a target organ for parathyroid hormone 
and is involved in plasma phosphate homeostasis, it 
was thought important to investigate the effects of 
thyrocalcitonin on calcium and phosphate levels in 
plasma, and on their excretion in the urine, both in the 
presence and absence of parathyroid hormone. 

Male Wistar CF rats, 60 days old and weighing 150 g, 
were thyroparathyroidectomized. One day later, animals 
showing signs of incomplete operation (plasma calcium 
level above 8-0 mg/100 ml.) were discarded. At the 
“beginning” of the experiment (time 0), forty fasted rats 
received 1 ml. of isotonic glucose intravenously; the 
urethra was then ligated. The animals were divided into 
four equal groups: controls; animals treated with thyro- 
ealcitonin; animals treated with parathyroid hormone; 
and animals treated with both thyrocalcitonin and 
parathyroid hormone. The hormones were given as 

follows: 20 u of purified thyrocalcitonin®? was injected 
intravenously at time 0, and 100 1u of parathyroid hor- 
mone (Lilly) subcutaneously at time “—5 h” (that is, 5 h 
before the “beginning” of the experiment). At +1 h, 
blood was collected, the rats were killed and the contents 
of the bladder quantitatively collected. Calcium was 
estimated by flame photometry and phosphate by the 
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technique of Fiske and Subbarow’. Creatinine was 
measured. colorimetrically®. | 

The results presented in Fig. 1 are expressed as differ- 
ences between the rats treated with hormone and the 
control rats. The expected changes in plasma calcium 
levels that are produced by parathyroid hormone and 
thyrocalcitonin are abolished by the combined administra- 
tion of the hormones; 20 v of thyrocalcitonin can counter- 
act the effect of 100 1u of parathyroid hormone. This 
antagonism is consistent with a dual hormonal control 
to ensure blood calcium homeostasis. Both thyrocalci- 
tonin and parathyroid hormone lower plasma phosphate, 
and their action is additive when administered simul- 
taneously. ‘This finding raises the question of plasma 
phosphate homeostasis since the interplay of thyrocal- 
citonin and parathyroid hormone cannot possibly explain 
the maintenance of a constant phosphate plasma level, 
as they are synergistic in lowering phosphate. 
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Fig. 1. Effects of thyrocalcitonin and parathyroid extract on caleium 
and phosphate levels in plasma and in urine. **, P< 0-01; ***, P< 0-001, 


As to the urine composition (Fig. 1), parathyroid 
hormone elicits the expected phosphaturic response. _ 
Thyrocalcitonin has the same phosphaturie effect®. The 
combined administration of both hormones does not 
increase the phosphate excreted, which would indicate 
that the maximal response was obtained for each hormone 
at the dose used. That the phosphaturic effect is present 
with unchanged glomerular filtration rate is obvious 
because creatinine excretion rates do not vary significantly 
in any groups: control = 231-4 + 46-4 yug/h; para- 


thyroid hormone-treated animals, 261-0 + 22:55 ugh; 


thyrocalcitonin-treated animals, 2520 + 26-15 ug/h; 
and animals treated with both hormones, 262-0 + 37-76 
ugjh. This is consistent with a diminished tubular 
reabsorption for phosphate, even though the experi- 
mental condition used cannot distinguish between a 
competitive and a non-competitive mechanism for phos- 
phate excretion or reabsorption. 

Phosphate clearance should not be used to demonstrate 
hypersecretion of parathyroid hormone without adequate 
controls because thyrocalcitonin has the same effect, 
which cannot be mediated in our experiments by a second- 
ary response of parathyroid hormone in thyroparathyroid- 
ectomized animals. In the normal rat, a phosphaturic 
effect was observed after injection of a crude thyroid 
extract’. Urinary calcium is increased in the three treated 
groups, but this increase is not statistically significant. 
For this reason, renal excretion of calcium is not likely to 
contribute to the effect of lowering the calcium in plasma 
brought about by thyrocalcitonin. | 
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In summary, thyrocalcitonin and parathyroid extract 
are effective in the control of the calcium level of plasma 
_ and act antagonistically. The two hormones lower plasma 
phosphate synergistically; thus it is not possible to 
account for the mechanism responsible for raising the 
phosphate level in plasma. Thyrocalcitonin possesses 
an important phosphaturic effect. 
We thank J. F. Staub for his technical assistance. 





GERARD MILHAUD 
MouHSEN S. Movuxyrar* 


Isotope Laboratory, 
Pasteur Institute, 
Paris. 


_* Chargé de Recherches [.N.S5.E.R.M. 


ah Hiei e D Gauthier, G. F., and Munson, P. L., Endocrinology, 78, 244 

* Milhaud, G., Moukhtar, M. 5., Bourichon, J., and Perault, A. M., C.R. 
Acad, Sci., Paris, 261, 4513 (1965). 

3 Baghdiantz, A., Foster, G. V., Edwards, A., Kumar, M. A., Slack, E. 
Soliman, H. A., and MacIntyre, I., Nature, 208, 1027 (1964). 

+ Fiske, C. H., and Subbarow, Y., J. Biol. Chem., 66, 375 (1926). 

’ Taussky, H. H., in Standard Methods of Clinical Chemistry, edit. by Seligson, 
D., 3, 99 (Academic Press, New York, 1961). 

* Milhaud, G., Moukhtar, M, S,, Cherian, G., and Perault, A. M., C.R. Acad. 
Sei., Paris, 262, 511 (1966). 

3 Kenn D., and Heiskel, C. A., Proe. Soc. Exp. Biol. and Med., 120, 269 


e 































_ Aorticopulmonary Glomus Tissue in the Cat 
Hugues has recently reported a portal blood supply to 
aorticopulmonary glomus tissue in the cat’. The pul- 
monary arterial vasa vasorum, arising from the coronary 
arteries, form an intramural capillary network in which it is 
suggested the blood may come into gaseous equilibrium 
with that in the lumen of the pulmonary artery itself. 
This network is said to drain into venae vasorum which 
supply the aortic bodies. 

Although a schematic representation of the hypctheti- 
eal portal system is depicted, there is nothing in the 
histological figures or elsewhere to suggest that this is 
more than a speculation. In fact, we have recently 
re-examined the blood supply of the aorticopulmonary 
bodies, and careful scrutiny of serial sections of cat pul- 
monary artery with its associated glomus tissue has failed 
to reveal any such portal vessels. Hughes also states 
that the large arteries—said by previous workers to 
supply the aortic bodies—are not in fact end arteries but 
pass straight through the glomus tissue, the glomus 
being supplied instead by the portal system he has 
described. In our experience this is not the case. In 
- geveral of our experiments we found an aortic body which 
< had a single (relatively large) artery which was traced in 
continuity from a systemic source. On histological 
examination, the vessel could be traced through many 
‘sections as it divided into the small vessels of the body. 
© In a series of new-born kittens the systemic and pulmon- 
“ary arteries of which were injected with masses of con- 
=. trasting colour, some aortic bodies were supplied by a 
single branch of the pulmonary artery. The vasculature 
of these bodies contained the pulmonary injection mass 
but none of the systemic injection material that would 
have been present if the portal system described by 
Hughes had existed. As post-natal development pro- 
ceeds, anastomoses develop between this pulmonary 
vessel and certain systemic arteries; finally, the pul- 
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Physiological evicence for the existence of pulmonary 
arterial chemoreceptors was obtained by Duke et alt. 
With the help of hes portal system, Hughes avers, it is 
possible to reconcile the findings of Duke et al. with the 
absence of a direct blood supply from the pulmonary 
artery to glomus tissue in the adult animal. On the 
contrary, this coulc not possibly explain the results of 
Duke et al. In one set of experiments these mvestigators 
recorded action poventials while perfusing the isolated 
pulmonary artery alone. Because there was no circulation 
of blood in the systemic vessels, there can have been no 
flow through the ccronary arteries nor through the vasa 
vasorum of the pulmonary artery. It is true that Duke 
et al. did perfuse the systemic circulation in a second 
series of experiments in which reflex effects were examined, 
but, as the blood wes usually pumped mto the rostral end 
of the brachiocephalic artery, there can again have been 
no flow through the coronary arteries, nor through the 
hypothetical portal system. 

A number of other points in Hughes’s article merit 
some comment. 

(1) Contrary to Hughes’s interpretation, the existence 
of a pulmonary arterial blood supply to a particular group 
of aortic body tissee in the foetus, while interesting, is 
not evidence of its unction as a chemoreceptor. 

(2) No evidence is advanced to substantiate the report 
of chemoreceptors in the retroperitoneal tissues. 

(3) The analogy drawn between aortic bodies (vascular 
chemoreceptors) an adrenal medullary (endocrine) tissue 
is erroneous. The term “glomus”, which is generally well 
understood in the context of chemoreceptor tissues, 
should not be used for the endocrine system and such 
usage only serves tc reintroduce confusion into a nomen- 
elature which had been reasonably clarified*». 
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Reflex Regulation of Gill Water Flow 
(Ventilation) in Squalus acanthias 


THE factors regulating the volume flow of water through 
fish gills are obseure. This communication describes a 
mechanism which serves this function in the elasmo- 
branch. 

These studies were performed in the dogfish shark, 
Squalus acanthias. Three animals were studied. The 
animals were removed from water and plastic cannulae 
were inserted into their sptracles. These cannulae were 
connected to a sea water reservoir so that the rate of gill 
flow could be varied by appropriate manipulation of a 
valve controlling tae flow from the reservoir. Effluent 
water from the gills was collected by means of a funnel 
and the volume measured directly in a graduated cylinder. 
Opercular rate was determined by direct observation. 

The data are summarized in Fig. 1. The opereular 
rate (15-44/min) varied more or less directly with the 
rate of flow of water through the gills (0-08-2-60 1./min) 
over a wide range. This mechanism operates so that 
when a given volume (or pressure) is attained inside the 
respiratory chamber of the fish it results in a respiratory 
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Opercular rate (movements/min) 





500 1,060 


GIU flow (L/min) 


1,500 2,000 2,500 


Fig. 1. 






veffort as shown by opercular movement. This suggests 
that the major adjustment of gill ventilation occurs by 
modification of the respiratory rate rather than by the 
volume of water flowing through. The nature of the 
atimulus for this reflex {pressure as compared with 
volume), the receptors and central connexions are not 
‘known. Its function, however, appears to be analogous 
hat of the Hering-Breuer reflex in mammals. 

his work was supported by a grant from the National 
stitutes of Health, Bethesda, Maryland. 
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= Chondromucoprotein-degrading Enzymes 
chondroitin sulphate-protein complex ‘of cartilage, 
idromucoprotein!, is normally unable to diffuse out 
he tissue, but can be released in a soluble form by 
re mechanical disruption of the tissue or in vivo by 
chemical degradation, for example, by papain?. Other 
enzymes capable of degrading chondromucoprotein so 
thet it may be lost from the intercellular matrix are 
present in lysosomes®, and these enzymes may play an 
important part in the pathological deterioration of carti- 
lage. It seems probable that the lysosomal enzyme 
activity involved is of the acid protease type*:+, but 
hyaluronidase®:* or xylosidase* may also be implicated. 
In the past the most widely used method for detecting 
and estimating the degradation of chondromucoprotein 
nzymes has been viscometry®, but this is unsatisfactory 
erude protein mixtures owing to precipitation of 
chondromucoprotein by oppositely charged protein mole- 
gules at acid pH’, and also because of spontaneous altera- 
tions in the viscosity of chondromucoprotein solutions. 
Viscometry is also ill-suited to problems such as the 
localization of small quantities of enzyme after disk 
electrophoresis. A new method is described here. 

A polyacrylamide gel containing 7 per cent (weight/ 
volume) of polymer’? was modified by the inclusion, 
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before polymerization, of z ‘chondromucoprotein. (005 


per cent of light protein-polysaccharide—-prepared from 
bovine nasal septum?4). Gel columns 5 mm in diameter — 
were cast in glass tubes and sliced transversely with a 
razor blade to form disks about 1-5 mm thick. The disks its 
were stored under sodium acetate buffer (pH 4-0, 01M = 
containing 1 per cent n-butanol) at 4° C until required. 
A preparation of particle-bound enzymes was made: age 
follows: livers from freshly killed rabbits were passed -` 
through a cold mincer and mixed with iced 0-25 M sucrose. 
solution, The tissue was then homogenized and a pellet > 
of mitochondria and lysosomes was prepared by differens 
tial centrifugation®. The pellet was treated with a large ~ 
volume of acetone at 4° C and the solid material was then. 
filtered off and dried under reduced pressure. The acetone 
powder was stored at 4° C. e 
A crude enzyme preparation was obtained by extrac: = _ 
tion of the powder (10 mg/ml.) with acetate buffer (pH oe: 
sroups of disks were shaken for 16 h at 37°C with > 
acetate buffer (0-25 ml.; pH 4-0, 0-2 M) and enzyme 
preparation (0-25 ml.). Control groups were incubated 
with buffer in place of enzyme. The gels were then placed — 
in the destaining tubes of a disk electrophoresis apparatus, 
and electrophoresis was carried out at 8 m.amp per 
tube (30 min) with acetic acid (7 per cent vol ume/ volume) 
as electrolyte. The disks were then stained in alcian blue 
(1 per cent in 7 per cent volume/volume acetic acid) for 
15 min, rinsed with water, and returned to the destaining 
tubes of the disk electrophoresis apparatus. Unbound 
dye was removed electrophoretically with acetic acid 
electrolyte. i 
Undegraded chondromucoprotein was completely im- 
mobile when trapped in the polyacrylamide gel, and intense 
staining was obtained in the absence of degrading enzymes: 
(Fig. la). On the other hand, gels that had been incubated. 
in the presence of the enzyme preparation showed only 
the faintest staining (Fig. 1b); this is attributed to the. 
fact that free chondroitin sulphate is mobile in this gel. > ae 














ít & 


Pig. 1. Disks of polyacrylamide gel, containing chondromucoprotem, — ee. 
stained with alcian blue after incubation at pH 4-0 with (a) buffer alone, sine, Ss 
or (6) a buffered extract of particle-boand enzymes (see text). FD OO Cah oct 


The stained disks could be stored, at least for several: 
months, without deterioration. The method has been used 
qualitatively to locate enzymes capable of degrading 9 
chondromucoprotein in effluent fractions from chromato- 
graphic columns, but experiments are in progress to < > 
modify the method for quantitation by spectrophotometey. 

An adaptation of this method has made it possible to = 
locate enzymes which are responsible for the degradation = 
of chondromucoprotein after disk electrophoresis, in a 
manner analogous to that which has been applied to 
deoxyribonucleases!*, Disk electrophoresis gels were 
prepared in the usual way, but with the inclusion. of 
chondromucoprotein (0-05 per cent) in the small-pore gel. 
The enzyme sample {E 1 em/280 mi = 20) was obtained 
by concentration of the crude preparation described 
earlier, by means of ultrafiltration, followed by dialysis ` 
against a tris chloride buffer (pH 8-6, 0-01 M). A portion 
(0-04 ml.) of this preparation was applied to each gel. 
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After electrophoresis the gels were removed from the 
tubes and each was halved by a longitudinal cut (with an 
apparatus based on that of Fairbanks et al.™). Half of 
each gel was stained with naphthalene black to show the 
distribution of protein (Fig. 2a), while the other was placed 
in an ice-cold acetate buffer (pH 4-0, 0-1 M) for 30 min, 
and then in a fresh portion of the same buffer for 30 min 
at 45° C. After incubation the gels were equilibrated with 
ice-cold stock tris-glycine buffer!’ diluted 1 : 20 and then 
returned to the destaining tubes for electrophoresis at 
8 m.amp per tube (30 min) with the buffer system of 
Boyd et al.'*. They were then stained with alcian blue, 
and destained electrophoretically. Enzyme activity was 
visible as a rather broad, clear zone in the otherwise 
blue gel (Fig. 2b). The mobility of this zone was approxi- 
mately equal to that of the transferrin band in a standard 
run simultaneously. 





b 


Fig. 2. Half gels showing the result of disk electrophoresis of a prepara- 

tion of mitochondrial-lysosomal proteins. a, Stained with naphthalene 

black; b, stained with alcian blue, as described in the text, to demonstrate 
chondromucoprotein degrading activity. 


Apart from its application to the study of enzymes 
responsible for the breakdown of chondromucoprotein, 
the method described here is of interest as a possible 
model for the way in which chondromucoproteir. is held 
in cartilage. The large molecules of the complex may sim- 
ply be trapped in a three dimensional network of collagen 
fibrils so that they cannot be released intact except by 
destruction of the network. 

Previously work*:*, indicating that chondromucopro- 
tein-degrading activity is present in lysosomes, is supported 
by the results described here, and it is hoped that, by 
use of the new methods described, it will be possible to 
gain further knowledge of the enzymes involved. 

I thank Dr. J. T. Dingle and Dame Honor Fell for 
advice and encouragement. This work was carried out 
during the tenure of a Medical Research Council junior 
research fellowship. 
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Collagen Levels in Tendon of Wounded 
and Unwounded Animals 


Ir was reported by Peacock! that the skin of rats bearing 
a 6 cm skin incisiom shows a small increase of collagen 
soluble in salt at si-es distant from the lesion. Houck 
et al. found, apparently in contrast, that skin distant 
from an area of necrosis mediated by croton oil lost salt- 
soluble collagen. Nevertheless, here the fall in dermal 
collagen was accompanied by a loss of collagen from the 
lesion itself, while in the former experiment both wound 
and distal skin collagen increased during the period of 
observation. Smith and Wogensen® could find no signifi- 
cant decrease of total collagen in the skin of rats distant 
from a croton oil injury. Adamsons et al.* found a sus- 
tained rise in skin collagen in rats distant from a large 
paramedian incision. Recently, Houck® has postulated 
that a previously observed rise in acid-soluble collagen 
in skin distant to a eroton oil injury results from labiliza- 
tion of insoluble colagen by a collagenase, which itself 
shows a fall in concentration®. 

In connexion witk a programme of research concerning 
the dynamics of chemical composition of various tissues 
in animals carrying lesions of connective tissue, we have 
measured the quantity of hydroxyproline in tail tendon 
of rats with a dorsal skin wound. The results are now 
reported. 

Three experimen’s were performed. In each case, 
actively growing rats weighing 130-140 g were arranged in 
groups of four. The groups of four were matched in pairs 
having as nearly as Dossible the same average weight, one 
group of four in each pair being set aside for testing with 
the lesion, and the ether as a control. A separate group 
of four rats was kiled on the same day as the infliction 
of the wound on tae test animals. (This was a 6 cm 
incision through the dorsal skin and panniculus along 
the line of the vertebral column. As an extra irritant, a 
polythene tube 3 əm long (external diameter 6 mm, 
internal diameter 4 mm) was buried in the cavity, which 
was then closed with five or six Michel clips.) One group 
of wounded animals and one group of controls were killed 
on selected days. Im the second experiment only female 
rats were used, but in the first and third experiments, 
because of supply difficulties, each group of four rats was 
composed of two males and two females in the 130-140 g 
range. Growth rates were significantly lower in the 
wounded rats up to the fourth day after wounding. 
Thereafter no diffrence was apparent between test 
animals and the controls. After the animals had been 
killed, 0-2-0-3 g tendon was removed from the tails. 
Hydroxyproline was assayed by the Leach modification’ 
of the Neumann—Legan method. 


HYDROXYPROLINE CONTENTS OF TAIL TENDON FROM WOUNDED 
AND CONTROL RaTs* 


Table 1. 
Days after 


wounding Expesiment Control animals Wounded animals 
0 28-41+3°55 — 
0 £ 36-18 + 2-79 
0 z 99:5 +45 — 
4 2 33-2 +16 352 +222 
4 2 116-0 +43 1222 +4-4 
5 FA 25°35 + 3°6 313 +1-85T 
7 s 37:7 +172 44-2 +1-94łt 
7 3 104-4 +31 1200 +2-9ł 
10 i 281 +065 33°25 4+1-75T 
10 2 ®* 41:0 +1-63 390 + 2-85 
10 3 954 +39 108-3 +38-5t 
15 i 31-5 +163 38:1 + 3-07 
15 e 43:5 +1-89 355 +202 
15 E 1061 +3-3 113-8 +1-2 
* Results from three experiments, expressed as mean value + standard 
error of the mean. For experiments 1 and 2, values are mg per g fresh tissue, 


and for experiment 3 mg per g dry weight. 
+ Significantly differen’ from control (P < 0-05). 


The results are presented in Table 1. There is a transitory 
but significant rise in tendon collagen in the wounded 
animals, apparent between the fifth and tenth days after 
wounding. The results for tendon therefore parallel 
those of Peacock? and Adamsons et al.‘ for skin. 
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_. The implications. of a rise in collagen in connective 
tissues distinct from those bearing the actual lesion are 
of great interest. It appears that in the early stages of 
_. response to injury, the body proteins may be classified 
-into three groups: (a) those which do not maintain their 
‘normal tissue concentration and are depleted; (b) those 
which maintain their normal concentration; and (c) those 
which exhibit an elevated concentration. In category (a) 
_. will fall muscle proteins®, in (6) proteins from liver®, and 
- in-(c) we can at the present moment place only collagen. 
The humoral or other factors controlling this multiple 
response must be quite complex. 

I thank Mr. J. C. Lai for his technical assistance, and 
Dr. Y. E. Hsia for helpful discussions. 
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Effect of Dipicolinate on the Heat 

0 Denaturation of Proteins 
JMPICOLINIC acid (DPA, pyridine-2,6-dicarboxylic acid) is 
nthesized during sporogenesis in spore-forming bacteria 
excreted during germination as the calcium salt. 
resistance of spores has long been thought to be 
ciated with the presence of DPA. Church and H&alvor- 
_teported a quantitative relationship between heat 
stance and DPA content in spores. Black et al.? found 
at at a. concentration of DPA greater than 50 ug/mg dry 
a es the heat susceptibility appears to remain constant 
nee his communication describes the results of experi- 
ts on the heat treatment of proteins in the presence 
he sodium or calcium salts of DPA. Human serum 
min solution becomes turbid when heated at 60°— 
C... However, the occurrence of turbidity in 0-05 per 
solution is completely prevented by 10-3 M of sodium 
A. A similar effect of relatively small amounts of 
um DPA can also be seen in solutions of bdvine serum 
ain, ovalbumin and human serum y-globulin. The 
wing procedure was used for the precipitation test 
< at the isoelectric point. Two ml. of 3 x 10-1 M sodium 
<o DPA was mixed with the same volume of 1 per cent 
~~ bovine serum albumin. The mixture was heated at 65° C. 
‘Then 4 ml. of 0:2 M acetate buffer, pH 4-8, stored at the 
same temperature, was added and the solution was cooled 
for 5 min in water. After centrifugation (3,000 r.p.m., 
15 min), the supernatant was filtered. Two ml. of the 
filtrate was mixed with 8 ml. of the biuret reagent. The 
mixture was maintained at 37° C for 30 min, and the 
optical density was measured at 530 mu. The results 
are shown in Fig. 1. 
urther experiments were carried out with the sul- 
dryl group of proteins. One ml. of 3 x 10 M 

DPA was mixed with 1 ml. of 1 per cent bovine 
m albumin, and then 0-5 ml. of 0-5 M phosphate buffer 
6:8) and 0-5 ml. of 0-01 M potassium ferricyanide 
» added. After heating at 90° C, the solution was 
ed for 5 min in water, and mixed again with 5 ml. 
he phosphate buffer. The optical density of the 
te was measured at 420 mu. The results are shown 
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Percentage of precipitates 





20 40 gü 
Time of heating (min) 
Fig. 1. Precipitation test. The ordinate indicates the percentage of the 


total amount of protein precipitated. Broken line, material with DPA; 
full line, control without DPA. 





Percentage of measurable sulphydry! groups 





ł 2 3 4 5 
Time of heating (min) 


Fig. 23, Appearance of sulphydryl groups, The ordinate indicates the 
percentage of the total amount of sulphydryl revealed. Broken line, 
material with DPA; full line, control without DPA. 


As shown in Figs. 1 and 2, both the precipitation of = 
protein and the numbers of sulphydryl groups measured © 
are decreased by the addition of sodium DPA. Similar- 
results are obtained when calcium DPA is used. These 
experiments indicate that DPA has a preventive action 
on the heat denaturation of proteins. This effect seems - 
likely to be connected with the heat resistance of spores. 
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Inhibition of Protein Synthesis by Cyclo- 
heximide (Actidione) in Chlorella 


Cycloheximide is an antibiotic produced by Streptomyces - San 
griseus. It inhibits the growth of fungi", algae*, protozoa’ => 
and higher plants®, but has no effect on bacterial growth!.In > = 
yeast cells? and mammalian cells? cycloheximide inhibits 
both protein and DNA synthesis simultaneously, whereas —— — 
the inhibition of RNA synthesis is delayed. With intact 

cells, it was not possible to resolve the controvers 
whether the primary effect of cycloheximide was on 
synthesis of deoxyribonucleic acid or on the synthesi 
protein. Investigations with extracts free of cell 
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however, showed that the primary effect of cycloheximide 
was to inhibit synthesis of protein, and that it did this by 


preventing the transfer of the amino-acids from the. 


sRNA~amino-acid complex to the polypeptide chain. 

Although growth of algae is also sensitive to cyclo- 
heximide, so far as I am aware there have been no investi- 
gations of the mechanism of its action in these organisms. 
Features of cycloheximide inhibition in the green alga 
Chlorella pyrenoidosa have therefore been examined and 
the results show that the primary effect is an inhibition 
of protem synthesis and that inhibition of both DNA and 
RNA synthesis is delayed. 

Chlorella pyrenoidosa, strain 211/8 p (the name of this 
organism has recently been changed from C. vulgaris"), 
was grown under conditions described previously™ with 
ammonium sulphate as the source of nitrogen. After 
4 days growth (by which time the cultures had reached 
the stationary phase of growth) the cells were collected 
by centrifugation, washed once, resuspended in medium 
free of nitrogen and the cell density adjusted to 5 mg 
dry wt. per ml. 

The experrmments were carried out in darkness at 25° C 
with ammonium sulphate (0-003 M) as the source of 
nitrogen and glucose (1 per cent) as the source of carbon. 
Protein synthesis was measured by following the incorpora- 
tion of 4C-phenylalanine into the protein fraction, and 
nucleic acid synthesis was measured by following incor- 
poration of +4C-adenine into the DNA and RNA fractions. 

Fractionation of the cells in experiments which mvolved 
phenylalanine was achieved by suspending the cells 
successively ın 75 per cent ethanol, absolute ethanol 
(100° C for 2 min), trichloroacetic acid, ether, and then 
hydrolysing with N sulphuric acid at 100° C for 3 h. 
After centrifugation, the residue (that is, the protem 
fraction) was resuspended in 50 per cent ethanol, 0-1 ml. 
was plated on to a ground glass disk and the radioactivity 
counted. Fractionation of the cells in those experiments 
utilizing radioactive adenine was carried out by the 
method of Smillie and Krotkov1*. Preliminary experi- 
ments confirmed the validity of this method. Thus 
when “C-phenylalanine was supplied and the cells frac- 
tionated by the method of Smillie and Krotkov, less than 
3 per cent of the radioactivity incorporated could be 
detected in the nucleie acids, which indicated that there 
was little contamination between the protein and nucleic 
acid fractions. Also, when 'C-uracil was mecorporated, 
no radioactivity could be detected in the DNA fraction. 

Growth of Chlorella 1s inhibited by cycloheximide at a 
concentration of 0-25 pg/ml. Protein synthesis ın resting 
cell suspensions (as measured by the incorpora- 
tion of 44C-phenylalanine) is inhibited by about 
70-80 per cent at a concentration of 2-5 ug per 
ml. (Fig. 1). Increasing the concentration of 
antibiotic up to 20 pg/ml. has no significant 
effect on the degree of mhibition. The inhibi- 
tion of protein synthesis seems to be a primary 
effect because 1t can be detected within 15 min of 
adding the inhibitor, and there is no significant 
increase in the degree of inhibition with time. 

Comparable inhibition of protein synthesis 
has been observed when “CO, (under photo- 
synthetic conditions) or “C-(U)-glucose is 
assimilated. These experiments also show that 
cycloheximide has no inhibitory effect on the 
synthesis of polysaccharide or on the respiration 
of glucose. 

Nucleic acid synthesis as measured by the 
incorporation of 14C-adenine is also inhibited by 
cycloheximide (there is no inhibition of incor- 
poration into the cold-acid-soluble fraction). 
The inhibition is not immediate, however, and 
inhibition of RNA synthesis is mora delayed Fig. 2. 
than is that of DNA (Fig. 2). Thus if incor- 
poration is measured after 30 min, cycloheximide 
at a concentration of 3 ug/ml. does not in- 
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Fig 1. The effect of cyelchexumide on the incorporation of “C-pheny!- 

alanine mto the protein fraction of Chlorella The cultures were shaken 

in the dark in the absence of cycloheximide (©) or ın the presence of the 

antibiotic at final concensrations of 05 (x),10(O),15(A&) and 25(A) 

gimi “C-Phenylalanin= (a final concentration of 4 0 mM and a specific 

activity of 03 uc./mmoz.es) was added at zero time and 3 ml. samples 
withdrawn at suitable time intervals. 


hibit RNA. synthesis, whereas DNA synthesis is ın- 
hibited by about 3C per cent. The corresponding figures 
after 90 min are 20 and 50 per cent, and after 2h RNA 
synthesis ıs inhibited by about 35 per cent and DNA 
synthesis by about 70 per cent. Inhibition of nucleic 
acid synthesis 1s also delayed when incorporation 
of 4O-glycine is measured. In such experiments, 
however, the delay is shorter than when adenine incorpora- 
tion is measured. This shorter delay presumably arises 
because purine biosynthesis is also sensitive to cyclo- 
heximide. Although no direct evidence for this has yet 
been obtained with Chlorella, the idea of indirect mbhibi- 
tion of purme biosynthesis by cycloheximide agrees with 
the results which Widuczynski and Stoppani obtained 
with yeast cells. 

Thus, the inhibitory effect of cycloheximide in Chlorella 
appears to resemble that in yeast and mammalian cells. 
That is, the primary effect is an inhibition of protein 





1:0 20 
Cycloheximide concentration (ug/ml } 
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, The effect of cycloheximide on the incorporation of }4C-adenine into (a) the 
RNA and (b) the DNA fractions The cultures were shaken in the dark in the presence 
of various concentrations of eycloheximide, 1*O-adenme (a final concentration of 10-7 M 
and a specific activity of 30 mc. mmule) added at zero time and 3 ml. samples were 
withdrawn after 80 (@), 90 (x) and 120 (O) . =m f T 
incorporation into protein after 30 min (for details see legend to Fig. 1). 
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synthesis, whereas inhibition of nucleic acid synthesis is 
indirect. 
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Role of Glucose 6-phosphate in the Synthesis 
of Glycogen by the Rat Liver in vivo 


Since Leloir and Cardini! showed that glycogen was 
synthesized from uridine diphosphate-glucose (UDPG) by 
liver extracts, it has become commonly accepted? that 
the normal mechanism of glycogen synthesis in liver and 
muscle does not involve a reversal of the phosphorylase 
reaction but the following sequence of reactions: 


Glucose + ATP Po Glucose 6—PO, + ADP 


Glucose 6— PO, Pupephoglucomutas ©. Glucose 1— PO, 


EE eee ee te eet, Se am aa 


UTP + Glucose 1— PO, EEG Dysepnoephonyee upPeé + 
pyrophosphate 


á AN Glycogen + UDP 
Bynthetase 


Figueroa eż al.* (and others referred to in ref. 4) working 
with rat liver preparations have suggested that the 
hexokinase reaction is not an obligatory step in the 
synthesis of glycogen from glucose. Petrova’ working 
with liver slices and Beloff-Chain et al.* studying the 
uptake of glucose by the rat diaphragm have reached 
simular conclusions. Experiments in vivo reported here 
lend support to these latter suggestions. : 

4C-glucose was injected intravenously into rats and 
the livers rapidly removed into liquid nitrogen 10 min 
later. Fractionation of a perchloric acid extract of the 
liver on “Dow I’—formate resin’? followed by paper 
chromatography enabled the specific activities of liver 
glucose, glucose 6-phosphate, UDPG glycerophosphate 
and lactic acid to be determined (Table 1). 


UDPG + primer 





Table 1, Ratio OF Spromic Activity PER CARBON ATOM IN LIVER 


METABOLITES TO THAT IN LIVER GLUCOSE 


UDPG eee Glycerophosphate Lactic acid 
Ronal fed rats 064640082* 0291+ 0-017 0 224+0012 0244+0 032 
Fasted 0 597 0:392 _ — 
Anagesthetized 0 770 0-371 —_ — 


* Results are means S.E. 
t Number of rats in parenthesis. 


If glucose 6-phosphate occupies the position in the 
sequence glucose—>glycogen indicated above, then its 
specific activity should at least be equal to that of UDPG 
at this time. A conclusion in support of the claim made 
by the workers already mentioned that glucose 5-phos- 
phate is not a direct intermediate in the synthetic route 
glucose to glycogen could be drawn from these data. 
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Other possibilities for consideration are: | 

(1) Glucose 6-phosphate compartmentation, that is, the 
glucose 6-phosphate initiating glycolysis, 1s separated 
from that involved in glycogen synthesis. This is perti- 
nent because it has recently been shown® that two distinct 
enzymes are involved in the initial phosphorylation of 
glucose. The specific activities of a-glycerophosphate and 
lactic acid are only slightly lower than that of glucose 
6-phosphate and it can be calculated from the data that 
14 per cent of the glucose 6-phosphate pool should have a 
specific activity equal to that of UDPG and the remainder 
equal to that of the glycolytic intermediates, «-glycero- 
phosphate and lactic acid. If phosphorylation of 
unlabelled glycerol from triglyceride degradation by liver 
glycerokmase were to occur, then the specific activity of 
a-glycerophosphate would be lowered relative to glucose 
6-phosphate and the size of the glucose 6-phosphate pool 
involved in UDPG synthesis calculated here would be 
even. lower. 

(2) Breakdown of liver glycogen, when the animals are 
being killed, by phosphorylase to provide an unlabelled 
source of glucose 6-phosphate from glucose I1-phosphate 
by phosphoglucomutase. This possibility has been 
investigated in a rat fasted for 24 h the glycogen reserves 
of which are much lower than those in fed rats and by 
taking a liver sample from a rat in which the injection of 
14C-glucose and subsequent operations were performed 
under ether anaesthesia. The ratios of the specific 
activities of glucose 6-phosphate to UDPG were not 
grossly different in these rats from those m the fed 
unanaesthetized rats. Neither of these experiments 
suggested that glycogen provides unlabelled glucose 
1-phosphate. 

These results obtained from im vivo experiments lend 
some support to the suggestions based on evidence 
obtained in vitro that glucose 6-phosphate is not an 
obligatory intermediate in the direct pathway from 
glucose to UDPG in rat liver, and also that glucose 
1-phosphate derived by the action of phosphoglucomutase 
on this glucose 6-phosphate is similarly not a precursor of 
UDPG. Because glucose 1-phosphate is the only known 
precursor of UDPG, at least two pools of glucose 1-phos- 
phate should exist, the average specific activity of which 
is unpredictable because the contributions from the 
different sources are unknown. 

The labihty of glucose 1-phosphate prevented its 
isolation by the present technique; however, the relation- 
ship of the specific activity of glucose-l-phosphate to 
that of glucose 6-phosphate and UDPG requires investi- 
gation in order to resolve the problem of the initial 
reactions of glucose which oceur before metabolic con- 
version to glycogen and carbon dioxide. 
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Use of Sudan Black as an Indicator of 
Vitamin D on Thin-layer Chromatograms 


Tue chief problems in the accurate analysis of vitamin D 
in natural products by physico-chemical methods are: 
(a) the elimination of large quantities of interfering 
sterols, vitamin A and other carotenoids; (b) the need to 
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measure minute amounts of vitamin D by a reproducible 
and specific technique. 

The structural differences between vitamin D and other 
related sterols, such as cholesterol, 7-dehydrocholesterol 
or ergosterol consist only in the presence of one or two 
methyl groups in the side chain and an extra double-bond 
in the open ring B of the penteno-phenanthrene moiety. 
The resolution of these sterol mixtures by column adsorp- 
tion chromatography is thus not easily effected!. Paper 
chromatography has been investigated extensively as a 
means of separating sterols and carotenoids present in 
animal tissues from minute quantities of vitamin D. 
Because conventional partition technique is generally 


unsuitable for these strongly lipophilic substances, a 


reverse-phase system using paraffin impregnated paper 
and an aqueous organic solvent is preferred?. The use of 
acetylated paper with benzene~methanol mixtures has 
not been fully explored’. Mayer et al.t have shown that 
the instability of vitamin D is accentuated on exposure to 
high alcoholic dilutions or in spots on paper impregnated 
with paraffin. 

Our own recent attempts at the gas-chromatographic 
separation of vitamin D and cholesterol have not been 
successful. However, thin-layer chromatography (TLC) 
using ‘Silicagel G’ (Merck) and chloroform as solvent was 
found suitable. Vitamin D was found to be unstable if 


left in the dry state on the active layers. It was therefore . 


necessary to place the ‘‘chromatoplate’” in the solvent 
tank immediately after applying the solution containing 
vitamin D, and also to extract the vitamin from the plate 
immediately after chromatography. When this was done, 
quantitative recovery of 30 ug of vitamins D, and D, was 
obtained. 


Table 1. MOVEMENT oF SUDAN BLACK, VITAMIN D AND CHOLESTEROL ON 
THIN-LAYER CHROMATOGRAMS AT DIFFER ENT TEMPERATURES 


Vitamin D Cholesterol 
Tem- Res Standard R, ndard 
perature Rr value error of Rp value error of 
in °C value (mean) mean value (mean) mean 
4 0-45 0-24 0:0003 0 32 0-68 0 001 
23 0-40 0 97 0-002 0:30 O77 0 003 
27 0-41 0 98 0-002 0-30 076 0-005 


R, value is distance run in relation to that of Sudan black. 


During chromatography of colourless substances, such 
as vitamin D and other sterols on thin layers, we considered 
using reference dyes which have Ry values similar to 
that of vitamin D. A fat-soluble dye, Sudan black, was 
found to have several components, one of which behaved 
like vitamin D when run on TLC as shown in Table 1. 
Thus, by running a dye spot alongside the vitamin D, 
it was possible to predict its position on the plate without 
the application of locating reagent. The adsorbent on the 
plate containing vitamin D was collected in a “zone 
extractor’’> constructed from a glass column {10 x 1 cm) 
incorporating a sintered glass filter disk (porosity 3). The 
vitamin, was eluted with chloroform, and a modification 
of the method of Nield, Russell and Zimmerli® was used 
to detect it. It proved impossible by this procedure to 
locate less than 0-5 ug of the vitamin. 

This work was carried out in the Department of 
Pathology, University of Manchester. I thank the 
Federal Nigerian Government for assistance during this 
period and Prof. O. Bassir of the University of Ibadan, 
Nigeria, for helping in the preparation of this manuscript. 


F. O. OSTYEMI 
Department of Biochemistry, 
Universıty of Ibadan, 
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Tritiated Angiotensin : Preparation and 
Purification 


THE preparation of tritiated angiotensin with a specific 
activity of 300 ue./mz in 40 per cent yield was reported 
earlier’. This peptids was purified by chromatography 
on carboxymethyl cellulose followed by electrophoresis 
on paper at pH 2-1. While electrophoresis on paper gave 
a pure product, the procedure 1s tedious and time con- 
suming, especially for the preparation of larger amounts. 
An improved method of purifymg tritiated angiotensm 
substituting partition chromatography on ‘Sephadex 
G-25’ for paper electrophoresis permitting larger samples 
to be readily purified has been elaborated. A simular 
chromatographic procedure has been used by Yamashiro? 
for purification of oxytocin. The procedure is illustrated 
with angiotensin tritiated by the Wilzbach technique? 
rather than the spark discharge procedure used earlier?. 

The starting material, 50 mg of asparagme’—valine’— 
angiotensin II (suppled by Dr. R. Schwyzer), was placed 
under 3 c. of tritium gas at a pressure of 250 mm of 
mercury at 27°C. After exposure for 2 weeks, the peptide 
was dissolved in a few millilitres of 0-1 N acetic acid and 
evaporated to dryness under a stream of nitrogen. This 
was repeated three times to remove exchangeable tritium. 
The residue was then dissolved in 5 ml. of the upper 
phase of n-butanol—acetic acid—water (4:1: 5) solvent 
system and applied to the ‘Sephadex’ column. 

The column was prepared as follows: ‘Sephadex G-25’ 
(coarse) was mixed with the lower phase of the solvent 
system and was allowed to stand for about 4 h. To 
remove entrapped air, the flask was evacuated to-about 
20 mm of mercury pressure for 20 min. The slurry of 
adsorbent was poured into a glass chromatograph tube 
22 mm in diameter partially filled with the upper phase 
of the solvent system. After the particles settled by 
gravity, the upper phase of the solvent was passed 
through the column until the excess water (lower phase) 
had been removed. The finished column was 700 mm 
high. 

The column was ceveloped with upper phase solvent 
and the effluent was collected in 6-3 ml. fractions. Frac- 
tions 85-115 contained the angiotensin and gave a single 
radioactive peak on paper chromatography using the same 
solvent system. It was shown to be heterogeneous, how- 
ever, by paper electrophoresis at pH 2'1 (ref. 4). The 
peptides of these combined fractions were further separated 
on carboxymethyl csllulose as described previously! to 
yield 7-85 mg (15-7 per cent) of homogenous angiotensin 
with a specific biological activity of 12 pressor units 
(ref. 5) for eagh nancgram and a specific radioactivity of 
104 me./mg. 

This partition column has been applied to samples 
tritiated by the spark discharge procedure used earlier’, 
and the yield of peptide, biological activity and radio- 
activity of the final product was similar to results pre- 
viously reported. A modified spark discharge procedure, 
in which the gas pLase consisted of 3 c. of tritium at 
10 mm of mercury pressure and 4 c.c. helium, gave a 
crude peptide sampls containing less than 5 per cent of 
the radioactivity of a similar sample run without the 
helium (these tritiasions were carried out by Dr. T. 
Sullivan). Thus, the spafk discharge procedure pre- 
viously reported remains the preferred method of intro- 
ducing tritium into angiotensin IT. 

Radıolysis of tritiated angiotensin into several peptides 
has been observed when the peptide was stored in 0-1 N 
acetic acid at 3° C fo? more than a year. This destruction 
of peptide can be prevented by addition of 0-1 per cent 
ascorbic acid to a 0-1 M acetic acid solution of peptide. 
After 1-5 years of storage of such solutions only 5 pur 
cent of the radioactivity was not contained in angiotensin 
as demonstrated by paper electrophoresis. 

This work was suDported in part by grants from the 
National Heart Institute and the American Heart 
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We thank Miss Geri Locker for technical 
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Glass Microelectrodes : the Origin and 
Elimination of Tip Potentials 


ONE of the most important artefacts in electrophysiology 
is the microelectrode tip potential!:*. Its existence pre- 
cludes accurate determination of cell membrane resting 
potentials, particularly with extracellular solutions of 
low ionic strength where the error may be as large as 
50 mV. Adrian‘ found that the tip potential of electrodes 
filled with 3 M potassium chloride was logarithmically 
related to the external concentration of sodium chloride 
or potassium chloride (in an inverse way) and correlated 
with electrode resistance (correlation coefficient - 0:7). 
It was concluded that tip potentials are junction potentials 
produced by some substance blocking the tip of the 
electrode, reducing the mobility of the chloride ion and 
exaggerating the difference of mobility of the sodium and 
potassium ions. This communication 1s primarily con- 
cerned with a simple method for eliminating tip potentials 
and with an extensive series of observations on the tip 
potential phenomenon. Š 

The major group of observations was made with 3 M 
potassıum chloride electrodes pulled from ‘Pyrex 7740 
tubing and filled by the aleohol—distilled-water—potassium 
chloride method. Measurements of tip potentials were 
made with a silver-silver chloride reference electrode 
system and either a Keithley 610A electrometer or a 
Grass P6 DC preamplifier. Woe define the tip potential 
as the difference between the total circuit electromotive 
force before and after breaking the tip of the micro- 
electrode, with the sign of the trp potential taken as that 
of the inside of the electrode relative to that of the outside 
solution. The results for 558 electrodes are shown in 
Table 1. Because of the correlation of electrode resist- 
ance with tip potential, only electrodes of resistance 
1-10 megohms in 100 mM external solution are included. 

In the first place it is seen that the experiments of 
Adrian are confirmed, and in the second it is seen that 
appropriate trace concentrations of thorium chloride can 
eliminate the tap potential and that physiological con- 
centrations of calcium chloride significantly reduce it. 
It is also seen that at certain concentrations of thorium 
chloride the sign of the tip potential may be reversed. 
We have observed that frog sartorius muscle fibres can be 
soaked for 1 h in Ringer’s solution containing 100 pM 
thorium chloride without ary observable effect on either 
resting or action potentials. This is about ten times the 
concentration needed to eliminate tip potentials. 

Several other observations are pertinent to the interpre- 
tation of the results in Table 1. (1) If electrodes are filled 
with 10 mM salt solution and exposed to an identical 
solution, substantial tip potentials (for example, 10 mV) 
both positive and negative can be measured. The high 
electrode resistances (10° ohms or greater) prevented a 
quantitative analysis. (2) If electrodes are filled with 3 M 
potassium chloride containing 10 uM thorium chloride 
end no thorium chloride is present in the outside solution, 
the tip potentials are not affected. (3) If ‘Pyrex’ glass 
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membranes approximately 0-lu thick (as evidenced by 
the presence of interference colours) are exposed to water. 
they rapidly change their shape and become soft. We 
believe this is an indication of extensive hydration and 
swelling. It is known that ‘Pyrex’ can absorb 1-8 mg of 
water per c.c. of glass?*. It is probable that the electrical 
resistance of such thin membranes falls by five to ten 
orders of magnitude on. exposure to water. 


Table a MBAN AND STANDARD ERROR OF MICROELECTRODE TIP POTENTIALS 
(IN MV} WITH OUTSIDE SOLUTIONS OF VARIOUS ELECTROLYTE COMPOSITIONS 


Sodium or potassium concentration of ouma. spluuen 


Composition 1m 10 mM 100 mM M 
Naci —33-9+33 ~222420 —-11904+09 -55405 
NaCil+2mM CaCl —126+12 -~-188+11 -1900409 -60+05 
NaCl+10 uM Thi, +50+09 +23410 408409 —-654+04 
KCl —800¢20 ~-203+18 -105+0-7 -50+08 
KCl+2 mM Cael, -153411 ~-1524+14 —103+408 ~51+03 
KCi+10 uM Thi, 4914156 +644+09 —03+09 —49+02 
NaCl+1 aM. ThCl, —~8-6+09 
NaCl +50 uM. Th), +12Ł09 
NaCl -+100 uM Thel, -3 8+06 


Although there are several ways to interpret all these 
observations, we will here discuss only one of them. We 
believe that these results are most simply explained by 
considering the tip potential to have originated from an 
interfacial potential between glass and electrolyte solution 
and that the system can be approximately described by the 
equivalent circuit shown in Fig. 1. It is well known that 
glass-electrolyte interfacial potentials are greatly reduced 
in solutions of high ionic strength’. If electrodes contain 
3 M potassium chloride, the internal interfacial potential 
is practically non-existent. The outside interfacial 
potential, however, can be substantial and will depend on 
the ionic strength and species of 1ons of the outside solu- 
tion. With symmetrical solutions, differences between 
the inner and outer surfaces will cause a net potential 
difference in a manner similar to that presumed for 
asymmetry potentials in glass pH electrodes*’?. Near 
the tip of the electrode the glass wall should be about 
O-ly thick. The critical point in this interpretation is the 
magnitude of change in specific resistivity when glass this 
thin is exposed to water. As has already been indicated, 
our observations suggest to us that extensive hydration 
and swelling occur. The specific resistivity of “Pyrex 
7740’ glass is 1044-1045 ohm em. Where the glass is 0-lu 
thick the areal resistivity is 10°-10!° ohm cm?. If the 
wall is this thin over 252, the dry resistance of the wall 
near the tip would be of the order of 1018-101 ohm. If 
hydration, swelling and perhaps dissolution cause the 
resistance to decrease by ten orders of magnitude, the 
amplitude of the tip potential would be related to a 
voltage-divider network and the observed correlation of 
tip potential with electrode resistance would follow from 





Fig. 1. Equivalent circuit illustrating origin of microelectrode tip poten- 

t als. V, Blectrometer; G, wall of micropipette; Re, resistance of wall 

near tip, Rp, resistance of bulk electrolyte; Rs, resistance of outside 
solution; Re, resistance at trip’ Eg, outside interfacial potential. 
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this. That the correlation is far from perfect is an indica- 
tion that the equivalent circuit in Fig. 1 1s at best an 
approximation. 

So far as the action of thorium is concerned, it is well 
known that glass-electrolyte mterfacial potentials can be 
eliminated by trace concentrations of heavy metal ions 
while electrochemical junction potential differences are 
not affected’. It should be noted in Table 1 that thorum 
chloride produces a reversal of sign. 

We therefore suggest that tip potentials are related to 
interfacial potentials, perhaps according to the scheme 
shown in Fig. 1, but that in any case they can be controlled 
by appropriate concentrations of thorium chloride in the 
extracellular solution. A constant error still remains 
because of the tip potential associated with the intra- 
cellular solution, but for expermments involving variation 
of extracellular ion concentrations, this error is eliminated 
by treating differences rather than absolute magnitudes. 

This work was supported by grants from the U.S. Public 
Health Service and the Dr. Wallace C. and Clara A. 
Abbott Memorial Fund of the University of Chicago. 
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3,4-Dimethoxyphenylethylamine in Schizo- 
phrenia 


Reports of the occurrence of 3,4-dimethoxyphenylethyl- 
amine (DMPE) in the urine of schizophrenic patients are 
attracting imcreasing attention! ?, although some of the 
chromatographic procedures used to detect this amine 
have been criticized as being insufficiently definitive. 
This communication reports an mvestigation in which, 
using two-way thin-layer chromatography, we have failed 
to detect urmary DMPE in any of twenty-two schizo- 
phrenic patients. In seventeen of the patients the illness 
was of recent acute onset, the remaining five having been 
ill for several years. Of the seventeen acute cases. fourteen 
had received no previous medication at all for their 
condition, while the other three had been treated with 
barbiturates only. None of the five chronically ill patients 
had received drug therapy for at least 3 years. No 
dietary restrictions were imposed. 

Twenty-four hour urine collections were made from 
each patient and a volume of 400-500 ml. was adjusted 
to pH 9 with sodium hydroxide solution and extracted 
with chloroform (2x 200 ml.). The dried extract was 
shaken thoroughly with N/1 hydrochloric acid (2 x 10 ml.), 
which was then evaporated to dryness in vacuo. The 
solid residue was dissolved in a small volume of aqueous 
methanol and chromatographed in two dimensions (15 cm 
each way) on silica-gel plates, using the solvents described 
by Kuehl et al.?. Primary amines were located with 
mnhbydrin reagent. As little as 3 ug of DMPE in each 
400 ml. of urine could be detected by this method, as 
shown by adding appropriate amounts of authentic 
amine to urme. 

Initially, in sixteen cases the presence of a purple 
spot in very close proximity to the position indicated 
for DMPE was interpreted as resulting from the latter. 
Subsequent work, m which two chromatograms were run 
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(one with added DMPE) for each patient, however, 
indicated that this spot was not exactly coincident with 
DMPE, and in no case were we able to locate a pink spot 
corresponding to the MPE on the duplicate chromato- 
grams. Furthermore. overspraying the chromatograms 
with Ehrlich’s reagent. as described by Friedhoff and Van 
Winkle‘, failed to demonstrate an orange spot in the 
DMPE position, excapt when this amine had been 
deliberately added. It would thus seem that, in the 
cases we have studied. either excretion of DMPE did not 
occur or that the amounts excreted were below the 
limit of detection of 10-15 ug/24 h. 

This result is surprising in view of the large proportion 
of acute subjects in our sample, a fact which other workers 
have indicated as bsing favourable for detection of 
DMPE. We would tentatively suggest that our use of 
two-dimensional thin-layer chromatography, with its 
excellent resolution and thus reduced probability of 
detecting false positives, plus the definite absence of drug 
metabolites which are known to interfere with detection 
of DMPE, might be important factors in the results 
obtained in this study 
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Recoveries of locine-I3]-labelled lodo-amino- 
acids in the Plesma Protein-bound lodine 
a Assay 


It is the orthodox view that circulating thyroid hormone 
consists mainly of thyroxine (T,), together with small 
amounts of triiodothyronine (T,), while the iodotyrosines 
account for only 0-4 per cent of the total organic iodine!“. 
There have been reports®-*, however, that the iodotyro- 
sines account for 30-&0 per cent of the 1odine in normal 
human blood. In the condition of thyrotoxicosis, quite 
large amounts of dilodptyrosine (DIT) are detected m the 
plasma, although the amount has not yet been precisely 
quantitated? 4.9, 

Most of the reports on the recovery of organic iodine 
compounds by means >f the various protein-bound iodine 
(PBI) procedures refer only to the recovery of iodothyro- 
nines. However, there are two reports!" which suggest 
that there are marked differences in the extents of recovery 
of the iodotyrosines ky the two commonly used protein 
precipitation procedures, namely, the zine sulphate- 
sodium hydroxide (Scmogy1) system and the trichloro- 
acetic acid (TCA) system. 

In view of the increased attention which has been 
given to the possibility of finding greater amounts of 
iodotyrosines in the blood of normal people than were 
previously estimated, we decided to investigate the 
recovery of 10dine-131-labelled monoiodotyrosine (MIT) 
and diiodotyrosine using both the Somogyi and tri- 
chloroacetic acid systems throughout the PBI pro- 
cedure. At the same time, the opportunity was taken to 
re-investigate the reeccvery of iodine-131-labelled T, and 
T,. The recovery of each 10do-amino-acid’ was studied 
after addition to plasma samples of diverse ability to 
bind thyroid hormone. 

Blood was withdrawn from a healthy volunteer, hepa- 
rinized and the plasma separated under conditions free 
of iodine. Plasma containing increased amounts of 
thyroid binding protems (TBP) was obtained by pooling 
specimens from fou: euthyroid, pregnant patients. 
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Plasma containing a decreased amount of TBP was 
obtained from two patients with nephrosis and hypo- 
albuminaemia. The PBI values for the three plasma 
specimens—namely, for normal binding, for decreased 
binding and for increased binding—-were, respectively, 
4:7, 3:2 and 7:9 ug per 100 ml. of plasma (normal range 
3-8-7-0 pg per 100 ml.). The values for resin uptake of T, 
were: for normal binding 100, for decreased binding 132, 
and for increased binding 55 per cent (normal range 
70-112 per cent). 

Iodine-131-labelled T, and T, were obtained from 
Abbott Laboratories at specific activities of approxi- 
mately 40 uc./ug on receipt. Each was purified by chro- 
matography on filter paper in n-butanol: ethanol : 
2N ammonia (4 : 2 : 2). After the purified T, and T, had 
been located by autoradiography, each was eluted from 
the filter paper in 10 per cent (v/v) acetic acid, immediately 
before the plasma samples were enriched with the iodine- 
131-labelled amino-acids. 7 

Iodine-131-labeled MIT and DIT were manufactured 
by the iodination of tyrosine with Na I. Each was 
purified by two chromatographic separations on paper in 
n-butanol saturated with 2N acetic acid and eluted as for 
T, and T,. 

About 0-07 pe. in 10 ul. of each iodine-131-labelled 
amino-acid was then added separately to duplicate 1-0 ml. 
portions of each of the three samples of plasma, and the 
enriched specimens were equilibrated overnight at room 
temperature. The PBI was assayed using two methods 
for precipitation of protein, namely, the Somogyi method, 
and with trichloroacetic acid!*. After precipitation and 
washing, the protein bound iodine was fired according to 
the alkaline incineration procedure of Acland, 

Initial counts were made following precipitation and 
centrifugation of the protein but before washing the 
precipitate. Subsequent counts were made after each 
wash and after firing. Where necessary, counts were 
adjusted with the appropriate correction factors, including 
background, decay, dead time and for variation im scaler 
performance. All counts were made in a volume of 3 ml. 
of fluid in § in. test-tubes, using a scintillator detector 
fitted with a well-type crystal with the scaler set to 30,000 
counts. . 

The percentages of recovery of the iodoamino acids 
eee using the two procedures are given in Tables 1 
and 2. 

The conclusions are that in the Somogyi system, an 
average of 94-0 per cent of T,, 99-1 per cent of T,, 93-3 
per cent of DIT and 87-8 per cent of MIT can be precipi- 
tated from plasma of normal thyroid binding capacity 
(that is, are recoverable following precipitation and 


Table 1, PERCENTAGE OF RECOVERY OF JODINE-131-LABELLED IODO- 


TYROSINES IN PROTEIN-BOUND IODINE PROCEDURE 


Monoiodotyrosine Diiodotyrosine 
TCA Somogyi TCA Somogyi 
After After After After After After After After 
first final first final first final first final 
wash wash wash wash wash wash wash wash 
Decreased 84:4 92 97:3 85-9 198 3:9 96 6 95-3 
binding 343 8-7 97-2 86-2 190 34 94-7 89-9 


Normal 35-9 990 98:0 859 186 35 963 938 
818 6&9 07-1 89-8 189 33 97:7 928 

Increased 322 79 908 %3 190 42 90-2 785 
binding 32-3 7:3 97-5 808 192 37 92:5 87:7 
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washing of the precipitate). There appears to be no 
alteration in the recovery of T, and T, when they are 
added to plasma samples of decreased or increased binding 
capacity. For both MIT and DIT there appears to be a 
reduced precipitability in the Somogyi system with 
plasma of increased T, binding capacity, but the number 
of observations are insufficient to allow statistical 
analysis. 

In the TCA system, the recoveries of pooled results of 
T, and T;, 93-8 per cent and 94:6 per cent respectively, 
are of the same order as in the Somogyi system. There are, 
however, marked reductions in the recoveries of DIT 
and MIT (8-2 and 3-7 per cent respectively). There are 
probably no differences in the TCA system between the 
recoveries with plasmas of differing binding capacity. 
Losses in firing were tested only for the iodothyronines. 
For both T, and T, the losses were negligible (Table 2), 
and amounted to less than 2 per cent of the activity 
after the final wash before firing. 

The excellent recovery of T, and T, by Somogyi pre- 
cipitation agrees with previous reports on this subject}?:14, 
This investigation has made the useful observation that the 
precipitability of iodothyronines is not markedly affected 
by substituting a TCA for the Somogyi precipitating sys- 
tem. However, Malkin’s observation! that T, is slightly 
more readily precipitated than T, when using the Somogyi 
system has been confirmed. 

The‘ absence of losses on firing, as noted in the present 
investigation, confirms the findings of Acland!*. Malkin, 
however, encountered losses of iodine up to 50 per cent 
of the total amount during firing. These losses must, in 
some way, be associated with the ultramicro system 
used. Possibly the use of a carrier such as the glycine, 
recommended for the butanol extractable iodine (BED) 
procedure!®, may minimize losses in an ultramicro system. 

A further observation of practical importance is that 
the precipitability of the iodothyronines is not altered 
when studies are performed using plasmas of differing 
capacity to bind T,. Conditions such as nephrosis and 
hypoalbuminaemia cause a decrease in binding of T, 
by the plasma and are associated with a low PBI, while 
the patient remains in euthyroid status!*. Conversely, 
pregnancy and oestrogen treatment cause increased T, 
binding and an associated increase in PBI*?-18. Our findings 
eliminate any possibility that the abnormal PBI values 
have a chemical basis. 

A further interesting finding of this investigation was 
the striking discrepancy between the precipitability 
of the iodotyrosines by the TCA system and that by the 
Somogyi system. This discrepancy is more marked than 
those noted by Tong ef al. and Blizzard and Mosier". 
These observations are relevant when considering the 
controversial claim of Werner et al.* and of Russell Fraser 
et al. that the normal circulating thyroid hormone in 
man contains up to 2 or 3 ug per 100 ml. of iodotyrosines 
in addition to iodothyronines. In that event there should 
be a marked discrepancy between the PBI values ob- 
tained for normal plasma after the two types of precipita- 
tion; and this does not seem. to occur. 

Assuming that there is no iodotyrosine in normal 
plasma} it would seem justifiable to replace the wide- 
spread use of the TCA precipitation system with the 
Somogyi system, accounting as it does for at least 95 
per cent of the iodothyronines and 85 per cent of the 


Table 2. . PEROENTAGE RECOVERIES OF IODINE-1$1-LABELLED IGDOTHYRONINES IN PROTEIN-BOUND IODINE PROCEDURE 


F Triiodothyronine Thyroxine 
Dar TCA Somogyi TCA Somogyl 
First Final After First Final After First Final After First Final After 
_ wash wash firing wash wash firing wash wash firing wash wash firing 
Decreased 95-3 94-3 93-6 100-7 98-4 86-7 98-6 93 5 92-4 ` 97-6 95-9 94-3 
binding 91-1 91:0 92-0 98-9 97-7 96-4 97-9 92-8 92-1 95.2 93-5 93 1 
Normal 94-1, 93°7 93-6 100-1 100-3 98-3 95-9 93°4 92°7 95-8 952 93-8 
94°8 964° 95-4 98-4 97 8 97°2 97 0 95-1 048 96-8" 95 8 94-2 
Increased. 97-2 96-7 93-3 98-4 96-3 94-1 951 94-4 92-1 96-8 91-6 91-3 


binding 97-0 95 3 $48 160-2 98-4 96-3 95-7 93-68 92-7 99-1 96-1 $47 
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This should give a sharper differentiation 


M. W. O'HALLORAN 
M. L. WELLBY 


` Biochemistry Division, 

~ The Queen Elizabeth Hospital, 
Woodville, 

South Australia. 
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Light-stimulated Oxygen Uptake 
and Glycolic Acid Oxidase in Typha 
latifolia L. Leaf Disks 


Tu relationship between light and green plant respiration 
has been the subject of a considerable debate’ which has 
been carried over into recent literature’. Investigations 
using simultaneous monitoring of water and oxygen-17 
indicated that light-stimulated oxygen may occur in 
some species but not in others*-*. Similar results were 
»btained in experiments monitoring carbon dioxide 
absorption and evolution’. 
$ ve investigated the temperature dependence of 
nthesis and respiration in the broad-leaved 
‘pha latifolia L.). We found light-stimulated 
<ygen uptake in leaf disks at high temperatures. Zelitch® 
has related such light-stimulated respiration to glycolic 
id oxidase activity. The activity of this enzyme is 
sistant to inhibition by potassium cyanide*® but is 
nsitive to inhibition by a-hydroxysulphonates*. Glycolic 
acid synthesis in Chlorella is inhibited by carbon dioxide 
“concentrations exceeding 0-1—0-2 per cent*?". 
In leaf disks of T. latifolia, the rate of oxygen consump- 
tion at 52° C in the light was more than 150 per cent of the 
rate in the dark (Table 1). This stimulation was not 

























Table 1. Errect OF LIGHT AND POTASSIUM CYANIDE ON OXYGEN CON- 
SUMPTION BY Lear Disks OF T. latifolia at Two CONCENTRATIONS OF 
| CARBON DIOXIDE i 


Treatment Oxygen ey 
Í 



















Carbon dioxide concer tration: 0-2% 10% 
Light 184 136 
Dark 116 88 
Dark + potassium cyanide 108 82 
Light + potassium cyanide 198 139 


© Three to five leaf disks 10 mm in diameter weighing 200-300 mg were 
oated on 2-5 mi. 0-067 M phosphate buffer, pH 7-8, in each of ten Warburg 
asks with 0-5 mi. diethanolamine-thiourea solution in centre well adjusted 
ntain constant carbon dioxide concentration. A control flask lacking 
yun at each treatment. Flasks were equilibrated with shaking 

efore manometric determination of oxygen changes on a ‘Gilson 
ant-presaure differential respirometer. (7 =62° C.) Mumin- 
slow at.900 ft.-candles. Five min equilibration periods allowed 
< Potassium cyanide tipped in from sidearm to make 
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inhibited by potassiam cyanide. Although the rates of 
oxygen consumption are higher in the lowest concentration 
of carbon dioxide, the proportionate stimulation by light 
is similar in the presence and absence of potassium cyanide. 
This shows that the same system is probably operating at 
both concentrations of carbon dioxide. 


Table 2. EFFECT OF A Giyconic ACID OXIDASE INHIBITOR (2-PYRIDYL- 

BYDROXYMETHANESULPHONIO ACID) ON LIGHT-STIMULATED OXYGEN UPTAKE 

pY T. latifolia LEAF DISES AT PERAE CONCENTRATIONS OF CARBON 
IOXIDE 


Treatment Oxygen consumption 
; {pl {gih} 
Carbon diox:de concentration: 02% 10% 
Light 191 146 
Dark 75 G1 
Light + inhibitor 134 07 
Dark + inhibitor 52 36 
Treatment A- treatment B x 100 
Light + dark 254 G41 
Light inhibitor + ight 70 66 


Dark inhibitor + cark 68 60 
Light inhibitor + dark inhibitor 


Experimental technique identical to that for Table 1 except tris-buffered 
{ hed 5 2- pyridyihydrosymethánesmiphonis acid added from sidearm to 
ma O4 H. 


Although insensit:vity to potassium cyanide constitutes 
presumptive evidence that glycolic acid oxidase is the 
active component, more definitive evidence was provided 
by experiments with 2-pyridylhydroxymethanesulphonic 
acid (Aldrich Cheraical Co., Milwaukee, Wisconsin}, & 
specific inhibitor of glycolic acid oxidase’. Table 2 shows 
that the oxygen consumption by leaf disks of T. latifelia 
was inhibited 30-48 per cent by this inhibitor and the 
inhibition was similar in light and dark and at high or low 
carbon dioxide concentrations. Light and dark rates were 
equally inhibited, resulting in similar light stimulation in 
the presence and absence of inhibitor, indicating that 
glycolic acid oxidase is responsible for oxygen consump- 
tion in both illuminated and unilluminated leaf disks. As 
in the previous experiment, rates were greater in lower 
concentrations of carbon dioxide, but the proportionate 
values were similar. 


Table 3. EFFECT OF ALTERNATING LIGHT AND DARK PERIODS ON PHOTO- 
STIMULATED OXYGEN Upraks In T. latifolia 


Oxygen 
Time (min) Treatment consumption 
(a1. /g/b) 
0-5 Light 191 
5-10 Light 176 
10-15 Dark 143 
15-20 Dark 88 
20-25 Light (0-5 min) + 110 
dark (4-5 min) 
25-30 Dark (4-5 min) + 77 
. light (0-5 min) 


Experimental techniqueddentical to Table 1 except no equilibration period 
allowed between treatmenss. Carbon dioxide concentration was 0-2 per cent. 


These data prov.de support for Zelitch’s contention 
that glycolic acid is she substrate of photorespiration’, but: 
they also indicate that the same pathway is functional at. 


high concentrations of carbon dioxide and in the dark. In — 
an experiment in wkich no period was allowed forequili<: = 
bration between treatments, the rate of oxygen consump- = ooo 
tion in the light was found to be higher if the light period 


followed a dark period and higher in the dark if the 
dark period followed a light period (Table 3). Although 
the effect on dark rates is undoubtedly due in part. to 
equilibration overshoot, the light pattern cannot be 
explained on this basis. Instead, it shows a dependence 
of light reactions or substrates that can be generated in 
the dark. The ability of a 30-sec light flash to restore 25 
per cent of the difference in activity between illuminated 
and unilluminated =reatments substantiates this conclu- 
sion. It seems prokable, on the basis of these data, that- 
photostimulated respiration at high temperatures i 
T., latifolia leaves ~esults from the oxidation of- lig 
generated substrates in a reaction linked to glycolic acid 
oxidase. — 
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PHARMACOLOGY 


Alanosine, a New Antiviral and Antitumour 
Agent isolated from a Streptomyces 


DURING the course of a systematic screening for anti- 
biotics with antiviral activity, Streptomyces alanosinicus 
nov. sp. (ATCC 15710) was isolated from a Brazilian soil 
sample. This culture produced, under submerged con- 
ditions, a new antibiotic with antiviral and antitumour 
activity to which the name “‘alanosine’’ was given. 

The organism grew well on the standard culture media, 
forming a ligit brown to brown vegetative mycelium with 
a diffusible br.wn to dark brown pigment. The spores 
(oval to ellipsoidal) appear in monopodially branched 
sporophores with tightly coiled spirals. Cultures for anti- 
biotic production were made in a medium containing (per 
cent w/v) 5:0 glucose, 1-0 dried whale meat, 0-5 calcium 
carbonate, 0-1 ammonium sulphate, 0-1 Epsom salt, and 
copper, iron, zinc and manganese in trace amounts. The 
fermentations were carried out in small fermentors con- 
taining 4 l. of this medium. After 72-96 h incubation at 
28° C with constant aeration and agitation, spectrophoto- 
metric titres of 1,200 ug/ml. were obtained. 

After centrifugation the fermentation broth was purified 
with carbon; the filtrate was concentrated under vacuum 
at 45° C, acidified with sulphuric acid to separate calcium 
sulphate and precipitated with an excess of methanol. 
The purification of the crude product was carried out by 
dissolving the active substance in acid méethanol and 
reprecipitating by neutralization. The product obtained, 
with an ultra-violet titre of 40-45 per cent, can be 
crystallized from an aqueous concentrated solution 
containing acetic or sulphuric acid. Reerystallization 
from distilled water yielded a white crystalline powder 
with an ultra-violet titre of 100 per cent. 

Alanosine is insoluble in organic solvents, slightly 
soluble in water at neutral pH, and very soluble in water 
at pHs lower than 3-5 and higher than 7:0. It gave a 
positive ninhydrin reaction. An aqueous solution heated 
with sulphanilic acid and alphgnaphthylamine developed 
a red-violet colour characteristic of a nitroso group. The 
ultra-violet absorption spectrum showed a maximum at 
250 my (Eia = 630) at neutral pH and at 228 mu at acidic 
pH. [a] = —37-8° (c = 0-5 per cent in water). Micro- 
analytical data: carbon, 24:07; hydrogen, 4-86; nitrogen, 
28°15; oxygen, by difference, 42-92. These results cor- 
respond to an empirical formula C,H,N,O, giving a 
molecular weight of 149-1. The molecular weight determ- 
ined by potentiometric titration was 155. The structural 
formula of alanosine as elucidated by ultra-violet, infra- 
red, nuclear magnetic resonance and catalytic reduction 
studies proved to be 1(—)2-amino, 3-nitroso hydroxyl- 
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amino propionic acid. The antibiotic is very stable at 
neutral and unstable at acidic pH. 

The in vitro antiviral activity was investigated using a 
human embryo epithelial cell line. Tubes containing a 
cell layer 72 h old were incubated for 24 h with various 
non-toxic dilutions of the compound and then inoculated 
with 100 TCID; of the virus suspension. When the 
control tubes showed 100 per cent cytopathic effect (CPE), 
the protection afforded by alanosine was estimated. Under 
these conditions CPE was inhibited at 8 y/ml. for three 
strains of polio and Coe, and at 2 y/ml. for a neurovaccinia, 
a sheep pox and two strains of cow pox viruses. 

In the case of neurovaccinia, a significant protection 
was afforded even when treatment started as late as 24 h 
after virus infection. Rabbit skin infection through 
scarification using a neurovaccinia strain was used for the 
estimation of in vivo activity. Topical treatment with a 
0-5 per cent ointment administered 18 h after infection, 
twice daily for 5 days, gave a significant protection. In 
the control animals the “take” was positive up to 10- 
dilution of the stock virus suspension and in the treated 
ones it was never more than 10-* dilution. Adminis- 
tration of alanosine for 6 days per os at 5 mg/kg/day and 
intramuscularly at 0-5 mg/kg/day gave complete in- 
hibition, even at the site where undiluted virus suspension 
was inoculated (Fig. la). 


me 


s$ pa 
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Fig. 1. a, Antivaccinia activity: upper animal treated with buffer and 

lower one treated with alanosine per os at 5 mg/kg/day. b, Antitumour 

activity: lower animal treated with buffer and upper one with 20 mg/kg/ 
day subcutaneously. 


Alanosine has demonstrated a marked antitumour 
activity against a transplanted fibrosarcoma induced by 
SV-40 virus in newborn hamsters, although the anti- 
biotie did not show any in vitro antiviral activity against 
the virus itself. Six- to eight-week old hamsters were 
transplanted with the tumour tissue and 24 h later 
alanosine at 20 mg/kg/day was administered subcutane- 
ously at a site far removed from the zone of transplanta- 
tion. Final results were taken 21 days after the appearance 
of a palpable tumour in the majority of the control 
animals. Although the transplantation efficiency checked 
over a 2-year period has always been 100 per cent, no 
tumour developed in any of the treated animals (Fig. 1b). 
A second transplantation was carried out using the 
treated animals from the previous experiment, and it was 
observed that the pre-treatment with alanosine did not 
affect either the period taken for the appearance of a 
palpable tumour or the further development of it. In 
another experiment, animals with a well developed 
tumour were treated subcutaneously once daily with 
30 mg/kg, and the controls having tumours of similar size 
were treated with buffer solution. Weekly measurements 
of the tumours were taken for 7 weeks. In the control 
animals, the tumour size increased 400-500 per cent, and 
was occasionally of the same order as that of the host 
animal. In the treated group, however, any further 
development of the tumour was completely arrested. In 
some cases the size was reduced to such an extent that 
an accurate measurement was impossible. 
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Detailed reports on the chemical and biological prop- 
erties of alanosine will be published elsewhere. 


Y. K. 8S. Murray* 
J. E. THIEMANN 
C. CORONELLI 

P. SENSI 


Lepetit S.p.A., 
Research Laboratories, 
Milan, Italy. 


* Present address: Research Laboratories, Schering A.G., Berlin. 


PATHOLOGY 


Trauma and Melanoma Production 


n >? Ir has long been held that malignant melanoma of man 


gan arise as a result of trauma to a mole (naevus or 
benign melanoma) or even normal skin'-*. Other 
workers®-8, however, do not accept this thesis. They 
believe that as yet there is no authenticated case of a 
mole having become malignant as a result of trauma and 
that the local appearance of a malignant melanoma after 
incomplete removal of a supposed benign naevus indicates 
that the lesion was already malignant before removal. 

Hitherto, only one attempt has been made to investigate 

this problem in the experimental animal. My colleagues 
and I’ traumatized about eighty carcinogen-induced 
benign melanotic tumours in the Syrian hamster but 
failed to induce malignant change or even a modest 
growth stimulation in any of these tumours. In fact 
many of the lesions regressed as a result of trauma. 
- This problem has now been investigated in another 
- experimental animal, and forms the subject of this report. 
Tt is now well established’? that deeply infiltrating 
- and destructive melanomata can be produced in various 
viviparous fishes by hybridization and that these tumours 
arise as a result of the genetic imbalance produced, which 
permits the proliferation of macromelanophores and 
melanocytes. In most instances this proliferation 
affects large areas of the skin which are thickened (a 
state referred to by Reed and Gordon” as melanosis) and 
it is from such genetically predisposed sites that the 
malignant melanoma ultimately arises. 

In this respect the piscine model is similar to the human, 
for most human melanomata arise from pre-existing moles 
which are considered to be areas of melanocyte prolifera- 
tion produced as the result of a developmental defect‘. 
Therefore, it appeared worth while to investigate the 
effect of trauma to the skin of Xiphophorus maculatus x 
X. helleri hybrids showing various grades of melanosis to 
see if frank melanomata could be precipitated by this 
procedure. 

With this in view 112 hybrids of both sexes, aged 
between 3 and 5 months, were divided into two equal 
groups. The skin of each experimental animal was 
traumatized in one of the three following ways: (1) 
Pricking with a needle over a selected area once a week 
for 3 months. (2) Excising a strip of skin measuring 
about 5 mm x I mm. (3) Excising portions of dorsal 
or caudal fin through hyperpigmented areas. The experi- 
mental and control animals were observed until they died, 
or for a period of 12 months. During this period three 

melanomata developed in the control group and four in 
- the experimental group, but in no case did a melanoma 
arise from, or near, a traumatized site. 

These observations indicate that single or repeated 
mechanical trauma does not induce melanomata to develop 
in the skin of these hybrid fishes genetically predisposed 
to melanoma formation. These observations are therefore 
in keeping with the observation that trauma does not 
induce malignant change in the benign melanomata of 
hamsters and also with current opinion that trauma does 
not precipitate malignant change in human moles. 
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It is extremely deficult to evaluate the role of trauma 
in tumour producticn or in the transformation of benign 
tumours into maligaant ones. There is, however, fairly 
conclusive evidence that mechanical trauma can produce 
epithelial tumours “rom skin that has been pretreated 
with carcinogens. This has been shown to occur beth 
in the rabbit and man??. The situation regarding melano- 
cytes and melanomata, however, seems to be different, 
for neither recent clinical opinion nor experimental 
investigation supports the idea that melanomata arise 
as a result of trauma. 

F. N. GHĦADIALLY 
Department of Patbology, 
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IMMUNOLOGY 


Transfer of Experimental Nephritis in Rats 
by means of Lymphatic Duct Lymphocytes 


THE successful transfer of nephrotoxic nephritis (Masugi’s 
method) in rats to essentially healthy anirnals of the same 
inbred strain by parabiosis was deseribed earliert*. In 
these experiments, transfer of rabbit antibedy from the 
first into the second rat was excluded by the fluorescent 
antibody technique’. Recently, experiments were reported 
in which the so-called auto-immune nephrosis was also 
induced by parabiozic transfer’. Furthermore, this disease 
has been transferrsd by means of lymph node cells‘. 
Nephrotoxic nephritis was “‘transferred’’ by peripheral 
white blood cells cf nephritic donors®’. It was assumed 
that blood lymphccytes were the immunologically res- 
ponsible cells and caused the renal lesions in the recipient. 
It was considered that further investigations of the 
transfer of circuleting lymphocytes obtamed from a 
lymphatic vessel weuld prove whether or not this assump- 
tion was correct. 

Sprague-Dawley sats of an inbred strain were injected with 
0-5 ml. of nephrotoxic rabbit serum per 100 g body weight. 
Between twelve and sixteen days later, when the nephritic 
lesions were fully established, the lymphatic vessel ac- 
companying the superior mesenteric artery was cannulated 
with a PE 50 polyethylene catheter using the Bollmann 
technique’. The arimals so treated were kept in a special 
cage throughout the experiment which allowed forward 
and backward mcvement, but prevented the animals 
from turning around. The rats were fed an ordinary 
diet and received water ad libitum. The outflowing 
lymph was collected in tubes containing Hanks’s solution 
with 100 units of aeparim Up to 15 ml. of lymph fluid 
was obtained from a single donor. The recipients of lym- 
phatio material were divided into three groups. The 
first group of twenty-seven animals received the whole 
lymph containing 100-500 x 10! lymphocytes in 10-12 
ml. lymphatic fluki. The material was injected intra- 
venously in from four to thirteen portions. In the second 
group, twenty-two rats were given isolated lymphocytes 
in a total of 70-300 x 108 cells injected in between two 
and nine portions. When preparing the cell suspension, 
the whole lymph was centrifuged for 20 min at 1,000 
r.p.m. The supernatant was discarded and the cells were 
resuspended in Hanks’s solution. This procedure was 
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repeated. three times. Microscopic observation using 
Schreck’s method of eosin staining revealed that 80-90 
per cent of the cells were alive after this washing pro- 

cedure. The third group of twenty rats received 7-16 ml. 
of lymph fluid free of cells by way of between four and 
‘twelve injections. The lymph fluid was obtained by high 
speed centrifugation for 10-15 min. No cells were found 
on examination under the microscope. 

All rats of the three groups were killed 10 days after the 
final injection. Their kidneys were removed and after 
decapsulation fixed in 10 per cent formol. After a careful 
imbedding procedure which lasted 6 days, 5u paraffin 
sections were stained with haematoxylin-eosin and 
periodic acid-Schiff (PAS). Controls were performed by 
injection of lymphatic material from healthy donors 
prepared in the same way as in the experimental groups. 
The results are summarized in Table 1. Six out of 
twenty-seven animals which received whole lymph 

‘developed nephritic lesions. Positive results were obtained 
only if lymphatic fluid containing more than a total of 
200 x 10° lymphocytes was given. Similar relations were 
found in the second group. Four animals out of twelve 
developed renal disease when injected with more than 
200 x 10° pure cells, whereas all ten rats receiving only 
70-200 x 10° cells showed no lesions. In the third group 
only one rat out of twenty developed nephritis. This 
animal had been injected with a total amount of 16 ml. 
of lymph free of cells. 

When investigated histologically, it was found that 
the kidney lesions were mainly confined to the glomerula. 
They consisted of enlargements of the tufts, thickening 
of the basement membrane, adhesions between the loops, 
and increases in the endothelial and epithelial cells both in 
number and in size. Occasionally, adhesions occurred 
between loops and the Bowman’s capsule. Crescent 
formation was never observed. Epithelial cells of the proxi- 
mal convoluted tubules contained hyalin droplets, but 
casts were seldom found. In the interstitial tissue of the 
external cortex some small perivascular infiltrates of 
lymphocytes were found. The alterations were the same 
as those found earlier during successful transfers of ne- 
phrotoxic nephritis by parabiosis or by peripheral white 
blood cells*. The severity of the kidney lesions is less 
than in nephrotoxic nephritis and can be compared with 
the membranous type of human glomerulonephritis 
despite certain typical differences. Sections stained with 
PAS showed PAS-positive material in the thickened 
basement membrane and around the cytoplasm of the 
mesangial cells. Studies with the fluorescent antibody 
technique showed that the lymphatic cells of the donors, 
whether suspended in the original lymph or washed with 
Hanks’s solution, did not contain traces of the rabbit 
anti-rat kidney serum which might have been responsible 
for the nephritis induced in the recipients. 

‘From their histological appearance the renal lesions 
observed in the recipients would be classified as nephritis. 
The morphological pattern is the same as that of renal 
changes produced by parabiotic transfer. There is con- 
siderable evidence for the existence of a secondary 
nephritis inducing factor, which is possibly part of an 
auto-immune mechanism. Attempts have failed to 
induce renal lesions by serum alone from donors with 
nephrotoxic nephritis or with auto-immune nephrosis. 
Likewise, in other experimental auto-immune diseases 





Table 1. TRANSFER OF RENAL DISEASE BY LYMPHOCYTES 
Survival 
. No.of Amount of time after Histological 
Material recip- cells (lymph) No, of the examination 
injected ients injected injections final Neph- 
injection Normal ritis 
Whole lymph 6 100-200 x 10° 4to13x 10 days 6 0 
12 200-300 x 10° 10 days $ 3 
. 9 800-500 x 10° 10 days 6 3 
Washed 10 70-200 x 105 2 to 9x 10 days 10 0 
lymphocytes 12 200-300 x 10° 10 days 8 4 
Cell-freelymph 7 7-10 ml, 4to 12x 10 days T 0 
13 10-16 ml. 4 to 12x 10 days 12 1 
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such as allergic encephalomyelitis®, thyroiditis”, and _ 


aspermatogenesis"', serum, even if circulating antibodies 
were present, did not lead to successful transfers. On. 


the other hand, it was possible to induce experimental 


thyroiditis? and experimental auto-immune nephrosis*® 
with lymph node cells in an essentially healthy recipient. 
Reactions arising from histo-incompatibility were ex- 
cluded by inducing immunological tolerance in the recip- 
ients or by using inbred strains. It should be emphasized 
that our experiments—in contrast to those of other authors 
working in this field—-were performed without Freund’s 
adjuvant. This seems to be of special importance so far 
as the induced renal lesions are concerned. In our experi- 
ments the possibility of alterations in the glomerula 
caused by Freund’s adjuvant alone certainly can be 
excluded. 
Further investigations should elucidate the part played: 

by the injected cells and also their fate. With the fluores- 


cent antibody technique no traces of the nephrotoxic rabbit... 
antibody were found on the surface of the lymphocytes: > 
Nevertheless, the transport of antigen-antibody complexes. 
by the injected cells cannot be completely excluded = — 


because of the possibility that they were masked in the 
interior of the cells. It is, however, unlikely that those — 


small amounts of transferred nephrotoxin would be =~ 
It is more likely that = 
the lymphocytes are effective by synthesizing antibodies > 
On the / 


sufficient to cause renal disease. 


systemically or locally in the target organ. 
other hand, they might only give information to the 
immunologically competent system of the recipient: 
in this case the mechanism responsible for kidney injury 
would represent a second step. 

There is some evidence for the latter hypothesis. Ex- 
periments (as yet unpublished) with lymphocytes labelled 
with tritiated thymidine, which belong to the same 
series as those described here, indicate that the trans- 
ferred cells do not adhere to the glomerular capillaries. 
Autoradiographs showed no special avidity for the 
lymphocytes for the renal tissue. 

These findings support the suggestion that a transfer 
factor similar to the findings of Lawrence in tuberculin 
hypersensitivity causes nephritis in the recipient animals. 

K. FEDERLIN 

W. LEINWEBER 

E. E. PFEIFFER 
Abteilung für Klinische Endokrinologie, 
I. Medizinische Klinik der H 
J. W. Goethe Universität und der Stadt Frankfurt a.M. 
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Antigenic Constituents of Human Cortical 
Grey Matter 


RECENT work in this laboratory has been directed towards 


the development of improved methods for the extraction — 


of proteins of human brain, and their chemical and 
immunological characterization. Thus Bogoch, Rajam 
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and Belval! have demonstrated a large number of protein 
entities in an extract of low ionic strength of human 
cortical grey matter. This extract (4) was prepared by 
cold homogenization in 0-005 M phosphate buffer, pH 7, 
and ultracentrifugation at 80,000g to yield a clear super- 
nate. Chromatography of concentrated A on DEAE 
cellulose, using a gradient increasing in ionic strength 
and decreasing in pH, indicated the presence of at least 
fifteen main protein groups; that these chromatographic 
groups were heterogeneous was suggested by the results 
of assays for hexose, hexosamine, neuraminie acid and 
protein in each tube of chromatographic effluent as well 
as by electrophoretic findings. The total number of 
distinct or partially related proteins appeared to exceed a 
hundred. Supporting evidence, obtained in work on 
animal brain material, has been adduced by others?. 

This communication is concerned with a preliminary 
assessment of the minimum number of distinct major 
antigens present in A. Rabbit antiserum against total 
extract A was prepared using complete Freund’s adjuvant 
emulsified with 10-12 mg quantities of total A protein 
for each dose. Nine such doses were administered by the 
intramuscular route, over a 9 week period, and the rabbits 
were bled 14 days after the final dose. Serum was absorbed 
with whole human serum (anti-A/HUS) to minimize 
reactions with serum proteins present as contaminants 
in A, when the following experiments were run. 

Macro double-diffusion reactions were performed in 
1 per cent Noble agar, using saline-borate buffer pH 8 
(ionic strength 0-16) as the equilibration medium. 
A was made to react against anti-A/HUS and, for com- 
parison, with unabsorbed A. Original wet preparations 
were photographed, washed, dried and stained with 
amido-sechwartz 108. Samples of both types of prepara- 
tion are presented in Fig. 1. Results indicate that A 
contains a minimum of nine distinct antigenic compon- 
ents, three of which are either identical with human 
serum proteins or are contaminants of serum protein. 
The A:anti-A/HUS interaction apparently indicates 
that the major precipitin are was identical with serum 
protein on the basis of deflexion of that end of the arc 
approaching the human serum reservoir. That this was 





Fig. 1. 
antiserum. HUS, Human serum 1 : 20 dilution; A, extract A, 5 mg/ml. 
total protein; anti-HUS, rabbit anti-human serum; anti-A, rabbit anti- 


Reactions of human grey matter extract with homologous 


serum against extract A, unabsorbed; anti-A/HUS, anti-A absorbed 
with human serum. a, Original wet preparation; 6, preparation after 
washing, drying and staining with amido-schwartz 10B. 
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a physical deflexion which resulted from the length of the 
are in relation to the periphery of the reservoir is suggested 
by the absence of deflexion of the same arc in the A : 
anti-A (unabsorbed) reaction, where it suffered no deflexion 
in the area of diffusing serum proteins. The wet prepara- 
tion suggested that the arc nearest the A reservoir in the 
A:anti-A (unabsorbed) reaction could be identified 
with a major serum protein are; however, the stained 
preparation clearly indicated that no such reaction 
occurred. 

These results suggest that the antigenic heterogeneity 
of the component proteins of A does not parallel the 
molecular heterogensity which we reported earlier; 
indeed, a unit relaticnship between variants of a given 
molecular type and individual antigenic species need not 
necessarily be expecsed. A similar situation was en- 
countered in analogeus experiments on chemical and 
antigenic properties o” lens proteins*. In additional work, 
however, A has beea chromatographically fractionated 
into two distinct complexes of basic (B) and progres- 
sively acidic (post-basic, PB) proteins. Immunoelectro- 
phoretic examination of the separated, concentrated B 
and PB fractions indicated a minimum content of four 
and seven antigenic components respectively, one of 
which is a protein resstant to 100° C for 1 h, which can be 
precipitated with ethanol at a final concentration of 
75 per cent. ‘The total number of antigenic components 
so far detected is thirteen. Thus, further sub-fractionation 
and concentration of sub-fractions may result in the 
detection of a considerably larger number of antigenic 
components in dilute salt extracts of human grey matter. 

This work was supported by a grant from the National 
Institute of Child Health and Development, the National 
Institutes of Health, and by a grant from the National 
Science Foundation. 

P. C. Ragam 
S. Bococu 


Foundation for Resesrch on the Nervous System, 
Boston 15, Massachusetts. 
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Organ Specificty of Heat-stable Antigens 
from Human Brain 


A PRELIMINARY assessment of a neutral aqueous extract 
of low ionic strength of human grey matter (extract A) 
has indicated that there are nine distinct major anti- 
gens, of which three are either human serum protein 
contaminants or species-specific antigens shared with 
serum}, 

This communicatien reports the presence in A of five 
or six tissue antigens of the class known as *BE” (ref. 2)— 
this nomenclature cenotes that they are resistant to 
boiling for 1 h and can be precipitated at an ethanol 
concentration of 70-75 per cent. Milgrom et al.? demon- 
strated earlier that such an antigen can be extracted from 
human grey matter by methods somewhat different from 
those reported here. 

Scheme I outlines the method of extraction of normal 
human cortical grey matter to yield extract A, and the 
preparation of both crude and purified heat-stable antigens 
(HT) from A. Heat-stable antigens were prepared in the 
same manner from whole normal human liver and kidney. 
Rabbit antiserum against purified brain HT (anti-HT) 
was prepared using complete Freund’s adjuvant emulsified 
with 0-64 mg protein for each dose. Between three and 
five doses were adrainistered to rabbits by the intra- 
muscular route at intervals of 10 days, and the animals 
bled 10-15 days after the final dose. 

Fig. 1 shows the antigenic inter-relationships of HT 
from human liver, kidney and brain when they were 
made to react in do able-diffusion tests against anti-HT'. 
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Fig. 1. Antigenic inter-relations of heat-stable antigens from human 
brain, liver and kidney as revealed by double-diffusion in agarose, HT, 
Heat-stable antigens. Source is indicated by br (brain), lie (liver), kd 
(kidney). Approximate antigen concentration 1 to 2 mg/ml. Anti-HT, 
Rabbit antiserum against brain HT; HUS, human serum, 1: 10. 


HUMAN GREY MATTER 


Blender 3 min, 5° C 
0-005 M phosphate, pH 7 


Centrifuge 13,200g, 1 hour, 5° C 


Residue —Supernate 
| 


Re- extract ——Pooled supernates 
| 


| 
Ultracentrifuge, 80,000 p, 20 min, 5° C 
| 





Supernate ‘—— — Residue 


Extract A 
Dialyse against 0-005 M phosphate, pH 7, 5° C 
| 
f 


Heat, 100° C, 1 hour o 


Centrifuge 40,0009, 30 min 


Residu Supernate 
Crude heat-stable antigens 


Ethanol, 5° C, 75 per cent final concentration 


| 
Supernate = Precipitate, soluble in 0-15 M sodium chloride 


Reprecipitate from 0-15 M sodium chloride 
Purified heat-stable antigens 
Scheme I, Outline of preparative method, 


Two species-specific antigens were common to HT from 
all three sources; with the antiserum used, brain HT 
exhibited three immunoprecipitin arcs not shared by 
liver or kidney HT. The three preparations contained a 
species-specific component which was also present in 
human serum. 

The fact that we were unable to detect three of the heat- 
stable antigens from the aqueous extracts of human 
brain in comparable extracts of tissues usually rich in 
species-specific antigens suggests that they are organ- 
specific. Our investigations are being extended to a 
larger number of representafive human tissues in order to 
evaluate these preliminary findings. 

This work was supported by a grant from the National 
Institute of Child Health and Human Development, 
National Institutes of Health, Bethesda, Maryland. 

P. C. Rasam 

S. BococH 

M. A. RUSHWORTH 
Foundation for Research on the Nervous System, 
Boston 15, Massachusetts. 
t Rajam, P. C., and Bogoch, 8. (preceding communication). 
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Microbial Decomposition of Various Fractions 
of Ureaformaldehyde 


CONSIDERABLE interest has been shown in the mineraliza- 
tion of ureaformaldehyde, a compound with “slow 
release’’ properties of value in fertilizer technology. It 
has been suggested that the release of ammonium- 
nitrogen from this polymer is biological’, although Winsor 
and Lang? proposed that the first stage of decomposition 
may be non-biological. Commercial ureaformaldehyde 
is composed of various chain length polymers, which can 
be arbitrarily grouped into the cold water soluble (CWS), 
hot water soluble (HWS) and hot water insoluble (HWT) 
fractions. 

In these investigations, release of ammonium-nitrogen 
was followed using the soil perfusion technique and the 
accumulation of nitrate—nitrogen (nitrification) was used 
as an index of mineralization. Fifty grams of Guelph 
loam (2 to 5 mm mesh, pH 7-0-7-3) were perfused with 
200 ml. of distilled water. The soils were treated with 
urea, ammonium sulphate, CWS and HWS fractions at 
concentrations equivalent to 0-4 mg of nitrogen/g of soil. 
Nitrate—nitrogen in perfusates was measured using the 
phenoldisulphonic acid procedure and was recorded as 
ug nitrogen/ml. of perfusate. 

Both urea and ammonium sulphate were nitrified after 
lag periods of 1-2 days, following which nitrate—nitrogen 
accumulated at about the same rate from both nitrogen 
sources. The CWS fraction showed a slightly longer lag 
of from 4 to 5 days, and a lesser slope of accumulation; 
the HWS had a lag of from 6 to 8 days and a greatly 
reduced slope of accumulation of nitrate—nitrogen (Fig. 
1A). It was obvious that the mineralization of the CWS 
and HWS fractions was limiting the rate at which nitrate- 
nitrogen accumulated in perfusates containing these 
materials. If this process of release of ammonium- 
nitrogen is biological, then it is logical that microbial 
“enrichment” should occur after the logarithmic phase 
of mineralization of either CWS or HWS. Moreover, in 
this particular system a double ‘enrichment’ should 
occur, first, by the population of organisms capable of 
splitting or mineralizing the particular ureaformaldehyde 
polymer, and second, by the population of nitrifiers 
developing on the released ammonium -nitrogen. 

Soils were therefore treated with the CWS fraction and 
perfused to enrich the soil with both groups; the soils 
were then washed free of nitrate-nitrogen and replicated 
units were treated with ammonium sulphate, CWS and 
HWS fractions and re-perfused with distilled water. In 
this experiment (Fig. 1B) ammonium sulphate was nitrified 
without any lag indicating that the soils were enriched with 
nitrifying bacteria in the sense of Lees and Quastel*. 
Both the CWS and HWS fractions were nitrified without 
a lag, indicating that the initial treatment with CWS 
enriched the soil with mineralizing organisms as well as 
nitrifying bacteria. Moreover, the organisms associated 
with the decomposition of the CWS fraction were also 
involved in the decomposition of the HWS fraction. 

Because the decomposition of the fractions used was 
obviously microbial, an attempt was made to isolate the 
soil organisms responsible. This was carried out using a 
basal mineral salts-glucose liquid medium in tubes, 
supplemented with CWS-nitrogen at a concentration of 
50 mg nitrogen per 100 ml. of medium. The enriched 
soils were diluted and portions transferred to tubes. 
After incubation, streak transfers were made from the 
highest dilutions showing turbidity to a solidified CWS 
medium. After 7 days at 27° C, representative colonies 
were selected, purified and maintained on the CWS 
medium. 

One of the isolates (strain C2) obtained in this manner 
was representative of the majority of colonies appearing 
on plates, and was a Gram-negative rod showing the 
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) ology described by Jensen‘ for a species 
m. Growth was abundant in most routine 
sre reduced. Acid and gas were produced 


sucrose. Fats were not hydrolysed; urease activity was 
only slight and gelatine was hydrolysed. 
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Distinctive Behaviour of Eperythrozoon | 
coccoides in Plasma and Spleen of Infected 
Mice 
Eperythrozoon coccoides is a minute organism of somewhat 


uncertain taxonomy, at present classified among the 
Protophyta' (order, R-ckettsiales; family, Bartonellaceae). 
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Fig. 1. A, Nitrification of ammonium sulphate, urea, CWSYand HWS fractions of 
‘ureaformaldehyde in perfused Guelph loam. B, Nitrification} of ammonium sulphate, 


Tt is ind:genous to mice and induces in them 
a, mild disease characterized by splenomegaly 
and gensral lymphadenopathy’. It is fre- 
quently present in transplantable tumours? 
and it is possible that it is, in part, respons- 
ible for the splenomegaly which follows 
transplantation of such tumours. The 
pronounzed synergism of E., coccoides with a 
variety ef other infectious agents is now well 
known. 

It was previously reported‘ that, on the 
fourth cay after infection, the plasma of 
splenectomized mice was about one hundred 
times as infective as the plasma of intact 
mice; it-appeared, therefore, that the spleen, 
though itself infective, was a deterrent to 
the activity of the plasma. The reason for 
this was not apparent, but it has served 
to direct attention to the distinctive behavi- 
our of E. coccoides in the plasma and spleen 
as, for 2xample, in thermal stability, and 








perfused with CWS fraction. 
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Fig. 2. Nitrification of CWS fraction of ureaformaldehyde in nitrifier- 
enriched, perfused Guelph loam, uninoculated and inoculated with 
8 decomposing bacterium (strain (2). 


-. To test the ability of this bacterium to mineralize the 
CWS fraction of ureaformaldehyde in soil, soils were first 
“enriched” with nitrifying bacteria by perfusing with 
< N/100 ammonium sulphate solution and then washed 
` free of nitrate—-nitrogen. All units received a further 
CWS treatment and were then perfused again, one set 
=o nob inoculated, the other set inoculated with 1:5 x 107 
washed cells (strain C2) per gram of soil. The results 
obtained are shown in Fig. 2. They indicate that this 
bacterium was one of those responsible for the decom- 
position of the CWS fraction, and provide further evidence 
=o for the biological nature of ureaformaldehyde mineraliza- 
tion in soil. 







C. T. CORKE 
J. B. ROBINSON 


., and Clark, K. G., Soil Sei, Soc. Amer. Proc., 12, 198 (1947). 
; Haden, wW. W., and Anderson, A. E., J. Agric. Food Chem., 


jd Lang, M. I. E., J. Sci, Food Agrie., 9, 185 (1958). 
uastel, J. H., Biochem. J., 40, 815 (1946). 
Canad. J. Micros., 8, 151 (1957). 





_ -€WS and HWS fractions of ureaformaldehyde in perfused Guelph loam previously 


in the epparent association of E. coccoides 
with arm inhibitor present in plasma but 
not in spleen, 

Infectious material from mice was prepared® and two 
procedures used to desermine biological activity according 
to methods previously described‘. Both procedures used 
to determine biological activity depend on the increase 
in spleen weight of mice 7 days after intraperitoneal 
infection. One methed expresses results as spleen weight 
per gram body weigkt; the other is more elaborate and 
expresses them in “30 per cent spleen enlarging dose” 
(SED,,) units. The 3ED,, is the infectious unit and is 
cefined as the highest dilution of material which will 
produce a spleen weight of at least 10 mg/g body weight m 
7 days in 50 per cent of the mice when inoculated intra- 
peritoneally. In eaeh method an experimental point 
represents an average result from five mice. 

The thermal lability of Æ. coccoides in spleen extract 
and its stability in plasma are shown in Table 1. It can be 
seen that after incubation at 37° C for 30 min the titre 
of a spleen extract wes reduced by more than 99 per cent, 
whereas that of plasma was unchanged even after 60 min 
at this temperature. 


Fable 1. RELATIVE STABILITY OF E. coceoides AT 37° C IN SPLEEN EXTRACT 
AND 


Time at 37° € Log SED,,/0-1 ml. 
(min) Spleen extract Plasma 

9 6-0 67 

30 3°2 6-7 

60 — 6-7 


Fig. 1 suggests thet E. coccoides is associated with an 
inhibitor present in infectious plasma. It illustrates a 
phenomenon repeatedly observed, namely, a marked 
increase in response of mige to successive dilutions of 
infectious plasma. The response reaches a maximum at 
a dilution of 1 x 10-3, and decreases thereafter. Fig. 1 
also shows that E. coecoides does not exhibit this behaviour 
in spleen extracts. These results are interpreted as indi- 
cating the presence in plasma of an inhibitor of E. coccoides 
loosely associated with the organism. Frozen plasma did 
not exhibit the increase in response on dilution that 
occurred with the seme lot of fresh plasma; its SED,» 
units were, however, unchanged. 

It has been reported! that E. coccoides was “entirely” 
dissolved by trypsia. This suggests that proteolytic 
enzyme activity of the spleen may be responsible for the 
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Comparison of response of mice to dilutions of infectious plasma 
(©) and spleen extract (@). 


a) Whe 1. 
lability of the organism in spleen extracts, and for the 

markedly lower infectivity of plasma of intact in relation 
to splenectomized mice. The stability of E. coccoides in 
plasma could be explained by the protection afforded it 
by the property of plasma to inhibit proteolytic enzyme 
activity’. 

_ >: ‘The nature of the inhibitor of the pathological expression 
of E. coccoides that is responsible for the increase in 
spleen weight, and its site of action, are not known. It 

seems to be intimately associated with the organism and 
~ could, therefore, exert its action at this locus; on the 

_ other hand, it could affect the reactivity of the spleen per 

cose, Inasmuch as increase in spleen weight was the only 

index of infection used in these experiments. The in- 

.. Wbitor is unlikely to be a conventional antibody because, 

_ in contrast to antibody, it was no longer evident after 

< . the organism had been stored in the frozen state. 

_ _... Evidence for such an inhibitor was not found in extracts 

= OF spleen, possibly for the same reason that E. coccoides 

is sensitive to incubation at 37° C in this milieu, that is, 

_ the inhibitor may be destroyed by the engyme activity 

of the spleen. 

This investigation was supported by U.S. Public Health 

-. Service grants and by an institutional grant to the 

Detroit Institute of Cancer Research from the United 
Foundation of Greater Detroit allocated through the 
“Michigan Cancer Foundation. 
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Interfering Component of Vesicular = 
Stomatitis Virus a. 

INTERFERENCE during the replication of vesicular stom- — 
atitis virus (VSV) was first described by Cooper and- 
Bellett’, who suggested that the interfering activity which - 
was present in viruses collected after several successive 
undiluted passages resulted from a transmissible com- 
ponent. Although they did not identify the component, 
evidence was presented that it was not the virion. Cantel 
et al.® obtained interference whenever a high multiplicity. 
of infection was used, irrespective of the passage history’ 
of the virus. Studies in this laboratory? have shown that 
viruses collected from both high and low multiplicities of 
infection possess interfering activity, although repeated 
undiluted passage of virus is more likely to give a product 
with marked interference effects. These studies also 
showed that the interference does not result from inter- — > 
feron but is probably caused by an incomplete form of the 
virus. pa eae : 
Cells infected with VSV produce several complement > 
fixing components in addition to the infective particlet®, 
Among these is a particle which closely resembles the 
rounded end or “cap” of the virion. Hackett? suggested 
that this particle might be the interfering agent, and 
Huang and Wagner’ reported that virus cultures of low 
titre produced by several successive undiluted passages 
consisted almost entirely of these smaller particles. The 
work described here shows that interference, in fact, 
arises from this small particle. 

Virus of the Indiana sub-type was produced by infeeting 
monolayers of baby hamster kidney cells (BHK 21— 
clone 13, ref. 8) at a low virus-cell ratio. The virus thus 
cultured was separated from cell debris by centrifugation > 
at 2,000 r.p.m. and then fractionated by centrifuging in 
an SW 25 rotor for 2 h at 20,000 r.p.m. through a 15-45 
per cent sucrose gradient. This procedure fractionated the 
virus suspension into four well defined peaks of comple- 
ment fixing activity’. Peak A (fractions 7-11) contained 
the virion, peak B (fractions 12-16) consisted mainly of 
rosettes and helices together with the cap referred to above, 
and peak C (fractions 17-20) contained small rosettes. - 
The antigens in peak D (fractions 21-23) were too small- 
to identify in the electron microscope. These individual | 
peaks were assayed for their interfering activity b 
measuring the depression of virus yield when monolayer 
of BHK cells were incubated with dilutions of the test 
material and then challenged with a small inoculum 
VSV at a virus: cell ratio of < 1:100. The yield of 
infective virus 24-48 h after challenge was measured. 

The results in Table 1 show that peak B contained the - i 
greater part of the interfering activity, although the 
virion fraction, peak A, was also slightly active. The. 
high activity of peak B compared with the virion was o = 
confirmed by the observation that incubation with a = 
100-fold dilution of B depressed the yield of infective — 
virus as much as undiluted peak A. It is of interest that - 






















Table 1. INTERFERING ACTIVITY OF FRACTIONS OBTAINED BY SUCROSE 
GRADIENT CENTRIFUGATION OF VESICULAR STOMATITIS VIRUS.” 


Complement Infectivity of. ee 


Fractions fixing activity culture Ino oo) 
Sample from Infectivity ml. 1/30 C interference oo: 
centrifuged gradient (P.F.U./mi.)}* fixed test oe 
by 1 mlj (P.F, U. 
Unfractionated 7-11 (A) 3-4 x 107 21 5-0 x 10% 
virus 12-18 (RB) 2-1 x 10° 70 11x10 
17-20 (C) 1:7 x 108 86 1-4 x 107 
21-23 (D) 6-6 « 108 2 9-0 x 10° 
Control for in- — — 7-8 x 108 
terference test 
Peak A from first 7-11 3-0 x 105 2-0 x 16% 
gradient 12-16 7-0 x 10? mone 67 x10 
Peak B from first 12-16 1-0 « 10* ~ 8-0 x 10 
gradient 17-19 2:0 x 16% = Pox Id 
Control for in- = — 





terference test 
*P.F.U., plaque forming unita, 
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Fig. 1. Electron micrographs of (A) the virion and (B) the interferin 


component of VSV. The virion was isolated from a sucrose gradient an 

the cap a tartrate gradient. Each sample was dialysed against 0-1 

M ammonium acetate, stained with 3 per cent phosphotungstic acid, 
pH 6-0, and examined in a Siemens Elmiskop I electron microscope. 


fractions containing considerable interfering activity delay 
the onset of cytopathic effects so that the sheets remain 
on the glass. This observation in itself can serve as a 
rough measure of interfering activity. 

To ascertain whether the small activity of peak A was 
a result of contamination with components from peak B, 
portions of each peak were dialysed and then centrifuged 
through two separate sucrose gradients. The results of 
this experiment are also shown in Table 1 and provide 
evidence that the virion itself contains a small amount of 
interfering activity. 

As the major interfering fraction is known to contain 
at least three components’, it was fractionated further by 
centrifuging in a potassium tartrate gradient. A portion 
of peak B from a sucrose gradient was first dialysed to 
remove the sucrose and 0-5 ml, layered on a preformed 
gradient prepared from 2-4 ml. of tartrate, density 
1-02 g/ml., and 2-0 ml. of tartrate, density 1:30 g/ml. 
After centrifuging for 2 h at 35,000 r.p.m. in an SW 39 
rotor of the Spinco ultracentrifuge, fractions each of five 
drops were collected from the bottom of the tube. The 
refractive index and complement fixing activity of each 
fraction was determined. One sharp peak of complement 
fixing activity was found in fractions 9-13 (density 1-18- 
1-12 g/ml.) and a second more diffuse area in fractions 2-7 
(density 1-27-1-19 g/ml.), which appeared to consist of 
two poorly separated peaks. On the basis of these 
determinations the fractions were combined into four 
groups and these were tested for interference. The results 
in Table 2 show that the entire activity was present in 


fractions 9-13. The density of the individual fraction 
Table 2. INTERFERING ACTIVITY OF FRACTIONS OBTAINED BY TARTRATE 
DENSITY GRADIENT CENTRIFUGATION OF PEAK B FROM SUCROSE GRADIENTS 
Complement Infectivity of 
ñxing activity culture in 
Fractions Density Infectivity (ml. 1/30 C° interference 
from gradient (ajml.)  (P.F.U./ml.) fixed test 
by 1 ml.) (P.¥.U./ml.) 
1-4 1:29-1:24 11 1-0 2-2 x 10* 
5-8 1:23-1:19 40 2-8 1-8 = 10° 
9-13 1:18-1:12 10x 10 25 33x10 
14-21 1:10-1:02 4:1x1 — 2:8 x 108 
Unfractionated -— 1-0 x 10* — 2:3 x 10* 
peak B 
Control for inter- — - 2-0 x 10° 
ference test minus 
tartra 
Control for inter- - - = 1:3 =x 10° 
ference test plus 
tartrate 
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containing the greatest interfering activity ranged from 
1:13 to 1:15 g/ml. ia five separate tartrate gradients. 
Fractions 9-13 were dialysed against 0-1 M ammonium 
acetate for examination in the electron microscope. The 
only component seen in this portion was the cap already 
referred to. This component bears a strong structural 
resemblance to the round end of the virion (Fig. 1); it is 
probably this similarisy which accounts for its interfering 
activity. 
We thank Mr. C. Smale for the electron micrographs. 
JOAN CRICK 
B. CARTWRIGHT 
F. Brown 
Animal Virus Research Institute, 
Pirbright, Woking, Surrey. 
‘Cooper, P. D., and Bellett, A. J. D., J. Gen. Microbiol., 21, 485 (1959). 
a Canini Es Skurska, Z., Paucker, K., and Henle, W., Virology, 17, 312 


3 Crick, J. (unpublished resus). 

t i J., Brooksby, J. B., and Dillon, J. F., J. Gen. Microbiol., 14, 290 
¢ Brown, F., Cartwright, B., snd Almeida, J. D., J. Immunol., 96, 537 (1966). 
* Hackett, A. J., Virology, 24, 51 (1964). 

7 Hang A S., and Wagner, R. R., Proce. U.S. Nat. Acad. Sei., 54, 1579 


* Macpherson, I. A., and Stoker, M. G. P., Virology, 16, 147 (1962). 


Inhibition of Neuraminidase by Polyanions 


Tre function of viral neuraminidase (N-acetylneuraminate 
glycohydrolase, ÆC 3.2.1.18) during the reproductive cycle 
of myxoviruses is not yet clearly defined. It was therefore 
considered that potent inhibitors might be utilized to gain 
further insight into the role of this enzyme. In experi- 
ments involving the interaction of myxoviruses with 
phosphotungstic acid. it has been found that this com- 
pound is a potent inhibitor of neuraminidases at ex- 
tremely low concentrations. A closer examination of this 
phenomenon revealec that the anionic character of this 
substafice is responsible for the effect. Different poly- 
anions were tested aad some of them were found to be 
even more effective inhibitors of neuraminidase. 

The following commercial products with oligo- or poly- 
anionic characteristics, respectively, were tested: phos- 
photungstic acid (Merck, Germany), silicotungstic acid 
(Merck), yeast RNA (Boehringer), heparin’, mucin from 
porcine submaxillary glands (Sigma), sodium dextran 
sulphate (molecular weights of 2 x 10° and 4 x 10%, 
Pharmacia). 

To test the effect of these substances on the activity of 
neuraminidase, virus preparations obtained by differential 
centrifugation? of infected allantoic fluids of the following 
virus strains were used: Newcastle disease virus strains 
‘Italien’ and ‘Beaudette’; Parainfluenza 1/Sendai; fowl 
plague strain ‘Rostock’; influenza A strain A ,/Singapore/ 
57 (Asian)*, influenze B strain ‘Lee’. In addition, experi- 
ments were done with bacterial neuraminidase from 
Vibrio cholerae (RDE, Behringwerke, ized) and 
Clostridium perfringeas (Sigma, purified). The activity of 
the neuraminidases was m by estimating free 
sialic acid after liberation from N-acetylneuraminic acid 
lactose (‘Sialolactose’ General Biochemicals, Chagrin Falls, 
Ohio, U.S.A.)®. The assay was performed with 0-1—0-3 ml. 
neuraminidase or vrus (giving an optical density of 
0-3-0-5), 0-1 ml. of phosphotungstic acid and 0-1 ml. 
(100 ug) of ‘Sialolactose’*. All solutions contained either 
0:1 M phosphate bufer (pH 7) or 0-1 M acetate buffer 
(pH 5:0). 

As shown in Tables 1 and 2, polyanions were capable 
of inhibiting neuraminidase exclusively at acid pH. There 
was a 50 per cent imhibition of all viral neuraminidases 
tested at pH 5-0 by all the substances used at the con- 
centrations indicated. Differences among polyanions were 
observed. Higher concentrations suppressed the en- 


* The influenza concentrates were a gift of Behringwerke AG, Marburg, 
Germany, 
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zyme activity completely. The neuraminidase of Cl. 
perfringens was inhibited by all polyanions at pH 5-0. 
The 50 per cent inhibitory concentrations were, however, 
10-1,000 times greater than for the viral enzymes. 
2 pg/ml. of the polyanions inhibited V. cholerae neur- 
aminidase to a limited extent (30 per cent) except for the 
silicotungstic acid, which gave 50 per cent inhibition. 
Higher concentrations of polyanions did not cause a 
greater inhibition: only 200 ug/ml. of phosphotungstic 
acid gave a 50 per cent reduction of the enzyme activity. 
The mucin, which is known to contain sialic acid, had a 
pronounced inhibitory effect at pH 5-0; however, no 
significant liberation of sialic acid from the mucin 
oecurred under these experimental conditions. 


Table 1, INHIBITION OF NEURAMINIDASE ACTIVITY AT pH 5-0 BY POLY- 


ANIONS 
Concentration (ug/ml.)* of polyanions for 50 per cent 
inhibition 
Dextran sulphate 
Virus or RNA 2x10* 4x10 Mucin Heparin PTA STA 
neuraminidase mol, wt, mol. wt. (PSM) 
ADY, ‘Italien’ O41 0-02 0-02 0-2 0005 04 655 
NDYV, ‘Beaudette’ 0-4 0-05 0-05 0-2 9-008 0-9 =f 
Sendai 1 0-08 0-06 01 0-008 — _ 
Fowl plague 05 0-07 0-07 0-5 0-06 2-0 — 
Asian 0-3 0-04 0-04 0-6 0-05 0-9 = 
Lew 0-2 0-04 0-04 1 0-02 m e= 
Ci, perfringens 6 5 5 8 3 6 — 
F. cholerae >200 > 200 >200 >200 200 200 2 


* Final concentration of inhibitor in the reaction mixture; mean value of 
2-4 estimations, 
+ Not tested. 

_ To determine the activity of the neuraminidase the amount of sialic acid 
Uberation from 100 ug of bovine ‘Sialolactose’ dissolved in 0-1 ml. of buffer was 
measured, The concentration of enzyme chosen was that which gave 
extinction values of 0-3-0-5 (representing from 15 to 25 units/ml.) (ref. 4), 
The total volume was 0-5 ml. in the reaction mixture. All reagents were 
dissolved in 0-1 M acetate buffer (nH 5-0) or 0-1 M phosphate buffer (pH 6-0 
or pH 7-0). The enzyme was mixed with buffer and inhibitor at room tem- 
perature, placed in a water bath at 37° C for & min, and the reaction was 
started by the addition of 0-1 mil. of ‘Sialolactose’. The enzyme reaction was 
carried out for 15 min and stopped by the addition of sodium periodate, The 
free sialic acid was determined by Aminoff’s method (ref. 3). The concen- 
tration of Inhibitor corrected for a final volume of 0-5 mi. of the reaction 
mixture which caused 50 per cent reduction of the enzyme activity was 
taken as the end point. PTA: phosphotungstic acid. STA: silicotungstic 


a 3 NDV: Newcastle disease virus; PSM: from porcine subgnaxillary 
giands. 
Table 2. INHIBITION OF NEURAMINIDASE ACTIVITY AT pH 60 
Concentration (ug/ml.) of polyanions for 50 per cent 
; inhibition 
Virus or Dextran sulphate Macin 
neuraminidase RNA 2x10 4x10 (PSM) Heparin PTA STA 
mol. wt. mol. wt. 
SBV, ‘Italien’ 20) 6-02 3 >200 20 2 2 
NDV, ‘Beaudette’ 20 #02 3 > 200 20 2 2 
Sendai >200 >200 >200 >200 >200 — — 
Fowl plague >200 > 800 >200 >200 >200 2 2 
Asian >200 > 200 >200 >200 »>200 2 2 
Lee > 200 20 200 200 > 200 — ane 


Table 3, REVERSIBILITY OF THE PHOSPHOTUNGSTIC ACID-NEURAMINIDASE 
NEWCASTLE THSEASE VIRUS 


PTA- Percentage of 
Procedure or added substances pH concentration inhibition by PTA 
(ug/ml) Before* After + 
Dialysis against 0-1 M phos- 7-0 3,000 100 20 
phate buffer 
Dilution with 0-1 M acetate 5-0 8 100 20 
buffer 41: 103 
G4 per cent egg albumen 5-0 1-2 97 0 
ii per cent raifinose iO 1-2 97 95 
0-4 per cent starch 50 1-2 97 97 
(4 per cent tributyrin 5-0 1-2 97 100 
Sialolactose’; concentration 25 5-0 0-06 39 
prid 5 mi. 
‘Bialolactose', concentration 50 0-06 23 
0G we /O-5 nal, 
‘Sialolactose’; concentration 5-0 0-06 19 


S00 wa /O0-5 mi. 


* Represents the enzyme Inhibition by phosphotungstic acid before the 
designated procedure or added substances. 

+ Represents the enzyme inhibition after the designated procedure or 
aided substances. 


At pH 6-0 higher concentrations (0-02-200 ug/ml.) of 
polyanions were required to inhibit the neuraminidases of 
the Newcastle disease viruses: strains ‘Italien’ and 
‘Beaudette’ and influenza B/Lee in contrast to Sendai, 
fowl plague and Asian influenza viruses, whieh were not 
ifluenced (Table 2), 3 
enzymes tested. Further experiments are in progress to 
determine whether the differences found are caused by 


NATURE 


SEPTEMBER 10, 1966 von ats 
the characteristic properties of the neuraminidases or to 
virus structure. 

There is no correlation between the pH optimum of 
neuraminidases and the inhibition at pH 6-0 by certain 
polyanions. Newcastle disease virus neuraminidase is 
strongly inhibited by sodium dextran sulphate, whereas 
the enzyme of fowl plague virus is not affected, even 
though their optimal activity is at pH 6-0. On the other 
hand, the inhibitory effect of the anions shows a depend- 
ence on their molecular weight. A concentration of 
0-02 ug/ml. of sodium dextran sulphate with a molecular 
weight of 2 x 10° has the same inhibitory offect as 
3 ug/ml. of sodium dextran sulphate with a molecular 
weight of 4 x 104 (Table 2). The smaller one of the two 
polymers required a concentration 150 times as great as 
that of the larger one. 

The only substance active at pH 7-0 was phospho- 
tungstic acid (silicotungstic acid was not tested), which 
inhibited the neuraminidases of Newcastle disease virus, 
fowl plague virus and Asian influenza virus to 50 per cent, 
at a concentration of 150, 180 and 240 pg/ml., respectively. 
About 6,000 ug/ml. were needed to obtain a 50 per cent 
inhibition of V. cholerae neuraminidase at this pH value. 

Phosphotungstic acid is known to precipitate proteins. 
Nevertheless, the inhibition of neuraminidases by this 
compound did not seem to be a simple denaturation of the 
enzyme, because it could be reversed by dialysis against 
0-1 M phosphate at pH 7 (Table 3). Dilution with 0-1 M 
acetate at pH 5-0 also causes an almost complete reactiva- 
tion of the enzyme activity (80 per cent). Inactivation 
was completely reversed by the addition of 0-5 per cent 
egg albumen (grade V, Sigma) into the enzyme-phospho- 
tungstic acid mixture. Higher substrate concentrations 
also markedly reduced the inhibitory effect. An evaluation 
of these data by Dixon’s method? indicated that a non- 
competitive inhibition was involved. On the other hand, 
reactivation did not occur on addition of raffinose, starch 
or tributyrin to the phosphotungstic acid-inactivated 
enzyme. The inhibition of neuraminidases by the other 
polyanions, however, was only partially reversed on 
addition of 0-5 per cent ovalbumin. An explanation for 
this different behaviour cannot yet be given. 

Polyanions have been found capable of inhibiting 
neuraminidases at pH 5-0 and in some instances at 
pH 6-0 and pH 7-0. The concentration needed for 50 per 
cent inhibition of viral neuraminidases depends on the 
strain of the virus and on the type of polyanion and its 
molecular weight. Experiments are in progress to investi- 
gate the mechanism of the inhibition. 

The data presented indicate clearly that there is an 
interaction between the myxovirus neuraminidases and 
phosphotungstic acid at pH 7-0. At this pH value, phos- 
photungstic acid is used for “negative staining” in 
electron microscopy. It is therefore suggested that the dark 
areas observed in electron micrographs of myxoviruses 
are not “holes”, but may represent components which 
have bound phosphotungstic acid. This could mean that 
the surface of myxoviruses may not necessarily have 
“spikes”, but may possess a lamellar-like structure made 
up of phosphotungstic acid-binding protein alternating 
with substances such as lipids and carbohydrates which 
do not bind phosphotungstic acid. 

I thank Prof. R. Rott for his interest in this work. 
The study was supported in part by a grant from the 
Bundesministerium für Ernährung, Landwirtschaft und 
aman R. DRZENIEK 
Institut für Virologie, 

Justus Liebig-Universität, 

Giessen, Germany. 
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Distribution of Fat Body around the Air 
Sacs and Muscle Fibres in the Imago of 
Oryctes rhinoceros 


No. 5054 


In general, the fat bodies of insects are distributed in two 
anatomical positions: they exist as a peripheral layer 
beneath the epidermis and a perivisceral layer surrounding 
the alimentary canal. The lobes lie freely in the haemo- 
coel; in most insects they are held in position by means 
of the tracheal branches, but in some the individual cells 
of the fat body seem to float freely in the haemocoel. 
In many insects the fat body fills all the available space 
within the body cavity, and can be seen to surround 
the visceral organs such as the gonads. They are never 
directly attached, however, to the organs, but are connected 
to them by means of tracheae. Recently, we have observed 
a unique distribution of the fat bodies in the imago of 
Oryctes rhinoceros. 

The abdominal cavity is filled with innumerable air 
sacs of more or less uniform size. A casual observation 
does not reveal free fat body lobes in the haemocoel as in 
other insects. It can be seen from Fig. 1 that the fat body 
surrounds the air sacs in the form of a thin coat. Only 
seldom are air sacs found which are not surrounded by 
the fat body. The large tracheae are also invested by a 


















Fig. 1. Photomicrograph showing the distribution of fat body around 
the air sac in the imago of O. rhinoceros. AS, Air sac; FB, tat body. 
RN N 
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Fig. 2. Diagram showing the distribution of fat body around the air 
sacs and tracheae. A, Explanation in the text. 
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layer of fat body (Fig. 2). Frequently, small independent 
lobes of fat body occur adjacent to the air sacs or large 
tracheae and are supplied with small branches of tracheae. 
Few such lobes, however, are present, and for the most 
part the fat bodies are distributed around the air sacs and 
tracheae. 

The fat body of the imago consists of much smaller cells 
than those of the fat bodies of the larva. The cell bound- 
aries are not visible in paraffin sections of the fat body 
fixed in Bouin, but owing to a non-specific reduction of 
nitro-BT become clearly demarcated when a fresh fat 
body is incubated in media for succinic dehydrogenase 
activity. Attached to the fat bodies are small ribbon-like 
strands which consist of a double row of cells, arranged 
side by side, with large nuclei and homogenous cytoplasm 
(Fig. 2A). 

In another beetle, Heliocopris bucephalus, which we 
examined, the air sacs do not possess a covering of fat 
body, and this would seem to apply to many other insects 
known to possess air sacs. The significance of the peculiar 
feature in Oryctes is not clearly understood. Lazarenko* 
demonstrated that the fat body of O. nasicornis is formed 
continually during larval development. He also showed 
that when a celloidine tube is introduced into the haemo- 
coel between the lobes of fat body, a layer of connective 
tissue is first formed sround the tube by the transforma- 
tion of spindle-shaped haemocytes and then a large 
number of round blocd cells is deposited on the surface 
of the connective tissue layer which later become trans- 
formed into fat body cells. In view of this, it can be 
suggested that the extensive surface area afforded by the 
tracheae and air sacs in the adult provides a suitable 
substratum for the formation of the fat body and that, 
concurrent with the development of the tracheal tubes 
and sacs, the adult fat body is also formed on their surface. 
Moreover, the existence of a thin layer of connective tissue 
around the trachea has also been demonstrated in the 
larva ef O. nasicornis'. Because the distribution and 
structure of the adult fat body are different from that of 
the larva, it is evident that there is a total reconstruction 
of the fat body in the adult. 

The distribution of the fat body around the air sacs 
may also have some functional significance. It seems 
possible that an insulation of the thin walled air sacs 
with a fatty layer would prevent an excessive loss of body 
heat from their extensive surface which is exposed 
through spiracular openings. Such an insulation would 
be of advantage in large flying insects which have to 
maintain a high body temperature during flight. A fatty- 
interface between the body fluid and the tracheal surface 
would also safeguard against excessive evaporation of the 
body fluid. 

Fig. 3 shows a musc'e fibre from the metathoracic flight 
muscle invested by small thin lobes of fat body. These 
lobes are wound arouad individual muscle fibres leaving 





Fig. 3. Photomicrograph o” a muscle fibre from the metathoracic flight 
muscle of O. rhinoceros shewing the perilibral distribution of fat body. 
FRB, A lobe of fat body. 
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narrew gaps in between. The fat body here has a structure 
similar to that around the air sacs and tracheae. 
We thank Prof. J. C. George for advice during this work. 


K. 8S. S. NAIR 
G. K. KARNAVAR 
Division of Entomology, 
Department of Zoology, 
M.S. University, 
Baroda, India. 
* Lazarenko, T., Z. Mikr. Anat. Forsch., 3, 409 (1925). 


In vitro Formation of Adventitious Organs 
by Pharbitis Embryos 


WHEN young Pharbitis embryos were cultured on an 
artificial medium, abnormal organs formed which had 
not previously been reported for embryo cultures of 
any other plants'. This communication presents some 
additional observations on the formation of the abnormal 
organs. 

Young embryos of Pharbitis nil Chois, strain “Tendan’, 
were isolated aseptically from seeds by the same procedure 
as was reported previously'. The embryos were cul- 
tured either in a liquid medium consisting of a modified 
White’s solution*, 40 g/l. sucrose and 1,000 mg/l. casein 
hydrolysate, or on a medium which contained 9 g/l. 
agar in addition to the same components as the liquid 
medium. The media were steam-sterilized at 100° C for 
l h. Test-tubes, each with 10 ml. of the medium and one 
embryo, were maintained at 26° C under fluorescent 
light, and the embryos were transferred to the fresh 
medium every 2 or 3 weeks. 

In the first series of experiments, approximately 
10-day-old embryos isolated from the young seeds were 
placed in the liquid media. At this stage they were 1-4 
mm long and were green. Although they were submerged 
in the media they grew well, and after a week or so were 
1-5 em long (Fig. 1). When embryos were kept in the 
liquid medium for more than about 1 week, the green 
cotyledons became discoloured in places and several grey 
spots appeared; furthermore, the root and plumule 
did not develop. Several days later, tiny protuberances, 
which could not be identified as callus or root, appeared 
eircularly and exogenously around the hypocotyl near the 
radicle in all cultured embryos (Fig. 2). Such protuber- 
ances expanded gradually and sometimes appeared as 
an opening umbrella (Fig. 3). In the meantime parts of 
these outgrowths frequently stretched downwards into the 
medium and mostly resulted in petiolate outgrowths 
(see Figs. 4 and 5). Some petiolate outgtowths which 
were partially expanded at their “spearhead”? had the 
appearance of an ascidial leaf. Microscopic observation 
revealed that such outgrowths possessed some poorly 
developed vascular bundles and minute sacs, which 





Fig, 1. Pharbitis embryos cultured in the liquid medium for a week after 
the isolation, (xe. 1.) 
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Pharbitis embryo cultured in the liquid medium for about 3 
Protuberances (7) occur circularly around the hypo- 
cotyl near the radicle, 


Fig. 2. 
weeks ( x e. 2-5). 





Fig. 3. Pharbitis embryo with an adventitious outgrowth similar to an 

opening umbrella (xe. 2-5). The embryo was cultured in the liquid 

medium for about 4 weeks, O, Outgrowth; H, hypocotyl; C, cotyledon; 
R, radicle. 


resembled oil sacs—normally only found in the cotyledon 
of this plant. This suggests that such adventitious 
outgrowths are of a cotyledonary nature. In prolonged 
liquid culture, the rate of development of these adven- 
titious outgrowths usually declined, and the embryos 
did not develop either root or plumule; however, the 
green cotyledons with grey spots continued to expand and 
the hypocotyls to thicken. 

In another experiment, embryos which had been cul- 
tured in the liquid medium for 1 week were transplanted 
on the agar medium. They were kept partially submerged 
in the agar medium—that is, the cotyledons were main- 
tained above the surface of the medium and the hypo- 
cotyl in the medium. The cotyledons in the air lost 
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asc nary lade 
tyl. O, Petiolate outgrowth; ZL, “leaf blade”; C, discoloured 
cotyledon. 


chlorophyll and became pale one week after the transfer, 
while the hypocotyl in contact with the culture medium 
remained green in colour. After a further 2 weeks, the 
embryos attained 3 cm in height. Root and plumule 
did not develop, but the protuberances appeared from the 
hypocotyl and developed into the petiolate outgrowths. 
In the agar medium some of the petiolate outgrowths 
with partially expanding spearheads developed further 
into a “‘leaf blade” with veins in about 1-5 months (Fig. 
4). Such a “leaf blade” possessed a number of sacs. This 
also suggests that the adventitious outgrowths from the 
hypocotyl are of a cotyledonary nature. In prolonged 
eulture, some embryos with adventitious cotyledonary 
outgrowths developed a root and first leaf, followed by 
normal growth of the seedling. 

In the second series of experiments, discoloration 
of the green cotyledons always occurred before initiation 
of the adventitious outgrowth (as was observed in the 
previous experiment). This suggests that the green 
cotyledons play an important part in the initiation of the 
outgrowths. In order to investigate this influence, three 
groups of cultures were prepared in the liquid media. 
In the first group the intact embryos were cultured. In 
the second group cotyledons were aseptically removed 
from the embryo 1 week after the start of the culture 
and only the remaining “hypocotyl” involving the 
radicle was cultured. In the third group “hypocotyl” 
and isolated cotyledons were cultured together in the 
test-tube. 

The “hypocotyls” without cotyledons initiated the 
adventitious outgrowths most rapidly and vigorously, 
resulting in dishevelled outgrowths with irregular external 
forms (Fig. 5a). The intact embryos in the first group 
began to exhibit outgrowths later—after the grey spots 
had developed in the cotyledons—however, the “hypo- 
cotyls” cultured with the isolated cotyledons (third group) 
did not. This indicated that, whether or not the green 
cotyledon was isolated from the hypocotyl, its presence 
strongly suppressed the development of outgrowths. 
It is probable that the green cotyledons produce some 
diffusible substance which inhibits the development of 
outgrowths: the nature of this substance is as yet unknown. 
In prolonged culture, the “hypocotyl” of seedlings in the 
second group often developed a disfigured first leaf which 
possessed many sacs. This is believed to result from 
its cotyledonary nature (Fig. 5b). 
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In young seeds Pharbitis embryos are green, but on 
maturing they yellow. In the third series of experiments, 
embryos at various stages of development were isolated 
from the seeds and caltured in the liquid medium. All 
young embryos which had been isolated when they were 
green produced adventitious outgrowths within 3 weeks. 
On the other hand, when old yellowing embryos were 
cultured, they did not mitiate any adventitious outgrowths 
but grew regularly and developed a root and normal 
first leaf; however, there were no sacs in the latter. 

Thus, in summary only young green embryos pro- 
duced the adventitious cotyledonary outgrowths. Never- 
theless, green cotyledens do have some inhibitory effect 
on the development cf outgrowths. In other words, to 
initiate the outgrowth the embryo must be green at the 
beginning of the culbure, but the cotyledon must be 
partially discoloured before the development of the out- 
growths is initiated. It is possible that green hypocotyl 
without green cotyleden may be able to develop adventi- 
tious outgrowths. 

Embryos cultured on the agar medium developed their 
normal first leaf later, and this did not have any sacs, 
whereas submerged “hypocotyls” of which the plumules 
were in contact with liquid medium developed the cotyle- 
donary first leaf possessing a number of sacs. A compo- 
nent in the medium would therefore seem to be playing 
a part in causing suck abnormal growth of the embryo. 





Fig. 5. “Hypocotyl" witheut cotyledons, developing dishevelled out- 

growths (a) (xc. 1-5) and the cotyledonary first leaf (b) (xe. 2-5). 

F, Cotyledonary first leaf 4 Eepoootyt; O, petiolate outgrowth; 
y cle. 
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In the cultures the young embryos often germinated 
precociously without full differentiation during the early 
stage’*. A high concentration of casein hydrolysate is 
known to retard such precocious germination and to 
prolong the embryonie stage’, The media used in our 
experiments contained 1,000 mg/l. casein hydrolysate 
and this might have suppressed normal germination and 
also caused the excessive cotyledonary outgrowth. 


S. MATSUBARA 
R. NAKABIRA 

Biological Laboratory, 

Kyoto Prefectural University, 

Shimogamo, Kyoto, Japan. 

* Matsubara, S., Sci. Rep. Kyoto Pref. Univ., 15 (A), 15 (1964). 

* Matsubara, S., Bot, Mag. (Tokyo), 75, 10 (1962). 

-*Detrich, K., Flora, 117, 379 (1924). 

‘LaRue, C. D., Bull. Torrey Bot. Club, 63, 365 (1936), 

* Kent, N., and Brink, R. A., Science, 106, 547 (1947). 


Respiration in Euphausiids 

_ RESPIRATORY rates provide estimates of catabolism in 
organisms. These rates, together with estimates of ana- 
bolism (such as growth rates), are used to assess gross 
production (assimilation) rates, which themselves are 
necessary to an understanding of energy transfer in food 
webs. This communication reports measurements of the 
respiration of euphausiids (class Crustacea) collected off 
the Oregon coast in winter. The effect of temperature on 
respiration was evaluated, and length—weight relationships 
were determined in order to study the effect of body size 
on respiration. 

The study was confined to the winter months because 

of the known seasonal differences in respiratory metabolism 
in certain species of Calanus'?, Environmental conditions 
in our areas of collection are reasonably uniform between 
November and March. In the upper 200 m of water, 
temperatures range from 7° C to 10°C, and salinities 
vary from 32-50 to 33-75 parts per thousand. 
__ The species of euphausiids used in all experiments were 
uphausia pacifica Hansen and Thysanoessa spinifera 
. Holmes, with E. pacifica predominating. We collected 
- these animals with either half-metre or metre nets (mesh 
size 0-239 mm) and placed them immediately in wide- 
mouth jars containing water of similar temperature and 
_ Salinity as that from which they were collected. We then 
placed these jars in black plastic bags and transported 
‘them in insulated coolers to a laboratory cold room main- 
tained at 10°C. In the cold room the animals were 
once again transferred, this time to wide-mouth jars 
_ Containing filtered sea water. No more than three euphau- 
-Slids occupied any one jar, with a maximum of one animal 
per 300 ml. sea water. These jars were then returned to the 
black plastic bags and held in the cold room. The animals 
were fed mixed phytoplankton cultures sporadically, 
and those not used immediately in experiments were 
transferred to clean water every few days. With this 
treatment most of the euphausiids, particularly the larger 
animals, remained healthy for many weeks. 

Measurements of respiration were made in a Gilson 
differential respirometer* in the dark. The theory behind 
this instrument and its appli¢ation to respiration studies 
has been discussed by Umbreit et al.4. Rates determined 
in the respirometer compared favourably with those 
found by the Winkler oxygen technique. Using this latter 
method, we determined oxygen utilization by subtracting 
the oxygen concentration in bottles in which euphausiids 
had been kept for 3-6 h from the oxygen concentration 
in control bottles containing no animals. 

Length—weight relationships were determined for the 
euphausiids using total length measurements and dry 
weights obtained by desiccation to constant weight with 
silica gel. Dry weights by desiccation did not differ 
significantly from those determined at 60° C in an oven. 
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The dry weight of E. pacifica used in these experiments 
varied as the total length raised to the 3-059 power, which 
indicates that this species in winter obeys the so-called 
“cube law”. Dry weight of fourteen specimens of T. 
spinifera, on the other hand, varied as total length to the 
3-731 power. This latter relationship supports visual 
evidence that in winter T. spinifera is fuller bodied 
for its length than E. pacifica. 

Even though the specimens of T. spinifera used in our 
experiments were usually heavier than H. pacifica, their 
weight-specific respiratory rates were not significantly 
different. Thus, data for both species were dealt with 
together. The average weight-specific respiratory rate 
for winter euphausiids at 5° C was 0-75 + 0-04 ul. oxygen/ 
mg dry weight/h (thirty-three animals), where + 0-04 
sets the limits of the 95 per cent confidence interval. The 
average rate at 10° C was 1:28 + 6-07 ul. oxygen/mg/h 
(thirty-eight animals), and at 15°C 1-61 + 0-13 ul. oxygen/ 
mg/h (twenty-four animals). 

Conover? collected three unidentified euphausiids in — 
August 1958 in slope water off the east coast of the United 
States at about 1,000 metres depth. The rate for these 
animals averaged 0-67 ul. oxygen/mg dry weight/h at 
51° C. One of these animals, however, was reported to be 
in poor condition. A fourth animal respired at 1-29 ul. 
oxygen/mg/h at 51°C. From these meagre data we 
conclude that respiratory metabolism of euphausiids 
collected in deep water off the east coast of the United 
States in late summer is approximately similar to that of 
winter euphausiids off Oregon. Lasker? obtained an 
average of 1-4 ul. oxygen/mg/h at 10°C for E. pacifica 
collected off southern California. 


pl. oxygen/mg dry wt./h 





0 5 10 15 
Temperature (°C) 


Fig. 1. Average weight-specific respiratory rates, with 95 per cent 
confidence intervals, of euphausiids from Oregon waters in winter, 
measured at 6°, 10°, and 15° 0, 


The Qı, for our animals was 2-11, and this was deter- 
mined from the relationship between mean weight- 
specific respiratory rates and temperature (Fig. 1). 
This value clearly indicates non-acclimated respiration at 
5° C and 15°C. We removed the euphausiids from the 
10° C holding temperature to the experimental temperature 
17-24 h before the beginning of each experiment. A 
Qı of 2-11 under these conditions may indicate that 
euphausiids, often subjected to temperatures ranging 
from 5° C to 10° C in diel vertical migrations off Oregon - 
in winter, do not acclimate to these temperature changes 
during their migrations. These results, in substance, 
support the hypothesis that a zooplankton that feeds 


in warm surface waters and “rests” in cooler waters gains — 


an energy bonus that possibly can be put into feeundity’. 

Acclimation may occur with longer residence times in 
water of uniform temperature, but this remains to be 
tested with our animals. MéWhinney® has demonstrated 
strong temperature acclimation in the Antarctic krill, 


r 
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Euphausia superba, and Conover? has shown that the deep 
water copepod Calanus hyperboreus will regulate its respi- 
ratory rate within the known temperature range of the 
species. The temperature ranges for both these species are 
relatively narrow. 

Respiratory metabolism (E), not corrected for weight 
and expressed as oxygen consumption per unit time, 
can be related to body weight (W) as: 


R= a Wwe 


where a and b are constants. In a log-log plot of È and W, 
b is the slope of the line fitted by the method of least 
squares, and a the intercept on the y axis. The 6 values 
for our data were 0°962 at 5° C, 0-935 at 10°C, and 
1-141 at 15° C (Fig. 2). Covariance analysis showed that 
the differences between these values were not significant 
at P = 0-05. This indicated that temperature did not 
affect the proportionality of respiratory rate to dry weight ; 
that is, the Q,, did not vary with size of the anımal. 
For crustaceans, b generally is between 0-667 and 1-000, 
with such factors as physiological activity, sex, season, 
etc., affecting the actual value. A b value of 0-667 indicates 
proportionality of respiration to body surface area, and 
a b of 1-000 indicates proportionality of respiration to body- 
weight. In our studies, factors other than body size were 
controlled or minimized by experimental design, and 
respiration became a function of body-weight. 
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Fig. 2. Scatter diagram and regression lines showing the relationship 

between log pl. oxygen/h and log mg dry weight, at three temperatures. 

, 5° C, log R=0:962 log W — 0O 102, r=0:943 @——@, 10°C 

log R=0'152+0-935 log W,r=0960. x—-—x, 15° C, log R=0-083 
-+1-141 log WF, r=0 921. 
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Our experiments led us to the conclusion that, in general, 
water temperature and body size are the two factors most 
significantly affecting the respiration of euphausiids 
during winter off the Oregon coast. Furthermore, over the 
weight range of animals used, neither Q,, nor weight- 
specific respiration varies with size, and no short-term 
temperature acclimation occurs. Whether these pheno- 
mena occur through all seasons remains to be determined. 
Differences might be expected in the spring and summer off 
Oregon, when food is abundant, surface waters are warmer, 
and reproduction occurs. 

We thank Dr. H. K. Phinney of the Department of 
Botany, Oregon State University, for use of the Gilson 
respirometer and technical assistance. 
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Spermagglutination and Spermadsorption 
due to Myxoviruses 


WHILE studying the interactions between germ cells and 
viruses, it was observed that spermatozoa of some mam- 
mahan and avian species were agglutinated by members 
of the myxovirus group. This phenomenon was desig- 
nated as spermagglutination in analogy with haemagglu- 
tination. It was further observed that spermatozoa 
adsorbed to cells which were producing virus in vitro; 
this was called “spermadsorption”’. This communication 
describes these two phenomena as well as the conditions 
underewhich they occurred. 

The bulk of the investigation was performed using 
bull and rooster semen. Bull semen was received as 
fresh and undiluted, individual or pooled specimens 


from an artificial insemination centre; rooster semen 


was collected from White Leghorn roosters between 6 
months and 1 year of age, by the technique of abdominal 
massage’. Altogether, individual semen samples from 
ten bulls and five roosters were tested. 

Semen samples were used up to 1 h after ejaculation 
unless they were kept for a longer time on purpose. 
Care was taken to avoid drastic changes in temperature 
while the semen was handled before the test proper. 
Before interdécting with the virus all semen samples were 
sedimented by centrifugation at 2,500 r.p.m. for 20 min, 
washed once in phosphate buffer (pH 6-0 for bull sperma- 
tozoa, pH. 7-2 for rooster spermatozoa) and resuspended 
at a concentration of one per cent in the same buffer. 

The viruses used were: one field and two attenuated 
vaccine strains? of Newcastle disease virus (NDV); the 
Melbourne and Formosa strains of influenza; local field 
strains of foot and mouth disease virus (types O, A, 
Sat 1); infectious bovine rhino-tracheitis (1 BR) virus; 
West Nile and Sindbis viruses. Anti-NDV and influenza’ 
hyperimmune sera were prepared in rabbits. 

For the spermagglutination test, equal volumes of 1 
per cent suspensions of spermatozoa and an appropriate 
virus dilution in the standard buffer were mixed. In the 
spermagglutination experiments for Sindbis and West 
Nile viruses, the procedure for haemagglutination of 
Clarke and Casals? was followed. Spermagglutination- 
inhibition as well as haemagglutination-inhibition tests 
were performed by titrating the immune sera against ten 
spermagglutinating or haemagglutinating units. 

Spermagglutination was observed with bull, rooster, 
human and ram spermatozoa, and there were no quali- 
tative differences between the individual samples.. Under 
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the conditions tested, spermagglutination was observed 
only with the myxoviruses, NDY and influenza. 

The phenomenon of spermagglutination manifested 
itself by the appearance of clearly visible macroscopic 
floccules which contrasted sharply with the homogeneous 
cloudy appearance of the non-agglutinated control 
suspension of spermatozoa. The time required for spermag- 
glutination to occur was inversely proportional to the 
concentration of the virus and started in about 5-10 min. 
The final reading could be made after 60 min although 
after 30 min there was already a good indication of the 
titre. The floceules finally sedimented to form a typical 
dentated pellet, leaving a clear supernatant. Under the 
microscope, these floccules were observed to consist of 
aggregates of spermatozoa agglutinated by the mutual 
apposition of their heads with their tails vibrating at the 
periphery. 

The following physico-chemical requirements for 
spermagglutination were determined: (1) pH: for bull 
spermatozoa the optimal pH range was between 6-0 and 
66. At higher pH values, spontaneous agglutination 
was liable to occur. For rooster spermatozoa the optimum 
ranged from 6:5 to 7:2. The optimal pH for man and ram 
spermatozoa has not been studied, but spermagglutination 
occurred at pH 6-6. (2) Temperature: at 37° C, spermag- 
glutination appeared sooner and to a higher titre than 
at room temperature. At 4°C there was practically no 
spermagglutination but when such samples were trans- 
ferred within 1 h to 37°C, they showed the same titre 
as samples initially incubated at 37°C. (8) Electrolytes: 
spermageglutination was observed in the standard phos- 
phate buffer, but it did not occur in isotonic 5 per cent 
glucose solution or when potassium ions were omitted 
from the standard buffer. The absence of potassium ions 
resulted in a reduction or loss of motility of the sperma- 
tozoa and because of this their agglutinability was 
diminished (see below). (4) Motility of the spermatozoa: 
a relationship was found between the motility and the 
agglutinability of the spermatozoa. Whenever the motility 
was impaired, it was reflected in the results of spermag- 
glutination tests. Impairment of the motility to different 
degrees ~was provoked by heating to 45°C for 20 min 
or to 56° C for 10 min, by keeping the spermatozoa over- 
night at 4° C or by omission of potassium ions from the 
standard buffer. Of these, only the last was found to be 
reversible, as was cooling for 1 h only at 4°C. Although 
motility and its impairment could be evaluated by semi- 
quantitative means only (observing the fraction of motile 
spermatozoa, and the magnitude of their motility), the 
results were nevertheless rather convincing. Gradual loss 
of motility coincided with gradual drop of, virus titre in 
the spermagglutination test; immotile spermatozoa gave 
no spermagglutination. The specificity of spermagglutina- 
tion produced by NDV and influenza viruses was shown 
by the spermagglutination-inhibition test with specific 
hyperimmune sera. Anti-NDV serum inhibited spermag- 
glutination by NDV but not by influenza viruses, and the 
converse was found in reciprocal tests. The titre of the 
antiserum for each virus had similar values when measured 
by haemagglutination-inhibition or spermagglutination- 
inhibition. It was observed throughout the many 
trials that the titres of NDV and influenza strains were 
practically the same in the spermagglutination and 
heemagglutination systems (Table 1). It was further 
shown by adsorbing NDV to chicken red blood cells that 
the drastic fall of virus titre in the supernatant was 
reflected in spermagglutination and haemagglutination 
to the same degree. Recovery of the adsorbed virus by 
eluting it from the red blood cells restored its titre equally 
for spermagglutination and haemagglutination. Reduc- 
tion of virus titre in the supernatant after adsorption to 
spermatozoa could be seen only when tested by spermag- 
glutination and not by haemagglutination because it was 
found that spermatozoa and their washing fluids are 
themselves capable of agglutinating chicken red blood cells. 
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Spermadsorption, by analogy with haemadsorption, im- 
plies the attachment of spermatozoa to virus-infected 
monolayer of cell cultures. Bull and rooster spermatozoa 
showed this phenomenon only with NDV and influenza 
virus-infected cells. When infected monolayers of chicken 
embryc cells were allowed to interact with a suspension 
of spermatozoa for 10 min at 37° C, a massive adsorption 
of the spermatozoa to the monolayer could be seen 
under the microscope. 0-5 ml. of a 1 per cent suspension 
of spermatozoa for each culture tube was required for a 
clear picture. The firm attachment thus obtained could 
not be broken mechanically by washing or shaking 
(in contrast spermatozoa were floating and actively 
moving on the uninfected monolayers). NDV and influenza 
viruses could be titrated in this way (Table 1). The virus 
specificity of the spermadsorption was shown by inhibit- 
ing it; this was achieved by pretreating the infected cells 
with specific antiserum. 

Bull seminal plasma was found to be a potent inhibitor 
of spermagglutination—sometimes active up to dilution 
of 1: 1,000—while rooster seminal plasma showed a weak 
inhibitory activity. Bull semen, therefore, required to 
be washed before it was tested with the virus whereas 
rooster semen could be used directly once diluted to form 
a l per cent suspension. The seminal plasma exerted a 
similar inhibitory effect on haemagglutination having 
the same quantitative values. This inhibition could be 
completely abolished by treating the seminal plasma 
with potassium periodate and/or trypsin, but only partially 
by heating to 56° C for 30 min. It should be noted that the 
seminal plasma of different animal species is known to 
contain high levels of sialo-mucoproteins‘, 


Table 1. COMPARATIVE TITRES OF MYXOVIRUSES BY SPERMAGGLUTINATION 
SPERMADSORPTION, HAEMAGGLUTINATION AND HAEMADSORPTION* 


CPE SAD HAD 
(TOD sof (LC Diol (TOD o/ SA HA 
ml.) ml.) ml.) 


NDY {feld strain) 108 yo*s 106: 1:2,048¢ 1:2,048f 
NDYV (vaccine st: 0 1075 10° 1:1,024 1:1,024 
Influenza (Formosa) 0 10" 10%"? 1: 320 1 * 640 


+ Abbreviations: CPE, cytopathic effect ın culture of chicken embryo 
cells; SAD, spermadsorption; HAD, haemadsorption; SA, spermagglutina- 
tion; HA, haemagglutination. 

t Highest dilution showing clear spermagglutination or haemaggliutination. 


The agglutinability of spermatozoa from different 
species by myxoviruses points to the existence of viral 
receptors on the surface of these cells. This finding may 
not only provide an additional system for the rapid 
detection and titration of myxoviruses but may itself 
be of fundamental biological interest. The study should 
be extended to an investigation of other viruses and 
should be carried out under various experimental con- 
ditions. In addition to the ability to agglutinate, other 
parameters which might be influenced by viruses— 
namely, the motility and the metabolic activity of the 
spermatozoa—should be taken into account. Another 
point of interest is the possible part played by male- 
haploid cells as carriers of virus in congenitally trans- 
mitted viral diseases". 

We thank Prof. N. Goldblum for his advice and interest 
in this work. 
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Recovery of Unengorged Larval Trombiculid 
Mites (Acarina) from Ground Holes 


PREVIOUSLY it was found possible to identify the natural 
habitats of a limited number of species of larval trom- 
biculid mites (chiggers) in Malaysia by recovering them 
from the ground on black ‘Formica’ platesti. In such habi- 
tats as were found, it was possible to observe with the 
naked eye chiggers both singly and in clusters. Only 
two species of chiggers have so far been subjected to 
intensive investigation using this recovery technique 
and both were vectors of scrub typhus, Leptotrombidium 
(Leptotrombidium) deliense (Walch, 1922) and L. (L.) 
akamushi (Brumpt, 1910). In the few localities studied 
by this means, the former was found in lalang grassland 
(Imperata cylindrica) and the latter on ground leaf-litter 
of secondary forest galleries*. In the course of current 
investigations of scrub typhus in the primary and secon- 
dary forests of Malaysia, we have collected a number of 
species of larval trombiculids—previously found only on 
small forest mammals—by insertion of a flat strip of black 
‘Formica’ into ground holes. 

The ground holes were probably formed as a result of 
activities of large animals, although some may have 
resulted from weathering. They are frequently to be 
found on the sides of escarpments or small mounds, 
among the roots of trees, and often in natural rock and 
earth fissures. In general, however, the holes which are 
infested occur in shaded areas; their interiors are cool, 
damp and usually free of litter or debris. Chiggers have 
been recovered from wide, low crevices on sloping ground 
and from holes which are as shallow as 4 in., and which 
vary in diameter from 2 in. to 6 in. Although the mites 
have generally been recovered from within 1-14 in. 
of the mouth of the hole, the maximum depth at which 
they are found has not yet been determined. 

About half the holes which we have examined have 
yielded larval mites. The number of larvae recovered 
from a single hole may vary from one to more than two 
hundred. It was found that chiggers could best be re- 
covered by simply inserting the ‘Formica’ plate into the 
hole for a second or so; its presence somehow stimu- 
lated the mites to drop on to it from the roof of the hole 
(where they were most frequently situated). (An investi- 
gation of the stimulus involved here is at present being 
carried out; so also is a search for nymphal and adult 
forms and the identity of their usual hosts.) 

The specimens of L. (£.) deliense recovered from holes 
are white whereas those of L. (Z.) deliense collected in 
abundance from established ground surface habitats are 
orange in colour. Indeed all but two of the twenty-five 
collected from holes were whitish in colour; the excep- 
tions were W. oudemansi and E. wichmanni. The relation- 
ship between colour and habitat is also the subject of 
active investigations. 

So far, twenty-five larval species, including several 
which have not previously been described, have been 
recovered from ground holes (Table 1). Thirteen of the 
twenty-five belong to the genus Gahrliepia. 

Previous attempts to grow nine species of Gahrliepia 
under ambient laboratory conditions were not successful. 
Fourteen species of chiggers collected have now been 
successfully bred under conditions simulating the natural 
micro-environment®; seven of these had been recovered 
from open fields and plantations or from rodents trapped 
there, while the others were from more heterogeneous 
habitats. A knowledge of temperature, humidity and food 
requirements such as could be derived from further 
studies of these newly recognized habitats should enable 
us to breed gahrliepiines and other forest chiggers in the 
laboratory. Because of the relative ease with which 
these mites can be recovered, investigations of the biono- 
mics of a large number of Malaysian mites and their 
possible role in the transmission of scrub typhus and other 
enzootic infections can now be put into operation. 
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Table 1. SPECIES RECOVERED FROM GROUND HOLES 


Genera] location 

Species of holes* 
2 3 

Léplotrombidium {D.} deliense i x 
Leptotrombidium (L.) sp. 
Leplotrombidium (L.) 89. 
L. (Trombieuhndus) hastata x 
Eutrombicula wichmanni x 
Eltonella eltoni x 
Schoengastra vitta x 
Neoschoengastia sp. x 
Schoutedenichia bisetosa x 
Walchella oudemann x xX 
Walchwella impar x 
Walchrella sp. x 
Gahrlepus (G.) darta x 
Gahrhepia (G.) neterelia x 
Gahrhepia 6 cetrata 
Gahrhepia (G.) fletcheri 
Gahrliepia (G.) insigne 
Gahrhepia (G.) picta 
Gahrliepia (G.) rutila 
Gahritepia (G.) maraki x 
Gahrliepia (G.) sp x 
G. (Schoengastrelia) argalea 
Gahrliepia (Walchia) rustica x 
Gahrliema t) turmales 
Guhrhepia (W.) cuspidata 


*(1) Primary forest, > 5,000 ft.; twenty holes examined; (2) primary 
forest, < 3,000 ft.; sixty holes examined; (3) secondary forest, < 38,000 ft.; 
one So holes examined; (4) palm island in rice field; twenty holes 
examine 


xX XXX 
XxX XK xX 
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Antagonistic Interaction between Schistosoma 
mansoni Sporocysts and Echinostome Rediae 
in the Snail Austraforbis glabratus 


It has recently been shown that antagonistic interaction 
takes place when schistosome, strigeid or plagiorchiid 
sporocysts occur together with certain echinostome 
rediae in the same snail’. This interaction results in the 
total elimination of the first three groups of parasites. 
This communication discusses the antagonistic interaction 
between sporocysts of Schistosoma mansoni Sambon and 
rediae of an unidentified Echinostoma species in the snail 
Australorbis glabratus (Say). 

The Echinostoma species was isolated from an A. 
glabratus collected near Recife, Brazil. It is morphologi- 
cally close to E. audyt, but its exact identity is still under 
study. Cercariae of this echinostome encyst in various 
freshwater snails, including A. glabratus, and these cysts 
develop into adults when fed to chicks and ducklngs. 
The strain of S. mansoni and the experimental snails 
were obtained from the National Institutes of Health, 
Bethesda, Maryland. Only albino snails were used because 
it is then easier to observe rediae and sporocysts and 
their interaction through the shells. 

The Echinostoma sporocysts develop in the ventricle 
cavity of the snail, rediae mainly in the ovotestis but also 
in the liver, lung, kidney and mantle edge. Daughter 
sporocysts of S. mansoni migrate from the anterior of the 
snail, where the mother sporocyst develops, to the vis- 
ceral mass. Development of both species of parasites is 
apparently normal so long as they occupy different areas 
in the snail. Observations made on thirty-six snails 
with double infection have shown that wherever schisto- 
some daughter sporocysts and echinostome rediae are 
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in direct contact with each other interaction occurs. The 
sporocysts die and are consumed by the rediae. The 
mechanism by which sporocysts are killed is unknown, 
but this is presumably the result of direct mechanical 
action of the rediae since parasites not attacked develop 
normally and produce cercariae. 

The rate .at which sporocysts are eliminated depends 
largely on relative numbers of both species of parasites 
in the snail. S. mansoni sporocysts are usually numerous, 
while the rediae of Echinostoma species are relatively 
few, varying from 46 to 432 in snails dissected 19 to 81 
days after exposure. Of these, 10-14 per cent are usually 
located in areas not occupied by the schistosome—that 
is, in the hing, kidney and mantle region of the snail— 
and do not participate in such interaction. Because of this, 
relatively few rediae are usually confronted with numerous 
sporocysts, which are gradually eliminated. Moreover, 
rediae of this Echinostoma species are active for only 
4-5 weeks, after which they become smaller and sluggish 
and contain few or no larvae. These inactive rediae 
probably play no part in the interaction and ultimately 
die. New rediae continue to be produced (as there are 
many redial generations in this species), but the rate of 
interaction decreases steadily after the appearance of 
inactive rediae. Significant interaction is therefore 
confined to a limited period. 

When schistosome sporocysts are already widely 
distributed in the visceral mass of the snail, newly pro- 
duced rediae readily interact with them. The rate of 
interaction increases with the number of vigorous rediae, 
but declines rapidly as they become inactive. If echino- 
stome rediae are already established in the snail, the rate 
varies with the stage of redial development at the time 
schistosome sporocysts invade the visceral mass and is 
negligible when many rediae have become inactive. Even 
in the presence of active rediae, however, many schisto- 
some sporocysts may escape immediate destruction and 
produce cereariae. Sporocysts are first cleared om the 
ovotestis where redise are most numerous, then from the 
distal part of the liver, regardless of which parasite 
first appears in the visceral mass. Sporocysts persist 
in the anterior of the viscera where rediae are usually 
few and sometimes absent. 

Table 1 shows the results of interaction. The experi- 
ments were carried out at 26-29° C. Double infection was 
achieved in nine snails by simultaneous exposure to both 
species of miracidia and in these animals echinostome 
rediae arrived first in the viscera. In eighteen snails, 
Echinostoma infection was superimposed on S. mansont 
infection with an exposure interval varying from 9-19 
days. In nine other snails the sequenced of exposures 
was reversed, with intervals varying from 7-19 days. 
Each snail was exposed to ten miracidia of S. mansoni 
and ten and fifteen echinostome miracidia. Nine snails 
were killed, twenty-six were kept until they died, and all 
were dissected. 

In eleven snails clearance of sporocysts was slight 
(group 1 in the table) due to one or more of the following 
factors: too few rediae, early death of the snails, or arrival 
of S. mansoni sporocysts in the viscera after development 
of many inactive rediae. In fourteen snails (group 2) 
clearance was achieved in the ovotestis, in eight snails 
(group 3) also in the posterior part of the liver and in 
three snails (group 4) in more than half the liver. In 
one snail of group 3 and one of group 4, clearance occurred 
in large areas of the liver within a relatively short period 
because only a few schistosome sporocysts had migrated 
into the viscera, the majority probably still remaining 
within the mother sporocyst. When numerous sporocysts 
invade the visceral mass, clearance of large areas of the 
sneil cannot be achieved quickly. Significant clearance 
was observed when Echinostoma infection was super- 
imposed on S. mansoni infection and in snails with simul- 
taneous exposure. Snails with S. mansoni superimposed 
on Echinostoma infection showed limited clearance. 


NATURE 


SEPTEMBER 10, 1966 vot. 211 


Interaction between S. mansoni sporocysts and echino- 
stome rediae in A. glabratus is similar to that betwéen 
various trematode sporocysts and echinostome rediae in 
Lymnaea rubiginosa but with a different outcome. In the 
latter, interaction occurs rapidly; for example, when 
Echinostoma audyi Lie and Umathevy or Echinopary- 
phium dunni Lie and Umathevy is superimposed on 
Trichobilharzia infection, complete elimination of sporo- 
cysts is usually achieved before echinostome cercariae 
are produced, and the snails rarely shed both cercariae 
at the same time!3, In the former, interaction is slow and 
only partial elimination of sporocysts is achieved; the 
snails always shed both species of cereariae. Lymnaea 
snails infected with these echinostomes always have 
abundant rediae. The difference in interaction is probably 
due to the larger number of rediae produced by E. audyi 
or E. dunni and their longer period of activity. Heyneman® 
introduced twenty-five to fifty E. dunni mother rediae 
into a clean snail and counted about 2,000 rediae 7 days 
later. Number and activity of rediae are probably related 
to suitability of the snail host. Lymnaea rubiginosa is 
easily infected with E. audyt or E. dunni showing high 
infection rates®:4. A. glabratus is less easy to infect with the 
Echinostoma species. Lymnaea snails are a better host for 
E. audyi and E. dunni than A. glabratus for the Echino- 
stoma species. 

Although interaction is direct between rediae and sporo- 
cysts, the relative degree of adaptation of both parasites 
to the snail host is probably of great importance. E. audyt 
and E. dunni are at least as well adapted to the snail 
host as the Trichobilharzia species, and A. glabratus is 
undoubtedly a better host for S. mansoni than for the 
Echinostoma species. A. glabratus is more easily infected 
with the schistosome (more than 90 per cent infectcd 
when exposed to ten miracidia each as compared to 
30 per cent on exposure to ten to fifteen miracidia 
for the Echinostoma species). An echinostome species as 
well adapted to A. glabratus as S. mansoni, however, 
might give an efficient interaction. 

Antagonistic interaction between rediae and sporocysts 
may be a feature of all echinostomes. It has been shown to 
occur in two species of Malayan echinostomes and is now 
demonstrated in a Brazilian species The findings of 
Cort et al. in Michigan, and of Martin® in Los Angeles, 
that echinostomes in the freshwater snail Stagnicola 
emarginata angulata (Sowerby) were not found in double 
infections with other trematodes and in the marine snail 
Cerithidea californica Haldeman only rarely, support this 
assumption. It would be interesting to know whether 
rediae of trematodes other than echinostomes are also 
capable of destroying sporocysts in the snail. 


Table 1. EXTENT oF CLEARANOE OF Schistosoma mansoni SPOROCYSTS BY 
Echinostoma REDIAE IN THE SNAIL 


Number of snails 


‘ Duration Echino- S.mansont 
Sporocysts distribution of Simul- stoma Buper- 
in snails inter- taneous  guper- imposed Total 
action exposure imposedon on Echino- 
S. mansoni stoma 
1. Sporocysts in ovotestis 4-35 2 5 4 11 
and liver 
2. Clearance of sporocysts 6-54 4 5 5 14 
1n ovotestis 
3. Clearance of sporocysts 8-40 2 6 — 8 
in ovotestis and 3-4 , 
liver 
4. Clearance of sporocysts — 3 
in ovotestis and more 
than 3 liver 9-36 1 2 — 3 
Total 9 18 9 36 
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Colour Change in Flowers of Lathyrus 
hirsutus during Senescence 


ALTHOUGH there has been some work on the nature of 
changes in flower colour durmg development?-*, little 1s 
known about changes during senescence. The antho- 
cyanin-pigmented flowers of Lathyrus hirsutus L. exhibit 
as they age a well marked colour change immediately 
before the petals show obvious loss of turgor. The mature 
standard petal ıs bluish red and it fades through blue to 
greenish blue; the wing petals are pale blue and fade to 
greenish blue. It was suggested in earher work thet 
blueness in mature flowers of Lathyrus species is promoted 
by flavonol glycoside co-pigments?->. Thus ıt was found 
that the blue wing petals of L. hirsutus contain greater 
quantities of co-pigment relative to anthocyanin than the 
standard petals‘. In this species the pH of the expressed 
sap of the wings was found to be rather higher than that 
of the standard petal, and 1t was suggested that this pH 
difference might contribute to the bluer appearance of 
the wing petal. 

Three anthocyanins were found in the standard petal— 
namely, glycosides of delphinidin, petunidin and mal- 
vidin‘. In the wing petals only the malvidin glycoside 
was detected, and this behaved chromatographically like 
the 3-rhamnoside, 5-glucoside identified in Lathyrus by 
Harborne’. It should be noted that the malvidin 3-rham- 
noside attributed by Harborne? to D. hirsutus was, in 
fact, from the species L. sativus L.’. 

The present work was carried out to determine whether 
the factors believed to be involved in the determination 
of the colour of the mature petals are also involved m 
determining the colour fade. 

Hydrolysed extracts of mature and faded flowers were 
prepared and then examined by filter-paper chromato- 
graphy*. Determinations of the pH of expressed sap from 
other samples of petals were made with a micro-electrode*. 
Small but consistent differences of pH were found. 


Table 1, CONSTITUENTS OF HYDROLYSED EXTRACTS AND DH OF EXPRESSED 
SAP IN RELATION TO PETAL COLOUR 


Anthocyanidins* Flavonols 

Petal Colour p D P M Q K 

Mature standard Blush red 56 + + t++t + + 
Faded standard Greenish blue 6°] — + ++ + ++- 


Mature wings Pale blue 6l — 


++ ++ 
tet ttt 


Faded wings Greenish blue 67 ~ — + 
rt Delphinidin; P, petunidin, M, malvidin; Q, quercetin; K, kaemr- 
p +++, ++, +, Relative quantities of constituents; —, not detected on 


chromatograms at ‘loadine used, 


The results (Table 1) confirm that the mature wing 
petals differ from the mature standard petals in having a 
higher pH and a greater quantity of flavono) glycoside 
relative to anthocyanin. The data also show that as the 
standard and wing petals age, the pH of the expressed 
sap increases. The differences are not large but are likely 
to be important®. The chromatographic data (Table 1) 
clearly indicate that the faded petals, standard and wing 
alike, contain greater quantities of flavonol glycosides 
relative to anthocyanin than the mature petals. These 
changes could arise from a synthesis of flavonol glycoside, 
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from a destruction of anthocyanin, or from a combination 
of both processes. To determine which of these processes 


„1s involved, quantitative estimations of total anthocyanin 


and flavonol glycosids were carried out. Samples of ten 
mature and ten faded petals were extracted with 1 per 
cent methanolic hydrochloric acid. The optical density 
of the extracts was determined at 535 mu as an estimate 
of anthocyanin and at 260 my as an estimate of flavonol 
glycoside?. The results indicated that there is no sig- 
nificant change in the quantity of flavonol glycoside 
during sonescence of either the standard or wing petals. 
The anthrocyanin content of the standard petals decreases 
by about 37 per cent as the tissue fades, however, and that 
of the wings falls by about 23 per cent. 

It seems very probable that the fading of the petals of 
L. hirsutus results from an inerease in the pH of the cell 
sap and to a greater influence of co-pigment, which results 
fram a decrease in the quantity of anthocyanin present. 
Thus the same factors, co-pigmentation and pH, which 
were suggested as being responsible for the control of the 
colour of the mature flowers, appear also to operate in 
the control of the colour change during senescence. 


R. C. PECKET 


Department of Botany, 
University of Manchester. 
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Effect of Cycocel and its Analogues on 
Growth and Soluble Protein Content of 
Young Barley Seedlings 


Crcoczt, (2-chloroethyl)trimethylammonium chloride, and 
its analogues have a profound effect on plant growth!-. 
The same cycocel analogues which retard stem growth?)*-4 
also inhibit gibberellin biosynthesis ın Fusarium monili- 
formet, reverse auxin®* and coumarin®-? inhibition of 
lettuce seed germination and root growth and accelerate 
abseission of petiole in cotton’. This communication 
describes an attempt to find a metabolic basis to explain 
the action of this class of compounds. 

Barley (Hordeum vulgare, var. Besbar, 1965 crop) 
seeds were sterilized for 15 min with clorox (1 per cent) 
and washed thoroughly with running water. Twenty seeds 
were germinated in 9 cm deep Petr plates lined with one 
layer of Whatman No. 1 filter paper and moistened with 
8 ml. of test solutions. Seeds were incubated in the dark 
at 25° C for 4 days. After this, coleoptile (with primary 
leaves) and roots (all seminal roots) were severed from each 
seed with a sharp razor blade, weighed and their length 
measured. In the case of root the length of the longest 
seminal root was recorded. Dry weight was obtained 
by drying the tissues at 65° C for 24 h. Coleoptile and 
root tissues, each weighing 250 mg, were homogenized in 
cold phosphate buffer? (pH 6-1) and centrifuged in the 
cold at 5,000 r.p.m. for 10 min. The supernatants were 
used for assay. Soluble protein was.determined by the 
method of Lowry et al?°. Cycocel and choline were 
obtained from Eastman Organie Chemicals and Merck 
and Co., Inc., respectively. Other analogues used in this 
experiment were synthesized by Dr. N, E. Tolbert? and 
were kindly supplied by him. 

The effects of various cycocel analogues on growth of 
coleoptile and soluble protein content at two concentra- 
tions are given in Table 1. Cycocel and (2-bromoethy]l)- 
trimethylammonium bromide decreased coleoptile growth 
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Table 1. EFFEOT OF ANALOGUES OF (2-CHLOROETHYL)TRIMETHYLAMMONIUM 
CHLORIDE ON GROWTH AND SOLUBLE PROTEIN CONTENT OF BARLEY 
COLEOPTILE 


Ten randomly selected coleoptiles were used for fresh weight determination. 
Length is the mean length of ten coleoptiles. 


Dry* weight Fresh* Length Protein 
Treatment (per cent of weight S.E. (mg/g 
fresh wt.) (mg) (mm) fresh wt.) 
5x 107 M 
(CH,),N*—-CH,-—-CH,C! CI- 11-0 60 22 +38 13-8 
aa N tC H -CH Br Bro 12-5 270 20 + 5-7 13:2 
(CH;)sN+---CH,--CH, Cl~ 9:5 810 42490 9-5 
{C s)sN—CH.-CH= CH. 93 750 52 t 7-2 72 
2 H,-—-CH,Br 8 7 720 52 + 7-4 8.3 
ater 89 750 54+52 93 
197 M 
aN e Eor 12-6 230 1868+21 15:0 
CH;),N+—-CH,--CH,Br. Br- 13:3 260 19+22 15-0 
(OH NO” One 20H.Ci- 9-1 580 40+33 11-0 
s 37 -CH,Br 84 690 46+ 3-2 -l 
ater 89 630 50488 120 


* Weight represents weight of coleoptile plus primary leaves. 


(length and fresh weight) but increased the soluble protein 
content of the tissue and dry weight (percentage of the 
fresh weight). With other analogues where growth 
was not significantly affected, neither protein content nor 
dry weight showed any significant difference from the 
control, 


Table 2. EFFECT OF ANALOGUES OF (2-CHLOROETHYL)TRIMETHYLAMMONIUM 
CHLORIDE ON GROWTH AND SOLUBLE PROTEIN CONTENT OF BARLEY Roots 


Seminal roots from ten randomly selected seedlings were used for weight 
determinations. The length of the longest seminal root from each of the ten 
seedings was measured and length entered as mean of ten such roots 


Dry weight Fresh Length Protein 
Treatment (percentof weight + S.E. (mg/g 
fresh wt. (mg)) (mg) (mm fresh wt.) 
5x 10-7? M 
(CH,),N+—-CH,-CH,Cl CL 16 6 150 80+ 61 15°14 
CH,),N+—-CH,--CH.Br.Br- 9-4 110 21+ 50 17-7 
CH;),N+—-CH,—-CH,OH CF- 61 550 9110-6 111 
CH); ae = 2 8-8 880 94+15-0 102 
H,N-—CH,-—CH,Br 90 320 69+ 95 12-4 
ater 6-4 580 9841397% It: 
10-2 M 
(CHa) N+—-CH;—-CH,C1,C]- 88 60 19+ 3-0 17-0 
(CH,),N+—-CH,—-CH.Br Br- 10-8 90 164 35 17-0 
CORN On ome 70 320 514120 18 0 
CH;),.N—CH, CH=CH 5-4 870 90+ 9 2° 10:0 
H,N-—-CH,-—-CH,Br 69 510 844+ 80 90 
Water 4-2 790 103418-1 10 0 


Similar results were obtamed in the case of roots 
(Table 2). Cycocel and (2-bromoethyl)trimethylammon- 
ium bromide reduced the length of root from one-third 
to one-fourth of the control at 5 x 10-3 M and nearly 
one-sixth at 10-2 M. Choline inhibited root growth by 
about 50 per cent at 10-2 M and this was accompanied by 
a considerable rise in soluble protein content and dry 
weight. Choline also had some mhuibitory effect on the 
growth of coleoptile (Table 1). 

The results show that the structural requirement for 
activity of the cycocel analogues is the same as reported 
earlier!?:4-8, A trimethyl amine moiety plus a -chloride 
or a -bromide substitution in the carbon chain, as in 
cycocel and (2-bromoethyl)trimethylammonium bromide, 
are essential for maximum activity’. The naturally 
occurring analogue choline, with a hydroxy! instead of the 
halogen group, which has been shown to act as an anti- 
auxin in germination and poot growth, was also signific- 
ently active ın inhibiting coleoptile and root growth ın 
the present work. 

The mechanism of action of this class of compounds 
remains vague. It has been shown that there is a consider- 
able rise in the oxidase and peroxidase activities of indolyl- 
3-acetic acid following growth retardation by cycocel 
and other growth retardants:—*. A decrease in diffusible 
auxin content has been shown following pretreatment 
with cycocel}4. Furthermore, cycocel and its active 
analogues have been shown to antagonize auxin 
effects: 34.15 in a variety of plant systems. The role of 
auxin in the growth of coleoptile and root tissues is fairly 
well known. Thus, it would seem that cycocel and its 


NATURE 


a 
? 


a 
” 


t 
e 


SEPTEMBER 10, 1966 voL 211 


active analogues act by increasing the level of soluble 
protein or enzymes which are either unavailable or are 
destructive to the growth promoting system(s) in the 
coleoptile and root tissues. 

We thank Dr. N. E. Tolbert, Department of Biochemis- 
try, Michigan State University, for samples of cycocel 
analogues. 


A. A. Kwan 
Marra A. Faust 


Department of Seed Investigations, 

New York State Agricultural Experiment Station, 
Cornell University, 

Geneva, New York. 
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Effect of Oxindoles on the Growth of 
Tobacco Tissue Cultures 


It has been suggested that oxindoles are products of the 
enzyme oxidation of indolyl-3-acetic acid (IAA)??, but 
they have generally been found to be inactive as auxins 
in standard auxin bioassays’. Galston and Chen‘, how- 
ever, recently reported that isatin (indole-2,3-dione) 
and oxindole-3-acetic acid promote the elongation of 
etiolated and green pea stem sections. Isatin was also 
found to be active in stimulating the in vitro growth of 
Pelargonium pith tissue—a tissue which requires an 
auxin for growth®. In light of these findings, and the fact 
that oxindoles do not conform to generally accepted 
structural requirements for auxins, it was decided to test 
the effect of oxmdoles as auxins on another system which 
requires an auxin, namely, the growth of tobacco pith 
tissue. 

The tissue used in this investigation was derived from 
pith cells isolated from the stems of Nicotiana tabacum 
var. Wisconsin No. 38. The control tissues were grown 
on & basal medium’ supplemented with 5-7 x 105 M 
IAA and 2:3 x 10-* M kinetin (6-furfurylaminopurine). 
The test tissues were grown on the basal medium in which 
varied concentrations of oxindoles were substituted for the 
auxin or cytokinin additive. All tissues were grown in 
the dark at room temperature and at the end of the experi- 
mental period the fresh and dry weights were determined. 

The-results in Table 1 show that of the oxindoles tested 
for auxin activity only isatin, in the presence of kinetin, 
promoted growth of the tobacco tissues. This growth 
promotion was noted to increase as the isatin concentration 
increased. ‘The maximum concentration of isatin used, 
10-8 M, produced a growth approaching 50 per cent of 
that of the IAA control. The remainder of the oxindoles 
tested were either ineffective as auxins or inhibitory. 
The results of experiments shown in Table 2 indicate 
that the oxindoles tested are inactive as cytokinins, 
because in all cases none acted as substitute for kinetin. 

The ability of isatin to substitute, at least partly, 
for the auxin requirement of tobacco pith callus tissue 
confirms the results found in Pelargonium tissues’. The 
possibility was considered that growth attributed to 
isatin resulted from a contaminant in the sample such as 
IAA. The melting-point of the isatin used in this 
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Table 1. SUBSTITUTION OF OXINDOLES FOR IAA IN THE GROWTH OF 
TOBACCO PITH CALLUS TISSUE 


Final} fresh Final dry 


Test Additive* Molar cone. wt, per wt. per 
No. piece (mg) piece (mg) 
D 0 — 49 4 
2) IAA 57x10- 1,230 67 
P Isatin 1x104 504 39 
å i į x104 115 10 
(5) 53 1x10 98 8 
(8) a 1x10“ 89 7 
(7 ji 1x10" 86 ai 
‘8) Oxindole 1x 10+ 16 3 
9) b 1x10* 35 4 
i 35 1x10-* 49 é 
11) 3i 1x107 25 4 
a Oxindole-3-acetic acd ł} x 10+ 15 3 
13) MA j 1x10~ 23 3 
(14) j as 1x10 31 4 
16) 53 a x 107 16 2 
16) Oxindole-8-propionic acid 1x 10-4 16 2 
1 i e x 10 19 2 
18) ij i 1x10-* 22, 3 
19) i ý 1x107” 18 2 
20) Oxindole-3-butyric acid 1x 10-* 31 § 
21) X s 1x10 26 5 
22) ii M 1x10 56 7 
23) 5 7i 1x10-? 42 6 
(24) 8-methyl-oxindole 1x10 24 $ 
(25) s ss 1x10“ 24 3 
te Ei a 1x10 24 3 
27) as s 1x107 34 5 


* All media contained 23x10- molar kinetin in addition to the test 
compounds. 


+ The data given represent the average of nine pieces of callus; each test 
was runintmplicate. The tissue was collected 45 days after transplanting. 


Table 2. SUBSTITUTION OF OXINDOLES FOR KINETIN IN THE GROWTH OF 
TOBACCO Prre# CALLUS TISSUE 


Finalt fresh Final dry 


Test Additive* Molar cone. wt. per wt. per 
No. piece (mg) piece (mg) 
{2 (8) — 49 
(2) Kmetin 23x10 1,230 67 
i Tsatn į x107 58 
4)  Oxındole 1x10 43 5 
(5) Oxndole-3-acetic acid 1x10 26 3 
tS packs p propiono acid 1xid- 42 5 
7) Oxindole-8-butyric acid 1x 10-* 81 10 
(8) 3-Methyl-oxindole 1x10- 85 4 


* All media contained 6-7 x 10-* M LAA in addition to the test compounds, 


t The data given represent the average of nine pieces of callus; each test 
was run in triplicate, The tissue was collected 45 days after transplanting. 


investigation, 201°-202° C, compared with that given for 
isatin in the Merck Index’, however, and analysis of the 
sample by thin layer chromatography m two developing 
solvents showed but a single spot. 

The relationship between structure and activity for 
auxins has been under investigation for many years. 
Many criteria hypothesized as necessary for auxin activity 
have been nullified by the finding of new active compounds. 
The longest standing structural requirement, to possess 
a carboxyl group®, seemingly does not hold true for isatin. 
The auxin activity exhibited by isatin suggests a possible 
re-evaluation of the whole concept of structural require- 
ment of suxins. Before such a modification is considered, 
however, more information must be obtained on the 
metabolic fate of isatin in vivo. 

This investigation was supported in part by a U.S. 
Public Health Service postdoctoral fellowship from the 
National Cancer Institute. The oxindoles used in this 
investigation were kindly supplied by Dr. B. B. Stowe, 
Department of Biology, Yale University. 


JERRY S. WEIS 


Josiah Willard Gibbs Laboratories, 
Department of Biology, 

Yale University, 

New Haven, Connecticut. 


1 Stowe, B. B., Ray, P. M., and Thimann, K. V., Rapp. et Comm. Eighth 
Intern. Bot. Congress (Paris, 1954), Suppl. vol., 135 (1957). 


* Ray, P. M., and Thimann, K. V., Arch. Biochem. Biophys., 64, 175 (1956). 
*,Thimann, K. V., Plant Physiol., 38, 311 (1958). 

“Galston, A. W., and Chen, H. R., Plant Physiol., 40, 699 (1965). 

* Chen, H. R., thests, Yale Unrv. (1965). 

* Pox, J. E., Physwwl. Plant., 16, 793 (1963). 


7Phe Merck Index of Chemicals and Drugs, seventh ed. (Merck and Co., 
Rahway, 1960). 
t Thimann, K, Y., Ann. Rev. Plant Physvol., 14, 1 (1968). 
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Effect of Seed Dressing with ‘Granosan’ 
on the Prevalence of Fungi in the Root 
Zone of Cotton Plants 


Varrous investigators have reported that various environ- 
mental factors, such as temperature, moisture and light, 
influence micro-organisms in the vicinity of plant roots 
in two ways: directly, by affecting the rate of growth 
and multiplication of these organisms and influencing the 
availability of nutrients in the soil; and indirectly, by 
controlling plant growth and thereby affecting the 
nature and amount of root excretions'. Various factors 
affecting the interaction of micro-organisms and plant 
roots, such as the nature and age of the plant, the nature 
and treatment of the soil, and moisture content, have 
been studied by a number of workers*®*. Because seed 
treatment with fungicides 1s likely to influence the devel- 
opment of fungi in the vicinity of the roots of plants raised 
from treated seeds and because the consequences of any 
changes in the balance of micro-organisms in the soil 
could be harmful‘ or beneficial’ to the plant, it was con- 
sidered worthwhile to carry out a preliminary investiga- 
tion of the effect of seed dressing with ‘Granosan’ on the 
prevalence of fungi in the vicinity of the roots of cotton 
plants. 

This investigation was carried out in parallel with one 
on the effects of ‘Granosan’ in the control of damping 
disease of cotton under various sowing conditions in the 
United Arab Republic on the growth, yield and fibre 
characteristics of cotton plants. Soil samples were col- 
lected from the root zones of plants raised from untreated 
seeds or from seeds treated with “Granosan’ at the rate of 
0:25 per cent by weight of the dry seed under the various 
experimental conditions. Using sterilized spoons, samples 
were collected from the root zone of cotton plants (usually 
at a distance of 7-10 cm from the root and at a depth of 
5-10 cm in the soil); these were thoroughly mixed and 
kept in sterilized containers for further use. Five samples 
were takpn at random from each replica of each treatment. 
The five samples of each replica were amassed in one com- 
posite sample which was thoroughly mixed. Finally, 
10 g (calculated on an oven dry basis) of the mixed com- 
posite sample were used for determining the frequency of 
occurrence of the various genera of fungi by the dilution 
plate method. 

We are fully aware that the soil dilution plate method 
of sampling soil microflora has been criticized by many 
workers. It was reported to be of little use in estimating 
the activity of fungi in soil, it favours fungi which sporu- 
late heavily in soil, and it records only a certain number of 
the species present m the soil, because not all fungal seg- 
ments and spores will enter mto suspension or grow on 
plates. Warcup’ considered the soil dilution method to be 
thoroughly justified in the case of cultivated soils, and 
Maciejowska and Williams? believed that this method of 
sampling was adequate for the determination of succession 
of soil microflora. The soil sample (10 g) was suspended 
into 100 ml. of sterile tap water in a sterile conical flask of 
capacity 0-51. The flask was shaken, using a mechanical 
shaker, for about 20 min after which dilution series were 
made under aseptic conditions (to 1/56,100) ın sterile 
containers using sterile water. One-millilitre portions of 
the diluted suspension were transferred to each of a series 
of four sterile Petri dishes. * Thus, sixteen Petri dishes 
were used for each treatment. <A tube of melted agar 
(contaming approximately 10 ml.) was cooled to 50°C 
and then added to each Petri dish. The dish. was gently 
shaken to spread the agar medium evenly. All dishes 
were incubated at 25° C. The number of colonies develop- 
ing in each dish was counted after incubation for 2-3 
days. A record of the relative abundance of the main types 
of fungi occurring on the plates was made. The culture 
medium used for growing the inocula was peptone dex- 
trose agar®*°. It had the following composition: 20 g 
agar, 1-0 g potassium dihydrogen orthophosphate; 0-5 g 
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MgSO,.7H.0; 5-0 g peptone; 10-0 g dextrose; 1 1. dıs- 
tilled water; rose bengal 1: 30,000; 30 ug streptomycin/ 
ml. Table 1 gives a representative set of the percentage 
of isolation of some of the more significant fungi which 
developed on the isolation plates, at 2-week intervals 
from April 5 to July 3, 1963. The results presented in 
Table 1 give the average values of the percentages of 
fungi isolated from soil samples in the root zones of plants 
raised under the various experimental conditions. The 
only variable recorded is that some of the seeds were 
treated with ‘Granosan’ at the rate of 0°25 per cent 
by weight of dry seed. 

The general observation revealed by the results of this 
investigation 1s that the frequencies of occurrence were 
highest for the genera Aspergillus, Fusarium and Penicil- 
lium followed by Mycelia sterilia and the genus Pythium. 
Other fungi showed much lower values for frequency of 
occurrence. This may be explained by the fact that a 
relatively high temperature was prevalent in the United 
Arab Republic when the isolations were made (Fig. 1). 
It may be recalled here that Waksman™, Werkenthin?!® 
and Jensen?’ reported that Aspergillus was more common 
in hot than in cold climates. Sabet! found that Asper- 
gillus was fairly common in Egyptian souls and attributed 
this to the hot chmate. Waksman" stated that the most 
common genera of fungi found in the soil, both in number 
of species and in frequency of occurrence, are Zygorhyn- 
chus, Mucor, Rhizopus, Penicillium, Aspergillus, Fusarium 
and Cephalosporium. Garrett!* claimed that the delimita- 
tion of an ecological group of soil fungi is based primanily 
on the ability of such a group to function as pionecr 
colonizers of a particular substrate. Thus the “sugar 
fungi’’, represented mainly by Phycomycetes, are typically 
found as the first colonizers of injured or dead plant tissues 
in the soil. Fungi having the ability to decompose cellu- 
lose usually follow and most frequently comprise Asco- 
mycates and fungi imperfecti. This might explain the 
lower frequency of Rhizopus and Mucor in the soil 
used in the present investigation, since it bad been 
cultivated for several years. 

Statistical analyses of the results of this investigation 
revealed the following: (1) Seed dressing with ‘Granosan’ 
did not influence the frequency of occurrence of the great 
majority of fungal genera isolated. This was most 
noticeable for those genera which revealed the highest 
frequencies of occurrence. It should be mentioned here, 
however, that the failure of seed dressing with ‘Granosan’ 
to influence the prevalence of these fungal genera does 
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Fig lt. Monthly average of soil temperature (°C) at a depth of 10 cm 
from surface during the period of fungal isolations in the year 1963. 


NATURE = 


= 
6 
k ÈG 
z et a r 
ys t ` 
VOL. 211 
ig * 


s 
+ 


4 
eni 


SEPTEMBER 10, 1966 


Table 1. REPRESENTATIVE SET OF PERCENTAGE ISOLATION OF FUNGAL 

-GENERA SHOWING SIGNIFICANT FREQUENCY OF OCCURRENCE DURING' THE 

PERIOD APRIL 5-JULY 8, 1963, FROM SOILS IN THE Root ZONES OF PLANTS 

RAISED FROM UNTREATED SEEDS OR SEEDS TREATED WITH ‘GRANOSAN’ 
AT THE RATE OF 0 25 PER CENT BY WEIGHT OF THE DRY SEED 


Percentage isolation at 


Genera pjd 22j4 9/5 26/5 15/6 317 Mean 

Fusarium 
—-—Gr.* 293 13-3 183 i74 19-8 128 18 5+5-16 
+ Gr, 28 0 21-1 24-0 145 12 2 143 19146830 
Mean 28-7 17-5 21-1 160 160 13 2 

Penveillaum 
~Gr. 191 16-1 13 4 18-7 11-1 99 140+381 
+ Gr. 14] 20 1 101 126 113 6 2 124458 
Mean 16-8 18-1 118 13 2 11-2 81 

Pythium 
~- Gr. 13-8 17 3 2 26 66 4°5 532450 
+ Gr, 8-6 4-2 389 17 35 2-3 4 L4 2-44 
Mean 112 80 36 1-9 51 34 

Asprrgiulus 
— Gr. 18-2 11-1 279 123 277 208 197721 
+@Gr. 231 22.3 169 20 7 176 22-2 2034288 
Mean 207 16-7 219 18-5 227 215 

Myceha steria : i 
-- Gr. 72 25 44 6-2 73 83 604212 
+ Gr, 9-4 0-9 5-1 29 64 76 5:4 + 3-08 
Mean 83 17 48 4-8 69 8-0 


* — Gr., Isolations from soil in the root zones of plants raised from unireated 
seeds. + Gr, Isolations from soul in the root zones of plants raised from seeds 
treated with ‘Granosan’ at the rate of 0 25 per cent by weight of the dry seed. 


not indicate that such seed treatment has no effect on the 
microbial population of the soil. The soil samples collected 
were from soil exposed only once to such seed dressing, 
and it is quite possible that repeated exposure of the soil 
fungal flora to the fungicide would affect the balance of 
such flora. (2) The percentage of isolations recovered 
on the isolation plates was found to be affected by the 
date of isolation. Generally speaking, the variations 
observed in the frequencies of occurrence of the fungal . 
fiora at the different dates of isolations fell into four groups: 
(a) Fungi the numbers of which increased on the isola- 
tion plates with time. This group included the genus 
Cryptomelia. (b) Fungi the numbers of which decreased 
with time and this group included the two genera Penicil- 
lium and Pythium. (c).A third group of fungal genera 
which behaved irregularly with respect to the time of 
isolation and this included the genus Sepedonium. (d) 
Another group which revealed no appreciable change 
as regards frequency of occurrence at the various dates 
of isolation. This group included most of the genera, 
namely, Aspergillus, Cephalosporium, Fusarvum, Humi- 
cola, Mucor, Pullularia, Rhizopus, Scopulariopsis, Stachy- 
botrys, Trechoderma and Verticillium. The difference in 
behaviour of the various fungal genera can be attributed 
to various factors including soil temperature, and moisture, 
age of plant, and availability of nutrient material in the 
soil. No definite explanation of such behaviour can be 
given at this time, and this point will be further investi- 
gated. 
‘ M. K. TOLBA 
A. M. SALAMA 
M. I. Axi 
Department of Botany, 
Faculty of Science, 
University of Cairo. 
1Rountt, J W, Peterson, E. A., Katzoelson. H., and Henderson, V. E., 
Canad. J. Microbiol , 9, 227 (1963). : 
2 Re ha E., Lochhead, A. G., and Timonin, M. I., Bolan. Rev., 14, 543 
3 Starkey, R. L., Bacteriol. Rev ,22, 154 (1958). 
4 Bowen, G. D., and Rovira, A. D , Plant Soul, 15, 166 (1961). 
* Gerretsen, F. C., Plant Sot, 1, 51 (1948). 
: Tolba, M. K , Salama, A. M., and Ah, M. I., U.4.R. J. Bot (an the press). 
? ha J H., in International Symposium, 3 (Liverpool University Press, 
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* Martin, J: P., Sow Ser., 69, 215 (1950). 
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y FORTHCOMING EVENTS 


(Meetings marked with an asterisk are open to the publec) 


he 


Wednesday, September [4 


SOOTY FOR ANALYTICAL CHEMISTRY, THIN-LAYER CHROMATOGRAPHY 
“GROUP (at the Enfield College of Technology, Queensway, Enfield), at 2 p.m. 
pene on “Some Applications of Thin-Layer Chromatography in 

armacy”’. 


~ INSTITUTE OF PETROLEUM (at 61 New Cavendish Street, London, W 1), at 
5.80 p.m.—Mr. J. Thomson and Mr. P W. Harrison: “The Development of a 
New HD Engine Oil for Marine Service”. 


OM AND COLOUR CHEMISTS’ ASSOCIATION, LONDON SHOTION (an the 
Physics Department, Imperlal College, London, S.W.7), at 6.30 p m.— 
, Mr. D. A. Bayliss: “Problems of Paint Users”. 


+ 


Thursday, September |5—Friday, September 16 


BIOOHEMIOAL Socrery (at University College, Aberystwyth) 483rd MEET- 
ING. Programme will include Colloquia on “Framing of Biochemusts” and 
“Biochemistry of Herbicides”. 


Friday, September l6 


TELEVISION SoctetTy (in the Conference Suite, I.T.A., 76 Brompton Road, 
ee $.W.3), at 7 p.m.—Mr. W. T Underhill “A Four Tube Colour 
amera”. 


Monday, September 19 


SOCIETY OF CHEMICAL INDUSTRY, PLASTICS AND POLYMER GROUP (at 
Shell Centre, London, 8.6.1), at 6.30 p.m.—-Dr. V. E. Yarsley. “Hermann 
Staudinger, His Life and Work”. 


Monday, September 19—Wednesday, September 2] 


CHARLES SALT RESEARCH CENTRE (at the Robert Jones and Agnes Hunt 
Orthopaedic “onp ral, Oswestry, Shropshire}—Symposium on “The Biological 
Effects of Phytohaemagglutinin”. 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or before the 

dates mentioned: 
_ LEOTURERS (2) (with a good honours degree in chemical engineering and 
industrial/research expenence) IN THE DEPARTMENT OF CHEMICAL ENGINEER- 
Ina—The Staff Officer, The University of Aston in Birmingham, Gosta Green, 
Birmingham, 4, quoting Ref. 493/2 (September 14). 

SOMENTIFIC OFFICER, BASIO GRADE (with a science degree) in the Serological 
Laboratories of the South London Transfusion Centre—The Director, South 
London Transfusion Centre, Stanley Road, Sutton, Surrey (September 14). 

MeEpiIcaL OFFICER (highly qualified ın medicine and with extensive 
experience in cardiovascular research as well as in the organization of cardio- 
vascular disease control programmes) IN THE HEADQUARTERS UNIT OF 
CARDIOVASCULAR DISEASES, GENEVA. Responsibilities will also involve 
planning, mitiation and mternational co-ordination of research and contro] 

rogrammes in cerebrovascular diseases—Chief, Personnel, World Health 
rganization, Geneva, Switzerland (September 15). 

SENIOR LECTURER IN Socionocy—~-The Registrar, University College of 
South Wales and Monmouthshire, Cathays Park, Cardiff (September 15). 

EXPERIMENTAL OFFICER (at least 26 on 1st January, 1966, with a degree, 
Dip. Tech., H N.C. or equivalent qualification in a scientific subject) in 
London, to provide support for the scientific staff whose task 1618 to implement 
the Council's policy over the whole range of 1ts interests ın the environmental 
sciences (geology, geophysics, hydrology, oceanography, marine biology, 
ecology and foresiry)—The Natural Environment Research Council (E), 
Room 1221A, State House, High Holborn, London, W.C.1 (September 16). 

LEOTURER IN CLINICAL CHEMISTRY 1m the recently expanded DEPARTMENT 
OF CLINICAL CHEMISTRY, Queen’s College, Dundee, and the Royal Infirmary, 
Dundee—The Secretary, University of St. Andrews, Queen’s College, Dundee 
{September 17). 

LECTURER or ASSISTANT LECTURER (mathematician with research interests 
in any branch of pure mathematics or mathematical statistics) IN THE 
DEPARTMENT OF PURE Matruematios—The Registrar, University College of 
Swansea, Singleton Park, Swansea, South Wales (September 17). 

SENIOR LECTURER IN THE DEPARTMENT OF CHEMIOAL PATHOLOGY-—Prof 
F. T. G. Prunty, Department of Chemical Pathology, St. Thomas’s Hospital 
Medical School, London, S E.1 (September 19). 

SUPERVISOR OF PROJECTS IN THE DEPARTMENT OF SOCIOLOGY, to supervise 
and arrange research projects for graduate and undergraduate students 
The Registrar, University of Essex, Wivenhoe Park, Colchester, Essex 
(September 23) 

ASSISTANT EXPERIMENTAL OFFICER or EXPERIMENTAL OFFICER to work on 
selective herbicides in vegetable crops—Thoe Secretary, National Vegetable 
Research Station, Wellesbourne, Warwick (September 24). 

ASSISTANT LECTURER (preferably candidate who has worked in the fleld of 
insect physiology) IN ZOOLOGY—~The Secretary, Birkbeck College (University 
of London), Malet Street, London, W.C.1 (September 26). 

SENIOR LECTURER and a LECTURER IN MICROBIOLOGY at the University of 
the West Indies—~The Secretary, Senate Committee on Higher Education 
oo University of London, Senate House, London, W.C.1 (September 


SENIOR LECTURER or LECTURER IN (a) the DEPARTMENT OF MEDICINE, 
and (b) the DEPARTMENT OF RADIOLOGY, University of Ibadan, Nigeria— 
The Secretary, Senate Committee on Higher Education Overseas, University 
of London, Senate House, London, W C.1 (September 28). 

LECTURER IN BIOCHEMISTRY IN RELATION TO VETERINARY STUDIES~— 
a Secretary of the University Court, The University, Glasgow (September 


. 
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LECTURER/SENIOR LECTURER (with a distinguished academic record and 
able to produce evidence of strong research interests and experience) IN THE 
DEPARTMENT OF STATISTICS, School of Mathematics, University of New South 
Wales--The Association of Commonwealth Universities (Branch Office), 
Marlborough House, Pall Mall, London, 8.W.1 (Australia and London, 
September 28). 

LECTURER/SENIOR TUTOR IN MATHEMATICS at the Broken Hill Division, 
University of New South Wales—The Association of Commonwealth Uni- 
yersities (Branch Office}, Marlborough House, Pall Mall, London, 8.W.1 
(Australia and London, September 28). 

TEMPORARY LECTURER or DEMONSTRATOR IN ANATOMY—The Registrar, 
aoe of Bristol, Senate House, Tyndall Avenue, Bristol, 2 (September 


LECTURER IN MEDICAL CARDIOLOGY—The Secretary of the University 
Court, The University, Glasgow (September 30). 

LECTURER or ASSISTANT LECTURER (with experience in, and a good 
theoretical understanding of, public health at acta and hydrology) IN THE 
DEPARTMENT OF CIVIL ENGINEERING—The Registrar, The Unversity, 
Leeds, 2 (September 30) 

LECTURER (or possibly, initially, a Departmental Demonstrator) IN 
PALAEONTOLOGY IN THE DEPARTMENT OF GEOLOGY AND MINERALOGY—~ 
The Prof of Geology, Department of Geology and Mimeralogy, University of 
Oxford, South Parks Road, Oxford (September 30). 

LECTURER (with a distinguished academic record) IN CHEMISTRY at the 
Broken Hill Division, University of New South Wales—-The Association of 
Commonwealth Universities (Branch Office), Marlborough House, Pall Mall, 
London, 8.W.1 (Australia and London, September 30). 

PATHOLOGIST (Forensic Medicine) (with appropriate professional quali- 
fications and relevant experience) IN THE MINISTRY OF HEALTH, Republic of 
the Sudan—Appointments Section, Sudan Embassy, 3 Cleveland Row, 
London, 5.W.1, quoting Ref. 4/1200 (September 30). 

SENIOR LECTURER (with full training in payenole and special experience 
in clinical psychology and preferably a higher degree Ph.D. or equivalent) IN 
CLINIGAL PSYCHOLOGY aft the University of Queensland, Australia—The 
Association of Commonwealth Universities (Branch Office), Marlborough 
House, Pall Mall, London, S.W.1 (September 30). 

TUTORS or SENIOR TUTORS IN THE DEPARTMENT OF MATHEMATICS—The 
Rogistrar (Appointment E. 74), The University of Melbourne, Parkville, N.2, 
Victona, Australia (September $0). 

JUNIOR RESEARCH FELLOW IN GEOGRAPHY; and a CLIMATOLOGIST 
(preferably honours graduate in geography and/or physics, mathematics or 
meteorology) to work in a, research unit in the DEPARTMENT OF GEOGRAPHY- 
The Registrar, The University, Sheffield (October 1). 

RESEARCH ASSISTANT (with an honours aegros in botany, or an equivalent 
qualification, and preferably with some feld knowledge of bryophytes) IN 
THE DEPARTMENT OF BOTANY to t in an investigation of the environ- 
mental control of reproduction in bryophytes—-The Assistant Registrar 
(Science and Engineering), The University of Birmingham, P.O. Box 363, 
Birmingham, 15 (October 1). 

SUB-LIBRARIAN (graduate, with a professional qualification in Nbrarian- 
ship, and appropriate senior experionce)—The Secretary, Royal College of 
Seen Technology, Salford, 5, Lancashire, quoting Ref. LY/19 (October 


SENIOR LECTURER (with a good degree, preferably honours, extensive 
experience in teaching, advisory or research work in agriculture, and pre- 
ferably an interest in possible changes in agricultural education) IN AGRI- 
CULTURE—The Secretary, The West of Scotland College of Agriculture, 6 
Blythswood Square, Glasgow, C.2 (October 5). 

PROFESSOR OF MATHEMATIOS at the University of Queensland, Australia—~ 
The Association of Commonwealth Universities (Branch Office), Marlborough 
House, Pall Mall, London, S.W.1 (London and Brisbane, October 14), 

PROFESSOR (with a medical qualification registrable in the State of Queens- 
land, extensive experience in some branch of pathology, evidence of substan- 
tial achievements in research, and preferably some teaching experience) OF 
PATHOLOGY at the University of Queensland, Australia-~—The Association of 
Commonwealth Universities (Branch Office), Marlborough House, Pall Mall, 
London, 8.W.1 (London and Bnsbane, October 14). 

SENIOR LECTURER (Pure Mathematics) at the University of Melbourne, 
Australia—The Association of Commonwealth Universities (Branch Office), 
eerie House, Pall Mal, London, S.W.1 (Australia and London, 

ctober 15). 

CHAIR OF AGRICULTURE at Makerere University College, Uganda (The 
University of East Africa}—The Inter-University Council, 33 Bedford Place, 
London, W C.1 (October 22). , 

CHAIR OF MICROBfOLORY at the University of Sydney, Australia—The 
Association of Commonwealth Universities (Branch Office), Marlborough 
House, Pall Mall, London, 5.W.1 (Australia and London, October 25). 

PROFESSOR OF Puysios (Theoretical) at Flinders University of South. 
Australia, Bedford Park, South Australia-~-The Association of Common- 
wealth Universities (Branch Office), Marlborough House, Pall Mali, London, 
S.W.1 (Australia, October 31). 

SENIOR LECTURER (with an honours degree in electrical engineering or 
science, and preferably a higher degree; and research or design experience in 
flelds related to digital computers or digital data-processing and instrumen- 
tation systems) IN ELECTRICAL ENGINEERING at the University of Adelaide, 
South Australia—The Association of Commonwealth Universities (Branch 
eee). Marlborough House, Pall Mall, London, 8.W.1 (Australia, October 


READER IN HISTORY AND PHILOSOPHY OF ScrIeNcE—~The General Board 
Office, University of Cambridge, The Old Schools, Cambridge (November 18). 
ASSISTANT EXPERIMENTAL OFFICERS for (a) work on identification and 
estimation of volatile substances whic inhibit the sprouting of potatoes: 
and (b) experiments on the metabolism and storage of soft fruits and 
oe ore Secretary, A. R. ©. Ditton Laboratory, near Maidstone, 
ent. 


BIOCHEMIST (with a degree, or equivalent, m biochemistry} IN THE DEPART- ~ 


MENT OF ANABSTHETIO RESEARCH, to join a team engaged in work on 1salated 
liver perfusion experiments and on intracellular pH measurements—The 
House Governor, The London Hospital, Whitechapel, London, E 1. 

DEMONSTRATOR (graduate in biochemistry or chemistry) IN BIOCHEMISTRY 
~~-The Acting Registrar, University College of Wales, Aberystwyth. 

PHYSICIST to work on the physics of radiotherapy, clinical apona neue of 
radioactive isotopes, and radiation protection—-The House Governor, St. 
Mary’s Hospital, London, W.2. 

POSTDOCTORAL FELLOW IN BiocHEMUSTRY for work which will involve 
studies on the control of metabolism by the thyroid hormones—Prof J. R. 
Bronk, Department of Biology, University of York, Heshngton, York. 

RESEARCH WORKER (with an interest in the physiological basis of animal 
behaviour)—-The Secretary, Institute of Paychiatry (University of London), 
The Maudsley Hospital, Denmark Hill, London, 8.E.5. 
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REPORTS and other PUBLICATIONS 


(not included in the monthly Booke Supplement) 


Great Britain and Ireland 


Concrete Block Walls, Fourth (revised) edition. Pp. 82. (Eondon: 
Cement and Concrete Association, 1966.) 73. 6d. 77 

The Association of Clinical Biochemists. Scientific Report No. 2: Colori- 
meters—a Critical Assessment of Five Commercial Instruments. Pp. 62. 
(Liverpool: Mr, J. T. Ireland, Biochemistry Laboratory, Alder Hey Children’s 
pe 1966.) 15s. (Members of the Association, 10s.) {77 

Philosophical Transactions of the Royal Society of London. Series B' 
Biological Sciences. No. 766, Vol. 250 (7 July 1966)° ‘he Fine Structure of 
the Centriolar Apparatus and Associated Structures in the Complex Flagel- 
lates Zrichonympha and Pseudotrichonympha. By A. V. Grimstone and 
I. R. Gibbons. Pp. 215-242 + plates 22-48. 50s.; 7°50 dollars. No. 767, 
Vol. 260 (7 July, 1966): Investigations Into the Causes of the Rise in Aldos- 
terone Secretion During Haemorrhage, Parts 1 and 2. By Magarethe Holz- 
bauer and Marthe Vogt. Pp. 248-310. 25s. 6d.; 3.80 dollars. (London: 
The Royal Society, 1966.) (77 

The Overseas Development Institute. French Aid. By Teresa Hayter. 
Pp. 280. (London: The Overseas Development Institute, 1966.) 20s. [87 

The Scottish Horticultural Research Institute. Twelfth Annual Report 
for the years 1964 and 1965. Pp.78. (Invergowrie, by Dundee: The Scottish 
Horticultural Research Institute, 1966.) [87 

Nobile Gases and Scientific Opportunism. By Prof. R. D. Peacock. (An 
Inau ] Lecture delivered in the University of Leicester, 20 January, 
1966.) Pp. 28. (Leicester: Leicester University Press, 1966.) 63. [87 

General Register Office. Studies on Medical and Population Subjects, No. 
19: Regional and Social Factors in Infant Mortality. a C. C. Spicer and 
L. Lipworth. Pp. iv+40. (London. H.M. Stationery Office, 1966.) 7s. He 


net, . f 
National Lending Library for Science and Technology. British Research 
ports, No. 6, June 1966. Pp. li +27. (Boston Spa- 


and Development 

National Lending Library for Science and Technology, 1966.) [87 
Republic of Ireland. Department of Transport and Power—Meteorological 

Service. Degree-Days Below Various Base Temperatures in Ireland Over the 

Five Years, .1958-1962. By W. A. Morgan. Pp, 51. (Dublin: Department 

of Transport and Power, 1966.) 1s. 6d. [117 


Chromosome Studies on Adults. By W. M, Court Brown, Karin B.. 


Buckton, Patricia A. Jacobs, Ishbel M. Tough, E. V. Kuenssverg and J. D. E. 
Knox. (University of London Galton Laboratory, University College, 
Tapma Laboratory Memoirs XLE.) Pp. v+91. (London: Cambridge 
University Press, 1966. ‘Published for the Galton Laboratory, University 
College, London.) 32s. 6d. net.; 6 U.S. dollars. i [117 
The Radiochemical Centre. The Use of Radioactive Materials in the Stud 
of Lung Function. By John B. West. (Medical Monograph, No. 1.) Pp. 
198. (Amersham: The Radicchemical Centre, 19868.) {127 
White Fish Authority. Research and Development Progress Report 1966. 
Pp. 12. (London: White Fish Authority, 1966.) x i127 
p. + 


The Royal Observatory, Edinburgh. Descriptive Brochure. 
Report of the Astronomer Royal for Scotland for the Year Ending 31st 
March, 1966. Pp.19. (Edinburgh: The Royal Observatory, 1966.) [127 
Natural Environmental Research Council--The Nature . Conservancy. 
Monks Wood Expermental Station—Report for 1960-1965. P®. ¥+93+7 
photographs. (London: The Nature Conservancy, 1966.) 8s. 6d. {127 
Northern Ireland: Ministry of Agriculture. Leaflet No. 85:~The Propa- 
gation of Trees. Pp. 14. (Belfast: Ministry of Agriculture, 1966.) [137 
Timber Research and Development Association. Maintaining Timber 
Exposed to the Weather. Pp. 4. (High Wycombe: Timber Research and 
Development Association, 1966.) f [137 
General Register Office. The Registrar General’s Statistical Review of 
England and Wales for the Year 1964. Part 2: Tables, Population. p: 
xix +176. (London: H.M, Stationery Office, 1966.) 18s. net. [187 
Agricultural Research Council. Memoirs of the Soil Survey of Great 
Britasin— England and Wales. The Solis and Land Use of the District North 
of Derby (Sheet 125). By E. M. Bridges. Pp. vii+112+5 plates. (H n- 
den: Rothamsted Experimental Station, 1866.) 25e. net. [137 
Transactions of the Royal Society of Edinburgh. Vol. 66, No. 12 (1964-65): 
The Structure and Form of the Granophyric Quartz-Dolerite Intrusion, 
Centre II, Ardnamurchan, Argyllshire. By R. R. Skelhorn and R. W. D. 
Elwell. With Chemical Analyses by R. C. Tyler. Pp. 285-306 +2 plates. 
10s. 6d. Vol. 86, No. 13 (1964-65): Granites and Associated Rocks of the 
Eastern Part of the Western Re Complex, Isle of Skye. By J. D. Bell. 
Pp. 307-343+1 plate. 15s. Vol. 66, No. 14 (1964-65): Some Lower Car- 
boniferous Fructifications from Berwickshire, Together with a Theoretical 
Account of the Evolution of Ovules, Cupules, and Carpels. By Albert G. 
Long. Pp. 845-876+4 plates. 128. 6d. Vol. 66, No. 15 (1964-65): The 
Placodern Fish Rhachiosteus pterygiatus Gross and Its Relationships. By 
Roger S. Miles. Pp. 377~-392+1 plate. 8s. 6d. (Edinburgh: The Royal 
Society of Edinburgh, 1966.) [187 


Other Countries 


Records of the Australian Museum, Vol. 26, No. 16 (25th May, 1966): 
Generic and Specie Diagnoses in the Gigantic Macropodid. Genus Troco- 
todon. By R.A. Stirton and Leslie F. Marcus. Pp. 349-359. (Sydney: The 
Australian Museum, 1966.) 88 cents. [77 

Handling of Toxicological Information. (A Report of the President's 
Science Advisory Committee.) Pp. gii+21. (CWashington, D.C.: Govern- 
ment Printing Office, 1966.) 15 cents. 

A Bibliography of the Psocoptera (Insecta). By C. N. Smithers. 
Australian Zoologist, Vol. 13, Part 2, August 10, 1965.) (Sydney: Royal 
Zoological Society of New South Wales, 1965.) 2 dollars (20s.). [77 

Nigeria; Ministry of Agriculture and Natural Resources. Annual Reports 
on the Forest Administration of the Western Region of Nigeria. ear 
1959-60. Pp. iti+86. 28. 6d. Year 1960-61. Pp. in +39. 2s. 6d. Year 
1961-62. Pp. 1H+46. 2g, 6d. Year 1962-68. Pp. ili+36. 28. 6d. Year 
1963-64. Pp. hi+38. (Ibadan: Chief Conservator of Forests, Ministry of 
Agriculture and Natural Resources.) 77 

United States Naval Observatory. Circular No. 111 (January 14, 1966): 
Astronomical Data in Machine Readable Form. By Solomon Elvove. R 
10. Circular No. 112 (April 8, 1966): Phases of the Moon 1800-1959. By 
ee Morrison. Pp. 42. (Washington, D.C.: U.S. Naval CRNE Y 

United States Department of the Interior: Geological Survey, Water- 
Supply Paper 1819-C: Summary of Hydrologic Conditions of the Louisville 
Area, Kentucky. By Edwin A. Boll. Pp. iv+86+ plates 1-6. (Washington, 
D.O.: Government Printing Office, 1966.) 1.50 dollars._ {117 
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Museum of Comparative Zoology, Harvard University. Breviora. No, 
243 {April 29, 1866): Quaternary Fish Fossils from West of Lake Rudolf, 
Kenya. By Keith Stewart Thomson. Pp. 10. No. 244 (Apri 29, 1966): 
A New Species of Ashmunella from West Texas (Mollusca: Pulmonata). 
By W. J. Slench and W. B. Miller. Pp. 6. No 245 Sap 29, 1968): Notes 
and Descriptions of New Urocoptidae from Cuba and- Hispaniola (Mollusca: 
Pulmonata). By William J. Clench. Pp. 14. No. 246 (May 3, 1966): 
Pseudanthessius procurrens N.SP., a Cvclopuid Copepod Associated with a 
Cidarid Echinoid in Madagascar. By Arthur G, Humes. Pp.14 No. 247 (May 
3, 1966): The Chanarea (Argentina) Trassie Reptile Fauna, 1: Introduc- 
tion by Alfred Sherwood Romer. Pp, 14. Bulletin of the Museum of Com- 
pareve Zoology. Vol. 183, No. 11: A New Attempt to Construct Life 

ables for Kent Island Herring Gulls. By Raymond A. Paynter, Jr. Pp. 
4R9--528. Annual Report 1964-1965. Pp. 41. (Cambridge, Mass.: Museum 
of Comparative Zoology, Harvard Untversity, 1966.) {117 
Proceedings of the California Academy of Sciences, Fourth Series. Vol. 33, 
No. 11 (March 80, 1966): The Cochlear Duct of Lizards. By Malcolm R. 
Miller. Pp. 255-859. Vol. 33, No. 12 (May 12, 1966): Geology of the Islas 
Revillagigedo, Mexico, 2. Geology and Petrography of Isla San Benedicto. 
By Adrian F. Richards. Pp. 361-414. Vol. 33, No. 13 (May 12, 1966): 
Speciation and Systematics of the Gekkonid Lizard Genus Phyllodactylus 
of the Islands of the Gulf of California. By James R. Dixon. Pp. 415-462. 
Vol. 33, No. 14 (May 12, 1966): New Non-Marine Mollusca from the Esmer- 


~~ 


alda Formation, Nevada. By James R. Firby. Pp. 453-480, (San Fran- . 


cisco: California Academy of Sciences, 1966.) , [117 
Astra Annual Report 1965. Pp. 42. (Sodertalje: AB Astra;1966.) [117 
New Zealand Meteorological Service. Meteorological Observations for 

1951-—Stations in New Zealand and Outlying Islands, including the Cook 

Group. (Misc. Pub. 109.) Pp. 80. Summaries of Climatological Observa- 

tions at New Zealand Stations to 1960. (Misc. Pub. 122.) Pp. 59. (Welling- 

ton: Government Printer, 1965 and 1966.) 117 

_U.8. Department of Commerce: National Bureau of Standards. Tech- 
nical Note 289: Status Report--National Standard Reference Data Sys- 
tem, April. 1966. Edited A Edward L. Brady. Pp. iv+79. 50 cents. 

NSRDS—NBS 1: National Standard Reference Data System—Plan of Oper- 

ation. Edited by Edward L. Brady and Merrill B. Wallenstein, NSRDS— 

NBS 2: Thermal Properties of Aqueous Univalent Electrolytes. By Vivian 

Barfield Parker. Pp. v+65. 45 cents. NSRDS—NBS 8, Section 1: Selec- 

ted Tables of Atomic Spectra. A: Atomic Energy Levels—Second edition. 

B: Multiple Tables. By Charlotte E. Moore. Pp. viit+24. 35 cents. 

NSRDS—NBS 4, Vol. 1: Atomic Transition Probabilities, Hydrogen 

Through Neon: a Critical Data Compilation. By W. L. Wiese, M. W. Smith 

and B. M. Glennon. Pp. xi+153. 2.50 dollars. (Washington, D.C.- Govern- 

ment Printing Office, 1964, 1965 and 1966.) [117 
National Academy of Sciences—-National Research Council. Publication 

1292-B: Chemical Dynamics—a Current Review. (Report of the Panel on 

Chemical Dynamics of the Committee for the Survey of Chemistry, Division 

of Chemistry and Chemical Technology.) Pp. 68. 3 dollars. Publication 

1292-C: Nuclear Chemistry—a Current Review. (Report of the Panel on 

Nuclear Chemistry of the Committee for the Survey of Chemistry, Division-of 

Chemistry and Chemical Technology.) Pp. 47. 2 dollars. (Washington, 

D.C.: National Academy of Sciences—National Research Council, 1966.) [127 
Annals of the New York Academy of Sciences. Vol. 118, Article 9: Inter- 

ference Between Verruca Vulgaris and Malignant Growths in Humans. By 

James R. Hoon and Fred J. Ansfleld. Pp. 458-468. 1 dollar. Vol. 118, 

Article 22: Chemical Structure Requirements for Strmulation of Connective 

Tissue Growth by Polysaccharides. By E. L. McCandless. Pp. 867-882. 

Tne dollars. (New York: New York Academy of Sciences, 1964 and 


: Mauritius Sugar Indus Research Institute. Annual Report 1965. 
icy (Reduit: Mauritius Sugar Industry Research pear ct 


Institut Royal ron pa a ue de Belgique. Publication, Série A, No. 66: 
Esquisse Ciimatologique de la Base Rol Baudouin en Antarctique. Par F. E. 
Bastin. Pp. 108. Publications, Série, A., No. 67: Expedition Antarctique 
Belge. Commandant Frank E. Bastin. Observations Météorologiques en 
Surface. A: A la Base Roi Baudouin du 1 Janvier 1959 au 31 Janvier 1960. 
B: En Mer 14 Décembre, 1958, au 14 Février, 1959. Pp. 108. Publications, 
Série B, No. 28: Applications du Calcul Tensoriel en Météorologie. Par 
P. Defrise et J. P. Stessel. Pp. 20. (Uccle-Bruxelles: Institut Royal Météo- 
rologique de Belgique, 1986.) {127 

United States Department of Commerce: National Bureau of Standards. 
Technical Note 18-26: Quarterly Radio Noise Data, March, April, May 
1965. By W. Q. Crichlow, R. T. Disney and M. A. Jenkins. Pp. vit 72. 
(Washington, D.C.: Government Printing Office, 1966.) 45 cents. [127 

Australia: Commonwealth Scientific and Industrial Research Organiza- 
tion. Annual Report of the Division of Soils, 1964-65. Pp. iv+1386. 
eae pte Commonwealth Selentific and Industrial Research Cea nes, 
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-Indian Forest Leaflet No. 177 (Timber Engineering): Economical Roof 
Truss Designs Through Modern Timber Engineering. By N. J. Masani. Pp. 
12. 2.35 Es.: 5s. 6d. Indian Forest Bulletin No. 252 (New Series}: (Wood 
Seasoning): Some Variables Affecting the Trend of Unidirectional Shrinkage 
Along Board Width to Toon (Cedrela tonna) Above the Fibre Saturation Point 
in Kiln Drying. By S. N. Sharma and B. I. Bali. Pp. li+12. 1.85 Rs.; 
ås. 4d. (Delhi: Manager of Publications, 1965 and 1966.) {137 
Australia: Commonwealth Scientific and Industria] Research Organiza- 
tion. Division of Fisheries and Oceanography Technical Paper No. 21: Non- 
Seasonal Variations in the Hydrological Environment off Port Hacking, 
Sydney. By F. F. de Castillejo. Pp. 12. (Melbourne: Commonwealth 
Scientific and Industrial Research Organization, 1966.) {137 
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IS SCIENCE POLICY POSSIBLE ? 


THE most remarkable feature of the OECD report on 
science policy in France, briefly reported on page 1226 
of this issue, is that it should ever have been produced. 
Governments are notoriously but understandably 
reluctant to give outsiders bent on publication an 
opportunity to discover not merely what policy con- 
sists of but how it has come to be constructed. No 
doubt the French Government was emboldened by the 
knowledge that the same kind of examination and 
inquisition would be conducted in other nations belong- 
ing to the OECD. (By the same token, readers of the 
report on France will have their appetites whetted for 
what there is to some from elsewhere.) A more delicate 
means of knocking heads together could hardly have 
been devised. 

The report on France is also remarkable for showing 
that many of the problems which preoccupy the 
French Government and its machinery for administer- 
ing science policy are the same as those which appear 
as almost exclusive national concerns elsewhere. In 
France, for example, as in Britain and in the United 
States, the recruitment of teachers of science and 
mathematics cannot keep pace with the demand for 
them. In France as elsewhere, the arrangements for 
higher education, based as they are on long and cher- 
ished tradition, are found to be less than perfect means 
of training young people in the skills of research and 
then putting them to work where they are most needed. 
Then France is not the only country in which major 
decisions, affecting the whole balance of effort within 
science and technology, are often made without refer- 
ence to the committees appointed ostensibly to give 
advice on scientific matters; if chauvinism has in- 
fluenced some of the decisions on the use of scientific 
resources in France, so too must it be held at least 
partly responsible for the space programmes of the 
United States and the Soviet Union, and for the over- 
ambitious aircraft projects which from time to time 
hang themselves like albatrosses around the neck of the 
British Treasury. Finally, though French administra- 
tors are as much at a loss as their counterparts else- 
where to know what criteria to use in the deployment 
of scientific resources, they are at least manfully trying 
to find out. 

Not all the problems identified in the report are 
common problems, however. The problem of the 
Grandes Écoles is, for example, uniquely that of France. 
The OECD report likens the pyramidal educational 
system to a distillation column, and says that in France 
there are really two distillation columns in parallel— 
the Grandes Ecoles and the ordinary universities. 
The prestige of the engineering diplomas awarded by 
the écoles goes back to Napoleon, but the traditions 
which were once a great advantage now seem -to be 
impediments to progress. Obviously it is a serious 


matter that the écoles cream off the best potential 
scientists and engineers and then somehow assure 
that they finish up in industry or public service but 
only rarely in research. This state of affairs may be 
the envy of those who regret that academic research 
often has too much pull in countries such as Britain, 
and it is probable that the flow of graduates from the 
écoles into French industry has something to do with 
the economic successes of recent years, but in the 
long run there can be no doubt that the separatism 
built into French higher education must be bad for 
science—in industry as well as in the academic labora- 
tories. The OECD report points out that the Ecole 
Polytechnique has taken the lead in showing how 
vigorous schools of research can be grafted on to the 
usual intensive polytechnique course, and how there 
are moves to increase the liaison between the écoles 
and the universities, partly by making diplomas and 
degrees interchangeable and partly by seeing that 
entrants to the science faculties at the universities 
should have had some reasonable preparation for the 
courses they wish to follow. It is plam, however, in 
spite of the reforms of higher education announced 
earlier this year (and after the OECD examiners had 
finished most of their work) that there is still a long way 
to go. In France, the strictures of the OECD com- 
mittee may seem insensitive to the great (and un- 
doubted) virtues of the écoles, but in the long run 
should have some of the advantages of the comment 
from the small boy who first said that the emperor had 
no clothes. 

What the report has to say about the balance of 
industrial research in France—and which it might well 
have been saying about most other countries in 
Western Europe—is less convincing, though this is 
tricky ground. The essential question is to know what 
benefits are to be derived from the investment of effort 
in industrial research and development, and the 
OECD inspectors are right to say that there should 
eventually be great value in the careful and compre- 
hensive studies now being made in France of the 
relation between research and economic benefit in all 
kinds of industries. This said, it is unfortunate that 
the report wanders off, somewhat aimlessly, into a 
discussion of what is called the “technological balance 
of payments’—the difference between the royalties 
which a country pays on foreign patents and the licence 
revenue which it earns from abroad. The implication 
seems to be that the ideal state of affairs should be one 
in which these two sums are in almost exact balance, 
and that effort spent on research should be increased 
until one side of the balance sheet cancels out the other. 
But is this necessarily the case? Earning patent 
royalties is not, after all, the only way of making 
money. 
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“this examiners ‘are ii more sure óf themselves 
on -thé ‘machinery of the administration of science. 
-From what they have to say, there are obviously great 
‘advantages in the existence of the Delegation-General 
-for scientific research—a permanent secretariat serving 
' both the ministerial committee responsible for major 
policy decisions (and for the final allocation of the 
budget) and the advisory committee of scientists 
responsible for making recommendations on these 
matters. The size and competence of the secretariat 
are obviously the chief reasons why it has been possible 
to sustain such a rapid rate of growth of science in 
France in recent years without too much absurdity. 
Yet even so, it has not been possible to iron out all 
_ the awkward ups and downs in the scale of financial 
~ ‘support. Worse still, the consultative machinery 
seems to have worked less effectively than the examin- 
ers would have wished, so that major decisions have 
been made on grounds which are too exclusively 
political. 
The essential difficulty is the conflict of interest 
_ there is almost certain to be between a nation and the 
scientific community embedded within it. The objec- 
tives of the two entities do not necessarily coincide. 
The extent to which the United States and the United 
Kingdom were committed to defence research and 
development in the decade after the war, inevitable 
though it may have been, often created a fearful 
unbalance of the pattern of scientific work. (It is 
to be hoped that the Government of France will not 
now feel it necessary to mimic the full extent of this 
pattern; the OECD examiners were alarmed by some 
of the signs they thought they could discern.) More 
recently, the space programme in the United States 
has not been precisely what scientists themselves, with 
the interests of their craft in mind, would have dictated. 
But to ask that the efforts of scientists should be 
deployed only in ways that suit scientists themselves 
is to ask too much. It is, of course, entirely respectable 
that the efforts of scientists should be consciously 
directed at practical objectives. But is it, then, that 
the relationship between a nation and, its scientists 
should be like its relationship with its armed services ? 
Is it for society to decide what science should attempt, 
and for scientists to do society’s bidding ? This thin 
analogy seems to lie behind some of the machinery for 
making decisions in France—and elsewhere. But this, 
too, is an untenable extreme. One difficulty is that 
objectives defined from outside may prove to be un- 
attainable. More serious, there is the real danger that 
objectives which are too rigid or too unreal may rob 
science of its own self-gemerating intellectual excite- 
ment which, in the last resort, is its only stock in trade. 
Finally, this same excitement is itself a help in defining 
realizable and valid objectives. All of this argues in 
favour of a much better balance—in France and else- 
where—between the interests of governments and 
scientists in the definition of objectives. Most prob- 
ably, no system of committees will ever be sufficient. 
The real need is for some much more vigorous involve- 
ment of working scientists in the definition of what 
their work is for. 
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Home for Microscopes 


THE Royal Microscopical Society is one of the most 
vigorous of the learned societies in Britain. Far from 
being a kind of club for those concerned with the 
technology of building microscopes, it has a catholic 
interest in all those fields of science in whith the micron 
and the angstrom are in common usage. It is therefore 


sad to see the society having to hunt around for a. ` 


permanent headquarters outside London. The rent . 
of the present offices in Tavistock Square is being. 
enormously increased according to Dr. John Baker, ° 
chairman of the society’s council, who feels that the:: 
society cannot afford to remain in London. He would 
like to see the society move to another town, probably 
close to a university, where it could house its offices, 
microscope collection and laboratories for its courses in 
optical microscopy. The monthly meetings would 
still be held in London. 

While the council can make no definite plans until a 
decision is made by the members, they are investigating 
various sites. One possible site in Oxford was turned 
down by the City Council because the city wanted the 
site, but Dr. Baker stated that Oxford is still very 
much a possibility. Wherever the society decides to 
go they will certainly be welcomed, but this hunt for 
living space may be regarded by some as yet another 
sign of the need for a more generous provision of 
board and lodging for British societies. 


Atomic Agriculture 


THe International Atomic Energy Aui of the 
United Nations is giving Yugoslavia more than 600,000 
dollars worth of equipment for research at the Zemun 
Institute for the Application of Nuclear Energy in 
Agriculture, Veterinary Medicine and Forestry. The 
Yugoslav government has contributed about two 
million dollars worth of buildings, equipment, training 
and general expenses to make the institute the centre 
of agricultural research in the country. During the 
last three years the United Nations Development 
Programme, with the IAEA acting as the executive 
agency, has cooperated with the Yugoslav Federal 
Nuclear Energy Commission in one of the programme’s 
biggest single projects for applied research and training. 
With this combined support, the institute has under- 
taken extensive studies of soil fertility and plant 
nutrition, use of ionizing radiations to produce mutants 
for plant breeding, and animal nutrition and health 
protection. 


American Rock Names 


Tmar much has flowed down the geological rivers of 
North America since 1936 is plainly obvious from the . 
latest milestone in publications from the U.S. Geological ` 
Survey. The three volumed Lexicon of Geological 
Names of the United States for 1936-1960 (U.S.GS. 
Bulletin 1200, Washington, D.C., 1966. $13) is the 
sixth such compilation to come from the Survey since 
E. B. Weeks’s North American Geologic Formation 
Names was published in 1902. 
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an The present 4, 340° "page work is an admirable suc- 


„cessor to Wilmarth’s monumental lexicon of 1938. 
`+ ¿"As before, the area covered includes the United States, 


its possessions, the Trust Territory of the Pacific 
Islands and the Panama Canal Zone. 

In all, 14,634 names are included, together with 
summaries of stratigraphical papers which were pub- 
lished between January 1, 1936, and December 31, 
1960. The number of such abstracts and “original 
references” now exceeds 35,000. The lexicon differs 
from Wilmarth’s in that it omits all palaeontological 
and descriptive terms, trade names, moraines, oro- 
genies and miner’s terms. 

Obviously there has been erosion of many geological 
names and also deposition of numerous new ones in 
the literature. Enthusiasts of the “Western” cult 
will be disappointed to learn that the U.S. Geological 


‘ Survey has abandoned “Silver Creek Shales” and the 


“Panhandle Beds”. They can take heart, however, 
that their heroes will still be able to ride high over the 
“Death Valley Formation” and- “Diamond Creek 
Sandstone”. 


Nuclear Fuel for Space 


Tax establishment of an artificial atmosphere on 
Jupiter’s moons, communications from beyond Pluto, 
water extracted from the surface of the Moon—science 
fiction turned to fact, with the help of nuclear energy; 
these and more immediate problems confronting space 
scientists will be solved with nuclear power according 
to Dr. Glenn T. Seaborg, chairman of the United 
States Atomic Energy Commission. - 

Speaking at the Western Electric Show and Conven- 
tion in Los Angeles a few weeks ago, Dr. Seaborg 
outlined the AEC’s present joint programme with the 
National Aeronautics and Space Administration, and 
the Department of Defense, on atomic energy in space. 
The two areas of development are the Rover Programme 
to develop systems for nuclear rocket propulsion 
and the SNAP Programme to generate electric power. 
The nuclear rocket is a single engine that would 
satisfy a number of upper stage and spacecraft applica- 
tions—a 5,000 MW NERVA engine producing 250,000 
lb. of thrust. So far, 1,000 MW rocket reactors have 
been successfully operated, and Dr. Seaborg stated 
that this included restarting and operating them at 
full power through multiple cycles. He added that 
the AEC had achieved on a single reactor a running 
time of 30 min at full power—which is approximately 
the same running time required for a single engine to 
boost a manned mission to Mars. 

Research is also being carried out on a nuclear- 
electric rocket for use during long voyages. In this 
system, a highly efficient low-thrust engine is envisaged 
which will produce a high specific impulse and use 
electrical energy to accelerate the propellant. Because 
such a system could be used continually throughout a 
long voyage, the rocket could eventually build up to a 
far greater velocity than a chemical or nuclear rocket. 
NASA and the Air Force are developing the necessary 
thrust components; the AEC is developing the power 
source under its SNAP programme. SNAP’s broad 
aim is to provide long-lived electrical power systems 
for all the scientific and communications equipment 
in satellites and to provide the energy needed to keep 
Dr. Seaborg explained that of 
the two general categories of SNAP systems, the first 
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was based c on the generation of electricity “fori “the souk 
heat created by decaying radioisotopes while. the 7.2 
second used the heat from fission reactors to produce. ` ` 7 


electricity. The first isotopic power system to be used, * 
was powered by plutonium-238; this went into orbit,’ 


on a U.S. Navy navigational satellite in 1961 and its 


signals are still being monitored. Dr. Seaborg stated- 


that a SNAP unit will power the Apollo lunar surface o; 


package left on the Moon by the Apollo astronauts. 
Looking further into the future, Dr. Seaborg visual-~ 
ized the place of nuclear rockets in lunar and planetary , 
exploration. He sees the more efficient nuclear rockets , 
transporting enough supplies to a lunar base camp 
to last several months. Later nuclear rockets would - 


be used as lunar ferries, shuttling between re-usable : - 
chemical rockets travelling from the Earth or Moon,- 


to a rendezvous in orbit with the nuclear rocket. A’ 
similar system could be used for voyages to Mars and 
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beyond. As Dr. Seaborg said, “The combination of . . 


high-thrust nuclear rockets for escape from planetary | 


gravity fields and low-thrust, low-weight, nuclear- - 


electric systems for interplanetary propulsion promises 
to do great things for solar system exploration”. 


Vetlesen Prize 


JAN HENDRIK Oort, the Dutch astronomer, has won ; 
the 1966 Vetlesen Prize for distinguished achievement - 


in the earth sciences, President Grayson Kirk of ` 
Columbia University announced last week. Dr. Oort - 


received the Vetlesen Gold Medal and $25,000 for | 


“outstanding achievement in the sciences resulting 
in a clearer understanding -of the Earth, its history 
or its relation to the universe’. The Vetlesen Prize 


was @stablished at Columbia University in 1960 by. 


the G. Unger Vetlesen Foundation. 


Dr. Oort, 66, is a professor at the University of: i 


Leiden and is director of the Leiden Observatory. 


He has achieved world-wide recognition for his studies ` 
of the rotation of our galaxy and of radio astronomy. 
In 1927, Dr. Oort showed that the galaxy rotates about. ` 


its centre and determined the speed of rotation and. 


the direction of the centre of rotation. Since the early . 


fifties Dr. Oort has worked in radio astronomy. The: 


mapping and detailed study of the spiral structure : 
of the galaxy, during the fifties, was made possible 


through his research and other ‘research under his’ 


leadership. 


“ut, 


Food Research 


THE first annual report (1965) of the Food Protection — 


and Toxicology Center, University of California at _ 


Davis, describes the foundation, objectives and pro- 
gress of the centre. The centre is carrying out research, 


radiation biology and environmental engineering. 
Research at the centre covers a diversity of topics— 


rapid tissue culture methods for detection of chemical - 


residues and toxins in foods and feed stuffs; the use 
of isolated organs for detecting the precise location of 
toxic effects and the nature of the effects; methods to 
increase mobilization And excretion of DDT in cows; 
and isolation of br 
of the mode of eompostion of agricultural chemicals. 


7 
K 


+ 


down products and determination — 


has established an information and documentation.” 
service in chemical and microbiological toxicity, and ~ 
has started new undergraduate and postgraduate ` 
courses in agricultural toxicology, fundamentals of | 


~- 
Ead 
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Biochemical mechanisms are being studied to determine 
how cell division is inhibited by radiometric compounds 
and an investigation is being undertaken into the bio- 
chemical composition and detoxifying function of 
lysozymes. A wide study of the movement of pesti- 
cides and agricultural chemicals in and over soil is 


being made to show how pollution of surface and’ 


ground waters is effected and how the movement may 
affect plants and animals in their uptake of such pollu- 
ted waters. A three phase study has been completed 
of food-borne Salmonella infections of avian origin, and 
an investigation of botulism in foods has been started. 

Four more projects have been proposed but still need 
money. One of these is the isolation of natural plant 
toxins and assessment of their toxicity—these toxins 
are mainly of academic interest, but it is surprising that 
no proposal has been made for work on mycotoxins, 
which are of some economic importance in the United 
States. 


~ 


New Zealand Science 


Tur New Zealand Department, of Scientific and Indus- 
trial Research continues to increase the scale of its 
activity. According to the Annual Report for the 
year to March 31, 1966, just published (Government 
Printer, Wellington, 3s.), the scientific staff of the 
department increased by 42 to a total of 553. The 
total expenditure during the year amounted to £3:477 
million, more than 10 per cent of which was spent on 
grants to various research institutes and research 
associations. 

In its research policy the department is hoping to 
give increasing attention to the problems of particular 
concern to the economy of New Zealand, in partipular 
a more efficient use of labour and materials. The 
Institute of Nuclear Sciences, which supplies radio- 
active isotopes to users in New Zealand, is particularly 
pleased with the profit being derived in industry from 
the use of its materials. Prospecting for minerals 
continues and there has been some success in research 
for ilmenite, and there is a possibility that ‘‘the com- 
mercial climate” will become more favourable for the 
use of titanium ores in New Zealand in the years 
immediately ahead. Attention is also being given to 


the possible extension of the present use of geothermal. 


steam at Wairakei and elsewhere. Preliminary studies 
for underground reservoirs have suggested that each 
of these may be big enough to support a geothermal 
power station similar to that operating at Wairakei. 
There, during the past ten years, the pressure of the 
hot water at the bottom of the bore holes has dropped, 
presumably because of the increasing rate at which 
steam is being used at the power station. Although 
the causes of this decline in pressure are not 
properly understood, it is expected that it will be 70 
years before the present reservoir has shrunk by as 
much as 10 per cent. 

The department is making what use it can of para- 
sitic insects in pest control. In the past it has proved 
possible to control the oak leaf miner and Mexican 
devil weed by such means. In the current growing 
season, record numbers of insects are being released 
to control pests. In the South Island female thynnid 
parasites are being released in the hope that they 
will control grass grub, and similar methods are being 
used against the ryegrass stem’ weevil, the potato 
tuber moth and the passion vine hopper. 
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University News: British Columbia 


Pror. J. H. QUASTEL has been appointed professor of 
neurochemistry, in the Faculty of Medicine, and honorary 
professor of biochemistry. 


London 


Tue title of professor emeritus has been conferred on the 
following: Prof. F. Bergel (chemistry, in respect of his 
former post as professor of chemistry in the Institute of 
Cancer Research : Royal Cancer Hospital); Prof. J. C. 
Buckley (helminthology, in respect of his former post as 
William Julien Courtauld professor of helminthology in 
the London School of Hygiene and Tropical Medicine) ; 
Prof. J. A. V. Butler (physical chemistry, in respect of his 
former post as professor of physical chemistry in the 
Institute of Cancer Research : Royal Cancer Hospital); 
Prof. G. A. H. Buttle (pharmacology, in respect of his 
former post as Wellcome professor of pharmacology in 
the School of Pharmacy); Sir Aubrey Lewis (psychiatry, 
in respect of his former post as professor of psychiatry in 
the Institute of Psychiatry); Sir John McMichael (medi- 
cine, in respect of his former post as professor of medicine 
in the Postgraduate Medical School of London); Prof. 
C. M. White (fluid mechanics and hydraulic engineering, 
in respect of his former post as professor of fluid mechanics 
and hydraulic engineering at the Imperial College of 
Science and Technology); Prof. D. Williams (mining 
geology, in respect of his former post as professor of 
mining geology in the Imperial College of Science and 
Technology). 


Pennsylvania 


Dr. D. Waits, professor of chemistry at Ohio State 
University, has been appointed chairman of the Depart- 
ment of Chemistry. Dr. J. Donohue, chairman of the 
Department of Chemistry in the University of Southern 
California, has been appointed professor of chemistry. 


- 


Appointments 


Mr. J. A. RATOLIFE, director of the Radio and Space 
Research Station of the Science Research Council until 
his retirement this year, has been appointed president of 
the Institution of Electrical Engineers for the session 1966- 
67. He will take office as president as from October 1. 


Dr. H. Kina, scientific director of the London Planet- 
arium, has been appointed first curator of the McLaughlin 
Planetarium of the Royal Ontario Museum of the 
University of Toronto. Dr. King is also secretary—and 
a former president—of the British Astronomical Associa- 
tion. 


Mr. M. H. Lovett has been appointed director of the 
British Society for International Understanding on the 
retirement of Mr. J. Eppstein. Mr. Eppstein, who for the 
past 27 years has been director, remains editor of the 
Society’s publications. 


Announcements 


A COMMITTEE of chemists closely associated with the 
activities of Prof. T. P. Hilditch, who died on August 9, 
1965, have been considering a suitable permanent tribute 
to his memory in the form of memorial lectures to be 
delivered at a frequency determined by the sum realized. 
All those interested are invited to contribute to an appeal 
fund. A trust fund will be set up. Donations should be 
sent to Martins Bank, Ltd., Water Street, Liverpool 1, 
and made payable to the “Hilditch Memorial Fund”. 


THE Deutsche Akademie der Naturforscher Leopoldina 
recently elected the following new members in the sections 
indicated: Mathematics,- Prof. M. Kneser (Göttingen); 
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Prof. W. Rinow (Greifswald); Astronomy, Prof. C. 
Fehrenbach (Marseilles); Physics, Prof. O. Haxel (Heidel- 
berg); Geophysics and Meteorology, Prof. T. Nagata 
(Tokyo); Physical Chemistry, Prof. G-M Schwab (Munich); 
Botany, Prof. H. Mohr (Freiburg/Br.); General Biology, 
Prof. W. Beermann (Tubingen); Prof. M. W. Nirenberg 
(Bethesda); Anatomy, Prof. A. Schabadasch (Moscow); 
Physiology, Prof. A. Gutmann (Prague); Internal Medi- 
cme, Prof. F. Grosse-Brockhoff (Diisseldorf); Prof. F. 
Lenoch (Prague); Prof. S. Mileu (Bucharest); Prof. K. 
Oberdisse (Düsseldorf); Paediatrics, Prof. K. Betke 
(Tübingen); Prof. J. Svejodr (Prague); Psychiatry, 
Prof. T. Bilikiewiez (Gdansk); Surgery, Prof. W. Bross 
(Wroclaw); Prof. D. Juzba&ié (Zagreb); Oto-Rhino- 
larnygology, Prof. J. Berendes (Marburg); Orthopaedics, 
Prof. M. R. Francillon (Zurich). 


SEPTEMBER 1 7, 1966 


Pror. A. H. Mastow, Philip Meyers professor of psycho- 
logy at Brandeis University, has been elected president- 
elect for 1966-67 of the American Psychological Associa- 
tion. G. Lindzey, of the University of Texas, has now 
` taken office as president of the Association for 1966-67. 
The Association has also awarded three distinguished 
scientific contribution awards to: N. Bayley, Institute of 
Human Development, University of California; Prof. 
C. H. Graham, professor of psychology in the University 
of Columbia; Prof. R. L. Solomon, professor of psychology 
in the University of Pennsylvania. These awards, which 
were established in 1956, are given annually for ‘‘out- 
standing contributions to the science of psychology”. 
The American Psychological Foundation also presents 
annually one gold medal for a distinguished hfetime 
career in psychological research, and Prof. K. M. Dallen- 
bach, professor emeritus at the University of Texas, has 
been awarded the 1966 gold medal. 


A MEETING of the Association of Clinical Biochemists 
(Southern Region) is being held at Bristol on September 
17. Further information can be obtained from Dr. V. 
Marks, The Area Laboratory at West Park Hospital, 
Epsom, Surrey. 
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Te one hundred and thirty-third meeting of the American 
Association for the Advancement of Science is being held 
in Washington, D.C., during December 26-31. Further 
information can be obtained from Mrs. T. C. Heatwole, 
5110 West Franklin Street, Richmond, Virginia. 


A Symposium, arranged by the British Scientific Instru- 
ment Research Association, is to be held at the Royal 
Aeronautical Society on October 5. Further information 
can be obtained from Mr. I. M. Watt, SIRA, South Hil, 
Chislehurst, Kent. 


AN evening course in photoelasticity is to be held at the 
City University. The course, which begins on October 11, 
is intended for engineers holding a degree or diploma in 
technology, or an equivalent qualification. Further in- 
formation can be obtained from The City University, St- 
John Strees, London, E.C.1. 


A NATIONAL conference on “Profiting by Quality and 
Reliability’, organized by the Bntish Productivity 
Council on behalf of the National Council for Quality 
and Reliability, will be held at Blackpool during Novem- 
ber 8-10. Further information can be obtained from the 
National Council for Quality and Reliability, Vintry 
House, Queen Street Place, London, E.C.4. 


A NEw certificate in field biology, replacing the certificate 
of proficiency in natural history, is now being awarded by 
the University of London. It is available to all persons 
interested in the study of living things in their natural 
habitats. Further information can be obtained from the 
Assistant Director (Room 14), Department of Extra- 
Mural Studies, University of London, 7 Ridgmount 
Street, London, W.C.1. 


Erratum. In the review by Dr. R. F. Ruth entitled 
“Tissues and Organs” (Nature, 211, 348; 1966), the second 
sentence of the fifth paragraph should read, in part, “the 
presumptive heart cells then migrate anteriad over the 
surfage of the endoderm which itself shifts caudad and 
mediad as both tissues swing into the midline during the 
formation of the foregut;’’. 


THE NIGHT SKY IN OCTOBER 


All times are in Universal Time 


MOON 
New Moon 14d 04h 
Full Moon 29d 10h 


CONJUNOTIONS WITH THE MOON 


Venus — 
Mars 10d 15h, 4° S. 
Jupiter 8d 18h, 6° 8. 


Satur 25d 2th, 2° N. 


PLANETS i 
Times of rising (2) and setting (S) during the month 
Name RIS Beginning Middle End Mag. Dy (10° miles) Zodiacal position 
Mercury — Unfavourable for observation — 112 Libra 
Venus — Unfavourable for observation — 158 Virgo 
Mars R th 40m ih 35m Th 25m +18 195 Leo 
Jupiter R 23h 30m 22h 45m 22h 00m —17 495 Cancer 
Saturn S 4h 40m 8h 40m 2h 40m +10 805 Aquarius 
Dy is the distance of planet from the Earth on the 15th of the month, 
OQOCULTATIONS OF STARS BRIGHTER THAN MAGNITUDE +6 AT GREENWION 
Star RID Time Mag. 
13 Tau R 3d 22h 09-0m +55 a 
125 Tau R 6d 02h 35 8m +50 
76 Gem R 8d 04h 592m +54 
(D, disappearance; R, reappearance) p 
METEORS ff 
Name Active period Date of maximum Radiant Remarks 
Giacobinids 9d-10d 10d 262° R.A., +54° Dec. Favourable 
Orionids 15d—25d 210 96° R.A., +15° Dec, Favourable 
OTHERS PHENOMBNA 


lid O4h, Mars 1° N. of Regulus 


29 d, Penumbral Echpse of Moon: Moon enters Penumbra 07h 63m—hbeginning visible in N. and S. Amenca, W. Atlantic Ocean, Pacific Ocean, 


Mid-Echpse 10h 12m 
Moon leaves Penumbra 12h 32m 


New Zealand, N.E. Asia: end visible m N, America, Pacific Ocean, Australia, 
New Zealand, Indonesia, East Asia. 
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SCIENCE IN FRANCE—A REPORT BY OECD 


FRANODB’s scientific achievements are falling short of her 
intentions, according to a study which has been carried 
out by the Organisation for Economic Co-operation and 
Development (OECD, Reviews of National Science Policy: 
France, 1966). The report is one of a series of studies of 
science policy In member nations of the OECD. The 
examiners were Dr. A. H. Haley of the University of 
Oxford, Professor H. Johnson of the University of 
Chicago, Professor G. B. Kistiakowsky of Harvard 
University, and Dr. L. Morandi, vice-president of the 
Montecatini Company. The survey holds that France, 
where science planning since 1958 has worked towards an 
overall concept of science policy and coordinated national 
options, may be losing her courage. Its authors point to 
the fact that the Committee of Ministers, which is re- 
sponsible for coordinating science policy, has met on an 
average only once a year since 1961 and that it has had 
@ progressively weakening influence on the budget ‘‘since 
the number of decisions in the scientific sphere left to the 
decision of the Prime Minister is steadily increasing from 
year to year’. As further evidence, they note that the 
major options such as the construction of the Concorde 
aircraft, the development of the Pierelatte programme for 
gaseous diffusion and the nuclear developments at Chinon 
were undertaken without consulting the central agencies 
responsible for advising the government on science policy, 
and, finally, that even where definite targets had been 
put forward in the IVth Plan, it has been reported that 
only 79-7 per cent of these targets have been reached. 
The report concludes that, while this may just be a 
temporary lull between conception and implementation of 
a unified policy, there is some fear that the government is 
afraid to take the plunge and commit itself completbly. 

The report traces science policy in France from tentative 
beginnings in the late thirties, when the Under-secretariat 
of State for Scientific Research and the National Centre 
for Scientific Research were established, through the 
post-war expansion with new agencies for atomic research, 
aeronautics, health and agriculture. Until the early 
fifties France was content to remam dependent on foreign 
technology. Since then France has moved ahead rapidly 
on research expenditure—the government alone spent 
1,073 million franes in 1965 against 249 million in 1959 
and the gross expenditure on research and development 
in all sectors came to 6,248 million francs, os 1-6 per cent 
of the gross national product, in 1963. This is still 
below the corresponding GNP figures for Britain and, 
of course, the United States (where the percentages 
of GNP were 2:2 and 3-1, respectively, in 1962), but 
France is spending far less on defence research; in 1962 
only 37-5 per cent of government research expenditure 
went to the armed forces compared with more than 
60 per cent in the two other countries. 

France is breaking into space and atomic energy m a 
big way. She has allocated 33 per cent of her scientific 
expenditure to these two fields in which the United States 
is investing only 29 per cent im atomic and space research 
and the National Science Foundation. Another interesting 
aspect of the French budget for research ıs the 19-5 per 
cent spent on national education, primarily for research 
in the universities and other higher scientific establish- 
ments such as the Ecole Normale Supérieure. Of course, 
in the United States many of the grants for university 
research are made by the National Science Foundation, 
the National Institutes of Health and the various branches 
of the Department of Defense, but the universities still 
account for only 12 per cent of the basic research in the 
United States, with 74 per cent originating in private 
firms (over 40 per cent of the costs are met by the govern- 


ment, however). In France, 47 per cent of the research 
was carried out by private firms, with the government 
meeting half the costs. 

The first formal attempt to integrate scientific and 
political objectives took place in France when the IVth 
Economic and Social Development Plan was being pre- 
pared (1962-1965). Since 1965 the ministry in charge of 
scientific research and responsible to the joint secretariat 
of the two science committees—the General Delegation 
for Scientific and Technical Research-—has-been replaced 
on the political side by a Secretariat of State for Scientific 
Research and Atomic and Space Questions and on the 
scientific side by a Delegate-General for Scientific and 
Technical Research to work in liaison with the Commis- 
saire Général du Plan. This increasing emphasis on 
central control by the General Delegation and its Sec- 
retariat and various committees, coupled with a recog- 
nition of the importance of science to all economic and 
political questions, is still unique to France. 

The examiners, like all those concerned with the role 
of science, welcome the development. but also express the 
fear that some scientific decisions are being made for 
political rather than economic reasons. They applaud 
the desire to increase contributions to international 
research efforts, but do not feel that France can afford a 
policy of “going it alone” in prestige areas of science; 
they are afraid that in practice there is not yet a realistic 
dialogue between statesmen and scientists, in which case 
‘there is a fear that considerable sums may be spent 
without research deriving the full benefit”. 

The examiners found educational policy to be also more 
indicative than active—the government has not yet 
worked out a general policy for training senior scientific 
staff nor has it developed a concerted plan for technical 
training. As for the training of engineers and scientists, 
the examiners question the early specialization required 
by the baccalaureat and the dual stream of university-level 
education offered by the universities and the Grandes Écoles. 
When the Grandes Ecoles—such as the École Normale 
Supérieure and the École Polytechnique—were founded 
about 1900, they filled the need for engineering traning 
that was not met by the universities. But though they are 
still the most influential science schools in the country, the 
study does not feel that they have changed sufficiently to 
meet the increasing need for researchers and teachers in 
France. About 20 engineering schools are regarded as 
Grandes Ecoles and take roughly 1,500 first-year students 
or about 20 per cent of the intake of all engineering schools. 
But more than twice as many as this have studied for two 
or three years to gain a place, thereby forgoing admission 
to university. Another complaint of the examiners is the 
emphasis in the Grandes Hcoles on engineering and 
administration rather than research. 

In contrast to the continuing pressure for admission to 
the Grandes Ecoles, the universities are finding it more 
and more difficult to attract able young scientists; many 
places are left vacant for lack of candidates. The 
examiners would like to see closer cooperation between 
the universities and the Grandes Écoles to make it easier 
to transfer from one type of institution to the other and 
to enable engineering graduates to do postgraduate 
research at university. 

In all areas of science policy, the examiners feel that 
the gap must be filled between ‘‘the remarkable effort 
being made to rationalize the preparation of decisions 
affecting both science and the economy, and the universal 
tendency to choose certain scientific objectives for political 
reasons without always realizing their economic 
implications”. 
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SEA WATER DESALINATION — IN PERSPECTIVE 
! By Dr. E. GLUECKAUF 


Atomic Energy Research Establishment, Harwell, Berkshire 


LARGELY as the result of the initiative of the Office of 
Saline Water (OSW) of the United States Government, 
research into new methods of providing additional sources 
of fresh water has become front page news. 

The idea of obtaining water from the sea is not newt, 
and indeed most of the modern flash distillation plants of 
the world are of British design and manufacture. But 
the change in outlook during the past few years brought 
about by the American initiative is nevertheless funda- 
mental. It means that the development of new tech- 
niques which might have been achieved in the normal way 
in half a century is suddenly telescoped into a decade— 
assisted by the prodigious contribution of a single 
government. 

It 1s most important for others to realize that this is 
the pattern of the world of to-morrow, and that to reach 
the forefront in any major field of technology in the 
future will require a punch backed by a nine figure 
number. In Britain this has been done in the field of 
atomic energy. We may need to do it again in those fields 
which are vital for us. 

It is relevant to ask the question whether Britain could 
have afforded an expenditure similar to that in the 
United States in the field of desalination, where Britain 
had a good start. Financially, the answer is an unqualified 
“yes”. Britain is at present using about 6-5 x 10° gal. 
of water each day, about 15 per cent for domestic require- 
ments, about 8 per cent for agricultural uses and the rest 
for industrial consumption. A levy of 1d./1,000 gal. 
of water, which would pass unnoticed ın the cost of living, 
would provide £10 million per annum, a figure which is 
roughly the annual OSW expenditure. Whether Britain 
could also divert the thousand or so scientists and engin- 
eers without serious consequences is another matter. 
The main point, however, is that viewed from Britain’s 
angle, desalination is an interesting technological field 
but not a vital one, at least—-according to the Water 
Board—not before the end of this century. Atomic 
energy, on which Britain spends about one hundred 
times as much as on desalination, is vital to us. 

In the United States, where vast areas of California and 
other southern regions are short of water, the point of 
view is a different one. There, the availability of fresh 
water transcends the technological interests and affects 
the pattern of development of the country as a whole. 
The same political motivation exists also in Israel, where 
manpower expenditure on desalination research greatly 
exceeds that normal to a population of 2:5 million. 

In Britain the theoretically available rainfall ıs about 
48 x 10° gal.jday, of which the present consumption 
represents about 14 per cent. Unfortunately most of 
the rainfall is in the north and west and most of the water 
consumption is in the midlands and the south-east, so 
that even now there are regions where dry summers 
regularly result in water shortages. But this means only 
that in the future, new industries requiring much water 
will have to move to where the water is plentiful, and 
that in the industrial regions short of water, better water 
management will have to be introduced. (The manu- 
facture of plastics, for example, may require more than 
2,000 times their weight in water.) At present London 
uses and then throws away about 500 million gal. daily. 
Recovery of 75 per cent of this water by conventional 
sewage treatment followed by partial desalination (for 


example, by electrodialysis) and recycling would make 
locally available an extra 1,500 million gal. daly. As 
the water consumption is doubling every 15 years, this 
action alone would provide the needed increase in water 
supply almost up to the end of this century. The tech- 
nology of these recycling processes is now being seriously 
developed. Naturally, even though Britain will not need 
desalination plants much before the end of the century, 
her industries will want to remain in the export market 
for such plants and so a modest effort in research and 
development must continue. 

The processes for obtaining water from salme water can 
be conveniently divided into: 

(1) Processes involving a phase change: (a) evapora- 
tion, (b) freezing. (2) Processes involving semipermeable 
membranes: (c) electro-dialysis, (d) hyperfiltration (re- 
verse osmosis). (3) Processes involving chemical equili- 
bria: (e) ion exchange. 

(a) Evaporation. (i) Flash distillation. The best 
known process to obtain water from saline solutions is 
evaporation. Indeed, if a large sea water desalination 
plant—say, between 10° and 10° gal./day—is required 
to-day, then this is the only process for which commercial 
plants can be readily obtained. Invariably a multistage 
system is used (Fig. 1), where the steam flashed off from 
each stage is condensed to pure water by preheating the 
incoming sea water. Each stage operates at a temperature 
and, pressure slightly lower than the previous stage. The 
water condensed in each stage thus has a temperature 
slightly above that of the water in the following stages, 
and this energy too can be extracted by flashmg through 
the successive stages. 

Plant units of 12 million gal./day of purified water 
designed for delivery at present use between twenty 
and forty such stages, so that allowing for heat losses. as 
much as 8-12 lb. of water can be produced by 1 lb. of 
steam. For 1,000 gal. of water produced, this reduces the 
heat consumption to 350 kWh using low grade steam of 
260° F which is no longer useful for power production. 
An additional 18 kWh of power are required for pumping. 
The unit capital cost is $0-69/gal./day (ref. 2). The cost 
of product water for a 36 million gal./day (MGD) plant 
using three twelve MGD units is $0-50/1,000 U.S. gal. 
($1 per 1,000 U.S. gal. = 105d./1,000 Imp. gal.) For the 
still larger units which may be produced in the more 
distant future, there could be a further reduction of steam 
consumption and cost. It has been estimated? that by 
using 3,300 MW reactors providing 675 MW of electricity 
and 250 MGD of water in units of 50 MGD, a unit capital 
cost for the flash distillation plant of $0-41/gal./day and a 
water cost of $0.16/1,000 gal. can be achieved. 

Comparing the two sets of figures, a unit capital cost 
reduction from $0.69 to $0.41/gal./day may be reasonable 
for the envisaged scale increase by a factor of seven. 
The water costs cannot be compared as they depend 
predominantly on the rate of interest charged. Reactors 
up to 10,000 MW are now being studied in the United 
States, but it has to be borne in mind that plants of that 
size are only useful for densely populated areas. 

(ii) Distillation with vapour compression. If saturated 
steam at a temperature (tı) 1s adiabatically compressed, 
its temperature rises to (t). If this steam is then con- 
densed at a temperature t, (between ż and ża) slightly 
more than the original heat of evaporation Is recovered 
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Fig. 1. Multistage flash distillation. 


at a temperature t, above ¢,, which can therefore be used 
to repeat the original evaporation process at t Thus 
water can. be evaporated with the expenditure of the work 
needed for the compression, which need be only about 
3—4 per cent of the heat of evaporation. Work energy 
can be produced from heat energy with a loss factor of 
about three, so that the actual heat consumption in this 
case represents about 9~12 per cent of the heat of evapora- 
tion. This offers roughly the same heat economy as 
flash desalination with twenty stages, but it gives it in a 
single stage of operation as the recovered energy can be 
fed back into the same evaporator. The equipment is 
thus smaller but requires expensive compressors and 
comparatively large heat exchangers. It has an obvéous 
advantage for the production of water on a small scale, 
but it is not clear whether it- will compete economically 
with flash distillation on a large scale. 

In both distillation processes the quality of the product 
water is very good; the solid content is usually guaranteed 
to be less than 25 p.p.m. and can be less than 1 p.p.m. 

(b) Freezing processes. Because of their highly organ- 
ized structure, ice crystals cannot accommodate other 
molecules or ions without severe local strain, and conse- 
quently salts are rejected by the advancing surface of a 
growing ice crystal. This offers the possibility of produc- 
ing pure water from sea water in a single operation. 

Thermodynamically, the process is very favourable, 
requiring (theoretically) only 6-3 kWh/1,000 gal. of product 
water. As a result of the irreversible effects in any practical 
system, however, the value which has so far been achieved 
is 40 kWh/1,000 U.S. gal. by Colt Industries, Ince., 
Beloit, Wisconsin, United States. One of their plants in 
Eilat, Tsrael, presumably as a result of the higher external 
temperature, shows & power consumption of 69 kWh/1,000 
gal., which it is hoped will be improved to 49 kWh. These 
values have been achieved by evaporative cooling of sea 
water, forming a “mush” of small ice crystals, which are 
separated in a vertical column, (by density difference) 
from the brine, and washed freé from adhering brine by 
recycling some of the purified water. . The water-—ice 
slurry is then moved to a melting unit where the latent 
heat of the compressed water vapour is used to melt the 
ice. 

Theoretically there is no limit to the purity of the water 
produced, but the considerable difficulties of washing tho 
ice pure from adhering brine have so far led to a com- 
promise at 500 p.p.m. of dissolved solids, which is adequate 
for drinking purposes. The cost of water has been estim- 
ated to lie between $0°5 and 0-7/1,000 U.S. gal. for a 5 
MGD plant. Thus while energy consumption is cón- 


siderably less than in the case of distillation process, the 
cost of the water 1s similar, and its quality is not nearly 
so good.. 

(c) Hlectrodzalysis. Electrodialysis makes use of the 
transport of ions in solution in an electrical field. The 
most commonly applied method of electrodialysis uses 
multiple cell assemblies with alternating cation- and 
anion-semipermeable membranes through which an 
electric current is passed, so that alternate compartments 
will produce a reduction and an increase in concentration 
respectively. 

Electrodialysis (and also ion exchange) has the great 
advantage over most other methods of desalination in 
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Fig. 2. Vacuum freeze-vapour compression method. (Repmnted from 
Spiegler, K. S., Principles of Desalinahon, by permission of Academuc 
Press Inc. (London), Ltd.] 
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Cc, Lauer y easag eax membrane; f, feed; p, product; c, concentrate. 
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that it removes the minor component (the salt) from the 
major component (water). As a result of this, power 
consumption is more or less proportional to the salt 
content of the feed solution: roughly 2 kWh/1,000 gal. 
for a feed concentration of 2,000 p.p.m., 5 kWh for 4,000 
p-p-m. and about 80 kWh/1,000 gal, for a feed concentra- 
tion of 40,000 p.p.m., if a product of 300 p.p.m. is required 
in each case. Further reductions of the salt content are 
possible, but power consumption then increases as a 
result of increased electrical resistance of the dilute 
salt solutions. Though power consumption is low for 
brackish water, equipment cost remains high, so that the 
final water cost is not very much less than that of flash 
desalinated sea water. 

On the basis of present-day experience the cost of 
desalinating water from 3,000 p.p.m. to 500 p.p.m. (on a 
10 MGD plant scale) has been estimated as high as 
$0.35/1,000 U.S. gal.*. It is conceivable that these costs 
can be substantially reduced by the manufacture of 
cheaper membranes, and by electrodialysis at higher 
temperatures. Any increase in temperature could be 
particularly important for the desalination of sea water, 
as the resultant reduction of electrical resistance and the 
higher permissible current densities permit a reduction of 
both power and capital expenditure. This problem is 
being seriously attacked at the Institute for Arid Zone 
Research at Bersheva, Israel, where solar pond heat could 
provide the energy for an operating temperature of 
90° C, at which temperature sea water can be desalinated 
with an energy consumption of 22-29 kWh/1,000 gal.— 
a saving of 50 kWh/1,000 gal. If the technological 
development of membranes which can stand 
up to an operating temperature of 90° C is 
successful—and there are indications that 
this may be so—then this technique of 
desalting may well become the most economic 
method in hot climates, even for sea water. 

(d) Hyperfiltration (reverse osmosis). 
H tration is achieved when a salt 
solution is forced under pressure through a 
membrane which has a high permeability 
for water, and very littlo permeability for 
electrolytes. The pressure must be large 
enough to overcome the osmotic pressure 
and the friction loss in the membrane. As 
the salt rejected at the membrane surface 
must diffuse back into the solution, the salt 
concentration at the membrane surface 
can become considerably higher than that 
of the water to be desalted (concentration 


polarization). Agitation of the feed water 
is therefore important (high Reynolds 
numbers). Under ideal conditions the 


osmotic pressure of sea water is about 
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25 atm. at room temperature, but concentration polar- 
ization can increase this pressure considerably. Thus 
in order to obtair reasonable water throughput (10 
gal/ft.2/day or more}, pressures of 60-100 atm. have to be 
applied, as well as adequate agitation of the flowing salme 
solution. 

The membrane material used for this purpose to-day 
consists of a partialby hydrolysed cellulose acetate of 39-8 
per cent acetyl cortent in which 5/6 of the available 
OH-groups are acetylated. Lower acetylation gives 
materials showing tco little salt rejection; higher acetyla- 
tion reduces the water throughput below the level of 
usefulness. The water flux through a membrane is given 
by the equation 


Pu AP — n) 
RT Ax 


where fw is the water flux in cm?/cem?/sec; Pw, the permea- 
bility of the membrane for water in cm?/sec; A(P — x), 
the excess pressure above the osmotic pressure x, in atm. ; 
6, the molar volume of water (18 cm?); RT, the product 
of gas constant and temperature = 24,000 cm? atm. at 
room temperature; Az, the effective thickness of mem- 
brane in cm. It follews from this that for a flux of 10 gal./ 
ft.*/day = 4-7 x 10 em/see and A(P — x) = 50 atm., 
w= 2x 10-7 cm? sec, we require a membrane thickness 
Ax of 1-6 x 10-5 em and smaller thicknesses for larger 
fluxes. Such a thin membrane is quite an obstacle for use 
in technical equipment, and so hyperfiltration only 
became feasible after Loeb and Sourirajan (at the Univer- 
sity of California, Les Angeles) succeeded in producing a 
composite membrans where this thin “active” film was 
backed by a relatively thick porous layer of the same 
material (about 00. em or more). Rejection of up to 
99 per cent of the salt combined with water flow rates of 
7 gal./ft.*/day have been obtained with these membranes. 
Larger water flow rases can be achieved, at the expense of 
a lower salt rejection. 
though hydrolysed cellulose acetate is so far the only 
known material whch gives the right degree of water 
permeability and salt rejection, many other polymers 
and liquid films are known to show similar behaviour. 
It is therefore likely that increased research into the 
nature of these polymers will eventually lead to materials 
with superior propersies. This is particularly desirable, as 
these cellulose acetate membranes, when exposed for 
longer periods to pressures of 100 atm., lose much of their 
water permeability, probably as the result of internal 
structural deformation. 
Another feature of cellulose acetate is that it hydrolyses 
slowly wheh in contect with aqueous solutions of low and 


fw = 





Fig. 4, Mobile 10,000 gal./day desalinatien unit produced by Havens Industries Inc. 
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water (see Fig. 3). 





igh pH. The speed of hydrolysis is lowest at a pH of 
about 5 so that for solutions of a pH between 4 and 6 a 
lifetime of at least I year can be expected. 

The mechanism of the transport of salt and water 
through hyperfiltration membranes in general and cellulose 
acetate membranes in particular has not yet been fully 
established. The salts exist in the membrane as dissoci- 
ated ions despite the low dielectric constant of cellulose 
acetate, which presumably means that they must be sur- 
rounded by a considerable shell of water molecules in 
order to avoid ion pair formation. The diffusion of ions 
is very slow {D ~ 10- cm?/sec for sodium chloride) and 
their permeation coefficients are highly dependent on 
ionic charge. With water the permeation coefficients are 
surprisingly high for a polymer containing only about 
15 per cent of water. Also, if calculated from osmotic flow 
they are higher by a factor of 2-5 than those obtained 
from the self-diffusion through the membrane of isotopic- 
ally traced water’. This indicates a substantial amount 
of water~water friction in the latter case. This can be 
interpreted either as diffusion through bulk material——a 
view expressed by Merton of General Atomic—or as 
flow of water through pores of about 9 A diameter, a 
view which I favour. Clearly much more work needs to 
be done. 

It is apparent from this that the hyperfiltration tech- 
nique has not been as fully developed as other methods of 
desalination. There is, therefore, still a considerable 
development potential. It is also not yet clear which 
type of physical arrangement of the membrane surface 
offers the most economical way to provide the vast areas 
required for large scale technical application. 

Loeb, at the University of California, Los Angeles, 
favours a tubular system with the cellulose acetate mem- 
branes on the inside of perforated metal tubes. Havens 
Industries, San Diego, California, use 0-5 in. fibre glass 
tubes with the cellulose acetate cast directly on to the 
inside of the tubes. Seven of these are then assembled 
within a plastic tube acting as conduit for the purified 
Aerojet General Corp., Azusa, Cali- 
fornia, have developed a fiat plate assembly within a 
pressure containing vessel. General Atomic at San Diego, 
California, use a spiral arrangement of alternating mem- 
brane-—~porous support—-membrane—spacer layers with 
withdrawal of the purified water from a central perforated 
metal tube, the whole being pressurized inside a 3 in. metal 
tube. 

There have been only few economical assessments for 
plants on a large scale. Energy consumption (assuming 
recovery of energy from the rejected brine) lies in the 
region of 20 kWh/1,000 gal. and Aerojet General have 
estimated a capital cost of $0.55/gal./day for a 10 MGD 
system, and a total water cost of $0-44/1,000 gal. water 
produced’. This presumably includes membrane replace- 
ment at intervals of 6 months. That this estimate is 
reasonably realistic can be seen from the fact that Havens 
Industries offer a plant 1,000 times smaller mounted on a 
trailer for a unit capital cost which is only four times 
larger. Further improvements on this cost are possible 


“if further research produces a membrane which permits 


use at somewhat higher temperatures and pressures. The 
flow viscosity of water at higher temperatures permits 
larger water flow rates and so geduces the comparatively 
high capital cost component in terms of water produced. 
Even so, it is hard to see that the cost of water could fall 
much below $0°33/1,000 gal. 

{e} Lon exchange. We shall not discuss here the various 
methods of using ion exchangers, because they seem 
economical only for the desalting of brackish waters of 
lower salt content. 


Conclusions 


It is useful to compare the optimized cost estimates for 
the different techniques of sea water desalination on the 
10 MGD seale approximately (Table 1). 
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Table ł 
Unit capital cost Water cost Purity (p.p.m.) 
Type of plant (8/1,000 of product 

($/gal./day) (U.S.} gal.) water 
Flash distillation* 0-69 0:34 «25 
Freezing t 1-4 5-07 30-500 
Electrodialysis { (G-5 to 1-7) O48 500 
Hyperfiltration 0-55 (44 500 


{reverse osmosis)§ _ 
These figures do not include the cost of distribution. 


* To make the data of ref. 2 comparable with United States estimates, they 
have been converted to an interest rate of 3 per cent and a capital amortiza- 
tion over 30 years, which is the usual practice in the American estimates. 


t Ref. 7, p. 338. 
t Ref. 7, pp. 280-282, 
§ Ref, 6. 


Bearing in mind the uncertainties of extrapolation in 
seale for all cases except flash desalination, there is little 
significant difference in the water costs, except that 
flash distillation provides purer water and that the other 
methods, not being fully developed, still have a greater 
development potential than flash distillation, which has 
already produced plants capable of desalinating several 
million gallons of sea or brackish water each day. But 
the component of power cost of all these methods is such 
that, without reduction of power cost, the cost reduction 
potential is limited. Power cost reduction can arise 
apparently only from the use of super-reactors. 

In any event, available information and cost studies 
do not permit us to predict how the different desalination 
processes will compete against each other. The outcome 
may depend not only on the “local conditions’’-—the size 
of a given plant and maintenance cost—-but also to a 
considerable extent on the financial terms offered by the 
supplier. 

There are a number of points which are often forgotten 
when discussing the economics of water desalination, 
namely, that the water which is desalinated may have 
to be distributed over some distance. If the intake of 
water is at the shore of the sea, the pure water may have 
to be pumped inland. If the supply is a brackish inland 
water, the concentrate may have to be disposed at some 
distance, otherwise the salinity of the source water will 
gradually increase. If water consumption fluctuates, 
considerable storage may be necessary to smooth out the 
fluctuations, otherwise the desalination equipment cannot 
work at its design level of production, which would 
greatly increase the capital charges. 


Even when there is no desalination necessary, the cost . 
of impounding, treatment and distribution is of the order 
of $0-2/1,000 gal. for a 10 million gal./day supply, and 5 
pumping over some distance would easily add another = 


$0.1 to this figure. 

As matters stand now, desalinated water at these prices 
is cheap for domestic purposes, is acceptable for industrial 
consumption, but is too expensive for indiscriminate 
agricultural irrigation. Only when used for high priced 
products (fruit or market gardening) or with sophisticated 
irrigation systems avoiding surface evaporation could it 
contribute to raising the food production in the arid 
zones of the world to a desirable level. 
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POPULATION DYNAMICS OF THE BLACKBIRD 


By Dr. D. W. SNOW 
British Trust for Ornithology 


STUDIES of population dynamics in birds have usually been 
concerned with comparatively small sections of a much 
larger population, and these small sections have been 
intensively and professionally studied with the view of 
elucidating the main factors regulating numbers. With 
such an approach it is rarely possible, however, to obtain. 
all the information that one would wish on both recruitment 
and mortality. Often there is some phase of the life cycle 
where consistent observation is difficult, and in species 
with populations continuous over wide areas, movements 
in and out of the study area may upset calculations to an 
unknown degree. 

The present study is of the opposite kind: 1t 1s based on 
numerous data collected on a country-wide scale by many 
observers, but in the main without any intention that 
they should be brought together for a study of population 
dynamics in the way attempted here. Thus it suffers from 
the opposite disadvantages from those affecting a more 
intensive local investigation, in that the records are 
patchily distributed in time and place, and the standard 
of accuracy cannot be expected to be as high as in a pro- 
fessional investigation. Against these defects can be set 
the sheer quantity of the data available; there is also an 
advantage in the fact that the records are derived from 
several different schemes and were supplied by many 
independent observers without previous knowledge of the 
uses to which they might be put. 

The data are drawn primarily from the “Ringing 

Scheme” and the “Nest Records Scheme” of the British 
Trust for Ornithology. A third major enquiry by the 
Trust, the “Common. Birds Census”, has not been in 
operation for a sufficient time for its results to be more 
than briefly mentioned, though they will eventually be 
relevant to the questions under consideration. These 
schemes have been in operation for various lengths of 
time, and have expanded with the years. 
Results of the schemes for ringing and 80 
nest records have been the subject of 
many analyses, which have thrown light 
on mortality and reproductive rates, 
migrations and movements; however, it 
has usually been necessary to treat all 
years collectively in order to obtain a 
sample adequate for analysis. It is only 
in the past ten years or so that they 
have been operating at a sufficiently high 
level to permit analysis on an annual 
basis. 

The blackbird (Turdus merula) is by 
far the most suitable species for a study 
of this sort. It is common almost every- 
where, is ringed m larger numbers than 
any other species, and is recovered in 
good numbers. Its nests are easy to 
find and are recorded in greater numbers 
than those of any other species. Finally, 30 
it offers the advantage that not only 
are the sexes distinct but also birds ım 
their first year can be distinguished from 
older birds with a high degree of cer- 
tainty. It has the slight disadvantage 
of being a partial migrant—a proportion 
of the population. especially from north- 
ern Britain, migrates to Ireland in the 
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winter, and a very small proportion, especially from 
southern England, migrates south to France. The 
tendency to migrate is, however, independent of aget. 


Annual Mortality 


Coulson? described a method of calculating annual 
mortality for each year separately from recoveries of ringed 
bırds. He presented annual mortality figures for the 
starling and later? for the blackbird from 1932-33 to 
1953-54. The samples for the earlier years were, however, 
so small that the significance of the annual differences is 
doubtful. In Fig. 1 the same method has been used to 
calculate the annual mortality of the blackbird from 
1948-49 up to 1963-64. Instead of the calendar year, a 
“mortality year” running from April 1 to March 31 has 
been adopted, so that the whole of the winter falls within 
one year. 

The numbers of recoveries on which the percentages for 
recent years are based are large (more than 300 from 
1955-56, more than 1,000 from 1960-61), so that if 
sampling biases could be discounted, the standard errors 
of the percentages are so small that the larger annual 
differences could be confidently interpreted as reflecting 
real differences in the mortality of the blackbird popula- 
tion as a whole. It is certain, however, that those black- 
birds that are ringed and recovered are not drawn at 
random from the entire blackbird population. For 
example, birds are more likely to be ringed in some habitats 
(for example, gardens) than others, and in some parts of 
the country than others, and these biases may not be quite 
the same every year. It is impossible to guard against 
these and other sources of bias, and the only practicable 
course 1s to divide the data and compare the sub-samples. 
When the simplest division is made, into the north and 
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south of Great Britain, the calculated mortality rates for 
recent years, for which the largest samples are available, 
are extremely similar for the two halves of the country 
(Fig. 1); thus it may be concluded that sampling bias 
is not important and the annual differences in calculated 
mortality are genuine and refer to the total population. 
The most striking point shown by Fig. 1 is that from 
1951-52 to 1960-61 there was a decrease in the annual 
mortality, from about 50 per cent down to 32 per cent. 
The decline was not quite steady; there were irregularities 
in it which are probably attributable to the differing 
severity of the winters. Thus the winters of 1954-55 
and 1955-56 were cold and the annual mortality was 
higher than in 1953-54, while the winters of 1956-57 
and 1960-61 were mild or very mild and the annual 
mortality was correspondingly low. The general decline 
over these years cannot, however, be attributed to weather. 
For example, the four winters preceding the decline were 
all mild and yet the annual mortality in those years was 
higher than in any of the subsequent eleven years. In 
1961—62 the winter was cold and the annual mortality 
rose to 38 per cent, and in the following year the winter 
was exceptionally severe and mortality rose to 44 per cent. 
The following year it was down again to a very low level. 
Fig. 1 also shows the average annual mortality of the 
blackbird as calculated by Lack! and Coulson*®. From 
1948-49 to 1952-53 the annual mortality exceeded these 
averages in each year, whereas in most subsequent years 
it was lower. It is noteworthy that even in 1962-63, 
when the winter was the most severe for many years, 


the mortality only just reached the average calculated by 
Coulson. í 


Relation between Mortality and Recruitment 


The causes of the progressive decline in the annual 
mortality will be discussed later. Its effect on the numbers 
of the blackbird must have depended on what happened 
to the recruitment rate over the same years. IZfethe 
recruitment rate remained constant, at the level originally 
needed to maintain the population, numbers would have 
increased by about 70 per cent over the years 1952-61. 
But it may be that the recruitment rate fell correspond- 
ingly, so that the population level remained much the 
same. Or the recruitment rate might have fallen a little, 
but not enough to balance the reduced mortality, resulting 
in @ smaller increase in population. 

There is no really satisfactory information on the 
level of the blackbird population over these years. A 
small population studied at Oxford for five years (1953-57) 
reached its highest level in 1957 (the year after the greatest 
decrease in calculated mortality)*®, and a farmland popula- 
tion of which a census was taken during 1954-57 
was also highest in 1957°%. Data on these and three 
other small populations over the years 1952-58 (summar- 
ized by Beven’), however, suggest no general rise in this 
period, the annual changes being largely attributable 
to the severity of the winters. Finally, a suburban 
population of which a census was taken by Simms? 
remained extraordinarily constant from 1951 to 1962, 
but this was probably a saturated population, because 
first-year blackbirds tend to settle in gardens in preference 
to more open habitats’; thus it might not have reflected 
changes in the general population level. While, however, 
the data are inconclusive, they strongly suggest that there 
was no marked increase in population over the years 
1952-61. 

The recruitment rate, that is the number of young 
birds, born in one year, which survive to form part 
of the breeding population of the following year, can be 
measured by the proportion of first-year birds in the 
population at the beginning of the breeding season. 
For this purpose, information on the age.(whether first- 
year or older) of all male blackbirds ringed in March in 
each year has been extracted from the ringing schedules; 
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and in Table 1 the results have been compared with the 
adult annual mortality for the years 1957—58 onwards 
(in earher years ringers were not consistent enough in 
ageing blackbirds for the information to be reliable). 


Table 1. ANNUAL MORTALITY AND REORUITMENT RATE OALCULATRD 
FROM RINGING DATA 

Year Annual Percentage of first Calculated popula- 

(April~March) mortality year birds (Maroh) tion level (March) 
100 
1957-58 88 29 87 
1958-59 36 31 81 
1959-60 87 34 78 
1980-81 3i 4i 92 
1961-62 39 37 89 
1962-63 44 41 85 
1963-84 33 46 105 


Data are for the southern half of England only. The “percentage of first 
year birds” is based on males only (mortality of males and females does not 
duffer significantly). Calculated population level is based on an index of 100 
for the breeding population in 1957. 


Table 1 mdicates that in ths three years 1957-58 to 
1959-60 the recruitment rate was even lower than the 
mortality, so that there was probably a slight decline in 
the population. In 1960-61, the annual mortality was 
the lowest in the years under review but the recruitment 
rate increased. In 1961-62 and 1962-63, with respectively 
hard and very hard winters, mortality and recruitment 
were almost equal and in 1963-64, with a mild winter, 
recruitment was considerably higher than mortality, 
suggesting a population increase of about 20 per cent. 

In a few more years, with the ‘Common Birds Census” 
in full operation, it will be possible to test the validity of 
such calculations by the observed population level on a 
country-wide basis. At present, a comparison can be 
made only with the census figures for the years 1962-64. 
Between 1962 and 1963 the census showed a decrease in 
the blackbird population of 18 per cent, and between 
1963 and 1964 an increase of 57 per cent. Thus the changes 
are in the same sense as those calculated from ringing 
data but are much more marked. Because the census 
methods were being modified in these years, and the black- 
bird is a difficult species of which to take an accurate 
census, the agreement is probably as good as can be 
expected. 


Nesting Success and Post-Fledging Survival 


The recruitment rate depends both on the number of 
young successfully reared by each pair in the previous 
breeding season, and on the subsequent survival of these 
young birds through the autumn and winter. Nest 
record cards help to provide information on the first of 
these, while later survival can be calculated from ringing 
data. For an understanding of population dynamics the 
main questions to be asked are: whether recruitment rate 
is related to the number of young produced in the previous 
breeding season, and whether either or both of these are 
related to the population level. Until more census data 
are available for further years, only the first of these 
questions can be tackled. 

_ Table 2 summarizes breeding statistics for the years 
1951-65, derived from nest record cards. There are a 


Table 2, SUMMARIZED BREEDING SPATISTIOS OF BLACKBIRD, 1951-1965 


Fledg- Percent- Percent- 

Year Mean Family Partial Hatching ing age of age of 
clutch size loss success success desertions success 

1951 3-9 3-2 07 89-94 82 13 88 
1952 3-8 8-2 06 88-93 83 14 $4 
1953 39 38 06 92-94 87 14 37 
1954 3-7 3-2 0'5 90-95 84 18 39 
1955 3-9 33 OG 91-06 83 12 33 
1958 38 3-8 0:5 91-95 83 13 42 
1957 3°7 3-1 0:6 89-94 82 13 28 
1958 8-8 8-2 06 89-95 83 13 21 
1059 8-7 3-0 07 88-94 82 14 29 
1960 3-8 3-1 07 90-94 83 12 28 
1961 3°7 2°9 0-8 87-93 8i 16 30 
1962 39 3-2 0-7 89-95 83 12 80 
1983 3-9 3:3 0-6 90-94 86 16 40 
1964 8-9 3-8 0-6 92-97 85 11 86 
1965 3-9 3-3 0-6 91-05 85 14 83 
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few salient features. Clutch size varied little, with no 
obvious long-term trends, most of the variation being 
attributable to weather’. Hatching success (excluding 
predation and desertion) was nearly constant. The 
number of nestlings surviving the age of 9 days or more 
showed, however, an irregular fall from 1956 to 1961, 
owing to the fact that partial losses of young in the nest 
increased slightly in these years. The survival of young 
rose again in 1962 and remained high from 1963 to 1965. 
The figures for percentage nest success (the percentage 
of all nests started which produced one or more fledged 
young) are much influenced by the chances of predation, 
both human and natural, in which sampling biases may 
have a very marked effect. It seems, however, that the 
generally low values for the years 1957-63 may be signifi- 
cant. The percentage of nests reported to have failed 
through desertion was nearly constant throughout the 
period. 


~ 


Table 8. PHROENTAGHS OF YOUNG BIRDS IN THE POPULATION IN SEPTEMBER 


Year North South 
1961 64 61 
1982 68 72 
1968 86 84 
1964 79 79 
1965 74 82 


Table 4. SURVIVAL OF ADULTS, JUVENILES AND NESTLINGS, 1959-1961 


Percentage Percentage of 
Year of | Agewhen recovered after survival until 
mnging ringed following following breeding 
April 1 season 

1959 Adult §-1 63 
Juvenile 8-7 38 
Nestling 0-9 9 
1960 Adult 50 89 
Juvenile 8-1 43 
Nestling 1-7 23 
1961 Adult 37 61 
Juvenile 2°5 4i 
Nesthng 1:3 21 


A much better idea of the ultimate success of the breed- 
ing season is given by the percentage of juvenile birds in 
the population in the autumn. Table 3 gives the figures 
for 1961-65, based on ringing schedules. The annual 
variations are much more marked than could be accounted 
for by variations in nesting success in the previous season, 
suggesting that variations in post-fledging survival were 
playing the chief part. A comparison of the survival of 
nestlings born in 1959-61 with the survival of adults in 
the same years shows that this was indeed the case 
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Fig. 2. Change in porcontago of young birds in the population of black- 

birds between Sap ember and the following March, for the six years 

begmning September 1959 (southern England only); based on male birds 
trapped for ringing. 
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(Table 4). The survival after leaving the nest of birds 
born in 1959 was less than half as good as that of birds 
born in 1960 and 1961. In 1959 there was a hot and 
dry summer, which lasted to the end of September. 
There seems little doubt that drought caused heavy 
mortality among young blackbirds, which at this season 
feed largely on the ground fauna; it probably affected 
them mainly in the immediate post-fledging period, 
because birds ringed as juveniles, which had thus survived 
the earliest post-fledging period, survived about as well 
as in the other two years. This calculation cannot 
unfortunately be made for birds born in 1962 or later, 
as insufficient recoveries have accumulated. 

Fig. 2 shows that despite a very different proportion of 
juveniles alive in the population ın September each year, 
by the following March the percentage of first-year birds 
was rather similar in each year. This suggests that the 
autumn and winter mortality of young blackbirds is 
largely determined by the “carrying capacity” of their 
environment. There is, however, a tendency for a high 
or low proportion in September to be followed by a respec- 
tively high or low proportion in the following March, 
so that the level of the breeding population is probably 
affected to some extent by the success of the previous 
breeding season. 


Discussion 


Because no increase in the breeding population. of black- 
birds was recorded over the years 1951-61, despite a 
reduction of about 10 per cent in the annual mortality, 
the recruitment rate presumably decreased. The alterna- 
tives are that the surplus numbers were absorbed by an 
expansion of range, that numbers increased in marginal 
habitats and peripheral areas, or that there was an 
increase in non-breeding birds unable to acquire territor- 
ies; good evidence does not exist for any of these alterna- 
tives, at least so far as the population of British blackbirds 
is concerned. 

e analysis of many thousands of nest record cards 
gives no evidence of any change in nesting success sufficient 
to balance the decreased mortality. The post-fledging 
survival of young birds may, however, have changed, 
and this is suggested by the low percentages of first-year 
birds in March in the years 1958-60 (Table 1). It should 
be emphasized that a change in the mean post-fledging 
survival only would be expected, not in that for each year, 
because survival in any one year depends very much on 
weather, as already mentioned. 

This analysis does not show what was the cause of the 
reduced annual mortality. It could either have been a 
change inf the environmental conditions affecting the 
survival of adults (for example, improved winter food 
supply), in which event the reduction in the survival of 
young birds would be a consequence of increased competi- 
tion with adults for the limited territories available. It 
might be a change in conditions affecting the survival of 
young birds in their first months of life (ringing shows 
that after the beginning of January young blackbirds 
survive as well as old ones), in which case the reduced 
adult mortality would be a consequence of reduced com- 
petition with young birds. If the permanent enquiries 
of the British Trust for Ornithology continue to operate 
at their present level, % will be possible to follow the 
fortunes of the blackbird population year by year and 
eventually to test such possibilities, and much should 
be learnt about the factors controlling bird populations. 


1 Snow, D. W., Bird Study, 18 (in the press, 1986). 
t Coulson, J. C., J. Anim. Ecol., 29, 251 (1960). 

2 Coulson, J. C., Bard Study, 8, 89 (1961), 

t Lack, D., Brit. Birds, 36, 166 (1943). 

ë Snow, D. W., A Study of Blackbirds (1958), 

t Seel, D. C., London Bird Rep., 24, 60 (1961). 

? Beven, G., Brit. Birds, 56, 307 (1968). 

3 Simms, E., Brit. Bards, 58, 33 (1965). 

? Snow, D. W., dis, 160, 1 (1958). 
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l BOOK REVIEWS 


MUTUAL IMPROVEMENT 


Benjamin Franklin and Eighteenth-Century American 
Libraries 

By Margaret Barton Korty. (Transactions of the Ameri- 

can Philosophical Society, n.s. LV, pt. 9, 1965.) Pp. 83. 

(Philadelphia: American Philosophical Society, 1965.) 

$2.00. 


Nogopy who knows ike pains contigs of the United 
States can be unaware of the-tremendous enthusiasm 
-with which great libraries are endowed, maintained and 
enriched by private benefactions. That ıb 1s not a new 
trait and that it showed itself at a very’ early stagenn 
the colonial period is a reminder that this regard for the 
high educational value of libraries is indeed a part of the 
Anglo-Saxon tradition. 

When, in 1728, the young Benjani Franklin drew 
some of his friends together m a club ‘‘for Mutual Improve- 
ment’ which he called the “Junto”, his chief aim was to 
‘facilitate the study and discussion of new books on every 
subject, from history and art to medicine and the 

mechanic arts’’. Only three years later, the-books which 
‘the Junto had brought together became the nucleus of 
a private subscription library incorporated on July 1, 
1731, as The Library Company of Philadelphia. 

“So few were the Readers at that time ın Philadelphia”’, 
-wrote Franklin in his Autobiography, “and the Majority 
of us so poor, that I was not-able with great Industry 
to find more than Fifty Persons, mostly young Tradesmen, 
willing to pay down for this purpose Forty shillings each, 
and Ten Shillings per annum. On this little Fund we 
began.” 

The importance of this act of faith can hardly be over- 
-estimated, for the Library which was thus established 
became not only a great educational infiuence in the 
lives of the colonists but also a political institution of such 
consequence that no less than ten of its members signed 
the Declaration of Independence and six the United 
States Constitution, and the Library served as the Lib- 
rary of Congress during the early years. 

Franklin’s own scientific bent, which was shared by a 
number of his associates, was reflected in the types of 
books which accumulated on the Library’s shelves. The 
very first book order included such titles as Boerhaave’s 
Chemistry, Drakes Anatomy, Dechall’s Euchd, Johnson’s 
‘History of Animals, Keill’s Astronomical Lectures, L’Hos- 
pitas Conic Sections, Parkinson’s Herbal, and several 
others. In 1738, the Library became a centre of scientific 
experiment with the gift by John Penn of an air-pump, 
later to be jomed by a microscope and electrical apparatus 
which became the nucleus of a scientific museum and the 
occasion for several courses of public lectures on scientific 
subjects. In 1749 Franklin brought out his plans for an 
Academy and in 1750 he begame the first President 
of the Board of Trustees of the mstitution which is now 
the University of Pennsylvania. 

Benefactions~allowed the purchase of books for the 
Academy’s sole use, and its library was stocked “‘with 
suitable books in the different Branches of Science”. 
About half the fund~was also used to purchase “‘mathe- 
matical and philosophical apparatus’, which emphasizes 
the strong bias towards scientific subjects apparent in the 
Academy from the start. In this project Franklin had 
secured the support of James Logan, a wealthy scholar 
who had a private library of over 2,000 volumes, includmg 
a 1516 edition of Euclid for which Franklin printed a 


facsimile title-page as a substitute for the missing original. 
Logan had carried out a series of experiments on the 
maize plant of which he published an account in Latin, 
later to be translated mto English by the well-known 
English physician John Fothergill, who was Franklin’s 
personal physician when he was in London. On his death, 
Logan left his library for the use of the public, which it 
continued to serve for forty years until, in 1792, it was 
absorbed into the Library Company, bringing ‘with it 
many early scientific books which reflected Logan’s own 
interests. 

Franklin was also the moving spirit: in ‘expanding the 
scientific section of the Harvard College Library, especially 
after the disastrous fire of 1764, when 5,000 volumes were 
destroyed. He also encouraged scientific experiments, 
especially in electricity, at both Harvard and Yale, 
where he sent an electrical machine in 1749. 

It was among the members of the Library Company 
that Franklin found his greatest support when he pro- 
moted the foundation of the: American Philosophical 
Society in 1743 on the lines of the Royal Society. Franklin 
was its first Secretary and later its President for more than 
twenty years. The first volume of its Transactions 
appeared in 1771. The respect which it won from foreign 
savants is indicated by the names to be found in the 
lists of donors, for among them are those of Buffon, 
Lavoisier, Ingenhousz, Herschell, Fothergill, Priestley, 
Pringle, Banks, and Torbern Bergmann. Its success 
was the chief factor in encouraging the establishment 
of the Boston and other scientific societies, including 
medical societies such as the Medical Society of New 
Haven County. 

The Pennsylvania Hospital, America’s first permanent 
hospital and home of the first American medical library 
outside the Spanish American colonies, was born from 
the mspiration of Dr. Thomas Bond and the promotion 
of-Benjamin Franklin, who became secretary, and later 
president, of the Board of Managers. Fothergull sent books, 
drawmgs and anatomical casts from London and after 
his death his protégé, Dr. J. C. Lettsom (founder of the 
Medical Society of London), became London. agent for the 
library there. 

This inspirmg story of self-help and communal effort, 
which can only be hinted at in a review, is well told m 
Miss Korty’s closely documented study. When asked by 
a young member of the Junto how to judge a good book, 
Franklin rephed that “it ought to benefit the reader, by 
improving his virtue or his knowledge . . . it should be 
smooth, clear, and short’. One feels that Franklin himself 
would have been satisfied that his requirements had been 
met in this account of his own great services to libraries 
and to science in the British colonies in America. 

F. N. L. POYNTER 


THE CHANGING ZULU 


Zulu Tribe in Transition 

The Makhanya of Southern Natal. By D. H. Reader. 
Pp. xii+ 363+ 8 plates. (Manchester: Manchester Univer- 
sity Press, 1966. Distributed in the U.S.A. by The Human- 
ities Press, Inc., New York.) 45s. net. 


To those for whom the name “‘Zulu’”’ conjures up a picture 
of fierce and intractable warriors conquering all before 
them under their colourful ruler Shaka, Dr. Reader's 
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conscientious and carefully constructed if perhaps rather 
pedestrian monograph will make somewhat depressing 
reading. After a short but useful account of the history 
of the tribe and of its brief years of glory, the social 
system of one of the several small tribal fragments of the 
Zulu, the Makhanya, who live, about 15,000 strong, on a 
location about 25 miles south-west of Durban, 1s described 
in detail. The book has three main parts, dealing inform- 
atively with land use and economics; family, kinship, 
descent and marriage; and the politico-legal system. It 
concludes with two brief chapters on theoretical aspects 
of the study of social change which, like most theorizing 
by social anthropologists in this field, add little to our 
already reasonably clear picture of what is going on. 
When Dr. Reader studied the Makhanya in the early 
fifties they had long ceased to be the proud warrior tribe 
familiar to Victorian schoolboys. With traditional values 
appropriate to unlimited land resources, a largely pastoral 
way of life, and shifting cultivation, the restricted area 
they now occupied was quite inadequate for their support. 
They had shown little response to the Admunistration’s 
sporadic and somewhat feeble attempts to persuade them 
to adopt the changed methods of cultivation and animal 
husbandry which might have enabled them to sustain a 
wholly agrarian economy in modern conditions. Instead, 
50 to 80 per cent of adult men engage in migrant labour 
(mainly in Durban) to provide themselves with the means 
for participation in the cash economy in which all Mak- 
hanya are now involved. The consequent increase in 
individualistic values, paralleled in almost every part of 
Africa, ıs expressed in numerous modifications of the 
traditional culture, ably documented by the author. 
But, surprisingly, some traditional institutions, notably 
the basic essentials of the former mulitary regimental 
system, survive with astonishing tenacity. Although the 
Makhanya are down they are by no means out. Tradi- 
tional values, though changing, still survive and a sense 
of Makhanya identity 1s still strong. As the author rightly 
observes, the society he studied {lke many another) 1s 
neither wholly “‘tribal’’ nor quite assimilated to Western 
norms, but is in a state of transition. And he wisely 
declines to prophesy what the final result of this process 
may be. J. H. M. BEATTIE 


CARNAP’S PHILOSOPHY 


Philosophical Foundations of Physics 

An Introduction to the Philosophy of Science. By Rudolf 
Carnap. Edited by Martin Gardner. Pp. x+300. (New 
York and London: Basie Books, Ine., 1966.) 45s. 


RUDOLF CARNAP 18 one of the most distinguished American 
philosophers of this century. Most of his writings have 
been on formal logic and on the philosophy of logic, but 
he began his career as a philosopher of science with the 
publication of his doctoral thesis on “Space” in 1922, and 
has always retained his interest in 1t. The present work 
originated from a lecture course given regularly by him. 
A transcript of the course was taken, and was edited ‘and 
simplified by Martin Gardner. The result is a brilliantly 
clear introduction to the philosophy of science. There is 
considerable lack of good introductory textbooks on the 
philosophy of science. Such textbooks as there are either 
make very awkward reading or presuppose too much in 
the way of logic or mathematics. Carnap’s book suffers 
from neither of these deficiencies. It is clear and simple, 
and will prove a great boon to teachers of the subject. 
Topics covered include explanation and prediction, 
probability, measurement, the structure of space, causality 
and determinism, and the structure of scientific theories. 
Carnap deals more thoroughly with measurement and the 
structure of space than with the other topics. He analyses 
what rules we must have in order to make a measurement 
of extensive or intensive magnitude, and shows to what 
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extent our reports of measurements made reflect our 
arbitrary conventions and to what extent they are informa- 
tive about the physical world. He deals with other topics 
more briefly, merely setting forward alternative points of 
view and stating without argument his preference. He 
does this, for example, when considering whether a 
numerical measure can be given to the likelihood of a 
scientific theory being true, and, if so, whether it is a 
measure of probability in the sense in which we use that 
term to make judgments about the probability of the 
occurrence of events. This approach is inevitable in a 
book dealing briefly with many different topics within a 
controversial area, and Carnap, unlike many philosophical 
writers, has recognized the inevitability. 

It is hard to fault this book, but one general criticism 
of Carnap’s approach might be appropriate. In many 
passages Carnap seems to assume that the only evidence 
for the correctness or incorrectness of a scientific theory 1s 
that predictions made from it turn out to be true or false. 
But there is at least one further criterion used in judging 
the correctness of scientific theories—their relative 
simplicity. If one theory orders the data in some field 
in an evidently simpler way than another theory, that 1s 
grounds for saying that the first theory ıs correct and the 
second incorrect. I do not think that Carnap would wish 
to deny this point without qualification, but there are 
many passages in the book where he seems to ignore it. 
Thus, ın discussing alternative time scales, he nghtly 
claims that 1f we choose a man’s pulse beat rather than the 
tick of a pendulum as our clock, the laws of physics would 
become extremely complicated. If we record our observa- 
tions in terms of the former time scale and devise a theory 
which adequately accounts for them more simply than 
any other theory, that theory will still be an extremely 
complicated one. But, he argues (page 83), “‘there 1s no 
sense in which it is ‘false’ to measure time on such a basis’’. 
But surely the vast complexity of the resulting theory is 
ground for claiming that the alternative theory which 
acc8unts more simply than any other theory for the 
observations described in terms of the pendulum time 
scale is more likely to be true and so for saying the same 
of the time scale which it uses. R. G. SWINBURNE 


- 


AVIATION PHYSIOLOGY 


A Textbook of Aviation Physiology 
Edited by J. A. Gillies. Pp. vni+ 1226. (London and 
New York: Pergamon Press, Ltd., 1965.) 200s. net. 


THis book ıs the combined work of 22 authors, and 
presents, as Air Vice Marshal W. K. Stewart says in the 
preface, “a picture of the principles practised at the 
R.A.F. Institute of Aviation Medicine” at Farnborough. 
The Institute houses extremely well-equipped laboratories 
of human physiology, and, while the research at the 
Institute must embrace immediate practical problems, the 
Institute has been continuously concerned with their 
underlying fundamental basis. The high standards set 
and maintained at the Institute will be apparent to the 
readers of this volume. 

The book is addressed to those attending courses in 
aviation physiology, to sractitioners In aerospace and 
aviation medicine, and as a supplementary text to students 
reading for an honours degree in physiology or ergonomics. 
It will, however, appeal to many readers outside these 
fields. Aviation physiology is concerned with defining 
the limits of human tolerance to a great many different 
stresses, and the nature of the response to such stresses. 
There is no aspect of physiology which is unimportant to 
the aviation physiologist, although from the practical 
point of view some aspects are more important than 
others. 

This book assembles and synthesizes in a lucid and 
convenient form information that is otherwise scattered. 
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It starts with an account of the physics of the atmosphere, 
and of the physiologically relevant aspects of aerodynamics. 
All aspects of the effects of reduced barometric pressure 
are then considered, including decompression sickness 
and the effects of the rapid decompression that follows 
failure of a pressure cabin at high altitude. The effects 
of hypoxia, thermal stress, acceleration in various axes, 
and of noise and vibration, and the means that may be 
adopted to counteract these stresses occupy a major 
portion of the book. Visual auditory and spatial percep- 
tion are accorded an important place. The concluding 
sections on factors affecting aircrew performance, and on 
the causation, results and prevention of accidents contain 
lessons that could be, and should be, immediately applied 
more generally, and in particular in relation to the quanti- 
tatively much more important case of road accidents. 
It is remarkable that only very recently has there been 
any widespread interest in applying to road vehicle design 
and passenger protection principles that have been well 
understood for many years by aviation physiologists. 
The editor and authors are to be warmly congratulated. 
The production is good, but the weight (3-2 kg) restricts 
in some measure the circumstances in which the book 
can comfortably be read. A. D. M. GREENFIELD 


RUSSIAN TREMATODOLOGY 


Essentials of Trematodology 

By K. I. Skrjabin. (Trematodes of Animals and Man, 
Vol. 18.) Translated from the Russian. Pp. 532. (Jeru- 
salem: Israel Program for Scientific Translations; Lon- 
don: Oldbourne Press, 1965.) 135s. 


Tars book is a translation of Volume 18 of a Russian 
series about which I have made some comments in a 
previous review?. 

It provides a good impression of the tremendous effort 
which Academician K. I. Skrjabin and his colleatrues 
have made to record what is known about the structure 
of the digenetic trematodes and to use this information to 
formulate a system of classification. Descriptions of 
species are transcribed in great detail from original 
papers and books; accounts from various authorities 
sometimes given, always separately. Such a huge com- 
pilation may represent a sense of fairness as well as a 
craving for completeness down to the last detail, but the 
reader must often use his own judgment and sometimes 
his discretion because, sad to say, many examples of bad 
workmanship have been accepted at their face value. 
The text 1s overburdened with unsifted information and 
loaded with unusual terms such as “‘pedicellate suckers’, 
“large scanty eggs”, “cuticle unspinose’’, “ovate unlobed 
ovary” and “sexual anlage”, as well as innumerable 
roundabout expressions. The edges of the body may be 
“‘decurving ventrally”, ‘‘eyelets’ are said to be “‘strewn 
over the ‘cervical’ region’? and one organ may wind 
“‘convolutedly anteriorly directly behind” another. 
Measurements are given (in mm) to one, two or three 
places of decimals indiscriminately, the dimensions of 
eggs sometimes to four places, with a pretence of accuracy 
to one-tenth of a micron. Figures are often devoid of 
scales indicating sizes and captjons are generally inade- 
quate. There are 21 diagrams in Figs. 128 and 129 
representing developing cercariae and their parts but the 
single scale which each figure carries clearly does not 


_refer to all the diagrams, none of which is explicable: 


in terms of a common caption which simply states 
“‘developmental cycle”. | f 

All these shortcomings transcend mere blemishes and 
the reader can hardly be expected to agree that the 
“essentials of trematodology’® have been presented 
succinctly. I have already expressed my opinion (loc. 
cit.) about the use of keys, which entails constant revision 
as the bounds of knowledge expand, sometimes revealing 
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previous misconceptions. It is certain that we shall need 
to know much more about the development and life 
cycles of the Digenea before we can contemplate “the 
creation of a new and superior system”. Russian attempts 
to formulate such a scheme may be praiseworthy but they 
also seem to be premature. We may have to apply the 
principles of numerical taxonomy by the use of computors 
and with greater international co-operation than has been 
practised so far before attempting to formulate a practi- 
cable scheme. Some readers may welcome the compia- 
tion of such information as appears in these pages but 
others may feel disposed to check original descriptions and 
formulate more usable diagnoses for themselves. This 
appraisal is not intended to be harsh but only to indicate 
that the approach to ‘truth’ must be gradual and not 
final and irrevocable. Bren DAWES 


* Dawes, B, Nature, 208, 1318 (1964). 


MICROBIOCHEMISTRY 


Chemical Microbiology 
By Anthony H. Rose. Pp. viii+247. (London : Butter- 
worth and Co. (Publishers), Ltd., 1965.) 378. 6d. 


One of the signs of the rapid growth of both biochemistry 
and microbiology in recent years has been the proliferation 
of textbooks for these subjects. Well over twenty-five 
texts, published de novo or revised since 1960, are available 
for undergraduate students of biochemistry. A similar 
situation exists in the case of microbiology. In spite of 
the increasing use of biochemical concepts and techniques 
by microbiologists, and the immensely useful contributions 
that have been made to general biochemical knowledge 
as the result of using micro-organisms, relatively few 
textbooks exist which cover the interdisciplinary area of 
chemical microbiology. This may be a consequence of 
the compartmentalization of the physical and biological 
sciences in institutions of advanced education, and it is 
certainly not a reflexion of the research situation, in which 
rapid progress continues to be made in the study of 
microbial life at the molecular level. 

In the forties Marjorie Stephenson’s Bacterial Metabol- 
ism inspired a whole generation of chemical microbiolo- 
gists, and a limited number of monographs on the life 
and chemical activities of bacteria have since stimulated 
the enthusiasm of undergraduates for the subject. Such 
monographs rapidly become outdated, however, and if 
revised tend to increase in size and cost. The time was 
ripe for the appearance of a concise, well balanced, intel- 
lectually rigorous and yet readable undergraduate text 
of chemical microbiology. Dr. Rose’s book suits the need 
admirably. 

The book is intended for students with a basic know- 
ledge of both microbiology (pace bacteriology) and bio- 
chemistry, but is introductory for those wishing to 
combine such knowledge in further studies. Familiarity 
with basic biochemistry is essential for an understanding 
of the various and numerous metabolic schemes, most 

of which indicate the nature of intermediates by name 
only. Although about half the text is devoted specifically 
to different aspects of microbial metabolism, additional 
chapters are concerned with “‘chemical anatomy”, the 
environment, growth, reproduction and survival. In 
general, the author’s intention to balance a consideration 
of microbial metabolisms against the relationship between 
structure and function and the more physiological aspects 
of microbial activity, has been realized. This balance, 
together with the carefully planned structure evident in 
each chapter, and the pleasing narrative style should 
make the book popular with its intended readers. Refer- 
ences at the end of each chapter are mainly to review 
articles, although particularly significant reports in the 
primary literature are also included. It is noteworthy 
that more than 70 per cent of the references are to material 
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published since 1960, and that one-quarter of the refer- 
ences are to material appearing within the two years 
preceding publication of the book. 

The format and lay-out of the book are pleasing, and 
the rather extensive list of errata and addenda appears 
to be complete. The book should be valuable to students 
taking a variety of courses in biochemistry, microbiology, 
or both, and at the price is extremely good value for 
money. J. M. TURNER 


GRADUATE INORGANIC CHEMISTRY 


The Structure of Small Molecules 

By W. J. Orville-Thomas. (Principles of Modern Chem- 
istry: a Guide to Advanced Study, Monograph 1.) Pp. 
ix-+ 189. (Amsterdam, London and New York: Elsevier 
Publishing Company, 1966.) 52s. Paperback 30s. 


Ts book is the first volume in a series, edited by Profs. 
Forbes and Orville-Thomas, aimed at North American 
graduate students. The object is to provide material for 
courses intended to take the student beyond his own 
speciality. 

This volume may be roughly classified as the structural 
inorganic chemistry of the first short period of the Periodic 
Table. About half the book is devoted to explaining the 
qualitative and quantitative principles for understanding 
structures, and the rest shows how the principles may be 
applied by discussing the structures of a number of indi- 
vidual molecules, classified by the bonding of one of their 
central atoms. The balance is right for the American 
market, where the students have a markedly professional 
approach and demand facts well mixed with modern 
theory. 

At present the teacher of structural inorganic chemistry 
is faced with a difficult situation. To account for a bond 
length or an angle he may apply, qualitatively, molecular 
orbital theory, delocalized bonding, resonance structures, 
Px->d, bonding, varying hybridization, hyperconjuga- 
tion and so on. These effects are combined until a “‘plaus- 
ible” explanation is obtained; all the arguments are, 
necessarily, after the fact. This is sllustrated by the 
following argument. Hydrazoic acid has the structure 
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From the bond angles, a hybridization can be assigned 
to each nitrogen atom (sp*, sp, ground state) and then 
Hiickel theory applied to the x electron system. The 
result is that one bond between the nitrogen atoms is 
shown to be stronger, and presumably shorter, than the 
other. What has been shown by this argument? If the 
angles could be specified the bond lengths were already 
known. So may the agreement of the theoretical explana- 
tion with the experimental facts be merely a consequence 
of the intial specifications ? Has the language of theory 
said merely what was anyway known ? 

Prof. Orville-Thomas has tried to find a way out of 
these problems; he has not succeeded completely, but 
he has produced an interesting book with a worth-while 
quantitative approach. He has made much use of molecular 
orbital theory and compared his results with force con- 
stants and dipole moments, as wellas bond lengths and bond 
energies. Empirical correlations are used to relate these 
quantities, but one thing that is clearly lacking is any 
reliable overall correlation between them. It is a pity 
that only the first short period of the Table is dealt with, 
since by this restriction discussion of the ubiquitous 
Pa->d, bonding is precluded, together with that of many 
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interesting molecules including, of course, the rare gas 
halides, which provided many teachers and students 
with their only experience of using principles to predict 
structures before the structures were actually known. 

In short, it is an interesting book and should provide 
both teachers and students with a more genuine approach 
to the subject and with useful sidelights on some familiar 
problems as well. PETER BORRELL 


DRY SOLVENTS 


Inorganic Chemistry in Non-Aqueous Solvents 

By <A. K. Holliday and A. G. Massey. (The 
Commonwealth and International Library of Science, 
Technology, Engineering and Liberal Studies: Chemistry 
Division.) Pp. viii+ 143. (London and New York: 
Pergamon Press, Ltd., 1965.) 17s. 6d. 


Tis is a concise, easily read monograph nicely balanced 
with respect to the solvents it covers. A quarter of the 
book deals with liquid ammonia and a good proportion 
of this space is devoted to the properties of metal solutions 
in this medium and theories relating to them as well as 
their reactions with elements, ions, and covalent eom- 
pounds. The ordinary chemistry of reagents in liquid 
ammonia is dealt with concisely. Two pleasing features 
of the book are the tabulations of pertinent physical data 
for the solvents discussed and some degree of detail in 
describing experimental manipulations. The contrasting 
properties of amine solvents, notably ethylenediamine, 
receive brief mention before passing on to other protonic- 
solvents of current interest. Sulphuric acid, exemplifying. 
a hydrogen-bonded self-ionizing medium with its special- 
ized self-ion conduction mechanism, is treated fairly 
fully and its interactions with salts, acids, bases and 
covalent compounds (free radical formation) described. 
Liquid hydrogen fluoride receives slightly more space; its 
probable ionization and fluoride ion conduction mechan- 
isms are discussed and its mode of interaction with 
covalent fluorides and other substances to give the 
fiucronium ion is explained. The other hydrogen halides, 
as solvents, receive appropriately brief treatment. Proto- 
lysis, metatheses and ion association in glacial acetic acid, 
its differentiating action on the “strong” acids and its 
suitability as a medium for quantitative iodine and per- 
manganate oxidations end the protonics section. 

The non-protonic field represented by bromine tri- 
fluoride, sulphur dioxide, dinitrogen tetroxide and phos- 
phorus oxychloride is briefly but interestingly reviewed. 
The analogyes of protolysis in these media are considered 
and the once-postulated self-ionization of sulphur dioxide 
dismissed. As with all media, solvation, complex forma- 
tion and metatheses receive mention, The effects of 
co-solvents, particularly with otherwise uninteresting sol- 
vents such as dinitrogen tetroxide, are treated, especially 
bromine trifluoride in the latter. The self-ionization of 
phosphorus oxychloride and the structure and properties 
of its solvate compounds are critically treated. Xenon 
hexafluoride, its properties and possible self-ionization 
briefly complete this section. 

The final chapter of the booklet is devoted to the high- 
temperature solvent systems afforded by fused salts, their 
degrees of ionic structure and the physical chemistry of 
mixed melts. Protolysis in fused ammonium salts and 
analogous behaviour in non-protonic systems, notably 
mercuric halides and antimony trifluoride, is discussed. 
The Lux-—Flood acid-base classification dependent on 
oxide ion donation provides a contrast with the more 
generalized Lewis theory. It is interesting to see silicate 
slag formation and the “borax bead” test interpreted 
on this basis, which is extended to the polymerization 
equilibria of sulphates, phosphates and chromates and 
also to the halide melts of aluminium, beryllium, titanium, 
cadmium and cobalt. Reductions in melts notably by 
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dissolved metals, the aqueous. electrode potentials of 
which are broadly related, and also by anions; oxidations 
by anions and free halogens; metatheses involving the 
reciprocal Coulombic effect complete a neatly arranged 
section. 

It is a matter for conjecture whether the page title 
heading ““Non-aqueous Solvents in Inorganic Chemistry” 
might not have opened up a slightly wider field than the 
cover title but the authors are presumably the best 
judges of the area to which they wished to confine them- 
selves. S. R. C. HUGHES 





‘Molecular Beams 

Edited by John Ross. (Advances ın Chemical Physics, 
Vol. 10.) Pp. vi1+419. (New York and London: Inter- 
science Publishers, a Division of John Wiley and Sons, 
1966.) 113s. 


THis volume of the Advances in Chemical Physics Is In 
the form of a series of review articles by leaders in the 
field of elastic and inelastic molecular scattering: 
polarizabilities, repulsive intermolecular forces, quantum 
effects on elastic scattering, chemical reactive scattering, 
excited atom collisions, charge transfer, 10n-molecule 
reactions and supersonic molecular beam sources are 
discussed. 

Although the upsurge of interest in these and related 
topics has produced much understanding of importance, 
it is likely that the decisive working out of the subject 
will take place over the next five or ten years. This volume 
is therefore not definitive but ıt does represent a great 
advance on ten years ago when Taylor and Datz dis- 
covered the first molecular beam detector capable in 
itself of responding differently to different molecules; 
this can be said to have made possible the commencement 
of study of a limited number of chemical reactions by 
particle scattering technique, years before 1 could ch 
wise have been achieved. 

The field 1s one which the British chemical ae 
` largely ignores, to its ultimate discomfort. This volume 
should go some distance towards stimulating the necessary 
interest. J. B. HASTED 


Solar-Activity Forecasting 

By Yu. I. Vitinski1. Translated from the Russian by 
Z. Lerman. Edited by R. Hardin. Pp. iv+ 129. 
(Jerusalem: Israel Program for Scientific Translations; 
London: Oldbourne Press, 1965.) 54s. 


SOLAR radiation rules the lives of-everyone, on Earth, 
and its fluctuations, though barely noticed by the sun- 
bathers on our beaches, are vitally important for satellites 
in low orbits, which end their lives prematurely if the Sun 
is unduly active and makes the air density increase. The 
fluctuations will be even more vital for interplanetary 
travellers, who may end their lives prematurely if the 
Sun is unduly active in shooting out streams of ions. 

The prediction of solar activity 1s at present even more 
chancy than long-range weather forecasting, because 
there is no accepted physical theory of solar disturbances 
and no agreement on the best index of activity. The 
Wolf sunspot numbers are usuglly regarded as the best 
index, although, as the author of this book points out, 
the Wolf numbers are even to-day slightly subjective and 
used to be far less reliable. Nevertheless the Wolf numbers 
provide the only index which goes back more than 100 
years, and have to be used by anyone attempting long- 
term prediction. 

Sunspot maxima recur on average every 11:1 years, 
but the period can be as low as 7 years (as in the 1830s) 
or as high as 17 years (1788-1805). The maximum 
monthly smoothed sunspot number in a cycle can be as 
low as 50 (in 1805) or as high as 200 (in 1957-58); the 
minimum. is usually less than 10. So far no satisfactory 
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method of predicting the dates and intensities of future 
cycles has been developed, though various recurrence 
tendencies have been detected. Predicting the monthly 
smoothed numbers a year ahead offers a better chance of 
success, essentially because each cycle, once it has started, 
shows some resemblance to a previous cycle, or to the 
average of several previous cycles, and is open to statistical 
treatment. On a still shorter time-scale, prediction is 
bedevilled by the unexpected appearance of new sunspot 
groups. 

Vitmski’s book, published in the Soviet Union in 
1962, is the most thorough survey available and can be 
strongly recommended to anyone interested in the subject. 
The author reviews all the methods that have been sug- 
gested, with admirable impartiality, and does not hesitate 
to conclude that many of them are worthless. It still 
seems likely, however, that a causal relationship underlies 
the seemingly irregular variations; and if any mathe- 
matician, intoxicated by such a thought, wishes to enter 
this dangerous field, the book will provide him with both 
an excellent guide and a sobering view of the reputations 
lying slaughtered among the man-traps. 

D. G. Kinc-HELE 


Solids 

Elementary Theory for Advanced Students. By Gabriel 
Weinreich. Pp. xii+163. (New York and London: 
John Wiley and Sons, 1965.) 53s. 


Tars textbook is based on lectures to American graduate 
students and presupposes a thorough grounding in quan- 
tum mechanics, including operator theory, second 
quantization, and perturbation theory using Feynman dia- 
grams. The term “‘elementary’’ in the subtitle is to be 
understood in the Gibbsian sense. 

The ground covered consists mainly of selected portions 
of the quantum theory of solids and includes Brillouin 
zones, band theory, the use of Bloch and Wannier func- 
tions, vibrational properties of solids and singularities 
in the vibrational spectrum. The treatment is succinct 
but thorough, and can be studied with profit given the 
requisite background. 

The opening chapter is devoted to crystallography 
and is particularly* well set out; the illustrations both of 
lattices and of crystallographic point groups are presented 
with unusual clarity. 

The experimental consequences of the theory have been 
consciously—one might also add conscientiously—ignored. 
In a book of limited size, this attitude is certainly justified. 

The book 1s written in a pleasant as well as lucid style 
and the presentation leaves nothing to be desired. It 1s 
warmly recommended. M. BLACKMAN 


Dog Breeding 
Reproduction and Geneties. By S. A. Asdell. Pp. vin+ 
194. (London: J. and A. Churchill, Ltd., 1966.) 45s. 


THE dog is much the oldest of domesticated ~animals. 
He is also, not excluding man, physically, emotionally 
and, mentally the most diverse. The breedmg of dogs ıs 
therefore, as Darwin has explained, of evolutionary 
interest beyond the range of dog-lovers. Prof. Asdell, 
however, has written his book from the veterinary or 
dog-lovers’ point of view. To be sure he mentions Darwin 
by name and he also devotes a chapter to ““The Science of 
Genetics”. But the account he gives us is a personal 
one in which he adds to the established misconceptions 
a few new ones of his own. The dog breeder will do well 
to skip this chapter. 

On the practical side Prof. Asdell describes the breeding 
experiments of Stockard—which were carried out ın his 
own university 25 years ago—but he misses the point of 
this classical work. The four photographs he gives from 
Stockard will, however, show the reader something of 
what he has missed. C. D. DARLINGTON 
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BIOCHEMISTRY OF MITOCHONDRIA 


A. COLLOQUIUM on the biochemistry of mitochondria was 
included as part of the third meeting of the Federation of 
European Biochemical Societies, which was organized in 
Warsaw durmg April 4-7, 1966. The colloquium was 
arranged by Prof. E. C. Slater (Amsterdam) and organized 
by Dr. Z. Kaniuga and Dr. L. Wojtczak (Warsaw). Seven 
ivited addresses were included and delivered by B. 
Chance (Philadelphia), J. B. Chappell (Bristol), L. Ernster 
(Stockholm), M. Klngenberg (Marburg), H. A. Krebs 
(Oxford), P. Mitchell (Glynn Research Laboratories, 
Bodmin) and E. C. Slater (Amsterdam), together with 
eighty-one short communications by research workers 
from seventeen countries. Although almost all current 
problems of mitochondrial biochemistry were discussed, 
the invited addresses and most of the short communica- 
tions were concerned with the following topics: (1) the 
structure and function of the raspiratory cham; (2) the 
mechanism of energy conservation; (3) transport mechan- 
isms in mitochondria; (4) the regulation of substrate 
utilization; (5) activation and oxidation of fatty acids; 
(6) metabolic interrelationships between mitochondria and 
the cytoplasm. 

Immediately after the Federation’s meeting a “closed” 
symposium was held in Warsaw during April 8-9. This 
was organized by the departments of biochemistry of the 
Universities of Amsterdam and Warsaw and of the Nenck1 
Institute of Experimental Biology in Warsaw. ‘The 
symposium, which was attended by sixty-five invited 
scientists from fourteen countries, was devoted to discus- 
sions of data already presented during the Federation’s 
colloquium. The following six topics were discussed: 
(1) the place of ubiquinone and cytochrome b im the 
respiratory chain; (2) the chemiosmotic theory of oxida- 
tive phosphorylation; (3) uptake of cations by mito- 
chondria; (4) the chemical coupling theory of oxidative 
phosphorylation; (5) regulatory mechanisms of substrate 
utilization; (6) oxidation and activation of fatty acids. 

The present report is concerned with both meetings. 

Two alternative theories dealing with the role and the 
position of ubiquimone in mitochondrial respiration were 
proposed by M. Klingenberg (Marburg) and E. R. Redfearn 
(Leicester), respectively. M. Klingenberg, in his invited 
address, presented several lines of evidence in favour of the 
view that ubiquinone is located on the main pathway of 
electron transport, and that it acts as a common pool for 
reducing equivalents from various favoproteins. This was 
supported by data on the redox state of ubiquinone, 
compared with nicotmamide-adenine dinucleotide and 
cytochromes, for both forward and reversed electron 
transfer, and by studies of the kinetic of either the reduc- 
tion of ubiquinone after substrates have been added to he 
terminally inhibited respiratory chain, or its oxidation 
after oxygen has been added in the anaerobic state. B. R. 
Redfearn postulated the existence of a branching pool of 
ubiquinone in the respiratory chain. Related problems 
concerning the place of cytochrome b were not discussed 
in detail, presumably because of the lack of sufficient new 
experimental data. 

As E. C. Slater pointed out in his introductory address, 
three theories have been proposed for the energy coupling 
mechanism m mitochondria; (i) the chemical coupling 
theory; (1i) the concept of phosphorylation driven by 
proton transport (proposed by P. Mitchell); (iii) the 
concept of conformation changes in specific proteins 
(proposed by P. Boyer). Lively discussions of both the 
first two theories took place at.the colloquium and the 
“closed” symposium. P. Mitchell presented new experi- 
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mental evidence in favour of his concept. He postulated 
that both the pH changes produced by submitochondrial 
particles catalysing forward and reverse electron transport, 
and the burst of proton ejection after a rapid transition 
from the anaerobic to the aerobic states support the 
concept that adenosine triphosphate 1s synthesized by a 
mechanism involving the ejection of protons and which 1s 
intimately connected with the respiratory chain. On the 
other hand, B. Chance, J. B. Chappell and J. M. Tager 
presented evidence that proton transport 1s a secondary 
effect of the conservation of energy. The bastc differences 
between these two theories were depicted by E. C. Slater 
in the following scheme: 


QHENTOAL COUPLING THEORY 
Respiratory chain —> high-energy intermediate <= ATP 


cation uptake = H+ production 


CHEMIOSMOTIO THEORY 
Respiratory chainn —— H+ production <= ATP 


cation uptake 


A new concept of the action of arsenate on the energy- 
coupling mechanism was proposed by L. Ernster. He 
postulated the formation of a relatively stable arsenylated 
derivative of a high energy intermediate. 

Ion transport in mitochondria was extensively discussed 
by J. B. Chappell, B. Chance, E. Carafolt (Modena), G. F. 
Azzone (Padua) and A. Azzi (Padua). The main topic in 
the discussion of cation transport was the stoichiometry 
(or its lack) between the calcium and oxygen taken up by, 
and the protons ejected from, mitochondnia. 

Of considerable importance for a better understanding 
of the utilization of substrate im mitochondria are the 
J. B. Chappell classified. 
anions (including respiratory substrates) into four groups: 
(1) those which easily penetrate mitochondrial membranes, 
for example phosphate and arsenate; (2) those which 
penetrate mitochondrial membranes only in the presence 
of phosphate (for example, D- and L-malate, succinate and 
meso-tartrate); (3) those which penetrate mitochondrial 
membranes in the presence of phosphate and t-malate 
(for example, citrate); (4) those which are unable to 
penetrate the mitochondrial membrane, such as chloride 
ions and fumarate. He also postulated the existence of 
specific carriers for these different groups of penetrants, as 
did E. J. de Haan (Amsterdam) for «-oxoglutarate. 

Another factor which controls the citric acid cycle is 
oxaloacetate. Its effect on the oxidation of succinate and 
the factors controlling the level of oxaloacetate itself were 
discussed by A. B. Wojtezak (Warsaw), A. M. Roberton 
(Oxford) and S. Papa (Bari). 

New concepts on the activation and oxidation of fatty 
acids were discussed both at the colloquium and at the 
“closed”? meeting. The group at the University of Bristol 
working under P. B. Garland was represented at the 
meetings by D. Shepherd and D. W. Yates. The essential 
point of their theory 1s that an intramitochondrial pool of 
coenzyme A involved in the 8-oxidation of fatty acids can. 
be acylated only by acyl-carnitine formed either extra- 
mitochondrially or intramitochondrially. On the other 
hand, 8. G. van den Berghpresented evidence in favour of 
his view that carnitine is not involved mn the normal path-, 
way of fatty acid oxidation. 

Sir Hans Krebs dealt with the problem of the transport 
of reducing equivalents between mitochondria and the 
cytoplasm. He showed that the reduced nicotinamide- 
adenine dinucleotide which is required in the cytoplasm 
for glucogenesis is formed primarily withm the mitochon- 
dria and is transferred to the cytoplasm by way of an 
oxaloacetate-malate system. The same system, working 
in the reverse direction, transports reducing equivalents, 
which are produced during glycolysis, from the cytoplasm 
to mitochondria. L. WOJTOZAK 

Z. KANIUGA 
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Evgeniya Nikolaevna Sinskaya 


‘Tne death occurred on March 4, 1965, in Leningrad of 
Professor Evgeniya Nikolaevna Sinskaya, the dis- 
tinguished Soviet biologist, well known for her studies in 
taxonomy, plant breeding, ecology, genetics and 
physiology. 

E. N. Sinskaya was born into the family of a teacher 
in the city of Pskov on November 25, 1889. After she 
had obtained her school-leaving certificate, she studied 
from 1911 until 1917 as an external student at the former 
Petrov Academy of Agricultural Sciences in Moscow. In 
the summers she used to carry out practical agricultural 
work and also participate in scientific expeditions. 
Graduating as an external student from the Academy in 
1917, she obtained a diploma with the title of scientific 
agronomist. In 1918 she jomed an expedition to Central 
Asia to study the plants of the solonchaks (saline soils), and 
in 1919 started her work as a specialist on meadow culture 
at the Saratov Province Land Department. In Saratov 
she happened to meet Professor N. I. Vavilov, who then 
held the chair of plant production at the Saratov Uni- 
versity, and was invited by him to join his department. 
In 1921, together with other colleagues of N. I. Vavilov, 
Sinskaya moved from Saratov to Petrograd. Here, N. I. 
Vavilov became head of the institution then named the 
Bureau of Applied Botany which in 1925 became the 
All-Union Institute of Plant Industry (VIR). E. N. 
Sinskaya worked at this Institute up to the last days of 
her life. She took an active part in the organization and 
direction of various divisions of the Institute—the Tech- 
nical Crops Division, the Forage Crops Division, and the 
Ecology and Taxonomy Division. 

A woman of great erudition, tireless activity and 
energy, Sinskaya soon became a leading scientist of*the 
Institute. Her scientific activity led to the publication of 
more than 140 works. Among the most important are: 
Oletferous and Root Crops of the family Cruciferae (1928), 
Breeding of Forage Crops (1936), Meadows of the Mountain 
Foothills in the North-western Caucasus (1939), Dynamics 
of Species (1948), Alfalfa (1950), Annual Forage Crops of 
the USSR (1957), On Categories and the Laws of Variability 
within Populations of Higher Plants (1963). A large work 
of forty printed sheets on Historical Geography of Culti- 
vated Plants was left in manuscript. In 1936 the degree 
of Doctor of Biological and Agricultural Sciences was 
conferred on her for her studies on oleiferous Cruciferae 
and on forage crops. 

Each year, Sinskaya actively participated in expedi- 
tions collecting plant resources. She organized collections 
of local cultivated and wild plants in the Far East, in the 
Altai Territory, and her most detailed investigations were 
carried out in the Caucasus and Transcaucasus regions. 
She brought back from her Far East expeditions many 
samples both of cultivated and of useful wild plants from 
Japan. : 

Prof. Sinskaya was a person of ready sympathy. She 
was always greatly interested in the work of other 
research workers, and gladly shared her knowledge and 
experience with those who asked her help. She maintained 
wide relations with many scientists both in the Soviet 
Union and elsewhere. 

E. N. Smmskaya was decorated in 1957 with the Order 
of Lenin. V. BoRKOVSKAYA 


Dr. Erna Bennett adds: 

Professor Sinskaya’s death at the age of seventy-five is 
a grievous loss to biology. Her work extended over more 
than four decades which saw deep and fundamental 
changes in the concepts of evolutionary genetics. Her 


own. contribution to these changes has been very consider- 
able. 
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Although her biological interests were diverse to an 
unusual degree, and enriched not only ecology, geography 
and taxonomy but also plant breeding and population 
genetics with a wealth of new data and ideas, throughout 
her whole work there can be found a strikingly single- 
minded concern with the nature and causes of genetic 
variability. From her first published paper in 1922—"On 
the Study of the Laws of Variability in the Family 
Cruciferae”’—to one which appeared in the last year of 
her life—‘‘On the General Regularities of Ecological- 
Geographical Variability within Populations of Wild and 
Cultivated Plants’’*—Sinskaya’s preoccupation with this 
problem is very clear. It is a problem to which she 
brought a fluent and erudite knowledge of plant taxa and 
the skilled application of the phyto-geographical tech- 
niques of Vavilov. 

Working with oil and forage crops and their related wild 
species for most of her life, Sinskaya drew heavily on the 
evidence they evinced of speciation processes in order to 
build into the growing structure of genecology her own 
specific contribution of the ecoelement concept. Sinskaya’s 
ecoelements—character complexes; maintained by linkage 
groups of adaptive origin—carried the ecotypic analysis 
of plant populations a stage further than did most concepts 
by other genecologists of her day. Ecoelements resemble 
the genetic inertias formulated by Darlington and Mather 
which rested on the polygenic theory of inheritance, and 
the cohesion theory of Anderson. They also supplied the 
link between ecology and genetics from the direction of 
ecology that the work of Dobzhansky and others provided 
from genetics. Recognizing the importance of Sinskaya’s 
work, J. W. Gregor invited her to prepare one of her very 
rare contributions in English?. 

1 Trudy Priklad. Bot. Genet. Seleks., 13 (2), 15 (1922). 


2 Trudy Priklad. Bot. Genet. Seleks., 36 (2), 3 (1964). 
3 Report Scott. Pl. Breed. Sta., 31-40 (1958). 


J. K. Dixon 


Dr. J. K. Drxon, a prominent research scientist and 
director of the Department of Scientific and Industrial ~ 
Research Soil Bureau, Taita, died on July 30, 1966, at his 
home in Karori, Wellington, New Zealand. 

Dr. Dixon was educated at Christchurch Boys’ High 
School and Canterbury University from which he grad- 
uated in 1929. For the next two years he worked on 
causes of bush sickness in the Te Kuiti area; then in 1931 
he received a National Research Scholarship to spend two 
years at the Imperial College of Science and Technology, 
London. In 1933 he gained a Ph.D., was awarded the 
Diploma of Membership of Imperial College of Science 
and Technology (London) and was elected a Fellow of the 
Royal Institute of Chemistry. 

After his return to New Zealand Dr. Dixon worked for 
three years at the Cawthron Institute, Nelson, and 
established that ‘‘Morton Mains disease” in animals in 
Southland was a disorder resulting from cobalt deficiency. 
He joined the D.S8.1.R. Soil Bureau in 1936 and became its 
chief soil chemist in 1940, assistant director in 1952, and 
director in 1962. 

Dr. Dixon served as president of the Royal Society of 
New Zealand, the New Zealand Institute of Chemistry, 
the New Zealand Soil Science Society and the New Zealand 
Institute of Agricultural Science. He was the senior 
New Zealand Government representative at the eighth 
International Congress of Soil Science in Bucharest in 1964. 

Dr. Dixon was well known for his research on problems 
associated with cobalt deficiency in animals and for his 
work on the use of organic waste matter in composting. 
I knew Dixon personally for the past thirty-six years 
and, together with all those with whom he was associ- 
ated, shall sadly miss a former colleague who not only 
left his mark in the field of soil science but has at the 
same time been outstanding in his dedication to the 
service of his fellow men. He is survived by his wife and 
two sons. W. TOLER 
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STRUCTURE OF THE RADIO SOURCES 3C 46, 66, 129 AND 465 


By G. H. MACDONALD, A. C. NEVILLE and SR MARTIN RYLE 


Cavendish Laboratory, Free School Lane, Cambridge 


A SERIES of observations has recently been carried out 
with the Cambridge one-mile radio telescope!) to determine 
the angular structure of a large number of relatively 
intense radio sources. Many of these sources comprise 
two components, as Maltby and Moffet? have already 
demonstrated, but a number have been found to be of 
considerable complexity and their structure has not 
previously been known. This article describes four of 
these complex sources which are believed to be extra- 
galactic; any theory of radio galaxies should account for 
these sources in addition to the more numerous double 
sources, 

The observations have been made at frequencies of 
408 Mc/s and 1,407 Mejs, using a method which has 
already been deseribed?:4:5 in which 12 h observations 
are made with the movable aerial at each of a number of 
positions along the full length of the rail track. These 
observations, when combined in the computer, provide 
a pencil beam surrounded by a series of elliptical grating 
responses; the angular separation of the first grating 
response from the main beam can be increased by the use 
of a larger number of aerial positions, but for minimum 
observing time it is normally arranged to be at an angle 
rather greater than the greatest extent of the source being 
observed. 

In the present observations four positions of the mov- 
able aerial were used for 3C 46, 66 and 129, and eight 
positions were used for 30 465; because the signals from 
the movable aerial are combined with those from two 
fixed aerials, these observations provide eight and sixteen 
spacings respectively. The main response has widths, to 
half power, of 23 sec arc and 80 sec arc in right ascension 
and (23 cosee 8) and (80 cosec 8) sec are in declination at 
the two observing frequencies of 1,407 Mc/s and 408 Me/s. 
The first grating response is an ellipse with a semi-minor 
axis of 4-8 and 16-4 min arc at the two frequencies for the 
observations of 30 46, 66 and 129, and a semi-minor axis 
of 9-5 and 32-8 min arc in the observations of 30 465. 

These angles are sufficient to provide maps, unaffected 
by grating responses, of all the sources, except for the 
1,407 Mc/s observations of 3C 66 and 129; for these two 
sources a complete map has been obtained 
at 408 Mc/s, but the present 1,407 Me/s 
observations have only been used to 
investigate the detailed structure of the 
two main components. 

The maps are presented in Figs. l-4. 
The declination scales have been reduced 
by sin § in order to make the aerial response 
circular and thus simplify the distinction 
between resolved and unresolved features; 
the factors by which the scales are com- 
pressed are indicated in the figure legends. 
In each case the half-intensity beamwidth 
is indicated by the shaded area. The 
observations were made using linearly 
polarized radiation with the H-vector 5i 
in position angle 0° at 1,407 Mc/s and 
90° at 408 Mc/s except for 3C 465, where 
these angles were reversed. 

3C 46. This source has been reported 
as double? but in fact it has four elongated 


02h 20 m 


Fig. 2. Map of 3C 66 at 408 Mc/s; the structure revealed by the 1,407 Me/s observa- 
tions 1s shown by shading. The 408 and 1,407 Mc/s beams are shown by shaded circles. 
The object coincident with component 2 is a 14m 2 elliptical galaxy with red-shift 
06215; another elliptical galaxy of 15m lies between components 2 and 8. The 


components (Fig. 1), although the preceding pair is not 
fully separated; none is resolved perpendicular to the 
axis of the source. Their approximate flux densities at 
1,407 Mejs are 0-5, 0-12, 0-1 and 0-48 x 10-5: Wm- 
ejs). 

! The separation of the two intense components is 144 sec 
are in position angle 67°. They are connected by a strong 
ridge of emission which contributes about 15 per cent 
of the total integrated flux. The relative intensities 
of the components at 1,407 and 408 Me/s are similar, 
and correspond to a spectral index a = 0-97. The 
source closely resembles 3C 452. which has already been 
described!. 

Three optical objects in the region of the source have 
been measured from the Palomar Sky Survey prints, 
and their positions marked with crosses. Object a is a 
faint red galaxy of mpg ~ 19-5 suggested as an identi- 
fication by Wyndham!‘ and b is another slightly nebulous ~ 
red object of mpg ~ 18-0; both are probably members of a 
cluster of galaxies. Object c is stellar with mpg ~ 17:0. 
There are no other optical objects within 30 sec arc of 
the centres of the sources. 





01 h 32 m 


Fig. 1. Map of 38C 46 at 1,407 Mc/s. a and b are faint red galaxies and e 
is probably a star. Assuming that a is the identification with Mpg = 
~~ 20-5, the red-shift is about 0-12 and the separation of components 1 
and 31s 260 kparsec. The len scale is compressed by a factor of 
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declination scale 1s compressed by a factor of 0 68, 
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Fig. 3. Map of 3C 129 at 408 Me/s; component 1 1s 3C 1291. At 1,407 Mc/s both sources are resolved mto a number of 
components as indicated. The 408 and 1,407 Me/s E shorn py shaded circles. The dechnation scale is compressed 
y a factor of 0-71. 


3C 66. Although previous observations have revealed 
the presence of double structure? these observations 
show that one of the components is very much extended 
and also shows fine structure. Fig. 2 shows the 408 Mc/s 
contours, with shadings which represent the areas within 
three of the contours obtained at 1,407 Mc/s; the extended 
component may be seen to consist of two main sources 
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Fig. 4. a, Map of 3C 465 at 1,407 Mc/s. The position of the double galaxy NGC 
7720 18 marked with two crosses. There appear to be no other optical objects 
associated with the radio source. b, Map of 3C 465 at 408 Mc/s. It may be seen 
that component 6 ıs here relatively much more intense than at 1,407 Mc/s. The 


declination scale is compressed by a factor of 0 45. 


(1 and 2) linked by a bridge which extends south of, and 
beyond, the compact component 3. The latter is unre- 
solved at both frequencies and therefore has an angular 
diameter <10 sec arc. 

An. elliptical (ED2) galaxy of mpg = 14:2 coincides 
precisely with component 2. The position was measured 
by Griffin’ and its red-shift has been found to be 0:0215 
(ref. 9). There are no optical objects which 
can be associated with components 1 and 3, 
but a second elliptical galaxy of Mpg = 15-0 
lies almost exactly mid-way between com- 
ponents 2 and 3. Both galaxies appear 
to be members of Abell? cluster 4-347. 

3C 129. Previous observations? showed 
this sburce to have an angular extent >6 
min are with structure <l min are. The 
present observations at 408 Mejs are pre- 
sented m Fig. 3 which shows that the 
intense central source has an extension 
which develops into a curved ridge of 
emission, 13 min are in length and about 
4 min arc wide with three weaker peaks at 
almost equal intervals of 3 min are; the 
ridge contributes about 20 per cent of the 
total flux density. It seems likely that the 
source (1) lying 11 min arc east of the 
central source (8C 129-1) is associated with 
3C 129. 

The observations of 3C 129 at 1,407 Mc/s 
are confused by grating responses beyond 
4-8 min arc from the central source, but they 
may be used to investigate the detailed 
structure of the two main components. It 
is found that the central source 1s resolved 
into five separate components, two of which 
are intense and elongated almost parallel 
to the extension of the 408 Mc/s map with 
three weak ones in line with the extension. 
These are indicated by shaded areas super- 
posed on Fig. 3. 3C 129-1 is similarly 
resolved into three components, one with 
about twice the intensity of the other two. 

‘The source hes close to the galactic plane 
in an area where there is appreciable obscura- 
tion. Although it is possible that 3C 129 
might be a supernova remnant, the well-de- 
fined limits of the arc and the very large 
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surface brightness of the main component make an extra- 
galactic origin seem more likely. Wyndham‘ has suggested 
as a probable identification a 19” red galaxy which lies 
close to component 2, but the area within which a related 
object might he is too large for this to be regarded as 
definite. 

3C 465. The association of 30 465 with NGC 7720 was 
originally suggested by Dewhirst!!. Previous radio ob- 
servations? showed it to extend over several minutes of 
are with complex structure. Fig. 4a 1s the map of the radio 
emission observed at 1,407 Mc/s which shows seven 
components. The positions of the two components of the 
double galaxy NGC 7720 as given by Griffin? are marked 
with crosses. They are associated with the only unresolved 
feature of the 1407 Mc/s map (component 3), which has 
an angular size less than 10 sec arc. There are a number 
of bright galaxies, members of Abell? cluster 4-2634, 
in the region of the source, but none appears to be related 
to any other radio component; a 16™ galaxy lies 19 sec 
are west of the centre of component 4. 

Although the resolution of the 408 Mc/s map (Fig. 
4b) is inadequate to show all the details visible at 1,407 
Mes, it is clear that most of the features are similar at 
the two frequencies. There is, however, a remarkable 
exception in component 6, which ıs strong at 408 Me/s, 
but extremely weak ın the 1,407 Mc/s map. 

By convolution of the 1,407 Mc/s map with the appro- 
priate function to reduce the resolving power to that of 
the 408 Mc/s beam, a direct comparison can be made of 
the total integrated flux of the seven components at the 
two frequencies. An estimate of these fluxes and the 
corresponding spectral indices « are given in Table 1. 

Matthews, Morgan and Schmidt!? have investigated 
NGC 7720 in detail. It is a 13m-5 D-galaxy, with an ellip- 
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¥ig. 5. The magnetic field H, derived on the assumption of equipartition 
between particle and field energies, is plotted against g. the projected 
distance of each component of 8C ae the brighter member of VGC 


tical nucleus surrounded by an extensive asymmetric 
envelope of higher ellipticity. There is a circular 15m 
companion galaxy in the same envelope. The spectrum 
shows a weak emission line of OII and absorption lines 
which give a red-shift of 0-0301". At the distance of 
NGC 7720 (88 Mparsec), the upper limit of 10 sec arc 
on the angular size of component 3 corresponds to a linear 
dimension <5 kparsec. This component appears to be 
associated with (but 1s smaller than) the brighter member 
of NGC 7720, and it is probably significant that this 1s the 
galaxy showing an excited emission line in its spectrum. 

The details of the four sources are summarized in 
Table 1, which gives the co-ordinates, flux densities and 
spectral indices of each mam component. 

Red-shifts are available for 3C 66 and 465, and the 
projected physical separation (d) of each component from 
the optical object has been derived using a value of the 
Hubble constant H = 100 km sec~! Mparsec-!. In the 
case of 3C 46 an approximate red-shift of 0-12 has been 
obtained assuming that source a 1s the identification, with 
Mps = —20:5. The volume of each component has also 
been computed; in the case of elongated features, it has 
been assumed that they have a circular cross-section, 
with an extent in the hlne of sight comparable with the 
width. For elongated features making a small angle 
with the line of sight, this assumption will lead to an 
underestimate of the volume. 

From the corresponding luminosities and volumes it 1s 
possible to determine the minimum energy requirements 
for each component assuming that there is equipartition 
between the particle energy and the magnetic field; it is 
assumed that the protons have 100 times the energy of the 
electrons’? These figures, and the corresponding values of 
magnetic field, are given in columns 10 and 11. 

Since the volumes of the components must originally 
have been considerably less (and presumably less than 
that of the galaxy) the adiabatic losses require the initial 
energy to be greater by a factor of at least the ratio of the 
lmear dimensions. In the case of 3C 46 and 66 the minimum 
total energies are therefore of the order of 2 and 0-7 x 105 
ergs respectively. 

The magnetic fields for all the components in 30 465 
are plotted in Fig. 5 as a function of d, their projected 
distance from the brightest member of NGC 7720. It is 
probable that the value ®f d ıs related to the age of the 
component, and this relationship may be of importance in 
connexion with theories of the evolution of radio galaxies. 

The evidence provided by the present observations of 
30 46, 66, 129 and 465, the earlier observation of 30 452 
(rof. 5) and the multiple source 5C 1:47 and the association 
of 5C 1:71, 76, 77 and 79 (ref. 16), confirm the occurrences of 
multiple explosions in galaxies. The marked curvature in 
3C 129 suggests that ejection may have occurred along a 


‘ fixed axis m a rotating galaxy. The relative magnitudes of 


the energy released in successive explosions, and the inter- 
vals between them, are clearly of great rmportance in under- 
standing the mechanisms volved ın radio galaxies. 
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SONIC BANG SIMULATION BY A NEW EXPLOSIVES TECHNIQUE 


By S. J. HAWKINS and J. A. HICKS 


Explosives Research and Development Establishment, Ministry of Aviation, Waltham Abbey, Essex 


Tue study of the effects of the so-called “‘sonic bangs’”’— 
that is the disturbance produced by the passage of a 
supersonic aircraft—-requires an experimental approach. 
The response of most real systems, both animate and 
inanimate, to this type of stimulus is so complex that 
useful theoretical work is limited respectively to statistical 
studies or to simplified model treatments. On the grand 
scale, experiments can be conducted using supersonic 
aircraft, as at Oklahoma Cityt, but these are expensive 
and for small-scale experiments a simulation technique 
has the advantages of cheapness, localization of effects and 
the potential ability to produce bangs characteristic of 
future aircraft types, for example Concord. 

A typical sonic bang waveform at ground level (Fig: 1) 
is an N-wave (ref. 2) with front and rear shocks of equal 
amplitude (about 1 mbar), lasting up to 300 msec for super- 
sonic transport aircraft. Waveforms vary somewhat 
according to atmospheric conditions, the shock fse- 
times being normally between 0-1 msec and 20 msec. 





Fig. 1. Typical sonic bang waveform at ground level. Ordinate, 05 
mbar per large division; Abscissa, 50 msec per large division. 


To simulate waveforms of these durations using con- 
ventional “‘point source” explosive techniques is imprac- 
ticable; charges of many tons weight would be required 
situated many miles distant and no control of wave- 
shape would be possible. 

We were led to investigate the new line charge technique 
reported here by the realization that an extended explosive 
charge must give rise to a pressure waveform the duration 
of which—whatever its shape—is approximately its line- 
of-sight extension divided by the average air shock 
velocity across that extension. For charges of small 
weight such as ours the air shock rapidly decays to sonic 
velocity (1:1 ft./msec), and because of this a distant 
observer experiences a pressure wave the duration of 
which in milliseconds is roughly equal to the extension, 
in feet—the shape is governed by the distribution of 
explosive along the extension. 

Theoretically, we consider the extended charge as a 
spatial array of infinitesimal point charges detonated 


simultaneously, the combined effects of which we 
approximate by the assumption of linear superposition. 
Thus if 
p = p(mr,t—8) (1) 

is the pressure waveform from a point source explosion, 
m,r,t and 0 being respectively the explosive mass, observa- 
tion distance, time and propagation delay (that is, the 
time for the wave front to reach the observer), then our 
assumption yields a formal description of the pressure 
waveform from a charge distmbution of density o by 
integration of p over an appropriate range of a certain 
variable æ. This variable must be such that o,‘7 and 0 
may be expressed as unique functions of it and must also 
be such that the pressure increment dp(t) can be expressed. 
in terms of the first power of the increment dw in a. It 
can be shown that the variable r is itself a suitable æ. 

We have used an empirical form of equation (1) due 
to Friedlander?, together with simplified explosive scaling 
laws to obtain this integral in the form 


wje ajea a 


A solution for the simple case of a uniform straight 
linear charge observed from a distant point on the axis 
produced is shown in Fig. 2 and is in qualitative agreement 






Vu 


Fig. 2. Calculated pressure waveform from straight linear charge of 
uniform explosive linear density. 


y 


50 msec 


Fig. 8. Experimental pressure waveform from straight linear charge of 
uniform explosive linear density, length 60 m. 
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with the waveform observed experimentally (Fig. 3). This - 


example is of practical interest because the only readily 
Alera distributed explosive is in this form (detonating 
use). 

Many complex waveforms can be synthesized by 
detonating lnear charges constructed from multiple 
strands of detonating fuse of different lengths. Fig. 4 
shows schematically how sonic bang simulants (Mark I) 
have been developed in this way. The simulant of the 
sonic bang from a Lightning aircraft, with a duration of 
about 100 msec, has an explosive weight of only 1-5 kg. 
Fig. 5 is the experimentally determined waveform from 
another N-wave simulant, having a duration of 200 msec 
and a charge weight of 4:4 kg. 

The waveform is dependent on the angle of observation, 
tending to the shape characteristic of a point source 
explosion at the 90° orientation, an acceptable N-wave 
being obtained within a cone of 8° semi-angle about the 
charge axis. Overpressures in the range 1-5 mbar—0-5 mbar 
are obtained at distances from the near end of the charge 
between 100 m and 200 m. This type of simulant some- 
times shows detailed differences from actual sonic bang 
waveforms. A need therefore arises for some criterion 
with which to assess the importance of such differences in 
specific applications of the simulant. The criterion which 
we have used is the correlation between the energy spectra 
of the simulant and sonic bang waveforms over the 
frequency range in which the given “target system” 
responds—that is, absorbs energy. Building structures 
for example respond only to frequencies below about 


Pressure 





50 msec 


Eg, 5. Jixperimental pressure waveform from 200 msec. N-wave 


simulant (Mark I). 
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10 msec 


Fig. 6. Expermmental pressure waveform from one half of Mark TI sonic 
bang simulant. 


50 c/s, whereas in audiometric studies the frequency range 
of interest lies almost wholly above this. 

Energy spectra of the pressure waveforms of actual 
sonic bangs and explosive simulants have been obtained 
by digitizing the waveforms and performing the necessary 
Fourier analysis and summation into 1/8rd octave bands 
on an Elliott 503 computer. These show the Mark I 
simulants to be very suitable for structural studies, but 
in the higher frequency range divergencies appear between 
the spectra owing partly to the higher inherent noise level 
of the simulant and partly to the different pressure rise 
rates in its shock fronts. The extent to which these affect 
the suitability of Mark I for loudness studies, for example, 
is difficult to measure, but attempts are being made to do 
this using two different loudness calculating procedures. 

The recent work of Zepler and Harel‘ on sonic bangs and 
other impulsive sounds has shown that the two most 
significant parameters in studies of loudness are the rate 
with which pressure rises and the peak overpressure. 
These observations together with the uncertainties already 
discussed concerning the Mark I simulants have led us to 
develop a second type of simulant which is complementary 
to the first type in that it simulates the energy of sonic 
bangs m the higher frequency range and is therefore 
vety suitable for ear response studies. This type of 
simulant is composed of two identical lmear charges 
arranged side by side and detonated consecutively with 
an appropriate time delay. It is designed to reproduce in 
amplitude and rise rate the bow and stern shocks of the 
sonic bang waveform—the acoustically insignificant slow 
linear fall in the middle of the wave is replaced in the 
simulant by an equally acoustically insignificant slow 
asymptotic return to ambient pressure; this is not 
possible with point source explosive charges. Fig. 6 
shows the experimentally recorded waveform from one 
half of the Mark II simulant. 

We thank Mr. M. J. Harper of this establishment for 
calculations of energy spectra and of loudness values. 
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COMPOSITION OF CRYSTALLINE SHIELD ROCKS AND FRACTIONATING 
EFFECTS OF REGIONAL METAMORPHISM , 


By K. E. EADE, W. F. FAHRIG and J. A. MAXWELL 


Geological Survey of Canada, Ottawa 


THERE is particular interest at present in the thermal 
history and chemical composition of the crust. The 
metamorphic facies of crustal rocks may be used to 
estimate temperatures that existed in parts of the crust 
during the early epochs and the composition of rocks of 
various metamorphic facies may be used to calculate the 
redistribution of crustal heat and heat sources that 


resulted from regional metamorphic events. During 
regional metamorphism, heat is transported by the 
movement of more volatile components and by the 
differential movement of heat-producmg elements such 
as potassium, uranium and thorium, as well as by con- 
duction. The data presented here represent analyses of 
bedrock samples from a semi-systematic array of col- 
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lection points in New Quebec, Canada. The analytical 
data for the major contributors of radiogenic heat are 
mcomplete because thorium and uranium values are not 
yet available. 

The rocks of New Quebec, Canada, consist in large 
part of weakly to strongly foliated Archaean granodioritic 
gneisses that are probably of metasedimentary origin. 
Early geological work in a part of this area? suggested 
that only rocks of amphibolite facies were present, but 
recent reconnaissance mapping of 200,000 square miles of 
the area®~* has revealed the widespread occurrence of 
rocks of the granulite facies. A large number of hand 
specimens was collected in the course of systematic 
traversing by helicopter, and chemical analyses of groups 
of these specimens have made possible a comparison of 
the composition of rocks of the granulite facies with that 
of adjacent rocks of the amphibolite facies. These analyses 
provide a unique opportunity to determine directly the 
composition of a large area of the surface rocks of the 
Canadian Shield which presumably was at one time deeply 
buried in the crust. Although this approach to the 
determination of the abundance of the constituent 
elements of the crust, that is, through the analysis of a 
large number of hand specimens, is admittedly un:magin- 
ative, it has certain real advantages over indirect tech- 
niques®:® that depend on a number of assumptions. This 
approach was made possible by the emphasis placed in 
recent years by the Geological Survey of Canada on the 
expansion of facilties for the rapid analysis of rocks. 

The rocks of the granulites facies (shown in black in 
Fig. 1) are, at the one extreme, very coarse grained, rusty 
and white weathering and exhibit a faint irregular 
gneissosity. This rock type grades, as a result of an increase 
in finer grained, biotite-rich, metasedimentary material, 
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into a strongly banded rusty and grey weathering para- 
gneiss. Biotite is ubiquitous in all the rocks of this facies 
and is pleochroic from pale yellow to deep red. Plagioclase 
is the dominant feldspar, locally has an antiperthitic 
texture and its fresh surfaces are pale green or brownish 
green with a greasy lustre. Quartz is blue or dark grey. 
Hypersthene, hornblende and locally garnet and augite 
are common constituents. 

These rocks are broadly similar in origin and com- 
position to the common lower grade granitoid gneisses of 
the Canadian Shield. The banding of the gneiss and the 
inclusions of banded biotite-rich material suggest a 
derivation from predominantly sedimentary strata. The 
absence of notable quantities of crystalline limestone, lime 
silicate or highly quartzose layers suggests a greywacke- 
type of primary sediment. Mmeralogical peculiarities, 
notably the presence of hypersthene, calcicplagioclase and 
garnet, and textural features such as large grain size, are 
thought to result from metamorphism under condition of 
high pressure and temperature. The presence of biotite 
and, less commonly, of dark hornblende in the association 
suggests the hornblende granulite subfacies. These 
gneisses of New Quebec may constitute one of the 
world’s largest areas of high grade metamorphic rocks. 

The rocks of the amphibolite facies (Fig. 1) are grossly 
similar in appearance to their neighbours of higher meta- 
morphic grade and the structures of one facies are con- 
tinuous into rocks of the other facies. The granitoid 
varieties of the amphibolite facies are chiefly pink or buff 
on a fresh surface and rocks of this facies abound in 
minerals such as epidote, microcline and muscovite that 
are considered characteristic of lower temperature- 
pressure conditions. Locally, the preservation of struc- 
tures in rocks of the amphibolite facies allows the 
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identification of metasedimentary and metavoleanic rock 
types. For more detailed descriptions of rock varieties 
from both the hornblende granulite and amphibolite 
facies of New Quebec see Eade? and Stevenson?', 

Map-sheets constituting one quarter of primary quad- 
rangles of the National Topographic System comprise the 
unit areas in this investigation. In Fig. 1 these map-sheets, 
or portions of them, are numbered 1 to 15 for ease of 
reference. The distribution of samples within one area 
is shown in Fig. 2 and is typical of the other areas. To 
prepare a sample for analysis the hand specimens of each 
rock unit, as determined by the geological mapping 
within each area, were grouped together. Approximately 
20 g of each hand specimen were combined to form a 
composite sample for each rock unit in each area. After 
crushing, grinding and thorough mixing, a portion of each 
such area rock unit was analysed by a combination of 
X-ray fluorescence and chemical methods. The fifteen 
unit areas provided 78 rock unit samples. 

From these 78 analyses the average composition of 
rocks of the amphibolite and granulite facies of each 
area studied was obtained by measuring the areas under- 
lain by rock units of the two facies and using these 
measured areas to obtain a weighted average (Table 1). 
The average composition of all amphibolite facies rocks 
and of all granulite facies rocks, together with the average 
composition for the entire region, were obtained by 
weighting the data in proportion to the area occupied by 
each rock type (Table 2). Cratonic cover rocks were not 
included. 

As a check on the validity of such calculated averages, 
a special composite sample representing areas 6, 9, 10, 11, 
12, 13 and 14 was prepared by mixing portions of the 
area rock unit samples in proportion to the aerial extent 
of the rock units as measured on the geological maps. 
This special sample was analysed by classical chemical 
methods and its composition may be compared with that 
obtained by calculation from the rapid analyses of 
individual rock unit samples from the same area (Table 2). 

The calculated comparative chemical analyses are 
shown in Table 1. There are no major differences between 
the chemical composition of the two facies probably 
because there were no primary differences in their proto- 
rocks. The values for Al,O,, total Fe fas FeO), P.O, and, 
possibly, MgO, CaO and TiO., appear to be higher in the 
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granulite facies, whereas K,O, H,O and, possibly, $10, 
appear to be lower. The ferrous—ferric ratio also appears 
to be sigmficantly higher in the granulite facies. ‘These 
results seem to corroborate the views of Ramberg’ and 
Heier and Adams! that high-grade gneisses tend to be 
more basic than low-grade gneisses. This bastfication of 
granulites results from the loss by upward movement of 
a mixture of more volatile constituents (K,O, H,O, 810.2) 
in response to regional metamorphism. The loss of potas- 
sium from rocks of the granulite facies, and so presum- 
ably from deeper crustal levels during regional meta- 
morphism, is particularly interesting as potassium 1s one 
of the chief sources of radiogenic heat. Table 1 thus gives 
some indication of the scale of this migration in one large 
area, of Shield rocks. 

The abundance of T10, in the amphibolite facies and 
the corresponding granulite rocks of each of the sample 
areas is shown in Fig. 3 in which the values of T10, in the 


Table 1. SAMPLE AREAS SHOWN ON FIG, 1 


1 2 3* 4 5 6 8 9 10 11“ 12 13* 14 15 
Si0, a 641 64-2 63 6 621 653 85-5 63:3 66 4 67 2 63 8 63 2 65:1 64:3 65:0 66 3 
g 57-3 64:2 63 3 62 5 64°3 61-7 62°4 61-7 62° 65: 65 0 63-5 
Al,O; a 18-7 16°8 161 16-5 16-9 14 3 18 0 16°9 14-8 16:0 158 15°8 168 15-5 16-1 
g 179 17-9 17-4 177 14-4 17-1 17-4 = 155 18 9 174 16-2 16:5 
FeO, a 13 13 1°3 1-7 1-9 15 1:5 1-3 15 1-8 20 1-2 1:5 Li 0-7 
g 14 06 18 2-4 1-4 1-0 1-2 25 02 14 0-7 11 
FeO & 30 3°2 30 37 29 3-0 27 27 2°4 31 28 2-9 2-7 28 27 
g 5-0 30 3-6 3:6 36 4-4 3°2 32 50 2-8 4-4 S5 
MgO a 24 23 23 3°2 1-7 2:3 2-0 1-5 13 27 31 27 20 2:5 20 
g 3°5 1-0 2'5 2-5 20 8T 23 1-7 55 13 4:0 22 
Cad a 34 3°9 4-3 4-7 3°4 3°7 4-3 29 26 3°0 3:3 3 0 3-7 30 28 
g 59 3°6 42 4:3 43 4-6 4:4 3-9 43 25 32 2'8 
Na,O a 4°2 4:2 4°7 4-0 44 4°] 4-1 43 4°3 83:2 38 38 4'1 43 38 
g 4+2 4-4 3°8 4:5 42 4°7 4°3 4-4 3'2 8'8 42 3:8 
K0 a 2TA 2°27 1-87 2 38 2°72 2-41 2 95 8°06 3°10 3-11 3°10 2 98 2°46 262 3°09 
g 2 33 2°14 2°34 1:99 1-83 1:34 2°48 2 23 2°32 3°48 1 46 3°01 
H,O (total) a 0-9 0:7 08 0-8 0-7 0-7 0-8 0:8 08 1-0 09 08 09 10 1-1 
g 0'8 0:6 0-7 0-8 0% 0:6 0-7 06 ii 0-7 0-8 0-7 
T10, a 0 50 0 54 0-47 0-58 0-51 0-49 0 50 6-48 0-41 0-47 0-51 0-45 0 45 0:41 0-44 
g 0-90 0 51 0 52 0 68 0°57 0 48 0 51 0-69 0-46 0-38 0-44 0-54 
P,O; a 0-13 0-13 0 09 010 0-12 0-18 0-19 0-15 0-16 0-17 0-21 018 0-18 0-16 0-17 
g 0°29 0 21 0 08 0-19 0 20 013 017 0-30 0-15 a 0 21 0:27 018 
MnO a 0 06 0-08 0 08 O-11 0 08 0:07 010 0 07 0-06 0-07 0-08 0 08 0-08 0-08 0:08 
g 0-11 0 08 0 09 0 09 0:09 0-11 0 08 0-06 0-10 0 03 0-12 0 08 
CO, a 0:2 0-04 0-3 04 0-1 0-03 0-9 01 0'1 01 0-2 0 06 0-12 0-31 0°12 
g 02 02 01 0'1 0-2 0-2 0-6 0'1 0-01 001 0:10 010 
Total Fe «a 4°2, 44 42 55 46 4:3 4-0 3:9 3-7 47 46 40 40 38 3:3 
as FeO g 6-3 3-5 52 5-8 4'9 53 4-3 54 52 41 47 45 
FeO/ a 2°3 2°5 2°3 2-2 15 20 1:8 21 1-8 1-7 2-4 1-8 2-5 3-9 
Fes g 3°6 5-0 20 15 2-6 4°4 27 13 250 20 5g 32 


&, Rocks of amphibolite facies. g, Rocks of granulite facies. * No rocks of granulite facies were mapped in those areas. 


These calculated values are based on 78 rapid rock analyses provided by the Analytical Chemistry Section of the Geological Survey of Canada. Silicon, 
aluminium, total tron, calelum, magnesium, potassium, titanium and manganese were determined by X-ray fluorescence using an Applied Research Labora- 
tories X-ray spectrograph (Model V.XQ-~25,000) and a fusion method based on that of Rose e al (ref. 12). Sodium was determined by flame photometry, 
lron-21 titrimetrically, phosphorus colorimetrically and total water and carbon dioxide gravimetrically. The accuracy of the 78 analyses from which the 
above averages were calculated may be stated as follows, in terms of the possible maximum percentage variation in the reported value: 810,(+1 Ay 
ALO (FO: on Fe, as FeO, (40-5); CaO (+03); MgO (41:0); K,0 (40-1), TiO, (+005); MnO (+0 02); FeO (40 2); Na,O (+016); CO, (+01); 
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amphibolite facies are plotted in a sequence such that the 
TiO, increases to the right. Titamrum is generally higher 
in the granulite rocks and has a much greater range than 
in the amphibolite facies. As previously noted, biotite is 
ubiquitous in New Quebec rocks of the granulite facies 
and the stability of high-temperature biotite may be the 
result of a concentration of titanium®. Titanium is so 
much higher in granulite rocks of some of the areas, for 
example, 1, 5, 9, relative to adjacent rocks of the amphi- 
bolite facies that addition of titanium to the granulites 
is indicated. The source of the titanium may be a deeper, 
higher-grade granulite in which biotite was unstable and 
from which titanium was expelled. 

Inspection of the analyses indicates little or no regional 
compositional variation and hence no great variation in 
the primary rock types throughout the area. 

The accompanying data contribute in some measure 
towards the solving of the problem of the bulk chemical 
composition of the continental crust. Specifically, of 
course, the data relate to the surface crystalline rocks of 
the continental shield. Analysis 1 of Table 2 gives the 
average composition determined from the sampling of 
some 200,000 square miles of northern Quebec, Canada. 
We believe that, as a result of the sampling procedure used, 
this average closely represents the surface composition of 
this part of the crystalline shield. The composition of 
this large cratonic area may be of particular interest 
because the general absence of “high level” types of 
igneous Intrusions and the widespread occurrence of 
gneisses of the granulite facies suggest that it represents 
an area of deep continental crust. 

There are small but significant differences between our 
average composition and the estimate of Poldervaart’ 
(No. 8, Table 2) for the average composition of continental 
shield crystalline surface rocks. The surface crystalline 
rocks of New Quebec are slightly higher in aluminium 
and sodium and slightly lower in silicon, potassium, 
titanium, calcium and phosphorus than the average com- 
position given by Poldervaart®. The differences gre 
attributed in part to the migration of silicon and potas- 
sium from the present exposed level of New Quebec during 
high-grade regional metamorphism. Poldervaart’s average 
may represent a composition in which high level granitic 
intrusions play a more dominant part. 

The average composition given by Reilly! (No, 7, 
Table 2) using samples from a Geological Survey of 
Canada project" for an area of 40,000 square miles in 
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Fig 3. Average abundance of T:0, ın rocks of amphibolite (@) and 
granulite (©) facies. 
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Table 2 

1 2 3 4 5 6 7 8 
810, 64°5 84-7 63-4 65:26 6486 60 3 66 3 66:4 
Al,O; 161 160 167 1587 #156 156 154 «15-5 
FeO; 15 15 1-5 144 165 maene 1:3 1-8 
e0 2-9 29 84 282 2-9 72% 9-9 28 
MgO 23 2-3 22 2:55 25 8-9 2-1 20 
CaO 33 3-8 3°6 3:51 82 5-8 4-0 3-8 
NaO 40 4-0) 4-0 383 39 3:2 39 35 
20 278 281 2658 293 285 25 2-3 83 
H,0 (total) 0-8 0-9 07 082 09 amare 0-87 — 
TiO, 048 047 O53 046 045 10 047 06 
P.O; 016 O16 O19 002 O82 “ee 0-13 02 
MnO 008 008 007 007 007 — 007 Ot 
CO, 02 0-2 02 O16 0-2 ~~ O15 — 
Total 99:10 9932 9907 9954 9887 995 9989 1000 


1. Average composition of the entire New Quebec sample area (Fig. 1) 
calculated from values given ın Table 1. 


2. Average composition of all amphibolite facies rocks of the sample 
area (Fig. 1), calculated from values in Table 1. 


8 Average composition of all granulite facies rocks of the sample area 
(Fig. 1), calculated from ‘values ın Table 1. 


4. Average composition of all rocks in areas 6, 9, 10, 11, 12, 13, and 14 
(sample preparation described in the text) determined by classical chemical 
analysis, J. A. Maxwell, analyst, Analytical Chemistry Section, Geological 
Survey of Canada. 


5. het a composition of all rocks in areas 6, 9, 10, 11, 12, 13 and 14 
calculated from values in Table 1. 


6. Average compostion of the continental crust, one part basic and one 
part felsic rock (ref. 5). 


7. Average composition of an area of 40,000 square mules of Canadian 
Shield of Northwestern Ontario (ref. 10). 


8. Average composition of shield crystalline surface rocks (ref, 6). 
* Total Fe as FeO. 


north-western Ontario is directly comparable with our 
data as it is based on a rather similar sampling scheme. 
The value for aluminium is significantly lower, and that 
for silicon significantly higher, in Reilly’s areas than in 
New Quebec. The Reilly sample area represents a higher 
crustal level because both “high level” granitic intrusions 
and greenstone belts of low metamorphic grade are 
present m significant amounts. 

Taylor’ has used an interesting method for calculating 
the composition of the continental crust. The distribution 
of rare earth elements in sedimentary rocks was studied 
and related to a mixture of the two most common igneous 
rock types, namely, granite and basalt. His data closely 
fit a 1:1 mixture of basalt and granite (No. 6, Table 2). 
A possible disadvantage to the calculation 1s that the 
results are based on sediments and hence on rare earth 
element abundances in that part of the crust that has 
been exposed to weathering. If the continental crust 1s 
significantly zoned in Its upper part (say, 10 km) the 
1:1 mixture may not represent continental crustal 
abundances. Possibly crustal averages from crystalline 
shield regions of high grade regional metamorphism where 
“high level” intrusions are lacking are more characteristic 
of a greater thickness of continental crust. 

The data presented here have been considered on two 
levels, that of the relationship between chemical composi- 
tion and metamorphic grade, and the average regional 
composition. It is concluded that there are minor but 
significant differences in composition between rocks of 
the amphibolite and granulite metamorphic facies as a 
resulf of the removal of some constituents from the 
granulite zone. The potassium content of rocks of the 
hornblende granulite facies is lower than in adjacent 
rocks of the amphibolite facies, suggesting that significant 
fractionation of this heat-producing element occurs 
during deep-seated regional metamorphism. There are 
differences between the average composition of this 
area of continental shield crystalline surface rocks 
and previously published average compositions for 
surface shield rocks. Because the New Quebec area 
probably represents a deeper crustal level, these differ- 
ences reflect a chemical zoning of the crust resulting from 
the transport of low temperature constituents to higher 
erustal levels. The average composition of New Quebec 
rocks may be close to the average composition of the 
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continental crust, or at least that part that lies above the 
Conrad seismic discontinuity. 
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THE SOLOMON ISLANDS AS AN ISLAND ARC 
By Dr. P. J. COLEMAN 


Department of Geology, University of Western Australia, Perth 


Or the various categories of island arcs which have been 
proposed!, the “fractured arcs” are the least known and 
have received the least attention. So far as routine 
geological literature is concerned this category of the 
little known includes the Solomon Islands, a straight-line 
chain, but with arcuate features, which makes up some 800 
miles of the border of the south-west Pacific Ocean. 

The Solomon Islands are comparatively new to geology 
for it was not until 1950 that systematic investigations 
began. The islands have now been covered by general or 
semi-detailed reconnaissance surveys. A gravity survey 
of the land areas has been completed by the Geophysical 
and Polar Research Centre, University of Wisconsin, and 
sea gravity and aeromagnetic surveys are planned for 
the near future*. This article is based primarily on strati- 
graphical investigations, the results of which, however, 
are supported by the geophysical mformation so far 
available. It aims to give a summary of the island arc 
features which distinguish this island chain. It would be 
premature, however, to use these as a basis for interesting 
speculations on various aspects of the grand tectonics of 
the region; for this, more detailed information is required, 
especially on bathymetry and on the gravity picture. 


Disposition and Bathymetry 


The Solomon Islands lie east of New Guinea (Fig. 1). 
As a geological entity the Solomons probably include the 
Lihir group of small volcanic islands, but not the Santa 
Cruz group to the east which geologically is part of the 
New Hebrides archipelago. 

The axis of the Solomon bathymetric high appears 
distinctly sigmoidal. Over the middle part the islands 


* August, 1966: the aerogeophysical survey is now nearly completed 
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form a double chain around a rhomb-shaped basin up to 
2,500 m deep. The bathymetry is confused about Malaita 
and San Cristoval, where there are rhomboidal, linear and 
small ‘‘pocket’’ depressions. On the Pacific side the islands 
Bougainville-Choiseul-Santa Ysabel-Malaita are progres- 
sively offset so that they lie en echelon to each other. This 
arrangement persists in the bathymetric lines, but is not 
followed by the islands on the opposite flank. 

On the Australian side the Solomon high is bordered 
by the Solomon Trough which includes part of the Planet 
Deep (over 9,000 m), unnamed deeps of over 5,000 m, 
and the San Cristoval Trench (about 7,000 m). Somewhat 
sinuous in plan, it is roughly arcuate and convex towards 
Australia. The Solomon high is separated from the large 
platform of the Ontong Java Rise by minor linear deeps. 


Stratigraphy and Structure 


The account which follows is based on the work of 
British Solomon Islands Geological Survey personnel (ın 
particular that of J. C. Grover, Chief Geologist; R. B. 
Thompson, P. Pudsey-Dawson and B. D. Hackman); 
R. L. Stanton, University of New England; F. K. Rick- 
wood, British Petroleum Company, and that of the writer. 
Unpublished information on Bougainville was supplied 
by J. G. Speight, Commonwealth Scientific and Industrial 
Research Organisation, and D. H. Blake, Bureau of 
Mineral Resources, Canberra. Detailed references up to 
1963 are given in ref. 2. 

The Solomon Islands constitute an autochthonous 
stratigraphical system; that is, all the rocks present have 
originated within the region. On the bases of rock type 
and structure the group can be divided into three pro- 
vinces (Fig. 2): the Volcanic, Central and Pacific Provinces. 
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Fig. 1. Generalized locality and bathymetry map of the Solomon Islands region. As a geological entity the Solomons block 
probably includes the Lihir Group, but not the Santa Cruz Group 
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Fig. 2. Geological provinces in the Solomon ee and the distribution of active and recent volcanoes, ultrabasic (serpentine) 
ks and major structural features. 


The arcuate Volcanic Province includes more than 
thirty well preserved recent volcanoes, but only a few are 
at present active. It is best exemplified by the New 
Georgia Group which is an assemblage of cones linked 
by their own extrusives and by fringing reefs. The lavas 
and pyroclastics are mainly andesitic and probably no 
older than Pliocene. Faulting is intense and many large 
faults are active. The three recent volcanoes on Choiseul 
are in an area of great fractures associated with the 
boundary between the Central and Pacific Provinces and 
may not be truly a part of the Volcanic Province. In 
terms of the continuing development of the Solomons, 
the Volcanic Province may be regarded as a youthful 
extension of the Central Province. 

The Central Province has a Mesozoic (probably Cre- 
taceous) igneous and metamorphic basal complex which 
includes chloritic and amphibolitic schists, a few patches 
of lightly metamorphosed pelagic sediments, and some 
gabbroic and granitoid rocks. Potassium—argon radio- 
metric age determinations of the Choiseul schists indicate 
a Lower Eocene age of metamorphism. The results are 
described in detail in the accompanying paper’. 

The basal complex is intruded and covered by Upper 
Eocene-Oligocene lavas and occasional agglomerates, 
predominantly andesitic, although basaltic pillow lavas 
are also common. The lavas may be up to 3,000 ft. thick. 
They are overlain by a pile of reef- sediments, re-worked 
tuffs and material derived from the older lavas, which 
range in age from early Miocene (approximately equivalent 
to Aquitanian of the Lower Miocene) through Recent. 
The sediments accumulated in subsiding fault-bounded 
troughs. In one such trough on north-east Guadalcanal, 
there are more than 15,000 ft. of sediment, a ‘arge part 
of it derived from a source area, now many hundreds of 
feet below sea level, off the south coast. Regional dips 
are usually of the order of 5-15 degrees. Some Quaternary 
fringing reef masses have been uplifted more than 1,200 ft. 

The Central Province is shaped and shattered by high- 
angle faults, which in plan form an irregular mesh-work, 
the result of the intersection of two major sets, one trending 


80-100 degrees, the other 145—160 degrees. A less obvious.. 


set trends 30-50 degrees. Many faults have strong strike- 
slip components, but neither the lateral nor the vertical 
movements have acted to produce a systematic result, 
except on Guadalcanal which has a spine of step-faulted 
block mountains, asymmetric in cross-section and falling 
away steeply to the fault-bounded southern coastline. 
The south coasts of San Cristoval and east Choiseul also 
have tensional features. 

The boundary between the Central and Pacific Provinces 
is marked by an apparently sigmoidal ‘“‘lineament’, 
almost certainly a major crustal fracture system, expressed 
emphatically by great faults in Choiseul and particularly 
by those running through the length of Santa Ysabel, 
and delineated also by a serpentine belt (Fig. 2). The 
first erosion products from these serpentinites appear 
in Lower Miocene sediments (approximately Burdigalian). 


The Pacific Province contrasts markedly with the 
Central Province. It is demonstrated best on Malaita 
where basal basaltic lavas, which show evidence of sub- 
marine emplacement, are overlain in large part by about 
4,000 ft. of calcareous organogenic sediments which range 
in age from Upper Cretaceous through Quaternary. 
Some of the Upper Eocene sediments show contempo- 
raneous intrusion by younger lavas. These include 
types akin to alndite and ankaratrite; it is worth noting 
that similar alkaline lavas occur in the Lihir Group’. 
The older sediments consist essentially of planktonic 
foraminifera and their clayey detritus, although radio- 
larian cherts are common and at least one benthonic 
fauna (of Upper Eocene age) is present. The Upper 
Miocene and younger sediments show an increasing amount 
of terrigenous (volcanic) material. 

The whole sequence is folded with moderate intensity 
to give a series of rather irregular folds disposed en echelon 
to the general trend-of the island. The older sediments 
are crumpled in cascade fashion on the limbs of the folds 
and show other evidence of deformation before consolida- 
tion. These folds may well be of the Bruchfalien type, 
brought about as much by movements in the faulted lava 
basement as by lateral compression. 

The marginal areas on Santa Ysabel and San Cristoval 
have thinner sequences with a much higher terrigenous 
content than those on Malaita. So far, no basal complex 
of the Central Province type has been found in the Pacific 
Province. 


Island Arc Features 


Although it lacks much significant detail, the outline 
just given provides a minimal background for the following 
generalizations. 

The Sclomon Islands chain is an autochthonous geo- 
logical system which had its origin in the Mesozoic, 
probably in Cretaceous time. - 

The Solomon block is not sharply demarcated from 
New Ireland nor the Ontong Java Platform, but is clearly 
separated from the easterly extension of New Guines 
(Louisiades—Rennell Rise) by the Solomon Trough, a deep 
which is subarcuate and convex towards Australia. 

The crustal thickness of the Solomon block has been 
estimated to be about 15 km, a result® based on the rather 
slender seismic evidence then available. The recent gravity 
work suggests a lower figure. It also suggests that the 
region is a gravity high with large positive and negative 
anomalies superimposed, having gradients as steep as 
any so far recorded (personal communication from T. S. 
Laudon, University of Wisconsin). Significantly, the 
positive anomalies on Guadalcanal and San Cristoval 
increase in magnitude (to over 200 milligals) from north to 
south, towards the Solomon Trough. Data from gravity, 
structural and stratigraphic investigations indicate that 
the Solomon block is in a state of isostatic imbalance, 
with great vertical displacement of crustal and sub- 
crustal material, and that it is made up of elongated 
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rhomboidal blocks defined by fractures with preferred 
orientations of 80-100 degrees and 145-160 degrees 
(usually the long dimension). The common en echelon 
arrangement of these blocks, due to differential movement 
between them {as reflected by Bougainville—Choiseul— 
Santa Ysabel), gives rise to asymmetric flattened saw- 
tooth hneaments, thus /“\/\. If the angles of such 
lineaments be rounded off (subjectively, by the observer) 
then. sigmoidal lines result and this is the probable ex- 
planation of the many sigmoidal trends observed in the 
region®, both large and small scale; for example, the axis 
of the Solomon block, the border between the Pacific and 
Central Provinces and the north and south coasts of 
Guadalcanal. 

A belt of high seismicity lies between the Solomon 
Trough and the axis of the Solomon block, with shallow 
shocks greatly predominating, most of them probably 
tectonic. Intermediate and deep focus earthquakes are 
comparatively rare and tend to be concentrated at the 
Bougainville and San Cristoval ends. In profile, the 
seismic zones appear to be either vertical or steeply in- 
clined to the Pacific, but they are neither clearly defined 
nor continuous, with a near-gap between 170 and 300 km 
depths, and finishing at 500 km. 

The oldest unaltered lavas (Lower Cretaceous to Eocene) 
are basic, probably submarme in large part and are found 
on thé Pacific side. The youngest (Quaternary) are on the 
Australian side, are predominantly andesitic and have been 
produced by a volcanic belt which is subarecuate and 
convex to Australia. The lavas of the central region are 
mainly of Upper Eocene—Oligocene age, and are generally 
andesitic. 

Folded terrains are found only on the Pacific side. 
Folding probably began in Upper Eocene time and reached 
its greatest intensity in the late Miocene. 

The folded Pacific Province alone has pelagic sediments 
m quantity, but pre-Pleistocene reefal sediments are not 
found. 

The central region is shattered by a trellis pattern of 
high-angle faults which have dominated the structure 
and sedimentation since at least Upper Oligocene time. 
The faulted Central Province alone has large areas of 
regional metamorphic rocks and great thicknesses of 
terrigenous sediment. The last and possibly the only 
major episode of metamorphism occurred in the Lower 
Eocene. ` 

The present-day proximity of the Central and Pacific 
Provinces, with their contrasting stratigraphies, poses 
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a problem centred on the presence of widespread Eocene 
metamorphics in the Central Province and unmeta- 
morphosed contemporaneous lavas and pelagic sediments 
in the Pacific Province. This problem can be resolved by 
postulating a past shift of the Pacific Province relative to 
the Central Province; that is, strike-shp movement along 
a fault or system of faults during the Upper Eocene- 
Oligocene, a time fixed by stratigraphic evidence. An 
obvious target here is the fracture system/serpentine 
belt separating the two provinces and manifestly a belt 
of some tectonic significance. Alternatively, the total 
movement involved could have resulted from the cumu- 
lative effect of small incremental shifts by a number of 
blocks making up the region. Neither idea is supported 
unambiguously by investigation of the lesser faults, 
many of which have strike-slip components. Regionally, 
the progressive off-setting of the islands on the northern 
flank, the trends of the largest faults and hneaments and 
tensional features such as the central rhomboidal bathy- 
metric depression suggest past movement of the Solomon 
blocks to the north-west in the relative sense. It is con- 
ceivable that the Pacific Province either did not share this 
movement, or, more likely, moved at a slower rate and 
was, as it were, overtaken by the Central Province. The 
overall structure of the Solomons 1s consistent with Carey’s 
Tethyan Torsion Zone’ and the offsetting which resulted 
in the Melanesian Re-entrant (Solomons—Fiji-Tonga~— 
Kermadec). 

The build-up of the Voleanic Province has been ac- 
companied by tension in, and collapse of, parts of the 
Central Province. 

No true granite plutons have been found. 

The Solomon chain can be compared most closely with 
the New Hebrides group (a conclusion based largely on 
unpublished information). Its central Province has some 
features in common with the Fij group, but no relation- 
ship is suggested: Fiji remains a tectonic enigma. The 
Solomon chain is quite distinct from the other larger 
Pacific ares, or parts thereof, including the herniated ares 
of the Caribbean and Nova Scotia. 


1 Wilson, J. T,, in Physics and Geology, edit. by Jacobs, J. A., Russell, R. D., 
and Wilson, J. T. (McGraw-Hill Book Co, Inc., New York, 1959), 

® Coleman, P. J., Brit. Sol. Is. Geol. Rec., 1959-62, 2, 16 (1965). 

3 Richards, J. R., Cooper, J. A., Webb, A. W., and Coleman, P. J. (see 
following article). 

1 Allen, J. B., and Deans, T., Min. Mag., 34, 16 (1965). 

5 Officer, C. B., Trans. Amer. Geophys. Union, 36, 449 (1955). 

t Glaessner, M. F., Bull. Amer. Assoc. Petrol. Geol., 34, 856 (1950). 

7 Carey, S. W , Aust Jour. Sci , 25, 369 (1963). 


POTASSIUM—ARGON MEASUREMENTS OF THE AGE OF BASAL SCHISTS 
IN THE BRITISH SOLOMON ISLANDS 


By Dr. J. R. RICHARDS and J. A. COOPER 


Department of Geology and Geophysics, Australian National University, Canberra 
Å.. W. WEBB 
Bureau of Mineral Resources, Geology and Geophysics, Canberra 
AND 
Dr. P. J. COLEMAN 


Department of Geology, University of Western Australia, Perth 


THis article reports the results of the first radiometric 
age determinations on basal schists from Choiseul Island 
in the Solomon Islands group, located east of New Guinea 
in the south-west Pacific Ocean. In the preceding article, 
Coleman summarizes the present understanding of the 
geology of this group. Conventional biostratigraphic 
methods have unravelled the basic history of the Pacific 
Province in these islands as far back as the Upper Cre- 
taceous, but only to the early Miocene in the adjacent 


Central Province. Here, the fossiliferous Miocene sediments 
overhe a pile of andesitic lavas and older metamorphosed 
voleanies of the basal complex!. The time of this meta- 
morphism, an important parameter of the tectonic history 
of the region, seemed to offer the best target for an ex- 
ploratory venture in potassium—argon dating. 
Amphibolites are widely distributed on Choiseul 
Island and have simlar petrological characteristics. 
They were probably derived from rather basic lavas 
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(basic andesites, basalts) and their equivalent pyro- 
clastics; a few samples show what appears to be relic 
bedding. From the twenty samples available from the 
collection of the Geology Department, University of 
Western Australia, three were selected. The criteria for 
selection were: freedom from weathering effects (this 
factor alone, m such a tropical terrain, barred most 
samples); a location removed from faults (again, an almost 
prohibitive condition); the sample should be “typical”; 
the samples should not all be from the same locality, to 
lessen the possibility of unsuspected contact-metamorphic 
effects brought about by a hidden igneous intrusion. 

Sample GA 698 (53878) met these requirements rather 
better than the others, which were both about 50 ft. from 
faults, judged to be small ones. 

The first number refers to the Australian National 
University geochronology collection and applies to a 
split of the main sample (number in parentheses) in the 
collection of the Department of Geology, University of 
Western Australia. GA 698 (53878): from the west coast 
of the northern end of a small un-named island a few 


hundred yards to the east of the mainland, north of 


Siutu Island, Eastern Choiseul. Co-ordinates on the 
1,000 metre southern New Guinea Zone, British Metric 
Grid, Bessel Spheroid, are 3834697/1063559, eastings 
first. 


The sample was taken at the northern end of a beach 
outcrop, from an unweathered ledge which was broken 
up to give the freshest possible sample. 

GA 699 (53879): same locality as 53878, but taken 
from a spot about 80 ft. south. 

GA 700 (53880): collected from outcrop filling small 
stream bed, 50 ft. from east bank of the Kolumbangara 
River, on upstream limb of large open hairpin bend about 
6 miles from the river mouth, western Choiseul. Co- 

ordinates are 3750369/1103545. 

The samples are similar in hand specimen and in thin 
section. They are dark green, fine grained, finely foliated 
amphibolite schists. The foliation is due to the partial 
segregation of the hornblende and feldspar, which are in 
roughly equal proportions, and together make up 95 per 
cent of the whole. The hornblende is a bright green 
pleochroic variety common to such rocks, and occurs in 
streams of aggregated shreds and elongated crystals; 


these may contain grains of apatite, clinozoisite, epidote . 


and sphene, and wholly or partially envelop feldspar 
crystals. The feldspar, a plagioclase close to andesine in 
composition, shows crystals which are more tabular and 
less elongated than those of the hornblende. Epidote 
occurs as veinlets of tiny anhedral grains and as granular 
aggregates. The grains of iron ore (commonly.magnetite) 
are dragged out into strings. The quartz is probably 
secondary, occurring as veins which are often distorted 
and faulted. 

A block was cut from the centre of each sample, and 
crushed. Because of the small size of the grains and their 
original interlocking relationship, composite grains could 
only be avoided by separations performed on material 
retained on the 250 Tyler screen but passing through the 
115 screen. Ten grams of hornblende and 5-10 grams of 
plagioclase were obtained for each sample. 

Potassium was determined by flame photometry by 
intercomparison with standard solutions, using a lithium 
internal standard and a sodium buffer?. Argon was 
determined by isotope dilution, following extraction 
procedures very similar to those described by Evernden 
and Curtis*, with the exception that acid-washing was not 
used. - 

The results aré summarized in Table 1. The potassium 
contents ofthese minerals are low, but the analyses should 
be good to better than 2 per cent at the 95 per cent con- 
fidence level. The low potassium content, comparatively 
young age, and fine particle size with the consequently 
high surface area available for adsorption, all lead to a 
high proportion of air argon in the analysed gas. Thus 
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Table 1. CHOISEUL RESULTS 
Sample per cent Arto/ Kao Air Age 
No. - Mineral K + Corr. (m.y.) 
(per cent) 

GA 698 Hornblende 0-168 32:047 x 10° 91-9 51-5 
(53878) oclase 0-114 2-931 x 10°) 90°4 49:5 
GA 699 Hornblende 0-219 2-575 x 10° hs 7 43-6 
(58879) Plagioclase 0-138 2-397 x 10° 881 40:6 
GA 700 Hornblende 0 233 2621 x 10° 78:2 44-3 
(58880) Plagioclase 0:1068 1-910 x 10 98-2 82-4 


_ 


differences in the ages of less than 10 per cent may well 
not be significant*. 

The observed spread of ages is very high. On the not 
unreasonable assumption that metamorphism of all three 
samples took place at the same time (the first two came 
from closely related localities, the second and third yield 
closely similar hornblende ages), we deduced a standard 
deviation of +68 m.y. for any one of the six ages. This 
gives 95 per cent confidence limits (for five degrees of 
freedom, ¢t = 2-57) of + 17-5 m.y., amounting to + 40 per 
cent, based on the mean value of 44 m.y. 

We therefore look for any special, probably geological, 
circumstances which may enable us to give greater credence 
to some results, or to reject others as of lesser significance. 
Previous examination of thin sections had given no cause 
to reject any of the three samples. Other sets of results 
suggest that air corrections of the magnitude reported 
here are insufficient to account. for this high scatter of 
ages. Next we observe a general tendency for the plagio- 
clase to appear younger than the corresponding horn- 
blende. This is small for the first two samples, larger for 
the third. As plagioclase in general responds more readily 
than hornblende to factors causing argon loss, we have 
some grounds for placing less weight on the result for 
GA 700 plagioclase. Third, and possibly most signi- 
ficantly, we recall that GA 698 was the only sample for 
which close proximity (less than 50 ft.) to a fault was not 
recorded. 

Thus we conclude that the time of metamorphism of 
the original rocks to the amphibolite schists lay somewhere 
within the range 44 + 18 m.y. (at the 95 per cent con- 
fidence level), with a preference for the figure 50 m.y. 
(average of GA 688 results). On the currently accepted 
time-scales this implies a geological age of Lower to 
Middle Eocene, with bias towards Lower Eocene (Lutetian, 
possibly Ypresian—Evernden et al.*). 

The metamorphism cannot have occurred more recently 
than Upper Eocene, but this younger limit, based as it is 
on the GA 1700 plagioclase result, cannot be regarded 
seriously. These conclusions represent a good geological 
fit for Choiseul and, indeed, if extrapolated to the Guadal- 
canal schists, for the whole of the Central Province. 

The fixing of a Lower-Middle Eocene time of meta- 
morphism provides a causal connexion between the 
Lower Tertiary lava pile in the Central Province and the 
stresses which were responsible for. the metamorphism of 
the underlying schists, and disposes of a time-gap which, 
on previous evidence, could have existed between the 
schists as such and the lavas. 

Taken with the other evidence?:?, our results remove the 
need to suppose that the Solomons Group began its history 
any earlier than the late Mesozoic (? Cretaceous) and 
pose the problem examined by Coleman’, of reconciling 
the near-juxtaposition of two contrasting geological 
terrains: Eocene metamorphics in the Central Province, 
and unmetamorphosed Upper Cretaceous—Eocene lavas 
aad sediments in the Pacifie Province. 

1 Coleman, P. J. (see preceding article). 

* Cooper, J. A., Geochim. et Cosmochim. Acia, 27, 525 (1968). 

2 Evernden, J. F., and Curtis, G. H., Curr. Anthropol., 8, 343 (1665). 
* McDougall, I., Geol. Soe. Amer. Bull., 75, 107 (1964). 
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e Evernden, J. F., Savage, D. E., Curtis, G. H., and James, G. T., Amer J. 
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IRON-55 IN MARINE ENVIRONMENT AND IN PEOPLE WHO EAT OCEAN FISH 
By H. E. PALMER and T. M. BEASLEY 


Battelle Memorial Institute, Pacific Northwest Laboratory, Richland, Washington 
AND 
Dr. T. R. FOLSOM 


Scripps Institution of Oceanography, La Jolla, California 


THE concentrations of iron-55 in human beings and their 
food both in Alaska and in the State of Washington were 
recently reported?. During the course of this investigation, 
it was found that ocean fish had higher concentrations of 
this radionuclide than did the Alaskan caribou. This 
finding suggested that individuals whose diet contained 
large quantities of ocean fish could have body burdens 
several times higher than those of the caribou-eating 
Eskimos, and perhaps several orders of magnitude higher 
than those measured in residents of Richland, Washington. 
This article details the measurements that have been 
made on samples from the marine environment, and 
includes estimates of the body burdens of iron-55 of 
individuals who derive a major portion of their diet from 
ocean fish. 

The concentrations of iron-55 in ocean fish have been 
reported previously”»®, but the measurements were made 
before the last series of atmospheric nuclear tests. The 
concentrations in salmon and tuna fish are now 100-200 
times those reported for these earlier measurements. We 
have analysed a number of marine samples in an attempt 
to (a) indicate the iron-55 concentrations in the various 
trophic levels of the marine environment and (b) point 
out the relative concentrations of iron-55 in those marine 
organisms which serve as foodstuffs for human beings. 
Table 1. IRON-65 IN OCEAN FISH DURING THE LAST SIX MONTHS OF 1965 


No. of Average Average 
Type of fish samples stable 1ron-55 
(flesh) In iron content content 
average (mg/kg) (ne./kg) 
Salmon 1 Ocean at Kotzebue, Alaska 12-0 93-0 
Salmon 1 Ocean at Kotzebue, Alaska 46 48 0 
Salmon 3 Yukon River in Alaska 13-2 37-0 
Salmon 1 Cook Inlet, Alaska 14-2 34-0 
Salmon 1 Washington coast 5-8 14-0 
Albacore tuna 1 Northern Pacific Ocean e 19 42-0 
Albacore tuna 1 Southern Pacific Ocean 16-3 1-6 
Albacore tuna L Northern Atlantic 11-1 84 
Albacore tuna 1 Southern Atlantic 45 0:78 
Ocean perch 1  Paciflc 19 0°85 
Cod 1 Pacific — 0 20 
Whitefish 3 Northern Alaskan coast 11-0 010 
Shee fish 2 Northwestern Alaskan coast — 0:48 
Sea bass 1 Washington coast 63-7 0:27 
Swordfish 1 Pacific — 0 33 
Herring 2 Packed ın Norway — 20-0 
Herring 3 Canadian West coast 11-2 079 
Sardines 2 Packed in Norway — 15:0 
Sardines 2 Packed ın Maine, U.S.A. — 2°6 
Smelt 2 Washington coast 18:2 0 41 
Saury (Several Oregon coast 52-3 106-0 
whole 
fish) 


Table 1 contains the results of the analysis of a variety 
of ocean fish using the methods previously described!. 
Several interesting points are evident from these data. 
First, it is seen that salmon, tuna and saury fish have the 
highest content of iron-55. Saury fish is processed in 
Japan and sold for human consumption, but only in a 
very small amount compared with the consumption of 
salmon and tuna. The saury fish that we analysed were 
taken in the plume of the Columbia River outlet, and 
some of the iron-55 in these fish probably comes from the 
cooling water at the Hanford nuclear reactors which 
empties into the river. The concentrations of iron-55 in 
herring and sardines canned in Norway are relatively 
high at about 15 nc./kg, whereas iron-55 concentrations 


in the same type of fish from the United States and 
Canada are lower by a factor of ten. We have not 
measured enough samples to determine if this difference 
is consistent or why the difference exists. Secondly, tuna 
caught in the northern oceans have more iron-55 than 
those caught in the southern oceans, and those in the 
Pacific Ocean have more 1ron-55 than those in the Atlantic 
Ocean. These differences in iron-55 concentrations of 
ocean fish from different geographical locations are 
consistent with the differences in concentration of caesium- 
137 (ref. 4), cobalt-60 and silver-110 (ref. 5); however, the 
interesting observation is that the iron-55 concentrations 
are about 1,000 times higher than the reported concen- 
trations of the other three isotopes. 

The relatively high concentrations of iron-55 in the 
marine species measured largely results from the low 
concentration of stable iron in sea-water (~10 yug/l.). 
Most of these marine species also have a lower iron 
content than do land animals. Furthermore, radioactive 
iron falling on land surfaces will be diluted by the large 
amount of stable iron existing there, and as a result the 
uptake of iron-55 by plants and animals will be greatly 
reduced because of this dilution. Salmon and tuna fish, 
on the other.hand, are fast growing fish and living in a 
low iron environment probably take up and retain most 
of the iron available to them. The slower growing fish 
such as sea bass, perch, and whitefish contain much less 
iron-55. The lower ratio of iron-55 to stable iron which 
was measured in these fish confirms the possible lower 
uptake and slower growth. 

Table 2 contains data on the relative concentrations 
of iron-55 in the liver, roe, and muscle of two chum salmon 
caught at Kotzebue, Alaska. The livers of these salmon 
contain almost 2 pe. of iron-55/kg of liver (wet weight) 
and represent the highest concentrations we have measured 
in any organism or tissue. It is also interesting to note 
the rather uniform labelling of the salmon as evidenced 
by the ratio of radioactive to stable iron in the various 
tissues. 

Since salmon are known to feed on a variety of marine 
organisms (plankton, euphausiids, herring, squid, ete.), it 
is difficult to attribute their high iron-55 concentrations 
to the consumption of a specifie species. Indeed, these 
high concentrations probably result from intake both of 
small fish of relatively high activity, such as herring or 
saury, and of organisms of lower activity such as plankton, 
euphausiid and squid. Table 3 lists some representative 
values of the iron-55 concentrations in these trophic 
levels. The barnacles are surface-living organisms which 
were taken from glass floats off the California coast, and 
their high iron-55 content indicates a large uptake from 
fresh fallout on the ocean surface. The higher avuil- 
ability of iron-55 at the surface may be the reason for the 
high concentrations in saury fish because they also live 
close to the surface. The sea cucumbers are mud 
scavengers and these samples were taken from the 
Columbia river plume which probably accounts for their 
high content of iron-55. Other marine organisms such 
as oysters, scallops, clams, shrimp and crab have very 


Table 2. TRON-55 AND STABLE IRON IN SALMON CAUGHT AT KOTZEBUE, ALASKA 
Muscle Liver Eggs 
ne. Fe ne. Fes no. Fe 
Sample Fe (nc./kg) Iron (mg/kg) mg Fe Fe™ (nc./kg) Tron (mg/kg) mg Fe Fe® (nc./kg) Iron (mg/kg) mg ia 
No. 1 93 12 7'8 1,620 175 9:3 275 32 86 
No. 8 48 4°6 9-6 1,860 205 9-1 222 23 » 96 
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Table 3. CONCENTRATION OF at IN SEA-WATER AND SOME MARINE 


RGANISMS 
Species Location ne./kg 
Sea-water California coast < 000004 
Phytoplankton (dinoflagellata) California coast 05 
Huphausiids Oregon coast 15 
Gulf of Alaska 0-16 
Mussel (Afytelus) ‘California coast 0 86 
Kelp (Nacrysizs) California coast 0°08 
Barnacles (Lepas) California coast 140 0 
Squid muscle (Lolego) California coast 0-76 
Squid liver California coast 86 
Purple sea cucumbers (whole) Oregon coast 760 
Sea urchins (whole) Oregon coast 0-48 


Table 4. COMPARISON OF Tron-55 BODY BURDENS IN ALASKAN NATIVES 


WITH MEAT AND FISH CONSUMPTION 
Ratio of fish consumption*/ Average adult 
Alaskan village animal meat male body 
consumption burden (ne.) 
Anaktuvyuk Pass 019 (ref. 8) 81 
Allakaket (Tanana Area) 0-7 (ref. 9) 262 
Southwestern Alaska (Bethel Area) 4 4 (ref. 9) 900 


* The type of fish consumed is mostly salmon except at Anaktuvuk Pass 
where salmon are not avatlable. ` 


low concentrations of iron-55 (ref. 1) and probably do 
not contribute much to the iron-55 body burdens of 
either other marine species or humans. 

As might be expected, these high concentrations of 
iron-55 in the salmon produce higher than average 
concentrations of iron-55 in populations who eat substan- 
tial quantities of these fish. The caribou-eating Eskimo 
of Anakiuvuk, Alaska, had an average iron-55 body 
burden of 61 nc. in January 1965 (ref. 1). In November 
1965, this same group of people had an average iron-55 
body burden of 81 ne., an increase of some 13 per cent. 
By way of comparison, adult male Eskimos from Tanana, 
Alaska, who eat large quantities of salmon in addition to 
caribou and moose meat, showed an average iron-55 
body burden of 252ne. Furthermore, recent blood samples 
received from natives in south-western Alaska near 
Bethel, Alaska, who eat more salmo an the Tanana 
natives show that the average body burden of 1ron-55 in 
the adult male is about 900 ne. in some villages, with 
one individual having a body burden of 2,300 ne. Tata 
on fish consumption from studies of Alaskan diets are 
compared with these body burdens in Table 4, and these 
show a definite correlation between salmon consumption 
and body burden of iron-55. 

In the analysis of the blood specimens obtained from 
the Bethel natives it was found that the average body 
burden of iron-55 in the females was twice that of the 
males. The opposite ıs true in the case of caesium-137 
in the Alaskan natives where the content in women is 
consistently two-thirds that in the males? due to their 
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lower dietary intake. Because the food intake of women 
is generally lower than that of men, the higher iron-55 
body burdens observed in this case probably reflect the 
more rapid turnover of iron by females. This probably 
results from the loss of iron through the menstrual blood 
with the result that their body burdens are closer to an 
equilibrium with the iron-55 in their diet than are those 
of the males. 

Despite the fact that some of the Alaskan natives have 
body burdens approaching 2:3 ue., whichis about 100 times 
the average level of residents of the State of Washington, 
it must be emphasized that these levels are far below the 
maximum permissible body burden of 100 uc. for members 
of the general population who are not exposed to iron-55 
in the course of their occupations’. The radiation dose 
to the erythrocyte fraction of the blood of a person with a 
constant iron-55 body burden of 1,000 ne. would be 
approximately 30-0 m rem per year. This is only about 
30 per cent of the yearly dose to the body from natural 
sources such as cosmic rays and internally deposited 
potassium-40 and radium. 


As a result of these investigations it can be predicted 
that populations in northern countries such as Japan 
and the Scandinavian countries who eat large quantities 
of ocean fish probably have relatively high iron-55 body 
burdens as do the Alaskan natives. In our present 
investigations we are measuring the iron-55 content in 
various populations of the world. 

We thank R. M. Bernard and T. A. Jokela for their 
assistance in analysing the many samples, Dr. J. M. Aase 
and Dr. H. D. Miller of U.S. Public Health Service in 
Alaska for obtaining blood samples from Alaskan natives, 
and Mr. Max Brewer, director of the Arctic Research 
Laboratory, for support in obtaining the many Alaskan 
samples. This work was performed under a contract 
between the U.S. Atomic Energy Commission and Battelle 
Memorial Institute. 
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EFFECTS OF IRRADIATED SUCROSE ON THE CHROMOSOMES 
OF HUMAN LYMPHOCYTES IN VITRO 
By Dr. MARGERY W. SHAW and EMMET HAYES 


Department of Human Genetics, University of Michigan Medical School, Ann Arbor, Michigan 


EVIDENCE is available that suggests that certain food 
substances, or their derivatives, may be toxic and/or 
mutagenic if exposed to irradiafion before being utilized 
by micro-organisms, plants and animals. Stone et al.! 
reported that broth irradiated with ultra-violet light 1s 
capable of inducing mutations in Staphylococcus aureus. 
Several investigators?-* have demonstrated an increase in 
mutations when Drosophila melanogaster are reared on 
irradiated food. Others have reported cytological 
aberrations in higher plants produced by irradiated 
carbohydrates’-*. These include chromosome stickiness, 
lagging anaphase fragments, nuclear disintegration, 
formation of micronuclei, increased chromosome breakage 
at the centromere region, and arrest of prophase. Toxicity 


to mammalian cells in vitro, as shown by growth inhibition 
produced by irradiated glucose and fructose in the culture 
media, was demonstrated by Berry et al.?. 

To our knowledge, no studies have been reported on 
the effects of irradiated media (or irradiated components 
of the media) on the chromosomes of mammalian cells. 
This article describes experuments concerned with the 
effects of irradiated sucrose on the chromosomes of human 
lymphocytes in vitro. 

The test solutions used in these experiments were 
autoclaved sucrose solutions which had not been exposed 
to radiation (control) or which had received 2 Mrads 
(2 million rads) from a cobalt-60 source (treated). Irradia- 
tion and autoclaving were carried out several months 
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before the experiments, and the solutions were stored at 
room temperature or at 5° C. The sucrose solutions were 
irradiated at a concentration of 2 per cent and were 
evaporated for shipment to 20 per cent. Just before use, 
various dilutions of the test solutions were made with 
0-9 per cent sterile sodium chloride solution. 

Heparinized syringes were used to obtain venous blood 
from four healthy adult males and females. Each culture 
tube contained 5 ml. of culture medium with phytohaemag- 
glutinin (Grant Island Biological Company, Medium 14), 
0-25 ml. whole blood, and 0-25 ml. of appropriate dilutions 
of the sucrose test solutions. In some experiments the 
sucrose was added at the beginning of the culture period, 
while in others it was added 24 h before collecting the 
cultures. 

All cultures were incubated for 72 h at 37° C. Three 
hours before gathering them, colchicine was added to 
give a final concentration of 0-6 ug/ml. culture medium. 
The cultures were collected and slides prepared using 
minor modifications of the method of Moorhead et al.". 
Many replicate slides of each culture were made and 
assigned code numbers by individuals who did not 
participate in the microscopie studies. Five well spread 
mitoses per slide were chosen under low power for the 
purpose of scoring the number of chromosome abnormali- 
ties: scoring was done directly with oil immersion 
phase microscopy. 

Aberrations were classified as ‘“‘breaks’’ only if a distinct 
discontinuity of the chromosome matrix was visible. 
If two breaks were visible in homologous regions of sister 
chromatids they were scored as a single isochromatid 
break. If a region of the chromosome appeared pale, 
stretched, uncoiled, or attached by a tiny thread it was 
scored as a “gap” but not included in the calculations of 
breakage rates. Single acentric fragments were counted 
as chromatid breaks while double fragments were included 
among isochromatid breaks. Exchange figures were 
scored separately. 

The following results were obtained: 

(A) Seventy-two hour treatment. Preliminary experi- 
ments suggested that when the irradiated sucrose solutions 
were added at the beginning of the culture period at 
concentrations of 0:55 per cent and more, they were 
extremely toxic to the lymphocytes. Mitoses were 
inhibited and many of the non-dividing cells ap 
pycnotic and had not undergone normal “blast’’ trans- 
formation. Degenerated mitoses were observed and the 
chromosomes were grossly damaged. The chromatin 
material was clumped or the chromosomes appeared 
shattered or pulverized. In the few dividing cells where 


Table 1. Mrrotic RATES AND FREQUENCIES OF CHROMOSOME BREAKS IN 
HUMAN LYMPHOCYTES TREATED WITH IRRADIATED AND UNIRRADIATED 


8U 
Irradiated sucrose 
Final concen- Time Percentage of 
tration in cul- treated Mitoses Breaks per mitoses 
ture (per cent) (h) 1,000 ce 100 mitoses with breaks 
0-91 0 ° e 
0-73 72 2 $ 
55 72 11 bs ° 
0-91 24 23 68+ t 34+ t 
0-73 24 26 89 41, 
0-55 24 37 54 37 
0-36 24 62 43 
0-18 24 71 24 21 
0-09 24 73 11 10 
0-045 24 82 10 9 
0-009 24 82 16 18 
Unirradiated sucrose 
0-91 72 89 0 0 
73 72 74 2 2 
0-55 72 80 3 3 
0-91 24 69 6 6 
0-73 24 80 3 3 
0-55 24 72 7 7 
0-36 24 78 3 3 
0-18 24 81 4 4 
0-09 24 78 4 4 
0-045 24 91 6 4 
0-009 24 71 6 4 


e uencies of breaks could not be obtained because of the poor condition 
of se a and the rarity of mitotic figures. The chromosomes appeared to 

t Many mitoses could not be scored because of the severe erosion of the 
chromosomes. The number of breaks given is therefore a minimum figure. 
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definite counts could be made the chromosomes appeared 
“sticky” with attenuated regions and telomere strands 
(Fig. la). In contrast, treatment with unirradiated 
sucrose for 72 h at tae same concentration had no apparent 
effect on the mitotic rate and the chromosomes were not 
visibly damaged. Table 1 gives the mitotic rates for both 
treated and contro! cultures. 

(B) Twenty-four sour treatment. In subsequent experi- 
ments the sucrose solutions were added 24 h before the 
cultures were collected. Cultures containing irradiated 
or unirradiated sucrose at eight different concentrations 
were prepared. In these cultures an adequate number of 





. 1. Effects of irraclated sucrose solutions on the chromosomes of 
tured human lymphorytes. a, 72-h treatment, 0-55 per cent sucrose. 
Note extreme attenuation of the chromatin material, the “sticky” 
appearance of the matrix, and the telomere strands, Ù, 24 h treatment 
0-91 per cent sucrose. Arrows point to chromatid and isochromatid 
breaks and gaps. 


mitoses were present and could be scored for chromosome 
abnormalities. These results are also given in Table 1. 
At concentrations of 0-36 per cent or greater, the mitotic 
rate was lower in the treated cultures. At all concentra- 
tions of irradiated sucrose tested there was an increase 
both in the tota] number of breaks snd in the percentage 
of mitoses with one or more breaks. Fig. 10 illustrates a 
metaphase from a cell which had been exposed to irradiated 
sucrose for 24 h. The proportion of breaks which were 
of the isochromatid type was much higher in the treated 
cells (52/234) than in the control cells (2/37). Among 
the treated cells there were eight double fragments and 
two single fragments, compared with one single fragment 
in the controls. Fig. 2 illustrates five of the nine exchange 
figures which were scored among the treated cells. Un- 
doubtedly they were induced by the irradiated sucrose 
solutions because no exchanges were observed in the 
controls. Endoreduplication was encountered four times 
among treated cells when mitotic rates were being scored ; 
this phenomenon was not seen on the contyol slides. 
Dicentric chromosomes and rings were not observed. 

(C) Specific effects of irradiated sucrose. The distribu- 
tion of breaks among specific chromosomes or groups of 
chromosomes is given in Table 2. The observed distribu- 
tion agrees closely with that expected, based on random 
breakage per unit of chromatin length calculated from 
the Denver measurements". Although breaks may be 
randomly distributed among chromosomes it does not 


Table 2. DISTRIBUTION OF CHROMATID AND ISOCHROMATID BREAKS 
ACCORDING TO SPECIFIC CHROMOSOMES OR GROUPS OF CHROMOSOMES 
Chro id arene “T 1 E ted N m — 
Chromosome mat sochroma- tal Expecte ©. sucrose 
or group breaks tid breaks breaks of breaks* Total breaks 
Al 36 3 39 28:6 4 
A2 24 6 30 26:7 4 
AS 14 8 17 22-4 2 
B4- 4 41 40°2 3 
C6-12-1 105 21 126 127-0 13 
D13-15 34 7 41 324 4 
E16 0 4 10-0 0 
Ei\7-18 15 4 19 18:0 3 
F1i9-20 9 2 11 15-0 3 
G21-22 4 2 6 10-6 1 
0 0 0 2-8 0 
Total 282 52 234 233-7 37 


* Expected values derived from measurements given in the Denver report 
ref. ib. Breaks are assumed to be random according to unit chromatin 


( 
length. 





2. Five exchange figures produced by treatment with irradiated sucrose solutions 
24h. A complex exchange involving three chromosomes is shown in the upper right. 
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follow that they occur within a given chromo- 
some randomly along its length. Several 
regions of several chromosomes were quite 
frequently broken and may represent “hot 
spots’. For example, thirty-one of forty-one 
breaks found in the D13-15 group occurred in 
the middle third of the long arm; seven of 
eleven breaks in the F19-20 group occurred 
in the proximal third of one arm; and 
twenty-two of thirty-nine breaks in Al 
occurred in the middle third of one arm rather 
than at the paracentric secondary constriction. 

Berry et al.” using a human aneuploid line 
(HeLa) and a mouse aneuploid line (strain L 
fibroblasts) measured the cytotoxicity of 
glucose and fructose solutions which had been 
exposed to 2-5 Mrads of cobalt-60 gamma 
irradiation. It is interesting to note that this 
radiation dose and the concentrations of 
irradiated carbohydrates they used are 
directly comparable with our experiments and 
their results are in agreement with our find- 
ings. Apparently there is a rather sharp 
threshold concentration for demonstrating 
toxicity of irradiated carbohydrates to mam- 
malian cells in vitro. 

The chromosome breaks reported in our 
experiments were observed in the first (or 
rarely, in the second) mitotie division in 
vitro. Counts were made and breaks were 
scored under direct observation but only 
a few of the 1,900 metaphases were analysed and 
karyotyped. Therefore, structural rearrangements would, 
for the most part, have gone undetected. Exchange 
figures, however, are immediately evident. It thus seems 
reasonable to conclude that permanent chromosomal 
rearrangements can be induced in vitro and passed on to 
daughter cells. 

Our experiments have no bearing on the question of 
whether point mutations are produced by irradiated 
sucrose. Neither do they shed light on the important 
question of whether foods which have been preserved by 
irradiation and ingegted by mammals produce chromosome 
damage in vivo. These questions are particularly pertinent 
because evidence of increased mutations in Drosophila*-4 
suggests that the toxic products of irradiated media can 
indeed pass the gastro-intestinal barrier, and mass human 
consumption of irradiated foods is being seriously con- 
sidered. Feeding experiments with deer mice are now in 
progress in order to assess somatic damage to the chromo- 
somes in bone marrow and germinal damage to chromo- 
somes of testicular cells undergoing spermatogenesis. 

We thank Prof. F. C. Steward of Cornell University 
for suggesting these experiments, for providing the test 
solutions, and for his helpful criticism of the manuscript. 
The radiation treatments were carried out at the Nuclear 
Reactor Laboratory of Cornell University, Ithaca, New 
York. We also thank Mrs. Martha Janzen for her techni- 
cal assistance. This study was supported in part by a 
U.S. Public Health Service grant. 
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EFFECT OF FORMIC ACID ON THE STRUCTURE OF a-KERATIN 
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By E. G. BENDIT 
Division of Textile Physics, C.S.1.R.O, Wool Research Laboratories, Ryde, Sydney 


Ir has long been believed that the crystalline refiexions 
in the X-ray diffraction pattern of keratin disappear 
when the material is exposed to concentrated formic 
acid'-§. Some of the work referring to this? has been 
based on an early report by Speakman’, in which he 
quotes the finding of Meyer and Mark’ that the fibre 
pattern of silk disappears when the fibre is placed in 
formic acid; at that time Speakman considered it probable 
that the same effect would also be observed with wool. 
This view appeared to be confirmed later, when Sikorski’ 


‘tested wool fibres immersed in 98--100 per cent formic acid 
and failed to detect any crystalline reflexions, although 


the fibre pattern was found to be present at lower acid 


concentrations (74 per cent). It has also been reported?:* 
-that a dilute solution of monochloroacetic acid in water 


destroys the X-ray diffraction pattern of erystalline 
keratin. In view of the importance of the effect of organic 
acids on the structure of keratin these problems have now 
been re-investigated, and it has not been found possible 
to substantiate these claims. This article presents infra- 
red and X-ray diffraction evidence which establishes that 
at least part of the crystalline «-helix structure of keratin, 
though modified, is not destroyed by formic or mono- 
chloroacetic acids. 

Earlier, on the basis of mechanical properties and the 
dimensions of wool in formic acid/water mixtures, it was 
suggested by Mason!* that a proportion of aligned 
a-helices are still present in formic acid. Feughelman™ 
concluded from the birefringence of wool fibres in formic 


acid that about half the original a-helical molecules were 


present in the helical form. Furthermore, values of 
the dielectric constant of wool in water and in formic acid 


indicated??? that at least some a-helices must be stable to 


the acid. It is also relevant to mention here that the 
helix-containing soluble fraction of wool keratin (S-carb- 
oxymethylkerateine A), which is 50 per cent helical in 


water in dilute solution, has a helix content in formic acid 
© which is still of the order of 15 per cent**, although here 
x cystine cross-links are absent and stabilization by aggre- 
gation is not likely. The helical structure is preserved 
_- even when films of this material are prepared by casting 
_. from cold or boiling formic acid or cold trifluoroacetic 


re ~ acid, for the infra-red spectrum" indicates a helix content 





7 ? as high as in films cast from water. 


-Apart from the earlier work by Sikorski®, only one 


ea x: -ray test of the effect of formic acid on keratin seems 


n to have been reported. Skertchly* showed that, compared 





that. ‘most, if not all, 


because: the acid makes a 
to the intensity of the halo: as the “9-8 Å” reflexion is as 
strong as the halo in his diagram, Skertchly's results 
-indicate that considerable crystallinity is retained in 
formic acid. 


with dry keratin, the intensity of the “9-8 Av equatorial 
reflexion is reduced relative to the intensity of the 
so-called halo near 4 A. He concluded that the Major 
part: of this reflexion had been removed, and implied 
of the crystallinity had disap- 
‘It is difficult to accept this interpretation, 
a very substantial contribution 


peared. = 


-The infra-red spectrum in the 6u region of the soluble 
wool protein S-carboxymethylkerateine A (kindly sup- 
plied by Dr. J. M. Gillespie, C.S.I.R.O. Division of 


-. Protein Chemistry, Melbourne) is shown in Fig. 1. The 
_ spectrum of the dry film (curve a) exhibits the diagnostic 
. a-helix peak at about 1,545 em^, 


and that of the wet 


film (in the presence of saturated water vapour). is ‘very | 
similar (curve b), except for the underlying water band — 


and a general shift so higher wave numbers. The spectrum E 


of the film exposec. to an atmosphere of 98-100 per cent — 
formic acid vapour (curve c) also has a very similar shape, 
although somewhas modified by the presence of a strong 
underlying band dae to the acid. Curve (c) is broader on 
the low-frequency side than curves (a) or (b), and this 
probably reflects the presence of additional non-crystalline 
material, which in dry keratin has been shown to absorb 
near 1,520-1,525 cm~, and 5-10 cem higher in’ ‘keratin l 
exposed to saturated water vapour. 

The presence o” helices is confirmed by the x: -ray 
diffraction pattern of a horsehair immersed in formic. acid 
(Fig. 2), which is sypical of «-helical material. For this 
test, a short piece of horsehair of circular cross-section 
was placed in a tght-fitting, thin-walled glass capillary | 
containing formic acid. This procedure was adopted in 
order to reduce inserference from the acid; it is possible 
that previous tests (for example, ref. 9) with organic acids 
failed to detect che presence of crystalline reflexions 
because wool buncles were used, so that the strong halo 
due to acid between fibres completely swamped the X-ray 
diffraction pattern. Before the glass capillary was sealed | 
and the specimen pushed into position, the specimen was _ 
placed in a wider dart of the tube; in an atmosphere of | 
dry nitrogen, acid was allowed to flow past it for 15 min. _ 
The effluent was ested and found to contain 99-5 per. 
cent formic acid, which leaves no doubt that the X-ray 
pattern shown in Fig. 2 was obtained with almost pure. 
formic acid. After sealing, the fibre was held in the acid 
for 15-30 min before the X-ray diffraction pattern was 
recorded in order t ensure proper penetration of the acid; 
the X-ray diffraction procedure itself took about 2 h. 
These times can be compared with that taken for a horse- 
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Fig. 1. Infra-red speccrum of a film of the helix-containing soluble le woo! ee 


fraction S- carboxymeshylkerateine A. (a) Specimen dry; (b) spect 
exposed to saturated water vapour; {e} specimen exposed to they vapour 
of 98-100 per cent formic acid. 
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hair to swell to equilibrium in formic acid, which is of the 
order of a few minutes. 

Exposure of keratin to formic acid for extended periods 
weakens the X-ray fibre diffraction pattern. In one test, 
a horsehair specimen was kept immersed for 10 months, 
and both the 5-15 A and “9-8” A reflexions were very con- 
siderably reduced in intensity. This partial destruction of 
the ordered helical structure may have been one of the 
reasons for Sikorski’s* failure to observe the crystalline 
reflexions, as his specimen had been kept immersed in 
formic acid for some 6 weeks before testing'*, 

A single Lincoln wool fibre (60u in diameter (dry)) was 
also tested in a thin-walled glass capillary containing 
formie acid. Once again the X-ray diffraction pattern 
exhibited the meridional and equatorial reflexions diag- 
nostic of «-keratin. 

Similar tests on horsehair using aqueous solutions of 
monochloroacetie acid (2:7 N) have shown that, contrary 
to previous claims’, the crystalline X-ray diffraction 
pattern is again not destroyed by the reagent; the 
pattern is, in fact, somewhat better than that of a specimen 
immersed in formic acid. The halo which results from the 
liquid is less pronounced than for formie acid, and this 
reflects the degree of lateral swelling in these reagents 
(about 55 per cent for concentrated formie acid and 
about 25 per cent with 2-7 N monochloroacetic acid). A 
test with 22 N monochloroacetic acid (lateral swelling 
about 45 per cent) gave an X-ray diffraction pattern 
similar to that for formic acid. 

Additional conclusions can be drawn from the X-ray 
diffraction patterns, but before considering these it is 
desirable to outline some aspects of keratin structure. 
a-Keratin is thought to consist of microfibrils, which con- 
tain the crystalline component, embedded in a non- 
crystalline matrix’. The microfibrils are many thousands 
of Angstréms long, about 75 A in diameter, and have a 
centre-to-centre distance of 85-95 A depending on the 
type of keratin. They are formed by an assembly of 
protofibrils, each consisting of two- or three-strand ropes 
of «a-helices. A possible model of the distribution “of 
a-helices in the microfibril is shown in Fig. 3. The main 
meridional reflexion at 5-15 A results from the axial 
repeat of coiled a-helices, while the prominent equatorial 
reflexion near 10 A is approximately equal to the lateral 
distance between «-helices within the protofibril. This 
equatorial reflexion exhibits a multiple structure under 
high resolution, owing mainly to the interference pro- 
duced by the arrangement of protofibrils within the 
microfibril. The reflexion is usually quoted as 9-8 A for 
dry keratin, but precise measurements! using markers 
indicate that it is significantly lower at 9-4-9-5 A. It 
is worth noting that the shape and position of the 





FIG: 2 


Fig. 2. X-ray diffraction pattern of horsehair (dry diameter 180), 

immersed in 99:5 per cent formic acid. Nickel filtered copper ka radia- 

tion from a Philips fine focus X-ray tube, lead glass collimator 3004 
diameter, specimen-film distance 24-8 mm. 
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a b 
Fig. 3. Model of microfibril structure (b) showing the “9 +2” arrange- 


ment of protofibrils (a) based on a diagram reported by Fraser et al. 
(ref. 15). 
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envelope of the 10 A group of reflexions reported by 
Fraser et al.*° for dry porcupine quill suggests that the 
peak under low resolution should be in the region of 9-5 A. 
The microfibrils themselves give rise to three prominent 
reflexions in the low-angle X-ray diffraction pattern of 
keratin; in dry porcupine quill these occur at 83 A, 45 A 
and 28 A, 

Returning now to the X-ray pattern shown in Fig. 2 
(formic acid), the spacing of the main meridional reflexion 
appears to be unchanged at 5-15 A, although the pre- 
cision with which this measurement ean be made is 
limited by the broad halo due to the acid. This indicates 
that the configuration of those «-helices which are not 
destroyed by the reagent is very similar to that of the 
-helix in dry keratin; however, it is possible that in 
formic acid the lontitudinal order of the helices within 
the protofibrils is disturbed, as the usual off-meridional 
reflexions near 5-15 A do not appear to be present in 
Fig. 2. 

For horsehair, the main lateral spacing is changed 
from 9-5 A in the dry state to 11-1 A on immersion in 
formic acid. This is an increase of 17 per cent, but it 
does not necessarily indicate a corresponding dimensional 
change in the protofibril or microfibril. In the parallel 
ease of keratin fibres in water, the spacing increases by 
about 5 per cent, but it can be inferred from recent work 
by Fraser et al.**, that only part of this increase is the 
result of dimensional change. 

It is not clear, at this stage, whether the microfibrils 
retain their identity in formic acid, as the present equip- 
ment does not permit the innermost equatorial reflexions 
(at 83 A and 45 A in dry keratin) to be observed. If micro- 
fibrils’ are present, their diameter is likely to increase by 
about the same extent as the distance between helices, 
that is, of the order of, but less than, 17 per cent. As 
there is only a very small length change when a wool 
fibre is placed in formic acid, the volume swelling of 
the microfibril is less than 30 per cent. In contrast, 
the volume swelling of the whole fibre is about 150 per 
cent, and as the microfibrils in dry keratin occupy about 
half the space, the volume swelling of the matrix will be of 
the order of 250-300 per cent. Even if the microfibrils 
are disrupted, and if the interferences in the X-ray 
diffraction pattern shown in Fig. 2 result from proto- 
fibrils dispersed throughout the structure, the volume 
swelling of non-helical material would still be well in 
excess of 150 per cent. There is little doubt that the 
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protofibrillar arrangement of «a-helices is retained in formic 
acid, because single dispersed helices could not account for 
the 5-15 A meridional and the 11-1 A equatorial reflexions. 

This high degree of matrix swelling cannot easily be 
reconciled with its disulphide content, which averages 
about one half-cystine group per five residues. It is clear 
that these cystine cross-links cannot be distributed 
uniformly in the matrix, and it is necessary to postulate 
concentrations of disulphide groups (perhaps as high as 
l in 2) arranged in such a way as to permit the rest 
of the matrix protein to swell several times over. It 
is therefore tempting to regard these concentrations as 
clusters or sheets surrounding the muicrofibril. Such local 
concentrations, cross-linked to the mucrofibril in possibly 
only a few places, could act as “‘keepers”’ in certain sec- 
tions along the microfibril and provide the viscous element 
opposing extension in the stiff post-yield region of wool 
(above 30 per cent extension), while the sections along 
the microfibril between the “keepers” would correspond 
to the easily extended yield region. 

These considerations should be taken account of in 
discussions of keratin structure and its relationship to 
mechanical properties. 

In summary, it has been shown that part of the helrx 
structure in a-keratin ıs not destroyed by formic or 
monochloroacetic acids. The spacings of the X-ray 
diffraction patterns indicate that the helices are present 
in the form of protofibrils, but it is not certain whether 
the protofibrils remain in the microfibril arrangement or 
are dispersed throughout the structure. In either event, 
the high degree of swelling in the non-helical part of the 
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structure can be reconciled with the high density of 
disulphide cross-Enks only by postulating local concen- 
trations of very high cystine content. It is suggested that 
these concentrations may be arranged along the helices to 
act as ‘‘keepers’’, in order to provide the viscous element 
opposing extension in the stiff post-yield region of keratin. 
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SULPHYDRYL—DISULPHIDE INTERCHANGE AND THE STABILITY 
OF KERATIN STRUCTUF.E 


By M. FEUGHBLMAN 
Division of Textile Physics, C.S.ILR.O. Wool Research Labo-atories, Ryde, Sydney 


WHEN & horsehair fibre was stretched in water at 20° C 
to 140 per cent of its normal length.for 10 min, dried in 
the extended state, and its X-ray diffraction pattern 
recorded, the characteristic 5-1 A meridional reflexion of 
a-keratin and the 4:7 A equatorial reflexion of 8-keratin 
were both present. This is in accord with previous work!:?. 
When the fibre was placed, still held extended 40 per cent, 
into distilled water at 100° C for 2 h, removed from the 
water and air dried still extended, the X-ray diffraction 
pattern showed a complete absence of «-keratin, and a 
sharper 8-keratin reflexion at 4-7 A on the equator. 
In another test, horsehair fibres were stretched in boiling 
distilled water in small steps over a period of 1-5 h to 
140 per cent of their normal length and held extended 
a further 30 min in the boiling water. After drying them 
still in the extended state, they gave X-ray reflexions 
showing both the presence of «a- and §-keratin similar 
to the first case. When an aqueous solution of hydro- 
chloric acid at pH 2 and 100° C was substituted for the 
boiling distilled water, the X-ray diffraction pattern 
obtained showed the presence of 8-keratin only. When 
a fibre was extended rapidly in boiling water (in less than 
0-5 min) to 40 per cent extension, held extended for 2 h 
in the boiling water, removed from the water and air 
dried still stretched, the X-ray diffraction pattern ob- 
tained also showed the presence of only 6-keratin. These 
results are summarized in Table 1. 

The stability of the «-keratin structure in a keratin 
fibre in water will depend on the temperature and 
the stress on the a-keratin®®§. Under stress-free 
conditions?:4 the «a-keratin ‘‘melts’’, that is becomes 
unstable, m water at about 130° C. In the presence 
of stress on the structure this temperature of melt 


2 
hd 


is reduced. Thə X-ray diffraction results obtamed under 
the varying cenditions of extension of the horsehair 
fibres to 40 per cent can be explained in terms of this 
variation of stability of the «-keratin with stress and 
temperature. A diagrammatic representation of this 
relationship is shown in Fig. 1. 

In the situasion corresponding to (a) in Table 1 the 
«-keratin present in the extended structure is stable. The 
stress level on she «-keratin is high at room temperature, 
but not sufficient to cause “melting”? because of the low 
temperature. When the fibre is plunged into boiling water 





B ~ SIBLE 
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Stress 





20 100 
Temperature (°C) 
Fig. 1. Diagrammatic representation of the relationship between stress, 


temperature and the stability of a- and 8-keratin in water. Ty is the 
stress-free melt-ng temperature of the a-keratin phase. The points 
(a), (b), (c), (2) and (e) correspond to the same fibres as in Table 1. 
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Table 1 
, Crystalline 
Conditions of extension in water to 40 per cent state 
(a) Extended at 20° C a and ĝ 
(b) Case (a) plunged still extended into water at 100° C for 2h 8 only 
(c) Extended slowly to 40 per cent over 1-5 h at 100° C and then 
held 30 min at 100° a and £ 
(d) Extended asın (c) except aqueous hydrochloric acid at pH 2 
18 substituted for water p only 
(e) Extended rapidly in less than 0 5 min ın water at 100° C and 
held at 109° C for 2h 8 only 


the initial high stress level combined with the high temper- 
ature results in the instability of the «-keratin matenal 
present and thus “melting’’ occurs with a disappearance 
of the 5:1 A meridional repeat for fibre (b). If a fibre is 
extended very slowly at an elevated temperature as in 
the conditions corresponding to fibre (c), the level of stress 
in the fibre remains very low and is insufficient to upset 
the stability of the «-keratin present in the extended 
fibre. The low stress level during slow extension in boing 
water mainly results from sulphydryl-disulphide inter- 
change eliminating bonds stressed by the extension of the 
fibre’. However, if the fibre is either extended slowly 
in an acid solution (pH 2) at 100° C or extended rapidly 
in water at 100° C, a high level of stress will result. In 
the former it will result from reduction? of the rate of 
sulphydryl-disulphide interchange at pH 2; in the latter 
it will result from the fact that insufficient time has been 
allowed for the interchange. Because of this high level 
of stress at 100°C the remaining «-keratin becomes 
unstable, and in both cases only the presence of 6-keratin 
is observed in the X-ray diffraction pattern when the 
fibre is removed from the water and air dried while still 
stretched. 

When. a horsehair fibre which has been extended by 
40 per cent in water at 20° C is released in water at 20° C 
the @-keratin disappears and the native a-keratin struc- 
ture is returned?. For the fibre corresponding to (b), 
the a-keratin does not return on release in water either at 
20° C or 100° C. The B-keratin appears to be quite stable. 
If the fibre is only held extended in the boiling water for 
a short time (about 0:5 min) and then released, however, 
the «-keratin structure returns and the ßB-keratin dh- 
appears’. From these results it seems that the major 
portion of the retraction force in a fibre must be present 
at 100° C, if the “melted” a-keratin structure is to return 
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on release of the fibre. It has been shown*’ that this 
force of retraction rapidly relaxes in distilled water at 
100° C after a few minutes because of scission of strained 
disulphide bonds by way of sulphydryl-disulphide inter- 
change. From these observations it appears that once 
the a-keratin structure has melted it will only return so 
long as a sufficient force of retraction is still present, 
that is, a sufficient number of uninterchanged disulphide 
bonds are present. This non-reversal of «-keratin structure, 
when the disulphide interchange process has gone too far, 
could arise in a number of ways: 

(i) The force of retraction as supplied by the presence 
of the disulphide bonds provides part of the “memory” 
directing the structure back to the native «-keratin. 

(i) Disulphide interchange may interpose new cross- 
links, which interfere sterically with the reformation of 
the helices of the native «-keratin configuration. 

(ii) Reformation of disulphide bonds in equilibrium 
with the extended state may stabilize the §-keratin 
erystallites formed in the extended state, and thus prevent 
their return to their native configuration. 

(iv) The «-keratin structure is directly dependent on. di- 
sulphide bridges to provide stability to the structure, and 
their removal by interchange makes the «-keratin struc- 
ture less stable. 

In summary, the stability of the native a-keratin 
structure is dependent on temperature and stress. This 
stress arises from the straining of disulphide bonds in the 
structure, and is transferred to the «-keratin components 
of fibre by these bonds. Sulphydryl-disulphide interchange 
in an extended fibre interferes in a number of ways with 
the ability of the native a-keratin to recover its configura- 
tion, when the fibre is later released. 
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ANTI-VIRAL ACTIVITY OF AZATHYMIDINE AND URACIL 
METHYL SULPHONE 


By Dr. LEA SEKELY and Pror. WILLIAM H. PRUSOFF 


Department of Pharmacology, Yale University School of Medicine, New Haven, Connecticut 


AZATHYMIDINE, the deoxyribonucleoside of azathymine 
(6-methyl-as-triazine-3,5(2H, 4H)-dione), has been pre- 
pared by enzyme! as well as by chemical synthesis? 
and the biological properties of this analogue have been 
reviewed?4. Azathymine and its deoxyriboside are 
competitive inhibitors of the utilization of thymine or 
thymidine for the growth of Streptococcus faecalis. 
Although this analogue is incorporated into the DNA of 
S. faecalis, the amount of incorperation is not related to 
its lethal effect. Marsh and King® observed that azathy- 
midine was a competitive inhibitor of the enzyme trans- 
N-glycosidase derived from Thermobacter acidophilus. In 
mammalian cells the incorporation of formate into DNA 
is effectively inhibited by azathymidine, but thymidine 
incorporation is much less sensitive’. Because azathy- 
midine appeared to be relatively non-toxic to mammalian 
cells, we decided to investigate its potential anti-viral 
activity. 

6-Uracil methyl sulphone (UMS) was designed as a 
potential metabolic antagonist of orotic acid’. This 


analogue inhibits the reproduction of several bacteria® 
and murine lymphomata®?°, Metabolic investigations 
indicate inhibition of (a) the formation of orotidylate from 
orotate and 5-phosphoribosyl-l-pyrophosphate by a 
partially purified enzyme preparation from yeast; 
(b) thé utilization of orotate or formate but not of thymi- 
dine for the biosynthesis of DNA-thymine in Ehrlich 
ascites cells in vitro!*; (c) the utilization of orotate for the 
formation of RNA-pyrimidines in regenerating liver 
slices!3; and (d) the conversion of ribonucleotides to 
deoxyribonucleotides by mammalian cells!4. Because 
UMS reacts rapidly and non-enzymatically with several 
sulphydryl compounds such as glutathione it was postu- 
lated that this analogue may function as an alkylating 
agent for a sensitive protein containing sulphydryl that 
is critically involved in cellular reproduction. The 
present report includes a study of the anti-viral activity 
of UMS and of the inability to prevent its inhibition by 
various compounds that were chosen on the basis of the 
postulated!!-*4 biochemical sites of inhibition of UMS. 
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A monolayer of 2-day old chick embryo fibroblasts in 
3 oz. prescription bottles was prepared by the procedure 
described by Hsiung’® and inoculated with 0-1 ml. af 
herpes simplex virus, HF strain (obtained from Dr. J. 
McCrea), having a titre of 10° plaque-forming units (P.¥.U.)/ 
ml. The infected cells were cubated for 1 h at 37° C, 
washed once with Hanks’s buffered salt solution and 
layered with 10 ml. of Earle’s maintenance medium”. 
These were examined for cytopathological changes (CPE) 
24 h later. 

The supernatant fractions were stored at — 70° C before 
determination of their virus titre. The cellular debris 
was removed by centrifugation and serial ten-fold dilutions 
were made in Eagle’s growth medium supplemented with 
10 per cent calf serum. Chick embryo fibroblasts in 
3 oz. prescription bottles were prepared as already 
described and inoculated in triplicate or quadruplicate. 
After incubation at 37° C for 1 h, the inoculated cells 
were washed with Hanks’s buffered salt solution. Agar 
overlay medium (7 ml.) was added and the formed 
plaques were counted 6 days later. 

The results shown in Table 1 show that azathymidine 
markedly inhibited the formation of herpes simplex 
virus; however, 5-10do-2’-deoxyuridine (IUdR) was 
found to be seventy times more potent on a molar basis. 

Because with mammalian cells a thousand-fold molar 
excess of azathymidine was required to inhibit the utiliza- 
tion of thymidine labelled with carbon-14 for the bio- 
synthesis of DNA-thymine*, the effect of thymidine on 
the inhibition of viral reproduction exerted by azathymi- 
dine was investigated. Thymidine added within 2 min 
of the addition of azathymidine completely prevented 
the inhibitory effect of azathymidine when the former 
was present in a 0-015 molar equivalent (Table 2). More 
than 90 per cent inhibition was achieved when the ratio 
of azathymidine to thymidine was 330. 

An attempt was made to determine which phase of the 
growth cycle of herpes simplex virus was most susceptible 
to the inhibitory effect of azathymidine and of IUdR 
(Table 3). The cultures were prepared and inoculated 
with virus as described above and either azathymidine 
(2 mmoles/l.) or TUdR (0-06 mmoles/l.) was added at 
various intervals of time. The inoculated cultures were 
incubated for a total of 24 h and the virus titre determined 
by the plaque technique as already described. 

Although both these compounds are analogues of 
thymidine and exerted @ similar pattern of inhibition 
under these conditions it must not be assumed that a 
similar molecular mechanism of inhibition is involved. 


Table 1. HE¥PECT OF AZATHYMIDINE ON THR REPRODUCTION OF HERPES 
SIMPLEX VIRUS* 


Concentration of Virus titre 
azathymidine (mmoles/].) p.¥.U./ml. 
None 2x 10* 
0 23 2x 10° 
0-45 8 x 16+ 
0 90 6 x 10% 
1 35 3 x10 


* Azathymidine was added 2 h after inoculation of chick embryo fibro- 
blasts with herpes simplex virus, 


Table 2. ESFFEOT OF THYMIDINE ON THE INHIBITION EXERTED BY AZATHY- 
MIDINE ON THE REPRODUCTION OF HERPES SIMPLEX VIRUS 


Concentration of Virus titre* 
thymidine (mmoles/I.) P.E. U. jmi. 
None 55 x 104 
0-0002 7 «10 
0 001 1°5 x 105 
0-005 80x 105 
0 025 2 x10? 


* Titre of control: 1-7 x 10". 
Concentration of azathymidine: 165 mmoiles/l. 


Table 3. HFFROT OF TIME OF ADDITION OF AZATHYMIDINE OR LUGR ON THE 
REPRODUCTION OF HERPES SIMPLEX VIRUS 
Virus titre* (P.¥.0./ml.) 


Time of addition Azathymuidine Tudk 
of analogue (h) (2 mmoles/l.} (0 06 mmoles/t.) 
4 2-7 x 104 1 x19? 
8 12x 10° 1 x10 
12 26x105 4 x10¢ 
16 10 x 10° 25108 
1:3 x 107 2°8 x 107 


20 
* Control titre: 2:4 x 10’. 
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Table 4. EFFECT OF 3-URACIL METHYL SULPHONE ON THE REPRODUCTION 
OF HERPES SIMPLEX VIRUS* 


Concentration Virus titre 
of UMS (mmoles/l.) (P.¥.U./ml.) 
Hone 2°4 x 10? 
Coz 4 x10 
C-105 19 104 
¢-53 1 x105 
1-59 53x10 
525 4 x10'T 


* UMS was added 2 h after inoculation of a monolayer of chick r 
fibroblasts with the vius. yer of chick embryo 


t On the basis of additional experiments this figure ts interpreted as resi- 
dual input virus. 


The results shown in Table 4 indicate that UMS 
inhibits the formation of infective herpes simplex virus. 
This analogue is considerably less potent than 5-iodo-2’- 
deoxyuridine but approximately equal to azathymidine. 
UMS has no direst inactivating effect on herpes simplex 
virus particles in vitro. The virus (10° P.F.U.) was incu- 
bated for 1 h at £7° C in the presence or absence of UMS 
(2-6 mmoles/].) and treated as already described. 

Attempts to reverse or prevent the inhibitory effect of 
UMS (1-3-26 mmoles/l.) with thymidine (0-41-2-05 
mmoles/l.), uridine (0-4-2-05 mmoles/l.) or orotic acid 
(0-64-3-2 mmoles/l.) failed. A similar failure was obtained 
with combinatiors of thymidine, uridine, cytidine and 
deoxycytidine (0:41-2:05 mmoles/I.) or thymidine, deoxy- 
adenosine, deoxycytidine and deoxyguanosine (0-04— 
0-4 mmoles/i.). 

Thus inhibition by UMS of the reproduction of herpes 
simplex virus is neither the result of failure to form 
pyrimidine nuclectides by the de novo pathway, nor the 
result of failure to inhibit the conversion of ribonucleotides 
to deoxyribonucleotides. UMS may be exerting a non- 
specific alkylation of an induced or cellular sulphydryl 
enzyme critically involved in the formation of the infec- 
tious virus particle. 

An anti-viral action of 6-uracil methyl sulphone has 
been demonstrated, but the failure of many “logical” 
metabclites either to reverse or to prevent the inhibition 
mgkes it difficult to speculate on its mechanism or site 
of action. 

It has been shown that azathymine deoxyribonucleoside, 
an analogue of tkymidine, is an inhibitor of the repro- 
duction of herpes simplex virus and that this inhibition 
can be completely Drevented by thymidine. This analogue 
appears to affect the formation of the infective virus 
particle in the same phase of growth as [UdR, but is not 
so potent an inhikitor. It would be of interest to deter- 
mine the anti-viral activity of azathymidine under 
conditions in vivo, because it presumably has a higher 
therapeutic index than IUdR. The very limited availabil- 
ity of azathymidine, however, at present limits investiga- 
tion. 

We thank Mr. David Shen for his valuable technical 
assistance. This ssudy was supported by research grants 
from the U.S. Public Health Service and the U.S. National 
Science Foundation. 
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SPECTROSCOPIC EVIDENCE OF ALLOSTERIC EFFECTS 
IN PHOSPHORYLASE B 


By S. BRESLER, L. FIRSOV and E. GLASUNOV 
U.S.S.R. Academy of Sciences, Institute of High Molecular Compounds, 
Leningrad 2, Birshevoi 6, U.S.S.R. 


Ir 1s generally accepted that allosteric effects in enzymes? 
are mediated by conformational changes in the tertiary 
structure of the protein. Few observations have yet 
been made, however, of the physico-chemical changes 
which occur in the enzyme molecule durmg allosteric 
activation or inhibition. We decided to work on the 
problem spectroscopically and chose phosphorylase B (ref. 
2) as a suitable object molecule because its active centre 
is marked by a phosphopyridoxal group with a character- 
istic absorption band near 330 mu (ref. 3). Measurements of 
absorption spectra and ultra-violet dichroism in the region 
300-400 mu showed that this absorption band has a 
measurable dichroic ratio (0-002) but both absorbance 
and dichroism are insensitive to the presence of the 
activator—adenosine monophosphate (AMP), and its 
inhibitor—adenosine triphosphate (ATP). We therefore 
concluded that the active form of the enzyme must be a 
small equilibrium fraction of the protein, even if the 
substrate is present in excess. 

To substantiate this assumption we have made measure- 
ments with a differential spectrophotometer (SF-—4, 
Milano) with a xenon lamp and a filter with a transmission 
band between 300 and 400 my. Four identical quartz 
cells (2 cm path) were used, two in each beam. One of the 
two in the first beam contamed phosphorylase B (20 mg/ 
ml.) and cysteime (0-03 M) in glycerophosphate buffer 
(0:03 M, pH 6:8). The second cell contained the allosteric 
activator, AMP (0-001 M), in the same buffer and 0-01 M 
glucose-1-phosphate. Two cells were placed in the second 
beam; mn one of them all the components (enzyme, 
substrate and activator) were mixed together in- equal 
volumes, while the second contained buffer. 

We observed a new absorption band near 360 mu and a 
decrease of extinction near 330 my (Fig. 1). Thus it would 
seem that some of the protein of the common form 
{absorption band at 330 mu) is transformed into a new 
species with an absorption band at 360 mu. We found 
that we could estimate the concentration of this new form 
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Tig. 1. Differential spectra of phosphorylase B in the presence of 


substrate glucose-1-phosphate (0 01 M), activator (0 001 M) and inhibitor 
O01 M). (1) Enzyme+adenosine monophosphate, (2) enzyme + 
adenosine monophosphate + glucose-l-phosphate, (3) enzyme + adeno- 
sine monophosphate + glucose-1-phosphate + adenosine triphosphate. 
The profem was dissolved in 0-03 M glycero-phosphate buffer pH 6 8, 
containing 0 03 M L-cysteine. The enzyme concentration was 20 mg/ml. 


to within 2 per cent of the total amount of enzyme. 
Two contro] experiments were carried out. First, the 
activator, AMP, was omitted. The protein solution was 
treated with charcoal. Both beams were symmetrical 
and the spectrophotometer traced a zero-line. Second, 
in the absence of AMP, the substrate glucose-1-phosphate 
was then placed separately from the enzyme in one beana 
and mixed with the enzyme in the second beam. ‘The 
extinction was near to the background. Next we omitted 
the substrate and retained the activator separate from the 
enzyme in one beam and mixed the two in the second 
beam. We observed a weak absorption at 360 mu very 
near to the background. When we added both substrate 
and activator and varied the concentration of the protein 
we found that the intensity of the new absorption band 
increased linearly. The intensity of the band at 360 mp 
does not depend on what order both reagents (substrate 
and activator) are added to the protein solution. 

The action of ATP was found to bring about the most 
significant spectroscopic changes. When we added equal 
quantities of 0-01 M ATP to the cell containing enzyme, 
substrate and AMP in the first beam and to the cell 
without enzyme (with the AMP solution) in the second 
beam; we found that the intensity of the spectral band 
at 360 mp was reduced 2-5 times. This is exactly what 
we can expect from kinetic studies* for the interaction 
between the enzyme, the activator and the inhibitor. 

The experiment which resulted in the appearance of 
the 360 my band during activation and its disappearance 
during inhibition was repeated many times with different 
samples of purified crystalline phosphorylase B. Irrever- 
sible inactivation or denaturation of the enzyme causes 
the effect to vanish. We also found that the magnitude 
of the effect depends on the presence of a reducing agent 
(cysteine) in the enzyme solution. This point is a very 
characteristic feature of phosphorylase B, which loses its 
activity in the absence of cysteine. From these results 
we concluded that the band near 360 my must be due to a 
Michachs complex of the enzyme with the first substrate. 
This complex cannot lead to the reaction of glucose 
transfer because the second substrate—glycogen—was 
not present. If instead of glucose-l-phosphate we took 
glycogen as the only substrate, we did not find any absor- 
bance near 360 mu. 

To investigate what part of the substrate molecule is 
participating in the complex, we tried the substrate of the 
back reaction, for example orthophosphate. When we 
took @-04 M phosphate as substrate in the presence of 
AMP, we observed a differential spectrum (Fig. 2, curve a) 
with the same characteristic band. Thus it seems that the 
phosphate group 1s involved in the bond with the pyr- 
doxal moiety. It is well known that glucose is a competi- 
tive inhibitor of glycogen phosphorylase. We tried to add 
glucose (2 mg/ml.) to the mixture of enzyme, AMP and 
phosphate (Fig. 2, curve b). We observed that the 360 mp 
band was strongly reduced. 

The appearance of the 360 mu band during the inter- 
action with phosphate is sensitive to the presence of both 
allosteric activator and inhibitor. Without AMP we 
obtain a zero line in the spectrophotometer. If we add 
the inhibitor, ATP (0-01 M), to the same solution (con- 
taining phosphorylase, AMP and phosphate), we get the 
curve ¢ in Fig. 2, that is, the background. If we then 
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increase the concentration of phosphate to 0-1 M the 
absorption band appears anew (curve d). This is a very 
characteristic property of allosteric enzymes; they can 
be inhibited to a certain degree but the effect is overcome 
by an excess of substrate. 

It is well known from kinetic studies that ammonium 
sulphate is an inhibitor of phosphorylase B. We tried 
instead of substrate a solution of sulphate (0-1 M). We 
registered the band near 360 my sensitive to the presence 
of the activator. We suggest that the general explanation 
of the spectral band near 360 my is that a reversible 
equilibrium exists between the two forms of the prosthetic 
group (dissociated and undissociated). 


,  CH,OPO,H, p  CH,OPO,H, 
NH NH : 
a 7 y‘ coe oe NH+.... 7 
is. : 
N OHOM, à 


Y 
Here R, R’, X, Y are groups on the protein. 

Here A is an anion (either sulphate, phosphate or 
glucose-phosphate). The undissociated form is the 
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source of the spectral band. The attachment of the anion 
is specific. For instance the chloride ions do not interact 
with the enzyme -n the presence of AMP. The undissoci- 
ated compound formed by the reaction of the phosphate or 
sulphate ion with pyridoxal must, therefore, be stabil- 
ized by interactions with adjacent groups on the protein. 
The band near 330 my, cannot be explained in terms of 
simple protonaticn of the pyridoxal ring. When the pH 
in the cell was kept at 5-5 and in the reference cell at a 
value of 7, we did not observe the band in question in 
either the presence or absence of AMP and phosphate. 
The band appeared at pH 6-1. The action of the activator 
and inhibitor is easily explained by supposing that 
deformation has occurred on the protein macromolecule, 
as a result of which some groups on its surface are more 
or less accessible so interaction with the anion. 

In the case of the specific substrate (glucose-1-phos- 
phate) we use a low concentration of the anion (5.10 — 
10-2 M) to obtain the same amount of enzyme-anion 
complex, because of the existence of a special group on 
the protein for the attachment of the glucose moiety. 
If we add glucose we get inhibition because the corres- 
ponding group is occupied. Even 1f the anion A is simply 
phosphate, glucosa interferes with its adsorption because 
of steric hindrances. From our point of view it is easy to 
explain the data of Hendrick and Fischer’, who showed 
that pyridoxal phosphate without the protein does not 
catalyse the transer of glucose to glycogen. This accords 
with the fact thatthe apoenzyme participates in the bind- 
ing of glucose-1-phosphate. 

In summary we can state that by means of differential 
spectrophotometr7 we successfully observed an enzyme- 
substrate complex with a characteristic band near 360 
mu. This comple= exists only in the presence of the allo- 
steric activator AMP and disappears when the inhibitor 
ATP is added. Itis evident that the phosphate ion of the 
substrate participated in the binding with pyridoxal 
and we can specu_ate that it is a compound stabilized by 
additional bondinz of the anion to the adjacent groups 
of*the aboenzyme. 

1 Monod, J., Wyman, J. and Changeux, J. P., J. Dol. Biol., 12, 88 (1965). 

$ Fischer, E. H., and Krebs, E. G., ına Methods in Enzymology, edit. by 
a aR S. P., and Kaplan, N. O., 5, 829 (Academic Press, New York, 

ae: a B., Krebs, E. G., and Fischer, B. H., J. Biol. Chem., 232, 549 

4 Madsen, N. B., Biochem. Biophys. Res. Commun.,165, 390 (1964). 
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MIRROR-IMAGES AND THE FOREBRAIN COMMISSURES OF THE MONKEY 
By JOHN NOBLE 


Medical Research Council Cerebral Functions Research Group, Department of Anatomy, University College London, W.C.| 


MIDLINE section of the optic chiasma in the monkey and 
cat restricts the primary visual input of each eye to the 
hemisphere of the same side. Such a preparation, when 
trained monocularly to discriminate between pdirs of 
simultaneously presented patterns or objects, shows good 
interocular transfer of the discrimination!-°. In these 
experiments the stimuli used were pairs of dissimilar 
objects or patterns, such as + and O, or ||| and =. Note 
that each of these stimuli is bilaterally symmetrical. 

This article describes the results obtained using pairs of 
stimuli, one of which is a mirror-image of the other, 
for example [and]. Three monkeys (Macaca mulatta) 
were used, M1, M2 and M3, with their optic chiasms 
sectioned in the midline. Each was trained monocularly 
to discriminate between pairs of solid black objects, 
except for Mi which received training on black plano- 
metric stimuli. A food reinforcement was hidden under- 
neath the ‘“‘correct’’ object. Usually, thirty trials, twice 


daily, were presented for 5 days a week. The position of 
the objects was varied randomly from side to side by the 
Gellerman sequenze*. When 90 per cent correct choices 
on two successiva sessions of thirty trials had been 
reached, the other eye was tested for transfer. For these 
interocular tests, response to either stimulus was re- 
inforced, except or twoeoccasions when either the negative 
or the positive stimulus only was reinforced. 

The results, in terms of percentage errors over successive 
sessions, are showr in Fig. 1, and are of transfer trials only. 
Ml was given orly one problem. These stimuli were 
similar on one side but the other sides were mirror-images 
of each other (Fig. 1, A). M2 learned to solve problems of 
mirror-image pairs (Fig. 1, B and D) and one non-mirror- 
image pair (Fig. 1, C). M3 learned to discriminate three 
pairs of left-right mirror-image problems (Fig. 1, Z, G and 
H) and one pair d-ffering only in an up/down orientation 
(Fig. 1, F). 
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Fig. 1. Interocular transfer tests, percentage responses to the negative, 
incorrect stimulus, over successive sesstons (the numbers refer to the 
number of trials on that particular on n and RE, in upper part of 
graphs, refer to left or right eye. The stimuli discrimmated are shown 
next to the eye used. M1, M2 and A13 are three monkeys with optic 
chiasma sectioned, The horizontal dashed line indicates responses at 
chance level. @, Responses when positive stimulus only rewarded; 
O, responses when both stimuli rewarded; x, responses when negative 
stimulus only rewarded. 


As had been expected, the non-mirror problem was 
solved correctly by the untrained eye, although a few 
errors were made initially (Fig. 1, C). Similarly, where the 
problem differed only in an up/down orientation, there 
was positive interocular transfer (Fig. 1, #). There was, 
however, no positive transfer with left-right mirror-image 
pairs. After responding at chance level for twenty or 
thirty trials, the negative stimulus, not previously 
rewarded, was selected most frequently. Then after a 
session or two the responses dropped back to chance level. 

Free use of either hand was allowed throughout, except 
on one occasion; on the first session of the last problem 
(Fig. 1, D) M2 was forced to use its non-preferred hand. 
The previously non-preferred hand was used spon- 
taneously by M1 towards the end of the second session 
and throughout the third session (Fig. 1, A). No obvious 
change in the distribution of the animals’ responses 
resulted from these changes of hand preference. 

Apart from the initial chance level responding, the 
mirror-image of the previously reinforced stimulus was 
responded to most frequently. In other words, the 
negative stimulus was treated by the “untrained” eye as 
if it was the positive one. 
particularly convincing in that, on the transfer test, 
responses to the negative stimulus were never reinforced 


NATURE 


The performance of M1 is: 


1966 


SEPTEMBER 17, VoL, 211 


(Fig. 1, 4). Yet, m one session of twenty trials only one 
correct choice was made. The first discrimination by M2 
and M3 shows similar transfer curves but in these cases 
responses to both the negative and positive stimuli were 
reinforced (Fig. 1, B and #). The third discrimination 
presented to these two animals shows a similar trend, 
but the magnitude of the effect is less (Fig. 1, D and G). 
This probably occurs because the monkeys learn, because 
of the experience acquired since their first problem, more 
quickly to discriminate between the situation ın which 
only responses to one stimulus are rewarding and the 
situation in which responses to both stimuli are rewarding. 
The latter is an extinction procedure. Compare this with 
the problem for M3, where only the negative stimulus was 
rewarded (Fig. 1, H), in an attempt to enhance the effect. 
Again, more responses were made to the negative stimulus 
and, moreover, this procedure eliminated the initial chance 
level responding. 

The drop to chance level after the brief response to the 
negative stimulus ın the first two mirror-image problems of 
M2 and M3 can be attributed to reinforcing both stimulus 
objects (Fig. 1, B+ D and #+G). That this did not occur 
with non-murror stimuli can be explained on the basis that 
few wrong choices were made, and so there was little 
opportunity for the animals to learn that both stimulus 
objects would be rewarding. This extinction procedure was 
continued for a further number of trials (not shown in 
Fig. 1) on these animals and responses continued to be at 
chance level. 

It is of interest that mirror-image reversal in interocular 
transfer has been reported in the unoperated pigeon®*. In 
this animal, the optic fibres from each eye cross completely 
in the optic chiasma and terminate in the tectum of the 
opposite side of the brain. In the monkey with its optic 
chiasma sectioned, the surviving optic nerve fibres from 
each eye pass only to its ipsilateral hemisphere. Apart 
from the hemisphere of termination, the two preparations 
are similar in having each eye projecting only to one 
hemisphere. 

Midline section of the forebrain commissures in addition 
to section of the optic chiasma prevents interocular trans- 
fer. These commissures must therefore play a part in 
mirror-image reversal, Fig. 2 illustrates, diagrammatically, 
a possible explanation. Each primary visual area (striate 





Stimulus 





Eye occluder 


Retina 


Optic chiasm 





— Extra-striate areas 


wm Striate cortex 


Fig. 2. Diagram to explain mirror-umage reversal. With right eye oc- 
cluded the input to left strate cortex is propagated to extrastriate 
areas (A) and is laterally reversed in crossing the midline via the fore- 
bram commissures (stippled). When the left eye is occluded the input 
to the right striate area (Y) does not match the stimulus (a) transposed 
from the left hemisphere; it does, however, match its mirror-image. 
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cortex) receives input from half the visual field, the right 
striate area, from the left visual field and the left striate 
area, from the right visual field. The projections of these 
half-fields are topologically organized so that the striate 
areas are symmetrical about the midline?~*. The midline 
of the visual field projects to the anterior border of the 
striate cortex. The representation of the stimulus of Fig. 
2 in the striate cortex is such that in one hemisphere its 
open end is directed towards the anterior border whereas 
in the other hemisphere it is directed away from the 
anterior border. Apart from the striate cortex the pre- 
striate and infero-temporal regions (extra-striate areas) 
are known to be important in the retention or learning 
of visual pattern discriminations’! There is no evidence 
that there are direct connexions between the two striate 
areas. The extra-striate areas are, however, connected in 
large part to homologous areas of the other hemisphere by 
way of the corpus callosum and the anterior commissure. 
The results of anatomical and physiological investigations 
emphasize that these connexions are between specifically 
symmetrical areas, that is, they are homotopic con- 
nexions!?-14, There is some evidence that the topology 
inherent in the striate cortex is maintained into the extra- 
striate cortex, at least as far as the prestriate area’ 1. 
If this is correct, the representation of a stimulus in these 


areas will be laterally reversed, because of the homotopic 


arrangement, in crossing the midline (Fig. 2). 

In the monocularly trained monkey, with its optic 
chiasm sectioned, the stimulus is received by only one 
striate area and propagated to the extra-striate areas. It 
is not known whether or not the information passes 
directly to the other hemisphere or remains lateralized 
to the side of reception but is available at a later time for 
reference by the other hemisphere. In either case, if 
mirror-image pairs of stimuli are used, the information 
that crosses the midline (Fig. 2, A) does not match that 
which would result from stimulation of the previously 
unstimulated striate area (Fig. 2, V) when this hemi- 
sphere 1s presented with the problem. The representation 
of the positive stimulus in the extra-striate areas of the 
untrained side matches the presentation of the negative 
stimulus as made through the untrained eye. Thus the 
animal shows a preference for the negative stimulus when 
made to use this representation. Bilaterally symmetrical 
pairs of stimuli, even though laterally reversed, maintain 
the same spatial arrangement, consequently the originally 
positive stimulus is still preferred. 

This explanation does not account for the initial inter- 
ocular transfer responses being at chance level, or for the 
fact that reinforcing the negative stimulus (Fig. 1, H) 
produces less than 100 per cent responses to the negative 
stimulus. This is not a regular feature in the interocular 
transfer of response to non-mirror image stimuli where the 
response is usually positive and immediate. Since normal 
monkeys can learn binocularly to discriminate mirror- 
image problems, it follows that if information crosses the 
midline during training it must produce a weaker incre- 
ment to learning than does a direct sensory input, because 
such problems would never otherwise be learned. Let us 
assume then, that, in the initial trials of transfer testing, 
both hemispheres contribute to the response. In the non- 
mirror image problem, that ıs, with dissimilar bilaterally 
symmetrical stimuli, both hemispheres will receive the 
same information because lateral reversal will not alter 
their configuration. With mirror-image problems, because 
of the lateral reversal in crossing the midline, a positive 
sign is attached to one stimulus in one hemisphere and the 
opposite sign attached to it in the second hemisphere, 
although the latter may have a smaller value. As both 
stimuli will now have both positive and negative reinforce- 
ment, no discrimination is possible and chance-level 
responses will be made. 

It has been shown that, in monkeys with unilateral 
occipital lobectomies, or with one optic tract sectioned. 
the addition of a unilateral inferotemporal lesion produces 
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a greater deficit in the binocular learning of a visual 
discrimination if the inferotemporal lesion is on the side 
opposite the occipital or tract lesion. The more direct 
route from the szriate area to the inferotemporal region, 
the one on the same side, is the most efficient one!*!*, 
This might explam why the negative stimulus is preferred 
after the initial random responding in the present experi- 
ment. The untrained side, which is now receiving input 
from its own striete area, being the more efficient, becomes 
dominant, with the consequent preference for the mirror- 
image stimulus. The fact that even when responses to the 
negative stimulus are reinforced (Fig. 1, H) there are still 
a number of respcnses made to the other stimulus, suggests 
that the hemisph=2re trained initially exerts some influence 
for a considerabls time. The same operations will apply 
to non-mirror-image stimuli but in this case they support 
the original learning. 

It follows that monkeys with sectioned optic chiasmas 
should show positive interocular transfer when trained 
monocularly if dssimular, bilaterally symmetrical stimuli 
are used (O and +). Pairs of dissimilar, asymmetrical 
stimuli (F and L, F and Q, F and 4) might show some 
initial difficulty as both stimuli will be reversed in crossing 
the midline. It is possible that sufficiently distinctive 
features will generate stimulus equivalence, for example, 
the curve in D may be a sufficient cue to evoke or inhibit 
a response. Stimali differing only in up/down orientation 
(A andy) should transfer normally (as demonstrated) 
as they are bilaserally symmetrical, or in the case of 
F and E have a Cistinctive feature—the horizontal line is 
at the top or botiom. Confusion should be evident only 
where exact micror-image pairs of stimuli are used. 
These various cacegories of stimulus pairs are now being 
tested. 

The mirror-image phenomenon, on this hypothesis, is 
only elicited if taere is no primary visual input, to the 
striate cortex to >verride the weaker trans-callosal input 
during training. This will happen only in animals with 
sgctioned chiasmes. Normal monkeys should show narmal, 
positive, interocu_ar transfer since the primary visual input 
is relayed to botk hemispheres from each eye. The same 
should apply to enimals with only the forebrain commis- 
sures sectioned, _eaving the optic chiasma intact, since 
again there is a bilateral input from either eye. A monkey 
with its optic tract sectioned on one side should also show 
positive transfer, as only one striate area is being used, 
irrespective of the eye open. Completely ‘‘split-brain” 
monkeys, with forebrain commissures and the optic 
chiasma sectioned, should show no interocular-transfer of 
response to mirrcr-image pairs, or to any other pairs, as 
no visual information can cross the midline. 

Experiments using two intact monkeys, two monkeys 
with corpus callosum section, one with additional section 
of the anterior commissure and one monkey with optic 
tract sectioned unilaterally have confirmed these predic- 
tions. 

Finally, if in she normal, binocularly trained animal 
visual informaticn crosses the midline during traming, 
then both the positive and the negative representations of 
a mirror-image peir will receive both positive and negative 
reinforcement. This will not be true for non-mirror-mage 
pairs of stimuli. Whether or not this is an explanation 
for the difficulty of mirror-image problems in normal 
animals is worth invéstigating. The often-reported dif- 
ficulty of discrimmating oblique lines (\ and /) as opposed 
to the ease of dis riminating between a horizontal and a 
vertical line (—- and |), where the only difference between 
the problems is ir terms of the orientation of the lines, is 
æ special instance of mirror-image and bilaterally sym- 
metrical pairst8:1?. It is predicted, from the above theory, 
that, in binocularly trained monkeys with forebrain 
commiussures secvioned but optie chiasma intact. the 
difference in the number of trials to learn \, versus / 
and — versus | will be smaller than in unoperated 
animals. 
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SULPHUR METABOLISM: THE USEFULNESS OF N-ETHYLMALEIMIDE 


By Dr. R. J. ELLIS 


Department of Botany, University of Aberdeen 


A. SERIOUS problem encountered in the study of the’ 


metabolism of sulphur compounds is the extreme reactivity 
and instability of many of the intermediate compounds?. 
The reaction? between sulphydryl groups and N-ethyl- 
maleimide (NEM) has been widely used to stabilize thiol 
compounds in both freet and protein-bound forms’. 
NEM is not specific for thiols but reacts also with imidazole 
derivatives and peptides! ; this lack of specificity can be 
disregarded if sulphur-35 is used to label the NEM-thiol 
adducts’*. NEM reacts not only with organic thiols 
but also with sulphite, thiosulphate, and sulphide®-"}, 
and the adducts can be separated by paper chromato- 
graphy®. The potential usefulness of NEM for studying 
sulphur metabolism is thus greater than is generally 
realized. This article reports on the use of NEM to trap 
both the organic and inorganie intermediates in sulphate 
reduction by intact cells of Escherichia coli". 

The scheme at present accepted for the pathway eof 
sulphate reduction in EH. coli can be summarized as 
follows?®: 


ahate esaesa hd meee aone 
8 p ate->s P es p e@->CY5 PN ers en 


This scheme relies heavily on data derived from mutant 
and enzyme studies. Although such investigations are 
valuable, they do not always yield unequivocal conclu- 
sions, and confirmatory evidence obtained from feeding 
experiments with intact cells is desirable’45, The reac- 
tions between NEM and the postulated intermediates 
were therefore investigated. j 

The kinetics of these reactions were measured by 
observing the extinction of NEM at 300 mu, since this 
extinction disappears when NEM is added to thiols. 
including sulphide’®. Fig. 1 compares the effects of 
sulphite, thiosulphate, sulphide, cysteine and reduced 
glutathione at pH 7-4. The complete loss of extinction 
produced by equimolar cysteine and glutathione is rapid 
compared with the loss produced by equimolar sulphite 
and sulphide, but with the latter compounds the reaction 
is approaching completion by 5 min. Thiosulphate does 
not cause any loss of extinction in this time at a pH of 
either 7:4 or 4-5, or if the concentfation is increased by a 
factor of five. The reaction of NEM with sulphite seems 
to be equimolar because the extinction is reduced by a 
factor of a half when half the molar quantity of sulphite 
is added; this stoichiometry suggests that the loss of 
extinction could be used to assay sulphite in the same way 
that ıt has been used to assay sulphydryl groups'*. The 
reaction of NEM with sulphide ıs not equimolar, as 
previously noted!!. Similar results were obtained in 
phosphate buffer dissolved in 70 per cent ethanol, which 
matches more closely the extraction conditions used in 
the feeding experiments. 


Feeding experiments were performed with cells of Æ. coli 
A.T.C.C. 9723 grown on a minimal medium as previously 
described!?, with sulphate as the sulphur source. Cells 
were washed once with a simplified medium (10 mM 
glucose, 10 mM ammonium chloride, and 10 mM phos- 
phate buffer, pH 7:4) and resuspended in the same simpli- 
fied medium at a cell density of 3-5 mg dry weight/ml. 
A simplified medium was used rather than the original 
minimal medium because there were sufficient traces of 
sulphate in the components of the latter to reduce the 
incorporation of sulphur-35 to low levels. The con- 
centrated cell suspension (9 ml.) was placed in a sparging 
tube and aerated at 20° C for 5 min. Carrier-free *S- 
sulphate (1 mc. in 1 ml.) was then added; 0-5 ml. samples 
of the suspension were removed into 1:5 ml. of either 
pure ethanol or ethanol containing 20 umoles NEM. 
The cells were centrifuged down and 0-5 ml. of the super- 
natant placed on Whatman 3 MM paper. The paper was 
run in two dimensions as originally described®. Fig. 2 
shows the autoradiographs obtamed from extracts of 
cells exposed to *58-sulphate for 1 min. Chromatograms 
of extracts made in ethanol (Fig. 2A) show methionine 
and its sulphoxide, but those of extracts made in ethanol 
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Fig. 1. Reaction of sulphur compounds with NEM. NEM (3 «moles) 


was dissolved in phosphate buffer (0-1 M, pH 7-4) and placed in a 1 em 
silica cell at 20° C. The sodium salts of the sulphur compounds were 
dissolved in the same buffer immediately before use and added to the cell 
at time zero (final volume $ mi.). A, Biank cell and aiso cell containing 
8-15 uwmoles thiosulphate; B, 1-5 wmoles sulphite, C, 15 moles 
sulphide, D, 3 moles sulphite; E, 3 gmoles sulphide; F, 3 pmoles of 
either cysteine or reduced glutathione, The molar extinction coefficient 
: of NEM at 300 my is 620 (ref. 10), 
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containing NEM show several other labelled compounds 
in addition (Fig. 2B). 

The adducts of NEM with sulphite, sulphide and cysteine 
were identified by co-chromatography with the authentic 
labelled compounds, while methionine, methionine sul- 
phoxide, and NEM-glutathione were identified by “‘finger- 
printing” the labelled areas with the ninhydrin-positive 
spots produced by authentic markers. The NEM-—cysteine 
adduct gives a negative reaction with ninhydrin because 
exposure to the first alkaline solvent causes cyclization to 
a thiazane derivative®'*. The identity of the NEM- 


| so . 
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sulphite spot was confirmed by two other pieces of 
evidence: (a) the radioactivity coincided with the faint 
red spot produced when marker NEM-sulphite was run 
with the extract and developed with excess NEM?; (b) 
chromatograms of extracts of Æ. coli mutant 8/6G fed 
with *°S-sulphate revealed a heavily labelled spot in the 
NEM-sulphite area but no label at all in the NEM- 
cysteine, NEM-—glutathione, or methionine areas. Mutant 
8/6G fails to grcw on sulphate because it lacks sulphite 
reductase!’?, but it will grow on glutathione which de- 
represses the enzymes of sulphate reduction’’. 








Origin 


Fig. 2. Chromatography of extracts of Escherichia coli. A thick cel suspension of E. coli 
(4-3 mg dry weight/ml.) was fed with **S-sulphate for 1 min, as deseribed in the text, and 
extracts chromatographed in ethanol-tert. butanol-aqueous ammonia (specific yea! 0-88) 
-water (300 : 100 : 4 : 75, by volume) in the first dimension (right to left), and in tert. 
butanol—formic acid-water (14 : 3:3, by volume) in the second dimension (bottom to top). 
The dried chromatograms were exposed to ‘Kodirex’ X-ray film for =-10 days. A, Extract 
made in ethanol; B, extract made in ethanol+ NEM. M, Methienine; MS, methionine 
ogg ie C, NEM-cysteine; G, NEM-glutathione; SD, NEMsulphide (very faint); 
ST, NEM-sulphite; XY and Y, NEM-unknowns, There are two methionine sulphoxide 
spots because a variable oxidation of methionine takes place during chromatography in the 
second solvent (ref. 9). Sulphate stays near the origin and streaks in the second solvent. 
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|- Additional evidence to support these 
identifications was obtained from. 
experiments where cells were exposed >= | 
to cysteine for 1 min before *S-sul- 
phate was added. The addition of 
eysteine causes a rapid inhibition (more 
than 90 per cent) of sulphate uptake, 
this probably being the site of control 
by end-product inhibition'*. Never- 
theless some sulphate still enters the 
cells under these conditions and its 
fate can be followed by the NEM 
technique. Fig. 3 illustrates the 
chromatographic pattern observed in 
such experiments; radioactivity is 
present in the NEM-sulphite and NEM- 
cysteine areas but none in the methio- 
nine or NEM-glutathione areas. This 
is the result predicted if the above 
identifications are correct because the 
small amount of **S-sulphate taken up 
can be reduced to cysteine, but the 
subsequent metabolism of this labelled 
cysteine to methionine and glutathione 
will be masked by the large amount of 
unlabelled cysteine entering the cells. 
By the same arguments, the occurrence 
of label in compound NEM-NX in Fig. 3 
would suggest that it is an unknown 
intermediate between sulphate and 
cysteine; its identification is being 
pursued. 

No radioactivity was detected in any 
experiment at the position on the chromatogram where 
NEM.-thiosulphate was reported to run’. A similar lack of 
radioactivity was found when mixtures of thiosulphate and 
“C-NEM were chromatographed after incubation at pH 
7-4; an absence of reaction between NEM and thiosulphate 
is suggested also by Fig. 1. The production of a red colout 
when mixtures of NEM and thiosulphate are made alka- 
line™ suggests that a reaction between them does occur 
under these conditions, but it is clear that the present 
method cannot determine whether thiosulphate is an 
intermediate in sulphate reduction (as has been suggested 
for Aspergillus nidulans’? but ruled out for Salmonella 
typhimurium"). 


Table 1. TIME COURSE OF SULPHATE REDUCTION IN Escherichia coli 
Methio- Reduced 
Time Sulphite Sulphide Cysteine nine* glutatione, X 
5 sec 0-24 < 0-02 0-13 0-04 0-03 0-06 
10 sec 0-49 0-06 0-68 0-24 0-28 0-28 
15 sec 0-58 0-09 1-11 0-51 0-63 0-58 
30 sec 0-79 0-14 2-00 2-38 2:49 1-40 
1 min 1-15 0-25 4-60 8-25 9-50 1°31 
2 min 1-75 0-53 5-0 11-23 19-0 4-04 
3 min 2-32 0-80 4°65 11:71 28-0 4°31 
5 min 2-67 1-57 3°23 10-14 42-0 5°36 
* Includes methionine sulphoxide. 


A thick cell suspension (3-8 mg dry weight/ml.) of E. coli was fed with 
$ phate as described in the text and samples placed in ethanol containing 
NEM at the times indicated. The figures represent the radioactivity in the 

com as determined directly on the chromatograms with a large 
end-window counter, and are expressed as c.p.g. x 10~. 


The time course of sulphate reduction is shown in 
Table 1. At 5 sec sulphite is the most heavily labelled 
compound, followed by cysteine; methionine and gluta- 
thione are only very slightly labelled at this time. As the 
time of exposure to *°S-sulphate increases, the radioactiv- 
ity of all compounds inereases. With sulphite, cysteine, 
methionine, and compound X, an approximate steady 
state is reached at about 2 min, whereas the amount of 
label in glutathione and sulphide continues to rise. After 
5 min glutathione becomes far more heavily labelled than 
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Fig. 3. Effect of cysteine on sulphate reduction. A suspension of Æ. coli was exposed to 
0-5 mM L-cysteine for 1 min before a labelling experiment with **S-sulphate was carried out 
as described in Fig. 2. 


Extracts were made in ethanol+ NEM 1 min after the addition of 
**S-sulphate. Symbols as in Fig. 2. 


all the other products of sulphate reduction, confirming 
earlier findings that glutathione is the major soluble 
sulphur compound in this organism**. The data for 
sulphide can be reconciled with the postulated pathway 
if it is assumed that as well as being an intermediate 
between sulphite and cysteine, sulphide is also produced 
by the desulphurylation of cysteine. The sulphide pool 
is initially small in comparison with the pool sizes of the 
other intermediates; this is in strong contrast with 
the high concentratien of sulphide that is required to 
demonstrate the conversion of sulphide to cysteine by the 
in vitro action of cysteine synthase". 

These results demonstrate that the NEM technique can 
detect very small amounts of some unstable sulphur 
compounds; this technique should prove useful in other 
studies of sulphur metabolism. 
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EFFECT OF DISSEMINATED LUPUS ERYTHEMATOSUS SERA 
= RESPIRATORY ACTIVITY OF GUINEA-PIG LEUCOCYTES 
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By A. E. FRUEHAN*, Dr. A. J. SBARRA, Dr. W. A. BARDAWIL and Dr. T. B. BAYLES 


Department of Pathology and Medical Research, St. Margaret’s Hospital, ard Departments of Obstetrics ana 
Gynecology, and Pathology, Tufts University School of Medicine and The Medical Service, Robert Breck 
Brigham Hospital, Boston, Massachusetts _ 


Since Hargraves’s original description of the lupus 
erythematosus (LE) cell’ the morphological changes 
associated with LE cell formation have been extensively 
investigated. In spite of refinements in methodology and 
technique which have increased its usefulness as a diagnos- 
tic test? * little is known about the basic cellular alterations 
which initiate the formation of the LE cell. Godman and 
Deitch* have described the nuclear changes which accom- 
pany the formation of LE cells, beginning with the entry 
_ of foreign protein into the nucleus of the white blood cell 
and the loss of ability to stain for nuclear histone. They 
felt that this foreign protein displaced histone from its 
association with nuclear DNA. This protein has beer 

: shown’: to be a gamma globulin, presumably LE cell 
factor itself*-7.. The altered nucleus is then extruded from 
the cell as the LE cell body, and afterwards engulfed by 
viable leucocytes to form the typical LE cell®. 

It seems unlikely that such profound morphological 
changes could occur without alterations in the basie 
metabolism of the cell. Conceivably, the formation of 
= LE cells might be initiated by metabolic changes within 
_ the cell, mediated by serum containing the LE cell factor. 
-If a serum effect on white blood cell metabolism could 


: be demonstrated in vitro, then the possibility exists that a 


-- similar mechanism might be operative in vivo, perhaps 
| relating to the disease process itself. 
© -For these reasons we have been interested in the 
| possible changes in cellular metabolism which occur 
when viable white blood cells are incubated with dis- 
seminated lupus erythematosus (DLE) serum. Using 
leucocytes obtained from guinea-pig peritoneal exudates, 
we have investigated the changes in respiratory activity 
which occur during incubation with DLE serum, and 
compared these changes with thost induced by normal 
human serum. The respiratory effects of sera from patients 
with other disorders of connective tissue and a variety 
of other illnesses have been tested for comparison, and 
some of the properties influencing the effect of serum on 
leucocyte respiration have been described. 
Casein-induced peritoneal exudates were obtained by 
the method of Stahelin et al.* from 300-400 g guinea-pigs. 
These exudates contained 80-90 per cent polymorpho- 
nuclear leucocytes. The leucocyte concentration was 
standardized by adjusting the optical density of the 
leucocyte suspension (wavelength 550 my in a Bausch 
and Lomb ‘Spectronic 20°). Rabbit leucocytes were 
obtained from 4-6 lb. rabbits by the same procedure. 
Serum was obtained from patients at the Robert Breck 
Brigham Hospital, Children’s Medical Center, and the 
‘New England Baptist Hospital. Diagnoses were, estab- 
lished after evaluation’ of the clinical history, laboratory 
results, and subsequent course of the disease. Normal 
human serum was obtained from healthy laboratory 
personnel. Guinea-pig and rabbit sera were obtained 
_ by cardiac puncture. Horse serum was obtained from the 
Massachusetts State Laboratories, Department of Publie 
Health. Serum not used immediately was stored by freez- 
ing or by refrigeration for periods not exceeding 7 days. 
Respiratory measurements were carried out using 
conventional Warburg manometry’. One ml. of leuco- 
- cyte suspension containing 50-90 million cells was added 


to each Warburg flask. Unless otherwise noted, 0-6 ml. 


of serum was placed in the sidearm and the total volume 
- in the flask brought to 3-0 ml. with Krebs-Ringer phos- 
nt address: Albany Medical College, Albany, New York, 








phate buffer at pol 7-4. 0:2 ml. of 20 per cent potassium 
hydroxide was pleced in the centre well to absorb liberated 
carbon dioxide. After equilibration, serum and cells 
were combined and incubation continued at. 37° oC. for 
2h. Oxygen consumption was recorded every. ‘15. min. 
Two control flasks containing leucocytes in media alone 
(without serum) were included in each experiment to 
determine baseline cell respiration. 

Experimental tests were carried out on LE cells accord- 
ing to the method of Zimmer and Hargraves*. Fluorescent 
antibody tests were performed by the indirect technique’ 
on sections of unfixed human skin. Fluorescent antibody 
tests on leucocytes were performed after fixation of cells 
in absolute ethaxol. . 





Normal serum consistently produced a marked reduction 
in oxygen uptake, compared with leucocytes incubated in 
media alone. For example, after incubation for 60 min, 
norma! serum depressed leucocytic respiration by approxi- 
mately 60 per sent when compared with leucocytes 
respiring in the presence of media alone (Fig. 1}. No such 
inhibition could be noted when DLE serum was substituted 
for normal serura and the respiratory activity of DLE. 
exposed leucocytes was identical to the baseline respira- 
tion. This difference in the regpiratory effect of DLE 
and normal serura remained constant over a wide range | of 
leucocyte concensrations (16-114 million cells per flask). 
It should be noted that no macroscopic or microscopic 
differences between cells from any of the flasks could be 
noted after incubation for 60 min. Extended perieds of 
incubation ofter resulted in macroscopie differences 
between the cells in the different flasks (probably because 
of accumulation ef acids and insufficient buffering capac- 
ity). No concomitant changes in respiratory activity were | 
noted, however. When serum volumes less than 0-6 ml. 
were used, normal serum showed decreased imbibition, 
and at 0-2 ml. or below did not depress leucocyte 
respiration. With serum volumes greater than 0-6 ml. 
both sera showed increasing ability to depress respiration, 


but at a given serum concentration DLE serum always z 


caused less respiratory depression than did normal serum. 
The respiratory effect of a single serum specimen was 
reproducible when used in the same concentration im 
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Respiratory activity of leucocytes in the absence and ‘presence . 
of different sera. x, Cells in absence of sera; ©, cells in presence of 
normal human serum; @, cells in presence of DLE seru mo 
concentration, 20 per cent; 91x 10° cella per flask. See text for — 
additional details. ae A E 
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‘successive experiments. For example, 0-6 ml. of normal 
serum used in eight different experiments caused an 
oxygen uptake varying from 34 to 46 per cent of baseline 
cell respiration, with an average of 40 per cent and a 
standard error of 1-5. 


Clinical Correlations 


132 normal and pathological human sera were tested 
for their effect on guinea-pig leucocyte respiration. 
Eleven normal sera had average respirations at 40 per 
cent of baseline cell respiration, while sera from eighteen 
patients with active DLE averaged 103 per cent. Sera 
from: patients with rheumatoid arthritis (R.A.) with a 
positive LE cell preparation, polyarteritis, scleroderma, 
ulcerative colitis and rubella arthritis have an effect on 
lencocyte respiration similar to that of active DLE serum. 

Sera from patients with typical DLE in remission 
(inactive), or in patients in whom the clinical picture was 
atypical but who probably had either DLE or rheumatoid 
arthritis, or from rheumatoid patients with a negative 
LE cell preparation, or from patients with other types of 
joint diseases and, finally, from patients with liver 
disease, caused significantly more respiratory depression. 
Thirty-four patients with a variety of non-rheumatic 
diseases showed respiratory inhibition similar to that of 
normal serum, These data are shown in Tables 1 and 2. 

‘The 132 sera tested were arbitrarily divided into two 
groups: those which caused depression of baseline 
leucocyte respiration (ninety sera, 21-89 per cent), and 
those which did not (forty-two sera, 90-145 per cent). 
These two groups were compared with respect to the 
patients’ age and sex and to pertinent laboratory tests, 
and can be seen in Table 3. The forty-two sera which 
did not depress baseline leucocyte respiration showed a 
higher percentage of positive LE cell preparations and 
fluorescent antibody tests, but in other respects the two 
groups appeared comparable. 

. Two separate serum samples were obtained from 
twelve patients with active DLE, at intervals varyirf 
from 1 week to 2 years. These patients were divided into 
three groups, depending on the activity of the clinical 
disease during the interval between the first and second 
serum samples: four patients had no change in their 
clinical disease activity, four patients showed some 
improvement, and four patients had become essentially 
asymptomatic during the interval. The percentile 





Table 1. RESPIRATORY ACTIVITY OF LEUCOCYTES IN THE PRESENCE OF 
SERA FROM DIFFERENT PATIENTS WITH RHEUMATIC DISEASES 


Oxygen PT P 
Disease No, uptake* Normal Active LE 
tested {ul} serum ¢ serum 

Normal human serum li 4044-4 ma < 0-001 
Lupus erythematosus 

Active 18 103 445 <Q-001 — 

Inactive? 3 8i+42 < 0-001 <0-O1 
Questionable lapus erythematosus 

Questionable rheumatoid 5 7246-1 <0001 <0-001 

arthiritis§ 

Rheumatoid arthritis!!, with 

Positive LE cell preparation 10 89 + 6-2 < 0-001 >01 

Negative LE cell preparation 16 70461 < 0-001 < 0-001 
Polyarteritis 6 86+7-0 < 0-001 >01 
Scleroderma 104+7-0 < 0-001 > 0:3 
Dermatomyositis 

Active 1 105 

Inactive 1 54 
Apresoline lupus 1 l0 
Other joint diseases? G 6144-5 < 0-01 < 0-001 


* Percentage of baseline leucoeyte respiration at 90 min (baseline res- 
piration set at 100 per cent). The mean and standard error of the mean are 
given for each group. 

f P has the usual significance of a probability value referring to differences 
between the effect of normal serum and each group of disease sera, calculated 
using the ¢ test for small samples. 

$ Patients with documented lupus erythematosus in the past (including a 
positive LE cel preparation) who had reverted to a negative LE cell prepar- 
ation at the time of teating and had no evidence of disease activity (two of the 
three also had normal sedimentation rates), 

§ Patients whose disease was compatible with either lupus erythematosus 
or rheumatold arthritis, but in whom a definite diagnosis could not be made. 
All had positive LE cell preparations. 

i (laasical or definite disease, according to revised A.R.A. criteria. 

% These consisted of one case of spondylitis, three of gout, two of degenera- 
tive joint disease, one of adult Still’s disease, one of Reiter’s disease and one 
of polymyositis. 
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Table 2, RESPIRATORY ACTIVITY OF LEUCOCYTES IN THE PRESENCE OF 
DIFFERENT SERA FROM PATIENTS With NON-RHEUMATIC DISEASES » 


Oxygen Pt P 
Disease Number uptake* Normal Active LE 
tested (zh.) serum serum 
Ulcerative colitist 2 101 +11 < 0001 >02 
Rubella, with arthritis 3 104 +43-2 < 0-001 > 9 
Liver disease§ 7 78+ 5-9 < 0-001 < O01 
Other medical diseases 34 50+ 2:5 >01 < §- O01 


* Percentage of baseline leucocyte respiration at 90 min (baseline respiration 
set at 100 per cent). The mean and standard error of the mean are given for 
each group. 

+ P has the usual connotation asa probability value referring to differences 
between the effect of normal serum and each group of disease sera, calculated 
using the ¢ test for small samples. 

t Without joint disease. 

§ Laennec’s cirrhosis, 4;  post-necrotic cirrhosis, 1; homologous serum 
Punte; 1; adenocarcinoma (site unknown) with extensive hepatic meta- 
stases, 1. 

| Acute bacterial pneumonitis, 6; fever of unknown origin, 1: acute viral 
bronchitis, 1; acute idiopathic pericarditis, 1; acute upper gastrointestinal 
bleeding (gastric or marginal weer}, 3; carcinoma, 5; iron deficiency anaemia, 
1; polycythaemia (primary and secondary), 3; chronic lymphatic leukaemia, 
1; diabetes mellitus, 4; hyperthyroidism, 2; hypothyroidism, 1; aero- 
megaly (active), L; acute myocardial infarction, 2; hypertension, 4: rhet- 
matic heart disease (inactive), 1; phlebitis, 1; acute renal tubular necrosis, 1; 
nephritis following renal transplant, 1; pyelonephritis (acute and chronic), 1: 
chronic glomerulonephritis with nephrotic syndrome, 3: cerebral throm 
bosis, 1; Parkinson’s disease due to arteriosclerosis, 1; asthma (intrinsic and 
extrinsic), 1, Since many patients had more than one diagnosis, the number 
of diseases represented (48) exceeds the number of patients tested (34). 
Table 3. RELATIONSHIP OF PERTINENT CLINICAL AND LABORATORY DATA 
TO THE SERUM EFFECT ON LEUCOCYTE RESPIRATION 


Depression of No depression of 
oxygen uptake oxygen uptake 


(21-89%) (GO-145%) 


Number of patients 99 42 
Average of: 
Patients’ age 49 44 
Sex (per cent female) 65 60 
Blood sedimentation index* (mm/min) )-91 
White blood count 7,900 2,300 
Total serum protein {g per cent) 8-8 6-5 
Albumin 3°39 3:08 
Globulin t 3°36 3-47 
Alpha ł 0-36 0-40 
Alpha 2 0-76 0-77 
Beta 6-84 0-89 
Gamma 1-85 1°53 
Positive serological tests (per cent): 
LE ceil preparation 36 64 
Fluorescent antibody 44 73 
Latex agglutination (positive serum, 65 60 


euglobulin and inhibition) 


* According to the method of Rourke-Ernstene. 
0-40 min/min. 
t Determined by paper strip electrophoresis, 


Normal range 0-05—- 


oxygen uptakes of the first and second sera were averaged 
for each of these three clinical groups. No difference in 
respiratory activity Could be demonstrated between the 
first and second sera when the disease activity remained 
unchanged or showed only moderate improvement. When 
the clinical disease became essentially asymptomatic 
durmg the interval, depression of leucocyte respiration 
appeared in the follow-up sera, a change which can be 
considered significant (P < 0-05). 

The eighteen patients with active DLE were receiving 
many types of therapy at the time their sera were tested, 
including aspirin, antimalarials, large and small doses of 
steroids, white blood cell injections, iniections of crude 
nucleoprotein extracts, and no medication. There was 
no correlation between the type of therapy received and 
the serum effect on leucocyte respiration. 


Effects of Temperature 


The *specific respiratory effects of DLE and normal 
human serum were not altered by refrigeration at 10° C 
for periods up to 15 days, or by repeated freezing and 
thawing. When normal serum was heated to 56° C for 
30 min, however, the ability to depress baseline leucocyte 
respiration was completely destroyed. This can be seen 
in Table 4. Heat did not alter the effects of DLE or guinea- 
pig serum on leucocyte respiration, but heating rheuma- 
toid arthritis serum (negative LE preparation) caused 
complete loss of its inhibitory effect. The four heated 
sera showed no significant statistical differences in 
their effect on leucocyte respiration. When DLE and 
normal human serum were heated to 65° C for 30 min, 
results were identical to those shown for 56° C. The 
addition of guinea-pig complement to both heated and 
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Table 4. EFFECT oy HEATED SERA ON THE RESPIRATORY ACTIVITY OF 
GUINEA-PIG LEUCOCYTES 


Addition* Respiratory activity (%) 
— 100+ 

Guinea-pig serum 98 

Heated guinea-pig serum { 96 

Normal human serum 40 

Heated normal human serum 101 

RA serum 92 

Heated RA serum 110 

DLE serum 102 

Heated DLE serum 101 


* 20 per cent serum added in all cases. . 
+ Oxygen uptake in al., at 90 min set at 100 per cent, 
+ Heated at 56° € for 30 min. 


unheated DLE and normal serum before incubation did 
not change the results shown. 

Heated normal serum did not depress baseline leucocyte 
respiration; it behaved, in effect, like DLE serum. This 
similarity in behaviour suggested that heated normal 
serum might also be capable of forming LE cells. When 
tested with autologous human leucocytes, however, no 
LE cells, rosettes, or extracellular material could be 
demonstrated. 


Homologous and Heterologous Sera 


The effect of species difference on leucocyte respiration 
was investigated using normal human, guinea-pig, rabbit 
and horse sera with both guinea-pig and rabbit leucocytes. 
Normal human serum caused depression of baseline 
leucocyte respiration with both guinea-pig and rabbit 
cella, but none of the other sera showed this effect. 


Normal human serum caused a depression or inhibition 
of the oxygen consumption of guinea-pig leucocytes, 
while serum from patients with DLE and the other con- 
nective tissue diseases did not. This difference in res- 
piratory effect may be explained by postulating (1) 
the presence of an inhibitory factor in normal serum that 
is absent or different in DLE serum, (2) a stimulatory 
factor in DLE serum that is not present in normal serum, 
or (3) a combination of 1 and 2. The possibility that an 
inhibitory factor(s) is present in normal serum which is 
absent, decreased or masked in DLE serum is indicated 
by the data presented. Certain aharacteristics of this 
inhibitory factor(s) emerge from the experimental data. 
It is labile to heat (destroyed by heating at 56° C for 30 
min). It is stable at low temperatures, and resists repeated 
freezing and thawing. It is inhibitory to both guinea-pig 
and rabbit leucocytes, but is absent in the other animal 
sera tested (guinea-pig, rabbit, horse). 

‘The possibility that the inhibitory effect of normai 
human serum is due simply to an agglutination of the 
leucocytes caused by an antibody-like substance present 
in normal human serum and missing in DLE serum is 
attractive and must be considered. The fact that no early 
microscopic or macroscopic differences were noted between 
the leucocytes incubated in the absence and presence 
of different sera, however, would tend to weaken this 
line of reasoning; also the fact that no change was found 
in the respiratory rate of the leucocytes in the presence 
of normal serum would indicate that death of the dell due 
to agglutination had not occurred. In addition the factor 
is destroyed by heating (56° C, 30 min). This would 
eliminate most of the conventional type of antibodies. 
This possibility is still attractive, however, and is at present 
being explored. 

Merchant!! has described the deleterious effects of 
normal human serum on guinea-pig peritoneal exudate 
cells. By observing the cells under dark field microscopy, 
he noted a marked reduction in the various parameters of 
leucocyte activity during incubation with normal human 
serum, compared with the effects of guinea-pig serum. 
Although it is attractive to attempt to correlate these 
observations with the inhibitory effect of normal serum 
on leucocyte respiration, it should be noted that Merchant 
also found that the reduction in leucocyte activity was not 
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limited to humaa serum but was also present with other 
heterologous sere, and when leucocytes were incubated in 
inorganic medis alone (Locke’s solution). Washed 
peritoneal exudate cells were used in these experiments 
which may account for the difference in results with hetero- 
logous sera, since our data showed that only human serum 
was able to inhibit leucocyte respiration. 

The respiratory effect of normal serum was simulated 
by sera from pat-ents with a variety of illnesses including 
bacterial and viral infections, cancer, blood loss, blood 
dyscrasias, endccrinopathies, and cardiovascular and 
renal diseases. "The other sera tested all showed signifi- 
cantly less respiratory depression, although inactive DLE, 
questionable DLE, questionable RA, RA with a negative 
LE cell preparat-on, other joint disease and liver disease 
sera caused more respiratory inhibition than did active 
DLE serum. RA with a positive LE cell preparation, 
polyarteritis, scleroderma, active dermatomyositis, apre- 
soline lupus, ulcerative colitis and rubella arthritis all 
behaved similarly to active DLE serum in that they did 
not appreciably mhibit leucocyte respiration, and indeed 
sometimes showed stimulation above baseline respiration. 
The connective tissue diseases—disseminated lupus 
erythematosus, rieumatoid arthritis, polyarteritis, sclero- 
derma and dermatomyositis—have been noted to have 
many common c3nical, laboratory and even pathological 
findings, and stizmata of several of these diseases. are 
sometimes observed in the same patient™. It is not. 
surprising that a failure to inhibit leucocyte respiration is 
shared by serura from pationts with these disorders. 
Apresoline lupus. ulcerative colitis and rubella arthritis, 
although indirectly related, have been noted to show as 
yet poorly understood similarities to certain of the 
connective tissue disorders, similarities which the present 
investigation extends to include the eifeets of serum on 
leucocyte respiracion. 

Another possitle mechanism for the difference in the 
respiratory effects demonstrated by DLE and normal 
frum can be suggested. The phagocytosis of inert 
particles is known to require an increase in glycolytic 
energy and is acccmpanied by a marked increase in oxygen 
consumption!**. Thus, the inhibitory factor would be 
present in both sera, but in DLE serum a stimulatory 
factor, perhaps en antinuclear factor, could be present 
and subsequently *‘phagocytized”’ and an increased oxygen 
uptake could thus oceur. Some evidence for this line of 
reasoning is seen where the serum concentration is reduced. 
to 10 per cent. At this level, inhibition with normal 
serum is absent and an increase in respiration is noted 
with DLE serum*!. From these data a hypothesis has 
been developed which relates lysosomes, aetiology, LE 
cell and appearance of antinuclear factor in patients with 
DLE'?, ‘The deta presented in this paper are not incon- 
sistent with the proposed hypothesis. In both instances, a 
stimulation of respiratory activity of leueocytes results 
when the cells are allowed to incubate in the presence of 
DLE sera and ars compared with those respiring in the 
presence of normal serum. This stimulation could be 
“triggered” by tke entry of an aetiological agent (viral, 
bacterial, fungal, etc.) into the cell. This would result 
in the activation of the lysosomal enzymes (DNase, 
cathepsins, ete.), which would now be free to attack nuclet 
and connective tissues components. The former would 
result in the appearance of LE cells and antinuclear 
antibodies and tke latter would be responsible for some 
of the clinical manifestations often seen In DLE1}8, 
Further, the hypethesis that collagen diseases may have 
a basis in hypersensitivity against nucleoproteins being 
derived primarily from viral, bacterial or animal sources'® 
also favours the proposed hypothesis and the concept that 
a stimulatory factor is present in DLE sera. 

The failure to Getect any evidence of LE cell formation 
in our reaction mixtures was not unexpected, as guinea-pig 
leucocytes from tke peripheral blood are known to possess 
ten times the avicitv for LE cell formation that is shown 










3 gui nea-pig peri toksai ENR 
<d-to f s when tested with known 
pos ive sera aby ea routine LE cell test procedures. Guinea-pig 
peritoneal exudate cells have been shown to possess a 
surface inhibitor substance which can prevent the phago- 
eytosis of inert particles in the absence of serum, an 
inhibitor which can be removed by washing the cells*'. 
Since washed cells were not used in the present experi- 
ments, this offers a possible explanation for the failure to 
demonstrate LE cells in the incubation mixtures. 

‘The significance of these observations for the aetiology 
and pathogenesis of DLE and the other connective tissue 
diseases remains speculative. Nevertheless, they offer 
an avenue of approach to the investigation of possible 
metabolic abnormalities associated with these diseases. 
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netabolic activities accompanying phagocytosis by 
‘phonuclear neutrophils (PMN) are well known. 
aiple, it has been shown that the uptake of paf- 
accompanied by a stimulation of oxygen consump- 
as well as by increases in aerobic and anaerobic 
-glycogenolysis, flow of glucose through the 
monophosphate pathway (HMP), lipid turnover! =$, 
ate. oxidation®, These metabolic alterations 
ha wide variety of particulate materials (inert 
nd bacteria) and it has been thought that some 
-echanges represent an increased demand for 
-that is required for the entry of particles. The 
“that glycolytic inhibitors (that is, sodium fluoride, 
iodoacetate, IAA) inhibit phagocytosis, whereas the 
ratory inhibitors (that is, potassium cyanide and 
‘ein A) do not, indicates that the energy require- 
ent for particle uptake is derived from glycolysis. It 
is . clear that phagocytosis is an active process requiring 
a net expenditure of energy by the phagocytosing cell. 
The fate of the ingested particles, especially in relation 
to the alterations in the metabolism of the phagocyte 
after particle uptake, has also been considered by some 
investigators. For example, the increased release of 
hydrolytic enzymes and/or bactericidal agents from cyto- 
plasmic granules of PMN after phagocytosis has been 
-.irplicated in the destruction of ingested bacterias“. 
Örn the other hand, Iyer, Islam and Quastel® have postu- 
lated that the increased production of hydrogen peroxide 
by the direct oxidation of glucose during phagocytosis 
by PMN is responsible for the functional bactericidal 
action. Obviously much has been learned. It should, 
however, be pointed out that many of these metabolic 
stimulations are oxidative in nature. Since it is well 
known that phagocytosis occurs anaerobically* the question 
regarding the function of these oxidative changes becomes 
important. As yet, the significance of many of these 
findings and their subsequent correlation with the 
eventual fate of the ingested material remains unresolved. 
The object of this article is to show that the increased 
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metabolic activities associated with phagocytosis may be — 
separated into those events which are involved with entry = 
of the particle and those which are apparently triggered oe 
by the particle once it has entered the cell. It will further 
be shown that these latter events (that is, stimulate 
metabolic oxidative activities, such as increased oxyger 
uptake and increased HMP activity) are apparently nol 
involved in particle uptake. This will explain why. 
phagocytosis can occur equally well in aerobic and anaero 
bic conditions. Finally, a correlation between bactericida 
activity and increased oxidative activities of the phago 
cytosing cells will be shown. 

Polymorphonuclear neutrophils were obtained from - 
guinea-pig peritoneal exudate by previously published. 
procedures?, Respiration was measured by standa 
Warburg manometric techniques. Anaerobic conditions = 0 
were obtained by flushing the reaction flasks for 15 mins: 0 
with nitrogen. Traces of oxygen present in the com- = >. 
mercial nitrogen used were removed by passing the gas 
over hot copper powder. Lactate estimations were carried 
out using the method of Barker and Summerson*®. The 
production of carbon-14 dioxide was measured as labelled 
barium carbonate as described by Calvin ef al’. The _ 
bactertcidal activities of the cells were measured as 
described in a previous publication’®. Cultures of Staphy-. 
lococeus albus and Escherichia coli were maintained and — 
used as pr Poue described! 


tedun (KRPM). PMN a were a bei E 
suspending the washed PMN pellet in 0-25 M sucrose and oo cas 
homogenizing the resulting suspension in a motor-driven 
Potter—Elvehjem homogenizer with a ‘Teflon’ pestle for 
2mm. The homogenate preparations contained a neg- 
ligible number of whole cells, swollen and disrupted 
nuclei and intact granules, as observed by phase micros- 
copy. The reaction mixture for the incubation of homo- 
genates consisted of 133 umoles of sucrose, 30 umoles 
of potassium phosphate buffer at pH 7-4, 33-3 umoles of 
potassium chloride, 6-7 umoles of magnesium sulphate, 
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1 umole. of a adenosine- 5-phosphate, 10 myumoles of cyto- 
chrome-c and 40 umoles of nicotinamide in a total volume 





of Tomb Substrates and/or inhibitors were added when 
os desired. 


‘For the measurement of hydrolytic enzymes, PMN 
suspended in Krebs-Ringer phosphate medium were 
incubated in small homogenizer tubes in a Dubnoff 
metabolic shaker. After incubation, the tubes were 
plunged in an ice bath and 9 ml. of ice cold medium was 
added. The cells were separated by light centr ifugation 
(400g for 4 min) and homogenized for 1 min in 2-5 ml. of 
0-25 M sucrose. An additional portion of 2-5 ml. of 0-25 M 
sucrose was now added and the suspension was mixed 
vigorously in a ‘Vortex’ mixer for ] min. Portions of this 
homogenate were taken for the estimation of total 
enzyme activities and the remaining homogenate sus- 
pension was centrifuged in a ‘Serval RC-IID centrifuge 
at 18,000g for 15 min. Portions of this supernatant 
were used to assay the enzyme activities in the soluble 
(eytoplasmic) fraction of the homogenate. The difference 
between the total and soluble enzyme activities has been 
shown to reside in the lysosomal granules‘, 

Acid and alkaline phosphatase activities were measured 
by the rate of hydrolysis of p-nitrophenylphosphate™ 
at two different, enzyme concentrations. The incubation 
mixture for acid phosphatase estimation consisted of 
5 pmoles of p-nitrophenylphosphate, 22-5 pmoles of 
citric acid, 2-5 moles of hydrochloric acid and 45 moles 
of sodium hydroxide and enzyme preparations in a total 
volume of 0-5 ml. The final pH of the reaction mixture 
was 48. For alkaline i A aha measurement the 
reaction mixture consisted of 5 ymoles of p-nitrophenyl- 
phosphate, 25 umoles of glycine, 0- -25 umoles of magnesium 
chloride, 21-3 umoles of sodium hydroxide and enzyme 
preparation in a total volume of 0-5 ml. The final pH 
was 10-5. After incubation for 30 min the reaction was 
stopped by the addition of 25 ml. of 0-02 N sodium 
hydroxide and the yellow colour of p-nitrophenol was 
estimated in a Beckman DB spectrophotometer at 410 my. 
8-glucuronidase was estimated by the rate of hydrolysis 
of phenolphthalein-8- glucuronidate™. The incubation 
mixture consisted of 0-5 umole of substrate, 28 umoles 
of sodium acetate-acetic acid at pH 4+5 and enzyme 
preparation in a total volume of I’ml. After incubation 
for 60 min, the reaction was stopped by the addition of 
2-5 ml. of 0-5 M glycine-sodium chloride—sodium hydroxide 
buffer at pH 10-4. The liberated phenolphthalein was 
estimated spectrophotometrically in a Beckman DB 
spectrophotometer at 540 muy. 

Metabolic stimulation is shown only by intact and viable 
phagocytosing PMN. This is clearly shown by the results 
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presented in Tasle 1. The addition of particles. to. 
homogenates dces not. signi icantly change an | 
metabolic activisies of the homogenates. Intact cells, on 
the other hand. show striking stimulation of oxidative 
metabolism. The PMN homogenates used in these experi- 
ments possess im a functional state the necessary enzyme. 
systems responsible for the stimulated metabolic activities. 
This is shown ky the fact that when TPN is added. to 
homogenates the stimulation in the oxidation of glucose- 
1-4C is readily epparent. TPN has been shown to be the 
rate limiting factor for the operation of the HMP in human 
leucocyte homogenates’*. In intact cells TPN does not 
stimulate the HMP, presumably because of a transport 
barrier, Finally. it has been shown that sodium fluoride 
will cause a marked stimulation of respiratory and HMP 
activities in leucocytes?. PMN homogenates do not show 
these stimulatioas with sodium fluoride. : 

It is clear that an intact cell structure is necessary to 
produce these raetabolic changes accompanying phago- 
cytosis, Yet it 5 not clear whether these changes occur 
at the same time as particle uptake or whether they occur 
as a result of an alteration in the properties of the phago- 
cyte. However, Zatti, Rossi and Meneghelli™ have shown 
that the stimulation of HMP activity occurs as. early as 
30 sec. after phagocytosis. In order to investigate this 
problem, pre-i ineubation experiments were undertaken 
using heat killed 5. albus as a test particle. PMN were 
incubated with bacteria in 50 ml. glass centrifuge tubes in 
a Dubnoff metabolic shaker. After incubation for 15 min. 
the PMN were washed free of extracellular bacteria with 
40 ml. of ice cold KRPM and centrifuged at 400g for 
4 min. This proeedure was repeated twice. These. washed 
PMN (95 per cent containing more than twenty-five 
particles per cell. measured under a light microscope) and 
also homogenates prepared from them were now incubated 
with labelled substrates in a Warburg mcnometric appa- 
ratus. Table 2 shows that these washed cells, in spite of 
the absence of extracellular particles, showed stimulated 
gxidative metabolism similar to that observed with 
phagocytosing FM It is also of interest to note that 
homogenates prepared from washed PMN containing 
particles also have an increased metabolic activity. | 

Thus, the sus:ained, stimulated oxidative metabolism 
of phagocytosing PMN does not appear to depend | on. the — 
simultaneous act of engulfment. Apparently it occurs as > 
a consequence cf particle uptake. On the other. ; Sant, pe 
it has been shown conclusively that gl yealytic activity Is = 
involved in partecle uptake?. Also, it has been suggested OnE 
that the increased glycolytic activity of phagocytosing 
PMN causes the increased oxidation of glucose-1- 1-40 by 

a TPN-linked lactic dehydrogenase. F Further, it has 
























Table 1. EFFECTS OF SODIUM FLUORIDE AND TPN ON THE METABOLISM OF GUINEA-PIG EXUDATE POLZMORPHONTCLEAR NEUTROPHELS AND HOMOGENATES i 


Additions Ghicese-1-¥C Formate-¥0 Toe 
Intact cells Homogenates Intact cells Homogenates 
Ñ Particles ~~ + + ~ + -~ K 
Yone: . 2 as 
a (ul) 10-9 + 0-7 29-9 + Ll T5 + 0-6 TL +13 4112406 386 + 0-90 81+ 0-1 83 + Pl 
40, (mumoles) 886416 8720+ 71 AZ1L+t14 186+ 1-0 &6+056 460423 102405 160 + 23 
N E aoe (amoles) 3-6 + 0-4 38 + 03 22+ 01 2:3 + O1 4+ 0-1 1-6 + 01 11+ 04 12 + O1 
Na 
QO, 41-5 4 18 40-3 + 21 73 + 02 71* 42-7 + 0-4 38962 0-7 87 + O4 79% 
NCO, 315 +4 86 2080+ 18:1 172 + 13 £18-9* 56-9 + 38-1 430 +27 130407 149 
“PR faa 0-8 + O1 O09 a 02 O6 + O1 0-6* CBE OL O8 + OL Q4 + 0-1 05t 
m? 
106 + 0-6 31:1 + 23 $1 + 0-2 8-9* 18-7 +10 416+ 1:3 89 + O2 9: 1* 
CD 41-2423 801-06 + 126 1520 +70 167-0* @1+07 4497+ 31 211411 16-0" 
Lactate 3:5 + 03 39+ 03 21401 2:3* 1-6 + 0-2 1-8 + O2 10 + O14 1:3* 


Results are given as the mean and standard error of the mean for four experiments, the mear for two experiments (*), for a 30 min reaction pad 
at 37° C, for 100 y cellular phosphorus (5-5 x 10° cells). Particles used were heat killed Staphylococcus albus at a particle : phagocyte ratio of 250: 1. Initial 


concentrations of glucose 10 mM and formate 2 mM. 







Table 2. 
Glneose-1-4C 
PMN pre-incubated for 15 min. QO; MOD. 
with additions {zl.) (mumoles) 
None: 
Intact cells 108 + O4 41-0 + 1:5 
Homogenates 69 + 02 186+ 1-0 
Particles: 
Intact cella 30-0 + 10 351-0 + 68 
__. Homogenates 14-7 + O4 923 4 45 
Sodium fluoride (20 mM) 
z ae Intact cells 44-4 + 1:8 297-0 + 14-5 
Homogenates 16-4 + O5 107-6 + 57 
following pre-incubation: see Tabl 


Resulte are for 30 min reaction period fo 


EFFECTS OF PRE-INCUBATION WITH PARTICLES ON THE METABOLISM OF INTACT PMN AND PMN HOMOGENATES 


Formate-*C 
es © 


Lactate QO, l 3 Lactate 
(zmoles) {#1.) (mymoles} {amoles) 
35 + 03 13:3 + 0-8 98 + O6 15 +01 
25 + 0-2 77+ O1 159 + O4 12 +4 O01 
42+ 02 43:2 + 1-0 49-7 + 12 14401 
2-3 + G2 16:3 + 0-2 47-2 + 3-6 12401 
6-8 + O1 512 + 1 58-1 + 1-0 09 +01 
0-2 + QI 167 + 05 71-8 + O1 02 + O01 
e 1 and text for further details. 
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been shown that sodium fluoride will inhibit glycolysis 
and phagocytosis and simultaneously increase respiration 
and carbon-14 dioxide production from glucose-1-"C 
and formate-“C. This effect of sodium fluoride has not 
as yet been thoroughly investigated and explained. 
Experiments have now been carried out to elucidate the 
interrelationship of glycolysis and oxidative metabolism 
of PMN during phagocytosis and also to elucidate the 
apparently peculiar effects of sodium fluoride in PMN 
metabolism. 

Sodium fluoride in increasing concentrations causes 
an increase in the respiration and glucose-1-"C oxidation 
of PMN until a plateau is reached at about 30 mM con- 
centration (Fig. 1). These data are similar to the results 
obtained when increased concentrations of particles are 
offered for phagocytosis*. Degranulation of PMN is also 
observed with added fluoride (Figs. 3 and 4) as has pre- 
viously been observed with particles*:*. “Popping” of 
granules with fluoride has previously been alluded to in 


60 


40 


Qo, (al.) 





0 15 30 45 60 
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Fig. 1. Effects of sodium fluoride on respiration and glucose-1-'C oxida- 


tion by PMN. Results are av from two experiments for a 30 min. 
reaction period and 100 y cell phosphorus (5-5 x 107 cells), At 
ns of sodium fluoride higher than 20 mM, an equivalent ® 
amount of sodium chloride was removed from the medium to maintain 
isotonicity. » “CO, produced from glucose-1-“C; — — — —, 
oxygen consumption. Arrows indicate stimulation observed with 
polystyrene particles in absence of sodium fluoride, 
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Fig. 2. Bactericidal activity of PMN under anaerobic and aerobic con- 
ditions. See text for details. a and A, Bacterial control under anaerobic 
and aerobic conditions roar 7a b and B, phagocytic system under 
anaerobic and aerobic conditions respectively. (E. coli: P ratio 4:1.) 





Fig. 3. Degranulation in PMN induced by sodium fluoride, a, Control, 
no fluoride; 15 min incubation period; b, 20 mM fluoride; 15 min incuba- 
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Fig. 4. Time-course investigations on Sceranaiation induced by sodium 
fluoride, PMN suspensions in KRPM with and without sodium fluoride 
(20 mM) were incubated in test tubes held in a Dubnoff metabolic shaker 
at 37°C, Slides were made at the time intervals indicated and stained for 
1 min with May-Grunwald (diluted 1:10 with 95 per cent ethanol), 
They were then washed with tap water and counter-stained for 6 min. 
with 1 : 200 Giemsa. The slides were then washed with tap water, dried 
in air and examined by light microscopy. Cells showing degranulation 
as show® in Fig. 3b were scored and are represented on the ordinate. 


a statement by Karnovsky during a general discussion"*. 
The similarities between the metabolic stimulations of 
fluoride and particles are further shown by the facts that 
fluoride does not stimulate the metabolism of PMN 
homogenates (‘Table 1) while it does stimulate the meta- 
bolic activities of intact cells and homogenates prepared 
from PMN pre-incubated with fluoride (Tables 1 and 2). 
These results are similar to those obtained with particles 
under identical conditions, and it is clear that fluoride 
stimulates the oxidative metabolism of PMN in the same 
way as do added particles. From our data, it would 
appear that this effect can be explained by the mag- 
nesium fluoro-phosphate complex formed on the addition 
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of fluoride to KRPM. The formation of this complex 
when fluoride is added to phosphate buffer in the presence 
of magnesium is well established. This precipitate 
might therefore act as a stimulatory particle. Fluoride is 
also a glycolytic inhibitor, however, and depresses lactate 
production considerably and it effectively prevents 
phagocytosis. It is postulated that fluoride diffuses 
freely into the cell and forms magnesium fhuoro-phosphate 
inside the cell and the resulting precipitate initiates the 
observed stimulated metabolic activities. If, however, 
sodium fluoride is added to magnesium sulphate and 
phosphate buffer in a test tube and the resulting pre- 
cipitate is offered to PMN as a test particle, no stimulation 
of any of the metabolic activities usually seen with phago- 
eytosing cells is observed. This is not unexpected as 
many insoluble inorganic precipitates (such as barium 
sulphate and manganese dioxide) have also been shown 
not to be phagocytosed by PMN®. 

To explore further the hypothesis that the observed 
increases in oxidative metabolic activities are the result 
of a stimulation inside the cell, pre-incubation experiments 
were conducted using IAA as a glycolytic inhibitor. A 
number of preliminary experiments were carried out by 
varying the time of pre-incubation and the concentration 
of IAA to obtain satisfactory conditions to prevent particle 
entry without causing an undue inhibitory effect on the 
metabolism of the resting cell. For these experiments, 
PMN were incubated with IAA in the main chambers of 
Warburg flasks, and glucose-1-“C along with sodium 
fluoride or heat-killed S. albus were tipped from the side 
arm of the Warburg flask after the pre-incubation period. 
The results shown in Table 3 show that pre-incubation 
for 6 min with 0-5 mM IAA effectively prevents particle 
entry (as observed by light microscopy) and also inhibits 
significantly the metabolic stimulations observed with 
phagocytosis. Under identical conditions, however, 
sodium fluoride still stimulates respiration and oxidation 
of glucose-1-"4C. It is evident that fluoride diffuses into 
the cell and forms the magnesium fluoro-phosphate 
complex inside the cell, which then acts as a phagocytosed 
particle. Lactate production was inhibited considerably 
by fluoride, indicating that fluoride ions entered the cell, 
although the oxidative metabolism was stimulated. 

These results not only throw light on the peculiar 
metabolism of PMN in the presence of fluoride, but they 
also allow one to draw some conclusions regarding the 
sequence and interrelationships of oxidative and glycolytic 
metabolism in phagocytosing cells. Evidence for the 
involvement of glycolytic energy for the engulfment of 
particles appears conclusive, since inhibition of the 
production of lactate by fluoride or IAA effectively in- 
hibits particle entry. Convincing evidence that an in- 
creased glycolysis results in a stimulation of the flow of 
glucose molecules through the HMP, as has previously 
been suggested’, is still lacking, however, and is incon- 


Table 3. EFFECTS OF PRRDIOIBATIR I WITH IAA ON THE METABOLISM OF 
N 


QO, Lactate Glucose-1-"4C-—> CO, 


Additions (ul.) (wmoles) ({mumoles) 

Control ° 

None 11-2 3 45-3 

Particles = 29 3-9 335-0 

Sodium fluoride (20 mM) 42-0 0-9 296-0 
TAA (0-5 mM) pre-incubated (5 min) 

None 8: 0-5 31:3 

Particles 13-0 0-5 32-1 

Sodium fluoride (20 mM) 39-6 0-4 243-0 


Results are averages of two experiments, for a 30 min reaction period 
following pre-incubation. For further details see Table 1 and text. 
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sistent with the fincing that fluoride stimulates the oxi- 
dation of glucose-1-4C while lactate formation is con- 
siderably inhibited. These ehanges in the oxidative 
metabolism of phagocytosing PMN appear to be 
the result of changes that have already occurred in the 
phagocyte owing to she presence of the particle inside the 
cell. Although viable cells are required for the initiation 
of these events, neisher an intact cellular structure nor 
simultaneous partide entry is necessary to produce 
these changes (Tabies 1 and 2). The ingested particle 
might conceivably come into direet contact with the 
surface of the granuks inside the cell, thus stimulating an 
increased interacticn between the reduced pyridine 
nucleotides and their oxidases. The presence of “swollen” 
granules in phagocytosing cells has recently been reported 
by Zatti, Rossi and Meneghelli'*. Further, these authors 
have also shown that this morphological change occurs 
during the period o? stimulated metabolic activity. 

Since the glycolyzie activity of PMN is involved in 
the uptake of partecles and since it appears that the 
changes in oxidative metabolism occur as a result of 
this uptake, it would be of interest to examine the possible 
role of the stimulated oxidative changes in the digestion 
and destruction of phagocytosed particles. It is well 
known that phagocytosis occurs under anaerobic as well 
as aerobic conditions, although oxidative metabolism 
does not occur in the absence of oxygen®*18, These facts 
provide a basis for examining the possible relationship 
between the oxidat ve metabolic activity and the fate 
of the ingested material. It is evident from the results 
presented in Fig. 2 that the bactericidal activity of PMN 
against E. coli is significantly reduced under anaerobic 
conditions. Uptake of particles under anaerobic con- 
ditions was confirmed under the light microseope. Also, 
Table 3 shows clearly that the increased liberation of 
lysosomal enzymes essociated with the entry of particles 
(increased activity ie soluble fraction from phagocytosing 
cells) was also found to be comparable to that observed 
under aerobic condations. These data would appear to 
indtate that the increased oxidative metabolism is 
associated with the higher bactericidal activity observed 
under aerobic condizions. Further, as lysosomal enzyme 
activities are increased equally under aerobic and anaero- 
bic conditions, thei: role as bactericidal agents in vivo 
requires further investigation. The work of Zatti, Rossi 
and Meneghelli is pertinent to this latter point. These 
authors have shown that lysosomal degradation is not 
related to the increased flow of glucose through the hexose 
monophosphate shumt nor to the increased respiratory 
activity associated sith particle uptake. On the other 
hand, the increasec TPNH oxidase activity associated 
with phagecytosis has been shown to result in increased 
formation of hydrogen peroxide which can be effectively 
prevented by anaerebiosis®:!*. The increased bactericidal 
activity observed uader aerobic conditions suggests that 
the role of hydrogea peroxide as a bactericidal agent in 
PMN requires further investigation. Such experiments 
are now in progress. 

It thus appears that the metabolic activitics of phago- 
eytosing cells may ke separated into those involved with 
actual engulfment (glycolytic) and those which are 
apparently triggered by the particle once it has entered — 
the cell (oxidative). The latter activities would appear to. 
be associated with inactivation and the eventual des 
truction of the phagocytosed particle. 

We thank Miss Œ Pilapil for technical assistance, and 
Mr. George Daynes for taking the photographs. 





Table 4. RELEASE or LYSOSOMAL ENZYMES BY PHAGOCYTOSING PMN UNDER AEROBES AND ANAEROBIC CONDITIONS 


Aerobic Anaerobic . 
Resting Phagocytosing Resting Phagocy tosing 
Total Soluble Total Soluble Total Soluble Total Soluble 

Alkaline phosphatase 2-90 + 0-18 0-16 + 0-02 3°02 + 0-05 40 + 0-07 271 +004 O17 + OOL 2-96 + 6-02 0-39 + 0-01 
Acid phosphatase 2-74 + 0-05 0-07 + 0-01 2-77 + 0-05 6-20 + 0-04 271 + 0-02 6-08 + GOL 277 + 003 26 + 0-02 
8-Glucuronidase 0-06 + 0-01 0-02 + 0-01 0-07 + 0-01 6-03 + 0-01 0-07 + 0-01 0-02 + 0-01 0-07 + 0-01 003 + 0-01 

“Results are averages of four experiments. Enzyme activities are given as wmoles of substrate hydrciysed in 30 min by enzymes extracted from 100 
cellular phosphorus (5-5 x 10? cells), Soluble fraction contains the enzymes released by lysed granules. Fcr further details see text. 
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MECHANISM OF RECURRENT INHIBITION IN THE LATERAL GENICULATE 
NUCLEUS OF THE RAT 


By Dk ANN JERVIE SEFTON and Dr. W. BURKE 
Department of Physiology, University of Sydney 


In a recent communication? a neuronal model was 
proposed to account for the deep and prolonged depres- 
sion of transmission through the lateral geniculate 
nucleus (LGN) of the rat after a stimulus to the optic 
nerve., ‘This model was based on the finding of two types 
of cells in the LGN: P cells, believed to be principal cells 
projecting to the visual cortex, which constituted 88 per 
cent of the 255 cells examined; J cells, believed to be 
interneurones, constituting 12 per cent of all cells. Follow- 
ing the stimulus, both types of cell discharge in rhythmical 
bursts at intervals of about 150 msec. It was suggested 
that the J cells receive an innervation from recurrent 
collaterals of the P cells, responding to a single afferent 
volley with a burst of about ten action spikes, and synapse 
back on to the P cells, producing there a hyperpolarization 
(a summation of inhibitory postsynaptic potengials 
(IPSPs)). The P cells would be silenced during the 
hyperpolarization but would discharge again after about 
150 msec as the hyperpolarization waned, perhaps because 
of an overshoot of potential beyond the resting level. The 
renewed P cell discharge would re-excite the J cells and 
the whole process would be repeated. Connexions between 
P and J cells appear to be diffuse. Possibly because of 
increasing asynchrony between the elements, the re- 
current discharges do not continue indefinitely but cease 
after a few seconds. 

The model is essentially similar to that of the spinal 
motor neurone—Renshaw cell loop? and similar models 
have also been proposed for several other nuclei in the 
central nervous system*-*. This article gives additional 
evidence in support of the model and suggestions are 
made concerning some still unexplained features. Record- 
ings were made from single cells in the LGN of the rat, 
anaesthetized with paraldehyde or pentobarbital, using 
glass microcapillary electrodes filled with either 3M 
potassium chloride or 2M potassium citrate. Electrical 
stimuli were applied to the contralateral optic nerve or to 
the ipsilateral visual cortex. 

Extracellular records from P cells in response to 
electrical stimulation of optic nerve show that the spike 
potential is usually followed bŷ a slow negative wave. 
Although this is opposite in polarity to the field slow waves 
recorded in the ventro-basal nucleus of the thalamus by 
Andersen, Brooks, Eccles and Sears’, there is little doubt 
that the two sorts of slow wave are homologous and 
accordingly, following the terminology of these authors, 
we refer to them as P-waves. The difference in polarity 
will be discussed later. The P-wave has been studied in 
extracellular records from forty-one P cells and the related 
intracellular potential changes in twenty-four P cells. 

Fig. 1A shows a series of extracellular records from a 
P cell on suecessively slower time bases. The diphasic 


positive—negative spike potential is immediately followed 
by the negative P-wave, which commences during the 
negative phase of the spike. The time course of the 
P-wave is slightly longer than 100 msec and is then fol- 
lowed by a series of P-waves at intervals averaging about 
150 msec and continuing for more than 1-5 sec. The later 
P-waves are always smaller than the initial wave and vary 
in amplitude, duration and interval. There is a rough 
rhythmicity in their occurrence, however, and their time 
course is not greatly different. An injury discharge in this 
cell (A potentials only) was suppressed during the P-wave. 

Impalement of a cell always caused considerable 
damage; resting potentials were never more than 40 mV. 
The spike potential was usually lost within a few seconds 
and all responses were often lost within a few minutes; 
nevertheless, considerable information about the in- 
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Fig. 1. Recordsfrom P cells in response to stimulus to optic nerve. 
Stimulus at commencement of each sweep. A, Extracellular. Negative 
upwards, Same strength of stimulus but successively slower sweeps. 
Spontaneous discharge of A spikes. B, Intracellular. Resting potential 
30 mV. Positive upwards. Potassium citrate electrode. C, Intracellular. 
Resting potential at these records not recorded. Positive upwards. 
Superimposed successive depolarizing IPSP waves in response to a single 
optic nerve stimulus. Sweep for large response commences with stimulus; 
other sweeps are triggered by onset of IPSP wave. D, Extracellular. 
Negative upwards. Note that the negative P-wave is not preceded by 
a spike but is followed by spikes with good negative phase. 
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hibitory process was obtained during this time. The spike 
or excitatory postsynaptic potential (EPSP) is at first 
followed by a slow wave of hyperpolarization. This wave 
has a peak at about 20 msec, a duration of about 150 msec, 
and is followed by a series of waves of like form (Fig. 1B). 
There is no doubt that these are the intracellular counter- 
parts of the P-waves and hence are referred to as IPSP 
waves’. If a potassium chloride electrode was used, the 
IPSP wave gradually became smaller, then reversed to 
give a wave of depolarization. If a citrate electrode was 
used there was no reversal (Fig. 1B). Evidently the ionic 
mechanisms underlying this potential change are similar 
to those at other postsynaptic inhibitory synapses'’. 
Neither the P-waves nor the IPSP waves depend on the 
occurrence of a spike potential in the cell (Fig. 1B-D). 
Similar IPSP waves have been observed in cat LGN". 

A similar series of slow waves may be obtained by 
cortical stimulation and all the other observations re- 
ported here are likewise reproducible. J cells can be 
reactivated by a second stimulus to the cortex shortly 
after the termination of the first discharge, that is at 
about 30 msec. Correspondingly, a second cortical 
stimulus prolongs a P-wave or IPSP wave. No slow waves 
were recorded from J cells. When P cells were tested with 
two cortical stimuli, in most cases they would not fire 
again until 130 msec or more had elapsed. The hyper- 
polarization is apparently sufficiently intense to prevent 
invasion of even the initial segment of the cell. 

Fig. 2 shows the discharge of an J cell in response to 
two optic nerve stimuli (a, b). On each occasion the cell 
responded with nine bursts. These were recorded on 
moving film, each burst triggering the sweep, so that the 
vertical distance gives the interval between successive 
bursts. There is a variation in duration of burst, in pattern 
of discharge within the burst, and in interval between 





Fig. 2. 

nerve stimuli (a, b). Each response consisted of nine bursts, photographed 

on slowly moving film (vertical calibration). Negative upwards. Re- 
sponses Commence at bottom of figure. 


Extracellular records from an J cell in response to two optic 
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bursts. The first burst always has the highest frequency 
of discharge, however, and the intervals between bursts 
are comparable to those observed between P-waves or 
IPSP waves in a F cell. A high frequency of discharge 
and good synchronization between the first bursts of 
many I cells could account for the abrupt onset of the 
first P-wave or IPSP wave, as well as for its larger size 
(Fig. 1). Fig. 2 als» shows that an J cell may discharge 
again after a longer interval than usual following a short 
discharge. Since its own short discharge would probably 
produce no rebound excitation in a P cell, the pause in 
the J cell discharge suggests a reciprocal innervation 
between a P cell anda given J cell. But the diffuseness of 
the system evidensly enables one cell to pick up the 
rhythm from other cells and thus the discharges resume. 

Rippling was observed in a few cells on the IPSP wave; 
the best example is shown in Fig. 1C. A potassium chloride 
electrode was used in this cell and at the time these records 
were obtained the [PSP wave had become depolarizing. 
The superimposed records are successive IPSP waves 
resulting from a single stimulus. The first wave (which is 
also the largest) commences with an EPSP of about 7 mV 
and is followed by an IPSP wave with a large initial step. 
The EPSP is absent in the later waves and the onset of the 
IPSP is much less abrupt. 

Why is rippling not seen more frequently and why is it 
never seen in the LGN of the cat" nor in the ventro-basal 
nucleus of the thalamus? where analogous circuits 
apparently exist ? Rippling might not be detectable if a 
large number of J sells converged on to each P cell and 
if their discharges were not precisely synchronous. In the 
rat LGN the amourt of convergence is possibly less than in 
cat thalamic nucle’. In many records (such as Fig. 1A) 
there is a suggestion that the amplitudes of successive P 
waves are graded in a quantal fashion. That this is not 
exactly so is not surprising considering the variation in 
the successive discharges of an J cell (Fig. 2). It is not 
improbable, however, that the third largest wave in Fig. 1C 
results from a bucst discharge of a single I cell; the 
pattern of rippling closely resembles the pattern of firing 
in the fifth burst in Fig. 2a (from another animal), The 
smallest wave in Sig. 1C seems to consist of only one 
IPSP such as would result from a single spike in an J cell 
(for example, the shird burst in Fig. 2a). In the larger 
waves the rippling is faster and less obvious, as would be 
expected if more J zells were involved. The rippling would 
also be less obvious the closer the potential eame towards 
the inhibitory equ librium potential. Although we have 
insufficient data to make accurate estimates, a rough 
calculation will indicate the order of magnitude of the 
cross-innervation. It would not be unreasonable to sup- 
pose that about siz J cells projected to one P cell. Since 
there are about eight P cells for every I cell, then each 7 
cell would innervate on the average about fifty P cells. 

An important peint of difference between the rat LGN 
and thalamic nuc ei in the cat (including the LGN) is 
that field slow waves are virtually absent in the rat. The 
P-waves describec here are related to a single cell and 
disappear when tha cell is lost or destroyed. In all except 
one of the forty-ona P cells the extracellular slow wave was 
negative. This mizht have been because of injury by the 
electrode, but the same polarity was observed at a time 
when the diphasic spike potential also had a good negative 
phase (Fig. 1D), indicating that the electrode had not 
damaged the cell. Since most of the recordings are likely 
to be from the soma this result means that all or most of 
the inhibitory synapses are not on the soma, but on den- 
drites or possibly en the axon hillock. The single record- 
ing in which the P-wave was positive might have been 
from one of these sites. The field P-waves in the thalamus 
of the cat result from the flow of current from somas to 
axons and are therefore positive. These waves may very 
well obscure the single-cell P-wave. The reason for the 
insignificance of the field slow waves in the rat LGN may 
be the smallness cf the structure. 
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OCULOMOTOR FUNCTION AND THE ALPHA ACTIVATION CYCLE 
By Dr. T. MULHOLLAND* and Dr. C. R. EVANS 


Autonomics Division, National Physical Laboratory, Teddington, Middlesex 


For many years the electroencephalogram (EEG) has 
been regarded as a useful, if somewhat crude, indicator of 
cerebral processes occurring in humans. In the detection 
of tumours, for example, certain electroencephalographic 
atypicalities can assist the skilled diagnostician in evaluat- 
ing both their site and severity. Less reliably, modification 
of the occipital “alpha rhythm” has been used extensively 





attention” on the part of the subject. Recently one of 
us (T. M.) has been studying the ability of individual 
ects to modify their own electroencephalograms at 
- This has been achieved by setting up a “closed-loop” 
reen the EEG and the activating stimulus—the subject 
ee rvening’’, as it were, within the loop. A detailed 

description of the EEG-stimulus loop is given elsewhere}, 
but the principle may be simply summarized here. The 
loop is effected by supplying the subject with information 
as to the presence or absence of recorded alpha rhythms 
-fror his own brain—this may be done by arranging for a 













a predetermined persistence of the alpha rhythm to switch 


_ ona light in front of the subject or to sound a tone which 

continues as long as “alpha”, according to the agyped 
criterion, is present. In such circumstances many subjects 
can give rather dramatic demonstrations of their ability 
to modify their own alpha-rhythm by “switching on” the 
light, tone, etc., on request’, In experiments recently 
performed in the Autonomies Division of the National 
Physical Laboratory, Teddington, a number of subjects 
were tested in this type of situation, one of whom (R. R.) 
became remarkably skilful at controlling the loop. In 
Fig. 1 we give examples from an experiment where this 
subject alternated between “alert” and “relaxed” states. 
The task was complicated by requiring the subject to 
keep his eyes open throughout the experiment and by 
coupling a light into the loop; the light was turned on 
when alpha rhythms occurred on the EEG and turned off 
when it ceased. Despite these somewhat stringent condi- 
tions it was clear that the subject was able to alternate 
reliably between the two states, and was also able to 
remain in any one state for a number of minutes. 

In other experiments, the loop was set up so that a 
meter pointer moved to the right when alpha rhythms 
occurred and to the left when no alpha rhythms were 
present. The subject R. R., however, learned to regulate 
the needle so that it moved within a narrow range around 
the centre position-—achieved by a rapid alternation of 
“alpha’’—“no-alpha”’ states—-witlf his eyes open for the 
whole time. In Fig. 2 we give a sample record taken at a 
time when the subject, with eyes open, was attempting 
to keep the needle at the midpoint. 

The quite unexpected efficiency of this subject and 
others, in modifying their own alpha rhythm “at will”, 
raises interesting questions about the nature of the 
variable they were controlling. For a number of reasons 
it now seems likely that the voluntary regulation of the 
EEG in a closed visual feedback loop was accomplished 
by voluntary regulations of oculomotor functions. For 

* Present address: V, A. Hospital, Bedford, Massachusetts, 





example, the performance of subject R. R. is reminiscent 
of that reported by Durrup and Fessard*. Their subject 
was able alternately to increase or decrease the amount 
of alpha in his EEG by “shifting his attention” alternately 
from visual to auditory stimuli. They reported that he 
also controlled the occurrence of EEG alpha by regulating 
visual accommodation, convergence and point of fixation. 
Likewise, our own subject R. R. reported that when 
attempting to move the meter pointer to one side, he 
would “look into the distance” with an indefinite fixation 
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Fig. 1. Record of EEG taken when subject alternated on command be- 5 


tween “alert” and “relaxed” states. Eyes were open throughout, and ~ 
heavy bars indicate periods when the presence of alpha caused a bright. °° 
light to be awitched on. ie me 
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Fig. 2. Rapid alternation of “alpha-no alpha” as subject, attempted to 
keep a meter needle at midpoint. Needle moved to right of dial when 


alpha occurred, and to left when alpha was not present. Heavy bars 
indicate periods of alpha as determined by feedback-loop analyser. 
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point producing a blurred image of the pointer. Under 
these conditions, alpha rhythms were produced. To 
suppress alpha rhythms, he would bring the pointer into 
clear vision. It is evident that the concept of “attention” 
does not help much in understanding these results, for 
the subject is “attending” to his task (keeping the meter 
needle central) continuously. 
_ Is the important variable the presence or absence of a 
clear, sharp image on the retina? In a recent paper 
describing tests on two subjects’ we showed that alpha 
can be produced by the simple process of elevating the 
eyes, whether open or closed. Quite unusual bursts of 
- alpha can be observed when these subjects roll their eyes 
back, and this may be sustained even when a clear pattern 
in the form of an after-image is present. In Fig. 3, EEG 
records from these two subjects are presented. Eyes 
were closed throughout both records. When the eyes 
were elevated and alpha occurred (subject T. M., top part 
of Fig. 3) the visual field was flooded with a homogeneous, 
very bright light. Despite this, alpha was abundant. 
In the lower part of the Fig. 3 the subject (R. R.) was 
observing a visual after-image with his eyes elevated (U) 
and with his eyes straight ahead (4). More alpha occurred 
during the “eyes up” condition, despite the fact that 
patterned stimulation was the same in each condition. 
Repetition of these experiments on other subjects con- 
firmed these earlier findings in all essentials. (There may, 
however, be occasional variations—for example, subjects 
may consistently show more alpha when eyes are elevated, 
and then may suddenly show a reversal of this effect.) In 
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Fig. 3. Increase of occurrence of alpha with two subjects when eyes were 

rolled up. In top record presence of alpha switched on bright light. On 

lower record eyes were closed, but subject was viewing a bright patterned 
after-image with eyes closed. 
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one experiment, in which eight naïve subjects were tested, 
the amount of alpha rhythm was quantified by filtering 
the alpha component and integrating the filter output. 
With eyes closed, five subjeets showed more alpha with 
eyes elevated. With eyes open, one subject only initially 
showed more alpha with eyes elevated, but in successive 


trials, the number who showed the effect with open eyes. 


rose to five. It should be mentioned that in an early 
experiment, a powe> spectrum of the EEG was obtained 
from subject T. M. during two conditions; eyes closed and 
not elevated, and eyes open and elevated. Abundant 
alpha oceurred during both conditions and it was found 
that the power specsrum obtained with eyes elevated did 
not differ from that obtained when eyes were not elevated. 

These results show that oculomotor function may be 
dynamically integrated with those cortical or subcortical 
processes involved in the EEG alpha-activation cycle. 
Changing the optimum oculomotor configuration may 
change the response of the EEG to stimulation. 

As we have stated here, the concept of “attention”? in 
relation to the alpha-activation cycle is not particularly 
useful in the interpretation of these results. A search of 
most of the literasure concerning human “attention” 
and the EEG does not reveal any experiment in which 
oculomotor functions have been excluded as a cause of 
the EEG phenomenon supposed to be associated with 
“attention”. Attension, is, in fact, simply assumed to be 
the relevant variakle. However, the results we have 
reported can be expiained in terms of the hypothesis that 
the alpha-activaticn cycle reflects the movements, 
accommodation anc position of the eyes. In sum, such 
a hypothesis would imply that the electroencephalographie 
and oculomotor components of the orienting reponse are 
not merely coincidental and independent*, but are so 
dynamically linked vhat oculomotor processes can modify 
the EEG response to stimulation. From this point of 
view (which will reed to be considered in all future 
experiments linking “psychological” variables with the 
EEG) if there is any affect of “attention”, it is on oculo- 
motor functions which in turn cause a modification of the 
alpha-activation cyele. 

Since this article was prepared our attention has been 
drawn to the unusual EEG records taken from astronaut 
Frank Borman durng the flight of the Gemini satellite. 
GT-7. These show increases in alpha rhythm with weight- 
lessness. This findirg might be explained more simply on 
the basis of an oculomotor imbalance than by changes in 
“attention” or “arousal”. We thank Dr. W. Ross 
Adey for allowing us to see a draft of his analysis of these 
results before publication. 
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SPERMATOPHORES AND SPERMATOPHORIC REACTION IN THE GIANT 
OCTOPUS OF THE NORTH PACIFIC, Octopus dofleini martini 


By Dr. T. MANN*, Pror. A. W. MARTIN, Jun., and Dr J. B. THIERSCH 


Department of Zoology, University of Washington, seattlé 


In octopus as in other cephalopod molluscs, the sperma- 
tozoa are enclosed in spermatophores before they are 
transferred from the male to the female. At the time of 
mating the males take up the sperm-packed spermato- 
phores with their hectocotylized arm and place them in the 
female. In the small species, as for example Oclopus 
vulgaris, the spermatophores seldom exceed in length a 
few centimetres, but in some of the larger species, such as 


-"* Present. address: Agricultural Research Council Unit of Reproductive 
Physiology and Biochemistry, University of Cambridge. 


Octopus hongkongensis or Octopus dofleini, they are reputed 
to measure a metre or more. The present study concerns 
the spermatophores of Octopus dofleini, a species which, 
according to Pieckford', exists in the form of at least three - 


subspecies, namely O.d. dofleini (Wiilker, emend. Sasaki) = 
Fyon (Berry) in the far North Pacific, —— -> 
and O.d. martini, which inhabits the more temperate. = 
waters of the North Pacific, along the coast of Washington 


in Japan, O.d. apoEy 














State. It is the latter subspecies which we have studied - 


and on which we wish to report briefly. The males which ` 
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all caught in the Puget Sound—San Juan Archipelago 
area. Soon after an animal was taken in a trap, it was 
brought by seaplane to the laboratory at Seattle; there it 
was transferred to a large glass-panelled observation 
tank, filled with constantly aerated sea-water maintained 
at 8°-10° C. In these tanks the animals survived well for 
periods of many weeks or months. 

- To obtain a spermatophore, the animal was removed 
from the observation tank, and placed in a tub filled 
with cold sea-water where it was anaesthetized by slowly 
adding ethanol until a final concentration of 2 per cent was 
attained. When the animal became less mobile, and the 
muscles of the mantle more relaxed, it was possible to 
reach into the mantle cavity and to extract manually 
from the orifice of the penis a whole intact spermatophore. 
The animal was then either returned to the observation 
tank and allowed to recover, or killed if further spermato- 
phores were required. Usually fewer than 10 spermato- 
phores were found. In one male, however, suffering from 
occlusion of the terminal portion of the tract thirty-two 
spermatophores were present. 


we examined ranged in 


E Male Reproductive Tract 
An Octopus dofleini the male reproductive tract (Fig. 1) 
lies enclosed in a membranous capsule, the “genital bag”, 
which occupies a large portion of the posterior region of 
the mantle cavity. The total weight of the reproductive 
tract is about 1 kg, of which one-fifth or so is taken up 
by the testis, a single, oval, porcelain-white gland, loca- 
ted in the posterior compartment of the genital bag. 
~The remainder of the tract consists of the various acces- 
sory organs, which lie in the anterior compartment of 
the genital bag. In their general appearance these organs 
fit into the pattern described by Winkler and Ashley? 









in the animal presumed to be Octopus apollyon (Berry). 
Though much bigger and differing in shape from those of 
Octopus vulgaris, the accessory organs of Octopus dofleini 
martini tend to conform to the general distribution patéern 
characteristic of the common octopus*-"*. 

_ When leaving the testis, the spermatozoa, not yet 
encased, pass first through the membranous, funnel- 
shaped ampulla into the long convoluted vas deferens 
proximale which in its gross appearance resembles the 
epididymis. Emerging from the vas the spermatozoa 
enter first one, and then another, system of tubular 
glands, each, when uncoiled, about one metre long; 
these two organs correspond roughly to the vesicula 
seminalis and prostata of the common octopus. In these 
two. organs, perhaps best designated as the spermato- 
phoric gland systems I and II, the spermatozoa are 
enfolded by the glandular mucilaginous secretions into 
tube-shaped membranes, and ultimately encased into the 
spermatophores. As it leaves these glands, each spermato- 
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Fig. 1. Diagrammatic outline of the male reproductive tract (unravelled) 
of Octopus dofleini martini; arrows indicate the direction in which the 
spermatophores traverse the tract. 





phore traverses the vas deferens distale and enters the 


spermatophoric sac, or Needham’s sac, so named after 

John Tuberville Needham™, who in 1745 first described 

in detail the “milt-sac” of the “calamary”’’ (squid). 
Later, the spermatophores (once called ‘““Needhamia 
expulsatoria’’) enter singly the terminal spermatophorie 

duct, which penetrates the membranes of the genital =. 
bag and forms two tubes of unequal length: the longer 
and loop-shaped branch, named diverticulum, occupies a. > 
position closely adjacent to the genital bag, while the © 
other shorter and straight branch, named terminal organ < 

or “penis”, hangs free outside the genital bag. During io 
copulation a spermatophore is taken from the orifice ~- 

of the “penis” and transferred to the female by the © 
copulatory organ proper, that is the hectocotylized arm, > 
which is the modified third right arm of the male. wes 


The Spermatophore 


A complete spermatophore, freshly pulled out of the |. 
orifice of the “‘penis’’, is shown in Fig. 2. It is composed > 
of two parts, the body and the cap thread (best seen in | 
Fig. 3). The body, usually about a metre long, has. the 
appearance of a slender but turgid cylinder, the turgidity 
being due to the tough, transparent covering tunic 
which is under considerable tension, so that when it is 
punctured the sperm contents of the spermatophore — 
are explosively discharged. The body is much wider. | 
at one end, and consists essentially of two parts, approxi- 
mately equal in length. The thicker portion, which at. 
its round end reaches a diameter of 0-5-1 em, emerges 
first from the orifice, and it might best therefore be 
referred to as the “‘proximal’’ portion. In terminology > 
applied to the spermatophores of Octopus vulgaris and 
Loligo pealii, it would be designated as the “aboral” or = >= 
“posterior” portion of the spermatophore® 4-16 Ino). 
this part of the spermatophore is located the “sperm rope”, > 
that is the cylindrical, spirally-wound long thread con- 
sisting of a large white mass of tightly packed spermatozoa, ` 
When unwound, a thread of this kind measures about 4m, 
and resembles somewhat the mammalian epididymal ` 
tubule in its general appearance. On the two occasions. — 
when spermatozoa*were counted in the contents removed = 
from such sperm ropes, we have found 1-7 x 10” and o — > 
3:7 x 10° spermatozoa, figures roughly equivalent to = 
the entire sperm content of ten rams, or one hundred =. 
human semen ejaculates. On release from the sperm-rope ~. 
and dilution with sea-water, the spermatozoa are immotile =. 
or only feebly motile, but their motility can be enhanced ©. = 
by the addition of a buffered solution of cystein or certain == < 
other amino-acids, 

On the outside, the intact sperm rope is covered by 
5-10 ml. of a colourless, transparent and highly viscous 
fluid which we propose to call the spermatophoric plasma 
(in analogy to the seminal plasma). The thinner half 
of the spermatophore, that is the “distal” portion (corre- 
sponding to “oral” or “anterior” ), encloses the ejaculatory 
apparatus: a slender, membrane-coated rod-shaped hya- 
line plug, filled with yellow-coloured, markedly elastic 
material of rubbery consistency. The distal part of the > 
ejaculatory apparatus is often slightly curved or even 
coiled, and at its tip, which is only 1-2 mm wide, the | 
outer tunic thickens to form a firm round covering, the 
cap, and a fine filamentous appendage, known as the cap- 
thread. The latter extends in two directions: proximally 
it runs firmly attached to the outer covering of the sperma- == =o 
tophore, but distally it continues in a free form, as a fila- > 
ment about 0-5 m long (Fig. 3). The region which links... 
the distal end of the sperm rope to the proximal end ofthe © 
ejaculatory apparatus is filled with a small amount of a. 
sperm-free, yellowish syrupy material, which in colour .- 
and consistency is quite unlike the spermatophoric 
plasma and therefore deserves a specific name, such 
perhaps as “cement liquid”, without the implication, 
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however, that it possesses any cementing properties, hor 
indeed that it is analogous to the “cement body”, 
“flacon” or “faux boyaux” in the spermatophores of other 
cephalopods, mentioned by Duvernoy", Racovitza’®:'* 
and Drew**’. 

Several chemical analyses were performed on the 
mechanically separated components of the fresh spermato- 
phores, namely sperm rope, spermatophoric plasma, 
cement liquid, outer tunic, and hyaline core of the ejacu- 
latory apparatus. 

For most determinations the sperm rope and spermato- 
phoric plasma were collected together, by placing a 
ligature around the spermatophore in the region between 
the sperm rope and cement liquid, and emptying the 
entire contents of the proximal portion of the spermato- 
phore through a cut in the outer tunic. In a few instances, 
the spermatophoric plasma was also obtained without the 
sperm, that is directly from the spermatophore, by aspira- 
tion with a syringe. The sperm and plasma were separated 
by centrifugation and washing. An interesting result 
of the chemical analyses was the identification of glycogen 
as a major constituent of octopus sperm. The content of 
glycogen in the different samples varied from 5 to 16 
per cent of the dry weight. Its identity was confirmed by 
isolation, based on Pfliiger’s method of alkaline hydrolysis 
and ethanol precipitation, followed by acid hydrolysis 
and determination of glucose by means of glucose oxidase, 
ferricyanide reduction, and the reactions with orcinol 
and anthrone. The high glycogen content of the octopus 
sperm contrasts strikingly with the low values encountered 
in the sperm of mammals and echinoderms**-** but it 
recalls the elevated values reported in the sperm of oysters 
and certain ascidians*****. 

In addition to glycogen some mucopolysaccharide was 
found in the sperm rope. Of that material, however, 
there was more in the spermatophoric plasma than in the 
spermatozoa. Most of it could be precipitated by ethanol 
and was composed of glucose, galactose, mannose, methyl- 
pentose and aminosugar. In addition, however, the 
spermatophoric plasma also contained some carbohydrate 
which was soluble in ethanol, including an unusually high 
concentration of aminosugar, up to 1 g/100 ml., and a 
variable quantity of free glucose (5-120 mg/100 ml.). 

The cement liquid and ejaculatory apparatus, as well 
as the spermatophoric plasma, all showed exceptionally 
high dry weights (15-30 per cent), due in a large measure 
to the mucopolysaccharides. The outer tunic, on the other 


| 





Fig. 2. Fig. 3. 
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hand, was of a different composition. By stripping the 
tunic off the spermatophore, and then cutting it up and 
washing extensively with water, pieces of clean, trans- 
parent and remarkably elastic membranous material 
were obtained, whieh consisted mostly of protein, with 
about 10 per cent ercinol-reactive carbohydrate, and 10 
per cent aminosugar. The relatively low aminosugar 
content shows that contrary to the views expressed by 
Williams" and other earlier investigators of molluscan 
spermatophores, the outer wall of the spermatophore 
cannot be regarded as being made up of “‘chitin-like 
material’’, 


The Spermatophoric Reaction 


In order to study the mechanics of ejaculation, that is 
the so-called spermatophoric reaction, in vitro as well as 
in vivo observations were made. 

To examine the ejaculatory process in vitro, the sperma- 
tophores were placed in special troughs constructed of 
‘Perspex’, 2 m long and 5 em wide, which allowed a slow 
but steady flow of celd sea-water from one end to another. 
When a spermatophore had been placed in a trough, 
with the cap-thread facing in the direction of the flow, 
it usually took 15-30 min for the spermatophoric reaction 
to begin, and 1-3 h to reach completion. By tugging 
gently at the cap-thread it was possible to accelerate the 
initial, but not the later, stages of the reaction. 

The first indicatien that the reaction is about to start 
comes from a change evident at the proximal end of the 
spermatophore. That portion, already very turgid to 
touch, swells owing so a rise in the volume of the spermato- 
phoric plasma, and at the same time the sperm rope 
starts to uncoil and slowly moves forward, pushing before 
it the ejaculatory apparatus. Then, suddenly, a break 
occurs at the distal end of the body, that is at the 
point where the cap is joined on to the outer tunic, and, 
as the cap ruptures because of the pressure from the inside 
of the spermatophore, the ejaculatory apparatus im- 
mefiately begins so evaginate, leaving the remnants 
of the cap and the cap-thread behind. As the evagination 
continues, the boy of the spermatophore quickly in- 
creases in length by altogether about 50 per cent, so that 
ultimately it measures approximately 1:5 m. The next 
visible change associated with the spermatophoric 
reaction occurs in the ejaculatory apparatus. As the 
pressure from the spermatophoric plasma increases, 
and the sperm rope steadily advances, the space around 





Fig. 5. 


Fig. 4. 


Figs. 2-5. Spermatophores of Octopus dofleini martini. Fig. 2, Whole intact spermatophore. Fig. 3, Distal end of the body of the spermato- 
phore showing the cap and cap thread, Fig. 4, Coiling of ejaculatory apparatus in two spermatophoves undergoing the spermatophoric reaction. 
Fig. 6, Final stage of the spermatophoric reaction : formation of sperm bladder, 
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Pig. 6. Changes in the volume and content of dry weight, protein, sodium, potassium and 
chloride in the spermatophoric plasma of octopus during the spermatophoric reaction. 


the core of the ejaculatory apparatus swells and becomes 
filed with fluid, while the apparatus itself undergoes a 
characteristic coiling (Fig. 4), followed by shortening 
and thickening, thereby making it possible for the sperm 
rope to advance still further in the direction of the distal 
end of the spermatophore. At this stage a definite pause 
occurs in the spermatophoric reaction until, again quite 
suddenly, the sperm rope pushes further forward and the 
whole of the distal portion of the spermatophore’s body 
is blown out into a large egg-shaped bulb resembling a 
bladder. When completely filled with sperm, that “sperm 
bladder” measures roughly 8 x 4cm. Behind it drags the 
remainder of the spermatophore, a long tube, still filled, 
though much less turgidly, with spermatophoric plasma, 
but more or less completely devoid of spermatozoa (Fig. 5). 

Ostensibly the main purpose of the spermatophoric 
reaction, as observed in the giant North Pacific octopus, 
is to haul the whole mass of tightly encapsulated spernfato- 
zoa over a distance of about 1-5 m, from the proximal 
to the distal end of the spermatophore, and to provide 
in the form of the “bladder” a large sperm reservoir. 
‘This resembles the “reservoir spermatique de second 
ordre”, described by Racovitza!® in Rossia macrosoma, 
and the “sekundäre Spermabehälter” described by Mar- 
chand’ in Eledone moschata and Octopus macropus. The 
two most important factors which provide the main driv- 
ing force for the spermatophoric reaction as a whole, 
and the processes of evagination and bladder formation 
in particular, are evidently the elasticity of the outer 
tunic, and the pressure which arises from the influx of 
sea-water transmitted by the spermatophoric plasma 
to the sperm rope and the ejaculatory apparatus. This 
_4is borne out by experiments in which chemical analyses 
‘were performed on the spermatophoric plasma at different 
stages of the spermatophoric reaction. One such experi- 
ment is illustrated in Fig. 6. It records changes which 
have occurred in the volume, dry weight, and the concen- 
tration of sodium, potassium, chloride and protein of 
spermatophoric plasma in the course of the spermato- 
phoric. reaction, as observed in spermatophores which 
had been removed from the Needham’s sac of an octopus, 
and placed in sea-water troughs. Four distinct stages 
were recorded: (i) at the moment of placing the spermato- 














ay a : ‘phore in sea-water; (ii) at 30 min, when the swelling of 


‘and movement of sperm rope became apparent; 
t 60 min, coincident with the formation of the sperm 








ae dder ; (iv) at 120 min, when the sperm bladder had fully 
expanded. As can be seen from Fig. 6, the spermatophoric 


reaction was accompanied by a rapid increase in volume 
and sodium chloride concentration of spermatophoric 
plasma, owing to the influx of sea-water. Concomi- 
_ tantly with the uptake of sea-water the spermatophoric 
_ plasma became diluted, and consequently its dry weight, 


protein and potassium concentration rapidly declined. 
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The final concentrations (at 120 min) of 
” sodium and chlorine, respectively, were, in 
m.equiv./I., 386 and 433 in the spermato- 
phoric plasma recovered from the sperm 
bladder; 440 and 451 in the sea-water 
taken from the observation trough; and _ 
384 and 408 in a blood sample obtained 
from the same animal. 

There is good reason to believe that 
events analogous to those which we have 
seen in octopus spermatophores undergoing 
a reaction in vitro also take place under 
conditions in vivo, during the copulation — 
process. On three separate occasions we 
were able to follow the copulation of a male 
and female octopus placed together in an 
G0 observation tank. On two of these ocea- 
sions copulation was allowed to proceed to 
completion undisturbed: 2 and 3 h, 
respectively, elapsed from the moment 
when the male inserted the tip of its heeto- 
cotylized arm into the mantle cavity of the female, to the 
time when it withdrew, leaving the female not with one, but 
with two empty bodies of spermatophores, hanging freely 
from her mantle over a distance of about 0-5 m. On the 
next day one of these females was observed to lay eggs. On 
dissection, her oviduct was found to be filled with large 
masses of motile spermatozoa, particularly in the lumen of 
the oviducal gland, but there was no sign of the sperm 
bladder. Presumably by then it had ruptured, emptying 
its contents in this manner. On the third occasion, coitus 
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was interrupted 30 min after insertion of the hectocotylus, ~~ 


by pulling the male away from the female. The spermato- 


phore recovered from the hectocotylized arm of that male ~ 5 5 
had the ejaculatory apparatus pointing towards the 


female, while the proximal portion was already exhibiting 


the swelling changes which are so characteristie of the eG 


early phase in the spermatophoric reaction. | 
The finer mechanism of the spermatophorie reaction 


remains to be investigated. The evidence so far obtained es 
from both morphological and chemical observations, 


however, strongly favours the supposition that the 


main force which drives spermatozoa from one end of the =— = 
long spermatophore to the other results from the tension _ 


which develops inside the spermatophore during the- 
process of ejaculation as a result of the dilution of sperma- 
tophoric plasma with sea-water. = 
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LETTERS TO THE EDITOR 


ASTRONOMY 


Cosmological Significance of the Relation 
between Red-shift and Flux Density for 
Quasars 


THE purpose of this report is to point out that recent 
‘measurements! of the red-shifts of quasars provide the 
most decisive evidence so far obtained against the steady 
state model of the universe. The previous evidence*? 
-eonsisted mainly of the anomalously’ steep slope of the 
log N-log S relation for quasars (N is the number of 
sources with flux density greater than S). This evidence 
4s ambiguous, however, because one could argue® that 
many of the quasars may have zero red-shifts and be 
situated inside our Galaxy. Their log N—log S relation 
would then have a purely local significance. If we can 
restrict the analysis to quasars of known red-shift we 

avoid this ambiguity, provided that we interpret the 
red-shift. as being cosmological in origin, which in this 
communication we shall do. 

_ Red-shifts are now known! for thirty-five quasars in the 
revised 30 Catalogue’, which is complete down to 9 flux 
units at 178 Mejs (1 flux unit is 10-8 W m-*%(e/s)-). 

To analyse the data we study not log N-log S, but the 
`- more detailed relation between red-shift z and flux density 
S$ for these sources (Fig. 1). A similar diagram was con- 
-structed by Hoyle and Burbidge’, who claimed that the 
_ absence of a clear correlation between small S and large z 
shows that red-shift has nothing to do with distance. We 
~ shall see that this claim is not necessarily correct. 
= To test the steady state theory we draw in the diagram 
lines of constant intrinsic radio luminosity P evaluated 
-at 178 Mejs. If the sources are uniformly distributed 
then the steady state theory requires? that the number 
N of sources in a fixed range of P the red-shift of which 
4s Jess than z should satisfy the relation 


2 (1) 
a1 + 2)? 





z 
7 oe -r z 
Z: Pi is given by 


P = erz] + 2}+g (2) 


where + is Hubble’s constant and « is the spectral index 
of the source (S œ v). The choice of x is not critical, 
-cand so we take the same value of 0- ‘7 (K. I. Kellermann, 
unpublished results) for all the sources. To illustrate 
the analysis we draw two lines of constant P, the choice 
of which is also not critical, 
| To test the N-z relation (1) we divide the diagram into 
| three regions of z in which we would expect to find equal 
: of sources in any fixed range of P. Regions 
t3 are defined by z< 1-02, 1-02<z< 1-55, and 
2-08, respectively. We now find that there are 
ources. with P> P, in region 3, and because of the 
off at 9 flux units the actual number may be greater. 
There. is. only one such source in region 2, however, 
nd none at all in region 1. We cannot argue that we are 
ealing: with an incomplete sample, and that the observers 
have a bias in favour of seeking the large red-shifts of 
egion 3, because granted that the five sources exist 
all, the corresponding sources in region 1 would have a 



























i - ® Bennett, A. S., M Astro. S , 163 (1962 
S: > 50 flux units, and could not ave. ‘been | onne Mem. Ray. Astro. Soc., 68, 103 (1962). 


<o Hoyle; F, 
l similarly that there are five sources š with | 


e an H., and Gold, T, Mon. Not. Roy, Astro. Soc., 108, 252 8 (1088) eee ae 


P> P, in region & (which is now very severely affeeted 
by the cut-off), five sources in region 2 (which is somewhat 
affected by the cut-off), and only two sources in region 1. 

These discrepancies appear to be statistically. signifieant 


and in so far as we may use relation (2) te calculate P 


they show that tkere is an intrinsic evolution of either 
P or N or both, with z, contrary to the predictions. of 
the steady state taeory. It is not possible to conclude 
from Fig. 1 that z has nothing to do with distance, be- 
cause any reasonable distribution of the points could be 
accounted for by aa appropriate rate of evolution. 
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Fig. 1, The red-shift-aux density relation for thirty-five quasars 


revised 3C Catalogue (which cuts off at-9 flux units). The two ow ar 
lines of constant sourse power according to steady: state: cosmology 
This cosmology predicts equal numbers of sources of given power in t} 
regions 1, 2, and 3 detined by 0< a a 02, 102< z2<1- 55, and 
< 


We conclude tha: if the red-shifts of quasars are: cosmo: p 
logical in origin, taen the present red-shift—flux density 
relation for quasars rules out the steady state model ofthe- 
universe. se 

We acknowledge a helpful.. discussion with M M. : 
Rowan-Robinson. | be nay 
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A Possible Galactic Origin for Quasi-stellar > 


“Sou reces 


THe interpretation of the observed red-shifts of “quasars” 
as cosmological gives rise to severe difficulties concerning 
both the energy output and the variation of light because 
these objects have then to be placed at enormous distances. 

We wish to suggest the possibility that the observed 
red-shifts result from an inflow of matter at relativistic 
velocities in the gravitational field of a highly condensed 
white dwarf with a very large escape velocity. To establish 
a starting point, consider a collapsed body with mass 
10 g and a radius of several kilometres; these stars must 
exist? and will strongly attract interstellar matter. 

The high escape velocity—a large fraction of the velocity 
of light—implies that nothing will escape apart from 
photons and neutrinos, thus there can be no net flux of 
matter and thus no stellar wind. If the star is a member 
ofa binary system there will be an outward flux of matter 
owing. to the stellar wind of the companion, but if the 
condensed star is isolated it must acerete interstellar 
matter. 

‘The accretion process should be quite efficient. If the 
: io ersteller medium has an ambient magnetic field accreted 
material will bring its own field lines with it which become 
tre pped in the star. Also the star will possess in its wake 
a eoncentrated magnetic field directed so as to guide 

material into the star. If the interstellar gas has a uniform 
motion over distances of the order of GM/v*, where v is the 
relative velocity of gas and star, then under the influence 
of gravitation all matter will concentrate in the wake 
which becomes a region of high density, temperature and 
magnetic field. The star accretes material at the rate 
(capture cross-section times velocity) GM? p, where 
p is the ambient density of the interstellar material. 
Taking M = 108 g,v=5 x 105 cm/sec, and p= 10-7 gm/¢.c., 
the accretion rate is 101! g/sec. With an escape velocity of 
a 40 the accreted material supplies energy to the object at 

-A rate 10% ergs/sec. If this energy is radiated as black- 
body radiation the effective temperature of the star would 
‘be a few hundred thousand degrees. Thus this star would 

-have a luminosity one hundredth of that of the Sun. 
Moreover, at a distance of 100 parsecs it would have a 
| gnitude of about 15”, which is within the observed 
ge of quasar apparent magnitudes; the parallax of 
b. astar 001” would be very difficult to observe 



























vii ial moving into the wake experiences a much 
w- magnetic field and incoming electrons will gain 
»y the betatron effect and would be expected to 
e large amounts of synchrotron radiation. (Such 
idiation would be expected to have a maximum intensity 
ere the material first approaches the wake because here 
-o . the energy associated with transverse velocity com- 
ponents would be dissipated. Thus we might expect a 

f aoh strong source of radio emission at a distance GM/v*?. With 
: the values already given this would be at 10? astronomical 
-units from the star.) Furthermore, the optical spectrum 
would be produced very near the stellar surface where 
densities and pressures are high so that the radiation 
would be strongly red-shifted by almost the amount of 
the escape velocity; the considerable gravitational red- 
ahi sof 
























F the star itself would be gdded to this. 
ummary, a single highly condensed star interacting 
. the interstellar medium should give rise to the 
wing effects: (1) A double radio source, the two mem- 
which would be separated by about GM fe. 
sociated with one radio source is a point source 
ontinuum characteristic of a very hot body with 
osed very broad strongly red-shifted emission lines. 
-The red-shifts observed depend on the orientation of the 
star with respect to the Sun. (3) Optical radiation of the 
-synchrotron type is associated with the other radio source. 
Both sources should be time-variable because the 
sity, velocity and magnetic field of the interstellar 
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field is EE A on hoe. ‘ (6) 1 The optical point source 
should produce soft X- -rays 

The sensitive parameter is v, the relative velocity: of 
star and interstellar medium, because the accretion rate 
is proportional to v> and the source separation to v-?, 
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PLANETARY SCIENCE 


Comparisons of Frequency by Long Path 
Very Low Frequency Transmissions 


Most of the reliable measurements of the frequency 
stability of very low frequency (VLF) propagation paths 
have been made over the North Atlantic path, and over =~ 
paths of the same order of length. Pierce ef al used > 
atomichrons on each side of the Atlantic and found a — 
standard deviation of 2 in 10" for frequency comparisons - 
consisting of 24 h averages for the GBR (Rugby, 16-0 kejs} 
transmission over a path length of 5,200 km. It has been = 
suggested by Watt and Plush? that the standard deviation ©. os 
of phase---and thus of frequency over a constant interval = =. 
of time-—-would be proportional to the square root of path = = 
length. However, Chilton et al. give figures suggesting 

that it may be proportional to the square of the path length 
squared. 

Although the results presented here are not sufficient to  — | 
resolve this question, it has been found that over very long = 0> 
paths there is little increase in the standard deviation ` 
above Pierce’s value. Over the GBR-New Zealand path PO 
of 18,700 km the 24 h standard deviation of frequency is 0 
5 in 10", and for the WW VL (Colorado, 20-0 ke/s)-New. 
Zealand path of 12,200 km the corresponding figure 1s 
3in 10". These figures were obtained by intercomparisons: ~ 
between the received signals from both stations and & ~ 
rubidium gas cell frequency standard. It has not been ~ 
possible to determine to what extent they were affected 
by receiver phase shifts and they therefore represent. an 
upper limit to the uncertainty due to purely propagation 
effects. The observations were made in December 1965; 
at this time of the year the anomalous phase effect 
observed at times over the GBR-New Zealand path does 
not occur’. National Physical Laboratory corrections © 
were, of course, applied to the GBR figures, but. the. To 
National Bureau of Standards corrections to WW F L are Si ce 
negligible for the present purpose. eee 

It should be noted that the GBR path crosses the auroral ee 
zone and is, therefore, likely to be somewhat. more dis: 9 
turbed than the WWVL path, even in the geomagneti- 0 05 
cally quiet conditions which prevailed during December 
1968. The figures, therefore, give tentative support to the = 
suggestion of Watt and Plush that a square root propor, o = 
tionality is in operation. Their main importance, how... 
ever, lies in showing that, at least during geomagneti- Peete 
cally quiet periods, VLF frequency comparisons overa | 
24 h period should, under normal conditions, be. walo a 
within +1 in 10 over the longest path lengths. a 
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SEPTEMBER 1 


A Submarine otcop of Lower 
Carboniferous Rocks off South-East Scotland 


EXAMINATION by divers of a submarine section off the 
coast of south-east Scotland in which are seen beds of 
the Scremerston Coal Group has filled in the only major 
gap in the exposed Lower Carboniferous succession in 
this area. 

The Southern Uplands of Scotland separate the Car- 
boniferous basins of northern England from those of the 
Midland Valley and it is well established that in the 
centre and west the Uplands formed a relatively positive 
area during Carboniferous times?. Towards the north- 
eastern end of the Uplands considerable thicknesses of 
Upper Old Red Sandstone and Lower Carboniferous 
sediments encroach increasingly on the older rocks, which 
they largely overlap in the east; it is a reasonable inference 
that a short distance offshore a continuous Carboniferous 
outcrop joins those of northern England and the Midland 
Valley. The sediments deposited over the buried continua- 
tion of the Southern Uplands occur in faulted and folded 
basins, the largest lying in the Tweed Valley area and a 
smaller one on the coast south of Dunbar (Fig. 1). 
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Fig. 1. Geological sketch-map of Burnmouth area, and Lower Carboni- 
ferous section between Burnmouth and Berwick. 
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There are excellent exposures of Carboniferous rocks on 
the coast of south-east Scotland, but it has not been 
possible to determine the total thickness of strata involved 
with any certainty, partly because of the presence of 
faults of unknown magnitude. Strike faults in Hilton Bay, 
a mile south of Burnmouth, and at Cove? farther north 
each cut out considerable parts of the succession. 

On the foreshore at Burnmouth the base of the preserved 
Upper Palaeozoic section, which is faulted against older 
rocks, is formed by a 150 ft. bed of red sandstone with 
cornstones which has hitherto been classified with the 
Carboniferous®. This sandstone is indistinguishable from 
rocks of Upper Old Red Sandstone facies exposed fear 
Dunbar and in the Tweed Basin so there seems no valid 
reason for regarding the bed as other than the topmost 
representative of rocks of this facies. Because the facies 
is, however, known to be diachronous it cannot be used 
for purposes of correlation over a wide area. The red 
sandstone is overlain by 1,500 ft. of strata of the Cement- 
stone Group of northern England terminology, which are 
in turn followed by a sandstone, here called the Maiden- 
stone Sandstone, lying approximately at the horizon of 
the Fell Sandstone of the area south of Berwick. At 
Burnmouth the Maidenstone Sandstone is seen to be at 
least 600 ft. thick but its top is not exposed on the fore- 

strikes south along the coast to Hilton Bay, 
hi Dun Limestone, at the base of the Lower 
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l Cimes Group of northern England, is faulted against — n 
Fhe fault in Hilton _ 


beds near the top cf the sandstone. 
Bay thus cuts out the Scremerston Coal Group, but in the” 
cliffs and foreshore >etween here and the Tweed a nearly 
continuous section is to be seen from about 250 ft. below 
the Dun Limestone -o the top of the Lower Carboniferous. 

Near low water mark at Burnmouth the Maidenstone _ 
Sandstone dips seeward at 75 degrees. Offshore the. 
succession has now been shown to continue upwards _ 
through a further 75 ft. of this sandstone into 590 ft. ‘of! 
Seremerston Coal Group strata overlain by th : 
Limestone, and them into the Lower Limestone 
northern England. The key horizon in the offsh: 










is the Dun Limeston», which consists of 4 ft. of exce ding, r 7 : 
hard, dark grey, erinoidal limestone with preductoid frag oinin 
It is identified by comparison of the lithological = 


ments. | 
sequence of which # forms part with that on the shore — 
three-quarters of a mile to the south, beyond the fault in _ 
Hilton Bay. In eact place the limestone is succeeded by a 

thick bed of dark mudstone passing up into banded silt- 

stone which in turn :s overlain by coarse-grained, current- 

bedded, red sandstone, seen to be at least 150 ft. thick in 

both the coastal anc the submarine sections. 

The only persistent marine limestones recorded at. 
comparable stratigraphical horizons in the northern part. 
of the Tweed Basin are in upward order-—the Duddo, the 
Dun and the Woodend limestones. All three are believed 
to be represented om the coast between Hilton Bay and 
the River Tweed, bus the probable equivalents of both the 
Duddo and the Woodend deteriorate northwards and 
neither is associated with overlying lithological sequences 
comparable with thet above the Dun. 

The measured thickness of 590 ft. for the Seremerston 
Coal Group compares with about 1,000 ft. for beds of the 
same facies 9 miles to the south at Scremerston’, suggest- 
ing a marked change towards the northern margin of the | 
Tweed Basin where the group encroaches on to the- 
concealed continuation of the Southern Uplands. | 

It is to be noted that these measures are reported to 
thin out in a comparable fashion at the south? and weat* 
margins of the Tweed Basin and that the base of the 
Scremerston Coal Group as at present mapped may bè 
diachronous because it is not defined palacontologically.. 
The total thickness of accessible and measured Lower: 


Carboniferous rocks between Burnmouth and the Tweed 


is now known to be 4,020 ft., compared with a calculated 
10,000 ft. near Edinburgh’? and at least 7,000 ft. without 
reaching the base just north of Brampton in the Northum- 
brian Trough. 

The underwater section at Burnmouth was measured by 
examining a primary line along 900 ft. of permanent 
marked and buoyed rope laid downdip at right angles to 
the coast. Rock exposure on the line chosen is about 75 
per cent complete and the consistently steep dip means 
that the sea-floor »utcrop approximates te a vertical 
section of the strata. The rope was in independent 100 ft. 
sections in order to minimize the effects of snagging by 
fishing boats. With the resources available, work was most 
effectively undertaken by a team of three free-swimming 
‘Aqualung’ divers, comprising a geologist who recorded 
the profile and indieated points for sampling, a collector 
and an attendant who carried samples and equipment. 
Depth of water varied from about 35 ft. to 86 ft. Under- 
water visibility was about 25 ft., but after periods of 
onshore gales or heavy swell it was so reduced as to be 
inadequate for the work; this happened frequently during 
winter months. Tidal currents did not normally provide 
a serious problem because near the irregular rocky sea- 
floor these are great-y reduced. | 

The Dun Limestone proved difficult to sample. under: 5 
water because of ita hardness and because it is deeply 


bored by modern molluscs, but specimens of most other . a E 






rocks were easily collected with hammer and ch 
A the EE i dea which here extends to: : 
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by marine growth and even comparatively soft rocks, 
such as seatearths and coals, in places form ridges on the 
sea-floor. AH samples of argillaceous rocks collected are 
bored by molluses but otherwise little decomposed, and 
the fossils which they contain have not been affected by 
weathering. 

This investigation arose from our duties with the 
Geological Survey. The offshore work was carried out by 
the Edinburgh Branch of the British Sub-Aqua Club, 
which is continuing detailed examination of the sequence. 


R. A. EDEN 


Institute of Geological Sciences, 
19 Grange Terrace, 
Edinburgh. 
T. E. SMITH 
Department of Geology, 
Sunderland Technical College. 
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The Geology of the 
The Geology of the 


Depositional Environment of the Cleveland 
Ironstone Series 


Dr. Hattam has recently restated some of the problems 
involved in an understanding of the oolitic ironstones of 
the British Lias, and has emphasized the importance of 
a close examination of their facies relationships’. 

_In spite of Strakhov’s observations? that ancient iron- 
stone and deltaic deposits are antipathetic, the weiglf of 
recent evidence seems to imply that many oolitie ironstones 

are spaciall) related to deltas. Pattinson has described the 
occurrence of three sideritic chamosite oolites in a cyclo- 
themic succession of silty shales, siltstones and fluviatile 
sandstones, in the Upper Limestone Group (Namurian 
E) of Weardale, County Durham*. This occurrence is 
reminiscent of the kaolinized oolites found in the roofs 
of three coal seams in the Coal Measures near Bradford 
ard Leeds’. A similar association is known from the 
Liassic succession in Scania (Sweden), where sandstones, 
shales, coals and oolitic iron ores are eyclicly related). 
Another important discovery has been that of fluviatile 
and deltaic lacustrine oolitie ores in Kazakhstan 
(Russia)®7. The shoestring nature of the latter together 
with the occurrence of freshwater molluses is incontro- 
vertible evidence of their origin. Here the ooliths are 
largely limonitic, but chlorite appears as a constituent 
of the matrix and is also occasionally present in the 
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Thickness and facies variation in the spinatum zone of the Yorkshire coast, 
: Top Block; 1, Bottom Block and “Black Hard’: 
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ooliths. According to Giresse, goethite ooliths are forming 
at the present day in shallow water on the continental 
platform west of Cap ee (Gaboon, West Africa) at 
the mouth of the Ogooué delta’. 

These examples serve to illustrate a connexion between 
the already well known continental iron oxide accumula- 
tions of the high latitudes and the more problematic iron 
ores. All share evidence of association with a fluvio-deltaie 
environment, of a warm to tropical climate, and of 
heavy vegetation cover on land. 

The Cleveland Ironstone Series of north-east Yorkshire 
was probably laid down in warm waters (oxygen-16/ 
oxygen-18 ratios determined from belemnites from the 
Grey Shales, Upper Lias, Yorkshire, indicate a tempera- 
ture of about 20° C)® and a heavy vegetation is suggested 
by the abundance of plant debris which is present through- 
out. The possibility of a nearby river delta was postulated 
by Dunham? and seems quite plausible. No direct evi- 
dence of an impinging delta, however, exists in the present 
outcrops. Hallam’s supposition that the reworked shales 
and siltstones of the Middle Lias are distal pro-delta 
deposits can only be tentative at present. 

The question of the derivation of these sediments is a 
diffeult one. A Pennine landmass may be speculative 
but the extension of a delta complex from Scandinavia 
is even more so. The evidence at present available from 
the Middle Jurassic Deltaic Series. suggests “a river or 
system of rivers entering the area approximately from the 
N.N.W.”, which is compatible with a North Pennine 
landmass during this period*'. 

A close examination of all the available sections of the 
Cleveland Ironstone Series reveals the following details. 
First, that a lateral passage from shales into silty shales 
and siltstones must not be over-emphasized. It rests in 
part??12 on the observations of Fox-Strangways et al. 
of the incoming of siltstones along the western escarpments 
of the Cleveland Hills, which resulted from the correlation 
of the Ironstone Series with the underlying Sandy Series. 
Moreover, the presence of silty shales at the horizon of the 
Main Seam at Hawsker Bottoms’ cannot be used to 
support the idea of a higher terriginous sedimentation 
rate to the south-east. In the North Sea basin it is weil 
known that much of the sediment is derived from the 
basin itself. In the Wadden Sea, for example, it has been 
shown that mixed sand, silt and clay fractions are not 
derived from the land but from the North Bea, 

The Main Seam and Pecten Seam were economically the 
most important ore horizons in the Ironstone Series. They 
appear to have been laid down on a south-easterly sloping 
sea bed eroded at the beginning of spinatum times. Fig. 1 
shows the details of a section drawn in a north-west— 
south-east direction approximately along the line of the 
present coast. The spinatum beds thicken south-eastwards 
owing to a slight angular disconformity between F, and 
F., and also to the wedging of the hawskerense beds (E), 
which appear to be absent in the north-west part of the 
section as a result of a non-sequence. The chamosite 
oolite shoals of the Main Seam (A and Ba) apparently 
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A-D, Main Seam. A, Intraclastic chamosite volite facies: 
C, siderite mudstone and related facies; D, shale and siderite 
Fie Pecten Seam, siderite 


The top of the section is drawn at the “Sulphur Band” and its offshoal equivalent, 
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encroached on the basin from the north-west, thus 
derived fragments from the intraclastic oolite A are 
found in B,., but there is no evidence of erosion in Bj, 
to provide the intraclasts for A. Offshoal the chamosite 
oolites pass into siderite mudstones (C) and eventually 
into shales (D). The oolitic facies of the Pecten Seam 
(F2) are not preserved but a lateral passage from siderite 
mudstone into shale can be observed. 

A diagnostic feature of the siderite mudstone facies (C) 
is the occurrence of cored siderite grains. It is tentatively 
suggested that the siderite mudstone facies may be dia- 
genetically derived by the replacement of a limonitic silt 
and clay facies, the cloudy siderite cores representing 
replaced limonitic clay aggregates. Much of the iron 
may have been carried into the basin of deposition as a 
ferric coating on the surface of clay micelles as postulated 
by Carroll. The dominantly kaolinitic nature of the 
shales of the Ironstone Series, as determined by X-ray 
diffraction, would support such a hypothesis. 

Although evidence of a nearby shoreline is disputable 
with the Cleveland Ironstone Series, there are many 
instances in the literature of the association of oolitic 
ironstones with littoral facies. The repeated appearance 
of oohtie ironstones around the London—Ardennes 
landmass and the Morvan in the Jurassic is but one 
example’. 

On the basis of the evidence at present available it 
seems most plausible that iron reached the basin of 
deposition in north-east Yorkshire from a low lying, well 
vegetated landmass lying to the north-west. It may well 
have been carried by a river draining a north Pennine 
landmass. 


T. M. CHOWNS 
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THE SOLID STATE 


Thermal Decomposition of Irradiated 
Orthorhombic Ammonium Perchlorate 


ISOTHERMAL decomposition kinetics of certain solids are 
markedly affected by previous exposure to longing 
radiation. The observed effects are usually interpreted as 
a change in the nuclei formation rate and, ın the following 
stage, enhanced propagation of the reaction through the 
solid. For example, the effect of pre-irradiation by 1:2 
and 1:3 MeV cobalt-60 gamma-rays on the subsequent 
thermal decomposition of the alkalme earth azides’, or 
the permanganates of sodium, potassium, rubidium, 
caesium and silver*®, is to shorten the induction period 
and to accelerate the reaction. The solids studied so 
far all contain a metallic cation, thus it would be interesting 
to investigate the effect of pre-irradiation on compounds 
such as ammonium perchlorate which contain a non- 
metallic cation. 

Investigations of Bircumshaw and Newman’ on the 
isothermal decomposition of whole crystals of ortho- 
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rhombic ammonium perchlorate show the following effects. 
The decompositio: comprises an induction period, 
followed by an acceleratory period where the pressure 
versus time curves were fitted equally well by the Prout- 
Tompkins relationship 
logi.p/(pr—p)] = kıt + c, (1) 
or the relation 
p= kt" = kt (2) 
where p is the pressure at time ¢, py the final pressure and 
all c, and k, are constants. This stage was followed by a 


decay stage whers the decomposition followed the 
unimolecular law 


logiu(py—P) = kat + Cy (3) 
or, equally well, the expression 
texp( — ERT) = k4 (4) 


where 7r is the time to a fixed amount of decomposition. 
They obtained an ectivation energy of 27-8 kcal. mole~} 
for all three stages. 

Contradictory recults were obtained by Galwey and 
Jacobs’, who concluded that for whole crystals vhe 
acceleratory and decay periods were best described by 
the Avrami—Erofeyev equation® 

—logio (1— a) = kt” (5) 
where «=p/pr and n is equal to 4 for the acceleratory and 
3 for the decay period. In both these studies only the 
non-condensable geses were measured (using Mcleod 
gauges) and the efects“cf pre-irradiation were not in- 
vestigated. 

For this study, transparent crystals of ammonium 
perchlorate were prapared by the method of Galwey and 
Jacobs’. Only uniform crystals, approximately Ix 1x1 
mm obtained by carsful selection, were used. The decom- 
position measurem=nts were made in a _ grease-free, 
‘Pyrex’ system usirg Dekker’? valves for isolation. Gas 
pressures were measured. with a fused quartz spiral gauge 
(TeXas Instruments Corp., Houston). To effect a measure- 
ment of only those gases which would not be condensed at 
approximately —9&° C, a trap at melting toluene tem- 
perature was inserted between the decomposition chamber 
and the spiral gauge. Irradiations with cobalt-60 gamma- 
rays were carried cut at room temperature in air. The 
gamma-ray dose rate was 2:05 x 10° rad h~. 

Typical curves of « versus time for both unirradiated 
crystals and crystals subjected to a 9-8 x 10° rad gamma- 
ray irradiation before decomposition are shown in Fig. 1. 
The irradiated salt is opaque and milky-white m colour. 
For equal masses of ammonium perchlorate, both unirra- 
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Fig. 1. Fractional decomposition, a= p(t)/ps, versus tıme for unirradiated 

and irradiated whole crystals of orthorhombic ammonium perchlorate 

thermally decomposed az 227°C. The samples weighed 20-0 mg and the 

same final pressure, p¢--0 501 mm mercury, was obtained for both. The 

irradiated sampile was exposed to 9 8x 10° rad of cobalt-60 y-rays in arr 
at room temperature. 
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diated and subjected to the 9-8x 10° rad dose, the final 
gas pressure is the same to within experimental error. 
This shows that, at this dose, any gases that may have 
been produced during irradiation remain trapped in the 
crystals. Neither the unirradiated crystals nor the 
irradiated ones appear to break up during decomposition. 

The data from unirradiated crystals cannot be fitted 
by the Prout~Tompkins equation (1), or its modified form$, 
nor does the unimolecular decay law (3) adequately 
describe the decay period. Curves from unirradiated 
material were successfully fitted to the Avrami—Erofeyev 
cquation (5), with n=4 for the acceleratory period and 
n=3 for the decay period (Fig. 2). Preceding the 
acceleratory period is a linear induction period describable 


by the equation 


The curves of pressure versus time obtained from the 
irradiated material can also be fitted to the Avrami- 
Erofeyev equation (5), as is shown in Fig. 2. For a 
typical acceleratory stage curve (at 227° C), when n=4 
in equation (5), a good fit is obtained only over the 
limited range 0-07<a<0-25. In the decay stage, when 
n= 3 in equation (5), the fit is excellent over the unusually 
large range of 0'40 < œ < 0-98. 

From measurements made on unirradiated, whole 
crystals between 238° C and 217° C the rate constants, 
k, (acceloratory), kę (decay), and k, (induction period), 
were computed. Fig. 3 is a plot of logioks,.,, versus 
1/T( °K). From this plot activation energies of 29-8, 
26-9, and 24-6 keal. mole~ (+ 2:5 keal. mole-') were found 
for the induction, acceleratory and decay periods 
respectively. 

The nature of the decomposition in unirradiated, 
orthorhombic crystals has been attributed by Galwey 
and Jacobs® to a reaction occurring principally on mosaic 
boundaries after initiation by defects. The reaction 
proceeds three-dimensionally until the boundary material 
is all consumed. Assuming this mechanism to be correct, 
the effects of the 98x 10° rad gamma-ray irradiafion 
appear to be a shortening of the induction period and an 
increase in ‘the rate of three-dimensional growth during 
the acceleratory period, until a coherent interface is 
built up on the material between the mosaic blocks. At 
227° C, the rate constant k; increases from 0°39 x 10-7 min- 
for unirradiated crystals to 1:05x10-? min- for the 
irradiated crystals. The induction period is correspond- 
ingly shortened from 62 min to about 5 min. The increase 
in the rate constant during the acceleratory period might 
be attributed to an increase in the number of decom- 
position nuclei present. 
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Fig. 2, Avrami-Erofeyev analysis of the data shown in Fig. 1. This 

demonstrates the applicability of this equation to both experimental 

curves. y-ray irradiation decreases the range of fit of the acceleratory 
equation and greatly extends the range of the decay equation. 


NATURE 


SEPTEMBER 17, 1966 von. 211 


ACCELERATORY PERIOD 


Logis ks 


DECAY PERIOD 


Logis Ky 


INDUCTION PERIOD 





1:98 200 202 20 
103/7 (°K) 
Fig. 8. Plots of log (rate constant) versus 1T (°K) for the induction, 
acceleratory and decay periods of the th decomposition of whole 
crystals of unirradiated orthorhombic ammonium perchlorate. 
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A Method of growing Anhydrous Single 
5 Crystals of Barium Azide 


Tue salts of hydrazoic acid are of military interest owing 
to the fact that many of them are explosive. They range 
in sensitivity from sodium azide, which is stable, to the 
heavy metal azides, such as lead and gold azides, which 
are highly explosive. Intermediate in its explosive 
character is barium azide, which is sufficiently safe to be 
handled conveniently, yet can be made to explode. 
Solid state studies of this material have been hindered 
by the lack of suitable single crystal specimens. In 
particular, in order to study the photolysis of barium 
azide by electron spin resonance, crystals with a minimum 
size of about 5 x 2 x 1 mm are required. Although 
crystals of barium azide monohydrate are relatively easy 
to grow!, it was felt that anhydrous crystals would offer a 
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more simple system for study by electron spin resonance. 
This work was undertaken to develop a method of growing 
such crystals. 

The primary difficulty was that of finding a suitable 
solvent. The only two liquids in which barium azide 
was found to have appreciable solubility were water and 
dimethyl sulphoxide. Water solutions, of course, yielded 
only unwanted hydrate crystals, while crystals grown 
from dimethyl] sulphoxide were found by mass spectro- 
metric analysis to contain excessive quantities of sulphur. 
Results of previous work! suggested that the proper 
mixture of water and some other solvent such as acetone 
might be made to yield anhydrous crystals. Three solvent 
pairs were tested: water—acetone, water-ethanol and 
water—methanol. 

Growing solutions were prepared for test by mixing a 
known volume of saturated aqueous solution with a known 
volume of acetone (or ethanol or methanol). The precipi- 
tated azide was filtered off, and the saturated filtrate used 
as the growing solution. The actual amounts of water, 
acetone and azide in unit volume of the resultant growing 
solution are not yet known, but are at present being 
determined by radioisotope techniques. A knowledge of 
this is not necessary for growing the crystals, however, 
and in the following discussion growing solutions will be 
identified by stating the volume ratio of aqueous solution 
to acetone (or ethanol or methanol) used in their prepara- 
tion. 

The followmg method was used to test the growing 
solutions. Taking the water~acetone solvent pair as an 
example, a small test-tube filled with the saturated growing 
solution to be tested was placed inside a larger screw-cap 
test-tube containing pure acetone. When the large tube 
was capped, acetone vapour diffused into the growing 
solution in the small tube, thereby lowering the solubility 
of the azide. Crystals as long as 2 mm are obtained within 
a week. These were found to be anhydrous if the growing 
solution was prepared from 20 per cent (or less) aqueous 
solution and 80 per cent (or more) acetone. The corre- 
sponding percentages for the water—ethanol system were 
found to be 30 per cent aqueous solution to 70 per cent 
ethanol; and for the water—methanol system, 40 per cent 
aqueous solution to 60 per cent methanol. It is seen that 
the water—methanol system can contain 4 higher proportion 
of water while yielding anhydrous crystals than either the 
water-acetone or water-ethanol systems. This higher 
water content results in higher solubility of the azide. 
It was therefore decided to use the water~methanol 
system in an attempt to grow larger crystals by slow 
cooling, 

A. water bath was constructed, the temperature of which 
was regulated by a mercury thermoregulator through an 
electronic relay. A 1/12 r.p.h. synchronous motor was 
arranged to decrease slowly the setting of the thermo- 
regulator. Varying the percentage of time during which 
the motor was switched on provided a means of adjusting 
the cooling rate. 

Growing solutions were prepared as before, except that 
the aqueous solution and the methanol were mixed at 
40° C. This temperature was chosen as the starting point 
for the cooling experiment because it was feared that a 
higher temperature would cause decomposition of the 
azide. Three mixtures were tested in the slow cooling 
experiment: these were prepared by mixing 30, 35 and 
40 per cent aqueous solution with 70, 65 and 60 per cent 
methanol, respectively. The solutions were then trans- 
ferred to 50 ml. test tubes. These were of a screw-cap 
design, with caps lined with ‘Teflon’, to prevent the 
methanol (which boils at 65° C) from escaping and thus 
changing the composition of the growing solution. The 
neck of each tube was plugged with a foam polyethylene 
plug, into which was inserted a 90 mm long melting 
point capillary. To the end of this was glued a seed 
cyrstal grown in a previous experiment, with a glue pre- 
pared by dissolving polystyrene in toluene. The tubes 
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were capped and placed in the water bath, and cooling 
was begun at the rate of 1:2° C/day. When the tempera- 
ture had reached 20° C, the experiment was terminated, 
and. the crystals were removed and washed with methanol. 

The largest crystals (up to 2 cm in length) were found 
to have been produeed in the growing solution prepared 
from 40 per cent aqueous solution and 60 per cent 
methanol. The cleazest ones, however, were found in the 
solution prepared from 35 per cent aqueous solution and 
65 per cent methanol. Almost no growth was observed 
in the solution prepared from 30 per cent aqueous solution 
and 70 per cent meshanol. In some cases crystallization 
occurred on the tess-tube walls, as well as on the seeds, 
which indicates that a slower cooling rate is desirable. 

No attempt has been made to grow larger crystals, since 
the crystals obtained in this experiment were of sufficient 
size for electron spinresonance studies. Work is at present 
being carried out tc determine the amount of methanol 
included in the crystals, and to determine their lattice 
parameters. 

I thank Dr. Tilinan A. E. Richter for many helpful 
discussions and Mr. Ralph P. Manno for the preparation 
of the barium azide powder used in growing the crystals. 
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CHEMISTRY 


Far Infra-red Studies of Hydrogen Bonding 
in Gaseous Mixtures 


RECENTLY, there have been a number of reports on infra- 
red spectroscopie stadies of hydrogen bonding in gaseous 
aat ures. These stadies, chiefly by D. J. Millen and his 
colleagues, have included amine-alcohol’, ether—nitric 
acid? and ether—-hydrogen chloride? complexes. These 
workers have measured the infra-red spectra of these 
gaseous, hydrogen Londed complexes in the region of the 
O—H._ stretching frequency. After complexing, they 
found for all the systems a strong central band with a 
subsidiary band on both the high and low frequency sides. 
The central band has been assigned to the hydrogen 
bonded O--H stretching vibration and the side bands 
have been interpreted as sum and difference combinations 
of the O-—-H stretzhing vibration with the hydrogen 
bond stret¢éhing vibration. This interpretation has been 
offered as a general explanation for the broadening of the 
O—H. stretching band on hydrogen bonding and has 
allowed a predictim of the hydrogen bond stretching 
frequency in these complexes. 

Tt is claimed that these conclusions have been sub- 
stantiated by the far infra-red study of the gaseous tri- 
methylamine-methenol complex by Ginn and Wood. 
In their work, a bend which could be attributed to the 
complex was observed at 142 cm~}; this is within experi- 
mental error of the value predicted by Millen and Zabicky* 
for the hydrogen band stretching frequency. 

We have studied shree*of these systems in the far infra- 
red in an attempt to observe additional hydrogen bond 
frequencies directly. For the nitric acid—dimethyl ether 
complex, a band at 175 em~! is attributed to the 
O—H —- — O stretching mode and not 340 cm as pre- 
dicted by Millen snd Samsonov. In the case of the 
hydrogen chloride—limethyl ether mixture, no evidence 
for complex formation could be found. For the methanol- 
trimethylamine mixture, the 142 cm- band reported by 
Ginn and Wood was found to be a methanol band shifted 
to higher frequenci2s by pressure and not the hydrogen 
bond frequency. 
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Far infra-red spectra (33—400 cm-1) were obtained on a 
Beckman J#-11 spectrophotometer. Conventional 10 cm 
gas cells equipped with high density polyethylene windows 
were used. Differential spectra were obtamed by running 
@ 10 cm cell containing the complex against two tandem 
5 em cells containing equivalent amounts of the unmixed 
components placed in the reference beam. All complexes 
were prepared by mixing the components in the gas 
phase. 

Far infra-red spectra for the nitric acid—dimethyl ether 
system are shown in Fig. 1. Only the relatively weak 
175 cm- band appeared in the spectrum on complexing 
even though the entire 338-400 cm~! region was carefully 
studied. Mullen and Samsonov, using the sum and difference 
band interpretation to explain their results in the 3,200 
em region, have predicted the O—-H ~~-—- O stretching 
frequency at 340 cm although they questioned this 
value when it appeared to undergo a large shift with 
DNO,. We have found no indication of a band at 340 
em and conclude that the hydrogen bond stretching 
frequency for the gaseous ether-nitric acid complex ıs 
at 175 cm. 

Infra-red spectra in the 120-150 cm~ region pertaining 
to the gaseous methanol—trimethylamine system together 
with conditions under which the spectra were obtained are 
given in Fig. 2. Millen and Zabicky have studied this 
system in the O—H stretching region’. Their work has 
shown: (a) methanol and trimethylamine form a 1:1 
complex; (6) only about 3 per cent of the amine ıs 
present in the complexed form; (c) weak satellites at 
+ 145 cem- from the main hydrogen bonded OH peak 
may be sum and difference bands involving the hydrogen 
bond stretching frequency at 145 cm-t. The work of 
Ginn and Wood‘ which reports the direct observation of 
a band at 142 cm- for this complex has added considerable 
support to the conclusions reached by Millen and Zabicky. 

We feel that our work on the amine—methanol system 
does not support the observation of a hydrogen bond fre- 
quency at 142 cm-1. The spectrum of methanol vapour 
shown in Fig. 1 has a weak doublet at 139 cm, On 
addition of trimethylamine to the methanol this band 
becomes more intense and shifts to 141 cm“. This is in 
agreement with the observation of Ginn and Wood. 
Exactly the same result 1s obtained, however, when mitro- 
gen or argon is added to the methanol, and in addition the 
intensity of the 141 em~? band increases with increasing 
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Fig. 1. Infra-red spectra of gaseous nitric acid-dimethyl ether system. 

A is spectrum of 150 mm ether 1n sample beam against 150 mm ether in 

reference beam, and B is differential spectrum after addition of 40 mm 

nitric acid to sample cell. C18 spectrum of 45 mm nitric acid, D is spec- 

trun of 400 mm ether, and # is mixture of 400 mm ether and 45 mm 
nitric acid. All spectra refer to 10 cm path length. 
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Fig. 2. Spectrum A is that of methanol vapour at 90 mm pressure, B 

and C are 90 mm methano! to which has been added 150 mm and 300 mm 

nitrogen respectively, and D 1s 90 mm methanol to which has been added 

300 mm trimethylamine, Path length was 10 cm in all cases and spectral 
shit width was about 2 em-. 


partial pressure of nitrogen just as Ginn and Wood reported 
for trimethylamine. We therefore believe that Ginn and 
Wood’s 142 cm- hydrogen bond frequency 1s the same 
band we have observed at 141 cm~ and have shown 1s 
really a pressure enhanced methanol band. In fact, no 
evidence of complex formation could be found ın the 
33-400 em region, which is perhaps not surprising 
considering that only 3 per cent of the trimethylamine 
molecules are involved in complex formation. 

Far infra-red spectra were also obtained on mixtures 
of 20 torr dimethyl] ether and 30 torr hydrogen chloride. 
Addition of the ether produced no observable change in 
the position or mtensity of the hydrogen chloride pure 
rotational lines. The differential spectrum of the gaseous 
mixture against equivalent amounts of the components 
in the divided reference cell showed no bands which could 
be attributed to a complex. Although Arnold, Bertie 
and Millen? have predicted from infra-red studies in the 
2,500 cm~ H—Cl stretching region an <—O — — — H—Cl— 
frequency at 110 em~, we could not confirm this. Appar- 
ently so little of the hydrogen chloride is involved ın 
hydrogen bonding, as evidenced by the observation 
that the addition of ether caused no perturbation of 
the hydrogen chloride rotational lines, that any bands 
due to the complex are not detectable in the far infra-red. 

It is concluded that with the ether—hydrogen chloride 
and trimethylamine—methanol systems, far infra-red 
studies offer no evidence for or against Millen’s predictions 
based on measurements in the O—H stretching region. 
In both these systems the amount of hydrogen bonded 
complex formed is probably too small to be detected in 
the far infra-red region. We have shown, however, that 
@ previously reported band at 142 em for the amine- 
methanol complex is not a hydrogen bond frequency. 
With the nitric acid~dimethyl ether complex, the observed 
hydrogen bond stretch at 175 cm- differs considerably 
from the 340 cem value predicted by Millen and Samsonov, 
although there may be some significance in the fact that 
the observed frequency is almost exactly at half the 
predicted value. This could mean that the shoulders 
observed by Millen at + 340 cm-t from the O—H stretching 
band result from the ternary combinations, vo-H + 
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2vo-o0, and that the corresponding binary combinations are 

not resolved from the strong central maximum. This work 

was supported by the National Institutes of Health. 
GERALD L. CARLSON 
Rosert E. WITKOWSKI ' 
Wirrsram G. FATELEY 

Mellon Institute, 

Pittsburgh, Pennsylvania. 
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Band-broadening in Infra-red Spectra of 
Gaseous Hydrogen-bonded Complexes 


AN infra-red investigation of hydrogen bonding ın various 
gaseous mixtures showed the band arising from the hydro- 
gen stretching vibration to be unusually broad even for 
gaseous complexes!-*. In favourable cases the structure 
of the broad absorption contour was clear, consisting of 
a central band with a subsidiary band on both the low 
and high frequency sides. An assignment was suggested 
of the central band to the hydrogen stretching frequency 
and of the side bands to sum and difference bands of this 
frequency and the stretching frequency of the hydrogen 
bond. The pattern of results for the complexes of hydro- 
gen chloride and fluoride with ethers, and of methanol 
with amines, was found to accord with this view. On 
the other hand, the band structure found for mixtures of 
nitric acid and ethers had some unexpected features. 
The frequency of the hydrogen bond stretching frequency 
inferred from the sum and difference band interpretation 
was unexpectedly high by comparison with the other 
complexes, and the change in band structure found on 
transferring to deutero-nitric acid was also anomalous. 
Accordingly, we have made a further investigation of 
systems of nitric acid and ether. We are prompted to 
report briefly on this by the comments of Carlson, Witkow- 
ski and Fateley* on the far infra-red spectrum of this 
and other related gaseous systems. 

Our new investigation leads to the conclusion that the 
side bands are displaced by about 185 em~ from the central 
peak. ‘This value has been reached as a result of a system- 
atic investigation, in which great care has been taken to 
avoid contamination by impurities. It will be sufficient 
here to quote one particular piece of evidence from which 
the conclusion can be reached directly. Fig. 1 shows the 
band structure observed for a mixture of hexadeutero 
dimethyl ether and nitric acid. The spectrum of the 
deuteroether, which is also included in Fig. 1, shows only 





3,500 


2,500 3,000 
em 

Fig. 1. Infra-red absorption band of the gaseous ether-nitmc acid 

hydrogen-bonded complex. a, Spectrum of deutero dimethyl ether, 
b, spectrum of mixture of dentero dimethyl ether and nitric acid. 
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a weak absorption in this region so that the material 
has distinct advantages over the light ether for this work. 
Mixtures were contained in a specially constructed infra- 
red cell. The inter or surface of the cell was gold-plated 
and silver chloride windows were fitted with ‘Teflon’ 
O-rings. 
The spectrum in Fig. 1 shows a central peak at 2,950 
cm! with subsidiary bands at approximately 3,125 and 
2,760 cm~, and wita a weaker shoulder at approximately 
2,600 cm-!. The high frequency band is displaced by 
about 175 em-!, anc the low frequency band by 190 cm, 
from the central peak. The weak shoulder is displaced 
by about 350 cm~. 
Carlson, Witkowski and Fateley have observed a band 
in the far infra-red spectra of mixtures of nitric acid and 
dimethyl ether at 175 cm~ and suggest assigning it to the 
stretching vibration of the hydrogen bond. Comparison 
can now be made w-th the sum and difference band inter- 
pretation of the infra-red structure of the band centred 
at 2950 cm-t. The sum and difference band displacements 
are in fact not far removed from the suggested hydrogen 
bond stretching frequency. Agreement would be expected 
to be best for the difference band, but the accuracy of 
measurement is nov high, as can be seen from Fig. 1, 
because of the broadening of the individual bands which 
make up the strucsure; this is particularly noticeable 
for the central band. The shapes of these constituent 
bands, like the or.gin of their breadth, 1s unknown. 
These could conceivably influence the observed separation 
between the maxima and lead to some discrepancy. 
The far infra-red investigation of the hydrogen chloride— 
ether systems and of methanol—trimethylamine revealed 
no band which could be attributed to the hydrogen bond 
stretching vibration’. It is perhaps understandable that 
of the systems inv2stigated only the nitric acid—ether 
system showed such.a band, for the infra-red study of the 
hydrogen stretching bands indicates that the concentra- 
tion of complex is most favourable in this case. 
We thank Drs. Fateley, Carlson and Witkowski for 
sending us a copy oz their paper‘ before publication, and 
the Gulbenkian Foundation for the award of a studentship 
(L. A.). 
L. At-ADHAMI 
D. J. MILLEN 

Chemistry Department, William Ramsay and 

Ralph Forster Laboratories, University College, 

Gower Street, London, W.C.1. 
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Oxygen Reduction on Titanium Nitride in 
AlEaline Electrolyte 


Tem nitrides and cerbides of the metals in groups IVB 
and VB of the Periodic Table have been studied during 
the course of invessigations with a view to developing 
fuel cell catalysts for oxygen (O) reduction in alkaline 
electrolyte. In gensral, the carbides show considerably 
more oxygen reduct:on activity than do the pure metals. 
By simple atomic ccnsideration this can be attributed to 
the presence of carbon, which per se is a good catalyst for 
the reduction of oxygen to hydrogen peroxide. The nitrides 
exhibit more activity than does the pure metal, but to a 
lesser degree than tke carbides. Of special interest is the 
nitride of titaniunz, which shows considerably more 
activity for oxygen r2duction than does pure titanium. In 
contrast to other matals titanium nitride ıs more active 
than titanium carbrie. 

For these exper:ments the potentiostatic current- 
potential measurements were made on rotating disk 
electrodes at 75° C in 2M potassium hydroxide saturated 
with nitrogen or oxygen. Each specimen, after mounting 
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and polishing, was introduced into a solution of potassium 
hydroxide saturated with nitrogen at a preset 1,200 mV 
and rotated at a constant 600 r.p.m. throughout the tests. 
(All potentials were measured against a reversible hydro- 
gen electrode m the same solution.) A potential sweep was 
initiated immediately at a rate 50 mV/min scanning from 
1,200 mV to 0 mV and back again to 1,200 mV. This 
curve indicated the corrosion behaviour of the electrode. 
The oxygen reduction activity was studied by repolishing 
the electrode and repeating the potential scan in a solution 
saturated with oxygen. 

The (E£) curves obtained for titanium (Fig. la) show 
detectable corrosion in the whole range of potentials; 
oxygen reduction begins only at less than Æ = 300 mV. 
Although this potential seems to be very low (900 mV 
overvoltage), the activity of titanium for oxygen reduction 
is higher than that of zirconium or hafnium, which in the 
range of potentials studied show no appreciable activity 
under similar conditions. 


a b 


TITANIUM 


2 N KOH, 75°C 
SCAN -50 mv/min 
~we— NITROGEN 
s OXYGEN 


TIN 


2 N KOH, 75°C 
SCAN-50 mv/min 
CE: At RE: DHE 
~~a NITROGEN 
— OXYGEN 


CAPACITY = 540 pf/cmê 


CAPACITY = 100 pf/om* 





m.amp/em? 
Fig. 1 

The 7(#) curves for titanium nitride (Fig. 1b) show 
appreciably less corrosion than those of pure titanium 
but, on the other hand, considerably higher activity for 
oxygen reduction. As already mentioned, no current for 
oxygen reduction was observed above Æ = 300 mV with 
titanium, while titanium nitride showed oxygen reduction 
in the vicinity of 800 mV. In addition, the observed 
limiting current for titanium nitride is almost twice that 
of titanium, possibly indicating a higher efficiency for 
oxygen reduction (less hydrogen peroxide formation). 
Double layer capacity measurements show that the surface 
of the titanium nitride electrode is five times larger than 
that of the titanium electrode. Because the corrosion 
current is higher with titanium than with titanium 
nitride, however, it seems unlikely that the increase in 
oxygen activity is solely an effect of increased surface. 
Also, a five-fold increase in the surface area does not 
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adequately account for a potential shift of 500 mV in the 
oxygen reduction potential. i 

A more plausible explanation is the reduction, by 
nitridation, of the rate of electrochemical oxidation and 
thus of the thickness of the oxide layer on titanium. This 
would mean that oxygen is reduced on titanium oxide 
and that a decrease in the thickness and/or the composition 
of this oxide by nitridation causes an increase in activity for 
oxygen reduction. (Oxynitrides of titanium are known!.) 

The increase in oxygen reduction activity on titanium 
nitride is of considerable interest because it could not be 
anticipated from atomic considerations as with titanium 
carbide (titanium carbide, as well as carbides of the other 
metals of the group, approaches graphite in activity for 
oxygen reduction). The results obtained with titanium 
nitride suggest that nitridation of such metals as iron, 
nickel, and cobalt-—-which have limitations similar to 
titanium for oxygen reduction—may help to increase their 
activity. In consequence, experiments with the nitrides 
and carbides of iron, cobalt, titanium and nickel are now 
in progress. 

This work was sponsored by the National Aeronautics 
and Space Administration. We thank Mr. E. M. Cohn for 
directing our attention to nitrides and carbides as possible 
oxygen electrodes. 

J. GINER 


Tyco Laboratories, Ine., L. SWETTE 
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Synthesis of Substituted Phenyl--p-xylo- 
pyranosides (H) 


In a recent communication we reported the synthesis of a 
series of mono-substituted phenyl-§-p-xylosideacetates 
through the Helferich condensation and that of the corre- 
sponding ß-D-xylosides by catalytic deacetylation with 
sodium methoxide!. 

This communication reports on the preparation of a 
further series of these $-D-xylosides by the same method. 

Tetra-O-acetyl-8-p-xylose was prepared according to 
Vogel’. The purity of the products was tested by thin- 
layer chromatography on silica gel using acetic acid— 
water—ethylacetate (1/1/3; v/v) for xylosides, and ethyl- 
acetate—-benzene (3/7; v/v) for the acetates. The spray 
reagent used was 5 per cent sulphuric acid in ethanol 
(10 min at 120° C). The xylosetetraacetate (0-1 mole) 
and the appropriate phenol (0-4 mole) were fused together 
and the molten mixture then treated with a solution of 
para-toluenesulphonic acid (0-6 g) in a mixture of acetic 
anhydride—acetic acid (5/95; v/v) (60 ml.). The melt was 
heated under reduced pressure at 100° C for 1 h. After 
cooling, the resulting syrup was dissolved in chloroform 
(200 ml.), thoroughly washed with ice cold N sodium 


‘hydroxide and water, dried (using sodium sulphate) and 


evaporated im vacuo. When necessary, solutions of 
benzene were run through a column of alumina and 
eluted with more benzene in order to remove dark con-. 
densation products which were insoluble in alkali. The 
resulting syrup was then crystallized from the appropriate 
solvent to constant melting point and optical rotation. 


Table 1. AOETYLATED B-D-X. YLOPYRANOSIDES 


Melting point (° C) (a)** í Analytic 
and crystal Yield value 

solvent chloroform ($ H 
Pa:a-methoxyphenyl 150°-151° — 43° 0 57 f*665 68 
182305 Ethanol c, 2 c 565 67 
Para-ethoxyphenyl 108°-109° — 40° 5 30 f 575 64 
Cr o4 g Ethanol C, 2 c 576 6-1 
Para-benzoxyphenyl 121°—122° —$4°8 36 f 628 6-7 
eae, Ethanol cC, 2 c 629 57 
Ortho-methoxyphenyl 141°-142° — 84° 7 34 f 563 69 
CysH 20, Methanol c, 2 o 56:5 58 
Para-ter-butyl-phenyl 168°-169° — 39° 8 37 f 617 69 
Car Har Os Ethanol c, 2 c 61:8 68 
Paa-diphenyl 156°-157° —35° 7 10 f 643 57 
nius Water/ethanoi 3/1 c, 2 c 645 56 


f, Found; c, calculated. ` 
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Table 2, B-D-XYLOSIDES 

Meltin pomt i C) Analytic 

and crystal So Yield value 
RS, C H 
Para-methoxyphenyl 157°~158° —39° 2 70 f 56:2 61 
wiHie Water C, 2; ÇTO c 56:3 63 
Para-ethoxyphenyl 151°152° — 36° 87 f 57-7 68 
Cys H 90. AET €, 2; CH,OH c 578 6-7 
Para-benzoxyphenyl 1770-17 280° 8 88 f 64:9 61 
CrstHeeOs Waterjdioxan 20/5 c, 2; ce c 651 60 
Ortho-methoxyphenyl 176°-176° — 80° 71 £ 56:3 6-2 
1905 Water © T ; OHOn c 56-3 68 
Para-ter-butyl-phenyl 186°--187° 88 f 638-6 78 
wHy,05 Ethanol/water 1/4 Ti oHoH c 63°38 78 
Para-diphenyl 221°—-222° 86 £675 5-9 
Oy,H,,05 Kthanol/water 1/3 ©, i yrii c 67-6 59 


The tri-O-acetyl-$-pD-xylopyranosides shown in Table 1 
were prepared in this way. 
The ortho-substituted phenols, ortho-tert-butyl-phenol 
and ortho-isopropyl-pheno! failed to react even at high 
temperatures. Catalytic deacetylation of the acetates 
according to Thompson and Wolfrom? yielded the phenyl- 
B-p-xylosides shown in Table 2. 
We thank Prof. L. Massart for his interest in this work. 
C. K. DE BRUYNE 
A. VERVOORT 
Lab. Anorganische Scheikunde A, 
H.I.K.W., Rijksuniversiteit, Gent, Belgium. 
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Interpretation of Electrolyte Invasion Data 
for lon-exchange Polymers 


In recent years two quite independent theories have been 
developed to account for the observed electrolyte inva- 
sion properties of ion-exchange polymers. Scatchard and 
Freeman! suggest that in the application of the Donnan 
law (1), deviations are best interpreted in terms of the 
mean activity coefficient of the electrolyte in the exchanger 


phase, 7+. 
(veme (M + m.vg)"97 = K(ve.m)"* (vg.mn)"9. y] (1) 


where ve is the number of co-ions in a molecule of electro- 
lyte; vg is the number of counter or gegen ions in a mole- 
cule of electrolyte, yv = ve + vg; M is the observed counter- 
ion concentration: m, the concentration of external 
electrolyte; m, the concentration of imbibed electrolyte; 
k, a constant; y+ and yi are the mean internal and 
external activity coefficients of the electrolyte, respectively. 
In accordance with the theory of specific ion interactions’, 
an expression has been derived (2), in which a and b are 
constants, to account for variations in y+ for ion- 
exchangers based on styrene-divinylbenzene copolymers. 
This relationship has also been applied to polymethacrylic 
acid 1on-exchangers®. 

logy =a+bm (2) 
It is assumed in this treatment that any deviations 
resulting from non-uniformity of the exchanger matrix 
are either negligible or can be eliminated by a small 
correction to the observed results. 

The alternative view is that proposed by Glueckauf‘, 
in which departures from the ideal law are explained in 
terms of the heterogeneity of the ion-exchange matrix. 
A modified power law (3) for invasion by 1 : 1 electrolytes 
is introduced, on the assumption that the ratio y+/y+ 
is approximately constant and that Mm. The parameter 
z1s characteristic of the heterogeneity of the ion-exchanger. 
This approach has also been applied to a series of solvent 
modified styrene-divinyl-benzene resins, with a wide range 
of heterogeneity. ne 


m = k me-a, where 0>z>1 (3) 


Interpretation of electrolyte invasion results is partica 
larly difficult as most investigations have been over short 


i 
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ranges of concentration and therefore do not provide an 
adequate test of these theories. Notable exceptions are 
the diffusion studizs of invasion in ion-exchange mem- 
branes by Glueckeuf, Watts and Crabtree*7?, and more 
recently the work of Freeman, Patel and Buchanan’, 
in which the resin and external aqueous phases are not 
separated. This report is concerned particularly with the 
interpretation of ths data obtained in the latter investiga- 
tion, which the authors have treated exclusively in terms 
of the mean activizy coefficient in the exchanger phase, 
Y+. The results from this work are plotted as log m against 
log m in Fig. 1. Apolying the Donnan law (1) to the three 
systems considered, the appropriate power law relation- 
ships are as follows: 

for the system (a) 2-K*, K+Cl-, H,O, m =k,.m? 

(b) 2R-Mg* Mg?#2Cl-, H,O m =k,.m4 
(e) etCl-, Mg?+2Cl-, H,O m = kame. 

The materials used in this study were AG50W x 2 (cation) 
and AG1x2 (anien) exchangers supplied by Biorad 
Laboratories. Present-day theories on styrene-divinyl- 
benzene copolymerization? suggest that resins of this 
type, with low divinylbenzene contents, will be very 
evenly cross-linked. and therefore provide ion-exchangers 
of low heterogeneity. In consequence, if the heterogeneity 
theory is correct, much smaller deviations would be 
expected for these resins than those observed with materials 
of higher divinylberzene content. From the plot for system 
(a) two significant factors are apparent: (1) with decreasing 
external concentretion m, the gradient increases; (2) 
in the region m < 1C molar the gradient is a very reason- 
able approximatior to the value of two required by the 
ideal law. Both these effects were predicted by the hetero- 
geneity theory. Th> results for the other systems, involv- 
ing the magnesium ion, are somewhat, ambiguous. System 
(c), for which the Donnan law requires an exponent of 
three, also has a gradient of about two and therefore 
woyld appear to support the conclusion of Glueckauf, 
from his work’ with the lanthanum ion, La*+, that equa- 
tion (3) is generally applicable, immaterial of the valencies 
of the ions involvec. The gradient for system (6) shows a 
similar increase wita decreasing external concentration m, 
but even for m< 1D- molar the value is only 1-5; from 
which it might be concluded that it is approaching the 
exponent required >y the ideal law and not the value of 
two expected for a homogeneous ion-exchanger from 
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Fig. 1. ae invasion plot of log m Rare log m for (a) RE, Kil 
(@); (b) Rykg, MgCl, (x); (¢) RCL MgCl, (O} 
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equation (3). From equation (3) for systems (a) and (c) 
the parameter z ~ 0, but for the system (b) z ~ 05. 
On this basis the results for (a) and (b) do not give a 
consistent measure of the heterogeneity of the cation- 
exchanger AG5OW x 2. 

In conclusion, the results for system (a) are clearly 
consistent with a theory based on heterogeneity. The 
results for systems (b) and (c) raise doubts as to the 
applicability of equation (3) to systems involving poly- 
valent ions, although in this case there is still a need for a 
comprehensive study. 
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Role of Neutral Salts on the Denaturation 
Temperature of Biopolymers 


In recent years, a great deal of attention has been devoted 
to the study of the effect of salts on the denaturation of 
biopolymers, both in the bulk state (for example, shrinkage 
of fibrous collagen) and in dilute solutions (for example, 
helix-coil transitions)'?. Recent work in this laboratory? 
has demonstrated that two main factors must be con- 
sidered in describing the effects of both salt type and salt 
concentration on the shrinkage of collagen at neutral pH 
(when polyelectrolyte effects are absent). These are: the 
diluent and the specific effect. ‘The former effect is pre- 
dominant for salting-out agents, such as potassium 
chloride and magnesium sulphate, whereas the latter 
occurs with salting-in agents, such as potassium thio- 
cyanate and lithium bromide. The diluent effect is satis- 
factorily described by the conventional melting point 
depression theory developed for binary polymer-diluent 
systems 


1 l #& z 2 
i ee TT | e a See AH., (Yaul V3) (G1 %1617) (1) 


where Tm is the melting temperature of the polymer in 
the presence of the diluent, Zm° the melting temperature 
of the undiluted polymer, AH, is the heat of fusion per 
mole of repeating unit, Vy the molar volume of the 
repeating unit, V, the molar volume of the diluent, ¢, the 
volume fraction of diluent, and x, represents a polymer- 
diluent interaction parameter which can be interpreted? 
in terms of conventional salting-out theories‘. 

Considerably more debatable is the nature of the 
specific effect. One possible way to explain it is to con 
sider a disproportion of the salt-water mixture resulting 
in ion binding to the proteinat". As in the classical case 
of melting point depression, accompanied by the forma- 
tion of a complex in the amorphous state’, the large 
salting-in suggests that binding occurs mainly in the 
denatured state. Assuming that binding occurs only in 
the latter state, Schellmann, Flory and Mandelkern! have 
shown that an additional term should be added to the 
nght-hand side of equation (1). This is 


(RNo/ AHu) ln (1 + kde) 


where Na is the mole fraction of available sites, k is the 
binding constant, and A; denotes the activity of the salt. 


An alternative way of describing the specific effect is to' 


postulate an indirect interaction by which the salt 
solutions affect the protein stability. This indirect 
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mechanism could be related to such properties of the 
solution as its degree of ice-likeness?. 

Although present evidence favours the ion binding 
hypothesis*, the critical experiment of determining 
whether a binding of salt actually occurs for salting-in 
agents, particularly at the denaturation temperature, has 
not previously been reported. Here we shall describe 
some preliminary results which unequivocally demon- 
strate that a removal of ions from solution does accom- 
pany the thermal shrinkage of fibrous collagen in potas- 
sium thiocyanate solutions. 

We have equilibrated initially dry collagen tendons, 
cross-linked with p-benzoquinone®, in a solution of 
carbon-14 labelled potassium thiocyanate of known 
thiocyanate concentration, Ct, and determined the thio- 
cyanate concentration, C;f, after equilibration with the 
collagen®, both below and above the shrinkage tem- 
perature (72° C for these samples in pure water). The 
pH of the solution was about 7, which is within the iso- 
electric plateau of the protein? (the isoionic pH of the 
solubilized tendons at 40° C was found to be 7:1). Con- 
centrations of thiocyanate solutions were determined 
by liquid scintillation counting of equal portions of the 
solution in toluene-ethanol—2,5-diphenyl oxazole—1,4-bis- 
2-(5-phenyloxazolyl)-benzene scintillator using a Packard 
314X liquid scintillation spectrometer. In Fig. 1A and 
B is shown the change in length and volume, respectively, 
which occurs during the shrinkage’, and O shows the 
corresponding changes in the difference between C and 
C;f. The increase in C-O: which corresponds to the_ 


Length (relatrve) 


Degree of swelling 


Od — Of (M) 


T5 251° 


Tp 7 88° 





80 80 100 

F (°C) 

Fig. 1. A, Variation of the ratio of the actual length of a cross-linked rat 

tail tendon to the length in the native swollen state, with temperature 

(ref. 7). Tendons immersed in potassium thiocyanate solutions of the 

indicated concentrations. B, Corresponding vanations of the ratio of 

_the actual volume of tendons to the volume in the native, state, with 
. temperature (ref. 7). C, Apparent uptake of carbon-14 labelled potas- 
y "mum thiocyanate by initia y dry, cross-linked tendons as a function of 


f temperature. Collagen concentration is about 25 mg/ml. 
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shrinkage temperature, Tp, indicates that shrinkage or 
denaturation can indeed be associated with an increase 
in the degree of binding. 

The fact that C,'-C,f is greater than zero below Tp 
shows that some binding does occur even for the native 
protein. Because X-ray diffraction’? does not reveal any 
alteration, of the lattice spacings for native collagen in 
equilibrium with potassium thiocyanate solutions below 
Tp, it is likely that bindmg in the native state occurs 
mainly within regions of poor structural organization. 

At present we are unable to define explicitly the type 
of association between the ions and the protein. Con- 
siderations reported elsewhere? indicate that an inter- 
action. of the ions with the dipoles of the peptide bond is 
involved, and that some difference exists between the 
binding behaviour of anions and that of cations. Further- 
more, the binding of ions is competitive with the binding 
of water, and this leads to an expression which is even 
more complex than equation (1) with the Schellmann— 
Flory—Mandelkern term’. 

We are now repeating these experiments using various 
salts at several concentrations in order to determine both 
the apparent binding constants and the number of 
binding sites along the chain backbone. 

D. PUETT 
R. GARMON 
A. CIFERRI 
Chemstrand Research Center, Inc., 
Durham, North Carolina. 
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isotopic Exchange Chromatographic 
Separation applied to an Equilibrium 
Strontium-90 and Yttrium-90 Mixture 


ANALYTICAL techniques based on precipitation, volatility, 
electrolysis, ion exchange, solvent extraction, chromato- 
graphy, etc., with or without carrier, have been used to 
separate individual radionuclides and to separate groups 
of radionuclides. Less attention has been paid to radio- 
chemical separation or determination involving isotopic 
or displacement exchange reactions. The amalgam 
exchange procedures'-* introduced. by Meinke and collabor- 
ators appear to be unique and will find wider use in radio- 
chemical separations. Isotopic exchange has also been 
applied to the separation of radiosilver’ and of iodine-131 
(ref. 8) by Sunderman and Meinke, and adaptation of 
isotopic exchange to the determination of mercury in a 
solvent extraction system has been worked out by 
Handley’. A displacement method for the separati$n of 
radio-iodide on a column of silver chlonde granules has 
been reported by Arnott and Wells-Cole#. Americium 
has been separated from curium and other trivalent 
actinides and lanthanides with a column of calcium 
fluoride", and this column has also been used for the 
removal of radioactive actinides and lanthanides from 
aqueous solutions!. 

The exchange of strontium ions between a precipitate 
of strontium sulphate and a solution of strontium salt 
is very rapidly completed. - Because of the low solubility 
of strontium sulphate, at equilibrium there is a very 
favourable ratio between strontium atoms in the precipi- 
tate and in the solution. In the work to be reported here, 
this fact has been haa to develop a rapid chromatographic 
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method, involving only a single step and based on isotopic 
exchange for the separation of carrier-free Y-90 from its 
parent Sr-90. 

Commercially available erystal powder of strontium 
sulphate was treated with boiling 0:5 N sulphuric acid 
solution for 5 min, and the crystals thus activated were 
transferred with small amounts of 0:5 N sulphuric acid 
to & conventional chromatographie column, 1-1 cm im 
diameter and 5 cem in height, pulled to a tip at the outlet 
to facilitate the collection of the eluate. The crystals 
were supported by a sintered glass plate attached to the 
lower end of the column; the crystal bed was usually 
1-3 em long. Abcaut 20 ul. of an equilibrium mixture 
of Sr-90 and Y-€0, converted to sulphate form and 
adjusted to 0-5 N in sulphuric acid, was applied to the 
top of the column. By means of a slight over-pressure, 
the strontium was allowed to pass down the column. The 
column was filled with 0-5 N sulphuric acid, and the 
pressure regulated so that the flow amounted to one 
drop (~ 0-05 ml.) per 15 sec. Every two drops of eluate 
were collected on ccunting trays and evaporated to dryness 
with an infra-red lamp. The radioactivity of the eluate 
was measured with a conventional end-window GM counter. 


105 
g 
Ps 
©. 10: 
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i 
+> 
© 
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Drop number 
Fig. 1. Separation ar ¥-90 and Sr-90 with a column of strontium 


-90 elutec with 0°5 N sulphuric acid. Strontium sulphate 
bed 1 8 cm Jong, 2 1-1 cm (2°5 g). 


sulphate. 

A typical elution profile curve is ulustrated in Fig. 1. 
No activity was found in the first twelve drops of the 
eluate. In later fractions, activity appeared rapidly, 
reaching a maximum at 16 drops, and then decreased 
rather gradually. It 1s apparent that there is a slight 
retention of the yttrium on the crystal column. This 
may be considered to be due partly to the similarity in 
ionic radius and electranegativity between Sr*+ and Y*+ 
ions, as indicated kere: 


S rêt yar 
Tonic radius (A) 1-13 0-93 
Electronegativity 125 160 


The fonic radii are taken from Pauling (ref, 13) and the electronegativities 
from Povarennykh (ref. _4). 


Several fractions, covering the entire elution profile, 
were used for decay rate measurement and y-ray spectro- 
metry. The decay curves consisted of two components 
corresponding to a 3-activity with a half-life of 64-5 h and 
a long-lived nuclide emitting y-rays. No sign of break- 
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through of Sr-90 was observed in the eluate. (A y-ray 
spectrum of the long-lived activity revealed the presence 
of Cs-137 with a half-life of 30 yr deriving as impurity 
from the original Sr-90 and Y-90 mixture.) In this way 
the carrier-free Y-90 can be rapidly separated in only 
about 15 min from carrier-free parent Sr-90. 

The same principle would be applicable to radiochemical 
separations, provided that insoluble salts exist and that 
exchange between the salt and its ions is rapid. Thus the 
separation of carrier-free Ce-144 and Pr-144 can be carried 
out on a short column of cerium (IV) iodate crystals. 
The bed was 0-8 cm long and was first treated with 6 N 
nitric acid. Pr-144 was recovered within 7 min, in the 
first 20 drops, by elution with 6 N nitric acid, but because 
of the increased solubility in elution with nitric acid, the 
contamination was rather high and averaged approxi- 
mately 3 per cent. 

Hirose Hamaauont 
NAOKI Onuma 
Tosut WATANABE 
Department of Chemistry, 
University of Tokyo. 
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BIOCHEMISTRY 


Examination of Isoenzymes of Several 
Dehydrogenases in Pure Cell Lines 


Many workers have demonstrated that lactic acid 
dehydrogenase (LDH) and malic acid dehydrogenase 
(MDH) exist in several isoenzyme forms!->. Bands of 
different electrophoretic mobility have also beer reported 
for 6-phosphogluconate dehydrogenase (6-PGDH) (ref. 
6), but the kinetic properties of these isoenzymes have 
not been as clearly defined. 

This report describes some preliminary results obtained 
on the characterization of several pure cell lines (as 
opposed to tissues) with respect to the isoenzymes of 
these three dehydrogenases. To do this, homogenate 
supernatants of the cells were fractionated by zone 
electrophoresis on starch gel, the isoenzymes being located 
as distinct blue formazan bands on the gel. 

The following cell lines were examined: 

(1) L5178Y lymphoblasts’: (a@),obtained directly from 
DBA/2 mice with transplanted ascites tumour; (b) 
radioresisiant and radiosensitive diploid and tetraploid 
cells carried through seventy-two generations in vitro’, 
Isoenzyme bands from DBA/2 mouse kidney and liver 
extracts were used as markers for cells which originate 
from mouse and hamster tissues. (Mobility of isoenzymes 
in the hamster is similar to that observed in the mouse.) 

(2) Hamster kidney fibroblasts: (a) BHK-C13 normal? 
cells carried through fifty generations in vitro; (6) BHK- 
TCY® cells transformed with polyoma virus and carried 
through twenty-five generations in vitro. 
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(3) Rat sarcoma cells (induced by benzpyrene): (a) 
primary sarcoma tissue taken from a freshly killed hooded 
rat; (b) four clones of sarcoma cells grown in vitro for 8 
months (about 500 generations), S6/1, S6/2, 96/3 and 
S6/4. Isoenzyme bands from rat kidney extracts were used 
as a marker. 

(4) N, cells**—normal adult subcutaneous fibroblasts 
from C3H mice, grown in vitro. 

The tissues were ground in 0-25 M ‘Mannitol’ (containing 
0-1 mg/ml. ethylenediamine tetraacetic acid) pH 7-4 
with a ‘Teflon’ pestle in a Potter—Elvehjem homogenizer, 
tough fibrous material being broken up first by grinding 
for 10 sec with an ‘Ultra-Turrax’: the final concentration 
was 150-200 mg/ml. Cells were washed twice with 
‘Mannitol’ solution, resuspended to give a cell count of 
20-25 x 10° cells/ml, and then broken up with the 
homogenizer. All homogenates were centrifuged for 30 
min at 144,000g; the supernatants were used for the 
isoenzyme studies. A temperature of 0°-4° C was main- 
tained throughout these procedures. 

80-120 ul. of supernatant was applied to the gel with 
2-3 pieces Whatman 3 MM paper (1-4 mm x 1 mm). 
The electrophoresis was performed at pH 7-0 using a 
phosphate citrate buffer’ at 4° C, by applying a potential 
of 6 V/cm across the gel for 4 h. After electrophoresis, 
the gel was sliced into three longitudinal layers (9 x 16 x 
3 mm), each layer being stained for a different dehydro- 
genase. The isoenzymes were visualized directly on the 
gel by coupling the reduction of dimethyl-thiazolyl 
diphenyl tetrazolium bromide (MTT) with reduction of 
coenzyme (in the presence of appropriate substrates) 
by using phenazonium methosulphate as an electron 
transporter. For LDH isoenzyme a slice of gel was incu- 
bated with 10 ml. of a 1 per cent agar overlay containing 
8-8 ml. 0-1 M tris-hydrochloric acid (pH 8-0); 0-5 ml. 2 M 
D,L-lithium lactate (pH 8-0); 2-0mg MTT; 0-1 ml. phena- 
zonium methosulphate (56 mg/ml.); 0-6 ml. nicotinamide 
adenine dinucleotide (10 mg/ml.) for 15 min at 37° C in the 
dark. For MDH a similar medium was used except that 
I ml. 2 M p,u-sodium malate (pH 8-0) was substituted for 
lithium lactate, and the incubation time was lengthened 
to 30 min. For 6-PGDH, 2 mg nicotinamide adenine 
dinucleotide phosphate replaced the nicotinamide adenine 
dinucleotide, and h ml. 6-phosphogluconate (10 mg/ml.) 
was used as substrate instead of lactate. The incubation 
time here was 30 min. On all occasions the reaction was 
terminated by soaking the gel slice in a methanol/acetic 
acid/water (5:1: 5) mixture, for 10 min. 

Fig. 1 is a diagrammatic representation of the patterns 
observed. Column 3 illustrates the distribution of LDH, 
MDH and 6-PGDH obtained with all the various [5178 Y 
cells examined. These results demonstrate the stability 
of the isoenzyme patterns during long term culturing 
and also the uniformity of the isoenzyme patterns in the 
three L55178 Y mutants studied. Although mouse lympho- 
blasts and hamster kidney fibroblasts show a single LDH 
band, N, and sarcoma cells contain several. The M, 
LDH band was the most commonly observed isoenzyme; 
however, the N, cells exhibited a pattern which was 
distinct from that of the other cultured specimens. 
Only ‘one band for MDH and 6PGDH was noted with the 
cell cultures, except for sarcoma cells (column 6) which 
displayed two bands for 6PGDH. The tissues appear to 
display several bands of each enzyme, under the condi- 
tions used here. 

With rat sarcoma, cells grown in vitro show a different 
distribution in all three enzymes from that observed with 
the primary sarcoma. 

Identical enzyme patterns were obtained with a normal 
and polyoma virus infected hamster kidney fibroblast. 
Caution should be exercised in the interpretation of these 
results. It is not known whether the difference observed 
between the cultured and in vivo cells (for example, 
sarcoma) results from a lack of cellular homogeneity 
of the fresh tissue or the result of culturing!?-1*, In addi- 
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Fig.1. Summary of the isoonzyme patterns obtained with tissue extracts 
and cultured cells: (1) DBA/2 mouse kidney; (2) DBA/2 mouse liver; 
(3) lymphoblasts directly from a tumour-bearing DBA/2 mouse, rado- 
resistant and radiosensuwe diploid lymphoblasts examined after forty- 
four, fifty-eight and seventy-two generations in vuro, and tetraploid cells 
after seventy-two generations in miro; (4) N, cells in vitro; (5) BHE-C13 
and BHK-?TCY hamster kidney fibroblasts examined after fifty genera- 
trons in odro, (6) S6/1, 86/2, 86/3 and 86/4 sarcoma cells examined after 
500 generations in vitro, (7) primary sarcoma directly from a hooded rat; 
(8) hooded rat kidney. 


tion, periodic assessments of enzyme distribution during 
culture should be carried out with the kidney hamster 
cells, because it is possible that changes may be mitially 
produced by infection with polyoma virus which are lost 
during culturing. 

To ascertain whether enzyme patterns observed are an 
inherent characteristic of the cell, further investigations 
should be carried out to determine both the influence 
of long term culturmg and tissue culture media used on 
the isoenzyme patterns of cells. 3 
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Interactions >f Protein (Antibodies) with 
the Deoxyribonucleic Acid Molecule 


Iw view of the current hypothesis on the protein nature of 
genetic repressors it is of prime importance to know 
whether certain proteins exist capable of “recognizing” 
and interacting with regions of the DNA molecule differing 
in base compositior or configuration. 

Antibodies to DNA were first discovered by Seligman? 
in 1957 in the serum of patients with systemic lupus 
erythematodes (SLE). Unexpectedly, however, it was 
found that these antibodies interacted similarly with 
DNAs of various origins and which differed significantly 
in their base composition. Levine et al.? have demon- 
strated that antibodies to DNA found in serum of patients 
with systemic lupus erythematodes react preferentially 
with denatured DNA. Using the method of passive 
haemagglutination—one of the most sensitive immuno- 
logical reactions—ve have found that antibodies to DNA 
occur fairly frequently. The presence of these anti- 
bodies was demonstrated in the blood serum of 60 per 
cent of the healthy individuals investigated and in 
various experimental animals. 

The purpose of this investigation was to study the 
ability of antibodies present in different sera to interact 
with apurine and apyrimidine DNAs and DNA lacking a 
secondary structure. By this means we hoped to obtain 
some information on the nature of the regions of the 
DNA molecule wita which the antibodies could interact. 

In order to follow the interaction of antibodies with 
different preparaticns of DNA the antibody neutralization 
reaction based on passive haemagglutination was used. 
The details of koth methods have been published 
elsewhere*. The reaction was carried out utilizing ram 
erythrocytes treated with formalin and tannin and 
sensitized at pH 5-5 with denatured DNA. By means of 
an antibody neutralization reaction we determined the 
minimal amount >f DNA required to neutralize the 
antibodies contained in a given volume of various sera. 
The following preparations of DNA were used for neutral- 
ization : (1) native DNA ; (2) denatured DNA (obtained 
by heating DNA for 10 min at 100° ©); (3) DNA denatured 
in the presence of formaldehyde (DNA solution (400 ug/ml.) 
was heated for 10 min at 100° C in a 1-3 per cent solution 
of formaldehyde). -As was shown by Grossman! formalde- 
hyde prevents ths formation of helices in separated 
strands of DNA; (4) apurinic DNA obtained by the 
method of Tamm et al.* ; (5) apyrimidinic DNA, obtained. 
by hydrazinolysis according to Habermann’s’ technique. 
The absence of purme or pyrimidine bases in these prepar- 
ations was demonstrated by paper chromatography. 

The reSults of she antibody neutralization reactions 
using different sera and preparations of DNA are sum- 
marized in Table I. 

The analysis of the data given in Table 1 shows that 
different amounts of the diverse preparations of DNA 
are necessary for tne neutralization of antibodies present 
in different sera. Three groups of antibodies may be 
differentiated on the basis of their ability to interact 
with different preparations of DNA. The first group are 
the antibodies which mainly interact with single-stranded 
(DNA which had been treated with formalin). To neutral- 
ize this type of antibody very much more denatured DNA 
(60-250 x ) is reqcireds These antibodies are found in 
guinea-pigs, in some patients (sera 6 to 8) and in a patient 
with systemic lupus erythematodes during the early 
stages of the disease (serum 5, duration of disease 4 
months). The second group comprises the antibodies 
which interact mainly with single-stranded DNA. Further- 
more, their affinity for denatured DNA is much higher 
in that of the first group of antibodies because the amount 
of denatured DNA required for their neutralization is 
four to fifteen timas as great as the amount of formalin 
treated DNA for the same purpose. Antibodies of this 
kind were found in the serum of most patients with 
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Table 1. AMOUNT OF DNA REQUIRED FOR THE N EUTRALIZATION OF UNITS OF SERUM ANTIBODIES CONTAINED IN DIFFERENT SERA* 
Ratio of neutralizing doses of different preparations of DNA to neutralizing dose of 


The neutralizing formalin-treated DNA 
N/N Source of serum Diagnosis dose of fDNA (y) nDNA dDNA apurDNA apyTDNA 
fDNA fDNA f{DNA fDNA 

1 Guinea-pig Normal 0 002 > 1,000 125 ET agm 

2 3 ‘i 0 002 > 1,000 125 — — 

3 ” s, 0 001 > 1,000 250 — — 

4 33 oF 0 004 > 1,000 250 ogra eae 

5 Patient K. _ SLE 0 008 > 1,000 66 No* No* 

6 » M. Discord LE 0-008 > 1,000 125 — — 

7 » B Scrofuloderma 0 004 > 1,000 250 — = 

8 eae Werlhof’s disease 6-008 > 1,600 250 — — 

9 » Ku. SLE G 008 160 4 1,400 No* 
10 » D. 3 0 002 160 4 2,700 54, 000 
11 » Ko. 5 0-008 160 4 40 No* 
12 » Mo. 99 0 004 80 4 80 130, 000 
13 s G d 0 004 a 4 400 No* 
14 » Da. is 0 004 = 4 900 As 
15 » Å. 2 0-004 _ 15 100 : 
16 » Sa 5 Q 004 a 4 100 i 
17 i 8. is 0004 meena 4 50 i 
18 > B; p 0-004 180 4 50 ; 
19 gg R s 0 004 500 4 2,099 š 
20 » R : 6 004 700 8 2,000 es 
21 Bo. a 0-004 250 4 37 a 
22 , Ba zy 6 08 10 1 1,100 i 
23 » Bar. 3 10 0 087 0-12 No* is 
24 » Ch. ii 0-16 0 25 05 — — 
25 » Cu. 5i 01 01 02 No* No* 

pecs ote SLE, systemic lupus erythematodes; nDNA, native DNA; dDNA, denatured DNA; fDNA, formalin-treated DNA; apurDNA, 
apurinic DNA; yIDNA, apyrimidinic DNA. 
oe ages oe t is the minimal amount of serum containing antibodies capable of agglutinating 0-05 ml. of a 2 5 per cent suspension of DNA-sensibtlized 
erythrocytes. 


No*, not neutralized by dose of 1 mg. 


systemic lupus erythematodes (sera 9 to 21). The fact 
that different amounts of denatured DNA are required 
to neutralize the antibodies from different sera suggests 
that the length of the region of the simgle-stranded 
molecule of DNA with which the antibodies of the second 
group can interact is less than the corresponding region 
of polynucleotide chain which will interact with antibodies 
of the first group. The third group is composed of those 
antibodies which are equally capable of interacting with 
native, denatured and formalin-treated DNAs (sera 22 to 
25). These antibodies were found in patients suffering 
from a severe form of systemic lupus erythematodes 
(three of the patients died shortly afterwards). It shoald 
be noted that it is this type of antibody which is able to 
inhibit the activity of DNA as primer in the RNA poly- 
merase reaction and furthermore influences DNA trans- 
lating activity®. Prolonged storage of sera containing 
these antibodies results in a considerable reduction in 
their ability to interact with single-stranded and de- 
natured DNA. 

Recently, it was shown that the antinuclear factors 
present in the blood serum of different people may 
exhibit variable properties. Thus Bardawil et al.? have 
found that the antinuclear factor present ın the blood 
serum of normal people interacts with deoxyribonucleo- 
protein at low ionic strengths only. On the other hand, 
the antinuclear factor from serum of patients with severe 
forms of systemic lupus erythematodes can react with 
deoxyribonucleoprotein at higher salt concentrations. 

Data presented in Table 1 show that apurinic acid is 
also able to interact with antibodies, the amounts of this 
DNA required to neutralize the antibodies being variable 
and depending on the serum under test. These values 
are, however, always higher than that for the amount 
of single-stranded DNA necessary for the neutralization 
of the same quantity of antibody. This finding suggests 
that purines may be an importgnt constituent of the 
sites of interaction in the DNA molecule. There is another 
explanation which is also plausible ; treatment of DNA 
with hydrochloric acid—-used for the preparation of 
apyrinic DNA—is known to degrade DNA and it is 
possible that this may also lead to a significant degrada- 
tion of the site of antibody interaction in the DNA 
molecule. In fact we found that the incubation of DNA 
with DNase considerably decreased the ability of the 
DNA to interact with antibodies. 

In contrast with apurinic DNA, DNA lacking the 
pyrimidine bases is usually unable to interact with 
antibodies. Thus pyrimidine bases may be directly 


involved in the formation of the sıtes in the DNA molecule 
which will interact with the antibodies. 
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Electrophoretic Determination of Albumin/ 
Globulin Ratios in Mice 


INFORMATION on the serum protein patterns of normal 
mice is necessary if these animals are to be used for 
studies in cellular immunity. However, except for 
Albritton’s report', in which no indication was made of 
the animal’s age, sex and strain, such published data are 
not available. This communication, therefore, provides 
someeof this essential information; we have found that 
there are differences in serum protein patterns in different 
groups of mice, and that these patterns are related to age 
and sex. 

All mice, with the exception of the pathogen-free ones, 
were outbred Swiss-Webster supplied by the University 
vivarium. They were housed at 22° + 1° C under con- 
ditions calculated to minimize infection by microbes. 
They were fed a diet of ‘Purina’ rat chow and were given 
as much water as they wanted to drink. The following 
groups of mice were studied. (1) Normal: these were of 
known sex and age and at no time appeared ill or debili- 
tated. (2) Immune: normal males, 10 weeks of age at 
the start of our injection schedule, received 1:0 mg 
intraperitoneally of bovine plasma albumin three times a 
week. They were bled 3 days after the seventh injection. 
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(3) Hyperimmune: normal males, 9 weeks old, received 
three subcutaneous injections of 2:0 mg of alum pre- 
cipitated bovine serum albumin (BSA) which caused 
them to become immunologically paralysed. Once an 
anti-BSA haemagglutinin titre could be demonstrated, 
indicating an escape from paralysis, the animals were 
immediately bled. (4) Pathogen-free: 9-week-old males 
were obtained from the Charles River Mouse Farms. 
They had been maintained under aseptic conditions and 
were found to be serologically negative for common mouse 
viral and bacterial infections. They were bled immediately 
on receipt to ensure that their stipulated pathogen-free 
condition prevailed. (5) Newborn: 2-day-old suckling 
mice were bled and immediately killed (and hence were 
of undetermined sex). (6) Infected: normal 9-week-old 
females were injected intraperitoneally with approximately 
1 x 10? coagulase positive Staphylococcus aureus. 

All mice were bled from the retrobulbar plexus into 
sterile capillary tubes. Each serum:was separated from 
the clotted blood by centrifugation and electrophoresed 
immediately, as poor reproducibility was obtained when 
frozen sera were used. A human control serum accom- 
panied each series of test sera. In studies requiring 
frequent bleeding of the same mouse, we alternated 
plexus on successive bleedings. 

All electrophoretic analyses were carried out with a 
microzone electrophoresis cell (Model R-101, Beckman 
Instruments, Inc.). The only changes from that pro- 
cedure were: (1) that the time‘of electrophoresis was 
increased from 20 to 30 min, thus effecting better separa- 
tion of serum proteins; and (2) that the B-2 buffer was 
changed after the second analysis rather than after the 
fourth, thus preventing precipitation of the buffer at the 
electrodes. When electrophoresis was completed, the 
cellulose acetate membranes were developed, dried, and 
scanned in a Beckman model RB ‘Analytrol’ with model 
R-102 “Microzone’ scanning attachment. 

Fig. 1 shows the wide range of albumin/globulin (A/G) 
ratios observed in the various groups of normal and 
experimental mice. The serum protein patterns of normal 
males differed greatly from those of females, as can be 
seen in Fig. 2. The male A/G ratios were not only less 
variable, but also displayed smaller standard deviations. 
The alterations of A/G ratios which occur temporarily in 
infected mice are shown in Fig. 3. Bacteriaemias per- 
sisted for 25-27 days, but blood samples analysed after 
28 days were negative. 

Our interpretation of these results is that the serum 
protein pattern of 13-week-old male mice remain more 
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Fig. 1. Albumin/globulin ratio differances among various groups of 

mice, The infected animals were 8-week-old females at the tıme of infec- 
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Fig. 2. Albumin/globuin ratios of normal males and females. Hach 
point represents the}meen value for at least ten mice. The line bisecting 
any given point represents the standard deviation for that age group. 
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Fig. 3. Albumin/globulm ratios of 8-week-old females which were each 


injected intraperitoneally with 1 x 10" S. aureus compared with those of 
18-week-old males which were similarly infected. The dotted hnes 
represent the A/G ratios of uninfected animals. 


stable and reproducible fer at least 4 weeks than do those 
of other mouse groups. Serum protein patterns change 
dramatically with the age of the mice. The low A/G 
ratios found in newborn mice is attributable to colos- 
trum-transferred meternal antibodies, and the very high 
A/G ratio found in E-week-old mice denotes the immature 
state of their reticclo-endothelial systems. As the mice 
reach immunological maturity (at about 8 weeks of age) 
the A/G ratio reached a new, relatively stationary level. 
The fluctuation shown by the A/G ratios of normal females 
is believed to be related to oestrous cycle or other hor- 
monal changes, or both. No attempt was made to 
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determine which group of animals elicits the highest anti- 
body titre to any given antigen. It might well be that 
some group other than 13-week-old males should be used 
if the quantity of antibody produced is important. It 1s 
possible that the undulations in the A/G ratios exhibited 
by S. aureus infected females during the first 6-8 days 
after infection are caused by the focalization and sub- 
sequent breakdown of foci resulting in reinfection of the 
mice. 

We thank Dr. Eh Serearz for providing us with the 
hyperimmune mice used in these experiments. This 
investigation was supported by the National Science 
Foundation. S. Krasxy 


M. J. PICKETT 
Department of Bacteriology, 
University of California, 
California. 


t Alpniton, E. C., Standard Values ın Blood (W. B. Saunders Company, 
Philadelphia, 1951). 


Response to Insulin by Guinea-pig Taenia Coli 


Tue stimulating action of insulin on the metabolism of 
heart and striated muscle is well known, but the extent 
of its influence on smooth muscle is less clear and is 
variously assessed!-*. Preparations so far studied—such 
as aortic muscle’? and intestinal segments‘—suffer from 
the disadvantage that they are damaged during prepara- 
tion or, like uterine muscle!-°, have a highly individual 
endocrine response. Because of its ease of dissection and 
less specialized function, gumea-pig taenia coli muscle 
seemed an obvious tissue preparation with which to 
investigate the possible in vtro effects of insulin. 
Insulin can without doubt enhance uptake of glucose 
by strips of this tissue in vitro, its retention of glucogen, 
the accumulation of the unutilized amino-acid, ammo- 
isobutyrate, and the incorporation of carbon-14 labelled 
glycine into protein (Table 1). The figures given in Table 1, 
however, showing clear stimulating effects of instlin, 
are selected observations, and a large number of experi- 
ments wert recorded in which a consistent stimulus by 
the hormone was not observed. The explanation for this 
is uncertain. For undeterminable reasons there seemed 
to be a much larger variation between strips from different 
animals than would be found with, for example, rat 
diaphragm muscle, and in different experiments the 
absolute values of glucose utilization and glycogen 
deposition moved between wider than usual limits. 
Axelsson, Bueding and Biilbring® have previously noted 
such fluctuations in the glycogen content, and they did 


@ 
Table 1, EFFECT OF INSULIN ON THR METABOLIO ACTIVITY OF 'TAENIA 


COLI in niro 
Effect of insulin 
No insulin Insulin added P 
added (0-1 unit/ml.) 


Unstretched tissue 


Uptake of glucose (mg/g tissue/h) (6)0532008 0954013 <005 

Glycogen content after incubation (10)078+008 095+006 <005 
(mg glucose/¢ tissue) 

Accumulation of carbon-14 label- (6) 5340 60 744+069 . <005 
led-aminoisobutyrate 
(e p m./ml. medium) 

Incorporation of carbon-14 label- (8) 403428 632 + 58 <O01 
led-glycme into protein (c pm / 
mg protem) ° 

Tissue under tension 

Incorporation of carbon-14 label- (6) 587451 657 + 43 

led-giycine into protein (c p.m./ Difference 70 +19 <0 02 


mg protein) 


Each figure ıs the mean + S.#. of the mean of the number of observations ın 
parentheses. For methods sea refs. 23 and 24. For the experiments with 
unstretched tissue, two strips of taema coli were removed from each guinea- 
pig tof either sex and of weight 200—400 g) and each strip cut into two approx- 
imately equal pieces Medium consisted of Krebs-Ringer bicarbonate, gassed 
with 95 per cent 0./5 per cent CO, and contamed glucose (1 mg/ml.). Incuba- 
hon was in 1 mi for 2 h at 37° C with shaking. Carbon-14 labelled-glycme 
was added at a concentration of about 25 uM and 015 uwc.jml. Carbon-14 
Tepes aE Tn ae was added at a concentration of about 67 uM and 
0 15 ue.jml. When the tassue was incubated under tension, the two ends of a 
single strip were tied together to a 5 g weight and the loop hooked around a 
staunless steel frame in 10 ml. of medium containing no glucose. 
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not find an effect of msulin on glycogen retention. In 
most of the experiments in Table 1 the taenia preparations 
rested freely in a small quantity of incubation medium 
and consequently remained contracted. In other experi- 
ments the muscle strips have been tied to weights and 
placed under a tension of about 2 g. Under these con- 
ditions, the stimulating effect of insulin on the incor- 
poration of “C-glycine was still observed (Table 1). 

In a study of glucose metabolism by aortic muscle, 
Urratia, Beavan and Cahill’ have also commented on the 
wide variability in behaviour between pieces of this 
tissue. They concluded that most of the apparent response 
to insulin of pieces of aortic muscle was due to the 
presence of adventitious tissue, and when the muscle was 
meticulously stripped, response to the hormone dis- 
appeared. Thus it is possible that with taema some of 
the inter-animal variation results from varying degrees of 
contamination of the strips with adipose tissue, though it 
is debatable whether the amount adhering would be 
sufficient to account for all the insulin effects observed. 
On the other hand, guinea-pig adipose tissue is not very 
sensitive to insulin!®)1! and it is possible that the guinea- 
pig is just less sensitive to ox insulin than are some other 
species. Because the amino-acid sequence of gumea-pig 
insulin shows so many variations from other mammalian 
insulins!*, its use might be advantageous, although the 
available evidence! does not indicate differential sensi- 
tivity. 

A point of contrast with heart or diaphragm muscle is 
the greater degree of concentration of aminoisobutyrate 
by taenia muscle than by these other tissues!*14. This 
may be related to the greater turnover of cellular sodium 
and potassium ions in smooth muscle as compared with 
striated muscle!® and to the probable linkage of amino- 
acid uptake with the movements of ions'*. Others have 
commented on the low oxidative metabolism of smooth 
muscle®* and its high production of lactate. In our 
experiments, taenia produced an average of about 10 
umoles of lactate for each gram in a period of 2 h, which 
indicates the anaerobic glycolysis of most of the glucose 
taken up. The amount of lactate produced was not 
affected by insulin. 

Various workers have questioned whether with smooth 
muscle there is as‘clear a distinction between intracellular 
and extracellular fluid as with striated musclet”, and 
Goodford!§ has commented on variations in estimates of 
extracellular fluid in taenia according to the agents used 
for its determination. However, figures obtainable with 
sucrose and sorbitol (Table 2) agree well with Goodford’s 
estimates with hthium and ethylsulphate, although they 


are higher than those found with inulin or polyglucose?®. 


Differences between values found with inulin and other 
agents in various tissues are not unusual (Table 2). Yalein 
and Winegrad’ found a glucose space in aortic segments 
greater than the mulin and raffinose spaces and concluded 
that transport of glucose into the cell may not be the step 
limiting the rate of glucose utilization in that tissue. Any 
response to insulin under such circumstances would be 
of great mterest. Our estimates, however, of the glucose 
spage in taenia—24:9 + 1-4 in the absence of insulin, and 
27:5 + 3-1 in its presence—do not suggest much intra- 
cellular accumulation. A preliminary report by Timms, 
Salama and Engstrom® suggests that the glucose space 
is increased by insulin. 


Table 2. COMPARISON OF INULIN, SUCROSE AND SORBITOL SPAORS IN VARIOUS 
MUSOLE PREPARATIONS 


Space (ml /100 g) measured with 


Sorbitol Sucrose Tnulin 
Guinea-pig taenia coh 40 2 42 3 22 5 
Rat intact diaphragm 245 23 8 23 5 
Rat wolated hemidiaphragm 47 6 53 3 343 
Rat extensor digitorum longus 35-8 34 4 192 


Carbon-14 labelled sorbitol was added at a concentration of about 180 uM 
and 015 wc /ml. Inuhn was added at a concentration of 0-6 per cent and 
sucrose ab 125 per cent. All were extracted from the tissue after incubation 
(oe Oey and the sucrose and inulin estimated after hydrolysis to fructose 

re + 
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There is thus some evidence that the taenia smooth 
muscle of the guinea-pig responds to insulin, though the 
quantitative significance seems to be variable. We may 
have to contend with the possibility that we cannot 
categorize all tissues as simply responsive or unresponsive 
to insulin, however, but that their response varies 
according to (as yet undetermined) conditions—a situation 
possibly akin to the limited response of brain slices*}>??, 
We thank Dr. D. H. Jenkinson for much advice and 
(Session on the use and preparation of taenia coli. 
S. H. Grossman 
K. L. MANCHESTER 
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Epidermal Keratin and Epidermal Prekeratin 


PROGRESS in understanding keratinization of the epidermis 
has been hampered by the difficulty of preparing a repro- 
ducible keratinous protein from the epidermal tissue!>?. 
Several laboratories? have obtained an alkali- or urea- 
extractable protem from human, mouse, and cow’s snout 
epidermis which precipitates from solutions at pH 5:5. 
This protein is present in large amounts in fully keratinized 
human epidermal tissue (callus or stratum corneum)? ? 
and is believed to represent epidermal ‘‘keratin’’. Mat- 
oltsy*-* has isolated and characterized a similar protein 
from cow’s snout epidermis which is soluble in acetic acid. 
This protein is termed ‘“‘prekeratin”’ by virtue of its ready 
solubility from whole epidermis which includes incom- 
pletely keratinized cells (full-thickness cow’s snout 
epidermis). This report compares human callus keratin 
(protein precipitating at pH 5-5) with the prekeratin of 
Matoltsy. Their similarities heighten optimism concern- 
ing the definition of an epidermal keratin sub-unit. 

Human plantar callus keratin was obtained by alkaline 
solubilization! ? (100 ml. of 0:02 M sodium hydroxide 
(solvent) per gram of dried neutral-buffer washed ground 
callus, 22° C, 24 h) and by precipitation at pH 5-5 by the 
dropwise addition of dilute hydrochloric acid with pH 
monitoring. The protein was redissolved and precipitated 
four times. 

The approximate molecular weight of protein dissolved 
out at pH 5-5 by 0-02 N sodium hydroxide was determined 
by comparing its mobility with that of proteins of known 
molecular weight utilizing ‘Sephadex’ thin-layer gel 
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filtration, modified by Andrews®. ‘Sephadex’ (G-100 
superfine, Pharmacia) was equilibrated for 72 h with 
0-02 M sodium hydroxide, and plates of 0-5 mm thickness 
were prepared with & spreader (Shandon Unoplan). Cyto- 
chrome C (horse heart, type II, Sigma Chemicals), 
chymotrypsinogen (thrice crystallized, Worthington Bio- 
chemical Corporation), y-globulin (human, fraction II, 
Sigma Chemical Company), and callus protein which 
had been precipitated four times and lyophilized at pH 5:5 
was dissolved in 0-02 M sodium hydroxide and applied to 
the thin-layer plate (5 ul. aliquots representing 20 ug of 
protein). The solvent (0:02 M sodium hydroxide) was 
allowed to flow honzontally for appropriate periods of 
time and the proteins were located by exposure to iodine 
vapour. The reference proteins migrated as single com- 
pounds for a distance proportional to the log of their 
molecular weight (fig. 1). The approximate molecular 
weight of the protein dissolved out at pH 5-5 was estimated 
at about 50,000 from its comparative migration. 
Peptide fingerprinzs were prepared from tryptic digests 
of pH 5-5 protein (5 mg dissolved in 1-0 ml. of 0-1 M 
ammonium carbonate and incubated at 37° C for 24 h 
with 0-1 ml. of 1 : 100 trypsin crystallized three times, 
Worthington Biochemical Corporation). Two-dimensional 
peptide maps (descending chromatography of aliquots 
representing 1 mg of the original protein in a butanol- 
acetic acid—water medium (4:1:5); electrophoresis at 
3,000 V for 1 h in a formic acid—acetic acid—water medium 
(6:24: 170) pH 2-0) revealed forty-five or forty-six peptides 
with a light ninhydrin stain. This is comparable to the 
number of peptides id2ntified by Rothberg’ in tryptic digests 
of pH 5-5 protein obtained from human callus and psoriatic 
and ichthyotic scales. With the usual assumptions that 
complete digestion ozcurs and that the action of trypsin 
is specific to peptid> bonds formed from arginine and 
lysine, the pH 5-5 protein used in this study should con- 
tain forty-four or forty-five arginine and lysine residues. 
Amino-acid compcsition (duplicate hydrolysates, 6 N 
hydrochloric acid, 24 and 72 h at 110° C in tubes sealed 
und8r vacuum) of the four times precipitated pH 5:5 
protein was determired by automated column chromato- 
graphy (‘Spinco’ model 120 amino-acid analyser) and 
corrected for destrustion or delayed release of specific 
residues!»?, Based on the amounts of arginine and lysine 
present in these samples, a molecular weight which would 
contain forty-four >r forty-five arginine and lysine 
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residues (and therefore agree with the results of tryptic 
peptide maps) was calculated. This estimate would 
require a molecular weight of approximately 50,000, 
which agrees with the estimate derived from thin-layer 
gel filtration. 

Matoltsy** has estimated the molecular weight of 
epidermal prekeratin of the cow’s snout to be 640,000 by 
the method of sedimentation equilibrium. Methionine 
was the amino-acid present in the least amounts (thirteen 
residues per molecular weight of 640,000). Because a 
protein must contain at least one whole residue of the 
least common amino-acid, the smallest possible molecular 
weight of prékeratin would be 1/13 of 640,000, or approx- 
imately 49,000 (the so-called minimal molecular weight). 
The number of arginine and lysine residues reported per 
molecular weight of 640,000 totalled 598. Thus the 
minimal molecular weight of 49,000 would contain 1/13 
of this number, or 46. These two values are essentially 
identical to those determined for the pH 5:5 callus 
protein in alkaline solution. 

Tryptie digests of prekeratin® were reported in a one- 
dimensional system and revealed only about fourteen 
peptides. Even if one assumes that a second-dimensional 
separation would reveal two or three times this number 
of peptides, the total number would be under fifty and 
therefore would be more compatible with the smaller 
(minimal) molecular weight. It would be reasonable to 
assume that a repeating sub-unit of molecular weight of 
about 50,000 might aggregate during sedimentation equi- 
librium, resulting in an apparent molecular weight of 
640,000. 

Thus, the suggested sub-unit molecular weight of 50,000 
for prekeratin agrees well with the approximate estimate 
for pH 5-5 keratin (in alkaline solution) derived from gel 
filtration, amino-acid composition, and peptide maps. 
The amino-acid composition reported as residues per 
molecular weight of 50,000 for both pH 5-5 keratin and 
prekeratin is detailed in Table 1. Remarkable similarities 
are evident. The largest differences occur in those amino- 
acids (tyrosine, methionine, 1/2 cystine) which are t®ch- 
nically most difficult. Both these and several smaller 
differences*are as likely due to species differences as to 
preparative discrepancies. The presence of small amounts 
of lipids and less than 0-1 per cent of hexosamine in both 
preparations®1°.11 are further points of similarity. Un- 
fortunately, acetic acid does not dissolve protein from 
human callus or stratum corneum; for this reason, a 
direct comparison of the two proteins from these tissues 
is not feasible. 


Table 1. AsINO-ACID RESIDUES PER MOLECULAR WEIGHT OF 50,000 
C5-5* Mt 

Glycine 69 70 ? 

Glutamio 58 60 

Serine 46 50 

Aspartic 38 37 

Leucine 38 87 

Alanine 24 28 

Arginine 23 25 

Lysine 21 21 

Valine 16 21 

Isoleucine 17 17 

Threonine 17 16 

Phenylalanine 12 18 

Tyrosine 14 9 

Proline 6 7 

Histidine 5 4 3 
2 tine 2 6 
ethionine 8 1 


* (5-5, Crounse pi 5'5 human epidermal protein (keratin). 
t M, Matoltsy cow's snout epidermal proton (prekeratin). 


It is likely, therefore, that the more soluble prekeratin, 
obtained from whole epidermis including incompletely 
keratinized Malphigian and basal cells, and the less 
soluble keratin, obtained from fully keratinized callus 
tissue, differ primarily in their extractability. This inter- 
pretation is compatible with the proposed two-component 
theory of keratinization!, which states that a low-sulphur 
fibrous keratin present in the early stages of ectodermal 
differentiation is stabilized (hence less extractable) by an 
amorphous protein synthesized at a later stage of keratin- 
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ization. In the case of wool, the second “cementing” 
component is believed to be heavily cross-linked with 
disulphide bonds of cystine. In epidermis, no specific 
high-sulphur protein has yet been isolated and charac- 
terized. Inverse proportionality of cystine and glycine in 
hair and epidermal proteins has been suggested!*. Reports 
of a polypeptide rich in glycine and histidine synthesized 
high in the epidermis'*)15 might relate to such a second 
component of epidermal keratinization. In any case, the 
remarkable similarities in composition of human ‘¢ 
pH 5-5 “keratin” and cow’s snout epidermal “‘nrekerabi 
indicate hopeful progress in the definition of an epider 
keratin sub-unit. 

I thank Miss Joyce L. Heline and Mr. Thomas E. 13 
This work was suppor? 
the National Institute of Arthritis and Metabolic Diseas 
U.S. Public Health Service. 
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Monovalent Cation Requirement for the 
Aminoacyl Transfer Reaction in Protein 
Synthesis 


In this laboratory, previous investigations of the transfer 
of amino-acids from aminoacyl sRNA to polypeptides on 
ribosomes (the aminoacy! transfer reaction) were carried 
out-with cell fractions prepared from rat liver with 
buffered solutions containing potassium)*, The amino- 
acyl transfer reaction was dependent on the concentration 
of potassium ion in the incubation, and optimal incorpora- 
tion was obtained when the concentration of potassium 
in the reaction mixture was between 0:075 and 0-1 M. 
Recent studies with preparations of Escherichia coli have 
shown that ammonium ions are more effective than 
potassium ions and that rubidium, caesium, sodium and 
lithium ions are much less active in promoting aminoacyl 
transfer*)5. Because similar results have been obtained 
with the rat liver system, solutions containing ammonium 
are at present being routinely used in this laboratory‘. 
Thig communication presents a detailed investigation 


-of the effective concentrations of various monovalent 


cations on polypeptide biosynthesis. The results reveal 
an interesting relationship between the relative biological 
activity of these ions and some of their physical and 
chemical thermodynamic properties. 

The aminoacyl transfer reaction was carried out in the 
presence of varying concentrations of the chloride or 
nitrate salts of several monovalent cations, as shown in 
Fig. 1. Examination of the concentration optima for 
various cations indicates that ammonium ions are indeed 
superior in promoting the transfer of amino-acids from 
aminoacyl sRNA to polypeptides. Potassium is 60 per 
cent as effective as ammonium, and sodium, rubidium 
and thallium are only 20-25 per cent as active. Lithium 
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Fig. 1. Effect of increasing cation concentrations on aminoacyi transfer, 


carried out at 37° C in a total volume of 2 mi., contained the following components: 0-6 mg of 
purified ribosomes, 0-4 moles of guanosine triphosphate, 12 umoles of magnesium chioride, 
40 amoles of glutathione, 120 zmoles of tris-Ci or tris-NO, buffer, pH 7-4, 0-1 mg each of amino- 
acyl transferases I and I, 10,000 c.p.m. of *C-leucy] s RNA, and varying concentrations of the 
The preparation of the reaction com- 
ponents, from rat liver, has already been deseribed®, At the end of the incubation period, the 
hot 5 per cent trichloroacetic acid-insolubie fraction was prepared and collected on ‘Millipore’ 
The Ci- salts of K+ and Xat (43 were assayed in 
Ammonium chloride was run each time 
Because thallium chloride was too insoluble to test, thalliara nitrate (and 
ammonium nitrate for comparison) was tested in the system (C), also for comparison, values 
obtained with 0-075 M ammonium chloride (solid circle) and potassium nitrate {solid sqanere) 


C or NO,--salts of a monovalent cation as noted, 


filters for radioactivity determinations (ref. €). ‘Th 
a separate series from those of Rb*, Cs* and Lit (B) 
for comparison. 


are included. 


and caesium are the least active of those tested. Rela- 
tively high concentrations of all the compounds used, 
particularly the nitrate salts, led to decreased aminoacy! 
transfer. Salts of silver and copper could not be assayed 
because of their low solubility or tendency to precipitate 
other components of the incubation mixture. 

A correlation between the relative activity of the 
monovalent cation in polypeptide biosynthesis and its 
crystal ionic radius, in Angstréms, or entropy of formation, 
at the reference temperature of 25° C, is presented in 
Fig. 2. The highest activity in the system in which amino- 
acids are incorporated is exhibited when the ionic radius 
is about 1-4 A, or when the entropy value is near 27 
calories; the biological activity falls off as the corre- 
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‘Fig, 2. Activity of individual cations in the aminoacy! transfer reaction 

as a function of ionic radius or of entropy. The most active cation, NH,*, 
is assigned a value of 1-0; all others are calculated from the percentage of 








ARC t the optimal.ion concentration, compared with NH,*. Values 
fo S° are taken from Handbook of Chemistry and Physics (forty- 
Aft by West, R. C., Selby, S. M., and Hodgmans, C. D.; The 





emical Rubber Co., Cleveland, Ohio, 1964-1965). 
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spoading values deviate from these 
optama, particularly at the higher values. 
A similar pattern to that described here 
is aiso obtained when relative activities 
are plotted against the reciprocal of the 
rad us of the hydrated ions. No obvious 
correlations were, however, found with 
respect to the standard heats of forma- 
tior. (AH;*), standard free energies of 
formation (AF °) or oxidation potentials 
(Es). It is interesting to note that 
correlations have been suggested be- 
tween the hydrated radii of various 
catons and their activity in the ATP : 
pyruvate phosphotransferase reaction? 
anc in the binding of 'C-chlorampheni- 
col to ribosomes’. In these reactions, 
NH,*. K* and Rb* ions are active; 
ther radii are similar but differ from 
those of Nat, Cst and Li* ions which are 
inastive. 

The significance of these physico- 
chemical characteristics in terms of the 
role of monovalent cations in protein 
synthesis remains to be determined. 
The role(s) of the monovalent cation in 
protein synthesis have not been firmly 
established. Studies on aminoacyl 
transfer in Æ. coli incicate that K+ or NH,° is involved in 
the binding of amincacy! sRNA to polyribosomes, before 
peptide-bond synthesis", Preliminary experiments in this 
laboratory with rat iver preparations, however, suggest 
that a monovalent eation is involved in an interaction 
between one of the aminoacyl-transferring enzymes, 
polyribosomes and zuanosine triphosphate, before the 
participation of amiaoacyl sRNA. 

This work was supported in part by research grants 
from the American Jancer Society and the U.S. Public 
Heath Service. One of us (K. M.) is the recipient of a 
career award of the U.S. Public Health Service. 
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Effect of Oestregen on the Small Pigmented 
Spots in Hamsters 


In Syrian golden hamsters pigmented melanocytes 
of the skin are mainly restricted to the hair bulbs and 
occasional networks surrounding pilosebaceous units!. 
These melanocytic metworks are seen as smali pigmented 
spots in whole mouats of hamster skin. Because these 
spots bear some resemblance to melanotic naevi in man?, 
and develop into melanomas when painted with chemical 
earcinogens!'} they have been the subject of extensive 
investigations in recent years. 

It is well known that diverse endocrinological factors 
affect pigmentation in man and other animals. This, 
combined with the fact that small pigmented spots oceur 


more frequently in che female than the mals, led us to. . 


try the effect of oestrogen on these pigmented spots. 
Eighteen male hamsters between twelve and fifteen 
months old were used in the experiment. The animals 
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were divided into nine pairs such that the difference in 
the age of the animals in each pair was less than 3 days. 
Two 15 mg implants of hexosterol were introduced 
subcutaneously in the scapular region of the experimental 
member of each pair. Three months later five pairs of 
animals in which the hair follicles were in telogen were 
killed and the skins collected. 

On examination of whole mounts made from the skins 
of these animals it was obvious that the experimental 
procedure had produced an indubitable increase in both the 
number and size of the small pigmented spots. Figs. 1 
and 2 illustrate this point. The mechanism by which 
oestrogenic stimulation produces an increase in the 
number of small pigmented spots is, however, obscure. 
Here also, as in the case of the increase seen with age’, 
the question remains whether this results from the produc- 
tion and migration of new melanocytes or the accumula- 
tion of pigment in pre-existing ones. 

Another interesting change observed in all experi- 
mental animals was that the costovertebral spot was 
much reduced in size (Figs. 1 and 2). This was found 
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Fig. 1. Skin of control animal showing the left costovertebral spot and a 
few small pigmented spots. 
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to result from atrophy of the large sebaceous glands 
normally found in this situation. The status of the melano- 
cytes in this region could not be accurately determined 
by the methods used, but it is our impression that neither 
overt regression nor stimulation occurs. 

O. ILLMAN 
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Department of Pathology, 
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Nuclear Magnetic Resonance spesrceter 
Studies of the Interaction of Phospholipids 
with Cholesterol 


PHOSPHOLIPIDS are important constituents of cell mem- 
branes and constitute up to 40 per cent of the dry weight 
of the brain. We are at present studying the properties 
of these molecules, using a variety of physical techniques* 
including nuclear magnetic resonance spectroscopy. This 
is a particularly useful technique since broad line nuclear 
magnetic resonance spectroscopy can be used for studying 
molecular motion in the solid and liquid crystalline 
condition’, and high resolution techniques? can be used to 
study the detailed interactions of these molecules. 

An interaction of considerable biological importance is 
that of cholesterol with phospholipids. Cholesterol 
occurs in many membranes, particularly in the myelin 
sheath and red blood cell membranes, but its precise 
function and arrangement are not understood. The 
biochemical importance of the solubilization of cholesterol 
by phospholipid and its vehicular possibilities have been 
discussed*. Monolayer studies*® have shown that 
cholesterol, when present in molar equivalents, has a 
marked effect on the expanded film obtained with un- 
saturated lecithins (phosphatidylcholines), producing a 
more condensed film and showing a decrease in the molar 
area per lecithin molecule. 

We have now examined, with high resolution nuclear 
magnetic resonance spectroscopy, some aqueous systems 
containing 5 per éent by weight of egg yolk lecithin (EYL) 
and also a mixture containing 5 per cent by weight of 
EYL + 2-5 per cent by weight of cholesterol, both of 
which have been dispersed by ultrasonic radiation’. 

Egg yolk lecithin contains a mixture of saturated and 
unsaturated hydrocarbon chains. We have shown, by 
broad line nuclear magnetic resonance studies, that at 
the temperature at which the high resolution spectra were 
taken (33-5° C), the material is in a liquid crystalline phase 
and that the hydrocarbon chains are highly mobile. 
When the material is placed in water it swells to give 
myelin forms and tubes. It emulsifies by a simple frag- 
mentation of the myelin forms*. These myelin forms can 
be broken down by the process of ultrasonification into 
smaller particles or aggregates of molecular weight about 
5 x 10° which give optically clear solutions which remain 
stable for periods as long as a week. The high resolution 
nutlear magnetic resonance spectra of these aqueous 
systems (deuterium oxide) have been obtained with a 
Perkin-Elmer R.10 spectrometer at 33°5° C, using 3- 
(trimethylsilyl)-l-propane sulphonic acid sodium salt 
(TSS) as a reference material. The two spectra are shown 
in Fig. 1. The spectrum of EYL dispersed in water (Fig. 
1A) shows peaks which can be assigned to the various 
proton groupings present in the molecule. The spectrum 
is quite similar to that which is observed when the material 
is dissolved in a solvent such as chloroform; for example, 


the CH, and CH, chain protons, the NMe,, CHO, CH,O 
O 


A 
and CH, — C protons all show distinct peaks, the 
major difference in the spectrum being in the greater 
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width of the peak associated with the protons present in 
the hydrocarbon chain at t 8-75 p.p.m. Also the peak 
corresponding to the N(CH,), protons is shifted by 0-17 
p.p.m. to t 677 p.p.m. from its observed position for 
EYL dissolved in chloroform’. 

The nuclear magnetic resonance spectra indicate that 
the nuclear magnetic interactions are being averaged 
out and that the lecithin molecules in this aqueous phase 
must have a high degree of mobility comparable with 
molecules in a liquid state. They further indicate that, 
while the CH, groups of the chains are highly mobile, 
the values of the spin-spin relaxation times T, in water 
and chloroform (which are related to the line widths) are 
significantly different, indicating that the water is inhibit- 
ing the chain motion in some way. 

In the spectrum (Fig. 1B) of the 1:1 mixture of the 
lecithin with cholesterol, the major peak arising from the 
protons associated with the hydrocarbon chains of the 
lecithin has now disappeared. Only a broad peak is 
observed in this region, + 9 p.p.m., which, because of its 
small area, could arise solely from the protons present in 


cholesterol. It is not possible to compare the spectrum 


directly with that of cholesterol in water because chole- 
sterol cannot be dispersed alone. Cholesterol in chloroform, 
however, shows peaks in the same region as the broad 
peak referred to already. Further studies with a time 
averaging computer should provide information about 
this and the extent of fine strueture from these protons. 
The peak associated with N(CH,), protons of the lecithin 
remains in the spectrum, it has the same chemical shift 
_ value and is only slightly broadened from its appearance 
` in the spectrum of lecithin dispersed alone in water. 

"This demonstration of a selective change in the T, 
relaxation times of protons in different parts of the mole- 
cule, and hence a selective change in their correlation 
times®, appears to be evidence for the direct interaction 
of a portion of the phospholipid, and particularly the 
hydrocarbon chains, with the cholesterol molecule and 
for the formation of a molecular complex between phos- 
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pholipid and cholesterol. This is consistent with our 
recent comment’? that, if the expanded nature of the = = 
phospholipid monomplecular films arises mainly as & = 


consequence of the molecular motion of the hydrocarbon — 
chains, a feature o” the cholesterol interaetion with 
phospholipids is to mhibit some of this chain motion. 
There are other altemative possibilities, however, which 
might also explain this phenomenon, such as an increase in 
solution viscosity or an increase in hydrocarbon chain 
interactions producec by the presence of the cholesterol 
which we are examining. 

_ Although there have been various speculations’? *, the 
exact nature of the interaction between phospholipids and 
cholesterol is still not known and the various models — 
proposed differ consicerably. We are carrying out further — 
nuclear magnetic resonance studies on this phospholipid- _ 
cholesterol system, including the measurement of relaxa- 


tion times at differing temperatures and phosphorus-31 
resonance spectra, which should help to clarify the nature ae 


of the interaction. 
D. CHAPMAN 
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HAEMATOLOGY 


Chemical Characterization of Haemoglobin | | 
AMONG the genetic variants of adult human haemoglobin, = _ 


some thirteen amino-acid substitutions have been de- < 
scribed which occur along the primary sequence of the 

a-polypeptide chain. The most widespread and frequently — 
encountered «-chaim variant is the substitution of lysine — = 
for asparagine in the 68th residue of haemoglobin A © ` 


(ref. 1). A structura. mutation leading to the substitution - 
of asparagine by lysine in a protein can be the direct 
result of a single nucleotide base alteration, within the 
triplet eode. Here an alteration in triplet AAU or AAC 
specifying asparagine could result in AAA or AAG which 
code for lysine?. Haemoglobin variants carrying a 
substitution of lysine for asparagine in the 68th residue 
of the polypeptide chain have been described in Negro 
families living in Philadelphia’, Bristol’, Azuokoli, St. 
Louis, Washington «nd Raltimore*, and Knoxville’. 

The haemoglobin described in the present work was 
found in a member (J. D.) of a Negro family living in 
Marlin, Texas, and was first characterized electro- 
phoretically and chromatographically by Schneider and 
Haggard’. These properties of the Texas variant were 
found to be identxal with those of a variant found 
simultaneously by Lehmann ef al. in a woman and her 


daughter in a West African Negro tribe and designated.as æ | 
Accordingly, the Texas variant — 


Stanleyville I (ref. 7). 
was designated as Ggt-1. The object of the present — 
investigation was te identify the amino-acid substitution 
in Hb Getz. Fingerprints of haemoglobin Gst- and A 
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Table 1, AMINO-ACID ANALYSES OF PEPTIDES aTVIII, IX AND aTI+II FROM HAEMOGLOBINS A AND Gster 
Haemoglobin A Haemoglobin Gat-1 
Amino-acid Residues/mole peptide eeh epesi ptide 
aTI-II a -IX aTIX aTVIII-IXa* aTiXo. aTI-~-II and VII-I Xa 
Lysine 1-9 2 1 2:3 1-2 4-2 
Histidine - 3 3 - 3-3 ‘as 
Aspartic acid 21 n 6 o ‘ z 
ce . ‘R 41 + 
Threonine 1-0 1 I 0-6 - e- 
Serine 1-0 2 2 04 2.0 1-4 
Glutamic acid 0-1 = - _ = a 
Proline 1:2 1 1 0-1 1:3 1-3 
Glycine 0-1 - - 01 - 0-2 
Alanine 11 7 7 2-0 51 $1 
Half cystine - — > — - -= = 
Valine 1-8 3 3 O-s 2:2 26 
Methionine ~- 1 l - 0-8 - 
Isoleucine - = = - - - 
Leucine 1-1 4 4 0-7 3-3 1-8 
osine - — = - - - 
enylalanine = - - - - = 
* The amino-acid values for aTVIII + 1Xa were calculated by subtracting values of Column 1 from Column 4 
Table 2. N-TERMINAL AMINO-ACIDS IN aTVILL, LX IN HARMOGLOBINS A AND Gst-t 
Haemoglobin A S Haemoglobin Gat-1 
DNP-derivative O.D.s46 DNP-derivative O: Diiss 
aT VIII, IX Lysine 0-16 aT VII, IXa X Lysine O15 
aT I, tl Valine 0-19 aT i,t Valine O17 
aT IXb Alanine 0°25 


revealed an alteration in three positions of the peptide 
patterns of Gst-r (Fig. 1). Peptide «TIX was absent from 
the neutral peptides on the fingerprint, a finding that was 
particularly conspicuous after staining with Pauly’s 
reagent. Peptide «TIX of Hb Gst-r had split into two 
fragments, a and b. Close examination of the portion of 
the fingerprint containing peptide «TI, II revealed the 
presence of another peptide, «TVIII, IXa, in Gst-r. The 
tryptic peptides «IX and «VIII, IX are composed of 
residues 62-90 and 61-90, respectively, in the «-poly- 
peptide chain. Because trypsin does not consistently 
cleave both lysyl residues, 60 and 61, both types of 
peptides, «VIIT, IX (with an additional lysine) and «IX 
appear in fingerprints of haemoglobin digests. From the 
tryptic digest of Gg¢_1 it was possible to obtain «TIXb free 
of contaminating peptides; however, aTVIII, Xa 
migrated on fingerprints in the same position as «TT, I. 
Thus, although N-terminal analyses and amino-acid 
analyses were performed on purified preparations of 
«xTIXb, it proved necessary to perform the analyses on 
mixtures of «TI, I and «TVIIT, [Xa from Gst-r. Peptide 
«TI, II was analysed so that its amino-acid values could 
be subtracted from the amino-acid analysis of that area 


— e - 


‘A 
a 
ee er M M 








x TT ib: ot 
| | is ae, 
[eae a@TI,II 
Fig. 1. Fingerprint of tryptic digest of Hb Gata. Electrophoresis at 


3,000 V for 1 h at pH 


6-5. Ascending chromatography in pyridine : 
isoamyl alcohol : water, 


Arrows denote peptides characteristic of 
Hb Gst-t. 


of Ggt-1 fingerprints containing both «TI, II and «TVII, 
IXa (Table 1). One residue of asparagine, which was 
converted to aspartic acid during hydrolysis, has been 
replaced in Ggt-1 by a residue of lysine. 

N-terminal amino-acids were identified by two-dimen- 
sional chromatography using toluene and phosphate as 
the solvents. Standard solutions of dinitrophenyl (DNP) 
derivatives were included on each chromatogram. N-ter- 
minal analyses of peptides «TVIIT, IX of haemoglobin A 
and «TI, IL plus «TVIII, [Xa and TIXb of haemoglobin 
Gst-1 are summarized in Table 2. Both «TVITI, IX of 
haemoglobin A and «TVIII, [Xa of haemoglobin Gst-r 
have N-terminal lysine residues; however, «TIXb from 
Gst-1 was shown to have an N-terminal alanine, which 
occurs as the 69th residue” immediately following the site 
of the amino-acid substitution of lysine in this variant. 
The cleavage by trypsin at the peptide bond between the 
68th and 69th residue was responsible for the new peptide 
aTIXb the N-terminal of which was alanine. 

Haemoglobin Gs;-1 is, therefore, identical with haemo- 
globin Gphitadelphia and can be formulated a, % lys B.A, 
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Importance of the Mechanisms of Blood 
Coagulation in the Breakdown of 
Adenosine Triphosphate in Blood 

THE data presented in this communication demonstrate 


that the degradation of adenosine triphosphate (ATP) in 
whole blood, initiated by the damaged wall of a blood 
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Fig. 1. The top parr of lines represent concentration of ATP obtained by 
separation of adenosine nucleotides by thin-layer chromatography, while 
the lower pair of lines represent concentrations of ADP obtained by the 
same means. The levels from a test-tube containing native whole 
blood are depicted by the broken line (control) and those from a 

tube containing native whole blood and pieces of guinea-pig aorta are 
depicted by the solid line. In four of the six experiments the blood ın the 
test-tube contaming the vessel wall clotted after 60 sec and no samples of 
blood could be taken which 1s indicated by the dotted portion of the 
sohd line. Each point on the graph represents a mean value derived 

from sıx guinea-pigs. 


vessel, can only take place in conjunction with activation 
of the coagulation mechanisms. 

Ever since ıt became established that platelets are 
aggregated by either adenosine diphosphate (ADP) or 
thrombm there has been much speculation on which of 
these components takes a more prominent role in the 
mechanisms of haemostasis and thrombosis. In 1960 
Bettex-Galland and Lüscher! showed that the addition of 
thrombin to washed, aged human platelets results m the 
degradation of ATP to ADP in the platelets, which suggests 
that thrombin may initiate the process. From this time 
on, however, the actual details of the mechanism by which 
platelets are aggregated by ADP received so much atten- 
tion that the part played by the mechanisms of coagula- 
tion in haemostasis was almost disregarded. This point 
of view was strengthened by Haslam’s? finding that the 
aggregation of washed platelets brought about by throm- 
bin could be prevented or arrested when ADP was depleted 
by altermg the equilibrium of several enzyme-substrate 
systems. Other supporting data were provided by Spaet 
and Zucker’, who described the sequence of events 
leading to aggregation of platelets in contact with collagen 
fibres, in the omentum of platelets first adhered to the 
connective tissue and then to each other. As the latter 
process still occurred in the presence of heparm, these 
investigators concluded that thrombin does not have a 
role in the aggregation of platelets, and later they were 
able to isolate ADP from this system using paper chroma- 
tography. Marr, Barboriak and Johnson‘ have since 
demonstrated the simultaneous occurrence of two major 
changes appearing during bloodshed following the tran- 
section of small arterioles in the mesentenes of guinea-pigs. 
They found that most of the ATP in whole shed blood 
was broken down to ADP in 70 sec and in electron micro- 
graphs much fibrin could be seen adjacent to the bleeding 
end of the vessel a mere 30 sec after the haemorrhage 
had begun. Honour and Mitchell’ showed that exogenous 
addition of extracts of red blood cells to vessels undergoing 
mimor injuries resulted in the formation of platelet 
aggregates which blocked the vessels. 

Tn our experrments I in. of aorta, dissected from a 
400-450 g guinea-pig, was cut into five pieces and placed 
in a silicomzed test-tube contaming 2-0 ml. of iced, 
native, whole blood drawn by heart puncture from another 
large guinea-pig. A similar portion of blood served as 
control. 0-2 ml. samples of blood were drawn into 
pipettes and delivered into test-tubes containing 0-2 ml. 
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of 10 per cent cold trichloroacetic acid and the adenosine 
nucleotides were separated by thin-layer chromatography 
according to Randerath*, and quantitated by spectro- 
photometry. A detailed description of our use of these 
techniques has been published previously*. Standards 
of adenosine nucleotid=s were included in each experiment. 

The results of ATP and ADP assays in native, whole 
blood at designated intervals after addition of mjured 
vessel wall are shown in Fig. 1. It can be seen that the 
concentration of ATP fell while that of ADP increased 
proportionally for 60 see. Only two values were obtained 
at 85 sec (indicated by the broken line) as the blood con- 
taining the pieces o? artery clotted soon after 1 min 
while the blood in ths control tube did not clot for more 
than 4 min. To obtein these results it was necessary to 
incubate a large amount of vessel wall with very little 
blood so the components from the injured vessel wall 
responsible for these elterations could bring about measur- 
able changes in the concentrations of the adenosine 
nucleotides. 

As can be seen ir Fig. 2, 9 mg of ethylenediamine 
tetracetic acid (EDLA) added to 4 ml. of whole blood 
inhibit the degradat.on of ATP brought about by the 
injured arterial wall. No sigmficant changes m the con- 
centrations of ATP and ADP were observed when the 
pieces of artery were added to blood anticoagulated with 
EDTA and no coagulation occurred afterwards in either 
the blood in the exparmental tube containing the blood 
vessel or the blood ix. the control tube. 

EDTA not only acts as an anticoagulant by chelating 
sufficient calcium in the plasma to prevent activation of 
prothrombin but also removes so much calcium that 
ADP fails to aggregate the platelets—a reaction that 
requires only very ‘ow concentrations of calerum. A 
compound was therefore sought that would inhibit the 
activation of prothrombin but not the aggregation of 
platelets by ADP. Sodium citrate was tried but this 
compound was found to reduce greatly the total amounts 
of ASP and ADP in whole blood below those observed in 
all our previous exgeriments, perhaps by an inhibitory 
action on the metabolism of the red blood cell! Sodium 
oxalate was unsuitable because this compound has an 
inhibitory action on the activity of enzymes. Heparin 
was finally chosen, although its anticoagulant action 1s 
complicated. 

As can be seen in Fig. 3, when heparin was added to 
whole blood, degradation of ATP brought about by the 
injured wall of the ertery was inhibited and no further 
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Fig. 2. The top pau of ines represent concentrations of ATP obtained 
by thm-layer chromatcgraphic separation of adenosine nucleotides 
while the lower pair of Lnes represent concentrations of ADP obtaimed 
by the same means. Ths levels from a test-tube containing EDTA plus 
whole blood are depictec by the broken line (control) and those from a 
test-tube containing ELTA plus whole blood and pieces of guinea-pig 
aorta are depicted by the solid Ine. Each pomt representa six 
experiments. 
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Fig. 3. The top pair of lines represent concentrations of ATP obtained 
py eun loye chromatographic separation of adenosine nucleotides 
while the lower pair of hnes represent concentrations of ADP obtained 
by the same means. The levels from s test-tube containing heparin plus 
whole blood are depicted by the broken line (control) and those from a 
test-tube containing heparin plus whole blood and pieces of guinea-pig 
sorta are depicted by the solid. oan Each point represents six 
expeiiments. 


increase in the concentration of ADP was observed. 
Similarly, no significant changes in the concentration of 
either ATP or ADP were observed when pieces of artery 
were added to blood anticoagulated with heparin. No 
coagulation was observed in the blood in either the 
experimental or control tubes. 

It is evident that a long sequence of reactions must 
take place to achieve normal haemostasis. As any 
experiment can only elucidate a segment of the series 
it is not surprising that studies of the segment seem to 
be in conflict. Our findings appear to involve reactions 
similar to those studied by Bettex-Galland and Lüscher. 
Spaet and Zucker? using a system devoid of red blood 
cells and containing collagen showed that ADP induced 
the aggregation of platelets even when the mechanisms of 
coagulation were depressed by heparin to such a degree 
that only traces of thrombin could be present. We have 
shown that the degradation of ATP to ADP in whole 
red blood cells initiated by the injured arterial wall is 
completely inhibited when the mechanisms of coagulation 
are depressed by EDTA or heparin ; this observation is 
not necessarily at variance with those of Spaet and 
Zucker as our system involved different components, 
namely, red blood cells. 

Our previous work* demonstrated that most of the 
ADP formed in whole shed blood—in fact, 96 per cent— 
must come from red blood cells because our electron 
micrographs prepared 15-25 sec after injury to the vessel 
wall showed too few platelets, even concentrated in aggre- 
gates, to account for the extensive degradation of ATP 
observed. Thus the degradation of ATP both in platelets 
in the absence of collagen! and in red blood cells seems to 
require activation of the mechanisms of coagulation. , 
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National Heart Institute. 
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IMMUNOLOGY 


Effect of Thalidomide on the Graft versus 
Host Reaction 


Lymrnor cells from a highly inbred parental strain of rat 
injected into F, hybrids derived from that strain and 
another inbred strain provoke a reaction, characterized 
among other manifestations by a hyperplasia of the 
recipients’ spleen and other lymphoid tissues?. A striking 
splenic enlargement can also be produced in the chick 
embryo by intravenous injection of adult chicken spleen 
cells, or peripheral white blood cells?, The splenomegaly 
in both instances is due to an attack by the inoculated 
immunologically competent cells directed against a host 
incapable of reacting against them’. The splenomegaly 
is part of a more generalized graft versus host (GVH) 
reaction and reduction of the degree of splenomegaly is 
therefore a measure of the inhibition of the GVH 
reaction®’, 

We have investigated the effect of thalidomide on the 
GVH reaction in the chick embryo and in the rat (Tables 1, 
2 and 3). 

Ohick embryo. Adult hybrids (NIDE) and Rhode Island. 
Red (RIR) chickens served as donors. White Leghorn 
(WL) embryos were used as recipients throughout. 

In determining the effect of recipient treatment, blood 
was obtained by cardiac puncture from untreated NIDR 
birds. The citrated blood was centrifuged, the “buffy 
coat’ removed arid resuspended in sufficient plasma to 
give a 5-10 per cent cell suspension. The recipients were 
12 days old embryos, which had grids implanted on their 
chorio-allantoic membranes (CAM) 4 days previously. 
These grids localize solutions and facilitate daily treat- 
ment’, The leucocyte suspension (0-05 ml.) was placed 
in the meshes of the grid lying on the CAM in one experi- 
ment, and injected into a vein of the CAM in another. 
Whole citrated blood was used with the RIR/WL com- 
bination and 0-05 ml. was injected intravenously into 
14 days old embryos 6 days after implanting the grids. 

t-Thalidomide dissolved in dimethyl sulphoxide (DMSO) 
was dropped into the central “well” of the grids at the 
times and doses, given in Table 1. Control embryos 
received similar applications of 0-2 ml. DMSO only. 
Embryos were killed at 19 days of incubation, their spleens 
removed and weighed. Table 1 summarizes the results. 
The greater splenomegaly obtained with RIR than with 
NIDR donors indicates a greater antigenic difference in 
the RIR/WL combination. 

Embryos treated with u-thalidomide before being 
injected with RIR blood developed the usual splenomegaly 


(106 mg compared with 91 mg for controls). Splenomegaly _ 


was also not inhibited when thalidomide treatment was 
continued after injection of donor cells, although these 
embryos received a total of 20 mg of 1-thalidomide. 

Similar treatment of embryos inoculated with NIDE 
leucocytes, in which splenomegaly was weaker, also failed 
to influence the course of the reaction. - 

In a series of experiments to determine the effect of 
treatment of donor blood, citrated blood incubated with 
thalidomide was given intravenously to recipients, which 
were themselves otherwise untreated. About 10 ml. of 
blood was collected from the wing vein of one RIR donor. 
Portions 2:5 ml. in volume were centrifuged and 0°25 or 
0-375 ml. of the plasma removed. The volume was then 
restored (to 25 ml.) with DMSO (controls) or a solution 
of D,L-, L- or D-thalidomide in DMSO (treated). The 
final concentration of thalidomide was 7:5-10 mg/ml. 
and that of DMSO, 10-15 per cent. The solutions were 


-added dropwise to the cell suspensions which were then 


incubated at room temperature for approximately 1:5 h. 
After incubation, the cell suspensions were injected 
(0-1 ml.) into groups of 14-days-old embryos. Embryos 
were killed 6 days after injection, their spleens removed 
and weighed. The results are summarized in Table 2. 
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Table 1. EFFECT OF I-THALIDOMIDE ON SPLENOMEGALY (GVH REACTION) IN THE CHICK EMBRYO. TREATMENT OF RECIPIENTS ONLY 


Donor Cells Route 

NIDR 5 per cent suspension CAM-(grid) at 12th day 
“Buffy coat” cells 

NIDR 10 per cent suspension CAM-(intravenous) at 12th day 
‘Buffy coat” cells : 

RIR Whole blood Intravenous at 14th day 


TH treatment Dailr dose (mg) Survival Mean spleen wt. + S.E. 
At 8th, then from 12th 0-5 9/11 51+ 30 
to 16th day 1:0 11/138 37415 
DMSO 8/10 45 +32 
From 12th to 17th da 20 12/13 3890+22 
ss DMSO 12/14 39 + 27 
From 9th to 13th day 2-0 11/14 108 + 89 
From th to 19th day 29 11/15 11984685 
From 9th to 19th day DMSO 13/14 91 + 54 


S.#., Standard error. No significant difference between treated and controls in any group. 


Table 2. EFFECT OF THALIDOMIDE ON SPLENOMEGALY (GVH REACTION) 
IN THE CHIOK EMBRYO. TREATMENT OF DONOR CELLS ONLY 


Donor blood Host chick embryo 
D Mean spleen wt. 

Thalidomide (per cent) Survival (mg) +S.Z. P* 
None 10 11/14 99 +38 
None 15 18/26 114 + 47 

7:5 mg D,L/ml. 10 10/11 103 +16 N.S. 

7-5 mg D,L/ml, 15 7/15 61+ 66 005>0 02 
10 mg D,L/ml, 15 10/29 56 + 53 << 0-01 
10 mg x/ml. 15 30/68 79 +58 0 05 > 0 02 
10 mg D/ml. 15 6/11 105 + $9 N.S. 


* P, Significance of difference (t test) from corresponding control value. 
S.E., Standard error. N.S., Not significant. 


Table 8. EFFECT OF D,I-THALIDOMIDE ON THE SPLENOMEGALY INDUCED 
IN THE F, HYBRID RAT FOLLOWING INJECTION OF PARENTAL STRAIN SPLEEN 


CELLS 
Experi- Donors F Recipients Donor/ F, Recipients 
ment recipient Mean spleen 
wt. (mg}T 
Treatment* Route +standard Pt 
error (6 
rats/group) 

Thalidomide Thalidomide Oral 9538+ 72 <0-01 
Thalidomide None — 1,519+ 63 
Thalidomide Thalidomide Oral 1452+ 38 <0-01 
None Thahdomide Oral 1,607+ 96 0-04 
None CMC Oral 1,940+ 78 

3 None Thalidomide Oral 1,729+324 N.S. 
None CMC Oral ,883+ 67 
None CMC Intraperitoneal 1,903 +118 
None None — 1,893 + 131 

4 Thabdomide Thalidomide Intraperitoneal 1,1844+ 51 <0-01 

one Thalidomide Intraperitoneal 1,0724 65 <0-01 

Thalidomide None — 1,5194 63 
None None — 1,621 +107 

5 None Thahdomide Intraperitoneal 1,922+112 N.S. 
None CMC 


Intraperitoneal 1,684 + 127 
* 


* Thalidomide 1-25 mg/g daily, suspended in 05 pe cent carboxy-methyl 
cellulose (CMC) in physiological saline. Donors and recipients treated for 4 
days before spleen cell transfer; recipients for 5 days after. 


+ Normal] range: 450-550 mg. 
¢ Significance of difference (¢ test) from the corresponding control value. 
N.S , Not significant (P > 0°10). 


Incubation of donor blood with p,u-thalidomide at 
10 mg/ml. considerably reduced the splenomegaly. The 
reduction was highly significant (t = 2:995; P<0-01) 
despite the wide range of spleen weights in the control 
and treated embryos. Inhibition of splenomegaly also 
occurred after incubation with 7-5 mg/ml. D,L-thalidomide, 
although this was barely significant (¢ = 2-2564; 0-05 > 
P > 0:02) as was the inhibition produced with L-thalido- 
mide at 10 mg/ml. (t = 21718; 005 > P > 0-02). 
No inhibition of splenomegaly was observed with 7-5 
mg/ml. »D,u-thalidomide when the DMSO level ewas 
reduced to 10 per cent. 

By contrast with D,L- and L-thalidomide, incubation of 
blood with 10 mg/ml. p-thalidomide failed to have any 
effect on the splenomegaly produced. 

Rat, Adult Marshall rats were the donors and (Marshall 
x August)’, hybrids the recipients. Hybrids were 
treated with p,u-thalidomide (1-25 g/kg body-weight) daily 
for 4 days before and 5 days after the intraperitoneal 
injection of paternal (Marshall) strain spleen cells. The 
thalidomide was administered either orally or intra- 
peritoneally, as a suspension in 0-5 per cent carboxy- 
methylcellulose (CMC) in physiological saline. Control 
hybrids received either CMC solution alone, or no treat- 
ment. Donor rats were given thalidomide, in the same 
dosage schedule, intraperitoneally for four days before 


transplantation of thair spleens or were untreated. Spleen 
cell suspensions were prepared by mincing freshly excised 
spleens with scissors, straining through 150% copper mesh 
and suspending the dispersed cells in Ringer’s solution. 
Each hybrid received the equivalent of half a spleen. 
Nine or ten days after injection of the cell suspension, the 
hybrids were killed, their spleens excised and weighed. 
The hybrids weighed 130-170 g and the Marshall rats 
160-180 g, but within any one experiment the hybrids 
(6 per group) were approximately matched for size, as 
were the Marshall zats. With the strain combination 
used here the size of the hybrid’s spleen on the ninth or 
tenth day is related linearly to the number of parental 
strain lymphoid cells injected and is independent of the 
weight of the anımal within the range specified’. With 
this combination of strains there is also no sex difference 
with respect either so the effectiveness of spleen cells or 
to response; data jor both sexes have therefore been 
pooled’. 

Table 3 summarizes the results of five experiments. 
There was a highly significant (P <0-1) reduction in 
splenomegaly in hybrids treated with thalidomide by the 
oral route, when the lymphoid cell donors had also 
been pre-treated with the drug (experiments 1 and 2). 
When donors had not been pre-treated, a less significant 
(P = 0-04) reduction in spleen size was obtained in one 
experiment and nc reduction in another (experiments 
2 and 3 respectively). Treatment of the hybrids with the 
solvent (CMC) alons whether orally or intraperitoneally 
had no effect on the severity of the GVH reaction 
(experiment 3). 

Less consistent results were obtained when thalidomide 
was given by the ictraperitoneal route. In experiment 4 
a very significant (P < 0-01) reduction in splenomegaly 
was produced, but pre-treatment of donors with thalid- 
omide had no effecs on the response either of treated or 
of untreated hybrics. In experiment 5, however, thalid- 
omide apparently failed to diminish the GVH reaction. 
This variability may be due to non-specific immunological 
effects of repeated intraperitoneal injections of particulate 
material. 

Interpretation of the results of oral administration of 
thalidomide would appear to be less ambiguous. Never- 
theless, it may be argued that pre-treatment of donor 
rats intraperitoneaidly could reduce the potency of ther 
lymphoid cells. In experiment 2, however, a significant 
reduction in splenomegaly was obtained even when 
donors had not been pre-treated. Moreover, in experiment 
4 pre-treatment cf donors was shown to be without 
effect in untreated_hybrids. These results therefore indi- 
cate that when thalidomide is given orally to F, hybrid 
rats the GVH reaczion evoked by challenge with parental 
strain lymphoid cəlls is significantly reduced, and that 
this effect is enhanzed if the lymphoid cell donors are also 
pre-treated with the drug. 

It is evident, therefore, that thalidomide is able to 
reduce significantly the severity of the GVH reaction in 
the chick embryo and the rat, though not to suppress it 
completely. This is in line with findings on the rejection 
of skin homografts!® and on the development following a 
skin homograft of immunoblasts in the draining lymph 
node??, 
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Immunological Unresponsiveness in Adult _ 
Rats to the Nematode Nippostrongylus 
brasiliensis induced by Infection in Early . 

Life i 
ALTHOUGH it is known that mature animals may develop 
a marked degree of acquired immunity to infection 
with many species of parasitic nematodes'-? the occurrence 
of immunological unresponsiveness in adult animals, 
either under field or experimental conditions, has not been 
definitely established.- Observations resulting fgom 
experiments with Mesistocirrus digitatus in calves? and 
Haemonchus contortus in sheep‘ indicated the possible 


occurrence of tolerance in these infections ‘and- formed: 


the basis for a series of experiments with Nippostrongylus 
brasiliensis—a, parasite of rats. 


Adult rats infected subcutaneously with five hundred 


or more N. brasiliensis larvae acquire a striking immunity 
to this parasite during the course of the infection’. This 
ig manifested towards the end of the second week by a 
“self-cure’’ reaction, during which there is a sharp fall in 
egg production by the parasites, followed over a period 
of a few days by expulsion of most of the worms from the 
intestine of ‘the host (see Table 1). The animals are 
subsequently immune to re-infection. 


Table 1. WORMS IN INTESTINE OF BABY AND ADULT Rats INFECTED WITH 
FIVE HUNDRED WN. brasiliensis LARVAE 
Dagys after infection 
Age at infection 0 


Mean S.E. - Mean A.E. 
3—4 weeks 177 20 215 28 
3-6 weeks 195 23 210 35 
Adult 118 831 + 83 6 


In the course of a series of experiments with baby rats, 
we have found that an infection of N. brasiliensis acquired 
during the first 6 weeks of life is not eliminated in this 
characteristic fashion and persists well into adult life. 
In experiment 1, two groups of baby rats were infected 
subcutaneously with five hundred larvae. These groups 
were aged 3—4 weeks and 5-6 weeks respectively. The 
results of worm counts at autopsy on days 10 and 26 are 
listed in Table 1 and show that the infection had not been 
eliminated by day 26. 

In the second experiment, which was designed to ascer- 
tain the duration of the primary infection in baby rats, 
five littérs aged between 2-3 weeks réceived five hundred 
larvae per rat. Table 2 shows the results of worm counts 
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of the rats autopsied on days 52, 67 and 87 after infection. 
Even on these dates it is apparent that the rats had still 
not undergone the typical self-cure reaction; autopsiés 


. of comparably infected adult rats on day 52 yielded a 


range of 0-5 worms. In view of the fact that a very 


_ strong immune response is normally developed within 


2 weeks by rats 4-5 weeks younger than those on the 
date of last autopsy, these results cannot be attributed to 
Immunological immaturity. 


Table 2. WORMS IN INTESTINES OF RATS INFEOTED AT 2-3 WEEES OF AGE 
With FIVE HUNDRED N. brasilensis LARVAB 


Days after infection 
67 87 
Mean 143 140 83 
S.E. 12 15 18 


On day 52 of the infection, a group of these rats was 
challenged with an infection of 3,000 larvae together with 
a control group of uninfected rats of the same age. Both 
groups appeared to be equally susceptible to infection 
in that the faecal egg counts rose to similar peaks 8 days 
after infection; on day 10, autopsies of both groups showed 
similar numbers of worms. Subsequently both groups 
underwent a typical self-cure reaction. The results of 
this challenge infection showed that the first infection 
given when young had not stimulated the high degree of 
immunity to re-infection characteristic of adult rats. 
On the other hand, the immunological unresponsiveness 
which allowed the persistence of the primary infection did 
not interfere with the immune response to the challenge 
infection and this occurred in a manner similar to that of 
rats which are experiencing a primary infection. A super- 
ficially similar situation is known to exist in hamsters 
infected neonatally with the oncogenic SV 40 virus’. 

The persistence of the primary infection is unlikely 
to result from failure of an immunologically mature rat 
to experience larval antigen since rats of 8-10 weeks which 
are infected by laparotomy with an adult worm population 
approximate to that in our unresponsive rats undergo a 
characteristic self-cure within 2 weeks’. 

Because thé ability to self-cure and protect against 
re-infection can be transmitted with circulating antibody 
obtained from adult rats which have undergone self-cure, 
if is necessary, when considering a mechanism for the 
induction of unresponsiveness, to determine the immun- 
izing ability of sera from infected baby rats. This is being 
investigated but it would be surprising if these contained 
protective antibody. We do know, however, that reaginic 
antibodies as described by Ogilvie® appear in the serum 
of these baby rats 3—4 weeks after infection and that the 
titre subsequently rises to as high a level as is found in 
adults. following a similar infection. Also intestinal 
anaphylaxis can be induced in baby rats 3-4 weeks after 
infection by the intravenous injection of N. brasiliensis 
antigen, this reaction being as marked as that’ seen in 
adult rats*. Although it is possible that the persistence 
of this nematode infection during the adult life of the rats 


-is due to acquired immunological tolerance in the classical 


sense, that is, non-recognition of antigen?, this seems an 
improbable explanation in view of the high reaginic titre 
and éhe development of a typical immune response after 
a heavy challenge. Because a number of studies in 
different species have suggested that the earliest response 
of the young animal involves macroglobulins**+12, we have 
considered it possible that the immune response of the 
young rat is perhaps initially confined to the production 
of a limited type of globulin, including reagins. If this is 
so, one might speculate that these antibodies could 
subsequently combine with antigen produced by the per- 
sisting adult infection in such a way that it is either 
neutralized or used solely for the stimulation of further 
synthesis of reagins. This state might cease and immuno- 
logical competence be established when the rats are 
heavily challenged because relatively massive amounts 
of antigen would bécome available to the host in excess 
of that capable of reacting with reagin-type antibodies. 
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The unfixed antigen would then be available for stimula- 
tion of a normal immunological response. 
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PATHOLOGY 


Adrenal Necrosis induced by 7-Hydroxym'ethyl- 
[2-methylbenz(a)anthracene and its Prevention 


THIS communication reports our investigation of the 
action of 7-hydroxymethyl-12-methylbenz(a)anthracene 
(7-OHM-MBA) on the adrenal glands of normal rats and 
of rats treated by methods that protect the adrenal glands 
against 7,12-dimethylbenz(a)anthracene (9,10-dimethyl- 
1,2-benzanthracene, or DMBA)??. 

After treatment of rats with large doses of DMBA, the 
zona fasciculata and the zona reticularis are destroyed’ 
Recent experiments*:* have demonstrated that rats with 
impaired liver function are protected from the adreno- 
corticolytic effect of DMBA, and it has been postulated 
that a metabolite of DMBA, and not DMBA itself, is 
responsible for adrenal necrosis. The metabolism of 
DMBA. has been investigated and hydroxymethyl eom- 
pounds identified as metabolites’. Synthetic derivatives 
of DMBA have been tested for their effect on the adrenal 
glands: while 12-hydroxymethyl-7-methylbenz(a@)anthra- 
cene has no adrenocorticolytic property, 7-OHM-MBA 1s 
more potent than DMBA in producing adrenal necrosis‘. 

Accredited female Sprague-Dawley rats bred from a 
specific pathogen-free stock were used; they were 
obtained from Oxford Laboratory Animal Colonies. Their 
det was Thompson rat cake containmg 14 per cent 
skimmed milk supplied by North-Eastern Agricultural 
Co-operative Society, Lid., Aberdeen. 7-OHM-MBA was 
dissolved in arachis oul (10 mg/ml.), and administered by 
stomach tube. Rats were killed 3 days after treatment; 
adrenal glands were weighed and fixed in 4 per cent neutral 
buffered formaldehyde. One gland of each pair was 
embedded in paraffin wax and 5y sections were stained 
with haematoxylin and eosin. Liver sections stained with 
haematoxylin and eosin were also prepared. 

Methods previously shown’? to protect the adrenal 
glands of rats from DMBA. were used: (a) Carbon tetra- 
chloride: Rats were treated with 0-3 ml. of a 50 per cent 
(v/v) solution m olive oi intraperitoneally 24 h before 
challenge with DMBA or 7-OHM-MBA. (b) Partial 
hepatectomy: Two-thirds of the liver was removed as in 
previous studies 24 h before challenge with DMBA or 
7-OHM-MBA. (c) 2-Methyl-1,2-b¢s-(3-pyridyl)-1-propan- 
one (“Metopirone’ pure base, Ciba): Rats were given three 
doses of 10 mg ‘Metopirone’ m 0-2 ml. olive oil intra- 
peritoneally at 4-h intervals’ and the challenge of 7-OHM- 
MBA or DMBA. given 4 h after the final dose. Later, rats 
were given either 15 mg 7-OHM-MBA. intragastrically 
or 3 mg DMBA intravenously (these have been found to 
produce comparable degrees of adrenal damage) and killed 
3 days later. 
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Action of 7-OHM-MBA on normal intact 50-day Sprague- 
Dawley rats. Doses of from 5 to 20 mg were given intra- 
gastrically to rats of 50 days of age (Table 1). Fifteen 
milligrams of 7-OHM-MBA intragastrically has the same 
effect on the adrenal zlands as a dose of 35-40 mg DMBA 
intragastrically or 3-(—3-5 mg DMBA intravenously: thus 
7-OHM-MBA. ıs twa to three times more potent than 
DMBA. This is slightly less than previously reported® 
and may result from differences in the stock of rats and/or 
diet. Damage to the adrenal glands occurs first in the 
zona reticularis after treatment with DMBA, whereas 
with 7-OHM-MBA 2arly changes are frequently seen 
throughout the whole of the zona fasciculata and zona 
reticularis. The zona glomerulosa may show congestion 
with both compounés but necrosis has not been seen m 
this zone with either of them. Rats grven 7-OHM-MBA, 
even up to a dose of 20 mg, appeared healthy, main- 
tained body weight and did not have diarrhoea: this 
compound is much less toxic than the parent compound, 
DMBA. 


Table 1. INCIDENCE OF ADRENAL NECROSIS IN 50-DAY SPRAGUE-DAWLEY 
FEMALE RATS TREATED WITH 7-OHM-MBA 


Incidence of Weight of 
Dose No, of No. severe adrenal adrenal glands 
(mg) rats sick necrosis (mg) (+8.D.) 
5 9 9 0/9 213434 
10 10 nite 8/10 29 6+9°6 
15 10 0/10 9/10 311461 
20 5 1/5 5/5 38-4 + 3-4 
1-OHM-MBA treatment of “protected” rats. (a) Carbon 


tetrachloride: In view of our previous finding?, which 
showed the importance of nérmal liver function for the 
development of adrenal necrosis after DMBA treatment, 
we have “protected”? rats with carbon tetrachloride and 
treated them with 7-OHM-MBA or DMBA. The results 
are shown in Table 2: as would bé expected from our 
previous studies’, tha ineidence of severe adrenal necrosis 
is low in rats treateé with DMBA, but the incidence with 
7-OHM-MBA is the same as in the control rats given 
15 mg derivative (ses Table 1). (b) Partial hepatectomy . 
This*also protects rets from adrenal necrosis induced. by 
DMBA administration?. The effects of operation 24 h 
before treatments ~vith DMBA and 7-OHM*MBA are 
compared in Table 2. Again, the incidence of severe 
adrenal necrosis remained high in rats given the derivative 
while partial protect:on was achieved in rats given DMBA. 
(e) ‘Metopirone’: This compound completely protects 
adrenal glands against 7-OHM-MBA (Table 3), and is 
also effective against DMBA. given intravenously (Table 3). 

7-OHM-MBA 1s two to three times more potent than 
DMBA in its adrenocorticolytic action when given in oil 
intragastrically. Although rats with impaired liver func- 
tion are protected rom the adrenocorticolytic effect of 
DMBA, they remein susceptible to adrenal necrosis 
induced by 7-OHM-MBA: the action of 7-OHM-MBA 
seems to be indeperdent of liver function. This is addı- 
tional evidence in support of the hypothesis that DMBA 
must be metabolized by the liver to an active adreno- 
corticolytic derivatire—which may well be 7-OHM-MBA. 

‘Metopirone’ gives complete protection of adrenal glands 
against 7-OHM-MEA and almost complete protection 
against DMBA given either mtravenously, as here re- 
Table 2. EFFECT OF IMEAIRED Liver FUNCTION ON ADRENAL NEOROSIS 

INDUCED BY 7-OHM-MBA OR BY DMBA 


> No. rats No. rats with 


Pretreatment Treatment No.of surviving massive adrenal 
(24 h pre-) rats today +8 necrosis 
None 15 mg 7-OHM-MBA 10 10 9/10 
intragastric 
3 mg DITBA intra- 10 10 8/10 
venous 
Carbon tetra- 15 mg 7-OHM-MBA 11 10 9/10 
chloride intragastric 
3 mg DIBA mtra- 13 10 3/10* 
venous 
Partial hepa- 15 mg 7-OHM-MBA 15 15 15/15 
tectomy intragastric a 
3 mg DITBA ntra- 15 15 7/15tT 
venous 
-* P <0 025, 


t P <0 005. 
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Table 8. INCIDENCE OF ADRENAL NECROSIS AFTER TREATMENT WITH 
‘“METOPIRONE’ 
No. No.rats No. rats with 
Pretreatment Treatment of assessed massive adrenal 
rats day +3 necrosis 
8x10 mg ‘Metopirone’ 15 mg 7-OHM- 14 18 0/13* 
in olive of] intraperit. MBA 
at 4 h intervals 
oil x3 15 a coe 14 14 10/14* 
3x10 mg ‘Metopirone’ 3 mg DMBA intra- 15 15 1/16t 
in olive oil intraperit. venous 
at 4 h intervals 
i x3 3 mg DMBA intra- 15 13 13/13 f 
venous 
* P <0-001. 
t P<0-001. 


ported, or intragastrically!. This incomplete protection 
against DMBA may result from the production of adreno- 
corticolytic metabolite after ‘Metopirone’ has ceased to 
exert its maximal inhibitory action on steroid synthesis. 
‘Metopirone’ inhibits 118 hydroxylation and therefore 
interferes with the synthesis of corticosterone and cortisol’. 
It has been suggested? that the adrenocorticolytic action 
of DMBA. is the result of similarity between its structure 
and that of corticosterone or cortisol. We have clearly 
established, however, that DMBA itself is not adreno- 
corticolytic, but it seems likely from our experiments that 
7-OQHM-MBA will induce adrenocortical necrosis only if 
there is active synthesis of corticosterone or related steroid 
hormones that are hydroxylated at CIl. 

Wong and Warner® have reported protection against 
DMBA-induced adrenal necrosis by a C17 «-hydroxylase 
inhibitor SU 9055. It will be of interest to mvestigate the 
action of this inhibitor in 7-OHM-MBA-induced necrosis. 

This work was supported by a grant to one of us 
(A.R.C.) from the Scottish Hospital Endowments 
Research Trust and by grants to the Chester Beatty 
Research Institute (Institute of Cancer Research: Royal 
Cancer Hospital) from the Medical Research Council, the 
British Empire Cancer Campaign for Research, and by a 
U.S. Public Health Service research grant from the 
National Cancer Institute. DMBA in lipid emulsion, 
prepared by Dr. Paul Schurr (The Upjohn Company, 
Kalamazoo, Mich., U.S.A.), was the generous gift of 
Prof. C. Huggins. Dr. T. B. Binns, of CIBA Laboratories, 
Ltd. (Horsham), kindly supplied us with ‘“Metopirone’. 
We thank Mrs. M. Inglis and Mr. G. Milne for their 
technical assistance. 
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PHARMACOLOGY 


Combined Effects of Chlordiazepoxide and 
Dexamphetamine on Activity of Rats in an 
Unfamiliar Environment 


In previous experiments we found that, over a wide range 
of doses, amphetamine and amylobarbitone affected 
relatively little the spontaneous activity of rats in an 
unfamiliar environment, but that some mixtures of these 
two drugs greatly increased it. This somewhat surprising 
effect could be regarded as a result of true mutual poten- 
tiation! ?, 
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Chlordiazepoxide (‘Librium’, Roche) is a comparatively 
new drug? which, like amylobarbitone, is widely used 
in the treatment of anxiety. Its effects on the activities 
of animals seem, in general, to be in the direction of depres- 
sion; but with relatively small doses stimulation has been 
reported (refs. 4 and 5), and Maxwell, D. R., and Christ- 
mas, A. J., (personal communication), and this again is 
similar to amylobarbitone. In order to pursue the com- 
parison, dexamphetamine was added to chlordiazepoxide 
in the present experiments and the effects were analysed 
of various mixtures on the behaviour of rats m an 
unfamiliar environment similar to that previously used. 

Naive hooded female rats, about 120—130 days old and 
reared under standard conditions, were injected sub- 
cutaneously in the flank with either various doses of 
chlordiazepoxide alone, or with these same doses mixed_ 
with 1:18 mg/kg dexamphetamine, or with this dose of 
dexamphetamine alone, or with saline as control. The 
dose of dexamphetamine had previously been found 
particularly effective in combination with amylobarbi- 
tone? Thirty-five minutes later each rat was tested 
singly for 5 min in a symmetrical Y-shaped runway. 
Rats were used once only. 

The results given here are the mean number of times 
the rats entered the arms of the Y with all four feet 
during the 5 min trial; this is a measure of locomotion, 
and is typically greatest when an animal is first exposed 
to an unfamiliar environment. Over the middle range of 
doses (3:3-100 mg/kg chlordiazepoxide) the mixture 
consistently induced more activity than the constituents 
alone. Maximal activity occurred with 25 mg/kg chlor- 
diazepoxide + 1-18 mg/kg dexamphetamine (mean 
entries 30:7, S.D. 5-7), and this was significantly more 
than with the ingredient dose of chlordiazepoxide alone 
(mean 17-5, S.D. 7-4; P<0-01), and also more than with 
dexamphetamine alone (mean 18-1, S.D. 6-6; P<0-01), 
and with saline (mean 15:6, S.D. 6-5; P<0-001). The 
el three means did not differ significantly from each 
other. 

Fig. 1 shows these results broken down into successive 
minutes. The most striking contrast is between chlor- 
diazepoxide alone and the mixture. Rats treated with 
chlordiazepoxide were highly active during the first 
2 or 3 min, but thin they became immobile in a character- 
istic crouching position and without even moving their 
whiskers, though their bodies did not seem flaccid and their 
eyes were open. This “trance’’-like state*, interrupted by 
only occasional movements, usually lasted to the end of 
the trial and beyond, but if the runway was gently 
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- Fig. 1, Activity of rats influenced by chlordiazepoxide 25 mg/kg and 
dexamphetamıne 1-18 mg/kg separately and in combination. The ordin- 
ate represents the mean number of entries into the arms of an unfamhar 
Y¥-shaped runway during successive minutes of a 5 mim tral by four 
different groups ofrais: ©, chlordiazepoxde (n= 8); +, dexamphetamine 

(n=8); @, mixture (n= 7); —, saline (n=19). 
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lifted away the rat would, after a few moments, ‘‘come 
to” and spontaneously run around the floor of the labora- 
tory. If the rat was put back into the Y the cycle was 
repeated. The effect was not dependent on any sudden 
change in the time course of the action of the drug, 
because it occurred equally if rats were tested at various 
times other than 35 min after injection. The activity of 
the mixture rats, on the other hand, was high throughout 
the trial, and no ‘“‘trances’’ were observed. As a measure 
of change in the amount of activity, the mean number of 
entries in the fifth minute was subtracted from the mean 
in the first minute. The mean change with chlordiaze- 
poxide alone was 6:3 entries, compared with — 0-3 with 
the mixture (P<0-001), 1:4 with dexamphetamine 
(P<0-01) and 3-6 with saline (P<0-01). Similar trends 
were found over the whole range of doses studied except 
at the extremes. 

Amphetamine is increasingly being found able to interact 
in a variety of ways with different centrally acting 
drugs depending on the doses and the kind of behaviour 
studied!?:7-18, In the present case dexamphetamine 
prevented the sharp decline in activity which normally 
occurred with chlordiazepoxide and so activity was main- 
tained evenly throughout the trial. It is unlikely that a 
new compound was formed by giving the two drugs as a 
mixture because both are strong bases. With dexamphet- 
amine-barbiturate mixtures activity was also evenly 
maintained’, and in this respect the two kinds of mixture 
are similar. But the decline in activity with amylobarbi- 
tone alone was much more gradual than with chlor- 
diazepoxide, and the rats appeared sedated and sluggish 
and not in a “trance”. The abrupt change from high 
activity to immobility which occurred with chlordiaz- 
epoxide and which seemed to depend mainly on length of 
exposure to an unfamiliar environment was unlike any- 
thing observed with amylobarbitone and is altogether 
behaviourally striking. 

We thank Prof. A. 8. V. Burgen, Prof. W. 8. Feldberg 
and Dr. D. H. Jenkinson for discussion, Mr. J. K. Hall for 
statistical help and Mr. George Clarke for help in carrying 
out the experiments. The work was supported by a 
research grant from the National Institute of Mental 
Health, U.S. Public Health Service. 
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PHYSIOLOGY ° 


Effects of Temperature on Photo-sensitivity 
of Spermatozoa 


ADVERSE effects of light on the movement and life-span 
- of spermatozoa have repeatedly been demonstrated)’. 
Norman, Goldberg and Porterfield’? were unable to detect 
any relationship between light effects and temperature 
in a few experiments by means of simple visual observa- 
tional methods. A definite dependence of photo-sensitivity 
on temperature has now been demonstrated in specific 
investigations using Rikmenspoel’s photo-electric 
method?~6.8-11, 

In nineteen series of experiments, using sixty-seven 
ejaculates from ten different bulls of the Dutch—Friesian 
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and Meuse—Rhine-Yasel breeds, sub-samples of each 
diluted ejaculate were incubated in glass tubes placed in 
water baths kept at Gfferent temperatures, ranging from 
5°—40° C, with 5° C intervals. Dilutions (1:70) were 
made with Rikmerspoel’s ultramicroscopically clear 
ege-yolk—citrate medmm!*, pH 6°75 + 0:05 (measured at 
22°-23° C, pH changs 0-03 per cent/°C#*). 

A constant Uluminetion of 983 + 3 lux was maintained, 
using a battery of incandescent bulbs (220 V, 150 W) with 
internal mirrors as the light sources. The dark controls 
were kept in small tubes of the size of the experimental 
specimens, but madə of brown glass, painted black, 
wrapped in aluminium foil and pressed into a white tube 
of soft plastic to avoid rise of temperature due to the 
heating effect of the ight. The control tubes were placed 
alongside the unprotected glass tubes in the same water 
baths. All the tubes in the water baths were gently 
agitated by a single acitator in order to prevent sedimenta- 
tion of the sperms during the treatment. A cooling tank, 
operated with running cold water, was placed between 
the water baths and the battery of lamps. The whole 
equipment was instailed in a thermostatically controlled 
room kept at 5° C. 

Drops were taken at regular intervals from the test- 
tubes and placed in she photo-electric equipment*-*, All 
recordings were mads at a temperature of 37-0° C. The 
recordings were ana-ysed for rates of velocity decrease 
with time (—2@8/0¢) and for the rate constants k of the 
decrease in numbers of normally moving spermatozoa 
(kw = d(ln N)/dt) and of migration rates, the latter being 
defined as the product of N with the mean velocity 6. 
Over periods exceeding those of the present experiments 
both N and No decrease exponentially with time 


y = Yo.exp(— kt) (1) 
where y = N or N.J. respectively? 1%, The rate constants 
ky and Kyjz were obtained from the slopes of the regression 
lines on a semi-logarithmic plot. 

The relationship between these three rate constants 
and ¢emperature was found to fit the Arrhenius equation 
for temperature-decendence of the rate constants of 
chemical reactions ° 


k = A. oxp(—Ha/RT) (2) 


where A is a constent representing the probability that 
a reaction occurs, Æa, the apparent energy of activation, 
R, the gas constant (1:987 cal/mole degree), and T, the 
absolute temperaturs. Consequently, a linear relationship 
is obtained by plottmg log (—@6/dt), log kw or log kyy as 
a function of 1/T (Figs. 1 and 2). The apparent energies 
of activation can be derived from the slopes of these plots. 
This comes out to be 18,400 + 250 cal/mole for the samples 
kept in darkness ard only 9,300 + 150 cal/mole for the 
samples under illumination. This result clearly demon- 
strates the accelereting effect of light on the rate of 
deterioration of bovine spermatozoa. 

Photo-sensitivity can now be defined quantitatively 
by the factor with which the rate of deterioration is 
increased by a constant level of illumination, J. This 
means that it is measured by 


Yr = (ky)1/(ky)1 = o 

where ky represents either —06/dt, kw or kny (ref. 13). 

The value of Yç is independent of which of these para- 
meters is chosen, ard the individual values can therefore 
be averaged to combine the total result into a single 
relationship (Fig. 3). Obviously photo-sensitivity de- 
creases with increasng temperature, vanishing at ~ 48° C, 
where Yr = 1. The apparent energy of activation of the 
photochemical process is — 3,532 cal/mole, the negative 
sign appearing as an indication of the light acting itself 
as an activator or catalyst. The apparent temperature 
coefficients (Q,5) foz different regions of the temperature 
range are shown in Table 1. 

The very low @,, values of photo-sensitivity show 
clearly that its temperature dependence is mainly due 


(3) 
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i f d Table 1 Temperature {°C} 
emperature of rate constants of light 50 40 30 20 10 0 
range °C Darkness Light ae 
0-10 3 27 

10-20 3 06 i 78 O81 10 

20-80 2 84 1 69 0 82 À 

380-40 2 66 1:64 083 t 


to the photochemical process itself and not to secondary 
thermal reactions. 


Norman et al.” chose the period of time after the begin- 
ning of their observations at which movements stopped 
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Fig. 1. Tempersture-dependence of the rate of decrease of the mean 
velocity indu/sec)/h of storage of bull spermatozoa, illustrating the applic- 
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Fig 3. Arrhenius plot of temperature-dependence of photo-sensitavity 

of bull spermatozoa, defined as the factor by which deterioration 1s 

accelerated under a constant level of illumination of 983 + 3 lux. Ordinate 
logarithmic. (r=0 98; 10> P>10-°.) 


500 
20 
400 
15 
300 
T- A 
i 10 : 
200 . 
5 
100 
0 J 9 





48 50 


10 20 30 40 
Temperature (° C} 


Fig. 4. Temperature-dependence of the time t+, after the beginning of the 


incubations, at which no more normally moving spermatozoa are encoun- 
tered. Upper curve, darkness, lower curve, constant illumination at 
983 +3lux Relative photo-senativity is represented at each temperature 
by the distance between the two curves, The cui ves comeide ab ~ 48°C, 
at this temperature spermatozoa are obviously killed by heat alone 
without further contribution of light absorption The curves as drawn 
are the most probable ones calculated by functional analysis of the data. 


as a parameter for the process of deterioration. This has 
the important drawback that this moment 74; can only 
be determined with reasonable accuracy mm cases where 
life-spans are short enough to allow close and continuous 
observation of the process of deterioration. Even then, 
the statistical error is large, since one or two sperms that 
ha¥e a markedly longer lhfe-span, or have not yet receivéd 
a sufficient number of hits, can influence the result con- 
siderably. It can be shown that the relationship between 
the swimming velocities of spermatozoa and time can be 
described empirically by the linear equation" 


log [(8, — 8(#)]/%> = kv log t — log #+)- (4) 


Hence, from the plot of log [6, — H(¢)]/é, against log t, the 
value of log ¢; can be read by extrapolating the linear 
regression line of all data to the point. where 6(t) = 0. 
Although this indirect method 1s more reliable than direct 
observation, 4} is still more uncertain than are the rate 
constants and useful results could only be obtained from 
the pooled data. Furthermore, the ratio of ¢}+ values 
obtained under different conditions is not a linear measure 
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of a biological effect. The total result obtained in the 
present series of experiments, however, 18 again a con- 
vincing demonstration of the temperature-dependence of 
photo-sensitivity (Fig. 4). 

Because of these effects of temperature on photo- 
sensitivity of spermatozoa it can be inferred from photo- 
chemistry and target theory that this photo-sensitivity 
. depends on either a one-target multiple-hit, or a multiple- 
target process. Then it follows that at certain levels of 
Ulumination deviations from Bunsen and Roscoe’s 
reciprocity law must occur (Schwarzschild effect), and 
an intermittency effect can also be expected". 

These investigations are being contmued. A detailed 
account will be presented elsewhere. 

C. van DUIJN, JUN. 
J. H. van LIEROP 
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Critical Flicker Fusion Perimetry and the 
Adaptation Level of the Eye 


Most scientists concerned with the physiology of vision 
agree that the temporal resolution of the cone system 1s 
greater than that of the rod system. In only a few of the 
experimental studies, however, is the evidence convincing 
that exclusively rods or exclusively cones were indeed 
functioning over some appropriate range of stimulus 
environments. Colour visibility, small stimulus fields, 
and widely discrete levels of adaptation have been tried 
with only indifferent suecess. Moreover, the cone system 
is reported only to be generally faster, not always so. 
Many of the studies find that the rods sometimes resolve 
hight pulses at higher frequencies than do the cones. Our 
predictive knowledge of this whole problem is poor. We 
can probably safely assert only that a small dim stimulus 
in the retinal periphery will be less adequately resolved 
than a similar stimulus in or near the fovea, while, on the 
contrary, a large bright stimulus will be better resolved 
in the periphery. There ıs some additional evidence for 
an annulus of high resolution at about 10° from the fovea 

Every supraliminal stimulus presented to the eye 
affects its adaptation level, as was particularly emphasized 
by DeLange!. While the stimulus level can be used to 
control the adaptation leyel', so also can the level of the 
surrounding intensity*. Furthermore, ıt 1s possible to 
determine the increase in intensity (AZ) above a constantly 
monitored mstantaneous threshold (7) required to resolve 
a constant flicker®, and to measure the flicker resolution 
for a stimulus presented at some constant multiple (x) 
of the instantaneous threshold‘. 

The relative integrity of physical units depends on the 
constancy of the physical zero and the fact that it is 
possible to specify ıb. The same ıs true for physiological 
units. We would lke to suggest that whenever possible 
physiological intensrties should be specified with respect 
to the physiological zero (threshold) then in force. In 
the more traditional constant-response method of Shikano’, 
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though his data cou-d be replotted with respect to the 
physiological zero, this is difficult to do. It can be done 
automatically by the methods of DeLange and Hecht’ *; 
however, as usually used, the +t-coefficient (x) is re- 
stricted to unity. Ln essence, these methods consider 
the response of “fuson” to be their constant-response, 
as Shikano considered the response of “resolution” to be 
his. 

Although Hecht amd his colleagues have applied their 
methods extensively to the “duplexity”’ problem (that is, 
the simultaneous operation of rods and cones), ther 
results show only that the eye functions more slowly m 
dim hght; they havenot shown how the rods or the cones 
function by themselves. Those workers using the DeLange 
sine-wave methods Lave not yet systematically studied 
the duplexity problem. We have used the method of 
constant x, feelng shat functional differences between 
the rods and the cones might more readily appear with 
such constant physiclogical stimuli than with the usual 
physically constant ones. Unfortunately, large supra- 
threshold stimul1 ere necessary because the flicker 
resolution of the eye is very erratic near t. Thus contamina- 
tion of + cannot be evoided. It is therefore necessary to 
obtam some measure of the degree of distortion in the 
threshold curve brouzht about by the presentation of the 
flashes of the critical flicker fusion test at some x7 well 
above threshold. 

Our experiment cansisted of obtaming uncontamunated 
dark-adaptation curves on the test eye in separate sessions, 
and taking experimental measurements of eritical flicker 
fusions and of thresholds at alternate minutes in the same 
eye. Otherwise, identical conditions were used throughout 
the experiment. After exploration, a x = 10 was chosen 
because ıt did not senously contaminate +t yet still 
allowed reliable.critical flicker fusions to be taken. 

The apparatus consisted of a Sylvama R1131C glow 
modulator lamp cornected to a Grason—Stadler flicker 
fusion apparatus (model 622), interconnected by a 
system of lenses and filters to a 60 cm diameter perimeter 
The*light was focused on a ground-glass screen at an. 
exit-port at the centre of the perimeter. The flicker 
source produced a square wave white light pulse (50 per 
cent on time—thus 127 per cent modulation depth— 
DeLange!) with a 2ontinuously variable frequency of 
from 1 to 125 c/s. The colour of the light was acceptably 
neutral over 2 log mits of mtensity by way of current 
control, and four additional log units by way of neutral 
density step-filters. 

The peak output of the light under steady conditions 
was 0-024 apparent *t.-candles (0-082 candles/m*). Using 
a 5mm pupil and 1 s2¢ bursts (to avoid the Troxler effect), 
we thus haf 2-05 plotopic-troland-seconds at the retina. 
The relative brightress of the lamp was independent of 
the frequency. A small red fixation hght was placed just 
above the stimulus. The observer’s pupil was dilated 
with 1 per cent mydriacyl. All observations were pre- 
ceded by lght adeptation for 3 min to about 2,642 
candles/m* of white light. 

As noted, two types of measurements were made: a 
30 min run of alterneting flicker (at x +) and light threshold 
readings, and a 30 mm control run of pure threshold 
readings. The xt was obtaimed by sliding a 1 log density 
filter in and out of the beam during the approximately 
40 sec. mechanical lag between the flicker and the threshold 
readings. The resulss are means of at least five runs, and 
are reported in Fig. 1 and Fig. 2. The legends describe 
the specific conditians. 

In Fig. 1 the threshold curves do not have alpha fiex 
points and they have high final values. On the basis of 
accepted principles in vision, we may take them to be 
pure cone curves. Also, on this basis, we may observe 
that there is a clear and steady fall in flicker resolution 
with time in the derk despite the fact that there is no 
evidence at all for flicker alpha points (thus no rod - 
intrusion). This suggests.that a gradual decrease in 
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lateral mnhibition has occurred within the cone system 
and/or an increase in neural convergence, and that at 
least part of the drop in t Itself may be neural and not 
photochemical in nature. 

Our crucial finding is shown in Fig. 2: the flex point 
in the curves for critical flicker fusion. We believe that 
this 1s the first time such flex points have been shown 
conclusively. For both observers this 1s delayed from 
the threshold alpha by the approximate time needed for 
the intensity of the critical flicker fusion stimulus to fall 
to the level at which the threshold alpha occurred. Be- 
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Fig. 1. A pure rod-free curve obtained with a 25’ central field. 
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cause the alternate method necessitated placing the 
critical flicker fusion strmulus one log unit above the 
threshold, the flickering stimulus did not reach the rod 
environment until a few minutes later than the + alpha. 
(The early flex point (at 8 min) is an experimental artefact 
arising from the sudden deceleration in the critical flicker 
fusion stimulus intensity at the t-alpha point.) 

As an aside, we may note that although the critical 
flicker fusion stimulus itself was one log above the thres- 
hold, the experimental “contaminated” threshold curves 
were never contaminated to this degree. Possibly this 


CFF 





FOVEA 
28' TARGET 


_ eaPeningny 


LOG RELATIVE INTENSITY 






EXPERMERY 


ime OER KICNSRSeRARAERRERAECRKRE RARER S 
cre; TT ERT EL Edt? bi to ta fa bt ho bl be bo bet ee 


Th SESS IERSESERRERURRERRRE TERE REARS 
crF[ | [EPP Sed tt eet tobe 2h ETET hee 
-3 ò 5 19 IB 20 25 "30 
TIME (MINUTES) 





g PERIPHERY 


x 17” TARGET 
a AK 
z 
a, ` 
z 
y : \ 
ec 4 
a 
Fr s N 
æ 
E \ 
S i XN N 


EXPERIMENT 
S2B2 R282 R28 


PES IRMERE RARER AAR 
cerr TT REL EA EIEEEI bs Bot ED Et Bd bd bo bd A 
Th SEG + S0GERSRERRERSERARENER ERRORS e 
SEEKS KEE SKIERS SR ARERRRRE TEESE? 
-3 Q s 10 15 20 28 30 


TIME (MINUTES) 
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Table 1 
Obs. 25’ at 0° 17° at 11° t-test 
A. E. 13 7 cjs 10 0 c/s 2°77 
T, 3. 11:9 c/s 8 65 c/s 9 56 
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results from the tıme delay between the last critical 
flicker fusion burst presentation and the subsequent 
alternate threshold measurement. In any event, the two 
threshold dark-adaptation curves parallel each other 
rather well—this is true for both observers under both 
conditions of test—and give a concise picture of the logic 
of the experiment. 

Finally, in comparing the two figures, we may consider 
the last critical fucker fusion values after dark-adaptation 
for 30 min, as in Table 1. 

The underlined value of the t-test (N = 5) is significant 
{at P less than 0-01), the other is nearly so. This means 
that the critical flicker fusion of the final pure cone is 
significantly higher than the final pure rod value, which is 
another way of saying that the cones have greater temporal 
resolution. 

The results seem conclusive as to the superior temporal 
resolution of the cone system over that of the rod system. 
These flicker dark-adaptation curves show this functional 
duplexity in a clearer fashion than it has been shown 
heretofore because the alternate threshold monitoring 
procedure clearly informs us when we are in & pure cone 
(whole of Fig. 1) or a pure rod (latter part of Fig. 2) 
environment. We cannot yet say definitely why the 
curves for critical flicker fusion fall rapidly to alpha (or 
just fall, as in Fig. 1), or why they then rise slowly. 
There is an experimental flaw which might account for the 
fall: the fact is that x is undoubtedly more than 10 during 
the fast falling cone portion of the threshold curve— 
actually, it appeared brighter here than later on-—yet we, 
in default, must take it as 10. There are more attractive 
physiological speculations, however, as we have men- 
tioned: the horizontal inhibitory interactions between 
the cones may decrease with time in the dark so that cone 
resiliency also decreases. This hypothesis would also 
permit us to explain the slight increase in rod resolution 
as a result of a slight increase in inmbitory interactions. 
A final decision on this awaits further vestigation. 

* T. SHIPLEY 
AMELIA FRY 
Bascom Palmer Eye Institute, 
University of Miami School of Medicine, 
1638 N.W. 10th Avenue, 
Miami, Florida. 
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Activation of ‘‘Secondary” Impulse Trigger 
Sites in Hippocampal Neurones 


INTRACELLULARLY recorded spike potentials of hippo- 
campal neurones occasionally exhibit fast prepotentigls 
superimposed on spontaneous slow depolarizations and 
excitatory postsynaptic potentials evoked by stimulation 
of the subiculum!. Although the origin and nature of 
fast prepotentials have not been determined, available 
data suggest that they represent electrotonic reflexions 
of partial spikes evoked in dendrites by pathways arising 
in the subiculum?. Two investigations which are sum- 
marized here have permitted further analysis of fast 
prepotentials as well as the definition of some of the factors 
conditioning their development ın hippocampal neurones. 
The results are illustrated in contrast with findings in 
elements which did not exhibit fast prepotentials during a 
long period of spontaneous activity or in response to low 
frequency {l/sec} stimulation of the perforant pathway in 
the subiculum. 
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Intracellular recorcings from hippocampal pyramidal 
neurones of encépha-e isolé cats were obtained with 
micropipettes filled with 2 M potassium citrate inserted 
as closely as possible to a microelectrode filled with saline 
and located at the cell body layer and used for registering 
of extracellular activity. In one study stimulation of 
the fimbria or fornix was used to evoke inhibitory post- 
synaptic potentials o7 short latency period (Fig. 14 3) 
in a neurone which also exhibited 3-4 msec latency 
excitatory postsynaptic potentials and spike discharges 
im response to l/sec stimulation of the subiculum (B 3) 
(ref. 2). It was noted that many neurones also showed 2 
brief delayed depolarzing potential on the falling phase 
of the spike evoked by stimulation of the subiculum 
(D 2b) as well as a succeeding prolonged inhibitory post- 
synaptic potential (B 3). Spontaneous spikes exhibited 
prominent depolarizicg after-potentials*. 

Inhibitory postsynaptic potentials produced by condi- 
tioning stimulation of the fimbria effectively blocked spike 
discharges associated with the early excitatory post- 
synaptic potentials avoked by the subiculum (DÐ 2b). 
Under these conditions a fast prepotential appeared (at 
arrow in D3) on the crest of the early excitatory post- 
synaptic potential. Csll discharge was secured by the fast 
prepotential which wes temporally related to the delayed 
depolarizing potentisl in the unconditioned response 
evoked by subiculum stimulation (D 26). Variations m 
timing or magnitude of conditioning mbhibitory post- 
synaptic potentials as well as alterations in early excitatory 
postsynaptic potentia.s evoked by the subiculum stimula- 
tion or previous sponsaneous activity frequently resulted 
in failure of the fast >repotential to secure cell discharge 
(D 4 and D 5). 

Marked changes weze observed in focal activity recorded 
from the cell body layer during conditioning by the 


‘fimbria of responses evoked by the subiculum stimulation. 


The unconditioned response consisted of a prominent 
slow positivity with a superposed negative spike sig- 
nalling cell body discharges (B, C 2). Appearance 
of the fast prepotential during the fimbrial-evoked 
inhibitory postsynaptic potential was associated with an 
extracellularly recorced diphasic positive-negative spike 
(C 3) the early positive component of which corresponded 
to the negative spike of the unconditioned focal response 
evoked by stimulation of the subiculum (C 2). The 
positive-negative spike recorded at the cell body layer 
durmg the appearances of the fast prepotential is consistent 
with a remote or dencritic origin of the latter and develop- 
ment of a dendrosornatic spike sequence in a relatively 
large population of cells. 

Activation of fast prepotentials was produced in a second 
type of study illustrated in Fig. 1E. In this experiment 
the frequency of subiculum stimulation was increased to 
25/sec for several seconds. During the early phases of 
repetitive stimulation the excitatory postsynaptic poten- 
tials increased in lateacy and amplitude and cell discharge 
was obtained on the crest of the excitatory postsynaptic 
potentials (Æ 2). The brief delayed depolarizing potential 
and the succeeding inhibitory postsynaptic potential 
evoked by l/sec stimulation of the subiculum (E 1) were 
not observed during 25/sec stimulation. The excitatory 
postsynaptic potentials were depressed during continued 
repetitive stimulation of the subiculum, and many failed 
to elicit spike discharzes (È 3). This depression of evoked 
excitatory postsynaptic potentials was accompanied by 
minimal depolarization of the membrane (6-8 mV) (ref. 4). 
When repetitive stimulation was stopped two varieties 
of spike prepotentials were observed. Spontaneous 
discharges arose from slow depolarizing prepotentials 
(excitatory postsynaptic potentials) (E 4a), whereas spikes 
evoked by 1/sec stimulation of the subiculum were triggered 
by fast prepotentials (E 4b). A small negative component 
preceded the fast prapotentials in some instances (E 4b) 
in the period immeciately following activation, whereas 
later this componént-was absent and the fast prepotentials 
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appeared to arise directly from the baseline or from. a small 
slow depolarizing potential (Æ 5). The relationship 
between the small negative component preceding the fast 
prepotentials in Æ 4b and field activity of:spikes in distal 
dendritic regions following repetitive stimulation of the 
perforant pathway has been considered elsewhere’. 

The studies summarized here indicate that hyperpolar- 
ization of the membrane produced by inhibitory post- 
synaptic potentials generated in, or close to, the soma of 
hippocampal neurones® as well as repetitive activation of 
axodendritic excitatory synaptic pathways may facilitate 
the appearance of partial spikes of fast prepotentials 
remote from the cell body, presumably in some part of 
the dendritic system!. Other aspects of this investigation 
have revealed spikes arising directly from the baseline in 
hippocampal neurones during seizure activity initiated by 
repetitive stimulation of the subiculum‘. Evidently, 
fast prepotentials represent a potentially explosive re- 


sponse of the hippocampal dendrites which, under appro-, 


priate conditions, may lead to all-or-one propagated 
activity in these elements. Conditions favouring the 
appearance of fast prepotentials are associated with depres- 
sion of early excitatory postsynaptic potentials evoked 
by stimulation of the subiculum, suggesting that this 
factor 1s probably also of importance in the development 
of fast prepotentials. It is of interest to note that depres- 
sion of axosomatic excitatory postsynaptic potentials by 
inhibitory postsynaptic potentials and repetitive stimula- 
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Fig. 1. A, Intracellular and extracellular responses to stimulation of the 
fimbria. Negativity upwards ın records of the extracellular and ventricu- 
lar surfaces. (1) Focal, extracellular response recorded from cell body 
layer; (2) ventriculam surface evoked potential; and (3) short latency 
inhibitory postsynaptic potential and succeeding 75 mV spontaneous 
spike discharge with a prominent depolarizing after-potential. B, 
Recordings asin A. Responses evoked by single shock subiculum stimu- 
lation. (1) Focal response from cell body layer exhibits a slow positivity 
aud superimposed negative spike and late negativity; (2) the spike 18 
attenuated ın the ventricular surface response, (3) subiculum stimulation 
elicits an excitatory poctyna tic potential and spike discharge which 
18 followed by a small delayed depolarizing potential and an inhibitory 
postsynaptic potential. C, Extracellular responses from cell body layer 
(1) Response to fimbrial stimulation; (2) unconditioned subiculum evoked 
Tesponse; (8) combined fimbrial-subiculum stimulation. Fumbrial 
stimulation leads by 5 msec. D, Expandedintracellular records from same 
neurone as in A and B, Fast components of spikes not reproduced. 
Black dots indicate stimulation of the fhmbria and bars indicate stimula- 
tion of the subiculum. D1: Inhibi#ory postsynaptic potential evoked 
by fimbrial stimulation. D2 response to subiculum stimulation. Spike 
take-off from early excitatory postsynaptic potential 1s indicated by 
dotted hne, a. Delayed depolamnzng potential preceding nhibitory post- 
synaptic potential is labelled b. D3: conditioning fimbrial stimulation 
asin C3 Note at arrow development of fast prepotential and late spike 
discharge. D 4and D 5: Fast prepoteutial in isolation during blockade 
of spike, inhtbitory postsynaptic potential shortens time course of fast 
prepotential. E, As with D. (1) response asin D2, single shock stimu- 
lation of the subiculum, (2) during 25/sec stimulation of the subiculum 
—excitatory postsynaptic potentials increase in latency and ampktude, 
(3) few seconds after (2) excitatory postsynaptic potentials are depressed 
and occasionally fail to trigger late spikes; (4) after cessation of 25/886 
stimulation (a, spontaneous spike arises from slow depolarizing prepoten- 
tial, b, subiculum evoked spike arises from fast prepotential (at arrow)); 
(5) several seconds after Æ 4; fast prepotential exhibits slower time 
course. Calibration in B (50 mV) apphes to mtracellular records A 3 and 
B3. 5 mV for C, and 20 mV for D and E. 
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tion of axodendritic synapses may also condition the 
development of partial and conducted spikes ın den- 
drites of immature neocortical neurones®:’. This suggests 
that many of the properties of immature neocortical 
neurones which are not encountered in the vast majority 
of neocortical neurones ın adult animals®® are “retained” 
in mature hippocampal neurones. Probably in both 
immature neocortical neurones and hippocampal neurones 
secondary impulse “trigger” sites in dendrites not only 
increase the synaptic seeurity of axodendritic pathways')}! 
but may also serve to facilitate dendritic input channels 
during selective inhibition or depression of excitatory 
axosomatic synaptic pathways as demonstrated here. 

This work was supported by two U.S. Puble Health 
Service research grants and one from the United Cerebral 
Palsy Research and Educational Foundation. 
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Renal Production of Erythropoietin and 
Renin after Experimental Kidney Infarction 


In previous experiments we have shown that injection 
of plastic microspheres into a renal artery results in 
production of erythropoietin and reticulocytosis' and 
development of hypertension?. 

In the present investigations we have attempted to 
elucidate furthef these phenomena by asking the following 
questions. Is the hypertension related to renin secretion ? 
If renin is released by the kidney, is the time course of 
release the same as that for erythropoietin ? Both ques- 
tions have a bearing on the possible identity of these 
hormones and the nature of the stimulus regulating their 
release. 

All experiments were carried out on trained, unanaes- 
thetized mongrel dogs. Before training, a silicon-rubber 
catheter (silastic) was surgically implanted in one carotid 
artery. The dogs were then trained to stand quietly 
while their blood pressure was measured directly using 
a mercury manometer attached to the carotid catheter. 
Arterial blood samples were obtained on several successive 
days for determmation on haematocrit, reticulocyte 
percentage renin and erythropoietin activity. In one 
dog renal venous blood was also sampled from a chroni- 
cally implanted catheter! placed in the renal vein at the 
time of injecting the microspheres. Following control 
determinations the dogs were anaesthetized and about 
200,000 plastic microspheres of 30-170 diameter were 
injected into the left renal artery. Periodically, blood was 
sampled for analysis. Erythropoietin was assayed using 
48 h iron-59 uptake in the polycythaemic mouse’. Plasma 
renin concentrations were determined indirectly by a 
modification of the method of Bouchor et al.*. x 

The results for the dog in which renal venous blood was 
collected are shown in Fig. 1. Table 1 presents the data 
obtained from three other dogs. In all animals the injec- 
tion of microspheres resulted in Increased arterial concen- 
trations of erythropoietin and renin reticulocyte percent- 
age and mean arterial blood pressure (MABP). Peak 
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Fig. 1. Alterations in renin, erythropoietin, reticulocyte percentage and 
blood pressure following Bs hi dang pmecian of microspheres in dog 
umber 1. 


reticulocyte percentage always occurred after the maxi- 
mum in erythropoietin and peak blood pressure after the 
renin maximum. There was no constant temporal rela- 
tionship between erythropoietin and renin plasma. levels 
in the dogs. In one dog the renin maximum occurred 
first, in one dog erythropoietin preceded renin, and in one 
dog the renin and erythropoietin maximum coincided. In 
dog 4 the tuming of the samples was such that the relation 
between erythropoietin and renm maxima could not be 
accurately determined. 

These data indicate that the kidney of the unanaes- 
thetized dog produces both an erythropeietic stimulating 
factor and a hypertensive factor following injection of 
microspheres into the renal artery, and that the two 
factors are separate substances. Although the response 
in terms of the liberation of hormones and changes in the 
percentage of reticulocyte and in the blood pressure is 
transient, increased release of hormones persists for several 
days. Thus it seems probable that the increased hor- 
mone levels represent actual production rather than release 
of stored hormones. These results indicate that the same 
stimulus can result in the production of both renin and 
erythropoietin. The present experiments are in agreement 
with the clinical findings of Luke et al.4, who reported 


Table 1. BLOOD PRESSURE, PERCENTAGE OF RETICULOCYTE, AND PLASMA 
HORMONE ASSAYS AFTER MIOROSPHERE INJECTION 
Time Renin (ang. Erythropoietin Reticulo- 
in MABP eq.) (ng/ml. (percent uptake cyte (per Haemat- 
days (mm Hg) plasma) of tron-59) cent ocnt 
Dog 2 
0 114 1-0 2-6 0:3 28 
1 180 
2 140 106 68 os 27 
3 142 7-6 10 1-4 27 
4 120 81 26 1-1 21 
7 116 2°3 11 10 28 
8 117 08 
9 110 2°4 23 1i 27 
Dog 3 
0 105 9-6 70 Rare 33 
1 Rare 31 
2 113 8'8 115 03 32 
8 121 14 6 10 2 0 4 29 
4 180 120 57 04 29 
7 110 95 44 07 31 
8 115 41 08 26 
Dog 4 
0 110 38 ` Rare 27 
1 115 98 Rare 25 
2 133 78 02 26 
6 115 . 5-0 08 


NATURE 


1319 
co-existing hypertension and polycythaemia in a patient 
with unilateral renal arterial stenosis. Red cell volume 
returned to normal and blood pressure to near normal 
after unilateral nephrectomy. Unfortunately, no erythro- 
poietin or renin studiss were carried out on the patient. 

This work was supported by grants from the U.S. 
National Science Foundation and the U.S. Public Health 
Service, and in part by a U.S. Public Health research 
career award program. 
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Thyrocalcitonir: Failure to demonstrate a 
Paratryroid Releasing Factor 


THYROCALCITONIN: is the plasma calcium lowering hor- 
mone secreted by the thyroid in response to a high blood 
calcium stimulus? The hormone is identical to calci- 
tonin which was originally thought to be of parathyroid 
origin’. The possible interrelated roles of the thyroid 
and parathyroids have been studied by Gittes and Irvin’. 
Their results suggested that a parathyroid factor might 
be responsible for tke release of the hormone from the 
thyroid: parathyrotiectomized rats were found less 
able to counteract the hypercalcaemia induced by exogen- 
ous parathyroid hormone than intact rats. The studies of 
these workers have besen repeated, in part, to investigate 
the possibility of & parathyroid releasing factor by 
assessing the ability of parathyroidectomized animals to 
withgfand an intraperitoneal challenge of calcium chloride. 

Thirteen intact and sixteen parathyroidectomized male 
Wistar hooded rats weighing between 120 amd 150 g 
were used. Parathyroidectomy was performed by 
electrocautery and only animals with plasma calcium of 
3 m.equiv./l. or lower 1 week after the operation were 
included in the investigation. To prevent hypocalcaemia 
in the parathyroideztomized group, all animals were 
maintained on a high calcium-low phosphate diet? for 
3 weeks. Before they were challenged with calcium, 
blood samples were collected in heparinized tubes by 
intraorbital puncture from each rat. 5 mg calcium chlor- 
ide/100 g of rat weight were given by mtraperitoneal 
injection and further blood samples were obtained after 
l and 3 h by the sare technique. Plasma from all blood 
specimens was separeted within 1 h afid calcium determ- 
ined by flame spectrophotometry’. 

The results are summarized in Fig. 1. In 1 h plasma 
calcium rose in the intact rats to 9:97 + 0:14 m.equiv./l. 
and to 8-94 + 0:17 m.equiv./l. in the parathyroidectom- 
ized rats. After 3 k plasma calcium fell to near equal 
levels in both groups (7-21 + 0-09 m.equiv./L for intact 
rats and 7-11 + 0-14 m.equiv./l. for parathyroidectomized 
animals.) 

The presence of tha parathyroids in the intact animals 
provided no additioaal protection against exogenously 
induced hypercalcaernia, The thyroids in parathyroidec- 
tomized rats appeared to secrete thyrocalcitonm as 
efficiently as they dai in intact animals. Similar intra- 
peritoneal challeng> to thyro-parathyroidectomized 
animals produced mare marked hypercalcaemia’®. Cumu- 
lative evidence unequivocally favours a thyroid origin 
for the calcium-lowering hormone. The date presented 
do not support the existence of a parathyroid releasing 
factor for thyrocaleitonin. 

This work was dore during the tenure of an Advanced 
Research Fellowship of the American Heart Association. 
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Fig. 1. Effect on plasma calcium of intraperitoneal Galermm chloride 

(5 mg/100 g) given to intact and parathyroidectomized rats. Number of 

animals ın each group 18 shown 1n parenthesis The vertical bars indicate 
the standard error of the mean fer each value. 


I thank Miss Lynette Luck for performing the calcium 
determinations. 
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BIOLOGY 


Responses of some Anomuran and Brachyuran 
Crustaceans to High-speed Centrifugation 


As part of a wider investigation of Crustacea in this 
laboratory’, we haye been seeking a method for removing 
hermit crabs from their “host” shells without damaging 
them. The generally recommended methods—application 
of heat, immersion in deaerated water, exposure to fresh 
water, etc.—have not proved particularly satisfactory for 
our purposes. k i 

It seemed possible that mild centrifuging might disturb 
the crab sufficiently to cause it to vacate its shell and 
move toward an area of lesser centrifugal force. Pre- 
liminary trials with a hand-operated centrifuge were 
notably unsuccessful. Experingents were then carried out 
on an International Model CS Electric Centrifuge using 
head No. 242 with 250 ml. bottles. Initial runs with four 
Pagurus floridanus Benedict spun at 200 r.p.m. (8-5g) for 
5 min did not appear to discomfit the animals in any way. 
{All relative gravity values given in this report were 
obtained from the nomograph supplied with the centri- 
fuge.) They were active when the centrifuge was stopped 
and immediately showed “normal” responses (fright 
reactions, attempts to turn shells over when placed 
upside down). Further tests on these animals with 
maximum acceleration to and deceleration from speeds as 
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high as 2,000 r.p.m. (800g) also apparently did not disturb 
normal behaviour patterns. 

Because an adequate supply of P. floridanus was not 
readily available, tests were run on another hermit crab, 
Clibanarius vittatus (Bosc), which we were able to 
obtain in large quantities. Several hundred of these, 
collected along the beach at Ship Island, Mississippi, were 
sorted into rough size categories based on maximum 
dimension of the occupied gastropod shell. Shells of two 
gastropod genera (Thais and Polinices) were represented 
in this series. 

Nine tests were run, using thirty-five hermit crabs 
selected from the various size groups. Crabs of several 
sizes in both types of shell and crabs without shell were 
exposed for varying periods_to centrifugal forces in the 
range 800-2,700g. Table 1 presents test conditions and 
results. In all cases, acceleration and deceleration were 
the maximum obtainable with the centrifuge and electric 
brake. Acceleration times ranged from 15 sec to 26 sec, 
and deceleration times from 13 sec to 25 sec. Heads 
Nos. 240 and 242, with 50 ml. and 250 ml. tubes, respec- 
tively, were used throughout the investigation. 

As Table 1 shows, maxrmum mortality in any single 
experiment was 50 per cent at termination of the experi- 
ment (22-26 h after centrifugation). Further, overall 
survival was twenty-nine crabs out of thirty-five, all of 
which had been exposed to centrifugal forces of at least 
800g. The death of one animal (Experiment 9) was prob- 
ably not related to centrifugation; it climbed from its 
beaker during the night, fell to the floor, and was found 
desiccated, but alive, 15-5 h after centrifugation. 

To test the possibility that the observed resistance to 
centrifugal force might be a trait peculiar to the Anomura. 
we performed similar experiments on two genera of 
brachyuran crustaceans (Sesarma reticulatum (Say) and 
Uca sp.) (Table 2). It is apparent that these forms are 
considerably less resistant than the anomurans to high 
centrifugal forces. Some individuals of both species, 


Table 1. RESPONSES OF HERMIT CRABS (Chbanarius vittatus (Boso)) TO 
"i HIGH-SPEED CENTRIFUGATION 


Maximum Exposure 


Experi- No. of force to Maxi- Results following 
ment animals (relative mum force centrifugation 
No. eravities) (min) 
Tn shells 
1 1,600 0* All active within 10 min; one 
an ati9h; three active at 
2 4 1,660 g* All active at 25 h 
8 4 2,700 g* All active at 25 h 
4 4 2,700 3 All active at 24-5 h A 
5 4 800 30 Two alive and active at 24 h 
Removed from shells 
6 j "8 800 1 All active at 28-5 h 
7 4 2,700 x All active at 22 5 h 
8 4 2,700 3 Two alive and active at 22-5 h 
9 4 2,780 3 All active at 15 5h; three alive 


and active at 22 h 


* Zero exposure time represents acceleration to maximum speed followed 
by immediate deceleration with braking. ' 


RESPONSES OF BRAGHYURAN CRUSTACEANS TO HIGH-SPEED 


Table 2. 
CENTRIFUGATION 
. Maximum Exposure 
Experi- No. of force to maxı- Results following 
fient animals (relative mum force centrifugation 
No. gravities) (min) 
Sesarma reticulatum (Say) 
4 2,700 - Q* Two dead at 140 min, two 
active at 250 min 
2 4. 800 . 1 All active at 235 min 
3 4 2,700 3 Two dead at 65 min; two 
active at 220 min 
4 2 2,700 - O* One alive and active at 80 min 
5 2 800 30 One monbund and one active 
z ` at 90 min 
Uca sp. : f 
6 4 2,700 0* All dead at 140 min. 
7 4 800 1 Three alive and active at 130 
( min 
8 4 2,700 3 All dead at 112 min 
9 2 2,700 g+ One alrve and active at 80 min 
10 2 800 30 One moribund and one active 


- at 90 min 


* Zero exposure time represents acceleration to maximum speed followed 
by immediate deceleration with braking. 


No..5055 SEPTEMBER 17, 1966 


however, were able to survive (short-term) after exposure 
to more than 800g. 

Waterman? makes no reference to forces greater than 
2-2g in his 1961 work, The Physiology of Crustacea. A 
search of abstracts since 1960 reveals only one pertinent 
reference. Eberly et al.* studied the effects of centrifugal 
force on nymphs of the grasshopper Melanoplus differ- 
entialts (the size of nymphs was not specified). They 
reported 50 per cent mortalities in 9 days at 9g and in 
20 min at 10,000g. We were not able to obtain nymphs 
of Melanoplus locally at this season, but were able to 
capture two half-grown (40-50 mm) nymphs of lubber 
grasshoppers (Romalea sp.). Centrifugation at 800g for 
10 min eviscerated and killed one nymph; centrifugation 
at 2,700g for 1 min reduced the remaining nymph to 
mush. Thus, we very much doubt the validity of the 
10,000g value. 

In view of the tolerance of anomuran crustaceans to 
extremely high centrifugal forces and because of their 
availability in quantity, hermit crabs could well be used 
as experimental organisms for extraterrestrial investi- 
gations. The use of hermit crabs in instrumented shells 
or simulated shells seems feasible. Furthermore, detailed 
physiological and biochemical investigations of the 
resistance mechanism could well provide valuable guidance 
in the design of life support systems for higher animals. 

We thank J. Christmas, N. Whatley and Miss C. Stone 
for assistance in collecting and handling the experimental 
animals. This investigation was supported by the research 
fund ‘of the Gulf Coast Research Laboratory. 


WALTER ABBOTT 
C. E. Dawson 
Gulf Coast Research Laboratory, 
Ocean Springs, Mississippi. 
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Feeding Habits of the Squid, Illex 
illecebrosus 


OBSERVATIONS have occasionally been made on the 
method of attack on prey by Illex in the mshore zone 
where it feeds mainly on small fishes!-*. This communica- 
tion suggests a way in which the squid is able to capture 
smaller food organisms—mainly smali crustaceans (Euph- 
ausiids)*~when it is schooling in the offshore zone. 

It is generally agreed that fish such as herring, mackerel, 
etc., when swimming in schools, feed on the small 
crustaceans (copepods, etc.) which are abundant in the 
oceans. These they take into their mouths together with 
the water used to perfuse the gills in respiration and 
strain them from this water by means of gill rakers. 
During such feeding the school of fish remains intact. 
With the squid, Illex, this method of feeding is impossible 
not only because of its anatomy but also because of the 
way the individuals orientate themselves when schooling. 
When swimming in @ school they generally orientate 
themselves with their tail forward. In this position the 
animal is propelled by successive and continuous jets 
from the siphon which is now at the rear end. Although 
the head is also at the rear end in this position, vision 
forwards or backwards is unimpeded because.the eyes are 
appreciably protruded. When moving in well-formed, 
evenly spaced schools, the squid maintains its arms and 
tentacles compactly together and the siphon is held 
straight. When moving through swarms of small crusta- 
ceans, however, individual squids are able to trap some 
of their prey in their own wake by expanding their arms 
and thus creating a turbulence. The mantle intake and 
siphon ejection of water which effect propulsion also add 
to the turbulence in their wake. The prey pulled into 
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this turbulence is easily captured by the suction cups 
on the arms or tentacles and then transferred to the 
mouth. This method of feeding is accomplished without 
breaking up the formation of the school. Fewer squids 
appear to fall prey te their fellows in the offshore zone 
where this type of feeding in schools is generally pre- 
dominant‘. 

It is probably not always possible for a squid to swim 
past a small active fish sufficiently close or fast to capture 
it in the turbulent wake set up by expanding its arms. 
Observations of the capture of fish by Jilex reveal that 
although the squid swims past the fish or lure, it then 
turns and darts with arms forward and grabs its prey}. 
This invariably causes the schooling pattern to break up. 
It is quite probable shat there is a connexion between 
break-up of schools and the not uncommon finding of 
squids in stomachs of inshore squids**. The change from 
feeding mainly on small crustaceans to feeding mostly on 
fish may in part be responsible for this. It would seem 
that squids have to learn this method of feeding because 
in the first seasonal occurrence of squid in the inshore 
zone there is a perioc in which fish-shaped lures do not 
attract them (the perind during which fishermen consider 
the squids to be “‘blind’’). Lures with dangling hooks 
designed in the shape of euphausiids would take into 
account the feeding method of squids and could well be 
used in the offshore zone and possibly also during the 
period in which they ‘earn to feed on fish. 

The observations referred to in this communication 
were made in inshore waters off Newfoundland at Holyrood 
where the squids are present from July—October, and 
offshore on the south-west edge of the Grand Banks where 
they are commonly present early in June. 

I thank M. C. Mercsr for help in preparing this manu- 
script. 

H. J. SQUIRES 
Fisheries Research Board of Canada, 
Biological Station, . 
St. Jahn’s, Newfoundland, Canada. 
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Corpus Allatum and Sexual Receptivity in 
Female Drosophila melanogaster 


In a number of insects the hormone secrpted by the corpus 
allatum is known to affect reproductive behaviour. In 
female insects so far studied the hormone operates in 
one of two ways. It may control pheromone secretion 
and thus determine whether a female attracts courtship 
from males, for example, the cockroach Byrsotria. Here, 
Barth! showed that there is no effect on behaviour itself 
because if males are induced to court allatectomized 
females by adding vheromone artificially, the latter 
respond normally and mate. Alternatively, the hormone 
may affect the sexual receptivity of females, as in the 


-grasshopper Gomphoce-us. In this case pheromones are 


not important and Loner? has shown that allatectomized 
females, although courted normally, do not respond. 
Implanting mature corpora allata induced the return of 
receptivity within 7 days. 

Few Drosophila melanogaster females kept on a 
12 h: 12h light/dark eycle are receptive to males on the 
day of eclosion (day 0) pr on day 1, but almost all are fully 
receptive by the morring of day 2. This change in be- 
haviour runs parallel to the growth of the corpus allatum? 
which is small at eclosion. Feedback from the ovaries 
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which grow under the influence of its hormone is known 
not to affect receptivity’. Accordingly, the effect on 
injecting mature corpora allata into pupae just before 
eclosion has been tested. 

Corpora allata, together with the associated complex 
of fused corpus cardiacum and hypocerebral ganglion, 
were dissected from 6-12 day old virgin females and 
briefly stored in Drosophila Ringer’s solution’. Single 
glands, together with a little Ringer’s solution, were 
injected into the abdomens of pupae, 17-19 h before 
eclosion, through a glass needle using the technique of 
Ephrusgsi and Beadle’. Control pupae received a small 
piece of the aorta dissected from the same donor flies. 
Mortality was about 50 per cent, but with two exceptions 
all flies which survived day 0 went on to mate and lay 
fertile eggs. 

Injected flies were tested for receptivity on the morning 
of day 1. Each was placed with a single male in a ‘Perspex’ 
observation cell? J in. in diameter. Males court females 
of all ages with equal persistence and will continue 
courting unreceptive virgin females for several hours. In 
practice, 30 min without acceptance is a suitable criterion 
because more than 90 per cent of receptive females accept 
in less than 10 min. Forced matings are not uncommon 
and the female can be seen struggling to push the male 
off, but unless she succeeded in doing so within a few 
minutes she was recorded as receptive. 


Table 1. REOEPTIVITY OF D, melanogaster FEMALES MEASURED ON DAY 1 


Receptive Unreceptive 

on day 1 on day 1 Total 
Corpus allatum imjected 20 0* 20 
Control, aorta injected 7 16t 23 
Control, not injected 7 18 25 


The difference between the two Injected groups is highly significant 
(7 with Yates’s correction = 19-28, P < 0-001). 


* Two flies Injected with allata were unreceptive on day 1 but died on day 2. 


+ These flies were tested for the normal appearance of receptivity on days 
2 or 3, and all were receptive. 


The results are given in Table I and strongly suggest 
that the presence of a mature corpus allatum in *young 
flies induces the precocious onset of receptivity. This 
could result from the direct action of its hormone on some 
receptivity mechanism in the central nervous system. 
Alternatively, as Highnam?’ points out, the hormone may 
facilitate the release of stored neurosecretory products 
and these may affect behaviour. Preliminary experiments 
indicate that, given at this stage, the hormone requires 
some time to take effect and that females with implanted 
glands are not receptive on day 0. 

The assistance of Miss M. C. Hill is gratefully acknow- 
ledged. This work was supported by a gran from the 
Science Research Council. 

Acme: MANNING 
Department of Zoology, 
University of Edinburgh. 
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impairment of Oxidative Phosphorylation by 
D-threo- and L-threo-Chloramphenicol 


WE reported earlier that high concentrations of chloram- 
phenicol impair certain energy-linked functions of 
mitochondria’:*. The experiments were carried out with 
the p-threo isomer (the antibiotic) which effectively 
blocks protein synthesis in bacteria?. Of principal interest 
is the suppression of respiration and oxidative phosphory- 
lation. If these effects are produced in vivo, it cannot be 
assumed that responses produced in tissue by pD-threo- 
chloramphenicol are necessarily related to inhibition of 
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protein synthesis. This is not to deny that protein syn- 
thesis can be blocked; but it becomes essential that the 
investigator establishes that impairment of phosphoryla- 
tion is not also, or even primarily. involved whenever 
concentrations of the order of 0-5 mg/ml. or greater are 
used. 

One way of avoiding this difficulty is to use L- threo- 
chloramphenicol as a control treatment. The 1-threo 
isomer is relatively ineffective in inhibiting protein 
synthesis’. Ellis? has reported that both the p-threo 
and u-threo isomers are effective in inhibition of ion 
accumulation, and he suggests that there is not necessarily 
any connexion between the uptake of ions and the syn- 
thesis of protein. Recently, Billet eż al. have used the 
L-threo isomer as a control to establish that the effects 
of the pD-threo isomer on the development of the chick 
embryo result from inhibition of protein synthesis. 
The p-isomer was effective in arresting development 
while the L-isomer was not. There is thus support for the 
postulate that the antibiotic impairs development 
through inhibition of protein synthesis. 


Table 1. IMPAIRMENT OF OXIDATION AND PHOSPHORYLATION BY D-THREO 
AND I-THREO-CHLORAMPHENICOL 


Chloramphenicol Q0,(N) P/O 
none (0-1 ml. ethanol/vessel) 2443 1-70 
D-threo (1 mg/ml.) 1102 0-98 
L-threo (1 mg/ml.) 717 0-46 


R. J. Ellis and W. Landauer have questioned (personal 
communications) whether 1-threo-chloramphenicol will 
also suppress oxidative phosphorylation. In order to 
answer this point we carried out experiments with mito- 
chondria from 3 day etiolated corn shoots as previously 
described except that 40 umoles each of pyruvate and 
malate were used as substrate instead of pyruvate and 
succinate. The compounds were dissolved in absolute 
ethanol, with equivalent ethanol added to the control. 
The ethanol tends to have an inhibitory effect on oxidative 
phosphorylation. A typical result is given in Table 1. 
This shows that the L-threo isomer effectively suppresses 
oxidation and phosphorylation; indeed, it is consistently 
more effective than the p-threo isomer. This result can be 
correlated with the slightly greater inhibitory effect of 
root growth with the i-threo isomer‘, 

Thus when only the p-threo isomer is effective on tissue 
(for example, Billet et al.5) there is reason to believe that 
protein synthesis is the process being inhibited. Where 
both the D and Lt compounds are effective (for example, 
Ellis‘ and Ronnicke*), the impairment of phosphorylation 
is probably involved. The mechanism responsible for the 
impairment of phosphorylation is still unknown. As 
reported previously’, the antibiotic does not act like a 
true uncoupler; however, it does exhibit certain similarities 
to the respiration-suppressing phase of uncoupler action. 
More recent work has shown that chloramphenicol 
increases the rate and extent of mitochondrial swelling’, 
which suggests that the compound acts by damaging the 
mitochondrial membrane rather than by specifically 
interfering with a phosphorylated intermediate. 

We thank Dr. R. J. Ellis and Parke Davis and Co. 
fèr supplies of p-threo- and u-threo-chloramphenicol. 
This work was supported by the U.S. Atomic Energy 
Commission. 
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Specific Inhibition by Uracil Derivatives of 
the Mechanism of Dormancy Release in 
Light-sensitive Lettuce Seeds 


RECENT studies have shown that pyrimidine analogues 
are effective in preventing the inhibition of Lepidium’, 
Eragrostis?, Brassica’, and Lactuca‘ seeds. Investigations 
made in this laboratory of the effects on germination of a 
wide range of inhibitors of the synthesis of nucleic acids 
and proteins, including purine, pyrimidine and amino-acid 
analogues, have indicated that inhibition by uracil deriva- 
tives is intimately connected with the processes responsible 
for the release from seed dormancy. 

The experiments reported here concern the effects of 
2-thiouracil, 5-fluorouracil, and 5-bromouracil on the 
germination of intact seeds and “half seeds” of lettuce 
(Lactuca sativa L.), var. ‘Attractie’. The failure of light 
sensitive lettuce seeds to germinate in the dark is depen- 
dent on the presence of intact seed covers (endosperm plus 
pericarp); removing the seed covers or simply cutting the 
seed in half allows 100 per cent germination in the dark’. 
Similarly, irradiation of the intact seed with red light of 
low energy (660 my), treatment with gibberellic acid or 
thiourea, or incubation at a relatively low temperature, 
enables the embryo to overcome the resistance of the seed 
covers and to germinate. It is significant that with each of 
the three uracil derivatives, a higher concentration is 
required for the inhibition of half seeds than for the 
inhibition of intact seeds. 

Lettuce seeds (var. ‘Attractie’) obtained from Thompson 
and Morgan (Ipswich), Ltd., were incubated on Whatman 
seed test papers in 4 ml. of solution in 9 cm Petri dishes 
at 25+0-5° C. Intact seeds were either incubated com- 
pletely in the dark or irradiated with red light at an 
intensity of 5,800 ergs cm~*.sec~ for 10 min, 2 h after inhibi- 
tion, percentage germination bemg recorded 20 h later. 
Half seeds were prepared by cutting whole seeds trans- 
versely into two equal pieces; the halves containing the 
embryos were incubated in the dark as above. Observable 
geotropic curvature of the radicle was taken to indicate 
germination of half seeds. The 5-fluorouracil was a gift 
from Dr. M. Black, of Queen Elizabeth College, London. 

2-Thiouracil, 5-fluorouracil and 5-bromouracil all inhibit 
the germination of the intact seeds, but at widely different 
concentrations, 5-fluorouracil being the most inhibitory 
and 5-bromouracil the least so (Figs. 1, 2 and 3). In the 
case of 2-thiouracil and 5-fluorouracil, intact seeds which 
had been maintained in the dark or irradiated with red 
light were inhibited at concentrations seven to twenty 
times smaller than those required to inhibit the germina- 
tion of half seeds. Inhibition of half seed germination was 
not detected at any of the concentrations of 5-bromouracil 
used. 

Although other analogues of nucleic acid precursors— 
for example, azaadenine and azaguanine—inhibited 
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germination, there was no significant difference between 
the concentrations required for 50 per cent inhibition of 
intact seeds and of half seeds. Similarly, other experi- 
ments with inhibitors of protein synthesis (chlorampheni- 
col, puromycin anc cycloheximide) and analogues of 
amino-acids (4-fluorophenylalanine) have shown that 
intact seeds and half seeds do not respond differently‘. 

On the basis of these preliminary observations, 16 would 
seem reaschable to suggest that the uracil derivatives 
specifically inhibit she mechanism responsible for the 
ability of the embryo to overcome the restriction of the 
seed covers. Since 5-fluorouracil, 5-bromouracil, and 
2-thiouracil are commonly held to be inhibitors of nucleic 
acid synthesis, it is tempting to suggest that they are 
acting in such a mamner here. As yet, however, there is 
no evidence for such a conclusion because other inhibitors 
of nucleic acid synthasis do not have a similar differential 
effect on the germination of intact seeds and half seeds. If 
the inhibitors act on_nucleic acid synthesis, it would seem 
that the uracil derivatives inhibit a facet of nucleic acid 
metabolism specifically *related to the ability of the 
embryo to overcome the restriction of the seed coat. 
Experiments are at present being conducted to test for 
reversal of the inhibizion with nucleic acid precursors, and 
to determine the effect of the inhibitors on the rate of 
incorporation of isotopic uridine into ribonucleic acid. 

It is tempting to conclude that the uracil derivatives 
specifically mbhibit the mechanism catalysed by phyto- 
chrome which results in the release from dormancy. It 
remains, however, t> be seen whether this inhibition is 
directly related to the photo-morphogenetic process. 
Nevertheless, further investigation of pyrimidine and 
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nucleic acid metabolism should assist in elucidating the 

mechanism of dormancy release in light-sensitive seeds. 
Harry SMITH 
Barry FRANKLAND 

Department of Botany, Queen Mary College, 

University of London. 
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Presence of Adenosine Triphosphate in the 
Skin Venom of Amphibia 


Prusorr’s discovery of adenosine triphosphate (ATP) and 
5-hydroxytryptamine (5-HT) in enterochromaffin cell 
granule’ stimulated us to an attempt to extend this 
observation to other sections of Erspamer’s enterochromaf- 
fin cell system??. In a preliminary investigation’ ® we 
demonstrated the existence of ATP in “venom” squeezed 
manually from the parotoid glands of Bufo vulgaris and 
viridis, while we were unable to observe ATP in venom 
from Salamandra maculosa and Salamandra atra with the 
procedure used at that time. 

This communication reports the results of investiga- 
tions carried out on twenty-two species of Amphibia. 
The venom if possible was squeezed manually from the 
parotoids, otherwise ether stimulation was used®. 

The presence of ATP was usually demonstrated by the 
method of Strehler and Totter? using diluted Sigma 
‘Buffered Firefly Extract’. Light emission was evaluated 
subjectively, or objectively by photographic and photo- 
metric means as well as by direct reaction with paper 
chromatograms. The photo-emission reaction was detected 
with a Photovolt photometer 520 coupled with a photo- 
multiplier “1P21” and recorded with a Microcord 44 
Record (Photovolt). The sample was placed in a “Plexéglas’ 
cylinder sealed at one end to a glass plate with chloroform 
and adapted to a lightproof apparatus connected by means 
of ‘Teflon’ micro tubes with two syringes which allowed. 
the introduction of reagents. The apparatus was tightly 
screwed to the photomultiplier assembly. Although the 
instruments and the procedures used fulfil the require- 
ments for a quantitative evaluation, we nevertheless 
intend to attribute only qualitative or roughly semi- 
quantitative values to our data because the material we 
were dealing with was not homogeneous. This limitation 
must be taken into consideration particularly when 
considering the “venom” collected by ether ,stimulation, 
as such “venom” contains the secretions of both granulous 
and mucous glands in proportions which cannot be 
evaluated. We alsé carried out investigations using paper 
chromatography and electrophoresis in order to demon- 
strate the possible linkage between oxyindolic derivatives 
and ATP’, As a result of our findings we were able to con- 
firm and substantiate the lucipherin—lucipherase reaction. 

ATP was demonstrated in the skin venom in all the 
species examined except for Bombinator pachypus. Not- 
ably, we succeeded in finding ATP in the venom from 
Salamandra maculosa and S. atra; techniques used on 
previous occasions had given negative results for these 
two species. From our data We therefore conclude that 
ATP is of usual occurrence in the “venoms” of Amphibia. 
Of especial interest is the observation that ATP is present 
in species where the “venom” does not contain 5-HT, 
but where other oxyindolic derivatives are present or 
where indolic substances have not previously been 
found®°, The absence of ATP in Bombinator pachypus—a 
species with a high concentration of 5-HT in the venom?>"# 
—may be explained because the 5-HT exists in a free form, 
or is bound to an unknown compound which may resemble 
ATP in being a nucleotide. The hypothesis that there are 
substances in this “venom” which inhibit the common 
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reaction may be discarded in view of the finding that the 
addition of small amounts (20y) of ATP to the reaction 
mixture will rapidly produce photoemission by the 
“venom” of Bombinator. 

In the species we examined variable quantities of ATP 
were astimated. In summary we may conclude that: 
(1) there is no constant relationship between ATP and 
5-HT. A high concentration of ATP does not always 
correspond to high concentration of 5-HT and vice-versa; 
(2) apart from the possible relationship between ATP and 
5-HT, ATP may be present in very high concentration in 
some species, while in others it is scarcely detectable. 

The finding of ATP in yet another section of Erspamer’s 
enterochromaffin cell system raises the possibility of 
being able to demonstrate the presence of ATP in other 
sections. Our observations are, in our opinion, particularly 
interesting, in view of the large variation in the composi- 
tion of the granulous venom of Amphibia’. Such variability 
is not comparable with other sections of the system. Any 
interpretation of the functional significance of the ATP- 
5-HT linkage in the structures of the enterochromaffin 
cell system, however, must take into account the dif- 
ferences in the function of 5-HT which occur in different 
sections of the system. 

M. VIALLI 
Institute of Comparative Anatomy, 
University of Pavia, and 
C.N.R. Centre of Histochemical Studies, 
Pavia. 


Institute of Biological Chemistry, 
University of Pavia. 
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L. BoLOGNANI 


° GENETICS 


Age and Chromosomes 


RECENTLY, I carried out chromosome analyses and sex 
chromatin determinations on ten patients—five females 
and five males—between 63 and 91 years old. The organic 
status of these individuals was variable, and all were 
ill in some way. Nevertheless, the results obtained in this 
investigation were reasonably uniform; their chromosomes 
and Barr bodies appeared normal and manifested the 
characteristics of the corresponding sex (Table 1). 

These observations do not agree with those of Jacobs 
et al.1, who stated that the number of aneuploid cells 
in blood culture increases with the age of the donor, 
particularly above the age of 60 years. It was further 
claimed that these aneuploid cells lacked the sex chromo- 
some corresponding to their sex: X in females and Y in 
males. 

As shown in Table 2, the chromosome counts were 
established for 564 cells and the percentage of each was 
calculated. The distribution around the modal diploid 
number, forty-six, is similar to that found in normal 
cultured cells?-4. Of the 564 cells, thirty-five were karyo- 


Table 1 
Case No. Sex Age Sex chromatin 

1 8 68 Negative 

2 Q 85 Positive 
3 g 81 Negative 

4 Q 79 Positive 
5 3 62 Negative 

6 Q 71 Positive 
aif Q 66 Positivo 
8 Q 91 Positive 
9 g 77 Negative 
10 ő 70 Negative 
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Table 2 
Total No. 
Case of cells Chromosome No. 

counted — 45 45 46 47 +47 
1 67 2 1 62 2 — 
2 45 1 =- 44 — — 
3 56 — 4 51 1 — 
4 o 3 50 - 1 
5 60 4 — 54 1 1 
6 65 — 4 58 3 — 
7 58 1 1 56 — =- 
8 45 2 — 43 —- — 
9 60 1 2 55 2 l 
10 55 — 6 48 1 -- 
564 11 21 521 10 3 

1-9 3-6 92-3 1:7 0:5 

per cent percent percent percent per cent 


typed and eight cells had only forty-five chromosomes 
and there was no consistency in the identity of the missing 
chromosome (Table 3). In five out of these eight instances, 
a chromosome of the 6-12-X series was missing. The 
missing chromosomes were particularized as follows: 
in two instances, either number 7 or number 8 was absent; 
in another two instances, number 6 or X was missing, 
and in another case, number 9. It is worth emphasizing 
that two of these karoytypes were obtained from male 
patients. In the remaining three instances where only 
forty-five chromosomes were present, the chromosomes 
that were lost were two from the 13-15 and one from the 
19-20 groups. It is possible, as suggested by Miller et al.® 
and Morishima et al.*, that during metaphase, chromosome 
distribution does not occur randomly and that sex 
chromosomes may have a particular tendency to move 
towards the periphery. If this is so, when the cell mem- 
brane is disrupted, there is a possibility that one of these 
peripheral chromosomes may be lost from the cell rather 
than one in the centre. 

Bearing in mind the possibility of a greater chance of a 
chromosome loss from the 6-12—X group than in the 
others, Therkelsen? analysed a total of 177 metaphases 
from cultures of peripheral blood from seven females 





Fig. 1. Normal male karyotype (case No. 5). 
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Fig. 2. Normal female karyotype (case No. 7). 
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Table 3. ANALYSES OF EIGHT CELLS WITH FORTY-FIVE CHROMOSOMES 


Corresponding Presumed missing 
to case No. chromosome 
1 3 7-8 
1 é 13-15 
3 3 19-20 
4 9 6-X 
4 9 7-8 
6 Q 2 
N P 9 
9 ð 6-X 


aged between 18 and 24 years. He found that of thirty- 
one chromosomes which were missing, eighteen belonged 
to the 6-12-X group. 

It is quite possible that in my present investigations 
selective forces were operating in the cell culture to 
eliminate most of the zells with less than forty-six chromo- 
somes and any with more than this number. No true 
increase in forty-five chromosomes was found, however, 
in any of the elderly patients investigated. Only auto- 
radiography will shəw whether the lost chromosome 
(in cells with forty-ive chromosomes) is an X or F. 
The possible absence of the X is open to question in 
my investigations, but it is certain that it was never 
the Y chromosome that was missing. Furthermore, 
if there was any fault in cell division in aged people 
resulting in cells with forty-five chromosomes, about the 
same proportion of eells with forty-seven chromosomes 
could also be expected. 

This investigation was carried out at the Institute for 
Medical Genetics, Uposala, Sweden, during the tenure of 
a fellowship from the Consejo Nacional de Investigaciones 
Cientificas y Técnicas Buenos Aires, Argentina, 


ELENA H. KLEISNER DE GALAN 


Centro de Endocrinolegia, 
Buenos Aires, 


Argentina. 
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SOIL SCIENCE 


A Circuit for Integration of Temperature 
Duration greater than Preset Values 


A SIMPLE instrument for measuring soil temperatures 
greater thax? pre-seleeted values has been developed for 
studies of biological processes in the soil’. Mean tempera- 
tures can be measured by using a thegmistor in a circuit 
with a voltameter?. The basic form has been extended to 
measure the integral of temperature x time above the 
pre-selected value by building the thermistor, the volta- 
meter and a diode into a wheatstone bridge circuit. 

In the circuit shown in Fig. 1, the diode controls the 
direction of current flew through the central arm, allowing 
current to pass only when temperatures rise above the 
set value. By reversing the diode, temperatures below 
the pre-selected point could be measured. The resistor 
values depend on the power requirements and the resist- 
ance of the thermister and in our work included a fixed 
resistor of 500 ohm and two variable resistors of 1 kQ and 
5kQ. The resistance of the thermistor was about 1-4 kQ 
at 100° F. Copper wire of high purity was found neces- 
sary for the electrodes and the voltameter was made up 
with 8 s.w.g. electrolytic grade copper wire in a 10 per 
cent solution of copper sulphate. In measuring the 
copper transferred, the average of the weight changes of 
both electrodes was determined because, as a result of 
the low current dens:ty, the weight lost by one did not 
always equal the weight gained by the other. 
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‘TIME CURVES 7 
Circuit ‘Calculated Observed Difference 
No. (° Fh) (°° Fh) (per cent) 
1 226 229 +13 
2 143 153 +70 
3 190 184 — 32 
1 24 26 +7°7 
2 65 70 +7°7 
3 112 122 +89 
1 290 296 +21 
2 369 340 -T8 
4 3 433 407 — 6-0 
4th week 1 Doe 54 +39 
2 480 454 ~ 4-3 
3 466 460 —13 





By calibration, the relationship between the tempera- 
re of the thermistor and the current that passed through 
‘he central arm was shown to be linear (see Fig. 2). Small 
"ations in voltage supply from the battery and large 
riations in the ambient air temperature around the 
‘cuits made little difference to their performance (Fig. 2). 












he circuits results from differences in the temperature- 
sistance characteristics of the thermistors. The calibra- 
n curves are related to each other by the formula zy = 
nstant, where x is the slope and y the factor for that 
reuit. The differences are not important because either 
e resistor R, can be set initially (to adjust the current in 
e central arm to a standard value) so that one calibra- 
ion curve fits many circuits, or the individual factors 
‘an be used when converting from weight change of the 
etrodes to degree-hours. (Here “degree-hours” means 
© integral of time x temperature above a particular 
lue; for example, 103° F for 9 h with a base tempera- 
ture of 95° F is 72° F-hours.) 

The circuits were initially tested with the thermistor 
at constant temperature for fixed periods of time. Agree- 
ment between observed and calculated values of degree- 
ours was good; in 80 per cent of the figures the variation 
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Fig. 1. Integrating cirenit. 
variable; D, Philips diode OAQ; t, Philips thermistor 928/3K ; 
C, copper voltameter: F, 12 V car battery. 
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Fig. 3. {Soil temperature records at 2 in. depth, August 25, 1965. i 









was less than 4 per cent and the remainder were less than 
10 per cent. To check circuit performance under simulated 
field conditions the thermistors were placed in pots o 
plants in a greenhouse when temperature fluctuations were“ 
sufficient to obtain a fair proportion of time above | 
cut-in temperature—here 99° F. Each week differences | 
between the temperatures of the three thermistors i 
were obtained by changing the pots and their positions” 
in the greenhouse. Hourly readings of the soil tempera- 
ture were taken using the thermistors in the circuits and 
these were recorded graphically. The temperature-time 
integral was calculated from the graphs and compared. 
with values from the voltameters (Table 1}. Differences 
between the calculated values and the observed values® 
over the 5-day periods were sufficiently low as to ma es 
the method useful in field studies. 
The results obtained with thermistors were compa 
with thermograph records by taking hourly readings w 
thermistors placed alongside the thermograph elem 
in the field. Both had been calibrated against the: 
thermometer. Typical results are shown in Fig. 3 fo 
elements 2 in. below the soil surface on a sunny day. The 
thermistor registered a temperature integral of 21 ‘degree- 
hours above the cut-in point of 85° F as compared. i 
thermograph record of 17 degree-hours. hee 
capacity of the thermistor made it the more sensitiv 
instrument for measuring short periods at high tempera- 
tures, and higher results were always obtained wi 
thermistor circuits than thermographs in the field. 
The circuit described has been used for one season in 
the field to record soil temperature integrals above selected © 
values at many points in a soyabean crop’. A bank | T 
fifty-four circuits connected in parallel were run from a- 
12 V battery. Sixty yard lengths of multi-core cable eg 
nee the thermistors with the remainder of the ooo 
cirguits which were housed in an adjacent shed. The 
battery required recharging every second day but dur 
that period voltage changes were negligible. : 
We found that a modified form of the circuit could’ be 
operated from a.c. (220 V) mains by incorporating à- 
rectifier. This necessitated a fixed resistor of 820 Q for 
R, and the use of two fixed resistors of 27 kO and 56 kí 
with a variable one of 46 kQ in place of R, in Fig. 1. The 
current-temperature ratio was higher but still linear. 
S. T. WILLATT 
D. T. COKER 
Agricultural Research Council of Central Africa, 
Marandellas, Rhodesia. 
1 Ann. Rep, Agric. Res. Counce. Cent. Africa, 12 (1964). 
? MacFadyen, A., Oikos, 7, 56 (1956). 
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~ (Meetings marked with an asterisk are open to the public) 
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Monday, September |9—Friday, September 23 


oe INSTITUTION OF ELEOTRIOAL ENGINHERS, POWER DIVIston (in the Renold 
- Building of the University of Manchester Institute of Sclence and Technology, 


> 


a 


+ Street, London, §.E.1), at 3 p.m.—Mr 
; Past, Present and Future”. 


‘Manchester)}—Conference on ‘‘High Voltage D.C. Transmission”. 


Tuesday, September 20 


SOCIETY FoR ANALYTIOAL CHEMISTRY, SPECIAL TROBNIQUES GROUP (at 
' the Laboratory of the Government Chemist, Cornwall House, Stamford 
. R. C. Chirnside: “Special Techniques, 


Tuesday, September 2C—Thursday, September 22 


“, , SOCIETY OF CHEMICAL INDUSTRY, PLASTIOS AND POLYMER GROUP (joint 


* versity of 


. meeting 
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with the Plastics Institute and the Institution of the Rubber 
Industry, at the Institution of Electrical Engineers, Savoy Place, London, 
W.C.2}—Conference on “Advances in Polymer Science and Technology”. 
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Wednesday, September 21 


MINERALOGICAL SOCIETY (af the Research and Development Laboratories, 
Pilkington Bros. Lid., Lathom, near Ormskirk, Lancashire), at 10 am.— 
Symposium on “Reflected Light Methods in the Study of Refractories and 


z Ceramics”. 


SOOIETY FOR ANALYTIOAL CHEMISTRY, MIDLANDS SECTION, AND THER 
BIRMINGHAM-AND MIDLANDS SECTION OF THE SOCIETY OF CHEMICAL INDUSTRY 
{in the Haworth Lecture Theatre, Chemistry Department, The University, 
Edgbaston, Birminghamj)—at 3 p.m.—Symposium on “Determination of 
Organic Acids”. 


“+ SOOLETY OF CHEMICAL INDUSTRY, Foop GROUP (at the Schoo! of Pharmacy, 


. University of London, Brunswick Square, London, W.0C.1), at 6 p.m.—-Dr, 
J. R. Vickery IOR LET, Australia): “The Scope and Status of Food 
Science” (First Food Group International Lecture). 


- 


. Wednesday, September 21—-Thursday, September 22 
CHEMICAL SOCIETY (at the University of Sussex, Brighton), at 9.20 a.m. 


f daily—Autumn Meeting. 
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Thursday, September 22 


- “INSTITUTE OF PETROLEUM, EXPLORATION AND PRODUCTION GROUP (at 61 
_ New Cavendish Street, London, W.1), at 5.80 p.m.—Address by Mr. Michael 
- T. Halbouty (American Association of Petroleum Geologists). 


a 
“a 


APPOINTMENTS VACANT 


APPLIOATIONS are invited for the following appointments on or before the 


~ 


. dates mentioned: 


ASSISTANT LECTURER IN THE SUB-DEPARTMENT OF COMPUTATION-—-The 
Registrar, The University, Hull (September 23). 
+ ASSISTANT LECTURER (preeranly candidate who has worked in the field 
of«insect physiology) IN ZooLoGy—The Secretary, Birkbeck Collage (Uni- 
ndon), Malet Street, London, W.C.1 RIERA 26). 
~ ASSISTANT LEOTURER or LEOTURER in either: (a) SOOIAL PsyonoLocy or 
(b) SOCIOLOGICAL ANALYSIS—The Registrar, The University, Keele, Stafford- 
shire (September 28). 
LEOTURER IN BIOCHEMISTRY IN RELATION TO VETERINARY StTUDIES-——The 
Secretary of the University Court, The University, Glasgow (September 28). 
ASSISTANT EXPERIMENTAL OFFICER (graduate) IX THE ENTOMOLOGY 
DEPARTMENT to work on the ecology of soil animals--The Secretary, 
Rothamsted Experimental Station, Harpenden, Herts, quoting Ref. 


o 1052/92 (September 30). 


ASSISTANT LEOTURER IN PHYSIOAL CHEMISTRY--The Deputy College 
Secretary, Westfield College (University of London), Kidderpore Avenue, 
Hampstead, London, N.W.3 (September 30). 

EXPERIMENTAL OFFICER (with a degree, H.N.C. or equivalent qualification) 
IN THE PEDOLOGY DEPARTMENT to assist in research on soils-—~The Secre 


tary, 
* - Rothamsted Experimental Station, Harpenden, Herts, quoting Ref. 1052/91 


tember 30). 


~ (Se 
GEOLOGIST, GRADE 2 (with a university degree with geology as a major 


subject, and preferably some experience), for geological investigations 
„throughout Western Australia—The Public Service Commission, 184 St. 
George’s Terrace, Perth, Western Australia (September 30). 

HEAD (with a good honours degree and experience of research on methods 
of weed control, preferably in the fleld of horticulture) oF THE HORTIOULTURAL 
SECTION, for work on the uses of herbicides in horticultural opa ae 
ostr A.R.C. Weed Research Organization, Begbroke Hill, Kidlington, 
Oxford (September 30). , 

LECTURER IN THE SOHOOL OF ELECTRICAL ENGINEERING (in the field of 
automatic control systems), University of New South Wales, Australia-—The 
Association of Commonwealth Universities (Branch Office), Marlborough 

“House, Pall Mall, London, 8.W.1 (Australia and London, September 30). 

SENIOR LIBRARY ASSISTANTS (2) (with experience of classification and 

cataloguing, and competence in Russian would be a strong recommendation 
* for one of the posts)—The Librarian, University of Essex, Wivenhoe Park, 
Colchester, Essex (September 30). 

UNIVERSITY LECTURER (or possibly, inttially, a Departmental Demonstra- 
tor} IN PALAEONTOLOGY IN THE DEPARTMENT OF GEOLOGY AND MINERALOGY 
—The Professor of Geology, Department of Geology and Mineralogy, Uni- 
versity of Oxford, Parks Road, Oxford (September 30). 
~ ASSISTANT LEOTURER (preferably with Interests in historical geography) 
IN THE DEPARTMENT OF GEOGRAPHY—The Secretary, University College, 
, Gower Street, London, W.C.1 (October 1). 

ENTOMOLOGIST (with a good honours degree or equivalent qualification, 
protrauiy in zoology, with specialization in entomology) for research on, and 

evelopment of, biological control—The Secretary, Glasshouse Crops Research 
Institute, Worthing Road, Rustington, Littlehampton, Sussex, 
Ref. N/22 (October 1). 

JUNIOR RESEARCH FELLOW IN GEOGRAPRY—The Registrar, The Uni- 

versity, Sheffield (October 1). 


quoting 


~ a 


N ATUR 


+ 
* 


* vm 
t x ` $ 


E *, wee 
z PA ata 7 eas R 
"SENIOR LEOTURER IN BIOTEOANOLOGY-in the Faculty of 
Biotechnology, Massey University of Manawatu, Palmerston North, New 
Zealand——The Association of Commonwealth Universities (Branch Offiée), 
eeceye House, Pall MaL, London, 8.W.1 (New Zealand and London, 
er 1). 
CHAIR OF MECHANIOAL EN@INEERING—The Secretary, Heriot-Watt 
versity, Edinburgh (October 9. A 
SENIOR LECTURER, LECTURER (Grade I or II) or ASSISTANT LEOTURER IN 
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Uni- 
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EDUCATION with special refercnce if possible, to the psychology of education - A A 
at the University College of Rhodesia—The Inter-University Council, 33, | 


Bedford Place, London, W.C. (October 3). 
BESEARCH ASSISTANT (gradaate in a biological science) to Dr. J. D. Dodge 


in the Department of Botany, to collect and culture marine dinoflagellates ` 


and examine them by light and electron microscopy—The Assistant Sec- 


retary, Birkbeck College (University of London), Malet Street, London; 


W.C.1 (October 7). 


EXPERIMENTAL OFFICER (vith a degree or considerable experience of es 


propa aave organic chemistrr) IN THE DEPARTMENT OF CHEMISTRY IN THE 


AOULTY OF SOIBNOE to be attached to the Polymer Group—The Registrar, ig 


The University, Manchester, 13, quoting Ref. 206/66 (October 8). 


CHAIR OF SURGERY AT UNEVERSITY COLLEGE HOSPITAL MEDICAL SCHOOL ` 
-~The Academic Registrar, University of London, Senate House, London, - - 


W.C.1 (October 10). 

CHAIR OF ANIMAL HEALTH AT MASSEY UNIVERSITY OF MANAWATU, 
Palmerston North, New Zealand—The Association of Commonwealth 
Universities (Branch Office), Marlborough House, Pall Mall, London, §.W.1 
(New Zealand and London, October 15). ‘ 

CORIEF TECHNICIAN or LABORATORY SUPERINTENDENT IN THE DEPARTMENT’ 
OF CHEMICAL Patnoroagy—Prof. G. H. Lathe, Department of Chemical 
Pathology, School of Medicins, The University, Leeds, 2 (October 15). 

LEOTuRERS (8) IN COMPUTING (for one post a knowledge of numerical 


analysis would be an advartage}—The Assistant Registrar (Science and l 


(Ocoben 1B The University of Sirmmngham, P.O. Box 363, Birmingham, 15 
(October 15 
PROFESSOR (preferably with specialist interests in civil or mining engineer- 


ing); and SENIOR LECTURERS or LECTURERS in the School of Engineermng, - 


University of Zambia—The Inter-University Council, 38 Bedford Piace, 
London, W.C.1 (October 15). 

RAADER IN CHEMICAL ENDINEERING—The Secretary, Royal College of 
tvan Technology, Salford, 5, Lancs, quoting Ref. No. CH/49 (October 

t}s 

SENIOR LECTURER or LEDTURER in VETERINARY HISTOLOGY IN THE 
DEPARTMENT OF VETERINAEY ANATOMY, University of Khartoum—The 
Secretary, Inter-University Conncil for Higher Education Overseas, 33 
Bedford Place, London, W.C (October 22). . 

LEOTURER IN HYDRAULICS or HYDROLOGY IN THE DEPARTMENT OF CIVIL 
a am Deputy Secretary, The University, Southampton 

ctober 24). 

SENIOR LEOCTURER/LECTULER IN PHARMACOLOGY at the University of 
Hong Kong--The Associaton of Commonwealth Universities (Branch 
Office), Marlborough House, Pall Mall, London, 8.W.1 (Hong Kong and 
London, October $1). 

PROFESSOR OF PHYSIOLOGY (Zoology) IN THB INSTITOVE OF BIOLOGY— 
The Dean of the Faculty of Sclence, The Hebrew University of Jerusalem, 
Jerusalem, Israel (January 1h 

ASSISTANT PROFESSOR IN BIOCHEMICAL PHARMACOLOGY or BIOOHEMISTRY 


~The Tyean, Faculty of Pharmacy, University of Toronto, Toronto, Ontario, - 


Canada, : 

Basio GRADE BIOCHEMIS™ (with an honours degree in biochemistry, 
chemistry or A.R.I.C.) for tke hospital laboratomes—The Secretary, Dudley 
Road Hospital, Birmingham, 18. 

HEAD OF THE DEPARTMENT OF MATHEMATICS AND PHYSICS; and HEAD OF 
THE DEPARTMENT OF MEOH NICAL ENGINEERING—The Secretary, Wolver- 
hampton College of Technolczy, Wolverhampton. Š 

PHYSIOLOGIST/BIOPHYSICIE! to study physiological response to controlled 
changes in environmental zonditions—D. C. Page, Head of Personnel 
Services, The Electricity Ccunci], Research Centre, Capenhurst, Chester, 
quoting Ref. N/28. 

PROFESSOR and HEAD OF THE DEPARTMENT OF OPHTHALMIC Optics—The 
Registrar, Welsh College of £dvanced Technology, Cathays Park, Cardiff. 

PROGRAMMER IN THE COMPUTER UNIT—The Acting Registrar, University 
College of Wales, Aberystwy th. ; ; 

RESEARCH ASSISTANT (graduate, preferably with experience of Atlas 
Autocode and ABL) IN TES DEPARTMENT OF SOOIAL AND PREVENTIVE 
MEDICINE, to take part ın the further development of a compiler for 
pear Cee The Reg:strar, The University, Manchester, 13, quoting 

g A a 

RESEARCH ASSISTANT (horours graduate in electrical engineering) IN THE 
DEPARTMENT OF ELECTRIOAB ENGINBERING for a project concerned with a 
study of the distribution of dectromagnetic fields in conducting media—The 
Academic Registrar, Loughbcrough University of Technology, Loughborough, 
Leicestershire, quoting Ref, i8A/E. 

RESEAROH ASSISTANT to work with Prof. A. G. Gaydon on spectroscopic 
study of excitation processe in shock-heated gases—Prof. A. G. Gaydon, 
Chemical Engineerlng and Chemical Technology Department, Imperial 
College of Science and Techrology, London, S.W.7. | 

RESEARH ASSISTANT (with a good honours degree in geology or chemistry 
and an interest in crystalline rocks and/or phase equilibrium studies) IN THE 
HIGH PRESS/HIGH TEMPERATURE EXPERIMENTAL UNIT, GEOLOGY DEPART- 
Mant e Assistant Bursar (Personnel), University of Reading, Reading, 

er €, 

RESEAROH FELLOW or RESBAROH ASSISTANT (with.a good mathematics 
degree, or a degree with a Wigh mathematics content, ana preferably some 
knowledge of computer programmmMg and statistical analysis techniques) IN 


THE DEPARTMENT OF CIVIL SNGINEERING, to take part in basic research in - 


the design of materials for mechanical properties—The Deputy Secretary, 
The University, Southamptcn. 
SCIENTIFIO OFFICER (with an honours degree, or equivalent, and preferably 


- 


some research experience) ta undertake research on reprocucive physiology "€ 


-Fhe Secretary, Institute of Animal Physiology, Agricultural Research 
Council, Babraham, Cambricge. : 

SENIOR LECTURER or LECTURER to teach Zoology full-time—The Regis- 
trar, Regional College of Technology, P.O. Box 143, Leicester. 

SENIOR PHYSICIST to take charge of the Physics Department, Radiotherapy 
Centre, St. William’s Hospisal, Rochester—The Group Secretary, Medway 
and Sv ne Hospital Maragement Committee, Medway Hospital, Gilling-- 

m, Kent. : 

TECHNICIAN (with H.N.C in electronics and preferably experienced in, 
radio frequency techniques) IN THE DEPARTMENT OF CHEMISTRY to work on: 


research and development work—The Personnel Adviser, University of _ 


Birmingham, P.O. Box 363, =dgbaston, Birmingham, 15. 
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REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 


Great Britain and Ireland 


Bulletin of the British Museum (Natural History). Entomology. Vol. 18, 
No. 7: Revision of the Genus Orosius Distant (Homoptera: Cicadelloidea). 
By M. S. K. Ghauri. Pp. 229-252. (London: British Museum (Natural 
History), 1966.) 10s. {147 

Science Museum. The Machine Tool Collection: Catalogue of Exhibits 
with Historical Introduction. By E. R. Gilbert. Pp. v+111+32 plates. 
(London: H.M. Stationery Office, 1966.) 11s. 6d. net, 157 

British Drug Houses, Ltd. Chemical Testing of Petroleum Products. 
Pp. 22. (Poole, Dorset: British Drug Houses, Ltd., 1966.) [157 

Institute of Personnel Management. Selecting and Training the Training 
Officer. By ek TATION Pp. 90. 15s. The Computer in Personnel Work. 
By Edgar Wille. Pp 55. 73. 0d. CLondon’ Institute of Personnel Manage- 
ment, 1968.) {157 

Royal Observatory Bulletins. No, 110: Fundamental Data for Southern 
Stars (Sixth List). By David S. Evans. Pp. E185-E202 $s.net. No. 111: 
Proper Motions in the Field of NGC 6522. By S. V. M. Clube. Pp. B203- 
E238. 5s. net. No 112: Photoelectric Photometry of RR Lyrae Stars. 
By D. H. P. Jones. Pp. E239—-E255. 8s. 6d. net. No. 113: Time and Latitude 
Service 1965, April-June. Pp. B25-B40. 3s. net. (London: H.M., Stationery 
Office, 1966.) a 

Office of Health Economics. Medical Manpower. Pp. 32. (London: 
Office of Health Economics, 1966.) 2s. 6d. [187 

The World Land Use Survey. Occasional Papers, No. 6: Uboma-—-a 
Socio-Economic and Nutritional Survey of a Rural Community in Eastern 
Nigeria. By H. A. Oluwasanmi, I. S. Dema and others. Pp. xi+116 (35 
plates). euan, Cornwall: Geographical Publications, Ltd., 1966.) 258. [187 

The Edinburgh School of Agriculture—The Edinburgh and East of Scot- 

land College of Agriculture. Calendar for 1966-1967. Pp. 66. (Edinburgh: 
~» The Edinburgh School of Agriculture, 1966.) {197 
` Department of Education and Science; Ministry of Technology—Commit- 
«;tee_ on Manpower Resources for Science and Technology. Education and 
- Training Requirements for the Electrical and Mechanical Manufactumn 
pes Pp. ¥+34+6 plates. (London: H.M. Stationery Office, pase 

£. 6d. net. 


7 

Council for National Academic Awards. Statement No. 4: Conditions for 
the Award of Higher Degrees. Pp. 26. (London: Council for National 
Academic Awards, 1966.) (217 
Building Research Station Digest 72 (Second Series}: Home-grown Soft- 
woods for Building. Pp. 6. (London: H.M. Stationery Office, 1966.) 4d. [217 
Proceedings of the A.I Ch.E.—I.Chem.E. Jomt Meeting, London, June 
1965. Symposium No. 2: Chemical Engineering Under Extreme Conditions. 
Pp. 117. Symposium No. 3: Reaction Kinetics in Product and Process 
Design. Pp. 50. Symposlun No. 4: Application of Mathematical Models in 
Chemical Engineering Research, Design, and Production. Pp. 135. (London: 
The Institution of Chemical Engineers, 1965.) [217 


~ 


Other Countries 


Fonds National de la Recherche Scientifique. ‘Trent-huitiéme Rapport 
Annuel, 1964-1965. Vol. 1: Pp. 289. Vol. 2: Pp. 149. (Bruxelles: Fonds 
National de la Recherche Scientifique, 1966.) e [137 
. _ Population Reference Bureau, Inc. Population Bulletin, Vol. 22, No. 2 
(June Tooo California: After 19 Miluon, What? Pp. 29-60. (Washing- 
ton, D.C.: Population Reference Bureau, Inc,, 1966.) [137 

Australia: mmonwealth Scientific and- Industrial Research Organiza- 
tion. Annual Report of the Division of Food Preservation, 1984-65. Pp. 
vu+73. (Sydney: Commonwealth Scientific and Industrial Research 
Organization, 1966.) [137 

Canada: Department of Mines and Technical Surveys. Geological Survey 
of Canada. Paper 64-54: Geology of Canadian Tin Occurrences (Report 
and Map 32-1964). By R. Mulligan. Pp. 22. 75 cents. Paper 66-13: 
Drilling for Scientiflc Purposes—Report of the International Upper Sym- 

osium, Ottawa, 2-3 September, 1965. Edited by D. C. Findlay and C. H. 
mith. Pp. 264. 75 cents. (Ottawa: Queen’s Printer, 1966.) [157 

Conseil Permanent International pour l’Exploration de Ja Mer: Service 
Hydrographique. ICES Oceanographic Data Lists, 1959, No. 6. Pp. xxii+ 
202. (Copenhague: Andr. Fred. Hest et Fils, 1966.) 30 Kr. [157 

Australia’ Commonwealth Scientific and Industrial Research Organiza- 
tion. Programme of Work of the Division of Forest Products, 1966~67. 
Pp. 120. (South Melbourne: Commonwealth Scientific and Industrial Re- 
search Organization, 1966.) [157 

Bepori of the Department of Agriculture, New South Wales, for the year 
ended 30th June, 1965.9 Pp. 148. (Sydney: Government Printer, 1966 ) 
1.80 A. dollars. [157 

Canada: Department of Mines and Technical Surveys. Geclogical Survey 
of Canada. Geological Maps. Map 1158A: Groundwater Probability im 
Surfactal ge Rosetown, West of Third Meridian, Saskatchewan. 
Geological ps——Preliminary Serics. Map 3-1986: Bonaparte River, 
British Columbia. Map 11-1965: Burnt Timber Creek, Alberta. (Ottawa: 
Director, Geological Survey of Canada, 1966.) [157 

Records of the Queen Victoria Museum, Launceston. No. 21 (26 March, 
1966)° Fiora of the Nut with Brief Account of Botanical Investigation in the 
Circular Head District. By H. J. Willis. Pp. 12+8 photographs. No 22 
(4 May, 1986) Notes on Lesser Long-Eared Bat Nyctophilus geoffroyi in 
Northern Tasmania. By R. H. Green. Pp. 4+4 photographs. (Launcestcn, 
Tasmania: Queen Victoria Museum, 1986.) [157 

Institut Royal Météorologique de Belgque. Bulletin Mensuel. Observa- 
tions Ionosphériques, Mai 1966. Fp. 26. (Bruxelles: Institut Rova) 
Fruits and 


Météorologique, 1986.) 

Food and Agriculture Organization of the United Nations. 

Vegetables in West Africa. By H. D. Tindall. With a chapter by Florence 

A. Sai. Pp. ix+259. (Rome: Food and Agriculture Organization of the 

vues Nations; London: H.M. Stationery Office, 1965.) 12s. 6d.; 2.50 as 
ollars. 

The Plant Sciences, Now and in the Coming Decade. (A Report on the 
Status, and Requrements of Plant Sciences in the United States.) Pp. 
x+167. (Washington, D.C.: National Academy of Sciences-——-National 
Research Council, 1966.) 5 U.S. dollars. [187 

Records of the Australian Museum. Vol, 26, No. 17 (1 June, 1966). New 
Records of Some Little Known Australian Polychaetous Annelids. By ole 
Hartman. Pp. 361-365+ plates 36-38. 25 c. (2s. 8d.). Vol. 27, No. 1 (6 
June, 1966}: The Genus Chlorinoides (Crustacea, Brachyura, Majidae.) 1. 
A Redeseription of C. tenmrostris Haswell and the Status of the Genus 
Acanthophrys, A. Milne Edwards. By D. J. G. Griffin. Pp 1-16. 60 c. 
(5s.). (Sydney: The Australian Museum, 1966.) {197 
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Sleep, Wakefulness, Dreams and’ Memory: a Report of an NRP Work 
Session, (Neurosciences Research Program, Bulletin, Vol. 4, No.1.) Pp. 103. 
(Brookline, Mass.: Neurosciences Research Program, 1966.) [197 

Meteor Forschungsergebnisse. Herausgegeben von der Deutschen Forsch- 
ungsgemeinschaft. Reihe A, No. 1: Allgemeines Physik und Chemie des 
Meeres. Redaktion: 
(Berlin-Nikolassee: Gebruder Borntraeger, 1966.) 50 D.M. 

Colony of Fiji. Annual oy of the Geological Survey Department for the 
year 1965. (Council Paper No. 14 of 1966.) Pp.it+11. (Suva: Geological 
Survey Department, 1966.) 18. 6d. {197 


G. Deitrich, W. Hansen und J. Joseph. FP 79.4 
1 


~ 


Australia: Commonwealth Scientific and Industrial Research Organiza- .- 


tion. Annual Report of the Animal Research Laboratories, 1964-65. Pp. 
194. (Melbourne: Commonwealth Scientific and-Industrial Research Organ- 
ization, 1966.) 207 

Annals of the New York Academy of Sciences. Vol. 118, Article 20: 
Origin of the Moon: Dynamical Considerations. By Gordon J. ¥. MacDonald. 
Pp. 739-782. (New York: New York Academy of Sciences, 1966.) ci 
207 

United States Department of the Interior: Geological Survey. Water- 
Supply Paper 1805: Ground Water in Huerfano County, Colorado. Bv Thad 
G. McLaughlin. Pp. v+91+ plates 1-7. (Washington, D.C.: Government 
Printing Office, 1966.) 207 

Bulletin of Thermodynamics and Thermochemistry, Vol. 9. Prepared 
under the auspices of the Commission on Thermodynamics and Thermo- 
chemistry of the Section of Physical Chemistry of the International Union of 
Pure and Applied Chemistry. Edited by Edgar F. Westrum, Jr. Pp. ix +257. 
(Ann Arbor, Michigan: University of Michigan, Publications Distribution 
Service, 1966.) $6. [207 

Plant Analysis and Fertihzer Problems, Vol 4. (Proceedings of a Collo- 
qaium sponsored by the International Committee for Plant Analysis and 
Fertilizer Problems.) Pp. 430. (St. Joseph, Michigan: American Society 
for Horticultural Science, 1964.) $7.50. [207 

United States Department of the Interior: Geological Survey. Bulletin 
1203-C: Properties of Thermustors Used in Geothermal Investigations and 
Preparation of Thermistor Cables Used in Geothermal Investigations. By 
Eugene C. Robertson, etal, Pp.iv+34+ih+11. 25cents. Bulletin 1222-F: 
Direction of Movement of Jasperoidizing Solution. By T. S. Lovering. Pp. 
th+25. 15 cents. Bulletin 1224-I: Harrodsburg Limestone in Kentucky. 
By E. G. Sable, R. O. Kepferle and W. L. Peterson. Pp. 12. 10 cents. 
(Washington, D.C.: Government Printing Office, 1966.) [217 

Bechuanaland: Ministry of Mines, Commerce and Industry. Geological 
Survey Department. 
113+ 5 geological maps. (Lobatsi: Geological Survey, 1965.) B1.00c. [217 

International Atomic Energy Agency. Technical Reports Series, No. 53: 
IAEA Research Contracts—Sixth Annual Report. . 131. (Vienna: 
International Atomic Energy Agency; London: H.M. Stationery Office, 
1966.) 21 schillings; 6s.; $1. 227 

European Organization for Nuclear Research (CERN). Annual Report 
1965. Pp. 182. (Geneva: European Organization for Nuclear Research, 
CERN, 1966.) S [227 

Annais of the South African Museum. Vol. 48, Part 18 (June 1966): The 
Hydrozoa of the South and West Coasts of South Africa. Part 3: The 
Gymnoblastea and Small Famihes of Calyptoblastea. By N. A. H. Millard. 
Pp, 427-487 +1 pu: (Cape Town: The South African Museum, 1966.) [257 

Skrifter fra Danmarks Fiskeri- og Havundersegelser, Nr. 26: Fisheri- 
undersøgelser I 1965 ved Danmark, Faereerne og Grønland. Ved B. 
Bertelsen og Paul M. Jansen. Pp. 112. (København: Andr. Fr. Hest and 
Son, 1966.) 9.75 kr. [257 

ational Council on Radiation Protection and Measurements. NCRP 
No. 82: Radiation Protection in Educational Institutions. Pp. 
(Washington, D.C.: National Council on Radiation Protection and 
Measurements, 1966.) 380-75. (257 

Smithsontan Institution: Bureau of American Ethnology. Bulletin 196: 
Anthropological Papers, Nos. 75-80. Pp. lii+470+4 plates. (Washington, 
D.C.: Government Printing Office, 1966.) $2. {257 

United States Department of the Interior. Research and Development 
Progress Report No. 161: Salinity and the Pattern of Selective Ion Trans- 
port in Plants. By Emanuel Epstein, Frank C. Di Luzio, W. Sherman 
Gillam and Alex Kotch. Pp. iv+25. (Washington, D.C.: Government 
Printing Office, 1966.) [257 " 

Effective Use of the Sea. (Report of the Panel on Oceanography of the 
President’s Science Advisory Committee.) Pp. xv+144. ( gton, 
D.C.: Government Printing Office, 1966.) $0.60. [257 

Alfred P. Sloan Foundation. Report for 1965. Pp. v+96. (New York: 
Alfred P. Sloan Foundation, 1966.) [257 

The Atomic Bonus: Non-Nuclear Benefit from Nuclear Development. 
ges (Washington, D.C.: United States Atomic Energy vom OD: 

European Space Vehicle Launcher Development Organization. BLO 
Technical Review, Vol. 1, No. 1. 
1966.) Annual subscription 50 francs. Single issue 15 francs. 

United States Department of Commerce: Environmental Science Services 
Administration. International Indian Ocean Expedition, USC and GS Ship 
Proneer-——-1964. Vol. 1: Cruise Narrative and Scientific Results, 11 February 
to 11 August, 1964. Pp. viif+139. $1.25. Vol 2° Data Report—Oceano- 
graphic Stations, BT Observations, and Bottom Samples, 11 February to 11 
August, 1964. Pp. inb+183. $1.50. (Washington, D.C.: Government 
Printing Office, 1966.) [257 

Metropolitan Life Insurance Company. Statistical Bulletin, Vol. 47 (April 
1966): Population Mobility Continues High. The Virus Diseases as Causes of 
Sickness and Death. Fatal Motorcycle and Motorscooter Accidents. Charac- 
teristics of Cerebral Vascular Mortality. Pp. 12. (New York: Metropolitan 
Life Insurance Company, 1966.) {257 
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WHO STAYS HOME? 


Tue most recent fuss about the emigration of: British 
doctors, chiefly to North America, has raised again a 
question which can never be far beneath the surface, 
but which is inevitably painfully obtrusive at times 
of economic crisis—is it possible, and is it even desirable, 
to try to prevent the drift of technically skilled people 
towards the countries in which they and their kind are 
already most plentiful and best used ? The fact that 
the doctors are the centre of public attention in Britain 
just now is probably more a consequence of the row 
the medical profession is having with the British 
Government over the terms of service in the National 
Health Service than a sign that there has been a recent 
acceleration in the exodus of newly qualified doctors. 
Indeed, the scanty statistics which exist suggest that 
the loss has persisted for the best part of a decade. 
And what is true of doctors is likely to be true of other 
technical people in Britain and, to a smaller extent, 
from other countries in Western Europe. 

The first thing to be determined, however, is the 
cause of this substantial exodus. Otherwise, attempts 
at a solution must necessarily be exercises in pot luck. 
The trouble is that there is no single reason why 
technical people emigrate, and often a temptation for 
them and those who watch them go to hide from the 
most obvious but most unpalatable truths. This, no 
doubt, accounts for the frequency with which departing 
scientists proclaim that they are going “not for the 
money, but because I shall have more Scope in my new 
‘job’. Of course there is a lot in what they say, but 
there is also something in the less rosy view that 
money and the things it brings can be a powerful 
attraction. Newly qualified people are particularly 
open to influence on grounds like these. Given similar 
electron microscopes, or equal chances of working 
-~ with a big bubble chamber on a particle accelerator, 
people are likely to be influenced by the ease with 
which houses, or even motor cars, are to be had. To 


think otherwise would be to pretend that technical 


people are not human. 

It follows from this that money by itself sould do a 
lot to cure some of the problems of emigration. - Çer- 
tainly it would be a great advantage if some of the 
problems of emigration were translated into money 
terms. The doctors are an easy case to start with, 
for it is a fair guess that, by adding something like 
£20 million a year, or roughly 20 per cent, to the annual 
cost of paying British doctors, emigration would be 
reduced to a mere trickle. With care, and chiefly 
by seeing that younger doctors were well looked after, 
it might be possible to achieve the same result with less 
expenditure. To make this kind of calculation does not 
imply that the British Government should promptly 
foot the bill,.even though it may only be a small propor- 
tion of the whole cost of running the National Health 


Service, but it is the kind of yardstick which it ought to 
keep in mind. The oint is that the purely financial in- 
centives to emigration could be extinguished at a fairly 
manageable cost, at least where doctors are concerned. 
It is obviously not necessary to go all the way to match 
salaries and other conditions in countries elsewhere, 
for even skilled people do not lightly pull up their 
roots. But it is necessary that governments should go 
in for more hard-readed calculations of the cost of 
keeping potential -emigrants at home. Sometimes 
they might decide that it is cheaper to let the errants 
so. Sometimes they might have to reconcile them- 
selves to the apparent paradox that comparatively 
poor countries may often have to pay disproportion- 
ately more to those skilled people whose services they 
wish more urgently to retain. 

To say all this does not imply that the flow of 
emigrants from countries such as Britain is entirely a 
function of the cash rewards available in various 
countries, but merzly that this is a much neglected 
feature of the process. The kind of career which a 
young man can lock forward to is also an important 
consideration, in academic life as well as in industry. 
One of the attractions of the United States in recent 
yeays has been the way in which young people look 
forward to early responsibility, and the sense of freedom 
that accompanies .t. American industry ts fond of 
giving young peopl= “their heads”, as the saying goes. 
Then American universities are often more able to let 
a young person fee. in charge of his own work, parily 
because of the maciinery for getting financial support, 
partly because of the technical assistance which ‘is 
available, and partly because of the comparatively 
flexible organization of university departments. In 
industry and universities, there is an impression that 
American scientists move from one place to another 
more freely, so thas promotion car be rapid—and the 
frustrations of marking time correspondingly painful. 
To take the edge off this kind of temptation to emigrate, 
of course, nothing but simple imitation will suffice, 
but imitation is necessary on other grounds than those 
of limiting emigrazion. Industry and universities in 
Western Europe, end certainly in Britain, would be 
better institutions if they were able to give young 
recruits a greater sense of freedom and opportunity. 
They would be much healthier and more effective if 
their technical peaple were-helped along by technical 
and other assistance as good as any to be had. There 
is no point in kesping cadres of scientists in half- 
employment for lazk of equipment or other necessary 
facilities. Better fo let them emigrate than that. 

No amount of organizational imitation will entirely 
halt the emigratior of scientists from countries such as 
Britain, however. There are many occasions on which 
people of all ages decide that they will move from one 
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country to another because they will then be able to 
work in fields which are, to them, more exciting. 
No doubt the space programme in the United States 
has served to lure some scientists from Western 
Europe, though its influence has probably been exag- 
gerated. The plentiful supply of particle accelerators 
has certainly been a magnet for nuclear physicists. 
And, of course, a young man wishing to work on air- 
craft development and construction will be attracted 
almost irresistibly towards the great aircraft plants 
of the United States. So does it then follow that 
smaller countries than the United States must enlarge 
their space programmes and aircraft industries ? 
Arguments like these are common but invalid. 
Emigration is often the lesser evil, for there is no reason 
to believe that the numbers of people attracted away 
from smaller countries by temptations like these are 
in any way substantial. The costs of keeping them 
would usually far outweigh the potential benefits. 
In any case, of course, emigration is not the simple 
and distasteful scourge which it is often supposed to be. 
For one thing, emigration works in both directions. 
In Britain, for example, there is probably one Irish 
doctor working for every Englishman recently flown 
overseas. Britain is probably making still greater 
demands on the potential medical resources of India 
and Pakistan—both of them countries much more in 
need of doctors. But, in the long run, these transfers 
of skill and training from one country to another are 
beneficial and, up to some point, are to be encouraged. 
For emigration is not always permanent. British 
medicine has probably as much to gain from a better 
working knowledge of American practices as India, 
in the long run, will benefit from the return of a propor- 
tion of the Indian doctors now working in Britain. In 
academic science and in industry, these comings and 
goings are even more to be welcomed. Moving a person 
from one place to another is, after all, the most effective 
way of letting one place know what the other is doing. 
In this sense, emigration can be the life-blood of 
scholarship. No country can tolerate indefinitely a 
steady outward flow of bright young people, but by 
seeing that the condjtions of work for technical people, 
in universities and elsewhere, are those which the 
criteria of good management in any case suggest, the 
inward and outward flows of migrants would be reason- 
ably in balance. That, and not demographic isolation, 
should be the goal. 


PUGWASH AFTER 
PUGWASH 


THE Pugwash organization has long since become 
familiar and even respectable. It has survived the over- 
” excited ballyhoo which attended its creation a decade 
ago, and which tended to imply that the goodwill and 
innocence of a handful of scientists would create 


sweetness and light throughout the world, and especi-- 
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ally in foreign ministries. If Pugwash is now less 
ambitious—and less innocent—than it used to be, it 
is also more useful. There is good reason to think that — 
the meetings which now take place are modestly valu- 
able and informal means of exchanging information on 
matters related to arms control between the military 
powers. The only tangible achievement in this field 
consists of the work of the informal meetings which 
preceded, the signing of the present test-ban treaty in 
1962 and 1963, and which were of some value at least to 
officials in the United States, but there is also continu- 
ing value in the opportunities provided by the larger 
Pugwash meetings for letting nationals of one country 
learn more about the policies of others on matters 
of disarmament. In other words, the value—or the 
potential value—of Pugwash is not that it can make the 
problems of disarmament melt away, but rather that 
it can enable its participants to appreciate why even 
apparently trivial measures of arms control can be 
exceedingly difficult to implement. Though its partici- 
pants would not always appreciate this, Pugwash should 
be as much a means of ventilating disagreement as of 
winning agreement. 

From this point of view, unfortunately, the published 
statements of the Pugwash meetings are usually a great 
disappointment. With respectability, Pugwash has 
also acquired a kind of folk-lore of received doctrines 
which cloud its judgment on the affairs with which it 
wishes chiefly to concern itself. The formal communiqué 
still contains proposals for arms control which have 
no relevance to contemporary problems—or even to 
the problems of a decade ago, when they first made 
their appearance. The non-aggression pacts and the 
nuclear-free zones which once more make their appear- 
ance may somet#tmes—though not always—be ways in 
which security might be increased, but they are no 
longer central problems. The assertion that the main 
obstacles to a comprehensive ban on nuclear tests are 
“political rather than technical’? has turned up 
again, though this time it is accompanied by a 
fuller discussion than usual of how the technical 
obstacles—by no means unreal—might be overcome. 
Then there is some wide-eyed complaint about the 
remoteness of “General and Complete Disarmament” 
without much evidence that the participants are 
aware of the size of the windmill at which they are 
tilting. This is where the proceedings of Pugwash — 
are most open to criticism. Seeking as they do to 
influence public opinion, the participants in Pugwash 
would be much more effective if their pronouncements 
could give the technicalities of disarmament some 
hard-headed perspective. The Pugwash communiqué, 
in other words, should aim to convince those who read 
it that somebody has made a thorough technical 
examination of the problems, and has hit on what 
promises to be a practical solution. To ask all this is . 
possibly to ask that Pugwash should give continuing ~ 
attention to problems in between major conferences, 
and there is some encouraging news of attempts to 
set up permanent working groups. Evidently there is 
still a great deal to be done. . i 
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NEWS AND VIEWS 


Small Comfort about Particles 


THERE is more relief than disappointment about the 
news that CERN has failed to confirm an announce- 
ment from the United States in June this year that the 
laws of particle physics are invariant under charge 
conjugation. To be sure, after the principle of parity 
conservation was abandoned a decade ago, nothing 
has seemed inviolate. Three years ago a hint that 
there might be something wrong with the common 
assumption of invariance under charge conjugation 
was provided by some anomalous observation of the 
decay of K mesons. Among all the troubles which 
beset the theoreticians, however, there is nothing to 
suggest that life would be simpler or more reasonable 
if the laws of physics dealt differently with particles 
and anti-particles—electrons and positrons, protons 
_and anti-protons. This is why there was consternation 
in some quarters when a group from Columbia Univer- 
sity, working with a hydrogen bubble chamber at the 
30 GeV accelerator at Brookhaven, announced evidence 
that the principle of charge conjugation is invalid. 
Among a gigantic collection of photographs from the 
bubble chamber it had been possible to find 1,441 
representing the decay of the neutral eta meson into 
three pi mesons, and statistical analysis suggested 
that the decay process was unsymmetrical with respect 
to the electrical charge of the particles. Briefly, the 
positive pi meson has a statistically greater velocity 
than the negatively charged pi meson. Since this 
was precisely the behaviour that would have been 
expected if the trouble about the K meson decay is 
indeed a consequence of the invalidity of charge 
conjugation, it is perhaps not suyprising that the 
Columbia group tended to throw its hat a little in the 
air (Phys. Rev. Letters, 16, 1224; 1966). 

The CERN experiment has also been concerned with 
the decay of eta mesons, but the technique has been 
somewhat different from that used at Brookhaven. 
Instead of having to hunt for significant information in 
a welter of bubble chamber pictures, the CERN group 
has used a counter technique and has therefore been 
able to accumulate significant information quickly. 
The conclusion that there is no significant asymmetry 
in the decay of neutral eta mesons is based on seven 
times as many events as the Columbia group had to 
work with. Though it will obviously be some time 
before the matter is fully resolved, the chances are that 
the CERN view will eventually prevail. Meanwhile, 
those who may be sensitive to the charge, sometimes 
heard in recent years, that CERN is always second, 
will now be quoting the old fable about the tortoise 
and the hare. Those who want to see even bigger 
accelerators built quickly will be urging the advantages 
of duplication in this field. There remains the problem 
of the K meson and its anomalous decay. 


Pugwash in Poland 


THE sixteenth Pugwash Conference held in Sopot, 
Poland, last week seems to have been chiefly concerned 
with problems of disarmament. In this respect the 
sixteenth conference differs‘from its immediate prede- 
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cessor, when matters concerned with the use of science 
in developing countries took up a great deal of time. 
In Poland, four groaps of people seem to have devoted 
themselves to prcblems of disarmament and the 
politics of disarmament. On the proposal that there 
should be a freeze or nuclear weapons in central Europe, 
the Pugwash committee emphasized the difficulty of 
controlling the movement of small nuclear weapons 
and delivery systems, and said that a treaty on non- 
proliferation of nuclear weapons would help to pave the 
way for an agreement on the freeze. The same section 
of the conference was in favour of a reduction of con- 
ventional troops im Europe in present circumstances. 
The traditional Pugwash assertion that a non-aggression 
pact between the NATO and Warsaw Treaty powers 
would be a boon wes accompanied this time by a state- 
ment that some participants saw this as a step towards 
German reunification and that others considered that 
the problem of the German Democratic Republic and 
its legal status could be overcome by the same devices 
as those which enabled it to adhere to the Partial 
Test Ban Treaty. Another of the working groups 
agreed that the issue of recognition for the German - 
Democratic Repubdic should not prevent the growth 
of collaboration between the two Germanies in 
economic, scientific and cultural affairs. In the same 
spirit the Pugwash.statement urges more collaboration 
between Europear states on matters such as the 
exploitation of water resources, energy, transport and 
the like. The grcup seems also to have considered 
that educational @llaboration might eventually lead 
to “common textbooks” in international relations, 
international law end other fields. 


This year’s Pugwash seems to have had little to say 
aout general anc complete disarmament except to 
recognize, perhaps more realistically than before, that | 
this is a difficult problem. On more partictlar schemes 
for arms limitation, the conference was apparently in 
agreement that ths nuclear test ban treaty should be 
extended to cover underground tests, though the 
statement also adds its previous view that the obstacles 
to a comprehensive test ban treaty are “political 
rather than technical”. The conference suggested 
that a move towazds a comprehensive test ban treaty 
might be brought- about by a treaty incorporating a 
threshold below which nuclear explosions would be 
permitted, on the understanding that the threshold 
would be gradually lowered. T8 this device could be 
added commitments undertaken by particular states 
to refrain from testing nuclear weapons except under 
various circumstences, the provision of unmanned 
seismic detection stations and even on-site inspection 
under a “request and invitation” procedure. In this 
connexion the stasement commends the proposal that 
there should be a “‘detection club” of countries willing 
to collect and to publish seismic data on the basis of 
which underground explosions might be identified. 


Among other Ess carefully worked out proposals 
in the statement is a commendation of the non-pro- 
liferation treaty, the establishment of nuclear-free 
zones in places suzh as South America, Africa and the 
Middle East, and proposals to refrain from deploying 
anti-ballistic missle systems and the like. Pugwash 
commends the etforts of the International Atomic 
Energy Authorityto control the uses made of plutonium 
and other fissile materials arising from civil uses of 
nuclear power. 
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More Discord about Concord 


Tux Committee of Public Accounts of the House of 
Commons has added to the public criticism, in Britain 
and in France, of the Anglo-French project to develop 
the supersonic aircraft called Concord. In a report now 
published (Second Report of the Committee of Public 
Accounts, H.M.S.0., 3s.) the committee draws attention 
to the way in which the estimated cost of the Concord 
project has risen from between £150 millions and £170 
millions in 1962 to £275 millions in May 1964 and has 
now reached the present approximation of £500 millions 
to the final cost. The total cost is to be shared 
equally by the two governments. Increases of cost 
in the past four years have been necessary because of 
substantial changes of design, primarily intended to 
Increase the range of the aircraft, but the general 
upward drift of industrial costs has also played some 
part. It seems plain that the Public Accounts Com- 
mittee, which is one of the most persistent of the public 
bodies empowered to inquire into the spending of 
public money in Britain, intends to press a réluctant 
Treasury to agree that there should now be a thorough 
review of the procedures for forward estimating in 
collaborative aircraft projects, chiefly because the 
committee has decided that “the Concord project 
provides a severe test of the Ministry’s system for 
controlling research and development projects”. 

The committee’s report has directed public attention 
to a number of important features of the Concord 
contract. In the first place, the sum of £500 millions 
now estimated as the final cost includes £80 millions 
for the development work which, it is expected, will 
continue after a certificate of airworthiness has been 
granted to the prototype machines two years from 
now. (There is also a sum of £50 millions labelled 
“eontingencies”.) It also appears that the contracts 
which are being negotiated between the governments 
and the aircraft manufacturers will make it possible 
for the governments to recover some of the initial 
outlay on research and development. Even on an 
“admittedly optimistic forecast of the number of 
aircraft to be sold”, however, it is apparently con- 
sidered improbable that as much as a third of the 
initial cost will be returned to the treasuries of Britain 
and France by means of levies. , 

In line with its reputation as a watchdog over public 
expenditure, the Public Accounts Committee is under- 
standably anxious that there should be much better 
arrangements for negotiating contracts for the develop- 
ment of aircraft. One of the most worrying features 
of the present position is that so far only £90 millions 
of the total expenditure has been incurred. Obviously 
there is plenty of time yet for the cost to rise still 
further. It is small wonder that the Public Accounts 
Committee promises to return to this theme. 


Laboratory Work Study 


THE report of the Public Accounts Committee which 
drew attention to the financing of the Concord aircraft 
(see above) has also raised a more modest protest 
about the way in which the Ministry of Aviation—soon 
to be abolished—has apparently resisted for sixteen 
years the attempts of the British Treasury to see that 
research scientists in government laboratories are 
being used to the full. Arrangements were apparently 
made in 1949 to see that each department of govern- 
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ment should be responsible for inspecting the use made 
of its own staff, and for seeing that it is employed 
efficiently. When the Treasury pointed out, in 1963, 
that the Ministry of Aviation had not sent its inspectors 
into the laboratories, the Ministry replied that it was 
short of inspectors. By 1965, however, research staff 
in some though not all of the Ministry’s laboratories 
were inspected, and it was apparently decided that of 
160 scientific posts at the Radio Department of the 
Royal Aircraft Establishment, Farnborough, 24 were 
in some way open to criticism and 7 could actually 
be abolished. (The same inspectors also approved 
the creation of three additional posts in the same 
department.) To judge from what the Public Accounts 
Committee has to say, the Ministry is hoping to decide, 
on the basis of inspections at several establishments, 
whether the game is worth the candle. Everyone seems 
to agree “that there are limitations on the value of 
inspection in the scientific field compared with its 
value in the clerical and office field”, but here again 
the Public Accounts Committee promises—or threatens 
—that it will not let the matter drop. 


Industrialized Building 


On-site battery production of the basic units of large 
buildings, such as blocks of flats, has been used exten- 
sively in Europe and especially in the Soviet Union. 
The system offers considerable savings in manpower 
and costs, but has not been widely used in Britain, 
where the building trade is still very much dominated 
by a traditional approach. In co-operation with the 
Building Research Station, the Edmonton Borough 
Council undertook in 1964 to build a 17-storey block 
of flats using the industrialized system and casting 
walls and floors on site. The results of the experiment 
are reported in Building Research 1965 (H.M.S.O., 
London, 1966). 

The internal structural units were produced by 
vertical casting between concrete panels, the moulds 
being in groups of up to sixteen units. The external 
cladding panels had to be produced by horizontal 
casting and needed far more labour. The total labour 
required for the erection of the shell of the building 
was 570 man-hours—it is hoped to reduce this sub- 
stantially in the future when more experience with the 
technique has been gained. Among the problems to be 
overcome is the battery casting of the cladding panels, 
and simpler panels have now been designed which can 
be cast in this way. 

The technique has aroused considerable interest and 
is now being used by a number of firms. The report 
expresses concern, however, that the relative ease 
with which the process can be adopted should not 
lead to a deterioration in the standards of design. 
If past experience is anything to go by, this fear is 
only too well founded. 


Synchronized Training 


Tur Council of Engineering Institutions, comprising 
the twelve British engineering institutions and the 
Royal Aeronautical Society, has finally designed a 
single examination for all engineers to replace the 
individual examinations previously administered by 
each engineering institution separately. The new 
examination will be conducted at degree level and, like 
the previous individual exams, will provide another 
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avenue to engineering qualification equivalent to a 
university degree or sandwich course. 

Mr. F. E. Warner, chairman of the education and 
training committee responsible for the change, feels 
that the majority opinion among engineers is in favour 
of a comprehensive engineering education. It was only 
when setting the papers that various engineers dis- 
covered, to their surprise, the similarity of their 
problems. The examination is in two parts, the first 
consisting of one paper in each of six subjects— 
properties of materials, applied thermodynamics, fluid 
mechanics, applied mechanics, applied electricity 
and mathematics—corresponding to a level half-way 
through a degree course, and the second including one 
compulsory paper on “the engineer in society” and 
five others from a choice of thirty-seven. The first 
paper covers such areas as government, economics and 
business management; it is not expected to encompass 
a full business course but, Mr. Warner said, “to make 
engineers aware of the properties of men and money 
and their interaction with engineering’. This new 
system will become mandatory by January 1974, but 
timetables for incorporating all or part of the examina- 
tion will differ for various groups. 

The committee has also worked to revise the other 
membership requirements of all the institutions, and 
there is a growing belief that there is a need for engineers 
and engineering administrators to do a stint in the 
universities so as further to broaden their outlook— 
and that of university students. While the CEI is 
justly proud of the new examination and feels it is an 
important step away from overspecialization, it is 
also aware that it will become less important as more 
and more students enrol in full-time and sandwich 


courses. The great increase in the numbers of technical. 


and training colleges has meant that fewer students 
are studying part-time while holding down jobs as 
well. The examination may, however, remain impor- 
tant as an internationally acceptable standard. 


Demographic Revolution 


A PopruLatron Conference sponsored by the Council of 
Europe was held in Strasbourg at the beginning of 
September. The justification of yet another conference 
so soon after that organized by the United Nations in 
Belgrade last year is that Europe is the only area 
now reaching the third and final stage of the ‘demo- 
graphic revolution’. The fertility rate is declining 
to the point at which it just offsets a very low death 
rate—a state characterized by controlled fertility 
and mortality. In his opening address to the confer- 
ence M. Jean Bourgeois-Pichat, chairman of the 
organizing committee, said that “it is in Europe that 
solutions will first have to be found to the economic 
and cultural problems which the end of the demo- 
graphic revolution will bring. Perhaps it is no exagger- 
ation to say that it is in Europe that the future of the 
human race will be decided”. 

By bringing together 174 participants from 25 
countries the conference attempted to emphasize the 
‘increasing need for co-operation in research and data 
collection by all European nations. Besides holding 
general meetings on such subjects as “‘developments 
in mortality”, “developments in fertility” and “‘trends 
in population structure and their consequences”, the 
conference adopted a series of recommendations—on 
comparative research into fertility, studies of the 
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changing -needs of elderly people, the training and 
housing of migrant workers, the standardization of 
population statistics, and the international aspects of 
regional planning, particularly in areas close to national 
frontiers. 


Fish for Food 


War can the inteasive production of freshwater fish 
contribute towards the world dietary deficiency of 
protein ? This was discussed at an international meet- 
ing of 160 fishery biclogists at the University of Reading 
during the first week of September. The meeting was 
convened to survey the biological basis of freshwater 
fish production and. to prepare a handbook of methods 
for use in the Procuctivity of Freshwaters section of 
the international Hiological Programme—a document 
which should be koth authoritative and up to date 
and an invaluable aid to further research on a world- 
wide basis. 

The first stage in evaluating a fishery is to determine 
the size of the exploited population, its age structure 
and rates of mortality and recruitment. It was clear 
that methods for estimating these vital statistics are 
now well advancec, although populations in tropical 
waters, where the seasonal rhythm of growth and 
reproduction is rot well defined, present special 
difficulties. For the efficient management of produc- 
tion it is also necessary to know the food consumption 
of the fish and ths efficiency with which the food is 
being converted t> flesh. In this field much more 
work is needed, Hr though it is relatively easy to 
determine the efficiency of food utilization of fish 
reared on artificial foods in small ponds, it is not yet 
possible to calculate with any certainty the food 
consumption of natural populations. An important 
Russian school favours indirect calculations based on 
measurements of metabolic rates, while in North 
America the emphasis is on extrapolation from 
feeding experiments in aquaria. The influence of 
behaviour patterns on food consumption and hence 
production has more recently been appreciated— 
among species waich are territorial in habit, for 
example, the numker of individuals an area will support 
is limited by interspecific competition for territory, 
so that the produczion of a particular stretch of stream 
remains approximetely constant whatever the density 
of stocking above = certain figurę 
- Those concerned with practical aspects of fishery 
management tend all too readily to assume that 
predators are undesirable and should be exterminated. 
The meeting at Reading was warned that natural 
predators may sezve a useful purpose, for example 
by removing weak or deformed individuals from the 
breeding stock. It was also told about techniques for 
the management cf freshwater fisheries in ponds and 
in natural habitate. it appears that the most impres- 
sive yields are to be obtained from ponds, since these 
afford the greatest. degree of control at all stages of 
the production process. In many parts of the world 
the potential of an acre of fresh water for the production 
of high grade pro-ein is far greater than that of an 
acre of land, so taat a policy of controlled flooding 
might well be advantageous. A speaker from FAO. 
after presenting a rough protein budget for the year 
2000, suggested that it might be possible to increase 
the production of -reshwater fish in ponds by a factor 
of fifteen to thirtr. Increasing production from the 
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land, already heavily exploited, might well be more 
difficult. - ) 


Physical Research in Africa 


Dr. B. N. C. Aau of the Department of Physics, the 
University of Ibadan, Nigeria, writes in retrospect 
of the problems discussed at the eighth annual confer- 
ence of the Science Association of Nigeria earlier this 
year: 

Most indigenous scientists, including those who 
graduate at home, tend to do their postgraduate 
research abroad for two main reasons. One is because 
of the limited facilities in most parts of Africa for 
research in the branches of physical sciences in which 
the students wish to work, including nuclear physics, 
electronics, metallurgy, solid-state physics, health 
physics and radio-astronomy. Another group of post- 
graduate students goes abroad in search of a doctorate 
from a reputable university in the United Kingdom 
or North America. Many of these will eventually 
return to take up teaching assignments in the local 
universities. rt 

Most of the scientists who take postgraduate degrees 
abroad soon find in Africa that the convenient set-up 
on which they worked in the older universities abroad 
is no longer available to them. Should they attempt to 
maintain a tenuous umbilical cord with their mother 
universities abroad in order to continue research, or 
try to make a fresh start in African universities ? 

This latter procedure requires years before any 
progress is made and large sums of money which are 
not usually readily available. The purchase, replace- 
ment and repair of research equipment can be very 
frustrating. Orders for equipment take several months 
to arrive and the replacement of defunct parts takes 
even longer, The problem of getting and retaining 
competent technicians is almost insurmountable: 
Without enough local experience the repair and main- 
tenance of research equipment become a major opera- 
tion which can hold up important work for months. 

In recent years, several countries and international 
organizations have been showing interest in developing 
research in Africa. However, a quick survey of the 
fields in which research is supported by these bodies 
‘ shows a bias towards agriculture and veterinary 
science, African studies, population problems, child 
health, medicine and malnutrition problems in the 
developing countries. For the five year period 1961- 
1965 the distribution of foreign benefactions to the 
various departments of the University of Ibadan 
and its Teaching Hospital was as follows: 


Medieme and Child Health £483,361 
Agriculture : = ave £250,810 
Education and African Studies £246,910 
Chemistry i - gs Ss £32,100 
Physics .. 2. ' o% £7,650 


The share of the physical sciences in these funds is 
meagre. One explanation may be that since these 
benefactions come from highly industrialized and 
developed countries, none of the organizations is 
interested in encouraging basic physical science research 
in developing countries. Except during the Inter- 
ational Geophysical Year and the International Year 
of the Quiet Sun, when some equipment and limited 
funds were provided for collecting data from out- 
stations in Africa, all the burden of research in the 
physical sciences has had to be borne by the resources 
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of the particular developing country. Given the need 
to provide social amenities, very little money will in 
fact be available from the governments for any form 
of research. The very few industries in these countries 
are usually operated by foreign companies which 
have their headquarters in the developed countries. 
Most of their research can usually be done better in 
their home countries and therefore they will have little 
interest in encouraging research in the universities of 
the country in which they are operating. 


The Quality of Radiation 


A REPORT is about to be published by the International 
Atomic Energy Authority, Vienna, of an international 
panel meeting held in Vienna last year to discuss the 
biophysical effects of ionizing radiations of various 
kinds and properties (Technical Report Series No. 58, 
Biophysical Aspects of Radiation Quality, I.A.E.A., 
Vienna, 1966). The subject is important not merely 
because of its practical value in assessing the hazards 
due to radiation which is not simple in character, but 
also because of its interest in fundamental radiobiologi-- 
cal research. One of the conclusions of the panel at 
Vienna was that there is a need of more systematic 
measurement of energy dissipation in biological 
material by ionizing radiation of various kinds. The 
intention is that the activity of the group shall be 
continued within the framework of a research pro- 
gramme co-ordinated by the international agency, 
and it is expected that the programme will be more 
clearly defined at a meeting to be held under the 
auspices of the agency in 1967. 

Much of the discussion of the technical panel was 
concerned with the survival curves for cells of various 
kinds, and with the interpretation of the available 
experimental evidence. On one model, the results 
were interpreted in terms of the amount of energy 
required to produce critical molecular damage in 
small regions of the nucleus from a mammalian cell 
possibly not greater than 50 A in diameter. . In the 
same vein, a model of genetic damagé supposing that 
critical effects are produced by one ionization in each 
of the very small structures situated more than 100 A 
apart, showed that more heavily ionizing atomic 
particles have a greater probability of doing damage. 
Other interpretations ofcell survival curves described 
at the meeting of the panel consisted of a model in 
which the damage done by alpha-particle radiation 
can be accounted for by the dissipation of between 
350 and 500 eV in a small volume of a mammalian 
cell. (From this discussion -it also emerged that the 
proportion of single-hit kiling by X-rays in- kidney 
cells is between 10 and 20 per cent.) Other interpreta- 
tions of the effects of ionizing radiation on single cells 
were based on various stochastic models. 


Replant Problem 


THE “replant problem” is only one of many which face 
fruit growers, but solving it could lead to a spectacular 
increase of yield on many farms. It turns up when 
fruit trees are planted in ground previously planted 
with trees of the same species—for example, when 
apple trees are planted in old apple orchards. The 
cause is not yet clear, but the result can be a consider- 
able retardation of growth in the first year of the life 
of a tree and proportional losses throughout. Clearly 
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something in the soil has an effect on the roots, which 
have a characteristic stunted appearance and cover 
a much smaller volume than normal roots. 

The consequences of the replant problem have now 
been convincingly demonstrated by a series of experi- 
ments at the East Malling Research Station. Apple 
trees planted in an old apple orchard are small and 
poorly developed compared with similar trees planted 
after treating the soil with chloropicrin. This substance 
obviously gets rid of whatever it is that stunts growth, 
but it is dangerous, expensive and unpleasant to handle. 
Acidifying the soil is also effective but is much more 
expensive. Research is continuing at the root labora- 
tory of the station to identify the cause—organism or 
substance. Although nematodes and viruses have been 
more or less ruled out, bacteria may be the culprits. 
In any event, the work has produced interesting new 
results on the growth of fruit tree roots and on the 
habits of the nematodes which prey on them. 


Weizmann Institute 


Tue Annual Report of the Weizmann Institute shows 
that the establishment of the institute at the end of 
1965 consisted of 300 scientists and engineers. At the 
same time there were 89 visiting scientists in residence. 
During the year £952,000 was contributed to the 
institute’s budget by agencies, foundations and other 
organizations in Israel and elsewhere, and supported 
roughly a quarter of the work being done. 


Index to Food Safety 


TuE vigour of the Food and Drug Administration has 
given the United States a fine reputation on food 
safety. The National Academy of Sciences has now 
done its bit to help by the publication of a compre- 
hensive definition of standards of identity and purity 
for some 500 food additives now in use in the United 
States (Food Chemicals Codex, National Academy of 
Sciences—National Research Council, $25.00). The 
volume is the result of five years of work by a Com- 
mittee on Specifications under Dr. Henry Fischbach, 
of the Food and Drug Administration. Draft specifica- 
tions prepared by the committee, and with the help 
of an advisory panel under Mr. R. B. Smith, President 
of the Medical College of Virginia, were criticized by 
interested parties in industry, research and government 
before being cast in final form. The principal value of 
the new publication will be the way in which it will 
enable food manufacturers in the United States to 
interpret and abide by the necessarily laconic regula- 
tions which embody the ways in which the U.S. 
Government has sought to control the use in American 
foodstuffs of the 575 chemicals considered to be safe, 


Professor E. A. Guggenheim 


Tue University of Reading is about to lose Professor 
E. A. Guggenheim, who retires on September 30. 
He has been head of the Department of Chemistry at 
Reading since 1946, and during this period has made 
his principal contributions to thermodynamics and 
statistical mechanics. During the same period he has 
built up a vigorous School of Physical Chemistry at 
the University. He will be succeeded as head of the 
Department by Professor G. W. A. Fowles, at present 
Professor of Inorganic Chemistry. Guggenheim has 
been nominated Emeritus Professor. 
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University News: London 


Dr. J. M. Huyton, first assistant in the Academic Depart- 
ment of Psychiatry in the Middlesex Hospital Medical 
School, has been appointed to the chair of psychiatry 
tenable at that school. 


Appointments 


Mr. W. J. Bray has been appointed director of research 
at the Post Office in succession to Dr. G. H. Metson, who 
retired in August. 


Announcements 


Tue United States National Academy of Sciences and 
the National Academy of Engineering has announced the 
appointment of John C. Kohl as executive secretary of the 
Division of Engineering of the National Research Council, 
effective September 15. The NRC is the operating agency 
for both Academies. 

Mr. Kohl, a civil engineer with broad experience in the 
field of urban trarsportation, became executive vice- 
president of the Arerican Transit Association in March 
this year, after serving since 1961 as assistant adminis- 
trator (transportation) of the Federal Housing and Home 
Finance Agency, responsible for its urban transportation 
programme including capital grants and transit demon- 
stration projects authorized under the Urban Mass 
Transportation Act of 1964. Heheld that position 
on leave from the University of Michigan, where he was 
Professor of Civil Engineering and Director of the Trans- 
portation Institute. 

Mr. Kohl succeecs Louis Jordan, who is retiring as 
executive secretary of the division after 24 years as a 
member of the NRC staff. Mr. Jordan will continue to 
serve the division as special consultant to its chairman, 
John A. Hutcheson. 

The Division of Exrgineering, one of eight NRC Divisions, 
includes in its mem»ership representatives of more than 
20 national professicnal organizations as well as members- 
at-large drawn from various engineering specialties; more 
than 1,200 engineers and scientists from the academic 
community, industry and government participate in the 
Division’s activities 


AWARDS for postdcctorate research on the biochemical 
and physiological msachanisms of fertility and early stages 
of reproduction in various forms of life are being offered 
by the Lalor Foundation, Delaware, U.S.A.. for tenure 
during 1967. They are open to scientists of all nationali- 
ties and may range up to $8,000 per year depending on 
the scoperand duration of the projects approved. Prefer- 
ence will be given to younger members of university and 
college faculty and staff with angupper age limit of 41 
years. The work may be carried on at the applicant’s 
own institution or elsewhere. The foundation will also 
grant postgraduate summer or short-term research awards 
at the Marine Biclogical Laboratory at Woods Hole, 
Massachusetts. These awards will normally not exceed 
$1,200 for a single man or a woman, $1,400 for a married 
man working at his home institution, and $1,600 for a 
married man with principal programme at another 
institution. Requests for informatior and for application 
forms should be dicecéed to the Lalor Foundation, 4400 
Lancaster Pike, Wilmington, Delaware 19805. 


Tue International Association for Plant Physiology has 
prepared an Internstional Directory of Plant Physiologists 
associated with its fifteen constituent national organiza- 
tions. Copies may be purchased for $1.00 from the 
secretary-treasurer, Prof. Arthur W. Galston. Department 
of Biology, Yale University, New Haven, Connecticut. e 


THe journal Respzration Physiology (Nature, 211, 901; 
1966) is published by the North-Holland Publishing 
Company. 
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; -WHAT NEXT AT BERKELEY? 


Tue University of California at Berkeley, one of the 
finest academic centres in the United States, was torn by 
@ campus upheaval in the autumn of 1964 that was 
unprecedented in an era of campus conformity for the 
majority and Vietnam and civil rights protests by the 
vocal minority. Were they ‘Reds’ and ‘Chinese com- 
munists’ ? Or were the participants in the Free Speech 
Movement at Berkeley intelligent students revolting 
against the impersonality of a university the size of 
Berkeley—27,000 students in 1965—and their own lack 
of motivation ? Prompted in part by the unrest repre- 
sented by the Free Speech Movement, the university’s 
Emergency Executive Committee appointed in March 
1965 a Select Committee on Education to examine in 
detail the problems of the university and present possible 
solutions. ‘The committee, under the chairmanship of 
Prof. Charles Muscatine, has now submitted its report, 
and many of its recommendations should be implemented 
during the present academic year {Education at Berkeley, 
University of California Press and Cambridge University 
Press, March 1966). 

The report does not present a broad, sweeping pro- 
gramme, nor does it attempt completely to revolutionize 
any large segment of the university; what it does try to 
do is establish an atmosphere of change and adaptation 
and at the same time to present a number of proposals 
aimed at specific problems. ‘Our ideal for the student is 
that he be provided with rich opportunities, generous 
guidance, and plenty of room for experiment, and that 
he be enabled to make for himself as many of the impor- 
tant decisions about his own education as possible”. 

The complaints that were levelled against Berkeley by 
the Free Speech Movement included claims that students 
were ignored and even deprived of their right to speak, 
that they Were treated as IBM numbers rather than 
individuals, and that professors were more interested in 


research than teaching and had no contact with their 


students. The select committee admits that some of these 
charges are valid and has attempted to offer some solu- 
tions. To be sure, the committee does conclude, from a 
number of surveys among students, that most students 
consider they are getting a good education. In spite of 
this, the supporters of the Free Speech Movement were 
not simply a small minority but the hard core of intelli- 
gent and articulate students who wanted a chuse with 
which they could identify. 

But the problems aè Berkeley stem not only from its 
size but from its composition. Berkeley students are as 
mobile as most Californians. Of the class entering as 
freshmen in 1961, only 50 per cent graduated by January 
1966 or were still on the campus. Of the class that 
graduated in 1965 from the College of Letters and Science 
the largest school in the university—38 per cent had 
completed their first two years elsewhere; only one-fifth 
of the graduate students come from Berkeley, so there are 
also more than 3,000 new students in the graduate 
schools each year. 

Anunstable, fragmented body of A manyof whom 
commute for between two and six hours each week, does 
not make for ease of contact in a large university, and 
many of the committee’s proposals centre on this problem. 
It wishes to see the advising system, especially for fresh- 
men, changed from an empty formality to a more personal 
though voluntary opportunity for students to seek out 
fn adviser of their choice when they need help and not, 
as at present, merely to acquire the signature of a teacher 
who neither knows nor has time to care about what he is 
signing. The report says that the present system “‘is 


based on the doubtful assumption that a spontaneous 
and genuine relationship will develop between a student 
and a faculty member within the short periods officially 
required for advising twice a year. There are probably 
few men who are capable of forming meaningful relation- 
ships with dozens of students on short notice”. To help 
new students the committee would like to see a summer 
orientation and guidance programme so that incoming 
students can learn what choices are available and map 
out a tentative schedule well before they register. 

The complaint of many students at large universities 
that their professors have little interest in them and are 
more concerned with their research than with teaching 
can and has been made at Berkeley. At a university 
where more than one-third of the students are graduates, . 
it would be very easy for teachers to neglect their under- 
graduate students, but, in fact, this does not seem to be 
generally the case. From a study of the distribution of 
faculty time-tables, it appears that the average teacher 
spends 24 hours on courses and lectures, 10 on under- 
graduate consultation and advising, 7 on graduate 
research instruction, and only 10 on individual research. 

Size is a problem for classes in the lower division 
courses in the first two years, where classes average 
seventy. It seems clear, however, that the problem of 
student—faculty contact has not arisen from a neglect 
of teaching in favour of research on the part of the 
faculty. Even so, the committee recommends an eventual 
increase of the teaching staff with the student enrolment 
held constant. In the meantime, it considers that the 
proportion of lecture courses should be decreased in 
favour of discussion sections, seminars and tutorials, and 
that students be given more opportunity for supervised 
but independent study. 

The report would also like Berkeley to reverse the 
increasing importance of course grades. Both students 
and faculty have often expressed dissatisfaction with a 
point-grading systema student survey showed that 
35 per cent of honours students believed that their 
grades did not reflect their actual knowledge and under- 
standing of a subject—but the committee did not feel 
prepared to offer a comprehensive alternative. It does, 
however, propose that students should be allowed to 
take one course apart from their major each term on a pass 
or fail basis, and that some courses should be offered in a 
sequence of two or thrée quarters with a grade given only 
at the end. 

Possibly the most important and far-reaching recom- 
mendation outlined in the report is for the establishment 
of a Board of Educational Development. As the com- 
mittee says, “we believe it is important to establish 
machinery, not to implement any single curricular change, 
but to give continuing consideration, encouragement and 
financial support to all worthy proposals for educational 
development”. The committee visualizes a permanent 
board of seven, each member serving for three years, to 
determine policy, implement projects, carry out studies 
and attempt to establish priorities for educational develop- ` 
ment. 

None of these proposals will bring about any radical 
changes in education at Berkeley, but they do reflect and 
bow to the general unrest that has hamstrung the campus 
for the past few years. They .betoken a willingness to 
experiment and to consider new concepts. Whether any 
innovations will be able to cope with the problems of size 
and composition that face such a State university remains 
to be seen, but Berkeley’s pragmatic and gradual approach 
looks like making a practical start. 
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INSTEAD OF COSMOLOGY 


By Pror. OSCAR KLEIN 
Ringen 21, Stocksund, Sweden 


Tue attempt outlined in this article, to consider the 
origin and evolution of the system of galaxies—our meta- 
galaxy—in a similar way to that of smaller stellar systems, 
is not a new cosmology but is essentially based on a some- 
what detailed criticism of the various branches of cosmo- 
logy of which some indications will be given below. On 
the other hand, it depends largely on the considerations 
developed in connexion with relativistic cosmology, the 
aim of which-—apart from its philosophical foundations— 
has been real enough, namely, the interpretation of some 
remarkable results of astronomical observation, in the 
first place the characteristic red-shift of the spectral lines 
from other galaxies in its dependence on their distance, as 
discovered by Hubble; second, the tendency towards an 
even. distribution of galaxies and galaxy clusters, when. 
sufficiently large volumes are considered and, further, the 
recently discovered electromagnetic radiation apparently 
corresponding to a temperature equilibrium of a few 
degrees above absolute zero. 

On the other hand, present day cosmology also has much 
in common with an age-old inclination of the human mind 
appearing in early creation myths-and later giving rise to 
world systems based on a priori arguments, either theo- 
logical—the universe being worthy of the wisdom of the 
Creator—or philosophical—so-called necessities of thought. 
Thus the system ascribed to Aristotle but also influenced 
by The Bible reigned on the whole, though not without 
modifications, throughout the Middle*Ages. 

In contrast to such grand world systems, physical 
science developed from a thorough study of certain simple 
classes of experience: the equilibrium conditions for 
solid bodies and liquids and the motion of falling and 
thrown bodies—-not to mention the experience behind 
Euclidean geometry. This gradually led to the disclosure 
of general laws behind phenomena such as the principle 
of virtual work, the law of inertia and the principle of 
relativity, which in extended and modified form still 
belong to the foundations of physics. This search for 
general principles by means of well-chosen characteristic 
features of gradually more extended classes of experience 
is still the leading stimulus in physics, as illustrated by the 
development in the present century of relativity theory 
and quantum theory. 

In earlier work of this kind, such as Newton’s digcovery 
of the law of general gravitation and his development of 
what we now call classical mechanics on the foundation 
laid by Galilei and his predecessors, the contrast with the 
“cosmological” trend was very conspicuous. This appears 
in Newton’s general statements in his Principia, of which 
the clam of using the same explanation for analogous 
things was far from trivial, when things were the fall of 
earthly bodies and the motion of celestial planets. It 
may be said that the mentioned results of Newton’s 
researches first gave substance to the concept of the 
universal laws of nature, which since then has been the 
leading idea behind physical investigation. 

Although in formulating his law of general gravitation 
Newton had to rely on astronomical experience as em- 
bodied in the Keplerian laws, the later disclosure of general 


laws in electromagnatism and quantum physics has been 
mainly based on “earthly” experience. Conversely these 
laws have come to play an increasingly important part in 
astronomy the protlems of which, apart from size and 
time, are well within the range of what can be studied in 
the laboratory. Scentists who wish to introduce new 
laws of nature in order to make the universe satisfy their 
a priort claims have, however, a certain advantage over 
Newton’s contemporaries, who believed in the short 
time-scale of The Bzble. 

It is of interest in this connexion to consider the state- 
ment called “the cosmological postulate” by the defenders 
of the steady state cosmology : that on the average the 
universe t8 the same everywhere and at all times. Taken 
as the background for the hypothesis of a spontaneous 
creation of matter ct a rate just sufficient to compensate 
for the rarefaction of the metagalaxy as a result of its 
observed expansion. this is certainly an extreme example 
of cosmological thinxing. On the other hand, the statement 
itself is a natural induction from astrophysical experience 
concerning the validity of the laws of gravitation, electro- 
magnetism and atomic physics at the most distant places 
agd early times so far accessible to observation. Thus, 
just as a sufficiently large sample of a population living 
under unchanging natural conditions and hyman legisla- 
tion will show a comstant distribution of ages and profes- 
sions, we should expect that a sufficiently large region of 
the universe would present a constant distribution of 
stellar systems witk respect to types and stages of evolu- 
tion. Because the metagalaxy is in fact changing we 
conclude that—despite its enormous size—it is too small to 
be representative of the average situation in the universe. 
Moreover, we assume that it is just one of a multitude of 
similar systems in different stages of evolution, some of 
them expanding ard some contracting. 

' On this assumption, our metagalaxy would not be a 
singular case but, lize the smaller stellar systems, a regular 
occurrence in a very much larfer—perhaps infinite— 
universe, very thinly populated by stellar systems, so as 
to avoid the well known paradox of infinite gravitational 
fields and infinite starlight illumination in the way sug- 
gested by Charlier and others. Such considerations lead 
us to assume that she metagalaxy once started as a very 
extended and very thin collection of the simplest stable 
particles—protons and electrons—which contracted by 
means of mutual gravitation. = 

As we shall see, these assumptions are further supported 
by a closer comperison of the foundation of Einstein’s 
general relativity +heory with the arguments behind his 
cosmology. Also, a tentative interpretation based on the 
view just mentionad of the origin of the metagalaxy of 
the relationship noticed by Eddington between the size 
and mass of an Einstein universe (adapted to the average 
density of the system of galaxies) to the so-called radius of 
the electron and the mass of the proton seems to offer 
some clue as to the manner of its transition from an 
earlier contraction to its present expanding state. 

After some prelininary attempts on this basis it occurred 
to me that it would be extremely improbable for the huge 
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cloud under consideration not to have contained as many 
antiprotons as protons and as many positive electrons as 
ordinary electrons. The evidence obtained from experi- 
ment as well as theoretical studies points to an equal 
a priori probability of a particle and its antiparticle. 
This hypothesis of equal amounts of matter and antimatter 
in the original cloud made it necessary to assume that some 
natural mechanism of separation has been in action during 
the evolution of the metagalaxy. Questioned about this 
point, Professor Hannes Alfvén soon proposed some such 
mechanisms. This was most stimulating and led us to 
consider seriously the possible role of matter—antimatter 
annihilation as a hitherto neglected force in cosmical 
physics, the first result of which was a sketch of the 
evolution of the metagalaxy from its start to the present 
expanding state (published in a joint paper, where his 
separation mechanism was also briefly considered). 

The great progress made during the past twenty years 
in interpreting the many new discoveries in elementary 
particle physics is based on the combination of quantum 
theory and special relativity theory. This has given rise 
to the opinion shared by many physicists that, while 
special relativity is one of the most fundamental principles 
in physics, the concepts of general relativity are limited to 
the realm of very large dimensions—gravitation bemg 
not only the weakest but also the least understood kind 
of interaction. I believe that this opinion has arisen from 
a misunderstanding of general relativity partly caused 
by Einstein himself in connexion with his cosmological 
considerations. Thus I believe that elementary particle 
physicists are right in assuming that the fundamental 
laws of physics are those found in the limiting case of 
negligible gravitation. But far from being contrary to 
the theory of general relativity, this view is a consequence 
of what Einstein called the “equivalence principle”, the 
very cornerstone of his general theory. 

It is of interest that the concepts on which this funda- 
mental principle is based depend on experience well 
known since Newton’s time and already known to Galilei 
—namely, that all bodies undergo the same acceleration 
in & gravitational field—and from which follows an 
explanation pf the now well known weightlessness inside 
a satellite. In Newtonian theory, however, this applied 
only to mechanical phenomena. But Einstein—starting 
from special relativity, emanating in its new form from 
a thorough study of electromagnetism and optics— 
saw in this old fact a deep law of nature applicable to any 
physical phenomenon. Already in Newtonian mechanics 
the fact mentioned implies that an inertial frame of refer- 
ence—that is, a frame in which the law of inertia is directly 
valid—-can. be introduced locally anywhere and at any 
time in any gravitational field. The word “locally” here 
means that such a frame can be used in the neighbourhood 
of a certain point during a certain time interval, suffici- 
ently small for the vari&tion of the gravitational field to be 
negligible. Mathematically this 1s related to the replace- 


ment of a small part of a curved surface by a bit of the - 


tangent plane. But just as a lake—despite the curvature 
of the Earth’s surface—can be considered as plane for 
most purposes, this kind of frame will in most cases have 
a practical validity within a quite large space-time 
region. 

Hinstein’s principle of equivalence states that any 
physical law, when referred to ap inertial frame, will 
hold in circumstances where gravitation may be neglected 
—that is, will be a law of special relativity theory. Con- 
versely, any such sufficiently well known physical law can 
be generalized so as to describe the effects of gravitation 
on the phenomena in question. 

Two important implications of this principle which are 
often forgotten will be emphasized here. The first is 
that this principle provides the physical interpretation of 
the mathematical formalism of general relativity theory; 
measurements of physical quantities—most directly 
those of length and time—being in principle referred to an 
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inertial frame, that is, a frame freely falling in the local 
gravitational field and having zero velocity with respect 
to the practical rest frame at the time of the measurement. 
The other, which is a consequence of the first, is that there 
is no essential difference between so-called inertial forees— 
such as the centrifugal force—and “true” gravitational 
fields. 

We shall now consider briefly the properties of an 
approximately isolated system—for example, its mass— 
from the point of view of the principle of equivalence. 
The use of an inertial frame implies the practical removal of 
all gravitational fields other than that due to the system 
itself. Thus, in order to measure the mass of the Earth 
by means of the gravitational field it produces, a frame 
has to be used in which the gravitational field from the 
Sun is removed as far as its lack of homogeneity permits, 
that is to say, a frame freely falling in the field of the Sun. 
This field is sufficiently strong to influence appreciably 
the direction of gravitation but is compensated by the 
inertial force as a result of the accelerated motion of the 
Earth around the Sun. As is seen, this compensation is 
automatically taken care of by using the aforementioned 
frame. 

A similar case is provided by the Copernican frame, 
in which the centre of gravity of the solar system is at rest, 
and which is freely falling in the gravitational field due to 
the remainder of the galaxy. Here the average field is 
very weak, which means that this frame deviates very 
slightly from one at rest with respect to the sphere of 
fixed stars, a frame which was assumed to give a practical 
definition of Newton’s concept of absolute space. In a 
frame of reference at rest or in uniform motion with respect 
to absolute space there would be no inertial forces. 
Referred to such a frame and using the corresponding 
concept of absolute time the true laws of physics would 
hold— in, the first place the law of inertia. . 

These Newtonian concepts were strongly criticized by 
Mach, the famous physicist-philosopher, in his admirable 
book on the evolution of mechanics. Regarding them as 
metaphysical in the worst sense of the word, he took the 
view that only the motion of a body with respect to other 
bodies could be physically meaningful. He concluded 
that inertial forces must be gravitational effects resulting 
from accelerated motion with respect to the multitude of 
distant bodies in the universe. This idea appealed strongly 
to Einstein in his search for a generalization of special 
relativity and became—under the name of ‘‘Mach’s 
principle’’—one of the main incitements to his cosmology. 

While Mach’s apparently well founded criticism of 
Newton's concepts was actually based on preconceived 
ideas of the meaning of words like “body” and “empty” 
space, Einstein’s principle of equivalence was, as we have 
already seen, an induction from empirical facts. Thus, 
it is not so surprising that this principle and not Mach’s 
idea concerning inertia is in best agreement with relativis- 
tie quantum theory, where the words “matter? and 
“vacuum” have obtained a new and richer content, their 
everyday meaning being correspondingly limited. 

We shall now summarize the relation between the 
equivalence principle and the Mach principle. According 
to the former the mass of a body—which could be anything 
from an elementary particle to a stellar system—is referred 
to an inertial frame, which is better defined the better the 
body is isolated, its surroundings approaching the physical 
definition of an empty space. In practice such a frame has 
no direct relation to the structure of the universe. With 
Mach’s principle, on the other hand, a body would have 
zero mass in an empty universe, the mass being smaller 
the less matter there is. 

As is well known, the deviations from Euclidean, 
geometry—-which are very small in the applications of 
general relativity to ordinary problems, such as the 
motions of the planets—play an important part in cosmo- 
logy. Their general background is by no means mysteri- 
ous, being the fact that the different points of a gravita- 


No 5055S SEPTEMBER 24, 1966 


tional field in general require different inertial frames. In 
this connexion Einstein’s field equations which replace the 
Newtonian law determining the gravitational field arising 
from a given distribution of matter should be men- 
tioned. Because there is no gravitational field in the 
limiting case of special relativity these could not be derived 
by means of the equivalence principle in its usual form. 
Einstein found them by means of the idea of “general 
covariance” with respect to the choice of the four co- 
ordinates used for the mapping of a finite region of space 
and time, together with the requirement of greatest pos- 
sible simplicity. Because these equations have been used 
in connexion with speculation exceeding by far the range 
of our experience ıt should not be forgotten that their 
derivation is probably less fundamental than the part of 
the theory which is based on the principle of equivalence. 
None the less, they represent an important advance in 
several respects from Newtonian theory. 

Einstein’s original attempt to describe the average situa- 
tion of the universe by the famous “‘closed world” solution 
of his somewhat modified field equations depended strongly 
on his hope of satisfying the Mach principle. Another 
important aspect was the avoidance of the boundary 
condition valid in the Newtonian case as well as in 
ordinary solutions of his own equations: that the gravita- 
tional field vanishes asymptotically towards infinity. As 
has already been shown, this condition (although, in 
practice, infinity here means distances from the system 
under consideration) is automatically fulfilled in the 
inertial frame, where any gravitational field other than 
that due to the system itself is removed. Einstein, 
however, regarded the use of such a frame as running 
against the claim of general. covariance. Strangely- 
enough, both these arguments are contrary to the spirit 
of the principle of equivalence discovered and used most 
ingeniously by him in the development of a theory of 
general relativity. 


A third assumption—the static nature of the solution— 


was based on the belief of astronomers before Hubble’s 
discovery that even distant stellar systems have very 
small velocities with respect to our galaxy. Later Einstein 
abandoned this assumption in favour of a class of expand- 
ing solutions discovered by Friedmann and later, inde- 
pendently, by Lemaitre, who together with Robertson 
and others developed the relativistic cosmology mentioned 
in the introduction. 

As was mentioned at the beginning of this article, the 
average mass density as obtained by counts of galaxies 
and galaxy clusters together with more or less reliable 
estimates of the average masses of such stellar systems 
tends to become spatially constant, when sufficiently large 


volumes are considered. There is a simple sub-class of the- 


expanding solutions just mentioned which satisfies the 
condition of pressureless matter of spatially constant 
density. Moreover, these solutions give a generalized 
red-shift law, which for moderate distances agrees with 
Hubble’s empirical law: the red-shift of-the spectral lines 
from a given galaxy proportional to its distance from our 
galaxy. Thus as a result of the slowing down of the 
expansion because of gravitation, the coefficient of the 
Hubble law decreases in the course of time. Taking any 
point, for example our own galaxy—all points being 
equivalent—as the origin, the position of any other 
galaxy may be described by means of three time-inde- 
pendent co-ordinates, one radial co-ordinate n and two 
angles representing latitude and longitude. The distance 
of a point from the origin is then a function of 7 multi- 
plied by a time-dependent factor a of dimension of 
length, ņ being chosen dimensionless. Thus a describes 
the expansion of the system, and its relative time-deriva- 
tive 1/7 ıs the Hubble law coefficient at the time under 
consideration. {T is frequently, but rather inadequately, 
referred to as the age of the universe.) 

There are two subclasses of the solutions under con- 
sideration characterized by the value +1 and — 1 respec- 
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tively of a parameter e; the first represents an infinite 
universe, the second a finite, closed universe of the Einstein 
type. In order to sat sfy the gravitational field equations 
and the condition expressing the conservation of particles 
(doubtlessly well satisfied at the present time), a, T and 
the density u have to fulfil two conditions which, because 
they are very simple we shall give explicitly, namely 


Qo 
a ee do + ea gue > Dry 20 $ 

Here y is the ordicary gravitational constant, @) an 
integration constant ef the same dimension as a, and c the 
vacuum velocity of light. T is the reciprocal of the 
Hubble coefficient, ard is well known for the present time; 
the estimates of u, however, are rather less certain. 
Thus, F = 1-3x 10! (thirteen thousand million) years 
and u = 10-3 g em~- (that is, 1 g in a cube, the side of- 
which is a hundred thousand kilometres) seem to be 
reasonable estimates This gives for the left hand side 
of the first formula a value considerably smaller than 
unity (0-09), which can, however, be reconciled with the 
right hand side only if e = + 1. Solving then for a 
and a, we obtain a value for a) of about 10° light-years 
anda ~10a,. 

Assuming that there estimates are not very far from the 
best fit that can be obtained between: relativistic cos- 
mology and our metegalaxy at the present stage of evolu- 
tion, we shall now prcceed to a model of the kind mentioned 
at the beginning of tke article which represents a bounded 
expanding solution to Einstein’s equations of spatially 
constant density, and which satisfies the ordinary bound- 
ary condition. Suck a solution can be constructed from 
the cosmological solution stretching to infinity-by allowing 
the matter distribution to end at a certain finite value 
No Of the radial co-crdinate n, the space outside of the 
expanding spherical surface, thus defined, being empty. 
This is the three-dimensional analogue to the cutting out 
of p circular cap arsund a point on & spherical surface. 
Thus we obtain a spherical expanding cloud of spatially 
constant density, which satisfies the foregoing equations 
—the boundary concition leading to the following relation 
for its total mass M - 


dr c? 
M = F uana = Fy AN 
Thereby M is defined by means of the external gravita- 
tional field due to the system. It should be pointed out 
that the centre is no-v a meaningful point, and its distance 
from our galaxy is an observable quantity. Because No 
together with a determines the radius of the system, it is 
possible that an estimate of ņa could be obtained by a 
survey of the distribution of stellag systems of high red- 
shifts with respect to direction. Such a survey is still 
lacking but the highəst red-shifts so far known correspond 
to about four-fifths of the velocity of light when inter- 
preted as Doppler effects. This would correspond to an 
y-value of the source slightly greater than unity, if our 
galaxy (for this ca.culation) is put at 7 = 0. On the 
other hand, an upper limit for m may be obtained by 
means of the so-calBd Schwarzschild limit applied to the 
system at the time when the observed light was emitted. 
For an expanding or coatracting system such as that under 
consideration, this mit is the state where the velocity of 
the boundary is ecual to that of light. For densities 
beyond that state there is no natural way of satisfying 
the boundary condision. In the present case this state is 
reached fora = ayn, which means that this is the smallest 
value a could possibly have had according to the model. 
Bearing in mind that the present expanding state of the 
galaxy should, acccrding to our programme, have beere 
preceded by an ear.ier contracting state, this value of a 
is probably smaller than the smallest value for which 
the expansion was fully established. Now, a red-shift 
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corresponding to a Doppler effect velocity of 4/5¢ means 
that a at the time when the light was emitted was as 
large as one-third of the present value of a. This and the 
estimate of the y-value which belongs to such a red-shift 
would point to a value of y in the neighbourhood of 
unity. 

It is of interest to compare the solution under considera- 
tion with the corresponding solution of Newtonian theory. 
In the latter case we have a common time for the whole 
space, which in the present case corresponds to the time 
of the external inertial frame. An important difference 
between the two solutions is involved with the Schwarz- 
schild limit, which does not exist in the Newtonian 
theory, where c is regarded as infinite. In the present 
solution—using the inertial frame time—a contracting 
solution will approach this limit asymptotically but never 
reach it. Apart from this the classical formulae are valid 
for yo <1. In the classical case, an is the distance of & 
point from the centre, while in the relativistic case this 
is the first term of a series expansion in powers of y—the 
approximation being quite good up to 7-values not much 
smaller than unity. 

Now, in the classical case, s = + 1 means that there 1s 
a surplus of kinetic energy beyond that needed to bring 
the expansion to infinity, while s = — 1 means a corre- 
sponding deficit—a, being in that event the largest value 
which a can take. This is quite similar to the situation 
in the relativistic case, where Mc? is the total energy 
including the rest mass energy of the system, while 
M,¢?, the sum of the energies of its sub-systems (galaxies 
and galaxy clusters), is equal to the volume integral of the 
density u. Thus fore = + 1 M > Meo, while M < Me 
for s = — 1. Thereby the ratio M,/M is a function of 
No, which for s = + 1 is given by. 


M, 3 So i 
Ms = je (mv0 + mf) — (VAL + 12) +) ) 


With m = 1 this gives M,/M = 0-8, and the surpfus 
energy Me? — M,c? is 20 per cent of the total energy. 


Assuming ‘that all these estimates, although necessarily . 


uncertain, are reasonably realistic we shall consider the 
last result from the point of view of our basic hypothesis: 
that the metagalazy began as a very large and very thin 
cloud of practically zero temperature. This means that 
its total energy M’c? (M’ being the original mass of the 
cloud) was practically equal to the sum of the rest mass 
energies of its particles. Suppose now that during its 
evolution up to the present state an amount of energy 
c?AM has been lost by radiation including neutrinos, 


together with the amount c*AM, of the rest mags energy. - 


Then we shall have 
@ 
M = M + AM = M, + AM p 


or 


M -—- M, AM,- AM, 
M ~~ M 


It thus follows from the above estimates that AM, must 
be more than 20 percent of M; how much more depends 
on the amount of energy lost. . 

To gain some further clue as to how the transition from 
the original state of the metagalaxy to its present state 
occurred, we shall consider the strange empirical relations 
noticed by Eddington for the linear dimensions and 
the total rest mass of an Einstem universe adapted to 
the observationally estimated density. Their essence is the 
appearance of the large number N of the ratio between the 
alectrical and gravitational attraction between a proton 
and an electron, when macroworld quantities are com- 
pared with their counterparts from the microworld. 
Instead of the Einstein universe, we shall consider the 
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bounded solution with the value of dy, already estimated,’ 
and the corresponding mass M. 
With 
2 


e 
a ane De 9 
N = m, 7 22T x 10”, 





e being the elementary electric charge, y again the gravita- 
tional constant and Mme and mp the masses of electron and 
proton respectively, the above estimate of a, fulfils almost 


exactly the relation 
a, = 2Nd, 


where 
a 


-a = 





pepr 2°82 x 10-3 cm 


+ 


is the so-called radius of the electron. Assuming họ = 1 
it follows that 


y M = N*mp. 


Although the exact form of these relations should not be 
taken. seriously, we shall see that their order of magnitude 
is probably meaningful. - 

Thus, considering the metagalaxy from the present 
point of view, it does not seem unreasonable that the 
mechanisms responsible for its evolution also determine 
its natural average size; it is feasible that in so large a 
system the relative fluctuations from this “natural 
average size” are quite small. If we tentatively assume 
that the -turning of the original contraction into its 
present expansion resulted from radiation pressure on the 
electrons of a cloud by means of scattering according to 
the well known Thomson formula; well valid in the visible 
and infra-red part of the spectrum, the mean free path of a 
photon—determining the degree of opacity of the matter 


8rd? l 
—would`be equal to 1: E es where neis the number: 


of electrons in eaeh unit volume. It follows from the 
foregoing estimates that this length is of the same order 
of magnitude as the radius of the cloud in its densest state, : 
where @ = a, (the Schwarzschild limit), if ne is comparable 
with the number of protons in each unit volume. The 
meaning of this is suggested by the fact that the contrac- 
tion of the cloud to the density in question—about 
10-27 g cm~*—would lead to annihilation of a sensible 
fraction of its total mass. . . 
The formation of electromagnetic radiation needed 
to break the motion during the contraction of the cloud is 
still far from clear; the possible sources would be collisions 
of the particles of the cloud with each other and with 
electrons as a result of annihilation, the increase of already 
present radiation through the process resulting in braking 
and, finally, synchrotron radiation as a result of the 
presence of magnetic fields. The last type of radiation 
has begn studied by Alfvén et al. in an attempt to consider 
annihilation as the main energy source in the newly 
discovered so-called quasars. This process, however, 
would scarcely be important in the present connexion, 
because the relevant wavelengths would be very large 
compared with the average distance of the particles in the 
cloud, and this would mean high transparency because of 
the equal amount of positive and negative electrons. 
Short of 4 detailed theory for the formation of radiation. 
it may be worth while to estimate its spectrum under the 
assumption that at this turning point the system is not 
too far from a temperature equilibrium. The temperature 
would then be determined by the energy available from the 
contraction of the system from its beginning state of very 
low density to a state approaching the Schwarzschild limit. 
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With a mass of the order of magnitude estimated here the 
temperature in question would be somewhere around 50° K, 
and practically all the thermal energy would then be in 
the form of electromagnetic radiation (the particles would 
contribute almost nothing, even if their temperature were 
many orders of magnitude higher). The average wave- 
length at that temperature (smaller than 1/10 mm) would 
be well within the region of validity of the Thomson 
formula and sufficiently small with respect to the average 
distance of the particles in the cloud (more than 100 mm). 

Looking somewhat more closely at the possibility— 
suggested by the above estimates—of explaining the 
transition to the present state of the metagalaxy, it would 
seem that although the orders of magnitude are promising 
there is too little annihilation as well as opacity, if one 
makes the simplest assumptions : that the homogeneity 
of the cloud is conserved during the contraction and that 
the number of electrons is equal to that of the protons. 
There is no necessity, however, for the latter assumption— 
electrical neutrality being upheld by protons and anti- 
protons separately and positive and negative electrons 
separately—while a moderate increase of ne (the number 
of electrons in each unit volume) would give sufficient 
opacity. The limit would probably be given by the highest 
permissible value of ne in the present state of the system, 
taking into consideration the decrease of this quantity 
resulting from expansion and annihilation. Verification 
of the approximate temperature equilibrium as well as 
of the explanation of the expansion by means of radiation 
pressure can perhaps be seen in the observed low-tem- 
perature radiation mentioned at the beginning of the 
article. Thus, if the radiation expands in doing work 
on the electrons, the opacity being sufficient, its tempera- 
ture would decrease approximately in the same proportion 
as the linear dimensions increase, that is, by about a 
factor of ten according to the estimates of a and ap. 
Within the uncertainties this would agree well with the 
temperature (about 3° K) of the present radiation. 

As to the other difficulty, it would be removed if a 
sufficient number of inner condensations appear inside the 
cloud during its contraction, their time scale being shorter 
than that of the general contraction, as a result of their 
higher density. Such an occurrence produced by inner 
instabilities seems highly probable. Kanan: a mass of 
such a condensation of the order of magnitude of a galaxy, 
considerable annihilation would occur quite long before 
its opacity is sufficiently great to stop the contraction 
and very long before the Schwarzschild limit is reached. 

Here also another point should be mentioned, namely 
the transfer of the momentum given to the electrons from 
the radiation to the protons of the cloud. According to 
Alfvén this would be brought about by the magnetic 
fields necessarily present in a thin plasma of electric 
particles. 

Thus, as already mentioned, a considerably smaller 
mass would develop in a manner differing widely from 
that of a metagalaxy, the lack of sufficient opacity 
impeding largely the braking of the contraction by means 
of radiation pressure. Here one would expect that the 
magnetic fields—implying the Alfvén separation-e-would 
become important and lead to the development of a 
galaxy or a galaxy cluster but not to a metagalaxy. A 
much larger mass, on the other hand, would scarcely 
suffer any significant annihilation before inner con- 
densations had appeared because the Schwarzschild limit 
density is inversely proportional to the square of the mass. 


Further reading: 

For orientation in cosmology: 

North, J. D., The Measure of the Universe. A History of Modern Cosmology 
(Oxford University Press, 1965). 

For the alternative: 

Alfvén, H., and Klein, O., Arkiv for Fysik, 28, 187 (1962)—where earlier 
work is quoted. 

Klein, O., Astrophys. Norveg., 9, 161 (1964). 

Klein, O., Boundary Conditions and General Relativity, Preludes in Theoretical 
Physics, 23 (North-Holland Publishing Company, Amsterdam, 1966). 

Alfvén, H., Rev. of Mod. Phys., 17, 652 (1965), 
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BOOK REVIEWS 


ORIGINS OF INVENTIONS 


A Social History of Engineering 

By W. H. B. Armysage. Second edition. Pp. 378+ 36 
photographs. (Loncon: Faber and Faber, Ltd., 1966.) 
508. net. 


Tar aim of this boos is “to chart technological develop- 
ments with special reference to Britam, to indicate how 
they have affected and been affected by social life at 
certain stages and tc offer some clues as to the origins of 
innovations and motivations”. This is a far from modest 
aim for a book of bss than 400 pages which starts its 
story in 3000 s.c. aad ends with the problems posed by 
space, high energy physics and the power revolution. 

The book is one bof a series designed for the student 
and professional scientist and technologist, and for such @ 
public the treatmeni of technological developments and 
of the relevant scieatific discoveries is sketched in with 
a fine sense of perspsctive and economy. It is not a book 
for the general readar, for whom inevitably, in a book of 
the size, there is not enough description of the inventions 
listed. 

The treatment of how technological developments 
affected and were afected by social life is less satisfactory. 
The analysis of the. interaction between technology and 
education, and also of the ways in which, from time to 
time, necessity has mothered inventions is well done. 
But in dealing witk the effects of technological develop- 
ments on social life Professor Armytage has been much 
less successful. If athird edition of this book is published 
it is to be hoped that Armytage will have more to say 
about the social impact of changing war technology, 
about the effects o7 changing technology on family life, 
sagial mobility, the location of industry, the distribution 
of income, the forms and concentration of economic and 
political power, and so on, Attention to such analysis, 
deriving from Marx, Weber, Sombart and Durkheim, 
should help to add zo the engineer's understanding of the 
“social, political and philosophical implications and 
consequences of hs work and influence in society at 
large”. 

The final aim of the book—to offer some clues as to the 
origins of innovat-ons and institutions—is fairly well 
accomplished. In e book on the social history of engineer- 
ing, however, it is s little disappointing not to find rather 
more digcussion o? the relations between science and 
engineering and, n terms of economic development, 
possible conflicts between them. How many countries 
have been successful in both togetRer ? Armytage touches 
on this problem in nis treatment of Greece and Rome but 
does not take it mach further. In contemporary Britam 
he simply treats reesarch as the key to innovation, without 
much attempt to examine the problem of the best alloca- 
tion of scarce scientific and engineering manpower between 
alternative uses. Jere too I hope that the third edition 
of this book will include a discussion of the complex 
economics of research, development and innovation. 


A “BRUCE WILLIAMS 


ARCHAEOLOGICAL FINDINGS 


The Annual of tke British School at Athens 

No. 60. Pp. 345+ 36 plates. (London: The British Schoal 
at Athens, 1965.) 105s. net. 7 
Tus British School of Archaeology at Athens enjoys 4 
high reputation in. archaeological circles, not only for the 
general competence of its research and excavation organi- 
zation but also for, providing a wide range of papers 
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in its annual journal. The Annual for 1966 illustrates this 
scope of the School’s interests in Aegean archaeology. 
Of some fifteen papers, more than half provide catalogues 
of regional or typological material; the range of subjects 
is varied, and includes bronze coinage in central Greece 
of a.p. 1,000, the provenance and identification of the 
Knossos sealings, and Late Helladic IIIA? pottery from 
Mycenae. Also of importance is a paper on the geographical 
distribution of Minoan sites in western Crete. One excava- 
tion report, on work done at Palaikastro, VI, and one or 
two papers on specialized research subjects also find 
places in the Annual; of the latter, a detailed assessment 
of the Battle of Oinoe in the Stoa Poikile attempts to show 
how far Greek art and history can be reconciled in solving 
the problems raised by accepting that the battle of Oinoe 
occurred during the Pentekontaetea. Several difficulties 
cannot be resolved. 

Although a majority of papers in the Annual deal with 
the typological and other problems of coinage, sealings 
and pottery from Greek and Cretan sites, two articles 
are concerned with the application of newer techniques 
of study and classification to material remains. The first 
of these is a study of composition patterns of Mycenean 
pictorial pottery from Cyprus, using optical emission 
spectroscopy, and following on earlier work on Mycenaean 
and Minoan pottery in the Annual for 1963. Almost all 
the twenty-five samples investigated correspond to a group 
previously shown to be of a fabric typical of much of the 
Peloponnese, and fourteenth and thirteenth century 
shipments of pottery from Peloponnese ports to Cyprus 
are therefore attested. Difficulties over sampling methods 
have apparently been eliminated. 

Spectrographic analysis has also been used in the 
investigation of other materials from the Aegean, and a full 
report appears on obsidian, a material not particularly 
important to peoples living in Greece or the islands in 


the second or first millenia, but of considerable importance - 


to their predecessors through some four or five thousand 
years. Obsidian as a raw material for the productign 
of tools and weapons was traded extensively in the 
Mediterranean world, and every piece on the mainland 
of Greece had to be imported from regions where recent 
voleanic activity under certain conditions had produced 
obsidian that was glassy and could be fractured con- 
choidally. Only Melos, Antiparos and Giali in the Aegean 
possessed this material, although other areas to the west, 
north and east were also available. Spectroscopic examina- 
tion and analysis have revealed various groups, with 
barium and zirconium important as trace elements, and the 
Melian obsidians are separated conclusively from those of 
Lipari in this way. The archaeological implications for 
this work, work which has been considerably extended 
since the paper was written, are varied. Perhaps the most 
striking is the very eafly use of Melian obsidian in Crete 
and Greece, in the late seventh millenium s.c. In fact, 
Melos was virtually the only supply of obsidian throughout 


the prehistoric period, and its trade and exchange in the- 


area is particularly well attested in the late Neolithic and 
Early Bronze Age of the south Aegean. One of the inter- 
esting aspects of this study lies not in the material traded, 
but in its significance for early transport. Sea travel 
over great distances was clearly well within the capa- 
bilities of these pedple, although until recently it was 
assumed that only primitive forms of sea-going vessels 
would have been available. JoHN M. COLES 


BINARY LOGIC 


Logique Binaire et Commutation 
Par J. Brunin. (Bibliothèque de PAutomaticien.}) Pp. 
xvi +548. (Paris: Dunod, 1966.) 128 francs. 


THis book forms Volume 11 of a series of books by 
various authors (by no means all French) entitled ““Biblio- 
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thèque de l’Automaticien”’ edited by Pierre Naslin, a 
well-known figure in the world of automatic control. 
The author, Jean Brunin, is a specialist in telephonic 
cireultry, and has published widely in the field of electro- 
magnetic relay systems and the use of Boolean algebra 
in their analysis and synthesis. More recently he has 
devoted attention to the realization of such systems by 
electronic means. After a few examples on the use of 
truth tables for solving logical problems, including a 
particularly disarming one showing how a (quite excep- 
tional) detective tracks down the perpetrator of some 
felony, the book thereafter clearly reflects the author’s 
interest in relay circuits and their description in terms of 
Boolean functions. Thus the first ten chapters, occupying 
the first 450 pages, are exclusively devoted to such 
circuits and their synthesis from specified Boolean expres- 
sions, and only the last, admittedly longest, chapter 
treats electronic (that is, diode, transistor and ferrite) 
logic circuits, and most of these are associated with tele- 
phonic requirements. 

Although the book is intended as a teaching manual, 
the enormous number of relay circuits, with their truth 
table representations and the all-too-brief explanations 
of their action, while forming a useful compendium for 
the practising telephone engineer, would leave a new- 
comer to the subject somewhat bewildered. Undoubtedly 
the inclusion of some questions would have been helpful. 

While it may not be inappropriate in the present con- 
text, the treatment of electronic switching circuitry is 
cursory, no consideration being given to switching speeds, 
leakage currents, effects of loading, and so forth. The 
design, even the circuits, of practical logical elements 
are not given, and the use of such elements is restricted 
to the simulation of relay circuitry. Strangely enough, 
the diagrams in this section are noticeably inferior to 
those of the first ten chapters, and tend to be cramped, 
the resistors in particular being “hand drawn”. A quaint 
feature, which I have never seen before, is the cross 
hatching of the base of non-conducting transistors. 

G. DE VISME 


COSMIC RAYS 


Proceedings of the Ninth International Conference on 
Cosmic Rays 

London, September 1965. Vol. 1: Pp. i-xiv+1-606. 

Vol. 2: Pp. xv—xxvi+ 607-1113. (London: The Institute 

of Physics and the Physical Society, 1966.) 210s. the two 

volumes. 


Tue past decade or so has witnessed an enormous expan- 
sion of activity in all branches of geophysics, and a measure 
of the current interest in cosmic rays is afforded by these 
proceedings of a recent international conference. The 
two volumes, totalling more than 1,100 pages, contain 
some 300 papers covering the whole field of cosmic rays. 
The papers fall into three categories. Fourteen major 
invited contributions cover the following topics: cosmic 
rays afd the interplanetary field, the magnetic field in 
interplanetary space and the magnetosphere, the theory 
of cosmic ray modulation, magnetic fields in the galaxy, 
the Earth’s radiation belt, the origin of cosmic rays, 
X-ray and y-ray astronomy, quasi-stellar objects and 
radio galaxies, long period variations, and high energy 
interactions. Some 293 short papers are grouped 
according to subject: acceleration modulation, spectral . 
composition, geophysical effects, isotopic distribution, 
extensive air showers, high energy interactions, muons 
and neutrinos, techniques. Seven other survey papers 
review the papers presented at the Conference on particu- 
lar topics. The editors have also included verbatim reports 
of the discussions which took place at the meetings. 
These are sometimes very brief and contribute little, but 
other discussion reports include quite useful additional 
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points, and on the whole the inclusion of this material 
enhances the value of the volumes. With such ar éxten- 
sive field to cover, and with so many papers contributed, 
it is a commendable feature of the publication that all 
contributions, apart from the invited papers, are limited to 
about two thousand words. 

This was the ninth of a series of international confer- 
ences organized since 1947 by the Cosmic Ray Commission 
of the International Union of Pure and Applied Physics 
and the first of the series to be held in the United Kingdom. 
In his preface to the volumes, Professor J. G. Wilson, 
chairman of the Organizing Committee, calls attention 
to this fact and rightly goes on to comment on how appro- 
priate it was that the conference should meet at Imperial 
College in the month which marked the retirement of 
one of the great figures of the cosmic ray world, Prof. 
P. M.S. Blackett. 

All too often a just criticism of the proceedings of 
scientific conferences is that their publication is delayed 
many months, sometimes even years, after the conclusion 
of the meeting and it is not unknown for papers presented 
at conferences to be outdated long before the proceedings 
appear. In the present case the editors and publishers 
are to be congratulated on achieving early publication of 
such a substantial body of material. The volumes are 
excellently produced by a photo-offset process and the 
price is reasonable. W. J. G. BEYNON 


ORBIT THEORY 


Orbital Hodograph Analysis 

By Samuel P. Altman. (American Astronautical Society 
Science and Technology Series, Vol. 3.) Pp. 134. (Balti- 
more, Md.: American Astronautical Society, 1965. 
Distributed by Western Periodicals Co., North Hollywood, 
California.) $11.25. 


CLASSICAL theories of celestial mechanics depend on 
expressing the properties of orbits in terms of orbital 
elements, for example, semi-major axis, eccentricity, ote., 
and then investigating the changes in the elements. An 
alternative approach, which is the subject of this book, is 
to make use of the hodograph, that is, to focus attention 
on the velocity or acceleration vector of the body in 
orbit. Chapter 1 is introductory and shows that the 
velocity bodograph of an ellipse, parabola or hyperbola 
is a circle, the origin being inside the circle if the orbit 
is an ellipse, on the circle for a parabola, and outside for 
a hyperbola: the hodograph thus allows changes from 
elliptic to hyperbolic orbits without the discontinuities 
which bedevil classical analysis. Other forms of hodograph 
are also defined. Possible analytical transformations are 
discussed in Chapter 2 and trajectories of ballistic missiles 
in Chapter 3. Orbital transfer and its optimization are 
the subjects of Chapter 4, and Chapter 5 is concerned 
with orbital rendezvous. Chapter 6, on lunar landing, 
shows how numerical solution by hodograph methods is 
just as good as by normal methods, despite the fact that 
the landing point, with zero velocity, becomes indeter- 
minate in the hodograph formulation. A final chapter 
offers suggestions on the future uses of hodograph 
methods, including optimization problems and the n-body 
problem. 

Dr. Altman has provided a useful introduction to a 
theoretical method which may well prove important in 
the future, and it is a pity that the book has several 
annoying faults. To begin with, symbols are usually left 
undefined in the main text, and the reader has to keep on 
referring to the list of symbols at the end of the chapter, 
where the definitions are not always immediately compre- 
hensible. The book appears to be printed photographically 
from a typescript: unfortunately the print is very faint 
on many pages and part of page 69 was quite invisible in 
the review copy. Also on some pages the print extends 
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to within 5 mm cf the stitching on the spine and is: 
unreadable unless tie book is almost torn apart. Finally, 
the standard revie-ver’s complaint that the book is too. 
expensive really dces seem justified when it is so short, - 
and so poorly prinzed. D. G. Koye-HELE 


CARBONYL CHEMISTRY 


The Chemistry of the Carbonyl Group 

Edited by Saul Patai. (The Chemistry of Functional 
Groups.) Pp. xii+ 1027. (London and New York: 
Interscience Publishers, a Division of John Wiley and 
Sons, 1966.) 2208. 


THis is the second volume to appear in the series of large 
monographs on individual functional groups edited by 
Prof. Patai, and it-follows very closely the pattern of its 
predecessor on the alkenes. The resemblance extends 
even to the fact thas a salient chapter—in this case the one 
on equilibrium adcitions to carbonyl groups—is missing 
because the manuseript did not materialize on time. 

There is no quest:on but that this is a useful compilation, 
its seventeen chapters containing an abundance of informa- 
tion and a wealtk of references. One does, however, 
wonder a little at the balance of space allocated to various 
topics: whether, for instance, the photochemistry of 
aldehydes and ketenes merits the longest chapter in the 
book, and whether n the chapter on chemical and physical 
methods of analysis the former should receive as much 
emphasis as the Etter. Multiple authorship makes it 
very difficult to maintain uniform standards, with the 
result that some chapters tend to become catalogues 
while others presert a reasoned, and even elegant, review 
of their topic. Examples of the latter are the chapter on 
general and theorstical aspects of the carbonyl group, 
and the one on she basicity of carbonyl compounds, 
though it is only fair to say that their rather general 
subject matter assists in achieving a more spacious view. 
e The book includes extensive surveys of methods by 
which carbonyl groups may be formed as well as the 
reactions that thay undergo, but there is no formal 
treatment of the effect of carbonyl on adjacent groups. 
This is not unreegonable except perhaps as it effects 
a-hydrogen, though there is some discussion of aldol 
and kindred reactions in Chapter 12. 

The book’s production standards are relatively mediocre 
and, large though it is, its price puts it beyond the reach 
of all but institutional buyers. PETER SYKES 


e ORGANIC REACTIONS 


The Investigation of Organic Reactions 

By Ross Stewart. (Prentice-Half Foundations of Modern 
Organic Chemistrz Series.) Pp. xi+125. (Englewood 
Cliffs, N.J., and London: Prentice-Hall Inc., 1966.) 
20s. paper; 44s. cloth. 


Reaction Mechanisms in Organic Chemistry 

By Blanca Tchoubar. Pp. xiv+197. (London: Iliffe 
Books, Ltd. ; New York: American Elsevier Publishing 
Company, Inc., 1£66.) 45s. net. 


A SOUND apprec.ation of the méchanisms of organic 
chemical reactiors Yequires a reasonable background 
knowledge of how these mechanisms are determined and 
this The Investigation of Organic Reactions provides in 
a clear and concise manner. A detailed and satisfymg 
survey of equilikria, reaction intermediates, transition 
states, reaction paths, and catalysis is given in the course 
of five chapters to each of which there are appended some 
half a dozen probkems. The treatment is stimulating and 
the book can confidently be recommended both to und€r- 
graduates approaching the subject for the first time and 
to more experienzed chemists who wish to renew their 
acquaintance with this field. . 
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‘The second work is complementary to the first. Its 
purpose is to describe the fundamentals of electronic 
theory. ‘of chemical structure and of reaction mechanism 
over 3 f; Wide. field of organic chemistry. There are two 
sections. ''The'*first outlines the electronic theory of 
valency and includes a description of the transmission 
of polar effects m conjugated and non-conjugated systems, 
while the second and larger portion of the book deals 
with the various types of heterolytic and homolytic 
reactions and their occurrence in aliphatic and aromatic 
substitutions, in elimination and addition reactions, in 
prototropic processes, and finally, in reactions involving 
carbonyl groups. The book is clear and readable but its 
presentation is marred by numerous misspelt words and 
misleading statements. As an example of the former, 
there is written in connexion with Mannich bases, “... the 
case with which they de-animate...’”’ (page 154). The 
second example results from Tchoubar’s failure to dis- 
tinguish between conjugative effects in the ground state 
(mesomeric effects) and thosein the excited, transition states 
(electromeric effects). He remarks (page 175) that in aro- 
matic nitration the steric effects of dimethyl groups in the 
ortho positions reduce or wholly suppress the deactivating 
and meta directing effects of nitro- and sulphonic-acid 
groups by suppressing the associated negative conjugative 
effects. This cannot be so, because only inductive effects 
can operate in such cases, and, indeed, in 1964, E. Bacioc- 
chi and G. Lluminiti showed that there was no reduction 
in the deactivating influence of these groups. In my 
opinion these and other blemishes seriously diminish 
the value of this book for the general reader. 

E. ROTHSTEIN 


BASIC ORGANIC CHEMISTRY 


Modern Textbook of Organic Chemistry 
By G. P. Ellis. Pp. xii+466. (London: Butterworth 
and Co. (Publishers), Ltd., 1966.) 57s. 6d. 


Ir is most pleasing to have a good, well-written book on 
basic organic chemistry by a British author. In this 
book, aimed at the.first two years of an honours course, or 
equivalent, the variations in reactions of the functional 
group for aliphatic and aromatic compounds are usefully 
considered together. The first chapter, which introduces 
fundamental concepts, is, as is the whole book, simply 
and informatively written. Each chapter, sub-divided 
into well-enumerated sections, includes rigorous adherence 
to the IUPAC system of nomenclature, most importantly 
even for simple compounds. Reactions are glassified 
according to their type, for example, electrophilic substitu- 
tion, addition which, with the emphasis on actual reactions 
with yields as examplds, should enable the student to 
appreciate the subject. A summary at the end of each 
chapter outlines the various methods of preparation of the 
class of compound being discussed while other useful 
assets are spectral characteristics, surveys of economically 
important compounds, and selected questions, to which 
answers are thoughtfully provided. The superb cross- 
referencing, a highlight of the book, together with an 
excellent index ensure that the student can rapidly find 
any particular topic regardless of the lecture course he 
may be following. 

The treatment of some reaction mechanisms does not 
reach the high standard maintained in other aspects; 
some intermediate steps are omitted and little explanation 
of the driving force is given. This is accentuated by the 
omission or complete misplacement of arrows to designate 
electron pair shifts and will only serve to further confuse 
the student (pages 229, 237). Again, tautomerism is not 
an intramolecular hydride shift as depicted (page 14), 
and the proposed mechanism for osazone formation is 
quite wrong (page 389). The badly distorted chair 
forms of cyclohexane with axial bonds at 90° to those 
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in the ring are of no help in an understanding of stereo- 
chemistry. 

I hope that considerable attention will be directed to 
the correct placement of dots, charges, arrows, and three- 
dimensional depictions in any revised edition, for the typo- 
graphical errors mar what is otherwise a most useful 
text-book. Rosert D. H. MURRAY 


FERTILIZATION 


Fertilization 

By C. R. Austin. (Foundations of Developmental Biology 
Series.) Pp. x+145. (Englewood Cliffe, N.J., and 
London: Prentice-Hall, 1965.) 21s. paper; 40s. cloth. 


C. R. Austin has been interested in the biology of the 
gametes for a long time and he has courageously under- 
taken to write this account of the cytological, physiological 
and behavioural mechanisms concerned with their union. 
Nor does he speak only as a compiler; his 20 years or 
more of research on this aspect of biology qualify him 
unusually well for the undertaking. The result is a 
notably significant book. 

Too often in the past cytological studies of fertilization 
have been primarily descriptive with little attempt to. 
evaluate the functional significance of the mechanisms 
involved. In this study the approach is from the func- 
tional rather than the purely morphological standpoint 
and much emphasis is placed on the method of experi- 
mentation. This book not only provides concrete informa- 
tion on gamete physiology, but also adopts a realistic 
attitude towards the larger problems and responsibilities 
growing out of our increased knowledge in this field. 
But although it is valuable to have our present knowledge 
of the subject accurately summarized and evaluated, a 
most important contribution of this slender volume is the 
attention it attracts to the problems that remain to be 
solved. : 

The first part of the book includes an introductory 
chapter with a concise account of the structure and 
function of the cell. This part then continues with a 
discussion of meiosis, mitosis and cell division. Then 
follow chapters which are devoted to a comprehensive 
and thorough discussion of the significance of fertilization, 
the form, differentiation, approximation, contact and 
fusion of the gametes, as well as the immediate conse- 
quences of fertilization. The final chapter describes 
unusual and abnormal forms of fertilization; this is a 
restrained and reasonable account which forms an effective 
conclusion to a book which is outstanding for its clarity 
and simplicity. 

To make the book more readable each of the chapters 
has subheadings which are valuable in organizing the 
information. In addition references are not included in 
the body of the text. These have been covered by the 
larger treatises mentioned in the adequate bibliography 
at the end of the book, which also includes a comprehensive 
list of the chief monographs, reviews and original papers 
devoted to the subject of reproduction or more specifically 
fertilization. Excellent figures are included in the text 
as well as photomicrographs, many of which are original. 

If any critical comment were called for, it would 
merely be that the text had brought to light dispropor- 
tionately few new insights into mammalian fertilization. 
Austin would probably agree. From intent, however, the 
discussion of this aspect of the problem has been limited 
so as not to obscure the contributions made by the less 
commonly investigated species. Where there is a genuine 
paucity of evidence, thinking such as this, soundly based 
on what is known, is the one thing most likely to stimulate 
the research that will produce evidence, either for or 
against. No student interested in the physiology of the 
garnetes can afford to be ignorant of this gem. 

E. C. Amoroso 
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MARINE BORERS 


A Survey and Illustrated Catalogue of the Teredinidae 
(Mollusca : Bivalvia) 

By Ruth D. Turner. Pp. vii+ 265 (64 plates). (Cam- 

bridge, Mass.: The Museum of Comparative Zoology, 

Harvard University, 1966.) $8. 


From the moment that seafaring man started to use wood 
for his boats and piers, shipworms demanded attention on 
account of their unseen but devastating effects, and when 
later he became & scientist they aroused admiration 
because of their unique adaptive features. Yet the 
systematics of the family Teredinidae have remained in a 
state of confusion. This is partly a result of the erroneous 
creation of new species from fragments of moribund or 
dried remains found in drift-wood or ships from distant 
water, and of the fact that no comprehensive study of the 
family has until recently been undertaken. Dr. Turner 
has now marshalled information from libraries and 
museums over the world and examined all available 
material. 

The results presented in the first part of the book 
include illustrated descriptions of the gross anatomy 
of the soft parts of fourteen genera of the family; these 
prove to be important in classification. There are also 
drawings and descriptions of the valves, tubes and pallets 
on which the diagnosis of both living and fossil species is 
based. The genera are redefined and a key is compiled 
for the identification of fresh or well-preserved adult 
specimens which is easy to use and will minimize one of 
the most formidable tasks of those working on teredine 
borers. Moreover, the second part of the book eases the 
systematist’s problems, for it comprises a catalogue of all 
the generic and specific names which have been used 
in the family, with their original citation, type locality 
and the location of the type specimen ; the present status of 
the name is indicated wherever possible. 

The author points out that this is a preliminary survey 
and indicates a number of lines of research for the systema- 
tist, physiologist or ecologist who is interested in ship- 
worms. Much-needed monographie studies of the various 
genera are now being planned. V. FREerrer 


NO 5056 


CYTOPHOTOMETRY AND 
INTERFERENCE MICROSCOPY 


Methoden und Ergebnisse der Zytophotometrie und 
Interferenzmikroskopie 

Herausgegeben von Walter Sandritter und Günter Kiefer. 

(Acta Histochemica: Zeitschrift für Histologische Topo- 

chemie, Supplementband 6. Herausgegeben von Hermann 

Voss, Gerhard E. Vogt und Joachim-Hermann Scharf.) 

T o (Jena: Gustav Fischer Verlag, 1965.) 99.30 


THE collection of sixty-six papers presented at the ninth 
symposium of the very active Gesellschaft für Histo- 
chemie is a mine of interesting and stimulating informa- 
tion. The volume consists of two parts: the first deals 
with cytophotometry, the second with interference 
microscopy. Each part is subdivided into a description 
of instruments, their parts and arising problems, inevit- 
able errors and results obtained in histochemistry. Each 
paper is supplemented with a bibliography and a critical 
discussion by the present participants. 

Quantitative histochemistry is growing rapidly and 
instruments for physico-optical investigations were the 
prevailing topic of the symposium. Caspersson pre- 
sented a new universal microspectrograph, where X-rays, 
ultra-violet, visible and infra-red light could be used. 
Unfortunately, instruments of this kind are very com- 
plicated and expensive; their equivalents in different 
laboratories are often inadequate. Caspersson suggested 
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that laboratories should be specialized and planned on 
the national, or even international, scale. Sandritter 
assembled a list of chemical components present in cells, 
which could be localized and estimated quantitatively 
with physico-chemical methods. The list is supported 
with references and s description and bibliography of new 
instruments designed for this purpose. Thorell analysed 
microspectrographicelly the respiratory system of the 
cell and defined the netabolic state from an area of 1:5 um 
diameter in a single mtact cell. The problem of measuring 
the thickness of a section is important in quantitative 
investigations. Hallén re-examined this old subject and 
came to the sad conclusion: ‘The only way to avoid the 
error is to avoid sectioned material’. Fluorescence 
microscopy combined with photometry was the subject 
of several papers (Ruch, West and others). The method 
is particularly useful, as the fluorescent spectrum is pro- 
portional with respect to concentration of the examined 
material within the living or fixed cell. 

The complexity o? physico-optical methods is often the 
source of errors. Thəre are a few important papers dealing 
with this problem. Sandritter and Schlitter, for example, 
pointed out the significance of the depth of the field. 
Changing the depth or defocusing produces differences 
in value as much as up to 45-55 per cent. On the other 
hand, a comparieon of results obtained from the 
literature dealing wish interference microscopy, X-ray and 
chemical estimation showed that the values of measured 
dry mass differ by only about 15 per cent (Sandritter). 
Cytophotometry of DNA, RNA and proteins of normal 
and malignant cells stained with Feulgen, gellocyanin or 
other methods, is tke subject of several other papers. 

In a short review it is impossible to mention every- 
thing, particularly when the specification of the instru- 
ments is concerned. The book can be recommended for 
all interested in physical methods applied to histo- 
chemistry. J. KRUSZYNSKI 


MICRO TO ULTRA-MICRO 


Introduction to Quantitative Ultramicroahalysis 

By I. M. Korenman. Translated by Scripta Tech- 
nica, Inc. Transletion edited by Ronald Belcher. Pp. 
ix+234. (New York: Academic Press Inc.; London: 
Academic Press, Inc. (London), Ltd., 1965.) $9.60. 


Submicro Method: of Organic Analysis 

By Ronald Belcher. Pp. ix+173. (Amsterdam, London 
and New York: Elsevier Publishing Company, 1966.) 
55s. 


By title*these two books are complementary and they 
do, indeed, give a good account of the present state of 
ultra-microanalysis. At first sight they eppear to be 
quite different in spproach and in the fields which they 
cover, but closer sxamination shows that this is more 
apparent than reaL It is the result of the historical fact 
that although in the inorganic field methods which can 
be classed as ultra-microanalysis were used in the nine- 
teenth century in inorganic chemistry, and have been 
increasingly studied since the early thirties, the much 
more exacting fie.d of organic ultra-microanalysis has 
only been attackec relatively recentky. The result is that 
Prof. Korenman’s bowk, which in fact is inorganic, is an 
account of the werk of a very large number of workers 
who have contributed considerably in important ways, 
and who include Eorenman himself, Alimarin and Bene- 
detti-Pichler. i 
Organic ultra-microanalysis, on the other hand, ha 

mainly been develeped by one school of analytical chemis- 
try so that Prof. Belcher’s book is in effect an account of 
one compact line of research, largely emanating fromea 
single school. But it gives as fair an account of the 
present state of organic ultra-microanalysis as does 
Prof. Korenman’s book in the inorganic field. 
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Probably one of the most telling arguments in favour 
of both books is that one realizes that ultra-microanalysis, 
whether in the inorganic or the organic field, has no 
longer that noli me tangere connotation that it used to 
have. Like microanalysis thirty years ago, it now has 
the right to be included in the equipment of any general 
analytical laboratory. 

I cannot refrain from closing these reviews with an 
almost irrelevant comment. The attribution of “‘firsts’’, 
profitless though it may be, is intriguing to anyone with 
a historical bent, but must be handled with the greatest 
caution. Prof. Korenman, in saying that “‘as early as 
1868, K. A. Timiryazev described some procedures for 
gas ultramicroanalysis’’, must surely be unaware that 
in 1855 Thomas Andrews described to the British Associa- 
tion the detection and measurement of hydrogen and 
oxygen from the electrolysis of water in amounts of 
approximately 10-4 cm‘. CEOIL L. WILSON 


The Origin and Evolution of the Universe 

By Evry Schatzman. Translated from the French by 
Bernard and Annabel Pagel. Pp. 288+ 4 plates. (London: 
Hutchinson and Co. (Publishers), Ltd., 1966.) 84s. net. 


Tars is a translation of a book which first appeared in 
French in 1955. Some of the developments in astronomy 
and cosmology since then have been mentioned in the 
English version, but the rapid advances and discoveries 
of the past few years (such as quasars) have not been 
included. There is a fairly extensive account of the state 
of knowledge of stellar astronomy, and there are sections 
dealing with theories of the origin and evolution of stars, 
stellar systems and the solar system. The title of the 
book is perhaps a little misleading; cosmology as such 
occupies a relatively small proportion of the contents. 

The overall planning of the book and the choice of 
subject-matter are excellent. In general, the treatment 
of the individual topics is quite good; the discussion, 
which is majnly non-mathematical, is readable. Unfor- 
tunately the book contains a rather large number of 
careless errors. Names are mis-spelt and references are 
incorrect. There are also some inconsistencies of a more 
serious nature. To name one, on pages 36 and 37, short- 
period variables are assigned to the spherical component 
of the Galaxy without further comment; however, on 
pages 46 and 47 it is stated that the disk population 
includes RA Lyrae variables. In reality, only some 
short-period variables are of the RR Lyrae type; RR Lyrae 
variables are probably represented in both the,disk and 
in the spherical components. J. B. ALEXANDER 


Plasma Physics 

(Lectures presented at the Seminar on Plasma Physics 
organized by and held at the International Centre for 
Theoretical Physics, Trieste, from 65-31 Oct., 1964.) 
Pp. 649. (Vienna: International Atomic Energy Agency; 
London: H.M.S.O., 1965.) 273 schillings; 78s.; $13. 


APPROXIMATELY half of Plasma Physics is devoted to a 
series of introductory lectures. In these the important 
aspects of plasma physics are discussed by various authors 
both from the macroscopic points of view using the 
magnetohydrodynamic equations, and from the micro- 
scopic one. The latter includes a discussion of the self- 
consistent Vlasov approximation and of the transport 
corrections. These lectures are individually of a high 
standard and give a comprehensive introduction to plasma 
physics but inevitably lack continuity. 

* The other half of the book contains lectures given by 
experts discussing work in which they are actively en- 
gaged. Although these lectures were given nearly 2 years 
ago they contain muoh material which is still relevant. 
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One topic of current interest is the theory and experi- 
mental work on the stabilization of plasma to low- 
frequency (small compared to the ion cyclotron frequency) 
instabilities. A detailed discussion is presented of the 
stabilizing effects of Joffe bars, the concept of minimum 
B and its generalization to toroidal systems. 

Another topic which receives considerable attention is 
the problem of plasma turbulence. In the limit of weak 
turbulence the basis of quasi-linear theory and its exten- 
sion to include mode—mode coupling terms is described 
and the application of these theories to the problems of 
enhanced diffusion and the structure of collisionless shocks 
discussed. 

Two lectures, one on fully developed turbulence and 
the other on the kinetic theory of weakly unstable systems, 
give a clear indication of the more fundamental aspects 
of plasma physics. 

These lectures, particularly those in the second half of 
the book, provide a very stimulating exposition of some 
of the present-day problems of plasma physics. The 
printing is of a high quality which makes the book easy 
to read though, of course, not necessarily easy to under- 
stand. This collection of lectures is to be thoroughly 
recommended both as an introduction to plasma physics 
and as a reference book to the present-day problems in 
this field. G. ROWLANDS 


Testing of Polymers A 

Vol. 1. Edited by John V. Schmitz. Pp. xiv +479. 
(New York and London: Interscience Publishers, a Divi- 
sion of John Wiley and Sons, 1965.) 147s. 


In materials science and technology, testing is an essen- 
tial requirement: it provides an experimental description 
of the material as a means for the objective appraisal 
and comparative evaluation of its performance. As a 
result of the diversity and explosive growth of synthetic 
polymers and the limitless chemical possibilities of 
providing tailor-made polymeric products of desirable 
properties, a unification and co-ordination of the wide 
variety of testing procedures has become desirable. 
In this series of publications an attempt has been made 
to provide an authoritative discussion of all aspects of 
testing and in a form suitable for use by polymer chemists 
and physicists, material scientists, engineers and manufac- 
turers, all of whom néed to understand and apply test data. 

Volume 1 of the series consists of fourteen chapters 
each of which covers some significant aspect of the testing 
of synthetic polymers. Most chapters review methods for 
evaluating individual properties, but other articles present 
background information or methods of evaluating indivi- 
dual properties, as well as service tests for end use pur- 
poses. The opening chapter discusses the purpose and the 
importance of standards, sources of standards, specifica- 
tion of materials and classification. This is followed by 
an account of the conditioning equipment for polymer 
testing. Chapters 3 and 4 which deal with the mechanical 
relationships in testing for the mechanical properties 
of polymers are concerned only with the basis of the 
tests agd do not describe types and procedures for mechani- 
cal tests. The next five chapters (Chapters 5-9) cover in 
detail the wide subject of electrical property test methods 
and include d.c. dielectric conductance and conductivity, 
dielectric constant and loss measurements, electrical 
resistivity techniques and high voltage testing. The 
remaining chapters deal with specialized topics, testing 
for odour and taste, indentation and compression tests 
for floor coverings, cavitation erosion, and testing of gas 
and vapour permeation. The final chapter provides & 
useful literature coverage of selected references on sources 
of standards and tests for polymers. 

This first volume is certainly a most valuable reference 
book and will be widely used by all interested in poly- 
meric materials and their applications. 

_ C. E. H. Bawn 
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NO 50356 


THE CELL NUCLEUS 


Durme May 9-11, 1966, a meeting was held at the Radio- 
biological Institute of the Organization for Health 
Research TNO in Rijswijk, the Netherlands, on ‘“The 
Cell Nucleus: Metabolism and Radiosensitivity’’. 

J. Brachet opened the meeting with a paper on the 
crucial question of control of nuclear function. He 
pointed out that in many life forms the nucleus plays a 
key part in the production of RNA throughout life, but 
that the nucleus was, in fact, very sensitive to the activi- 
ties of the cytoplasm and its function was mtimately 
related to the cytoplasmic products. Brachet considered 
the type of cell substance that would influence the function 
of the nucleus, and pointed out the possibility that sRNA 
and possibly the derivative of sRNA without the “CCA 
termmus might be responsible for control of nuclear 
activity. 

D. Mazia discussed the functions of cells in mitosis, and 
in particular the nature of the protein involved in the 
mitotic spindle and in mitotic contraction. He indicated 
that this protein contains a number of substructures of 
which at least two, the 4S and 2:55 units, are probably 
linked through disulphide bonds. He suggested that 
spherical elements of spindle fibres might be “popped 
out” of the strand, thereby producing shortening without 
thickening. J. H. Frenster discussed the hypothesis that 
heterochromatin (dense) and euchromatm (less dense) 
might be inactive and active forms of chromatin. He 
claimed that the euchromatin in the thymocyte is un- 
coiled and is therefore less dense. 

In the next session, E. C. Henshaw discussed the 
isolation, purification and characterization of messenger 
RNA. An effort to isolate and punfy this substance was 
undertaken with cytoplasmic RNA, particularly with liver 
polysomes. The rapidly labelled cytoplasmic RNA, was 
studied and stimulatory activity for amino-acid incorpora- 
tion into protein was found in the RNA fractions with 
sedimentation constants ranging from 6 to 14. 

C. E. Sekeris dealt with the hormonal stimulation of 
mRNA synthesis. Much attention has recently been 
focused on the possibility of hormonal stimulation of 
mRNA synthesis, but it has yet to be shown that an 
increased amount of a specific type of messenger RNA 
does, in fact, produce a specific readout characteristic of a 
hormonal effect. Some hormones produce an increased 
RNA synthesis in some cells, but others do not. 

M. Sluyser brought forward some evidence that the 
histones of the ventral prostate are different from the 
` histones of other tissues. He suggested that hormones 
might combine effectively with histones and that this 
combination would produce changes in the activity of the 
genome. Cortisone may bind to acidic proteins and to 
histones in the cell and possibly more strongly to ‘‘arginine 
rich” (AR) histones. J. C. Sirlin reported labelling with 
4C-methionine of RNA components in Smittia larvae. 
He found that only the 4S peak of nucleolar RNA became 
labelled. This evidence, he suggested, supports the 
concept that the nucleolus synthesizes 4S RNA which 
has a transfer-RNA function. 

M. Errera studied the DNA-RNA complexes of Hela 
cells using a modified Sevag procedure and MAK chromato- 
graphy. The DNA-linked RNase resistant RNA has a 
base composition similar but not identical to that of DNA. 
There 1s also present in this preparation an RNA which 
is of the poly A type although approximately 25 per cent 
quanylic acid was present after hydrolysis. 
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The second day >f the meeting dealt with the control 
of gene function Dy histones and with the nucleolus. 
E. W. Johns reported that the new f2a, and f2a, fractions 
of the slightly lysine rich (SLR) histones made it possible 
to account for the Sistones of a given cell ın five more or 
less equal fractions. He reviewed the evidence for the 
similarity and differences of histones of various species 
and pointed out zhat most animal histones are very 
similar, but those of plants differ considerably. Johns 
noted that the birding of DNA to histones varies con- 
siderably, and thas the histones with the least affinity 
are the fı or very <ysine rich (VLR) histones. The f, or 
“arginine-rich’? (A) histones have the highest affinity 
for DNA, but the histones that produce the most pre- 
cipitation of DNA rom a saturated solution are the VLR 
or very lysine rich histones. 

G. J. M. Tonino Ciscussed the yeast chromatin and found 
two species of histones present, one containing approxi- 
mately 1:5 times as much lysine as the other (9-2 against 
5-5 per cent). Fucther studies are being made on these 
fractions. 

M. G. Ord showed that the f, “arginime rich” or AR 
histones contain scme thiol groups but the other histones 
contain few or nore. Efforts have been made to purify 
all these fractions so determine the amount of phosphate 
linked using labelled orthophosphate. Ord reported that 
the active, uncoiuled chromatin or less dense chromatin 
contamed less phosphate and the dense or coiled chroma- 
tin contained more labelled phosphate. 

L. A. Stocken reported on the possibility that the thiol 
groups of nuclear Droteins were responsive to X-irradia- 
tion. The effects >of radiation on hexokinase, glucose-6- 
phosphate dehydrcgenase and glutathione reductase were 
studied, but httle effect was found on these sulphydry] 
containing proteims. Changes in conformation might, 
however, have occurred. 

A. L. Dounce discussed the nativity of nucleoprotein 

els. The methods for measuring the viscosity of nucleo- 
Totens were discissed as a means of determining the 
stability of gels. Treatment of nucleoproteins with urea 
and dilute saline solutions was carried out to establish 
stability. Previous workers have reported that histones 
must be present wih DNA in order to stabilize these gels. 
Dounce has found. however, that DNA gels can be ob- 
tained, but these can be broken by sulphydryl reagents, 
such as dithioerytLritol. Histones increased the rigidity 
of the gels, but a Aigher concentration of DNA also pro- 
duces a rigid gel. * The acidic proteins present in the 
chromatin or DNA. preparation are probably essential to 
maintain rigid gels. 

E. H&rbers shcewed that the priming efficiency of 
chromatin from Earlich ascites cells was not affected by 
the presence of hissones; moreover, X-rays, shearing and 
sonication did not alter the priming activity of the nucleo- 
protem preparatims. Harbers reported that hetero- 
chromatin had a decreased binding capacity for histone 
in the presence of actinomycin and suggested that histones 
like actinomycin should be in the small groove of the 
DNA hehx. In the liver and kidney 60-80 per cent of 
the chromatin ocsurred as euchromatin. One of the 
important questions about euchromatin 1s whether its 
presence is related to the activity of*the DNA. Less than 
5 per cent of the clfromatin is probably active in most 
somatic cells, and the high values obtained by Harbers 
suggest that yet nother mechanism must be involved. 
Frenster suggested that this may be the amount of single 
stranded DNA in she nucleus. 

H. Busch has been concerned with isolation of nucleoli 
on a large scale in order to obtain sufficient material for 
satisfactory fracticnation and characterization of nuclear 
components. Stucics have been made on the 45S nucléo- 
lar RNA which is the precursor of 28S RNA of the ribo- 
somes. Purification of 45S RNA by countercurrent dis- 
tribution shows that much of the RNA belongs to a small 
number of species * 
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' W. J. Steele indicated that the turnover of RNA in the 
cytoplasm was increased in animals treated with thio- 
acetamide. As a result, the synthesis of 55, 45 and 358 
nucleolar RNA increases markedly, and along with this 
increment in synthesis there is both enlargement of the 
nucleolus and an increased amount of rapidly sedimenting 
RNA. within the nucleolus. The lesion mvolved is not yet 
defined. 

M. Muramatsu dealt with the order of biosynthetic 
events in the nucleolus and the lack of information of 
the biosynthesis of 18S RNA. Ultra-violet analyses of 
the base composition of nucleolar RNA have shown that 
45, 35 and 28S nucleolar RNAs have the same base com- 
position, but this differs from that of 18S RNA. 

R. B. Hurlbert presented studies on the effects of 
histones on biosynthesis of RNA m the RNA polymerase 
system ofthe nucleolus. He indicated that various histone 
fractions apparently produce different changes in the base 
compositions of the newly synthesized RNA. Moreover, 
trypsin, which probably attacks the histones and pre- 
sumably other proteins of the perinucleolar chromatin, 
produces marked changes in the base compositions of the 
newly synthesized RNAs. 

T. Y. Wang showed that extracts of the nucleus provide 
nucleoprotein fractions which take up labelled amino- 
- acids into protein without a requirement for sRNA or 
‘ribosomes. The synthesis of protein in this fraction 
may proceed by very different mechanisms from those 
described for cytoplasmic systems. Wang also reported 
procedures for fractionating the acidic nuclear proteins; 
the products formed differ primarily in their solubility 
at pH 6 and 5, and have a low content of glutamic and 
aspartic acids. 

On the third morning of the meeting, G. Siebert dis- 
cussed the energy metabolism of the nucleus. He indi- 
cated that a number of enzymes involved in oxidative 
‘ phosphorylation are found in the liver nucleus but that 
a number of cytochromes and enzymes are not presept. 
He pointed out the need to isolate nuclei under conditions 
in which the enzymes remain in the nucleus. R. Penniall 
showed that labelled orthophosphate was bound not only 
in pyrophosphate bonds to nucleosides and nucleotides in 
nuclear preparations, but also formed inorganic di- and 
tri-phosphates. 

I. Botel presented evidence for the presence of a com- 
plete and functioning respiratory chain in isolated thymus 
nuclei. The inhibition of oxygen dependent nuclear ATP 
synthesis by carbon monoxide is light reversible, suggest- 
ing the involvement of cytochrome oxidase in this process. 
He also showed that thymus nuclei are capable of oxida- 
_ tive phosphorylation coupled to a respiratory chain. 

ouwen has studied the occurrence of nuclear 
oxidative phosphoryletion in other cell types. Nuclear 
oxidative phosphorylation was demonstrated in various 
lymphosarcoma cells and a myeloid leukaemia cell. He 
brought forward evidence that the exhaustion of ATP 
synthesizing capacity can be regarded as a biochemical 
basis for early cell death after radiation (interphase 
death). - 

J. F. Scaife indicated that a primary lesion of radiation 
might be the effect on nuclechistones or deoxyribonucleo- 
' protein. He suggested that there is some form of labiliza- 
tion of DNA followed by liberation of histones from. these 
macromolecules. : 

H. Grunicke reported that there is a decrease in glycoly- 

sis following administration of alkylating agents which 
might be related to the effects on NAD, inhibited biosyn- 
thesis of enzymes or increased degradation enzymes or 
blocks in transfer reactions. 
a In the final paper of the meeting, K. Rees dealt with the 
effects of the carcinogens aflatoxin B, thioacetamide and 
dimethyl aminoazobenzene on the rat liver cell. Dimethyl 
aminoazobenzene interacts with the protein associated 
with DNA, while afid¢toxin reacts directly with DNA in an 
analogous manner to actinomycin D. H. Bosca 
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OBITUARIES 


James Anderson Scott Watson 


THe death of Professor Sir James Anderson Scott Watson, 
C.B.E., M.C., on August 5 ıs a loss to agricultural science 
in Britain and elsewhere. Scott Watson was born in 
1889 on his father’s farm in Angus. After a year working 
on the farm he went up to the University of Edinburgh 
at a very young age and graduated D.Sc. in agriculture 
in 1908. He won nearly all the class medals and was 
awarded the Vans Dunlop postgraduate scholarship, 
which took him for one year to Berlin and the second to 
the Iowa State College of Agriculture. 

Ho was appointed a lecturer in agriculture in the Univer- 
sity of Edinburgh in 1910, and served in the Artillery during 
the First World War and was awarded the M.C. He succeed- 
ed Professor Robert Wallace in the chair of agriculture in 
Edinburgh in 1922. In 1925 he went to Oxford and 
followed Sir William Somerville in the Sibthorpian chair 
of rural economy and held that post until 1944. 

The Government created, for the first time in 1942, a 
post of Agricultural Attaché to the British Embassy m 
Washington combined with agricultural adviser to the 
High Commissioner in Canada. Scott Watson was the 
first occupant and he soon won the respect of American 
and Canadian farmers. 

It had been decided as the result of the Luxmoore 
Committee on agricultural advisory work to create a 
National Agricultural Advisory Service for England and 
Wales, and Scott Watson was asked in 1944 to return to 
London and ineugurate the service. Many will share 
the view that not the least of Scott Watson’s contribu- 
tions to British agriculture was that he achieved 
the preliminary work and launching of the N.A.A.S. in 
October 1946 so successfully. His reputation, ability, 
integrity and the universal respect in which he was held 
quietened many fears and smoothed out many difficulties 
—it is doubtful if anyone else at that time could have 
accomplished it so quickly. He was the first director of 
the Service, and when in 1948 he was appointed chief 
scientific and agricultural adviser to the Ministry of 
Agriculture, a new post of director general of the N.A.AS. 
was created for him. He held both posts until he retired 
in 1954. 

Scott Watson had a wide and intimate knowledge of 
farming and farming conditions and an equally wide 
knowledge of the sciences on which agriculture is based; 
he was an omnivorous reader and had a prodigious 
memory. By some of his colleagues he was regarded as 
the “universal provider”. He was a “born” teacher, 
equally effective with undergraduates, scientific gatherings 
or meetings of practical farmers. His great gift was in 
being able to express his vast knowledge in simple, clear 
and fluent language suitable to his audience. He was 
also an effective broadcaster, and his talks in pre-war 
days on rural ‘Britain; subsequently published in book 
form, were @ joy to listen to and to read. Before he left 
Edinkurgh he published with J. A. Moore, one of his 
former students and then his colleague, -the first edition 
of The Science and Practice of British Farming, which has 
run into many editions and is the standard text book in 
many countries of the world. For some fifteen years he 
also acted as editor of the journal of the Royal Agricul- 
tural Society. 

As a man he was a most lovable personality. always 
kind and considerate; if he was aware of his great gifts 
he carried therm easily and they were never paraded. To 
any request for his services or for his help the answer 
was invariably yes if it was humanly possible. He hated 
to have to return no for an answer. He had a vast 
multitude of admirers and friends, and to the large group 
of those who had been his students at Edinburgh and 
Oxford was added a deep bond of affection—to them he 
remained to the end simply Jimmy Watson. 
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LASER RADAR PROBE FOR THE MEASUREMENT OF METASTABLE NITRIC 
OXIDE IN THE UPPER ATMOSPHERE 


By L. J. NUGENT 
Electro-Optical Systems, Inc., Pasadena, California 


THE application of the pulsed gas laser in an optical 
radar probe for the remote determination of the location 
and concentration of molecular and ionic species in 
metastable state populations in the upper atmosphere 
has recently been proposed by Young?. In this technique 
the probe operation is in part similar to that of conven- 
tional A-scope radar. In addition, the gas laser emission 
comes from the same chemical species to be investigated 
in the atmosphere and it is necessary that the laser transi- 
tion should terminate on an excited state which is meta- 
stable with respect to the ground state. The laser output 
pulse is transmitted into the upper atmosphere where a 
small fraction of the energy is absorbed by the species to 
be detected. The latter subsequently produces resonance 
emission with high efficiency in the low pressure region 
above 50 km, and this scattered radiation signal is de- 
tected at a receiver with an optical field of view aligned 
along the direction of the transmitted pulse. From an 
oscilloscope display of signal intensity against time, species 
concentration can be determined as a function of position 
in the atmosphere. In particular, such measurements of 
metastable state N, and N,* by this type of laser radar 
are considered to be possible. 

The detection of the concentration of nitric oxide (NO) 
in metastable @*[i; state in the atmosphere appears to 
be impractical for the gas laser radar technique because 
of a difficulty inherent in the nitric oxide gas laser. An 
optical radar approach to this measurement could be 
attempted, however, if specially selected giant-pulse 
Raman laser sources? are used in plaée of the nitric oxide 
gas laser. Accordingly, the sensitivity of a metastable 
state NO* optical radar probe using the giant-pulse 
Raman laser was examined, and estimates of the minimum 
detectable NO* concentrations made as a function of 
altitude and sky radiation background conditions. The 
results indicated that this technique is feasible under 
certain background conditions and that it 
should provide the means of obtaining new 49 
information about metastable state nitric 
oxide in the upper atmosphere. 

Several of Gilmore’s? lower lying potential 
energy curves for nitric oxide are presented in 
Fig. 1. The metastable state of interest here 
is atl]; with lowest lying vibrational state 
quantum number V” = 0. Transitions term- 
inating on atil, the allowed Ogawa b*x.--atIT, 
bands*5, and transitions originating from 
aill, the forbidden a*{I—X*{] bands*’, have 
been observed in emission. The lifetime for 
radiative decay from the lowest lying atil; 
multiplet to the ground state has been measured 
to be 156 msec in a solid neon matrix at 2 
4° K7. The effective radiative lifetime of 
aI, however, may be somewhat shorter at the 
higher temperatures in the upper atmosphere 
because the slightly higher lying multiplets 
atlist Gili, and atil_y., which have _, 


Potential energy (eV) 


shorter expected lifetimes, could be signifi- 0-4 0-8 


cantly populated by molecular collisions. 
Nevertheless, the effective radiative lfe- 
time in the environment of the upper atmo- 





Fig. 1. i Som 


sphere should be at least of the order of milliseconds, 
which is long enough to permit build-up of the at[l state 
population, througn photodissociation and molecular re- 
actions, to many orders of magnitude greater than the 
populations of the >ther higher lying electronic states. 
Absorption and resonance emission in the Ogawa bands 
provide the mechanism by which these metastable state 
populations could be investigated most easily in the upper 
atmosphere using tne laser radar technique. The possibil- 
ity of obtaining laser emission in the Ogawa bands or in 
any other bands cf nitric oxide in a gas discharge has 
been discussed by Young*®, however, and it appears 
that the reaction NO+N-—-N,+0 with rate coefficient 
k = 2 x 10-1! cm/sec may considerably decrease, if 
not completely eliminate, the output that would otherwise 
be expected. Even if laser emission is obtained in the 
Ogawa bands, thersfore, the intensity will most likely not 
be high enough for application in an atmospheric probe. 
It is a, fortunate soincidence that the Ogawa band heads 
expected to be ssrongest in absorption in the upper 
atmosphere, name!y those corresponding to transitions 
involving initial vibrational state quantum number F” =0 
and terminal state vibrational quantum numbers V’ = 
2 or 3, occur in spectral regions where detector sensitivity 
gnd atmospheric tzansmission are high and where giant- 
pulse Raman laser radiation can be efficiently generated. 
Optical radar prcbe operation in the spectral region 
11,447-11,577 cm~ for the band heads corresponding to 
VY’ = 2, and in the spectral region 12,595-12,719 cm for 
the band heads corresponding to V’ = 3, is therefore most 
suitable for the proposed nitric oxide measurements. 
Giant-pulse Raman laser radiation at any narrow 
wavenumber-band. in the above spectral regions can be 
obtained. First the means is provided for coarse- 
tuning the giant-ulse ruby laser radiation to within 
+14 cm~ of a desired NO* Ogawa band head by 
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using the coherent Raman technique’. Then fine tuning 
is provided on a pulse by pulse basis by temperature 
tuning the ruby: ruby temperature control to within 
+0:°6° K over the range 77-357° K provides giant-pulse 
output selection over 14,418-14,391 em? to within 
+0:06 em-!. The coherent Raman technique for coarse 
tuning is more complex. The giant-pulse ruby radiation 
is Stokes-shifted, with about 10 per cent first-order con- 
version efficiency, by focusing it inside a cell containing 
a liquid, or a gas at pressures of 10 atmospheres or higher. 


The material is selected so that the frequencies and 


corresponding wavenumbers of totally symmetric mole- 
cular vibrations have the following restriction: the 
difference between the wavenumber of the ruby laser 
radiation and the wavenumber of the molecular vibration 
must be within temperature tuning range of a desired 
NO* absorption band head. 

The following are examples of molecules with totally 
symmetric carbon—hydrogen (C-—H) stretching frequencies 
such that they can be used to Stokes-shift the ruby 
radiation wavenumber to within temperature tuning 
range of the absorption region of some of the V’ = 2 
NO* band heads: CH,I (gas) 2,9698 em~, CH,CI% 
(gas) 2,966-2 em-1, CH,F (gas) 2,964-5 cm, CH,Cl 
(liquid) 2,955 em-!, CH, (gas) 2,9142 em-}, C,H, (liquid) 
2,899 cm-t, C,H, (liquid) 2,890 cm-t, H;CCN (liquid) 
2,942 cm-!, and CH,COCH, (liquid) 2,925 em. Similarly, 
the following are a few examples of molecules that have 
totally symmetric carbonyl (C=O) stretching frequencies 
such that they can be used to Stokes-shift the ruby 
radiation wavenumber to within temperature tuning 
range of the absorption region of some of the V’ = 3 NO* 
band heads: CH,COH (liquid) 1,716 em, D,CO (gas) 
1,700 cm~, and H,CO (gas) 1,744 em~. In addition many 
other molecules fitting into either of these categories may 
be selected. 

It is worth noting that giant-pulse coherent Raman 
emission has already been reported? for CH, at 11,488-9 
+0-5 cm- using room temperature ruby giant-pulgp 
excitation, and this wavenumber exactly matches one of 
the band heads reported by Brook and Kaplan‘ for the 
Ogawa NO* system in emission. Although coherent 
Raman emission from the other substances above has 
not been reported yet, there is little doubt that it can be 
achieved with high efficiency in most cases. Typical 
output characteristics for the conventional giant-pulse 
ruby and for the corresponding giant-pulse Raman laser 
are presented in Table 1. It is safe tọ assume that lasers 
with the operating characteristics shown in this table 
can presently be made available for the NO* atmospheric 
probe. 


Table 1. TYPICAL PARAMETERS REQUIRED FOR THE ESTIMATION OF THE 
MINIMUM DETEGQSABLE CONCENTRATION OF NO" 


Source parameters 


Ruby laser Raman laser 
Output power, 33 MW 2-8 rhe m first Stokes line 
Output energy. 1 J 0-25-0 
Pulse duration, 80 nsec 30 n 
Bandwidth, <0-1 em7 < 0-6 ‘om-* (liquid), 0 1 cm (gas) 
Beamwidth, ~ 1 mrad ~1 mrad 


Repetition rate, ~ 15 cycles/min ~ 16 cycles/min 


Detection parameters 


Required voltage-signal-t®-noise ratio = 
oe of times each measurement 18 nenti and the results integrated 
Detection response time = 10-3 sec (resolution distance = 1-5 km). 
F Quantum) e efficiency of photodetector = 0008 (S-1 photosurface with 
Diameter of photon collector = 40 cm. 
Estimated cross-section or T eveoroton in the strongest Ogawa band heads 
of NO*, a = 10-* to 10 
Photodetector dark arcane = 18 x 1071 amp (for S-1 photocathode 
cooled to —78° C and with a 2 cm? area). 
Sky backeround irradiance, 
Hi = 6 x 10° photons/sec/om?/ster/A (clear night). 
= Hi = 10° photons/sec/em*ster/A (aurora at night)t. 
H? = 4 x 108 Bi ory feec/emn israel {day sky). 
Detector bandwidth = 
Detector field of view = 10 ster, 


t Chamberlain, J. W., Phimies of the Aurora pila 571 (Academic 
Press, New York, 1961). 
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Fig. 2. Distribution of nitric oxide and calculated detectable con- 
centrations of NO* at various altitudes in ths atmosphere, where 
(1) and (2) are calculated using irradiance HA for a dark night sky and 
o = 10- and 10-* cm’, respectively, (3) and (4) are the same but refer 
to an auroral night sky. Similarly, (5) and (6) refer to the day sky. (7) is the 
distribution of total nitric oxide (refs. 12 and 13), and (8) the distribution 
of total nitric oxide (ref. 14). (1) to (6) are represented with sufficient 
accuracy as straight lines. 
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The sensitivity criterion for the NO* atmospheric 
probe is the minimum number density of NO* molecules 
that can be detected at a range h from tho laser radar. 
Values of the parameters required for a sensitivity 
evaluation are listed in Table 1. Most of these numbers 
are accepted figures, but the estimated range for o, the 
cross-section for absorption in the strongest Ogawa band 
heads of NO*, warrants special comment. Typical 
oscillator strengths for each vibrational band of formally 
allowed electronic transitions of nitric oxide lie between 
0-002 and 0-02 (ref. 11). Because the Ogawa bands of nitric 
oxide are formally allowed and since it appears from 2 
potential energy curves of Fig. 1 that the V” = 0—>V\'= 
and the V”=0—YV’=3 bands will have the ane ieee 
intensity, it is assumed that the oscillator strengths for 
these transitions lie at least within the above limits. 
Now there are six band heads in each Ogawa band and 
some of these overlap others. Furthermore, the Raman 
laser output has about the same bandwidth as each 
Ogawa band head and it can be tuned to overlap each 
band head. Therefore, it is reasonable to estimate the 
effective absorption cross-sections for each NO* band 
head as 10-14 to 10-13 cm?, understanding that the ab- 
sorption cross-section is proportional to oscillator strength 
and that an oscillator strength of unity corresponds to an 
absorption cross-section of 10-™ em?*. 

Values for the minimum detectable concentrations of 
NO* as a function of range for three representative 
background conditions and for the estimated factor-of-10 
range in o were calculated from the typical operating 
parameters listed in Table 1 (see ref. 1 for discussion. of 
this type of calculation). These results are presented in 
Fig. 2, with recent estimates of the total nitric oxide 
concentration as a function of altitude above the Earth’s 
surface, where the optical radar range is taken to be 
altitude. The total nitric oxide concentrations were taken 
from Nicolet** and normalized to agree with the measure- 
ments of Barth!’ for the region from 85 to 135 km. For 
the region between 50 and 85 km, they were taken from 
the Handbook of Geophysics'*. It can be seen in Fig. 2 
that for a night sky observation a signal would be obtained 
from an altitude of 50 km if the concentration of NO* 
is of the order of 10-4 of the total nitric oxide concentra- 
tion, and that the corresponding fraction at 50 km for a 
day sky observation is of the order of 10-1. Similarly, 
for an altitude of 135 km these numbers are 10-1 and 10? 
respectively. 
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From this it appears that the chances for an NO* meas- 
urement of the day sky are not good; at best they are 
marginal at the stratopause and clearly out of the question 
at higher altitudes. The chances for an NO* observation 
of the dark night sky, the night sky with an aurora, or the 
twilight sky, however, appear to be very promising. 
Furthermore, the outlook for the future is even more 
promising because the probe sensitivity could be appre- 
ciably improved if a larger collecting mirror and/or the 
recently developed gigawatt-pulse ruby laser were used. 
Thus, the giant pulse Raman optical radar may become a 
tool for monitoring the concentration and chemical 
kinetics of metastable state nitric oxide in the upper 
atmosphere during the night or twilight hours, and will 
at least provide a means of setting upper limits on these 
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unknown concentrations as a function of altitude and 
ume. 
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ELECTRON SPIN RESONANCE STUDIES OF TFE REACTIONS OF 
NITRIC OXIDE AND NITROGEN DIOXIDE WITH 
POLYMETHYL METHACRYLATE 


By J. LAW* 


Paterson Laboratories, Christie Hospital and Holt Radium Institute, V/ithington, Manchester 


AFTER exposure to nitric oxide, polymethyl methacrylate 
(PMMA) exhibits an electron spin resonance (ESR) 
spectrum, and its response to radiation is modified'. 
Ebert and Law? found the same ESR spectrum after 
exposing PMMA to nitrogen dioxide and inferred that the 
spectrum produced by each gas arises from its reaction 
with small amounts (of the order of 1 per cent) of methyl 
methacrylate monomer (MMA). Exposure of PMMA 
containing MMA to either gas inhibited the formation 
of the well-known 5 + 4 line ESR spectrum when the 
gas was pumped off and the PMMA irradiated in a vacuum. 
If purified PMMA is exposed to either gas, no ESR spec- 
trum is developed and in the case of hitrie oxide, subse- 
quent irradiation of the PMMA in a vacuum produces a 
normal response. 

This article describes an investigation of the effects of 
nitric oxide and nitrogen dioxide both on PMMA con- 
taining MMA, and on pure MMA, using the ESR tech- 
nique. Various possible reaction schemes and mechanisms 
will be discussed. 

PMMA was prepared from purified MMA by irradiation 
as described elsewhere? and was allowed to retain small 
amounts of MMA. Nitric oxide was obtained from cylin- 
ders supplied by Matheson and Co., Inc., and was purtfied 
by passing ‘through aqueous potassium hydroxide and 
two cold traps of solid carbon dioxide and acetone. 
Nitrogen dioxide was prepared by heating lead nitrate (Pb- 
(NQ;).); oxygen was present in the mixture of nitrogen 
dioxide and nitrogen peroxide in the proportion ingicated 
by the reactions quoted below. A trace of nitric oxide may 
have also resulted from decomposition of nitrogen dioxide 
at high temperatures, but in the presence of oxygen 
this would have rapidly formed nitrogen dioxide at room 
temperature. Samples of PMMA for treatment were 
prepared by filing from a block of the polymer and 
evacuating the resulting filings with a diffusion pump for 
about 20 h to pressures of the order of 10-5 torr. The 
samples were prepared in glass tubes of the type shown 
in Fig. 1, and each sample contamed approximately 
0-1 g of PMMA filings in a gas volume of about 50 c.c. 
The volume of filmgs was more than sufficient to fill the 
part of the tube entering the resonant cavity of the ESR 


* Present address: Department of Medical Physics, The Royal Infirmary, 
dinburgh. : 


spectrometer. All experiments were done at room tempera- 
ture. 

The pressures of the gases on admission to the samples 
were measured with.a mercury manometer. All pressures 
of nitrogen dioxide cuoted are partial pressures of nitrogen 
dioxide in mm of mercury, not of dinitrogen tetroxide 
muxtures, and were 2alculated from the observed pressure 
of a mixture of dmitrogen tetroxide, nitrogen dioxide 
and oxygen on the assumption that lead nitrate decom- 
poses on heating according to the reactions 


2 Pb(NO,, = 2 PbO + 4 NO, + O; 


The dissociation constant of dinitrogen tetroxide was 
taken to be 0-18 at 25° C. 

Electron spin resonance signals were observed using a 
Hilger and Watts ‘“Slicrospin’ X band spectrometer. All 
such signals deserted here appeared to be of the same 
shape (except where otherwise described in the text) 
and this ‘shape did not alter on reduction of microwave 
power fed to the zavity. Relative intensities of such 
signals were measured from the peak-to-peak amplitude 






Valume~50 cc 


Fig. 1. Sample tubt. 
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of m main feature of the first derivative absorption 
signal. 

Immediately after filing, the PMMA samples showed 
a weak asymmetric signal of the kind usually attributed 
to ROO, but this disappeared within a few minutes. Some 
samples were kept at 80°C for 24 h before exposure to 
nitric oxide or nitrogen dioxide, while others were kept in 
air for a similar interval of time before evacuation and 
exposure. These variations in initial treatment had no 
effect on their response to nitric oxide or nitrogen dioxide. 

(a) Exposure of PMMA to nitrogen dioxide. Samples 
of PMMA filings continuously exposed to nitrogen dioxide 
at a pressure of 137 mm of mercury showed a very weak 
ESR signal within a few minutes of the start of the period 
of exposure. This signal decayed and disappeared within 
about an hour. Samples exposed to a lower pressure of 
nitrogen dioxide showed a larger signal which decayed 
more slowly. The signals were all of the form shown in 
Fig. 2, and had g factors close to two (ref. 2). Average 
curves for the growth and decay of the signals were plotted 
against time after admission of gas to the samples, for 
various gas pressures (Fig. 3). At the lower concentrations 
the gas was replenished at intervals of about 2 h by 
evacuation and immediate refilling, to maintain an ap- 
proximately constant pressure. The gas remained in 
excess throughout each run at all concentrations. At all 
pressures a maximum was reached in the ESR signal 
intensity, after which the signal decays. Below 20 mm 
of mercury the decay rate was very low and at 9 mm of 
mercury it was not detectable. The relative values of 
these maxima are plotted in Fig. 4 against concentrations 
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Fig.2. ESR signal from PMMA pee exposiee to nitric oxide or nitrogen 
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Fig. 3. Growth of ESR signal intensity in PMMA exposed to nitrogen dioxidé. Uncer- 
tainties are standard deviations of means. Ordinate: ESR signal intensity (arbitrary units). 


Abscissa: time after admigsion of nitrogen dioxide. 
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Fig. 4. Maxima of ESR signal intensities in PMMA exposed to nitrogen 
dioxide nst partia} pressure of nitrogen dioxide. Uncertainties are 
standard deviations of means. Ordinate: maximum value of ESR signal 
intensity (arbitrary units). Abscissa: partial pressure nitrogen dioxide, 
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Fig. 5. Decay rate of ESR signal against partial pete of nitrogen 


dioxids. Uncertainties are standard deviations of means, Ordinate: 
relative decay rate of ESR signal intensity (log scale), Abscissa: partial 
pressure nitrogen dioxide (log scale), 


of nitrogen dioxide. If the gas was pumped off when the 
maximum signal intensity was reached, the signal was 
stable, in air or in vacuum, for several months. If samples 
which had been exposed to high concentrations of nitrogen. 
dioxide for long enough for the ESR signal to disappear 
were then exposed to low concentrations of gas, no further 
signal was developed. If, on the other hand, samples 
which had first been exposed to low gas concentrations, 
and had developed strong signals, were then exposed to 
higher pressures of gas, the strong signals decayed within 
a few hours. 

This procedure was adopted to investigate 
the rate of decay of the ESR signal in the 
presence of excess nitrogen dioxide. Several 
samples were first exposed to nitrogen dioxide 
at 9 mm for 48 h and then to nitrogen dioxide 
at pressures varying from 68 to 128 mm of 
mercury. Relative decay rates were plotted 


(Fig. 5). 

(b) Exposure of PMMA to nitric oxide. 
Samples of PMMA exposed to nitric oxide 
developed ESR spectra apparently identical 
with those developed using nitrogen dioxide. 
Typical growth curves are shown in Fig. 6, 
where it will be seen that in the early stages 
the curve is concave upwards—that is, the 
growth rate of the signal increases. The 
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are standard deviations of means. Ordinate: ES 
Abscissa: time after admission of nitric oxide. 


signal in all cases reached its final value within 60 h 
or less after admission of nitric oxide and then re- 
mained stable. At this time, a surplus of nitric oxide 
was still in contact with the PMMA at all concentrations. 
The signal was also stable in vacuum and in air for several 
months, as were signals produced by nitrogen dioxide. 
The relative intensity of this stable signal was plotted 
against concentrations of nitric oxide (Fig. 7). 
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rig. 7. Final values of ESB. signal intensities in PMMA exposed to nitric 
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e. Uncertainties are standard deviations of means. Ordinate: 
final values of BSR signal noai Cli units), Abscissa: pressure 
nitric oxide. 


When samples are exposed to nitric oxide at atmo- 
spheric pressure and develop a stable ESR signal, they 
show no change in signal intensity if the nitric oxide 
pressure is later reduced. This is in line with the results 
from nitrogen dioxide. On the other hand, samples 
which are first exposed to nitric oxide at lower pressures 
and develop a larger signal show no reduction in that 
signal if the pressure of nitric oxide is subsequently 
increased, that is, the radicals are stable in nitric oxide at 
atmospheric pressure for periods of at least a week, in 
strong contrast to their rapid decay in nitrogen dioxide 
at 187 mm of mercury. j 

(c) Exposure of PMMA to nitric oxide and nitrogen 
dioxide alternately. Samples of PMMA were exposed 
to nitrogen dioxide at 137 mm of mercury for a few 
hours, until the ESR signal had disappeared. The gas 
mixture was then removed and nitric oxide at atmospheric 
pressure substituted. The sample turned blue but devel- 
oped no ESR spectrum. Other samples of PMMA were 
exposed to nitric oxide at atmospheric pressure for 48 h 
until the ESR signal had reached a steady value. The 
nitric oxide was then removed and replaced by nitrogen 
dioxide at 187 mm of mercury. The samples lost their 
ESR. signals and did not change colour. If nitrogen 
dioxide was used at 9 mm instead of 137 mm of mercury, 
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no change in the ESR signal intensity was 
observed. Thus each gas attacks the same 
site 

The two main aspects of this work 
which must now be considered are: (1) the 
chemical identity of the radicals, and (ii) 
the reaction systems giving rise to the 
kinsties described above. Ebert and Law? 
found that PMMA only showed an ESR 
speztrum after exposure to nitric oxide 
anc nitrogen dioxide if it contained small 
amounts of MMA, regardless of the 
mevhod used to prepare the PMMA. 
Ths result showed that the radicals arose 
from reactions involving only MMA and 
the gases, and it was suggested that the 
gass reacted with the C=C bond in the 
MMA. It was also established in the same 
paper that the nitrogen atom was closely 
associated with the orbit of the unpaired 
electron and little if any proton splitting 
was observed. This suggests radicals of type II rather 
than of type I. 
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After nitric oxide ħad been bubbled through pure MMA, 
and any PMMA waich resulted had been filtered off, the 
radicals formed ir the liquid could be extracted with 
ether; this suggests that the molecule exists as a 
monomer. In an attempt to convert these radicals to a 
more stable form. the reaction mixture was reduced 
by nyotogoi over platinic oxide as catalyst, and the 


group RPA lookəd for. ‘It is known, | for example, 


that di-methyl ethyleneimine has absorption bands at 
425 and 303 my. The reduced radicals showed a band at 
425 mu but alsc an end absorption below 310 mu, 
possibly from unzeduced radicals, or unreacted MMA, 
which may have otscured the 303 my band. A Liebermann 
test gave a weak positive result for a secondary amine. 

An attempt wazemade to isolate the resulting reduced 
compound by vacuum distillation. A viscous yellow residue 
resulted, which cold not be distilled without decomposi- 
tion at 420° C/3 mm of mercury. The residual liquid did 
not form a picrate, but gave a positive test for nitrogen. 
The infra-red abscrption spectrym of the ether-extracted 
material containec a peak at 1530 cm-', suggesting nitroso 
groups. This peak disappeared-on reduction of the radi- 
cals, but the spectrum of the reduced compound was diffi- 
cult to interpret. Although no definite identification of 
the radicals can be made, the balance of evidence certainly 
favours type IT. - 

An interpretatien has been made of the kinetics of the 
reactions between PMMA. and nitrogen dioxide. It must 
first be established that the kinetics are not limited by the 
rate at which the gases diffuse into the PMMA particles. 
The particle size in the PMMA samples was such that all 
the material was within 100u of a surface. Powder samples 
of PMMA made ap,in the same way and irradiated in 
a vacuum developed the well known 5 + 4 line ESR signal 
which was removed with a time constant of a few minutes, 
or less, when eitker nitric oxide or nitrogen dioxide was 
subsequently admitted. Thus nitric oxide or nitrogen 
dioxide was avaiable to all the material in the PMMA 
samples within a few minutes of admission of the gas, 
that is, in a time which was short compared with the time 
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scale of the growth curves (Figs. 3 and 6). A reaction model 
which is consistent with the observations in nitrogen 
dioxide can be put forward without the exact identity 


of the radicals requiring to be established first. Let us 
suppose that the reactions are of the general form 
MMA + NO,—> X (1) 
X + NO, —-Y (2) 


where X is a radical (possibly, for example, Type II above) 
having the ESR spectrum of Fig. 2, and Y has no ESR 
spectrum. Either reaction may proceed by more than one 
stage. The weak component of the ESR signal, referred 
to by Ebert and Law’, is disregarded in this analysis, 
as it was never responsible for more than 2 per cent of the 
observed signal intensity. 

It is assumed that reaction (1) proceeds at a rate pro- 
portional to the concentration of nitrogen dioxide, N, 
which is constant in any single experiment, while reaction 
(2) proceeds at a rate proportional to some power « of N. 
(It may be seen later that if « = 1 we should get a series 
of growth curves for different values of N which would have 
the same shape and would differ only in their time scale. 
This would conflict with the data in Figs. 3 and 4.) 

If M is the concentration of reactive sites in MMA and 
x the concentration of radicals X at time ż, then 


' 


dM 
peene aes on 3 
di ,kı NM (3) 
dz 
a kı NM — k, N% (4) 


where k,, k, and « are constants. k, and k, refer to reac- 
tions (1) and (2) respectively. The initial conditions 
governing these equations are 


att = 0, M 
x 


M, 
0 


HW 


The solution of the equation is then 


", kN l 
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On this model the maxima of the growth curves in Fig. 3, 
Xm, are related to the times at which they occur tm and 
N by the equation 


® 
x 
loge Gz.) + ky Netm = 0 


If estimates of Xm and tm based on the observations 
shown in Fig. 3 for varjous values of N are substituted in 
this equation, a least squares fit method yields a value 
for ~ of 2:7 + 1:0. An estimate of « can also be made 
directly from the experimental results, and this provides 
an indication of the validity of the reaction model. 
In the experiments to investigate the rate of decay of the 
ESR signal in different concentrations of nitrogen dioxide 
reaction (1) has been virtually eluminated by allowing a 
small gas concentration to convert nearly all the available 
sites M to radicals X. This removes the k, NM term 
from equation (4). If N is then ingreased suddenly to a 
relatively large value, only reaction (2) occurs to an 
appreciable extent since M is small. As a consequence 
of this we can, under these conditions, plot the rate of 
decay of w for various values of N, as in Fig. 5, and get a 
straight line of slope «. The experimental value of « 
obtained directly from Fig. 5 is 3-5 + 0-3, which is in 
excellent agreement with the value of 2:7 + 1-0 predicted 
om the basis of the reaction model. The best estimate 
of « to the nearest integer is three. This might correspond 
to reaction (2) requiring three nitrogen dioxide groups 
to convert each X group to Y. Since X and nitrogen 
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dioxide are both radicals and Y is not, an odd integer 
might be expected for « rather than an even one. It is not 
clear why three nitrogen dioxide groups rather than one 
should be required, but this should be useful in the eventual 
identification of X and Y. 

The results shown in Figs. 3-5 are thus consistent with a 
simple reaction scheme of the type outlined here. If the 
pressure of nitrogen dioxide in contact with PMMA is 
varied, from a low concentration to a high concentration, 
the reactions proceed to the degree corresponding to the 
higher concentration, whereas if a high concentration 1s 
used first, all the reactive sites in the MMA are filled by 
nitrogen dioxide (twice over) and further radical production . 
in the powder does not occur. Similarly if nitric oxide 
is used following a high concentration of nitrogen dioxide 
no signal would be expected, while nitrogen dioxide 
after nitric oxide removes the ESR signal produced 
by the nitric oxide. 

With nitric oxide no simple reaction model of the type 
suggested for nitrogen dioxide will explain the observa- 
tions in Figs, 6 and 7, because the radicals X are stable in 
nitric oxide, that is, no decay reaction of type (2) occurs 
in nitric oxide. The ESR spectrum is the same after 
exposure to either gas, with each feature having the same 
g factor. Moreover, pure MMA, when exposed to either 
gag, shows the same triplet ESR spectrum at room 
temperature, and this transforms to the spectrum of 
Fig. 2 at 77° K (ref. 2). This implies that the same radical 
is responsible in each case, and suggests that nitric oxide 
may react with oxygen to form nitrogen dioxide which 
then reacts with MMA as previously described. The growth 
curves in nitric oxide (Fig. 6) are concave upwards in 
their early stages-—that is, the rate of production of radi- 
cals is increasing during this period. This is consistent 
with a reaction which proceeds in two or more stages. It 
is difficult to suggest any likely source of oxygen in the 
PMMA samples after evacuation, however, or in the MMA 
which had been de-gassed by repeated freezing, evacuation 
and thawing. The results represented in Figs. 3, 4, 6 and 7 
(in which the ordinate units are the same) show that the 
effects observed with nitric oxide could not be due to 
traces of nitrogen dioxide present as an impurity. _ 

The results reported here with nitric oxide and nitrogen 
dioxide are qualitatively similar to some radiobiological 
results involving nitric oxide, and the possibility that they 
might arise from a similar mechanism is of some interest. 
It is often found that nitric oxide reduces radiation 
damage in dry biological systems and increases damage 
in wet systems as compared with radiation damage in 
nitrogen®-’. Dale et al.’ found that if the pressure of 
nitric oxide in contact with Shigella flexneri during 
irradiation was varied, the effect of the gas on the radio- 
sensitivity of this organism (measured as the reciprocal 
of the dose required to kill 90 per cent of the bacteria) 
showed a maximum at a nitric oxide pressure of 76 mm 
of mercury. Russell and Davies? found the same effect 
in Escherichia coli and Johansen and Howard-Flanders’ 
have recently confirmed these results. No explanation of 
them has yet been reached but work on simple systems 
such as that described here on MMA and PMMA may 
prove a useful step towards such an explanation. 

I thank Dr. M. Ebert of this laboratory for his interest 
and for many discussions in the course of this work, 
and Dr. B. W. Fox, also of this laboratory, for valuable 
suggestions and advice in attempting to identify the 
radicals. 
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HIGH LOAD-PRESSURE MINERALOGICAL RELATIONS IN CHONDRITES 


By Dr. M. J. LE BAS 


Department of Geology, University of Leicester 


AN advance in the understanding of the mineralogical 
relationships in chondrites was made with the abandon- 
ment!+? of the hypothesis? that chondrites are formed at 
temperatures below 1,000° C and at high volatile pressures. 

This had been based largely on the temperature relations 
of orthopyroxene at 1 atm. Recent datat show that the 
infrequent occurrence of clinoenstatite is no indication 
that the temperature of original crystallization was about 
1,000° C because at load-pressures of more than 8 kbars 
those conditions necessary for the formation of clinoensta- 
tite no longer exist. Although it is possible that a little iron 
in solid solution could affect these relations, this seems 
unlikely in chondrites. Boyd and England further show* 
that the field of stability of clinoenstatite lies in fact below 
600°-700° C. It is, however, improbable that the clino- 
enstatite observed in chondrites is formed at such Jow 
temperatures, for clinoenstatite is most likely to occur 
by inversion from protoenstatite at load-pressures of less 
than 8 kbars and temperatures? of about 1,200°-1,300° C. 

The presence of (100) lamellae in orthopyroxene (Figs. 
1 and 2) may result simply from the exsolution of lime-rich 
portions from the orthopyroxene and can occur at any 
pressure; but the presence of (001) style lamellae indicates 
the former presence of a clinopyroxene, and therefore of 
load-pressure conditions of less than 8 kbars. Barwell, 
Bjurbole and Indarch chondrites are examples of the 
former. The clinopyroxene to orthopyroxene inversion 
textures are rarely seen in chondrites (for example, 
Chainpur chondrite’), and it seems likely that proto- 
enstatite did not exist as a primary phase in the majority 
of chondrites. This implies that at the temperatures of 
1,200°-1,300° C now suggested’, the primary crystalliza- 
tion would have occurred at load-pressures of more than 
5 kbars. 7 

The term “‘load-pressure’’ is here used to indicate 
pressure resulting from the weight of a superincumbent 
load, in contrast to the pressure resulting from volatiles. 
Because pressure due to load, P, (often misleadingly 
termed hydrostatic pressure), and pressure due to volatiles 
(or vapours), Pv, commonly have opposite effects on the 
temperature of crystallization of solids, it is desirable 
that the distinction be clearly made. 

As a result of examining the hypersthene-chondrite 
which fell at Barwell, Leicestershire, recently®, two aspects 
have aroused interest: (i) the effect of load-pressure on 
chondrites; (ii) the role of plagioclase and the significance 
of the platey and prismatic texture in many chondrules. 

Various authors’~® have put forward examples in favour 
of the formation of chondritic material at high load-pres- 
sures, while others**-!* prefer lower load-pgessures. 
Although meteorites examined now show low load-pressure 
relationships, it does not eliminate the possibility that 
many meteorites may have initially existed in a high load- 
pressure regime but were subsequently equilibrated to 
lower pressures. There has been much discussion: ®: 1-1 
of the recrystallizations said to occur in meteorites, and 
it is thought that in many cases recrystallization may be 
related to the changes of pressure suggested here. Fig. 3 
illustrates an exception to this. The metamorphism 
described by Wood?* implies processes associated with 
increases of temperature and perhaps of pressures (P; or 
P,)—that is, conventional geological metamorphism as 
well. In contrast, it is suggested here that many of the 
phase changes resulted from the release of load-pressure 
largely by adiabatic expansion, followed by a fall in 


temperature. The normal type of metamorphism may 
also occur, but to a ‘esser extent. This theory is related to 
Mason’s'® suggestion that chondrules are porphyroblasts 
formed by solid state thermal reerystallization. 

It has been customary in the past to correlate load- 
pressure relationshins observed in meteorites with depth 
below surface and thus with size of the parent body. 
Some*-*-6 have inferred that this parent has lunar dimen- 
sions; others!*:!* p-efer asteroidal or smaller dimensions. 
More recently, high pressures resulting from shock during 
impact in space o7 on landing such as Lipschutz and 





Fig. 1. Prismatic hypersthene crystals with (100) exsolution lamellae 
and rims of clinopyrcyene. Chondrule in Barwell meteorite. (x ¢35 
crossed polars.) 





Fig. 2. Enlargement of portion of Fig. 1 ghowing the (100) exsolution 
is 


lamellae in aypersthene. (x c. 720, crossed polars.) 
Ka 
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Anders"? have suggested for the origin of diamonds have 
been favoured?* to account for the high load-pressure 
features. 

It is difficult to reconcile existing ideas of processes 
involved in asteroidal or smaller bodies?! with ideas 
which have been put forward to explain the relation 
between the various chondrites, achondrites and irons 
and their correlation with the structure of the Earth!:*-2°-29, 
The latter ideas are currently accepted in one form or 
another by most mineralogists, and consequently theories 
must now be based on a real planetary model. 

In subsequent paragraphs it is shown that load-pressures 
of 20 and 30 kbars may have been realized in the early 
history of chondrites. This would indicate on the above 
model a parent body or bodies of lunar or half lunar 
dimensions, (The central pressure in the Moon, radius 
1,740 km, is about 47 kbars.) This raises the difficulty 
that, so far as is known, there is not enough asteroidal 
material to provide for one or more such large bodies. 

The presence of plagioclase in chondrites has received 
scant attention, for plagioclase is often only represented 
by glasses and these need X-ray micro-probe methods to 
determine their composition*’. In the Barwell meteorite, 
crystalline oligoclase plagioclase is present in the chon- 
drules and in the matrix. It occupies a quarter of the 
volume of many chondrules, although it is absent from 
some which consist of orthopyroxene with exsolved 
clinopyroxene (Figs. 1 and 3). The plagioclase occasionally 
shows albite twinning (Figs. 4 and 5). This is unusual 
but not unknown elsewhere (for example, the Estacado 
chondrite**), and suggests that the Barwell meteorite has 
been more thoroughly re-equilibrated to lower tempera- 
tures than chondrites which show only eryptoerystalline 
plagioclase™:*4, 

The examination of several chondrites under the polariz- 
ing microscope led me to recognize the similarity between 
the textures of barred and fibrous chondrules and the 
textures arising from exsolution seen in terrestrial pyrox- 
enes. Grigoryev? has shown that chondrules occur im 
three simple textures: eccentrically radial, graticulate 
and porphyritéc, and that they are related by recrystal- 
lization. Thus Harpum's comprehensive list?’ of twenty- 
five types of chondrules in Tanzanian chondrites can be 
reduced to Grigoryev’s three classes. 

These textures have been particularly well portrayed 
in the illustrations of the papers by Wood", Christophe- 
Michel-Levy** and Harpum**. Some examples of Barwell 
chondrules are shown in Figs. 1-9.ə Another textural 
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Fig. 3. Bent hypersthene prisms in fibrous hypersthene chondrule from 
the Barwell meteorite. Evidence of deformation at time of crystallization 
of the pyroxene, (x ¢.190, crossed polars.) 
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Fig. 4. Twinned oligoclase in part of a granular olivine-pyroxene- 

plagioclase chondrule from the Barwell meteorite, This chondrule is 

poorly defined and is texturally half-way between well defined chond- 
rules and the matrix. (x c. 120, crossed polars.) 
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Fig. 5. Twinned oligoclase in olivine-plagioclase chondrule. Enlargement 
of portion of Fig. 6. (x ec. 640, crossed polars.) 


feature which has been noticed, particularly in the barred 
olivine-chondrules, is the polygonal outline (see Figs. 6 
and 7) reminiscent of the shape of garnet crystals. A 
search of the literature showed this observation was not 
original, having been made by Sir Lewis Fermor** many 
years agb in the Khohar meteorite. He postulated®* that 
garnet was converted to enstatite by a reduction in the 
pressure conditions. Later, he suggested®* the existence 
of a new garnet called ‘‘khoharite’’ (Mg,Fe,Si,O,,). The 
existence of “‘khoharite’ was never substantiated, and 
Fermor’s theory was abandoned. 

The original observation of the polygonal outline of 
many chondrules can, however, be confirmed and needs 
to be explained. A modern interpretation might be 
obtained from the recent experimental work of Kushiro 
and Yoder, who have shown that garnet (pyrope: 
grossular = 2-1) stable at high load-pressures ( > 20 kbars) 
and temperatures (1,200°—1,300° C) inverts on a reduction 
of fhe load-pressure to less than 8 kbars, and through 
intermediate phases of pyroxene, spinel and plagioclase, 
to a mixture of forsterite and anorthite plagioclase. They 
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Fig. 6. Olivine-plagioclase chondrule with polygonal outline from the 
Barwell meteorite. The olivine is nearly all in optical continuity, but the 
plagioclase extinction is quite irregular. (x e. 75, crossed polars.f 





els 7. Olivine-plagioclase chondrule from the Barwell meteorite with 
polygonal outline showing curious texture possibly related to the “hour- 
glass” structure, (x c. 45, crossed polars.) 


have also shown”! that similar garnet together with quartz 
at similar pressures and temperatures invert by way of a 
comparable sequence of events to enstatite and anorthite 
plagioclase. Because the plagioclase in chongrites is 
oligoclase, these experiments make the original presence 
of garnets in chondrites doubtful. 

More recent experimental work by Kushiro** has shown 
that at 10 kbars load-pressure solid forsterite and liquid 
(albitic) co-exist at 1,400°-1,500° C, but that at load- 
pressures of 15-22 kbars at these temperatures, ortho- 
pyroxene, forsterite and liquid (albitic) become the stable 
phases. This assemblage bears a close resemblance to the 
minerals present in chondrules, even to the glassy repre- 
sentation of the albitic liquid. Kushiro also found** 
that at 22 kbars and 1,100° C, an albite-nepheline—forster- 
ite composition glass crystallizes to give a jadeitic pyrox- 
ene. In other experiments, Yoder and Tilley** have shown 
that forsterite and jadeite co-exist at 33 kbars load-ptes- 
sure and 1,250° C, and Bell and Davis’? have showr that 
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jadeite and diopside co-exist at 30 kbars load-pressure at 
1,200°-1,300° C. 

Coupled with these experimental data are the observa- 
tions by Mason* and Wood'* on the relative abundances 
of orthopyroxene and clinopyroxene in chondrites, and 
the fact that the absence of plagioclase can be correlated 
with the presence of lime-poor clinopyroxene (pigeonite). 
Together, these data suggest that jadeitic pyroxene with 
or without forsterte may have formed the primary 
material from whick the chondrules formed. The jadeitic 
pyroxene would prebably have been a pigeonite with a 
small amount of jadeite (NaAISi,O,) in solid solution. 
Mason arrived at s similar conclusion from other con- 
siderations**:**, 

In some chondrvles, a curious texture, as shown in 
Fig. 7, is seen. The angle between the adjacent sectors 
of the chondrule is about 75°. This is also the value 
of the angle between the x and z crystallographic axes 
of clinopyroxenes. Another chondrule (Fig. 8) shows a 
texture which is reminiscent of “herring bone” twinning, 





Fig. 8. Olivine-plagiociase chondrule from the Barwell meteorite showing 
texture related to “hemring-bone” twinning. (x e. 120, crossed polars.) 





a 

Fic. 9. Unusual chorcirule from the Barwell meteorite formed of 50 per 

cent plagioclase, 25 per cent olivine and 25 per cent grey-brown turbid 

cryptocrystalline material (possibly pyroxene), and enclosing four 

crystals of unknowr red-brown isometrig mineral with high relief. 
(= c. 120, plane polarized light.) 
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a common feature of clinopyroxenes. It is considered 
that these textures are quite possibly erystallographic 
relics of a former clinopyroxene phase. The inversion 
stages could then be schematically represented as follows: 


Pressure release 





Jadeitie pigeonite 


and cooling 
jadeite-rich lamellae in clinopyroxene 
a xO 
$ 
oligoclase olivine 


It is not yet possible to say whether or not individual 
chondrules may represent former pyroxene crystals. 
Too little is known of the habit and crystallography of 
jadeitie pigeonite, but jadeitic diopside (omphacite) 
commonly forms equidimensional erystals. 

The data considered here suggest that it may be possible 
to distinguish chondrites formed at high load-pressure 
environments from those formed at lower load- pres- 
sures. In this way a model might be constructed of 
the original body or bodies. It would also contribute to 
the solution of the problem of whether or not the H and 
i, chondrites! might have come from different bodies?, 
possibly of different sizes, which came close enough to 
each other to cause their disintegration. 
dn conelusion, textures of chondrules in the Barwell 
and other meteorites are taken to indicate that some 
chondrites formerly existed in a high load-pressure environ- 
ment in which dense minerals, such as jadeitic pigeonite, 
were stable. On release of the pressure, separation 
occurred to give the textures and mineralogy commonly 
seen in chondrules, It is suggested that the parent body 
or bodies may have been of lunar dimensions. 

I thank Dr. M. H. Hey for permission to examine thin 
sections of meteorites in the British Museum (Natural 
History) collection, Dr. A. J. Meadows, Department of 
Astronomy, University of Leicester, for reading this note, 
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MECHANISM OF OXIDATION OF DILUTE NICKEL—CHROMIUM ALLOYS 


By Dr. G. C. WOOD and T. HODGKIESS 


Corrosion Science Division, Department cf Chemical Engineering, The University of Manchester Institute of Science and Technology | 


® 

Ir is generally held that chromium additions to pure 
nickel progressively inczease its high temperature oxida- 
tion rate until a concentration variously reported as 
5-8 per cent is reached, whereupon further additions 
deerease the rate'-*. A widely quoted theory explaining 
this behaviour is that chromium in low concentrations 
increases the oxidation rate by increasing the number 
of cation vacancies in the NiO scale, whereas larger 
concentrations decrease it by also forming other phases 
of a more protective nature, namely NiCr,O, or Cr.O,. 
The present communigation describes results which prove 
that it is necessary to modify certaingof these now classical 
views on the subject. 

Electropolished and occasionally finely abraded speci- 
mens, 20 x 0-5 x 0:06 em, of annealed pure nickel 
(99-97 per cent) and alloys containing respectively 1, 2, 
3, 5, 7, 10, 15 and 27 per cent pure chromium were oxi- 
dized by immediate exposure at 1,000° or 1,200°C to 
pure dry, lowing oxygen in a silica spring thermobalance. 
After cooling relatively slowly for 10 min, they were 
prepared in cross-section by conventional metallography 
and examined in a Cambridge ‘Microsean’ Mark IT electron 
probe microanalyser. , Other scales from specimens of 
larger area were examined by X-ray djffraction. 





Big. l(a) and (b) shows the kinetic growth curves for the » 


whole range of alloys at 1,000° and 1,200° C respectively, A 


plotted as the weight gain against the square root of time. 
Each curve was obtained by averaging the curves for 
several closely reproducible runs for each alloy. All the 
curves for alloys in the range 1-10 per cent chromium 
at 1,000°C and 2-10 per cent chromium at 1,200°C 
lie randomly within the narrow scatter bands indicated, 
there being no significant difference in oxidation rate 
in the composition ranges quoted. At 1,000° C, therefore, 
addition of 1-10 per cent chromium to nickel increases 
the parabolie rate constant from 2:93 x 10-?° to 1:73-2:13 
x 10 %°*g?/em*/sec, precise adherence to the parabole 
relationship being maintained for the full 25 h of the runs.. 
The corresponding increase at 1,200° C is from 2:33 x 10- 


to 1:31-1:54 x 10-8g2/em4/sec for the first 8-10 hours. es 


At this stage there is a positive deviation, searcely detec- 
table for pure nickel but pronounced for the alloys, 
probably because the alloy core is now very thin; localized 
thicker scale is observable at the ends, perhaps because 
of oxide disruption there. It is remarkable that at 


1,200° C nickel containing 15 per cent chromium oxidizes 


as fast as the dilute alloys in the early stages and even at i 
1,000° C the initial rate is more rapid than for pure nickel. | 
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Alloys of nickel with 15 and 27 per cent chromium even- 
tually oxidize more slowly than the other alloys at both 
temperatures because of the development of a healing 
layer of Cr,O0, at the scale base*. Very small patches of 
similarly healed scale are observed with nickel-7 per cent 
and 10 per cent chromium at 1,000° C but have an insigni- 
ficant influence on the growth curves. The curve for nickel 
containing 1 per cent chromium at 1,200° C is drawn for 
5 h only because the growth kinetics for this alloy were 
highly irreproducible especially at long times. Indeed 
the curve shown represents only the average kinetics of the 
faster runs and even this is slightly lower than for alloys 
containing 2-10 per cent chromium. The general conclu- 
sion is therefore that there is no sharp maximum in oxida- 
tion rate, as previously reported. Instead, the rate in- 
ereases with chromium content up to 1-2 per cent, 
whereupon it remains substantially constant with further 
chromium additions until scale healing by Cr,O, occurs. 
The morphology, structure and analysis of scales in 
section are summarized schematically in Fig. 2. Single 
quotation marks are used to denote single oxide phases 
containing low concentrations of the other element. 
On pure nickel, adherent, uniform single-layer scales 
were obtained at both temperatures, the oxide grain 
size increasing considerably towards the outer surface. 
On nickel with 1 per cent chromium at both temperatires 
and with 2 per cent chromium at 1,200° C, thicker, ap- 
parently single-layer scales of ‘NiO’, which lost adhesion to 
the alloy on cooling, were produced. A deeply penetrating 
layer of fine acicular ‘Cr,O,’ particles penetrated the alloy. 
Alloys containing 2-10 per cent chromium at 1,000° C 
and 3-10 per cent chromium at 1,200°C all developed 
scales with double layers in the sense that only the inner 
layer contained visible second-phase particles. On 
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Fig. 1. Characteristic growth curves (wt. gainy/ time) for the oxidation 
of nickel-chromium alloys in oxygen at (a) 1,000° ©, (b) 1,200° C. 
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Fig. 2. Schematic diagrams of scales on dilute nickel-chromium alloys, — 


Double layer on Mi-Cr 
oltoy e.g. Ni-S%e Cr 


cooling, the two layers maintained excellent adhesion 


but the entire scale lifted from the alloy. The ‘Cr,0,’ 


internal oxide was of a coarser acicular nature, at least 
in the alloy range 2-5 per cent chromium, and penetrated 
less deeply into the alloy. The inner layer contained 
similarly shaped MiCr,O, particles. There were also 
several large pores but it was difficult to decide whether 
a continuous porous network existed in the inner layer, 
especially as the ‘pores’ bore some resemblance merely 





to a relief-polishing 2ffect when viewed in oblique Humina- — z 


tion. 


The outer ayer appeared completely compact, 


there being no obvious evidence of the pores developed. ae 


in similar sulphide films by anisotropic dissociation’. 
It should also be emphasized that the demarcation be-  — 





teveen single- and couble-layer growth was not clear-cut. | 


Thus, although the alloy with 1 per cent chromium at 


1,000° and 1,200° G and that with 2 per cant chromium 
at 1,200° C were acjudged from the lack of many visible 
pores and precipitete in the inner regions to have single 
layers, the large ouzer columnar grains ceased about half- 
way through the scale and traces of NiCr,O, were detected 
by X-ray diffraction. Time appeared to have an influence 
on the structure. Seales on 15 per cent and 27 per cent 
chromium alloys edhered to the alloy because of the 
linking of the healing ‘CrO; layer to the alloy®. | 

Concentration profiles through a characteristic single- 
layer scale formec on nickel-1 per cent chromium at 


1,000° C and a dauble-layer seale on nickel-5 per cent. 
chromium at 1,202 C are shown in Fig. 3(a)} and (6) 
respectively. The curves are ukira-slow scanning traces 
corrected for absorption and fluorescence effects at the 


points indieated ard confirmed by static probe measure- 
ments in vital locations. The apparent single layer on 
nickel-1 per cent zhromium is clearly ‘NiO’ containing 


chromium, rising in concentration from the scarcely.. 
detectable level of )-1 per cent or less at the scale/oxygen — 


interface to 1:29 ver cent at the alloy/oxide interface 
at 1,000° C; at 1,290° C the similar gise is typically from 


0-2 or less to 2-10 pergcent. Both values at the true inner 
interface should possibly be a little higher, but this is 
For nickeil~l per cent _ 
chromium at 1,200°C the chromium concentration — 
near the alloy/oxice interface varied somewhat, possibly. 
explaining the scatter in the kinetic curves. For nieke > 
l per cent chromiam at 1,000° C and nickel-2 per cento = 
chromium at 1,20C° C, a chromium plateau at about I- 
per cent and 3 ver cent respectively was sometimes 
achieved in the ianer region, depending on the time. 
This suggests that the solubility of chromium in nickel 


partly obscured by the voids. 


oxide was being virtually satisfied there, so a few spinel 
particles could pers:sj. Some lack of equilibrium due to the 
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slowness of diffusion of Cr ions in ‘NiO’ may also have 
been involved. 

_ The outer layers on nickel-5 per cent chromium show 
somewhat similar chromium concentration profiles, the 
values at the outer interface being the same as for the 
alloy with 1 per cent chromium. At 1,000° C the chromium 
concentration at the inner layer/outer layer interface is 
typically 1-2 per cent for this type of specimen and at 
1,200° C it is consistently constant at 3:5-45 per cent 
for the whole range of alloy compositions (Fig. 3(6)). 
Since the latter value was also always found for the 
‘NiO’ between the second-phase particles in the inner 
layer, it is considered to be the limit of solubility of 
chromium in NiO at this temperature. Spot analyses and 
X-ray diffraction showed the acicular second phase part- 
icles to be NiCr,0,, there being no ‘Cr,O,’ in the inner 
layer. Resolution of ‘NiO’ and NiCr,O, was not possible at 
1,000°C by microanalysis. Static probe microanalysis 
demonstrated that the internal oxide particles are 
‘Cr,O;’ and additionally that the alloy between the 
particles, although much depleted in chromium, is by 
no means pure nickel. There is admittedly always some 
possibility of the X-ray source entering internal oxide 
particles buried beneath the surface but this would not 
always be expected to be the case, or alternatively some 
fluorescence of chromium radiation in the particles by 
nickel radiation excited in the matrix. 

Tn explaining the results, it may be proposed that when 
the allow is exposed to oxygen, ‘NiO’ and ‘CrO; 
both form initially, but rapidly combine and coalesce, 
producing either an unsaturated or just saturated solution 
of chromium in ‘NiO’ for the very dilute alloys, or NiCr,Q, 
particles in a saturated solution of chromium in ‘NiO’ 
for alloys containing more than 1-2 per cent chromium. 
Partial dissociation of ‘NiO’ occurs at the alloy-oxide 
interface and oxygen diffuses into the alloy, provoking 
the precipitation by preferential oxidation of ‘Cr,0,’, 
thus causing considerable chromium depletion in the 
surrounding alloy. As the external scale develops, the 
CrO; granules become incorporated into the inner 
layer where they, together with any chromium left in the 
oxidizing alloy, saturate the ‘NiO’ there with chromium 
and are converted into NiCr,O, particles of a similar 
shape. For the very dilute alloys almost total dissolution 
of *Cr,0,” in the ‘NiO’ tends to occur. Ni2* ions diffuse 
from the alloy to build the outer layer at its outer surface. 
Cr*+ ions from the alloy or the ‘NiO’ in the inner layer 
can penetrate the outer layer but reach only a low concen- 
tration in it. This theory differs from that of Moreau and 
Bénard’ in that the alloy between the internal oxide 
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particles is apparently not almost pure nickel, presumably 
because equilibrium is never maintained in this region 
and chromium can still diffuse into it, and also because 
chromium ions can clearly diffuse well into the outer 
scale layer. Birks and Rickert!® maintain that, in explain- 
ing the incorporation of the ‘Cr,O,’ internal oxide particles 
into the scale, it is necessary to postulate in addition that 
oxygen gas, obtained from dissociation of ‘NiO’ in voids 
in the inner layer, moves through a porous inner layer 
to form fresh oxide at the alloy/oxide interface. Without 
necessarily disputing this theory, the authors believe 
that it is still to be demonstrated that the inner layer 
does contain a complete network of pores. Consideration 
should also be given to the possibility of plastic ‘NiO’ 
relaxing around the ‘Cr,O,’ particles as the alloy is 
consumed, so detaching the ‘Cr,O,’ particle “markers”. 
Evidently some stress is developed at the interface during 
the incorporation process, because of the lack of adhesion 
on cooling, but whether it is due to chromium reducing the 
plasticity of ‘NiO’ or directly to the internal oxide cannot 
yet be stated. Microhardness measurements at room 
temperature suggest that ‘NiO’ is harder than NiO. 

It remains to be explained why all the dilute alloys 
generally oxidize at the same parabolic growth rate. 
Although the chromium is distributed across the scale 
in å complex manner, the concentrations in the ‘NiO’ at 
the alloy/oxide and oxide/oxygen interfaces are constant 
with time for nearly all the alloys at a given temperature. 
This presumably could mean that the concentration diff- 
erence of cation vacancies across the film is constant with 
time, so a parabolic rate is maintained. The effect of 
chromium in increasing the rate ceases once the ‘NiO’ 
near the alloy is saturated with chromium and the profile 
through the ‘NiO’ in the film is established, any further 
additions being superfluous. As postulated by Hauffe™, 
the chromium enrichment in the inner region of the scale 
may flatten the cation vacancy concentration profile 
across the scale rather than enhance it. The effect of 
chromium in increasing the rate must therefore be related 
to an increase in the total vacancy concentration rather 
than in the vacancy concentration difference. Additional — 
problems in interpretation may exist because of present 
doubts about the dgfect structure of NiO and the applica- 
bility of the valency rules. 

It is, however, a little surprising that the blocking 
effect of NiCr,O, precipitate in the inner layer has an- 
apparently negligible influence on the flux of outwardly 
moving ions. This would seem to suggest that oxygen 
flow through pores in the inner layer could be contributory, 
by the dissociative process!®, although this could not 
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hold if the inner layer does not exist on the very dilute 
alloys, and would be less likely if there is never a complete 
network of pores in the inner layer on other alloys. It 
might, therefore, also be argued that the outer ‘NiO’ 
layer (the entire layer for dilute alloys) is rate-determining, 
because the chromium concentration gradient across It 1s 
constant and the same for most alloys, the inner layer 
effectively being a short circuit. The authors will return to 
these matters elsewhere when additional data are available. 

Rapp" has recently independently reported views 
tending in the same direction as ours, based on theoretical 
considerations, but has apparently not confirmed them 
experimentally. 

We thank Prof. T. K. Ross for providing facilities, the 
International Nickel Company (Mond) Limited for the 
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alloys and the Scienco Research Council for a maintenance 
grant to one of us (T. H.) and for providing the micro- 
analyser. 
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HYDROCARBONS FROM AUSTRALIAN OIL, TWO HUNDRED 
MILLION YEARS OLD 


By WILLIAM VAN HOEVEN, PAT HAUG, A. L. BURLINGAME and Pror. MELVIN CALVIN 


Department of Chemistry and Space Sciences Laboratory, University of California, Berkeley, California 


In an attempt to extend our investigation of the organic 
components of ancient sediments!‘ to another continent 
and presumably a separate origin, we studied the hydro- 
carbons present in the Moonie crude oil from Queensland, 
Australia. It is believed that the source of the oil was 
in Permian rocks, probably sedimentary, and that later 
it migrated along an unconformity at the base of the 
reservoir basin into Jurassic and Triassic sandstone— 
dated on the basis of spores® (also A. 8. Keller and R. ©. 
McLaughlin, personal communications). A wide spectrum 
of analyses of sediments from various ages and from 
various places can be expected to provide data relevant 
to a solution to the question of when and how life evolved 
on earth. Such an approach may eventually shed some 
light on the ecology of a particular region at a given 
geological period. 

The experimental procedure, already explained in 
detail elsewhere!, involved the use of tolumn chromato- 
graphy (thin layer chromatography with grade neutral 
alumina eluted with n-heptane) to separate the “‘total”’ 
hydrocarbon fraction (1:46 g) from 3°89 g of crude oil. 
Using this “total” fraction, the “normal” (straight chain) 
hydrocarbons were separated by means of a 5 A molecular 





Figs. 1-3. Original mass spectra of Moonie oil Cis, Cis and Cy, isoprenoids. 


sieve, from the “branched-cyclic’’ hydrocarbons, which 
represented about 42 per cent of the “total” hydrocarbons. 
Individual compounds of the “‘branched-cyclic fraction” 
were separated on a 3 per cent SH-30 gas-liquid chromato- 
graphy column (10 5. x $ in.) and purified successively 
on two columns (25 ft. x } in.) containing 2-5 per cent 
7-ring metapolypher-ylether (PPE) and 3 per cent tetra- 
cyanoethylated pentaerythritol chromatographic phases. 
A modified G.E.C. 103 mass spectrometer was used to 
elucidate the structures of isolated compounds. Figs. 
1-3 show the originel mass spectra of the first three com- 
pounds isolated from the Moonie oil. These are sample- 
spectra illustrating she purity attained by the isolation 
procedures described and proper mass spectrometric 
handling techniques. In Figs. 5-7 the bar graphs drawn 
from these originals are presented. (Relative intensities © 
for all peaks which ace off scale because of the choice of the 
base peak are given in Table 1.) All spectra published in 
this and preceding papers have been handled in the same 
manner. 

The gas chromatograms (packed column, 10 ft. x yẹ in. 
3 per cent SH-30 programme rate of 6°/min) of the “total”, 
“branched-cyclic” and “normal” fractions are presented 






















1362 


















p over even ede Particularly indicative of lifo components: Also identified w representa ives of t 
“processes are the- isoprenoid alkanes, which possess a other homologies; Fig. 10 gives the mass. spectrum o 
high degree of structural definition. The isolated C,,,  iso-alkane (2-methyltetradecane), Fig. 11 that of Ci 
Cre Crs, Crp (pristane) and C: (phytane) isoprenoids, anteiso-alkane (3-methylheptadecane), and Figs. 12 an d 
_ the mass spectra of which are given in Figs. 4-8, appear 13 those of C 5 and C,, n-alkyl-cyclohexane. 
to have a regular isoprencid structure corresponding biological origins of these compounds have previo 
“re thst of phytane (Structure I). been discussed‘. Figs. 14-17 give the mass spectra: oj 
oe unidentified compounds X,, X,, Y, and Y,, wh 
relatively pure by gas chromatographi c as well as by mass 
spectrometric standards. Compounds X, and X,. are 


SUE a 
a -MOONIE OIL C5 ISOPRENOID 
















ests Rint AS ton tit nen 


oaere eee 





MOONIE OIL Cig ISOPRENOID 






xio 
f e 
] 
a 253 
i M(268} 
a vere aain 


200 290 200 





MOONIE OIL C20 ISOPRENOID 


xiO | 7 
253 a 








100 150. 209 250 
Figs. 4-8. Mass spectra of Moonie oil Cis, Cys, Cys, Ci and Cas isoprenoids. 


Table 1. OFF-SCALE RELATIVE Mass SPECTRAL INTENSITIES 


4 5 8 7 8 10 ib i4 15 
210 160 180 121 670 120 120 
770 420 2,000 770 710 2,140 1,000 1,200 2,500 
220 134 500 220 170 820 550 
* 1,970 3,800 1,800 1,400 3,570 6,000 2,600 4,000 
io e 260 15 157 3,300 116 
335 230 900 450 420 515 800 646 580 
400 494. 660 460 370 393 260 470 . 400 
950 sheet 2,400 1,720 1,790 500 are 1,808 
i os 
400 
3,500 
150 
120. 285 200 270 179 250 250 230 
180 147 230 140 230 150 110 280 200 
820 1,300 1,300 910 800 250 1,300 790 
130 13] 190 
125 
250 410 410) 672 113 500 
7 210 120 125 
« 146 a 180 


130 143 190 160 
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branched C,, alkanes and were collected from the region 
marked X in the gas chromatogram in Fig. 9; Y, and Y, are 
branched C,, alkanes and are from the region marked Y. 
An interpretation of the mass spectrum of compound 
X, suggests Structure IT (5, 9-dimethyltetradecane). 


YAWN YYW 


Similarly, a possible interpretation of compound X, 
is given by Structure III (4,9-dimethyltetradecane). 
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Table 2. RELATIVE RETENTION TOMES (MIN) 
10 ft. x tin., SE-30 25 ft. x in. f2 5 


Compound (programme rate per cent PPE 
4°/min) (isothermal 136° C) 
Cs Isoprenoid 22-7 10:8 
ay 23-5 11-9 
Ag 24+2 128 
Y, 26°7 19-0 i 
Y, 28 2 208 
Cıa Isoprenold 28-8 23-1 


The formation of such compounds might be possible by 
cracking of squalane. Table 2 presents the relative reten- 
tion times of compcunds X,, X» Y, and Y, on gas chro- 
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Fig 9. Gas chromatograms of total, branched-cyclic and normal hydrocarbon factions of the Moonie oil. 
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matographic phases. High resolution mass spectrometrie 
studies verify that these are saturated branched hydro- 
carbons. Fig. 18, a gas chromatogram on a 3 per cent 
SE-30 capillary column (150 ft. x 0-010 in., programme 
rate 1°/min), reveals the actual complexity of these regions. 
A. thorough mass spectrometric analysis of the C,, iso- 
prenoid region (as determined by “co-injection” of the 
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compound is not present in significant amounts. Mass 
spectrometric ambiguities in the identification of the 
exact structure of the C,, isoprenoid‘ have been eliminated 
(and the presence of pristane definitely established) by 
co-injection of pristane®. An investigation of the high 
mass region has not provided evidence of steranes or 
triterpanes, although high molecular weight unsaturated 


synthetic 2,6,10-trimethyltetradecane) indicates that this compounds are present. 
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Figs. 10-13. Mass spectra of Moonie oil Cis iso-alkane, Ois anteiso-alkane, C,, n-alkyl- 
cyclohexane and Oy, -alkyl-cyelohexane, 
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Tablg 3. APPROXIMATE RELATIVE ABUNDANCE OF ALKANES, DETERMINED 
FROM GAS CHROMATOGRAPHIC PEAK HEIGHTS 


Sample Age Isoprenoids 
18 Crs 17 Cis 18 Coo Cy 
Soudan shale 27x10 0 08 06 1 06 O01 
Nonesuch oul 1x10 04 12 1 03 01 at 
Nonesuch calcite 1x10 02 06 1 03 
ven 
ga Antrim shale 265 x 108 02 18 1 06 
Moonie ol 200 x 10° 03 0-9 1 03 <005 
Green river shale 650x106 04 <O1 02 L 55 
San Joaquin ol 30x 10° 0-9 1 09 
Abbott seep orl 8 x 10° 1 93 
Abbott rock on 8x 108 04 1 05 
Steranes Triterpane 
Sample Age C2» Cas Ces 30 
Sirnea eree auaa 
Soudan shale 27x10° € 03 12 
Green river shale 50x 10* 0 05 05 08 1-2 
Sample © Normal alkane 
C Cro Cir Cia Cis Cx, gis Cis Cy, Cis Cis Czo Oar Cas Ces Ons Cas Cae Caz Cas Ons Cag Csi Caa Oss Cy 
Soudan shale 001 007 05 1 09 05 09 
Nonesuch oil 001 005 08 07 095 1 09 075 055 04 03 02 01 009 007 005 004 003 6-02 001i 001 001 
Nonesuch cal- 0201 03 04 66 08 1 12 135 135 18012 11 10 08 07 O8 O4 03 02 GL 008 0-05 003 
cite vem 
Antrim shale 0-005 8050. 580 40 80 15 1 05 02 0005 
Moonie ol 003 O03 02064 03 05 07 08 1 10410309 08 07 06504 03 O1 006 001 0-005 
Green river 001 002 005 004 1 00801 002 008 025 01 O01 015 O01 025 002 11 00211 O01 009 
shale 
San Joaquin 02 183 20 24 22 18 14 1 06 04 02 01 005 
ol 
Abbott seep oil O01 07 1 04 02 008 006 005 004 0025 0025 0025 006 004 0-07 0:08 03 01 005 003 
AMbott rock ail 00102502 06 1 12 13 10 08 05 03 O02 O18 01 008 001 
Iso-Alkane Anteiso- Alkane n-alkyl-Cyeclohexanes Ay Xs F; Y, 
Sample Age ' R 
Crs Crs Crs Cis Cis Cis Cie Ps Cis Crs Cir Cis Crs Cis Ci Cy Cy 
Nonesuch ou 1x 10° r <01 02 007 <O1 62 005 | 01 O01 <O01 01 
Moonie oil 200 x 10° Oi 91i 02 08 01 <81 005 01 
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Figs. 14-17. Mass spectra of Moonte ofl Xi, £a Y: and_Y,. 
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Fig. 18. Capillary column gas chromatograph of Moonie oil branched-cycli:: hydrocarbon fraction. 


Hydrocarbons from the Australian Moonie ojl, which 
is two hundred million years old, therefore resemble 
very strongly the hydrocarbons found in other sediments 
varying in age from thirty million to two thousand seven 
hundred million years. Because we have found indications 
of isoprenoids, ‘iso-alkane, anteiso-alkane, n-alkyl cyclo- 
hexane, and normal alkane series in the oils and sediments 
examined, as indicated in Table 3, it is becoming in- 
creasingly evident that among biogenic sediments, 
variations resulting from individual sediment history 
and ecology are to be found primarily in the relative 
amounts of these compounds present, and possibly in the 
hydrocarbons present only in small quantities, and not 
in the types of hydrocarbons present. 

We thank Prof. J. B. Johns and Dr. H. K. Schnoes for 
many helpful discussions, A. S. Keller for samples of. crude 


oil, D. Smith. for helping in preparing the mass spectra 
and E. D. McCarthy for providing a sample of synthetic 
C,, 1soprenoid, 2.6,10-trimethyltetradecane. This work 
was supported by the National Aeronautics and Space 
Admunistration ard he U.S. Atomic Energy Commission. 
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ISOLATION OF A GLUCOSE-BINDING COMPONENT FROM HUMAN 
. ERYTHROCYTE MEMBRANES 


By Dr. H. BOBINSK! and Dr. W. D. STEIN 


Department of Biological Chemistry, University of Manchester 


GLUCOSE is transported across the human erythrocyte 
membrane by a relatively specific facilitated diffusion 
system, the kinetics of which have been extensively 
studied. Attempts to isolate this system from the cell 
membrane* have not hitherto been successful. We wish 
to describe a sensitive column chromatographic technique - 
for studying the binding of glucose by membranes and 
by membrane fractions and to describe how this technique 
has been used to monitor the isolation from the membrane 
of a glucose-binding component. The properties of this 
glucose-binding component suggest that it is closely 
associated with glucose transport. 





0 6 12 6 12 6 


Fig. 1. Retardation chromatography on ‘Celite’? columns. A, ‘Celte’ 
alone. B, ‘Celte’ + membranes from 10 ml. of erythrocytes. C, as B 
but in the presence of 10-* M phloretin. Solid line, radioactivity associa- 
ted with glucose (abscissa scale; 1 unit = 031 counts/sec), Circles, 
ratio of tnilum to carbon-14 counts (ordinate scale; 1 umb = unit ratio 
of tritium to carbon-14 counts), (abscissa scale: efluent volume in ml.). 
The sugar added was here 2 ml. of a mixture of 2 mM glucose (tritiated) 
+ 2 mM sorbose (labelled with TOT) in a éris-succinate buffer at 
P “Re 


12 18 


We prepare chromatographic columns in which the 
stationary phase is composed of membranes or of mem- 
brane fractions immobilized by adsorption on to ‘Celite’ 
or on to DEAE-cellulose. (The idea of making eolumns 
of cell membranes is due to Dr. S. Hunt and the further 
development of this technique has been greatly assisted 
by his collaboration—seeethe following communication.) 
After exhaustive washing, a procedure which removes all 
residual haemoglobin bound to, or occluded within, the 
membranes, the columns are loaded with a mixture of 
sorbose labelled with carbon-14 and tritiated glucose,- 
both at the same concentration (generally 2 mM). The 
volume of the sugar solution is such that the concentration 
of sugar emerging from the bottom of the column, attains 
a plateau value (Figs, 1-4). Fractions of the emerging 
solution are collected and analysed for radioactivity by 
liquid scintillation counting, the leading and trailing 
edges of the plateau being particularly carefully examined. 
If such a column bears a component which binds glucose 
in preference to sorbose, it would be expected that glucose 
will be retarded by the column and will appear after 
sorbose in the effluent. Thus the radioactivity counts 
in the emerging effluent will be initially low in tritium. 
In éhe plateau region the two isotopes will generally 
emerge together. In the trailing edge of the plateau, the 
counts due to glucose will be high. The amount of glucose 
retarded can be calculated from the difference in area 


between the sorbose and glucose effluent curves in the 
region up to the point where both curves merge in the 
plateau. 

Although each glucose-binding component interacts with 
many glucose molecules during the passage of the sugar 
sample down the column, the total number of glucose 
molecules retarded will be equal to the number of glucose- 
binding sites. Yet this column procedure is apparently 
a very sensitive measure of glucose binding. Indeed, 
glucose binding by erythrocyte membranes has not 
hitherto been detected®. The sensitivity of the procedure 
depends (among other factors) on the volumes of the 
column and the solution; long, narrow columns will 
ensure that each glucose-binding site is used with maximal 
effectiveness. 

Using this procedure with ‘Celite? columns we have 
been able to show that (1) ‘Celite’ itself does not retard 
glucose in preference to sorbose (Fig. 14), but that (ii) 
cell membranes adsorbed to ‘Celite’ do retard glucose 
(Fig. 1B), and that (iti) this retardation is largely prevented 
by the simultaneous presence of a low concentration 
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Fig. 2. Retardation chromatography on DEAE-cellulose columns, in the 

absence of membranes, Two successive samples (4:0 ml. and 5:6 ml.) of 

a mixture of 2 mM (tritiated) glucose and 2 mM sorbose (labelled with 

carbon-14) in 0-003 M phosphate buffer at pH. 7-0 were added. Symbols 
and scale asin Fig, 1. 
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Fig. 3. Retardation chromatography on DEAE-cellulose. Column con- 

tamed A, adsorbed membranes from 4 mi. erythrocytes; B, adsorbed 

iodide extract of membranes from 4 ml. erythrocytes. The sugar added 

wad’ 8 ml, of the glucose/sorbose mixture described in Fig. 2. Symbols 
mn and scale asin Fig. 1. 
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fig. 4. DEAE-cellulose chromatography of solubilized membranes. A 
dialysate of the molar sodinm iodide extract of the membranes from 
7 ml. of erythrocytes was applied to the column, and eluted with a 
phosphate buffer at pH 7-0, a linear gradient to 0 5 M in the first experi- 
ment (upper figure) or 03 M in the second experiment (lower figure). 
The maximum specific retardation activity hes in the (compound) 
second peak of the upper figure and in the third peak of the lower figure 
(where the resolution appears to be more satisfactory). The ordinate 1s 
the absorbance of the effluent solution read at 280 mu. The abscissa 
ais the molarity of the effluent. 


(10-* M) of phloretin, an inhibitor? of glucose transport 
in human erythrocytes (Fig. 10). 

These ‘Celite’ columns have the great advantage that 
they do not distinguish between glucose and sorbose 
and’ do not adsorb phloretin but, in other respects, 
‘Celite’ columns are much more difficult to handle than 
are the DEAE-cellulose columns used for the remainder 
of this work. The DEAE-cellulose columns in the ab- 
sence of membranes or membrane fractions do, in our 
hands, distinguish between glucose and sorbose (Fig. 2), 
in that the trailing edge of an emergent plateau gives a 
clear indication of glucose retardation. Indeed a small 
peak of radioactivity often emerges at an effluent volume 
some twice that of the main sugar peak. We can show that 
this retardation is due to the binding by DEAE-cellulose 
of a particular form of glucose or of a decomposition 
product of glucose, in preference to the major form of 
the glucose, or to sorbose. Little evidence for glucose 
retardation is, however, found at the leading edge of such 
plateaux and m the following discussion we shall consider 
only the leading edges, where the distinction between the 
behaviour of DEAE-cellulose alone (Fig. 2) and of mem- 
branes bound to DEAE-cellulose (Fig. 3) is clear. 

By studying the percentage retardation of glucose at 
different concentrations of glucose, we have been, able 
to demonstrate that the glucose-binding capacity of such 
columns is saturable and we have obtained an estimate 
of the dissociation constant for interaction between 
glucose and the glucose-binding site, on the assumption 
that this binding is of the simple Michaelis-Menten or 
Langmuir form. The data from three different experi- 
ments at 23° C are collected in Table 1. (We are indebted 
to Mrs. M. Levine for allowing us to use her data, recorded. 
as the second of these experiments.) The concentration 
of glucose at the plateau (listed in column 2 of Table 1) 
must not be used to calculate the effective binding 
constant for the sugar-site complex, as the real sugar 
concentration here increases from the value of zéro at the 
leading edge of the sugar front. We have calculated an 
“equivalent glucose concentration” (recorded in column 3 
of Table 1) from the values of the real concentration at 
different points on the leading edge on the assumption 
that binding is a saturable function of the glucose concen- 
tration. In general, the “equivalent concentration” is 
between one-half and one-third of the plateau concentra- 
tion. The data from these three experiments taken 
together yield a mean value for the Michaelis constant 
for binding of 18-2 mM with a standard error of + 4:2 mM. 
The Michaelis constant for the complex formed between 
glucose and the glucose transport system as determined 
in kinetic experiments on intact erythrocytes? is 1]—13 
mM at 25°C. i| , 
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Table 1. RETARDATION DF GLUCOSE AS A FUXOTION OF GLUCOSE CON- 


OENTRATION 
Retardation as 
Nominal sumar Equivalent Glucose percentage of 
Experiment concentratien concentration retardation value at 
(mM) (mM) (percentage lowest 
of total concentration 
glucose added) in the series 
4 mi, | 2 1 1-9 (100) 
membranes 4 
0-9 x 27 em 12 p5 11 58 
column ; 72 22 0-80 42 
Sonicate of 2 1 1°36 (100) 
4 mL. 
membranes 20 9 0°48 36 
08 x 28em - 
column 60 20 0 70 51 
Todide Í 
extract of 4 2 14 (100) 
7 ml. 
membranes 20 9 0-70 50 
08 x 60cm 100 26 0-55 39 
column 


We have prepad columns from erythrocyte ghosts 
obtained frora cells treated under different conditions with 
dinitrofluorobenzers (DNFB), an inhibitor of glucose 
transport’, and heve compared the amount of glucose 
retardation by suck columns with the effectiveness of the 
residual sugar trarsport by the inhibited but otherwise 
intact cells. (We sre indebted to Mrs. ©. Caygill of this 
department for tha preparation of these DNIF'B-treated 
cells and for the permeability assays, performed by 
measurements of she uptake of sorbose labelled with 
carbon-14 using procedures described previously)’. Table 
2 shows that the inhibition of sugar transport and of 
glucose retardation closely parallel one another. A 
striking feature of this finding is that the inhibition of 
glucose retardatior also displays the peculiar kinetics of 
DNFB-inhbition cf sugar transport’—the rate of inhibi- 
tion is higher thar: first order with respect to the DNFB 
concentration. . 

Table 2. INHIBITION OF SUGAR TRANSPORT IN INTACT ERYTHROCYTES AND 


OF GLUCOSE RETARDATION BY COLUMNS OF ERYTHROOYTE MEMBRANES ON 
TREATMENT WITH DINITROFLUOROBENZENB 


_ Time of Sorbose_ Glucose 
Concentration incubation with permeability retardation 
© of mbibitor LNFB at 25°C (percentageof (percentage of 
DNFB in (mun) control) control) 
Q (control) 0 100 è 100 
0-4 20 130 140 
4 2 48 58 


The cells (control as vell as Inhibited) were all pre-treated with 0-4 mM 
DNFB at 4° C for 1 h, a procedure which we have shown to be without effect 
on mired transport, but which blocks many DNFB-reacting sites on the cell 
membrane, 


We feel that ve are justified in identifying glucose 
retardation by columns of membranes as a reflexion of a 
property of the gl-tcose transport system, on the grounds 
that this retardation is, in parallel with sugar transport, 
inhibited by phlomtin and by DNFB, and saturates with 
glucose 4n the same concentration range as does glucose 
transport in the msact cell. We have, therefore, proceeded 
with the isolatior of the glucoge-binding material from 
erythrocyte membranes. i 

Our erythrocyte membranes are pink ghosts prepared 
by washing with distilled water. These ghosts sediment 
readily at 2,500 rp.m., in 15 min. Treatment of such a 
membrane preparation with a 1 M solution of sodium 
iodide solubilizes she ghosts in that, after dialysis, much 
of the preparation no longer sediments under these 
conditions of centrifugation nor in the ultracentrifuge. 
The material solubilized in sodium iodide, when held on 
DEAE-cellulose columns at pH 7:0 in the presence of 
0-003 M sodium Dhosphate, retains intact its ability to 
retard glucose in preference to sorbose (Fig. 3). Elution of 
such a column with a linear gradient of 0-5 M sodium 
phosphate at pH 7-0 yields five major peaks of material 
absorbing at 254 my (and at 280 mu) (Fig. 4) and, simul- 
taneously, the ab-lity of the column selectively to retard 
glucose is lost. When the material eluted from the column 
is, after dialysis, put back on fresh columns of DEAE- 
cellulose, glucose retardation can once again be demon- 
strated. The major retardation activity is associated 
with peak II (60 per cent) while lesser amounts of retarda- 
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tion are found in peak I (23 per cent) and peak ILI (17 per 
cent). Peak IV shows no retardation. 

Thus our peak II, a component of the human erythro- 
cyte membrane which is (1) extracted from pink ghosts 
by molar sodium iodide, (un) held on to DEAE-cellulose 
at pH 7-0 in 0:003 M phosphate and (iii) eluted at some 
0-1 M phosphate, is associated with most of the glucose- 
binding capacity of erythrocyte membranes. This bmding 
capacity seems to be closely associated with glucose trans- 
port. We believe that our peak IT material may well be 
responsible for glucose transport in the intact erythrocyte. 

The work described here was supported by a grant 
from the Nuffield Foundation to Prof. A. R. Birch. 
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SOLUBILIZATION OF A GLUCOSE-BINDING COMPONENT OF THE 
RED CELL MEMBRANE 


By R. W. BONSALL and Dr S. HUNT 


Department of Biological Chemistry, University of Manchester 


Human red cell membranes are known to contain a system 
capable of bringing about “‘facilitated diffusion” of glucose 
into the cell, presumably mediated by some bindmg com- 
ponent'. Investigations of this system have hitherto 
been confined, in the absence of techniques which would 
measure binding of glucose in cell wall extracts, to the 
intact cell membrane. This article describes the solubiliza- 
tion and assay, by a new technique, of a system which 
binds glucose in human red cell membranes. 

A variety of techniques are available for extraction and 
disruption of erythrocyte membranes?*, In order to 
evaluate the validity of these methods in extracting, with- 
out damage, active cell wall constituents we have taken 
as our standard the activity of acetylcholinesterase, arp 
enzyme thought to be an integral component of the 
erythrocyte ntembrane itself4. On the basis that the 
acetylcholinesterase activity of the ghosts, when still 
present after solubilization, is a measure of maintained 
integrity of other membrane components, we were then 
able to proceed to studies of glucose binding by the method 
of retention or retardation analysis. 

The technique of retention analysis is based on a method 
postulated by S. Hunt and W. D. Stem for measurement 
of binding in general and was subsequently developed 
by W. D. Stein m this department as an experimental 
technique. (We are indebted to Dr. Stein for providing us 
with the practical details for the technique used here.) 
The basis of this methgd is the concept of a column 
composed of binding molévules (either free or held in cell 
membranes) through which is passing a solution containing 
both molecules with affinity towards the binding molecules 
and also molecules with no affinity. Obviously the mole- 
cules with affinity will, providing the geometry of the 
column is correct, eventually lag behind those without 
affinity. In the present case the column consists of either 
red cell ghosts or solubilized ghosts supported on some 
medium (DEAE cellulose) through which is passed a 
mixture of glucose (with affinity) amd sorbose (without 
affinity). Labelling of the sorbose with earbon-14 and 
the glucose with tritium permits ready assessment of the 
lag of glucose behind sorbose. 

Retention or retardation analysis is, in essence, the same 
as any other chromatography in that it involves partition 
of the separating mixture (glucose and sorbose) between a 
moving phase (the solution containing the glucose and 
sorlgose) and a stationary phase (the glucose-binding agent). 
It follows, therefore, that the elution volume of a substance 
retained by the binding agent is dependent on the equili- 
brium constant between the free and bound forms. The 


difference between the elution volume of an interacting 
molecule and that of a non-interacting molecule will be 
referred to as the retention volume. 

Theoretically thé shape of a peak eluted from a column 
is Gaussian and corresponds to the equation 


_ e~l (z —2)"/2c%) 






1 
c4/ 2 
where y is the peak height at the elution volume 2, @ 1s the 
elution volume at Ymax and ¢ is a constant which is a 
function of the peak spread and is dependent on the 
diffusion rate. 

The ratio Yretarded/Yunretarded for two similar but 
displaced Gaussian curves plotted against x is an exponen- 
tial. Ifthe log of this ratio 1s plotted against x, a straight 
line results the gradient of which depends on the displace- 
ment, that is on the retardation, of one peak relative to 
the other. 


Thug, Yr| Yy = Ef T) ~(@—ay)*/2c* 
Therefore log (Yr/4¥o) = (a(%r — Zo) + Bo? — &,*)/k 
and log (Yr[Yo) X (Br — Hq) fhe 


where subscripts 0 and r refer to the unretarded and 
retarded peaks respectively and where k is a function of ¢. 

To calculate k for a known peak shape it is only neces- 
sary to construct a second peak retarded by some pre- 
determined elution volume (@ — £,) and to obtain ratios 
of yr to Ya for a series of values of x A plat of y/y, 
against # then yields a straight line from the gradient of 
which k may be calculated, knowing (4 — Tą). The 
value of k determined theoretically may then be applied 
to the determination of (Zr — %,) in the real system. 

To att®&in the ideal Gaussian peak shape, in chromato- 
graphy, the rate of elution must be very slow and there 
must be only one type of interaction with the stationary 
phase. At practical elution rates the lower part of the 
leading edge of the peak is steeper than the ideal; more- 
over, secondary interactions such as that between DEAE 
cellulose and glucose cause tailing of the peak. The 
upper two-thirds of the leading edge do, however, corre- 
spond reasonably to the mathematically ideal situation. 
Thus analysis of this part of the peak in the manner 
desctibed enables an accurate estimate of retention 
volume to be made. The analysis can, however, only be 
assumed to obtain when the amount of spread of the two 
peaks is the same. For the sorbose-glucose system used 
here this is assumed to be the case. 
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Haemoglobin-free erythrocyte ghosts were prepared 
by a modification of the procedure of Maddy?. Washed 
cells were haemolysed in 0-005 M phosphate buffer at pH 8-0 
for 1 h followed by washing, on the centrifuge, in 0-01 M 
phosphate buffer at pH 8-0. After standing in the latter 
buffer at 4° C overnight the ghosts were washed alternately 
with 0-005 M and 0-01 M phosphate buffers at pH 8-0 
until white. The white ghosts were finally washed three 
times in distilled water. 

Four separate methods of solubilization or extraction 
were attempted. The technique of extraction with 
butanol and water was carried out according to the 
procedure of Maddy’, only the aqueous soluble fraction 
being examined in this instance. Extraction of ghosts 
with 0-5 M phosphate buffer was performed at pH 7:0 
and the soluble fraction freed of phosphate by dialysis. 
Extraction by 1-0 M sodium iodide was earried out accord- 
ing to a procedure developed by Dr. H. Bobinski in this 
department and we are therefore indebted to him for 
permission to use this technique before publication. 
lodide was removed from extracts by dialysis. Extraction 
with the detergent “Triton X100 was carried out by 
mixing equal volumes of ghost suspension, and a 5 per 
cent v/v aqueous solution of “Triton X100; clarification 
of the suspension occurs almost immediately. An exact 
estimation of the degree of solubilization was. not 
attempted. The following observations might, however, 
be noted. Whereas, in the solubilization of bovine erythro- 
cytes by butanol, Maddy? reports little material remaining 
at the butanol—water interface, we find a very heavy 
flocculent white material to be formed. The aqueous 
extracts were clarified by centrifugation at 20,000g. In 
the case of the “Triton’ extract, centrifugation yielded 
negligible residue whereas the phosphate extract yielded 
a considerable solid residue and the iodide extract a fairly 
considerable residue. 

Acetylcholine esterase activity was estimated in ghosts 
and extracts according to Michel’. The aqueous extract 
resulting from butanol extraction possessed only 3:7 
per cent of the original acetylcholine esterase activity of 
the ghosts while iodide extraction solubilized 8-2 per cent 
of the activity. Treatment with phosphate failed to 
extract any acetylcholine esterase activity. The “Triton’ 
extraction, however, resulted in tomplete extraction 
of acetylcholine esterase; moreover, the activity was 
enhanced, the recovery in the extract being of the order 
of 130 per cent. On this basis ‘Triton’ extracts were 
examined for glucose-binding properties. 

Retention analyses were carried out on columns of 
DEAE cellulose equilibrated with 0-003 M phosphate 
buffer at pH 7-0. In order to attain even distribution of 
ghosts or solubilized material throughout the column, 
sarnples were introduced into the DEAE cellulose before 
packing the column. After packing, the columns were 
eluted with 100 ml. of 0-003 M phosphate buffer at pH 
7-0 followed by careful application to the top of the 
column. of a solution containing tritiated glucose, 
sorbose. labelled with carbon-14, “cold”? glucose and 
“sold” sorbose to a total glucose and sorbose concen- 
tration of 2mM each. Columns were then elyted with 
0-003 M pH 7-0 phosphate buffer at a rate of 1 mil. per 
min and fractions of 6 to 10 drops collected after rejecting 
the first 25 ml. of eluate (hold up volume). Suitable 
aliquots of each fraction were taken for counting in a 
Packard liquid scintillation counter. Results were 
analysed as described. Control columns of DEAE 
cellulose alone showed no retention of glucose relative to 
sorbose. 

Figs. 1-3 illustrate the results of a typical retention 
analysis carried out on a ‘Triton’ solubilized erythrocyte 
ghost preparation. Fig. 1 shows the eluate plot (or 
retentiogram) of glucose and sorbose counts versus 
fraction number while Fig. 2 shows the plot of the ratio 
of glucose counts to sorbose counts versus fraction number. 
In addition, Fig. 2 also shows the result of theoretically 
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retarding the gluccse effluent curve by two and by four 
fractions. Fig. 3 indicates the plots of log glucose- 
sorbose ratio versus fraction number and the plots of log 
ratio versus fracticn number for the theoretical curves. 
Derivation of 1/k from the theoretical curves yields a 
retention for real glucose curve of 1°36 fractions or 
0-205 ml. This velue agrees fairly well with the value 
obtained by observing the displacement at half the peak 
height on the leaGing edges of the two curves, that is, 
approximately 1-2£ fractions or 0-188 mal. 

In a comparative experiment in which equal volumes 
of ghost suspension were taken from the same ghost 
preparation, only ene portion solubilized and the whole 
ghosts and extract then separately subjected to retention 
analysis and acety choline esterase assay, a retention of 
0-408 and 0-615 ml. for the ghost preparation and the 
extract respectively was detected. Acetylcholine esterase 
activity was enhanced in the extract, in this case by 
42 per cent. 

The foregoing results thus appear to suggest that treat- 
ment of erythrocyte membranes with the detergent 
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‘Triton X100 produces the solubilization of membrane 
components without loss of biological integrity, the 
method of retention or retardation analysis permitting 
identification of the presence of a glucose-binding system 
both in the whole membranes and the extracts. Work 
is at present in progress to fractionate the extracts. The 
system solubilized need not necessarily be the actual 
glucose transport system. Further investigations would 
be needed to confirm or deny this. The bovine erythro- 
cyte possesses no such glucose transport system and a 


NATURE 


SEPTEMBER 24, 1966 


Vor. 211 


comparison, by the methods used here, with human 
erythrocytes might be illuminating. 

This work is complementary to that of Dr. H. Bobinski 
and Dr. W. D. Stein in the preceding article. 


* LeFevre, P. G., Disc. Faraday Soc., 21, 251 (1956). 
* Maddy, A. H., Biochim. Biophys. Acta, 88, 448 (1964), 
3 Tia G. E., and Wintrobe, M. M., J. Lab. Clin. Med., 63, 
í . 
* Mitchell, C. D., Mitchell, W. B., and Hanahan, D. J.. Biochim. Biophys. 
Acta, 104, 348 (1965). 
* Michel, H. O., J. Lab. Clin. Med., 34, 1564 (1949). 


HYPERSENSITIVITY INDUCED IN ALBINO MICE BY MELANOCYTE- 
STIMULATING HORMONE 


By Dr. ARTHUR SAKAMOTO* 


Brookhaven National Laboratory, Medical Research Center, Upton, Long Island, New York 


DurING the course of experiments using melanocyte- 
stimulating hormone (MSH), it was found that albino 
mice became hyperexcitable after injections of this 
hormone; that is, they reacted to stimuli with greater 
force, rapidity and frequency. The change in behaviour 
induced by MSH was further investigated because such a 
response might shed light on the physiological significance 
of this ubiquitous hormone’. 

Mice injected with MSH typically moved in short, fast 
bursts and were difficult to catch. They struggled more 
vigorously than control animals during injections and 
would often attempt to bite. Because of their more 
frequent and more rapid movements, they could easily 
be distinguished from controls by the increased noise 
they made in their cage. If mice injected with MSH were 
observed without stimulation several hours after injection, 
their behaviour and movements were similar to those of 
control mice, If they were stimulated by loud noises, 
or by tappingeor moving their cage, or if attempts were 
made to catch them, however, their movements would 
again become rapid and “jerky”. 

When mice injected with MSH were suspended by 
their tails, they consistently arched their bodies closer 
to a horizontal or upright position than did control mice 
(Fig. 1). At times they climbed up their own tails—a 
manoeuvre not attempted by contro} animals. 

It was possible to detect hyperexcitability after the 
fourth to sixth injection of MSH, and the onset of this 
condition was earlier in younger mice and later in older. 
The maximum response occurred at 2-3 weeks and it 
gradually declined over a period of 2 months. 

Hyperexcitability was’ quantified by measuring the 
increase of motor activity in reaction to stimuli recorded 
graphically on the motor activity recorder of Easterday 
and Higinbotham*. In this method mice are placed on a 
‘Styrofoam’ platform in contact with four needles attached 
to gramophone cartridges. The impulses from the 
cartridges are amplified and recorded. 

In the experiments reported here, Swiss albino male 
mice (BNL strain) 5-8 weeks old were randomly divided 
into groups of from four to seven, for each hormone. 
BMSH, in doses of 0-1-1-0 mg (Armour, sp. act. 2 x 10° 
U/mg), was generally used. The hormones were mixed with 
16 per cent gelatine, and the gelatine solution was used 
as control material. They were warmed in a water bath 
at 40° C just before injection, and injected subcutaneously 
once daily 6 days per week. 

Large doses of BMSH were not toxic—the mice injected 
wem Vigorous and healthy and gained weight (two groups 
of mice injected with 0-2 and 1-0 mg for 7 weeks gained 


* Present address: Veterans Administration Hospital, Northport, New 
York. 


18 per cent of their original weight, compared with 
controls which gained 25 per cent of their original 
weight). 

After a week or two of injections when hyperexcit- 
ability became obvious, one group of mice at a time was 
placed on the platform of the motor activity recorder? for 
2-3 min about 15 min after all injections were completed 
for the day. The process of moving the animals from 
their own cage to another location plus the previous 
parenteral injection provided enough stimulation to cause 
the mice injected with MSH to move about more rapidly 
and more frequently than the controls. If the mice were 
tested in the motor activity recorder 2 or 3 h after injec- 
tion, a stronger stimulus than the mere process of transfer 
from cage to platform was often necessary to bring about 
hyperexcitation. Of the various stimuli tried (the alarm 
of a clock, electric shock, bright lights, etc.) the simplest 
and most effective in showing the difference between test 
and control animals seemed to be two light strokes of 
the rubber eraser of an ordinary pencil beginning from 
the lower abdomen cephalad to the tip of the nose. 
Excessive stimuli, such as electric shock, evoked the same 
response in both test and control animals. Further, when 
mice were tested individually rather than in groups, it 
was difficult to obtain consistent results. 

The tracings from the motor activity recorder were 
quantified by summing up the amplitudes of each excur- 
sion. Each deflexion represents a burst of vibrations 
created by a movement of the mouse on the platform. 





Fig. 1. Albino mice suspended by their tails, showing that the mouse 
injgcted with MSH (left) arches its body more closely to horizontal than 
does the control (right), 
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The amplitude of the excursions increased with increase 
of the loudness of vibrations made by the mouse. Fig. 2 
shows the amplitudes of excursions when weights were 
released from a fixed distance from the platform. The 
amplitudes are averages of four or five such “drops”. 
The units are arbitrary as the response of the recorder 
can be varied by a gain control in the motor activity 
recorder. 
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Fig. 2. The response of the motor activity recorder to varying weights 
dropped 10 cm from surface. 
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Fig. 8. Graph taken from the motor activity recorder showing increased 
activity of a group of mice injected with MSH (right) compared with 
controls (left). 

The increase of motor activity following stimulation of 
mice injected with BMSH is clearly shown in a tracing 
taken from the recorder (Fig. 3). A quantitation of such 
a tracing (Table 1) shows that the degree of hyper- 
excitability declines after the third week. 

We also carried out experiments to find (a) whether 
this hyperexcitability may be due to another well known 
effect of MSH on the thyroid gland (its “TSH-like” effect)’, 
and (b) whether the reaction is a result of contamination 
of the MSH preparation by a polypeptide from the original 
pituitary preparation. 

Question (a) was studied by thyroid ablation and by 
injections of thyroid stimulating hormone (TSH). Two 
groups of mice were “thyroid ablated” with iodine-131. 
They were placed on a low iodine diet (whole milk) for 
7 days, injected with 200 me. of Na!™I, and maintained 
on the same diet for 10 days more. The ‘“‘thyroid-lethal”’ 


Table 1. SUMMARY OF DATA FROM MOUSE MOTOR ACTIVITY RECORDER 
Material Amount No.of Total Activity 
Groups injected per day Duration mice activity per mouse 
A p MSH 0-1 mg 5 weeks 5 2,068 414 
Gelatin 0-05 mi. 5 weeks 5 110 22 
B BMSH £1 mg 8 weeks 4 354 88 
~ Gelatin 0-05 mi. & weeks 4 104 26 
C 8 MSH 0-2 mg 3 weeks 6 6,766 1,127 
B MSH 1-0 mg 3 weeks 6 4,371 725 
Gelatin 0-05 mi. 3 weeks 6 7 13 


Average activity per mouse for groups 4, B and C: 
Mice injected with MSH; 588 (f= 2-2). . 
Mice injected with gelatin; 20 (P between 0-025 and 0-05). 
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dose was estimatec. from data presented by Gorbman*, 
One of these two groups was treated with 0-1 mg BMSH 
and the other with gelatin solution. 

Another group was injected with 2-0 mu of TSH—an 
amount shown to produce more than twice the increase 
in blood iodine-131 than 0-1 mg BMSH does*. 

The second question, as to whether hyperexecitability 
may result from « contaminant, was studied using a 
highly purified «M3H (supplied through the courtesy of 
Dr. A. V. Schally, sp. act. 1-210? u/mg). Small 
amounts of adrenecorticotropic hormone (ACTH) were 
tested as its structure is closely related to that of MSH. 

In Table 2 the motor activity after stimulation of 
three groups of mize (those treated with «MSH, BMSH, 
and 8MSH after thyroid ablation) is compared with four 
groups of mice (those injected with ACTH, TSH, gelatine, 
and gelatine after thyroid ablation). 


Table 2. SUMMARY OF DATA FROM MOUSE MOTOR ACTIVITY RECORDER 
Material Amount . No.of Total Activity 
Groups injected rer day Duration mice activity per mouse 
A & MSH 1 mg 1 week 6 10 85-0. 
a MSH (F1 mg 1 week 6 £20 136°7 
6 MSH wi mg 1 week 7 £40 91-4 
and +I 
B Gelatin 0005 ml í week 6 190 317 
ACTH 20 1 week 8 230 38-2 
TSH mv 1 week £00 33-3 
Gelatin (205 ml 1 week 7 220 31-4 
and 1J 


Average activity per mouse: a! 
Group A, 104-4 %=5-+1) 
Group B, 33:7 (P< 0-005) 
From the results presented in Table 2, it is clear that 
the hyperexcitabily noted was not the result of a “TSH- 
like” effect of MSH. Also, a highly purified «MSH 
obtained from a .aboratory different from that which 
supplied the 8MSH.did produce a state of hyperexcitability. 
Furthermore, smell amounts of the related hormone 
ACTH were devoic. of such activity. It therefore appears 
likely that the MEH polypeptide is the hormone respon- 
sible for this behevioural change. He 
P Recently I notieed that BMSH affects albino rats in a 
fnanner entirely different from that reported here for 
albino mice. It induces drowsiness, hyperpnoea, hyper- 
tension, and piloerection. Dyster-Aas and Krakau have 
reported similar effects in the rabbit, in which MSH 
produced drowsixess, hyperpnoea, hypotension, and 
increase of cutaneeus temperature’. 
Krivoy, Lane end Kroeger have shown that BMSH 
“augments excitatility” in (a) the dorsal root preparation _ 
in cats and Lloyd’s preparation by increasing the response 
to submaximal stimulus, and in (b) the electric knife fish, | 
by causing a decrease in the frequency of electrical signals 
emitted, in a manner similar to the response when 
startled?. Krivoy and Guillemin suggest that “one of the 
possible roles of BMSH in the central nervous system is to 
maintain and modify the centr? excitatory state of some 
neuronal systems’ 1. The increased excitability observed | 
in albino mice ceuld possibly be related to the same 
group of phenomena. San 
Further experiments are in progress on the effect of 
MSH on the behaviour and central nervous system of 
mammals, to find whether such phenomena are a mani- 
festation of a biological role of this hormone. 
This work was supported by the U.S. Atomic Energy 
Commission. $ z 
! Krivoy, W. A., and Gaillemin, R., Endocrinology, 69, 170 (1051). Waring, 
H., Color Change Mechanisms of Cold-Blooded Vertebrates, 237 (Academic 
Press, New York ard London, 1963). Cotzias, G. C., Papavasiliou, P.S&., 
Van Woert, M. E, and Sakamoto, A., Fed. Prot., 28, 713 (1964). 
Schwyzer, R., in Ann. Rev. Biochem., edit. by Snell, E. E., Luck, J. M., 
Boyer, P, D., and Mackinney, G., 259 (1964). E 

2 Easterday, O. D., and Higinbotham, W. (in preparation). 

3 Cehovic, G., and Courrier, R., C.R. Acad, Sei., Paris, 254, 1872 (1962). 
Bowers, C. Y., Resding, T. W., and Schally, A. V., Endocrinology: 74, 
559 (1964). Werner, C. C., Tierney, J., and Taliberg, T., 7 
Endocrinol., 24, 33% (1964). cou 

‘ Gorbman, A., J. Clin. Endocrinol., 10, 1177 (1950). Ere 

$ Dyster-Aas, H. K., and Krakau, C. E. T., Acta Endocrinal., 48, 609 (196 

è nyoy T. A., Lane, "L, and Kroeger, D. C., Ann. N.Y. Acad. Seis] 04, ° 













* 





1372 


NATURE 


SEPTEMBER 24, 1966 


VOL. 211 


IS y-AMINOBUTYRIC ACID AN INHIBITORY TRANSMITTER? 
By Pror. K. KRNJEVIC and Dr. SUSAN SCHWARTZ* 


Wellcome Department of Research in Anaesthesia, McGill University, Montreal 


Y-AMINOBUTYRIC acid (GABA) was first identified as a 
normal constituent of brain tissue in 1950':*. Some years 
later, GABA was found to have a marked depressant effect 
on cortical neurones’, and to be a constituent of Factor 
I—an extract of brain tissue found to have a strong 
inhibitory action on certain isolated neurones‘ of Crus- 
tacea. The possibility was therefore considered that it 
might act as a chemical transmitter at synapses, or as a 
controller of the excitability of neurones. The inhibition 
of crayfish neurones (and muscle) proved to be particularly 
significant as it became clear that GABA acts in every 
respect like the inhibitory transmitter'-7 of crustacean 
neurones, and is only found in the inhibitory axons of 
lobster nerves®. 

The hypothesis that GABA might be the main inhibi- 
tory transmitter in the central nervous system (CNS) 
of mammals was soon discounted, however, because it 
was considered incompatible with certain experimental 
observations’, The most consistent and serious objec- 
tions were those raised by Curtis and his associates!!-", 
who claimed that the action of GABA in the spinal cord 
differs significantly from that of the inhibitory transmitter. 
Post-synaptic inhibition of the spinal cells is associated 
with an increase in membrane potential. But experiments 
with co-axial pipettes failed to detect any hyperpolariza- 
tion of motoneurones during the administration of GABA. 
As there was no evidence that GABA had a hyperpolarizing 
action in other parts of the CNS, Curtis concluded that 
GABA could not be the main central inhibitory trang, 
mitter!» 14, 

On the other hand, more detailed investigations of the 
effects produced by GABA on cortical cells'** showed a 
remarkably potent inhibition—more potent, in fact, than 
the effects of any other substance known to be present 
in the brain in appreciable amounts. In spite of certain 
preliminary investigations from which it appeared that 
GABA had no strong hyperpolarizing action on cortical 
cells'*, it was therefore concluded thet before making a 
thorough comparison between the effects produced in the 
cortex by GABA and by post-synaptic inhibition!®17, 
the possibility that GABA might be the ighibitory 
transmitter should not be dismissed. This article reports 
the results of such a direct comparison. 

Our experiments were performed on cats under pento- 
barbitone anaesthesia. Twin micropipettes were used for 
intracellular recording and for the extracellular release 
of GABA; they consisted of conventional single glass 
micropipettes fixed side by side with dental cement, in 
such a position that the respective tips were separated 
by a distance of 20-100u. One pipette was filled with 3 M 
potassium chloride or 2 M potassium citrate. Its tip was 
sufficiently fine (< l4) to penetrate at least some cells 
without excessive injury. The segond pipette had a 
somewhat larger tip (l-24) and it was filled with 2 M 
GABA acidified with hydrochloric acid to pH 4:5. The 
recording electrode was connected to a cathode follower 
through a saline : silver : silver chloride link and a second 
cathode follower made contact with muscle on the back 
of the animal’s neck, via a comparable silver : silver 
chloride electrode. Before further amplification, the out- 
puts of the two cathode followers were fed into a balanced 
Wheatstone bridge. This bridge allowed short pulses or 
steady currents to be passed through the intracellular elec- 
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trode while the membrane potential was being recorded. 
It was therefore possible to measure changes in cell 
resistance, or to polarize the cell, while testing the action 
of GABA. The pipette filled with GABA was connected 
to a high-impedance polarizing circuit which provided 
small outward currents (10-100 n.amp) for the ionto- 
phoretic release of GABA as a cation. Electrical coupling 
between the two pipettes was checked regularly, in situ. 
Apart from transients at “on” and “off”, artefacts 
resulting from coupling seldom exceeded a few millivolts. 

The twin micropipettes were inserted into the sensori- 
motor cortex, on either side of the cruciate sulcus. Neu- 
ronal inhibition was evoked by cathodal stimulation of 
the exposed surface of the cortex at a rate of 4-5 see. The 
shocks were 1 msec. square waves, at an intensity of 
5-20 V. This kind of stimulation has a widespread and 
prolonged inhibitory effect on neurones throughout all 
layers of the cortex'*-*°, A single shock causes an in- 
hibitory post-synaptic potential which typically lasts for 
more than 100 msec. 

The cells observed formed two populations: those 
giving inhibitory or excitatory responses, or firing “‘spon- 
taneously”; and others which neither fired spikes nor 
responded to any kind of stimulation. The first type of 
cells we assumed to be neurones: the second, we suggest, 
are likely to be glial cells. The “glial” cells yielded sig- 
nificantly higher and more stable membrane potentials 
than did neurones. 

Resistance measurements showed a substantial drop 
in resistance of the neurones during the initial phase of 
the inhibitory post-synaptic potential; this can be 
seen as a diminished pulse immediately after the 
stimulus artefact in Fig. 1A. When GABA was re- 
leased, there was a marked drop in resting membrane 
resistance within a few seconds (Fig. 1B). At the same 
time, all inhibitory and excitatory post-synaptic potentials 
and neuronal discharges (Figs. 1B, 2, 3B and C) were 
much reduced or abolished. With electrodes filled with 
potassium nitrate, we recorded hyperpolarizing inhibitory 
post-synaptic potentials, and GABA regularly had a 
hyperpolarizing action which occluded the inhibitory 





Fig. 1. Intracellular records showing the effect of GABA*’on the}mem- 
brane properties of cortical neurones. Upper traces indicate a d.c. 
reference level and the intensity of outward current pulses delivered 
through the intracellular electrode for resistance measurements. Lower 
traces show changes in membrane potential and resistance before and 
during an inhibitory post-synaptic potential evoked by stimulating the 
surface of the cortex immediately above the point of recording; arrows 
indicate the stimulus artefact. The membrane resistance is proportional 
to the amplitude of the pulses recorded in the lower trace. Downw 

deflexions are in hyperpolarizing direction, A, Control record; B, during 
iontophoretic release of GABA from the extracellular pipette (60 
namp): note hyperpolarization and fall in resting resistance; C, 8 sec 

after release of GABA was stopped. 
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post-synaptic potentials (Figs. 1B and 2). All these 
effects disappeared soon after the end of the release of 
GABA (Figs. 10, 2 and 3D). If the state of the cell re- 
mained satisfactory, the experiment could be repeated 
several times without any sign of desensitization. 

When an inhibitory post-synaptic potential recorded 
with an electrode filled with potassium citrate was re- 
versed by suitably polarizing the neurone, the action of 
GABA was also reversed. Furthermore, complete re- 
versal of inhibitory post-synaptic potential was readily 
obtained when chloride ions were released into the cells 
(from electrodes filled with potassium chloride); under 
these conditions GABA also had a depolarizing action, 
and it even became possible to excite a cell strongly by 
a steady application of GABA. We did not take records 
for a sufficiently long time in any one case to test 
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Fig. 2. Graph showing changes in membrane potential and resistance 

of a neurone produced by an extracellular application of GABA (40 

n.amp), indicated by two arrows. O, Resting potential; @, potential 

at peak of inhibitory post-synaptic potential evoked by cortical stimu- 
lation; A, resting resistance, 
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Fig. 3. 
(E-H), which show that GABA is much more effective when applied 
outside than inside cells. A and E, Control traces of injury discharges 
interrupted by inhibitory post-synaptic potential evoked by single 
shocks to surface of cortex: B, during extracellular release of GABA 
(40 n.amp); F, during intracellular release of GABA (1-2 n.amp); Cand 
G immediately after iontophoresis of GABA; D and H, 3-6 sec later. 
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GABA systematicelly over a wide range of membrane 
potentials. The fact that in various cells its action always 
shifted the membrane potential in the same direction 
as the inhibitory post-synaptic potential, however, 
suggests that the two processes must have a similar 
equilibrium level. 

We also released GABA inside cells, by using recording 
electrodes filled with GABA. Three of these cells were 
neurones which were firing spontaneously and had clear 
inhibitory post-synaptic potentials (Fig. 3£). Even 
repeated injections of GABA by currents of 1-3 n.amp, 
for as long as 45 see, did not alter greatly their membrane 
potential, inhibitory post-synaptic potential or rate of 
discharge (Fig. 3/ and G). 

In contrast to tne marked and predictable effects of 
GABA on the membrane potential and conductance of 
the cortical neurons, the effects produced on the cells in 
the second population (the glial cells as already defined) 
were quite differens. There was no detectable change in 
cell conductance, and only a relatively slight, but reversible 
and repeatable depolarization with large doses of GABA. 

Because the acton of GABA on cortical neurones is 
so similar to that of synaptic inhibition, one must seriously 
consider the possibility that GABA is, in fact, the main 
inhibitory transmitter in the cortex. It is perhaps worth 
repeating that tke cortex contains very substantial 
amounts of GABA but relatively little of the other 
«-amino-acids (or tae corresponding guanidino compounds) 
which have a comparable depressant action”. Weaker 
depressants, such as noradrenaline, dopamine and 5- 
hydroxytryptamine’****, are found there only in relatively 
small amounts®® aad there is no histochemical evidence 
of any important mono-aminergic innervation at the 
cortical level**. Mareover, cortical inhibition is not affected 
by adrenergic bloexing agents’’. The effects produced in 
the cortex by acesylcholine and its antagonists suggest 
that the inhibitory synapses cannot be cholinergic’. 

The rather widespread distribution of free GABA in 
@ubcellular fractims (and particularly in the super- 
natants) of cortical homogenates has been adduced as 
evidence against the possibility that GABA might be a 
transmitter!?, The inhibitory effect of suspensions 
of nerve endings >r synaptic vesicles, however, can be 
accounted for by their GABA content**. Like other known 
transmitters, GABA would probably be distributed 
throughout the relevant neurones; but only GABA 
present in the nerve endings is likely to be trapped or 
bound. As all the®vidence suggests that the cell bodies 
of cortical inhibitery fibres lie mostly within the cortex 
most of the cortical GABA would not appear in a bound 
form when the tissue is homogenized. 

Despite its relatively high concentration in the cortex, 
GABA cannot be seadily detectegl in the fluid bathing the 
surface of the corex*; only tnder certain special con- 
ditions can the reease of GABA be demonstrated at all 
regularly**, This observation is not inconsistent with a 
transmitter funct.on. Clearly, a powerful transmitter 
could not be allowed to accumulate in the extracellular 
fluid: in fact, any substance continuously exuding from a 
tissue in large amounts is extremely unlikely to be a 
transmitter in the usual sense. 

GABA must exert its principal action on the outer 
surface of the cort cal neurones (compare crayfish muscle)? 
as intracellular injections tended to be ineffective. GABA 
could thus be functionally inactivated by a simple uptake 
into cells. The uptake of amino-acids, including GABA, 
by slices of braim is a well known process****, which 
could take place ether in the nerve endings (compare the 
sympathetic system), or in the perikaryon. Its depola- 
rizing action on “glial” cells, without a corresponding 
increase in conductance, may indicate that glial cellseare 
concerned in the active transport of GABA. It may not 
be easy to demorstrate the release of GABA by nerve 
endings until some means of specifically blocking such an 
uptake mechanism.can be found. It would also be of 
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great help in the analysis of inhibitory effects in the cortex 
and elsewhere in the CNS if a specific antagonist for the 
inhibitory action of GABA were available; so far there 
has been no convincing evidence that in the cortex one 
can selectively block either the action of GABA or synaptic 
inhibition. 

In conclusion, it is evident that GABA imitates the 
action of the cortical inhibitory transmitter at least 
qualitatively: it usually raises the membrane potential 
and conductance of cortical neurones, just like the normal 
inhibitory mechanism at synapses, and when the latter 
inhibitory effect is artificially reversed, the action of 
GABA is reversed in a similar way. Hence, in so far as 
the cortex is concerned, there is no evidence against the 
hypothesis that GABA is an inhibitory transmitter. 

We thank the Wellcome Trust and the Medical Research 
Council of Canada for their financial assistance. 


* Awapara, J., Landua, A. J., Fuerst, R., and Seale, B., J. Biol. Chem.. 
187, 35 (1950). 

* Roberts, E., and Frankel, S., J. Biol. Chem.,187, 55 (1950). 

i Hayashi, T., Chemical Physiology of Excitation in Muscle and Nerve 
iNakayama-Shoten, Lid., Tokyo, 1956). 

t Bazemore, A. W., Elliott, K. A. C., and Florey, E. J. Neurochem., 1, 

3834 (1987). 

* Kaffler, S. W., and Edwards, C., J. Neurophysiol., 21, 589 (1958). 

$ Boistel, J., and Fatt, P., J. Physiol., 144, 176 (1958). 

* Takeuchi, A., and Takeuchi, N., J. Physiol., 177, 225 (1965). 


NATURE 


SEPTEMBER 24, 1966 vor. 211 

: Kra Aa O i Kufer, S, W., and Potter, D. D., J. Neurophysiol., 26, 
rE d À e e 

* Elliott, K. A. C., and van Gelder, N, M., J. Neurochem., 3, 28 (1958). 

19 McLennan, H., J. Physiol., 146, 358 (1959). | 

i Curtis, D. R., Phillis, J. W., and Watkins, J. C., J. Physiol., 146, 185 (1959). 

+: Curtis, D. R., and Watkins, J. C., J. Neurochem., 6, 117 (1960). 

13 Crawford, J. M., and Curtis, D. R., Brit. J. Pharmacol. Chemother., 23, 
313 (1964). . 

4 Curtis, D. R., in Studies in Physiology, edit. by Curtis, D. R., and MeIntyre, 
A. K., 34 (Springer-Verlag, Berlin, 1965). 

1s Krnjević, K., and Phillis, J. W., J. Physiol., 165, 274 (1968). 

18 Krnjevié, K., Intern. Rev. Neurobiol., 7, 41 (1964). 

a7 a K., Randic, M., and Straughan, D, W., J. Physiol., 184, 16 
(1966). 

18 Krnjević, K., Randic, M., and Straughan, D. W., Nature, 201, 1294 (1964). 

19 Krnjević, K., Randic, M., and Straughan, D. W., J. PAysiol., 184, 49 
(1966). 

20 ee K., Randic, M., and Straughan, D. W., J. Physiol., 184, 78 
(1966). 

Elliott, K, A. C., Brit. Med. Bull., 21, 70 (1965). 

2? a K., and Phillis, J. W., Brit. J. Pharmacol. Chemother., 20, 471 
(1963). 

= aan H., Synaptic Transmission (W. B. Saunders, Philadelphia, 
1963). 

* Fuxe, K., Acta Physiol. Scand., 64, suppl. 247, 88 (1965). 

26 Ryall, R. W., J. Neurochem., 11, 131 (1964). 

* Krnjević, K., and Whittaker, V. P., J. Physiol., 179, 298 (1965). 

2 Van Harreveld, A., and Kooiman, M., J. Neurochem., 12, 431 (1965). 

** Jasper, H. H., Khan, R. T., and Elliott, K. A. C., Seience, 147, 1448 (1965). 

3 Stern, J. R., Eggleston, L. V., Hems, R., and Krebs, H. A., Biochem. J., 
44, 410 (1949). 

a° Tskada, Y., Nagata, Y., Hirano, S5., and Matesutani, T., J. Neurochem., 10, 
241 (1963). 


FACTORS CONTROLLING THE DIFFERENTIATION OF THE HYDATID 
ORGANISM, Echinococcus granulosus, INTO CYSTIC OR 
STROBILAR STAGES IN VITRO 


By Pror. J. D. SMYTH, A. B. HOWKINS and MARY BARTON 


Department of Zoology, Australian National University, Canberra 


Ir is generally recognized that the development of in 
_ vitro culture techniques for parasitic helminths is a funda- 
mental problem in parasitology. In recent years, a number 
of cestodes have been cultured in vitro from the larval 
stages to maturity or near maturity!~. 
- In vitro culture of the causative organism of hydatid 
disease, Echinococcus granulosus, has presented some very 
special problems, for not only is the period of maturation 
relatively long (40 days), but the larval stages (proto- 
scoleces), which are found in a hydatid cyst, are remarkable 
-© for being capable of differentiating in two directions. 
Thus, when a hydatid cyst is eaten by a dog, the freed 
protoscoleces develop into adult strobilated tapeworms 
in the duodenum, On the other hand, if a hydatid eyst 
bursts, while still within the intermediate host (sheep, 
man, etc.), each of the released protoscoleces is capable of 
differentiating into a new hydatid cyst should it reach a 
suitable tissue site. Thus, a protoscolex has the poten- 
tialities of developing either into a tapeworm (in an 
intestinal site) or into a hydatid cyst (in a tissue site)— 
a degree of heterogeneous morphogenesis unusual for a 
metazoan organism. This suggests that there are factors 
present in the intestinal and tissue environments which 
initiate differentiation in these two directions. Attempts 
to determine the nature of, these factors by in vitro 
experiments have been, to date, largely unsuccessful. 
Yamashita et al.” and Smyth? found that, when cultured 
in vitro in a variety of media, protoscoleces of Echino- 
coc@us differentiated only in a cystic direction, and 
eventually developed into miniature hydatid cysts with 
laminated envelopes. This occurred either (a) by forming 
a “posterior bladder” which secreted a laminated envelope 
(Fig. 1), or (6) by becoming vesiqular and similarly 


secreting a laminated envelope (Fig. 1). Webster and 
Cameron’, using a succession of complex media, succeeded 
in obtaining several segmented forms of E. multilocularis 
and #. granulosus, but the precise conditions under which 
this result was obtained were not clarified experimentally 
or confirmed by further work. 

In a series of experiments, extending over a period of — 
some years, we have attempted to initiate the growth of 
E. granulosus in a strobilar direction so that the tapeworm 
stage could be obtained in vitro. On account of the high 
risk of infection from handling the hydatid organism. in 
infected dogs in the laboratory, it is the in vitro culture 
of this stage which is of special interest and importance. 
Although a wide range of modified tissue culture tech- 
niques were used, as well as techniques which have been 
used successfully for other cestodes!, cultures always 
resulted in growth in a cystic direction as already de- 
scribed.* Attempts to alter this pattern of development, 
by varying the usual physiological conditions of culture 
(Eh, pH, pO, pCO,), or the nutritional constituents 
(amino-acids, vitamins, etc.), were without success. 

These consistently negative results led us to speculate 
that some wholly unsuspected and unusual requirement 
was missing from the culture conditions provided. Atten- 
tion was therefore turned to the conditions under which a 
worm lives while attached to the intestinal mucosa. We 
have shown’®:1! (q) that, in the small intestine of the dog, 
the worm penetrates deeply between the villi with each 
sucker, drawing a plug of villus tissue into its cavity, (b) 
that the extended rostellum of the worm normally pene- 
trates a crypt of Lieberkiihn, and (c) that the rostellar tip 
contains gland cells which secrete externally. The sig- 
nificance of these observations was not at first clear, but 
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the failure of in vitro methods led us to re-examine them 
in more detail. This led to the conclusion that the contact 
of the scolex with the mucosal epithelium was so close 
that the worm could perhaps be regarded (at least at the 
early stage in which it consists largely of scolex) as more 
of a tissue parasite than an intestinal parasite. If this 
hypothesis were sound, the organism would not only be 
absorbing nutritive materials from the intestinal contents, 
but it would also be absorbing directly through its contact 
with mucosa. In other words, the scolex of Echinococcus 
could be regarded as essentially placental in nature. 
These speculations were reinforced by investigations of 
the ultrastructure of the tegument, which showed that the 
protoplasmic projections termed microtriches were present 
only on the scolex region of a freshly cvaginated proto- 
scolex (Fig. 2) and not on the region posterior to the 
suckers. This latter region was covered in a dense periodic 
acid—Schiff positive (PAS-positive) layer beneath which 
were found what appeared to be undeveloped micro- 
triches. If microtriches are concerned with absorption 
(and they have been reported from the tegument of a 
number of cestodes?®™!!) it is likely that absorption can 
take place initially only from the newly evaginated region. 

This led us to speculate that the requirement missing 
in vitro was a solid substrate which could act as a 
supporting surface and from which, at the same time, 
nutriment could be obtained directly. We had previously 
used such a nutritive substrate for the in vitro culture of 
an intestinal trematode™. 

Experiments have shown, in fact, that this hypothesis 
appears to hold, although a number of basic problems had 
to be overcome before it could be adequately tested. 
The chief of these was concerned with obtaining satis- 
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Fig, 1. Pattern of differentiation of the protoscoleces of Echinococcus granulosus in 

liquid (monophasic) and diphasic media: strobilization only oceursin diphasic medium. 
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Fig. 2. Ultrastructure of the tegument with anterior and posterior | 
regions of an evaginate! protoscolex of Echinococcus granulosus, Micro- 
triches oaly occur in the anterior region. 


factory evaginatior of the protoscoleces. Although some 
evagination takes place without preliminary treatment, 
the process is greatly accelerated by treatment with 
enzymes. It is kwown that pepsin plays some part in 
evagination'’, but further treatment with pancreatin 
and trypsin in the presence of bile serves the multiple 
role of accelerating evagination, stimulating activity and 
removing cystic debris. Pretreatment with pepsin 
(0-025 per cent) three times at pH 2-0 (20 min) followed 
by treatment with 0-3 per cent pancreatin (5 N.F.) and 
0-1 per cent trypsm (twice) plus 5 per cent dog bile or 
the equivalent bile salt (for 1-3 h), all in balanced salt 
solutions, produce almost immediate evagination of more 
than 90 per cent cf protoscoleces. In any one batch of 
cultures, the degree of evagination appears to be related 
to the source and freshness of the material and in- 
most cases the percentage falls to about 30-40 after 
about 3 h. | 
Onee the problem of evagination was. 
essentially overcome, attempts were made 
to evlture the organisms using diphasie — 
medie, with liquid and solid phases... The. 
culture system, in serew-top bottles, con- 
e sisted of a solid base of bovine or canine 
serum. coagulated by heat, into which a 
series of small holes had beerf made with a 
fine glass pipette; alternatively, the surface 
was roughened. The whole was covered by 
a liquid phase of ‘Parker 199’ and 20 per 
cent rydatid fluid. A gas phase of 8-8 per 
cent oxygen and 5 per cent carbon dioxide 
in nitrogen was used. In this diphasic 
syste, a marked change came over the 
cultures; organisms which were evaginated 
remaned so, became visibly elongated and: 
` eventually strobilated. Under the best 
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conditions to date (using bovine serum base: _ 


covered with ‘Parler 199’ and 20 per cent. 
hydazid fluid) sefmentation has been ob- — 
tained in 32 days compared with 15 days 
Un vive. | 

That this growth has resulted from actual 
placental contact with a suitable substrate 
and #% not merely due to diffusion of soluble 
materials from the solid base into the liquid 
phase was shown by the experiment illus- 
trated in Fig. 3. Cultures were set up as 
followse A, contained a bovine serum base 
coagalated by heating; B, contained the 
equivalent volume of coagulated serum. 
retained within a cellulose tubing. As a 
control, culture C had no base, but had 10ml. 
of serum added to the liquid phase; culture 
D hed a non-nutrient agar base instead of 
serur. i 

In. culture A, organisms grew and bec&me 
segmented as described above. In B, 
althcugh organisms survived for considerable | 
pericds, they gradually became abnormal, 
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Fig. 3. Various monophasic and diphasic media used for én vitro culture of E, granulosus: strobilization only occurs in A. 





or died, as did the organisms in the controls C and D. This 

and comparable experiments have been repeated a number 

of times and, in every case in which a nutritive substrate 
_ has not been provided, growth and strobilization have not 
taken place. That the role of the substrate is truly 
nt re and is not merely to provide physical support 
is shown by the fact that the non-nutrient solid base of 
agar (culture D, Fig. 3).was not effective in supporting 
growth in a strobilar direction. Contact as such may, of 
course, be a part of the stimulus necessary for inducing 
growth in a strobilar direction, but if such a contact 
stimulus is involved it is clearly not effective in the absence 
of the appropriate nutriment. In this respect it may be 
noted that the tip of the rostellum carries a number of 
delicate hairs, the occurrence of which appears to have 
escaped previous observation. These structures undoubt- 
edly represent sensory receptors, and their exposure 
by evagination of the scolex and subsequent contact with, 
a suitable substrate may result in the production of a 
stimulus necesgary for strobilization. This stimulus could 
perhaps operate through a neuro-secretory mechanism. 
- The importance of the protein base is further empha- 
sized by observations of the activity of the evaginated 
protoscoleces during the early phases of cultivations. 
During this period, in all cultures (even those with bases), 
there is a decline of activity and the appearance of a 
remarkable phenomenon, namely the qnset of a period of 
“tetanus’’—characterized by the organisms becoming 



















anus” 
rigid and the suckers ceasing activity. In cultures with 
bases (A, and A,, Fig. 4), however, organisms slowly 
regain activity, whereas in those without bases activity 
further declines until it finally ceases altogether (B and 
C., Fig. 4). This result Suggests that after a period of 
contact with the substrate, organisms are able to obtain 
nutriment from it and utilize it for metabolic activity. 
We do not yet know precisely how this is done. We have 
been unable (to date) to detect the occurrence of pino- 
eytosis in the rostellar region, but have some suggestive 
evidence that the scolex is secreting proteases, digesting 
the base and absorbing the products at the tegument/base 
interface. Undoubtedly, the microtriches present on the 
anterior region play a part initially jn establishing close 
contact with the protein base. Once the organisms begin 
to grow, farther microtriches develop in the posterior 
region previously covered by the PAS layer. 

The failure of unevaginated protoscoleces to develop 
can be explained by the faef that no microtriches are 
_ exposed and intimate contact with the protein substrate 
= cannot take place. The few strobilate worms obtained 

by Webster and Cameron? were undoubtedly obtained as 
result of the use of a filter paper support in some of their 
cultures. | 
These experiments demonstrate that the conditions 
required for protoscole¢es to differentiate in a strobilar 








direction im vitro are (a) evagination of the scolex and 
(b) a nutritive substrate with which intimate contact: 
ean be established. Failure to provide both these con- 
ditions results in differentiation in the cystic: direction. 
In addition, the usual physiological requirements and 
conditions (pH, Ehk, gas phase, ete.) must be satisfied. 
within reasonable limits. 


At the time of writing, development of Echinococcus P N 


to a three-proglottid worm in vitro has repeatedly been 


obtained, although the genitalia in such worms are only... ee 
poorly developed and eggs have not yet been produced, > 


Extensive experimentation may be necessary before 


appropriate solid and liquid phases, which permit matura- Oy 
tion to the egg producing stage in vitro, are developed. o 0 
It is unlikely that the conditions in our experiments are ee 


anything approaching optimal, and factors such as gas 


phase, pH, Eh, clearly require detailed examination as nae 
does the composition of the liquid and solid phases in oo00i 
terms of levels of the usual growth requirements, amino- E 
acids, vitamins, sugars, ete. The in vitro system developed = 


should, however, enable quantitative investigations of 
the relative importapce of these factors to be carried out, 
and perhaps the basis for the strobilar and cystic differen: 
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> Te is interesting to note that Schiller‘ has recently 


~~ shown that in the case of Hymenolepis diminuta a diphasic 


‘medium can replace the complex synthetic medium 
developed by Berntzen!? for the culture of this species. 
Since, unlike Echinococcus, H. diminuta can develop in a 
liquid medium alone, its nutritional demands appear to 
be substantially simpler than those of Echinococcus. 

As already mentioned, protoscoleces of Echinococcus 
which fail to evaginate develop in the cystic direction 
and form miniature hydatid cysts either by the growth of 
a small posterior bladder or by the swelling up of the 
protoscolex to become a vesicular form (Fig. 1). The 
latter appears to be a response to abnormal condition such 
as a low pH (for example 6-5) or mechanical damage to 
the tegument, although we have not examined this pheno- 
menon in great detail. In both types of growth, a thick 
laminated envelope (Fig. 1), similar to that found round 
a hydatid cyst, is secreted which eventually encloses the 
whole organism. 

In summary, then, it has been shown that protoscoleces 
may be induced to differentiate in either a strobilar or a 
cystic direction in vitro by provision of suitable culture 
conditions. This culture system is somewhat unusual 
for a helminth parasite, for differentiation, comparable 
to that occurring in either the definitive or the intermediate 
host, is possible. | 

Apart from the parasitological aspects of these results, 
the protoscoleces of Echinococcus may represent unique 
biological material. As all the protoscoleces within a 
hydatid cyst have developed from a single fertilized egg, 
each has an identical genotype. Moreover, as a single 
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sheep hydatid cyst contains very large numbers of 
organisms it is possible to obtain perhaps as many as. 10° 
organisms with the same genotype. We know of no other 
metazoan organism: which possesses these unusual charac- 
teristics, and whos differentiation can be controlled and 
modified in vitro in this way. It would appear to represent 
an experimental model par excellence for experimental 
investigations in geneties, cell differentiation and morpho- 
genesis. 

These experimerts have been based on E. granulosus 
but are likely to be used with more success on Echinococcus 
multilocularis, a “species”? which matures more rapidly 
than E. granulosue. Se ae A e 
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POPULATIONS OF Typha latifolia L. 


By S. J. MCNAUGHTON 


è 
Department of Bacteriology and Botany, Syracuse University, syracuse, New York 


IN 1922 Turesson suggested that pląnt species are differ- 
entiated into sub-specifie populations which differ in 
their ecological characteristics according to the habitat 
they exploit!. Since then, genecologists have reported 
occurrence of morphological’, phenological’, and physio- 
logical? differences between populations adapted to differ- 
ent climates. These investigations provide strong circum- 
stantial evidence for the occurrence of differences in 
enzyme activity between ecologically distinct populations’. 
This article provides additional evidence for this and 
indicates that biochemical activities which are dependent 
on temperature can be influenced by the environment. 
Populations of broad leaved cattail (Typha latifolia L.). 
a species which is temperate circumboreal in distribution® 
(predominantly Arctic to 30° 8.), were selected from 
marshes at Beaverton and Redmond, Oregon. Two 
populations were sampled at each site. Redmond (940 m 
above sea level) is located in the Deschutes River valley, 
just east of the Cascade Mountains. Beaverton (60 m 
above sea level) is in the Willamette River basin, between 
the Cascades and the Coast Range, and is subject to 
-eoastal influence from the Columbia River gorge. Weather 
reports? from stations near the populations sampled 
show that the climates of the two regions differ substanti- 
ally (Table 1). The Willamette Valley vegetation is 
principally grain and truck crops but was originally 
' Pseudotsuga menziesii Mirb. (Franco) and Acer macro- 
phyllum Pursh®. Vegetation at Redmond is Juniperus 
__ occidentalis Hook. with Artemisia tridentata Nutt. at lower 
altitudes’, 
- Rhizomes attached to shoots excised 30 em above the 
soil were transplanted to the greenhouse in May “and 


June and experiments were performed with this material 
in late June and early July and again in late August. 
The old shoots rarely grow after such transplantation ; 
essentially all growth is from the attached rhizomes 
which, however, zrow only poorly when detached from 
the old shoot. Mass leaf samples were collected from the 
natural populaticns in late August and were iced or 
refrigerated until experiments could be performed. The 
maximym storage time was 3 days and previous experi- 
ments indicated that no loss in activity occurred during 
storage for 5 days at 2° C. | a E 





Isolation of the chloroplast? was accomplished by ' a E 


technique modified from standard methods: 20 g of 
leaves were blended in 80 ml. 0-35 M sodium chloride for 


l min; the slurry was filtered through a double layer of | a 


cheesecloth and 2entrifuged at .1,000g for 1 min; the 
supernatant was centrifuged at 37,000g for 10 min; the 
pellet was suspended in 0-067 M phosphate buffer, pH 7:8, 
to give 0-008 g/ml., and 2-5 ml. of this suspension of 
chloroplast fragments added to each Warburg vessel. 
All operations were carried out near 0° C. The departures 
from standard technique were the longer blending time 
which was made aecessary by the less succulent nature of 
Typha leaves end the higher centrifugation speeds 
required by the smaller size of the plastids. The prepara- 
tion was undoubtedly contaminated with mitochondria. 
All experiments were performed in a dimly lighted room 


on a Gilson GRP 14 respirometer with potassium hydrox- _ oe 


ide in the centre well of the flasks. The vessels yere- 


allowed to equilibrate for 20 min and the rate of uptake 24 Š 


of endogenous oxygen measured in two 5 min periods —_ 
before adding tae substrate (this usually approached: 
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zero and was never more than 10 per cent of the rate 
in the presence of substrate). Substrates and tris- 
hydrochloric acid, buffered to pH 7-8, were tipped in 
from the sidearm to make the suspension 0-008 M. 
Control flasks lacking plastids were always run but 
fluctuation in these was negligible. Because of the 
occurrence of non-enzyme ascorbate oxidation in the 
presence of cupric ions (ref. 11), rates obtained with boiled 
plastid preparations (usually about 40 per cent of the 
enzyme rates) were subtracted from experimental 
ascorbate sets. 
With catechol as a substrate, it was found that the 
consumption of oxygen at warmer temperatures depended 
on the place of origin; greater activity occurred in popula- 
tions from regions with a continental climate (Fig. 1). 
Activity was stimulated more by temperature in the 
Redmond plants. The rate of increase of enzyme activity 
(Q10) over the range of 17°-27° C was 1-4 for maritime and 
3-7 for continental plants. It seems probable that several 
different enzymes, or forms of the same enzyme, are 
_ ¥esponsible for phenol oxidation and that the enzyme 
frequently referred to as “polyphenol oxidase” is in fact 
_ & group of enzymes rather than a distinct species?®. 
Nevertheless, in the populations of T. latifolia studied, 
ability to oxidize catechol is greater in populations 
owing in a continental climate, particularly at warm 
emperatures. This catalytic activity has been related 
le possibility of providing protection from attack by 
- Yaicro-organisms™:!4 and also to lignin biosynthesis!5.16, 
but the precise function of this enzyme has not yet been 
< determined. Because the activity measured is probably 
~ the result of that of several enzymes, however, the 
tions are almost certainly multiple. The data 
dicate, however, that the activity in the populations of 
latifolia investigated correlated with the climate, 
ch therefore suggests that adaptation occurs. 


at 


ith ascorbic acid as substrate, there were no differences 
Setween the natural and greenhouse populations (Fig. 2). 
Mapson™ has shown that the activity of ascorbic acid 
oxidase increases considerably with increased lighe 
intensity, and that more of the ascorbate is converted to 
dehydroascorbate. Once the conditions of darkness are 
restored, the equilibrium lies in the opposite direction 
and the quantity of dehydroascorbate declines. Other 
investigators!*.19 have shown that an N ADP-—ghutathione 
reductase system links the ascorbate oxidizing system to 
enzymes oxidizing respiratory substrates with nicotin- 
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Wey. 1. Oxygen consumption with catechol as substrate of chloroplast 
fragments from two continental (RED) and two maritime (BEV) 
populations of Typha latifolia L. Points are means of twelve replica- 
tiens, six per population. vere ae indicate 95 per cent confidence 
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Fig. 2. Oxygen consumption of chloroplast fragments with ascorbie 
acid as substrate. 
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Fig. 3. Oxygen consumption of chloroplast fragments with glycolic 


acid as substrate. 


amide-adenine dinucleotide phosphate. The function P 
of this sytem is not known. The data on Typha indicate O3 
that activity of ascorbic acid oxidase is not of selective = 
importance in differentiating the four populations sampled. 

The most conspicuous enzyme difference found be- 
tween the populations of T. latifolia from different 
climates was in glycolic acid oxidase activity (Fig. 3). 
There were pronounced differences in the magnitude and 
temperature dependence of oxygen consumption with 
glycolate as a substrate. Populations growing in a mari- 
time climate were much more active at 17° and 27° ©. 
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Fig, 4, Oxygen consumption of chloroplast fragments from greenhouse- 
grown plants with glycolic acid as substrate. 


these months are 23° (June), 30° (July) and 27° (Augpst). 
It seems clear from the data available that the dependence 
on temperature of glycolic acid oxidase activity in natural 
populations of T. latifolia is related to the daytime 
temperatures at the native site. If, as Zelitch’s recent 
data indicate*!:*?, glycolic acid is an early and important 
produet of carbon fixation by photosynthesis, the ecologi- 
cal importance of this temperature dependence in integrat- 
ing assimilatory pathways with temperature climate is 
considerable. 

In early studies of plants from the natural populations 
transplanted into the greenhouse, the dependence on 
temperature of glycolic oxidase activity was similar to 
that of natural populations’. After 3 months in the 
greenhouse, however, the dependence on temperature 
had shifted (Fig. 4). Oxidase activity in all populations 
was relatively independent of temperature, but with 
slightly greater rates at 37° C. The maritime populations 
were still much more active in glycelate oxidation, but 
temperature dependence was similar in plants from differ- 
ent climates. For Beaverton plants at 37° C, a comparison 
of the enzyme activity of plants growing in their natural 
habitat and those grown in the greenhouse gave a t 
value of 65-3-—a highly significant difference (P< 0-001 
with d.f. = 10). Glycolic acid oxidase activity in Red- 
mond plants was significantly different at 27° C, depend- 
ing on the growing conditions (t = 37 with d.f. = 10; 
P< 0-001). In view of the similarity of the activities 
at 17° and 37° C, however, it is doubtful whether this 
is a significant difference in any practical sense. The 
greenhouse conditions did not resemble the temperature 
climate of either native site, although the maximum day 
temperatures (about 38° C) were closest to those at Red- 
mond. As can be seen in Table 1, the frequency of days 
approaching this temperature is much greater at Redmond. 
There were 45 times as many days at 32° C, or warmer, at 
the continental site compared with the maritime site. 


Tabie 1. WEATHER Data FROM TWO OREGON SITES DURING THE PERIOD 
WHEN MINIMUM TEMPERATURES WERE GREATER THAN —2° C AT REDMOND 
. Month (1964) 
Location June July August 
Beaverton (Hillsboro) 
Avg. temp. © ©) 15 18 iF 
Avg. maximum 21 26 24 
Avg. minimum 8 11 9 
No. days max, >32 6 1 3 
No. days min. <0 0 Q Q 
Redmond (Redmond Airport) 
Avg. temp. 14 18 16 
Avg. Maximum 23 30 27 
Avg. minimum 4 6 4 + 
No. days max, >32 2 10 6 
No. days min. <0 5 2 3 
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This is probably reflected in the negligible modification 
of the temperature curve in the plants from Redmond 
compared with those from Beaverton. Recent studies of 
photosynthetic anc respiratory rates in reciprocal trans- 
plants have shown that temperature dependence may be 
altered by climate™-®5, Björkman et al.**?7 have shown 
that photosynthetiz activity can be dramatically altered 
by growing ecotypes under different conditions. 
Enzymatically distinct races have been known since 
Mitchell and Houahan’s work on Neurospora™. The 
most intensively studied multiform enzyme is the lactie 
dehydrogenase system®®, As many as fifteen electro- 
phoretically distinguishable isoenzymes, all presumably 
formed by different tetrameric combination of three 
polypeptide chains, have been discovered**. Dorm: 
has shown that there are three mutants of Aspergillus 
nidulans which produce active phosphatases when grown. 
at 35° C and partially or wholly inactive phosphatases 
when grown at 25° C. He has proposed that the various 
isoenzymes are produced by different combinations of 
distinct protein monomers. Glycolic acid oxidase is a 
tetramer in its mest active form®. It is attractive to 
envisage a combination of various monomers producing 
various forms of tie enzyme in the T. latifolia ecotypes. 
under the control of different environmental conditions. 7 
The data preserted here indicate that populations of | 
T. latifolia from cl-matically distinet sites are enzymatic- 
ally distinct. The results also indicate that activity may 
be regulated by emvironmental conditions. There is no 
reason to suppose tat the differences in catechol oxidation 
in populations frora different sites would not disappear if 
they were grown ender the same conditions. Similarly, 
populations might. differ substantially in ascorbic acid 
oxidase activity waen grown under the same conditions 
even though activity was identical in the native popula- 
tions. The data ase indicative, not definitive. 
The investigation reported here was done while I was a 
faculty member cf Portland State College, Portland, 
regon. It was supported by grants from Tektronix 
Foundation and Fortland State College. The technical 
assistance of Mrs. Leta Burnham is gratefully acknow- 
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NEW ASPECTS OF VISUAL PERCEPTION THRESHOLDS 


By GEORGE A. HAY 
University of Leeds, Department of Medical Physics, The General Infirmary, Leeds | 


Tue statistical hypothesis advanced by Rose!?, and 
independently formulated by de Vries? and Pirenne’, 
to account for visual contrast and acuity thresholds in 
conventionally illuminated scenes, was extended to X-ray 
images by Sturm and Morgan‘, and further elaborated by 
Coltman® and by others. This extension has been tacitly 
assumed, though with some reason, to apply to all visual 
images in which random fluctuations of luminance tend to 
obscure the regular patterns (so called “noisy” images). 

‘The conventional image of common experience and the 
noisy image differ in that only the latter exhibits marked 
spatial and temporal correlations between the emission 
of light photons; the former does not appear to be noisy, 
although stochastic processes in the eye must certainly 
result in a noisy pattern of visual stimuli from the retina. 
Albrecht’ has therefore rightly remarked that the validity 
of a common theoretical approach to perceptibility 
in both types of image is by no means obvious. Although 
there seems to be no experimental evidence in support 
of this equivalence of treatment, the necessary computa- 
tional facilities which man has acquired by evolutionary 
development for dealing with the conventional visual 
image appear to be equally effective for the frankly 
noisy image. There is no protracted learning process 
involved in the perception of the grainy photograph, 
the half-tone reproduction, the noisy television image 
(X-ray or conventional), the pointilliste painting, etc., 
suggesting that the same computational mechanism is 
used for both types of image. ? 

_The essencg of the Rose theory is that the perception 
of image detail is a sampling process in which the fluctua- 
tions in the image at that point in the system where the 
event flux density is smallest are integrated over the size 
of the detail and over the so-called storage or integration 
time of the system. If then the detail contrast, against 
its background, is greater by a certain factor k (the thresh- 
old. signal-to-noise ratio) than the root mean square 
fluctuation so observed, the detail will be perceived. 
Clearly the effect of noise on detail perceptibility on this 
hypothesis is less for larger details, for longer storage 
times and for larger event flux densities. j 

Despite its usefulness, many criticisms of the Rose 
hypothesis are possible; pme of these have recently been 
voiced by Morgan, who has proposed? an alternative 
model of visual perception. Morgan has raised two main 
objections to the Rose theory. 

First, at a given level of event flux density the measured 
perceptibility of both large and small detail falls below 
the value predicted from the theory, a value which holds 
good for medium-size detail. Rose recognized this fact 
and attributed it correctly, but unspecifically, to “local 
limitations” in the eyb. Morgan has elaborated this idea 
in the light of later developments ind has described it 
in terms of light diffusion for small detail and of the level- 
correcting feed-back mechanisms in the eye for large 
detail. Both effects can be represented generally by the 
modulation transfer function (assuming the system to 
be linear over small amplitude excursions). 

Second, although in the noisy image Rose assumes the 
eyg to integrate the noise over the whole area of an image 
detail, nevertheless finer noise within that detail is still 
clearly visible and might therefore be reasonably assumed 
to interfere with the detail perceptibility. By way of 
analogy, Morgan pointgout that the noise amplitude in the 


output of an electrical transmission system is a function 
not of the frequency spectrum of the signals passing 
through it but of the physical bandwidth of the system 
itself. He therefore supposes that in an image system the 
effective noise amplitude is constant for a given event 
flux density and independent of the size of the detail; 
it is to be calculated from the input noise and the overall 
modulation transfer function, by way of the concept of 
noise-equivalent bandwidth. This type of hypothesis, 
based on a physically realizable noise level, is conceptually 
more plausible and satisfying than the Rose model in 
which the effective noise must be assumed to change 
from instant to instant as the attention of the observer 
turns to detail of varying size. Its introduction seems, how- 
ever, to leave the following important points unresolved. 

First, the calculation of the noise amplitude from 
available data may not be simple or even possible. If the 
spatial bandwidth limitations are predominantly external 
to the eye, there is in principle no difficulty, as the diffu- 
sion characteristics of a physical system may in general be 


determined as accurately as desired. If the properties of 


the eye significantly limit the system bandwidth, how- 
ever, adequate diffusion data may not be available. 
In the limiting case of the conventional visual image, 
when the diffusion limitations are solely those of the eye, 
to calculate noise amplitude it is necessary to know the 
overall modulation transfer function of the visual system, 
including the optical components and the retina, but 
dissociated from any noise limitations. So far as is known, 
no separation of diffusion and noise processes in the eye 
has ever been made, and it is my belief that no valid 
information about the overall modulation transfer func- 
tion of the eye eXists. The reciprocal perceptibility 
thresholds for sinusoidal details commonly referred to as 
““sine-wave response’, ete. (for example, Schade’), must 


necessarily include a visual noise component and therefore 


may not properly be used in the caleulation of noise- 
equivalent bandwidths. 

Second, Morgan asserts that the perceptibility dif- 
ferences between details of different size arise solely 
from diffusion and similar processes and not at all from 
spatial noise integration. 
offered in support of this proposition. I believe, however, 
that such experimental data as are available appear to 
be more consistent with the suggestion that the effect of 
noise on detail perceptibility is area-dependent. As only 
one example, Fig. 1 shows the results of subjective 
measurements of disk perceptibility in an X-ray image 
intensifying system, carried out by Hay, Clarke and 
Marquerinck and reported by Marquerinck and Recourt’, 
The viewing conditions were such that the diffusion 
limitations were effeetively those of the physieal system 
and were approximately known: the noise kmitations 
were predominantly of X-ray quantum origin, as inter- 
preted by the visual mechanisms of the observer. 

The relative noise contribution to perceptibility, 


calculated from all the experimental data and normalized - 


to a single value of event flux density, is shown in Fig. 1 
as a function of detail size. Shown also are the theoretical 
noise contributions caleulated from both the Rose and the 
Morgan models. (The upper limit to the “Rose” noise 
is set by the spatial bandwidth of the intensifier system: 
clearly the noise cannot possibly exceed this value, how- 
ever small the image detail.) Similar evidence is reported 


No experimental evidence is 
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Fig. 1. Relative noise contributions to the perceptibility of circular 

detail. (a) Calculated from experimental data using an X-ray image 

intensifier television system; (b) calculated from the Rose theory; (e) 

l calculated from the Morgan theory. 
elsewhere, for example, for sinusoidal image detail in 
measurements by Coltman and Anderson". It must 
be emphasized, however, that because of the complexity 
of the processes involved, quite different interpretations 
are possible for the data so far available. Clearly there is 
a great need for a new series of experimental studies 
performed with careful attention to all the relevant dis- 
turbing factors. i l 

Third, the temporal characteristics of the visual 
system are expressed by Rose in the form of an integration 
time having the often quoted but poorly substantiated 
value of 0-2 sec; this in calculation yields plausible values 
for k of 2—5 depending on the nature of the image. Morgan, 
on the other hand, makes use of Kelly’s measurements”? of 
the temporal frequency response of the eye, corresponding 
to much smaller integration times from 0-02 to 0-07 sec; he 
calculates far less plausible values for k of 0-1 to 0-2. If 
k has indeed this order of magnitude then it necessarily 
loses its significance as a threshold signal-to -noise ratio, 
that is, as a ratio based on a statistical confidence level: 
it could be suggested that the wrong signal is being 
compared with the wrong noise. The conclusion seems 
inescapable that the visual system is at the same time 
- capable of high-speed response as well as effectively long 
integration time. 

The evidence outlined here reveals not only a remark- 
able symmetry between the spatial and temporal aspects 
of visual system behaviour but also a hitherto unformu- 
lated duality in frequency response, whether spatial or 
temporal. It suggests to me the possibility of a third type 
of hypothesis to account for visual perceptive thresholds. 
Three broad conclusions can be drawn from the evidence, 
of which two at least have not, so far as I am aware, been 
previously enunciated. . : 

First, the spatio-temporal symmetry suggests that 
one might reasonably look for stochastic limitations to 
temporal response. Further analysis of Kelly’s results**, 
as well as of similar measurements at lower values of 
retinal illumination, is clearly desirable. 

Second, the combination of good spatial and temporal 
high frequency response with low frequency “integration” 
is most satisfactorily accounted for by the assumption of 
a receptor of good spatial and temporal resolution, together 
with a computer which does not integrate and therefore 
destroy the fine detail from the receptor, but examines and 


analyses its pattern according to the needs of the moment. 


For example, in the temporal domain it becomes possible to 
reconcile Kelly’s results!? with the traditional 0-2 sec or 
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thereabouts of the Rose theory by supposing that Kelly's 
data refer to the receptor (as is indeed most likely) and 
that the computer is normally effective over longer periods 
of the order of a second. This latter period has been 
referred to by previous authors (for example, Albrecht’) as 
a “short term memory”; it may well be identical, in 
mechanism as wellas in magnitude, with that called by the 
psychologists “the observed present”, which from quite 
different types of experiment is found to have a value 
between 0-2 and 14 sec. I find it difficult to imagine how 
any of these computational processes can occur in the 
retina, because as a result of rapid saccadic movements 
the co-ordinates o? the input image relative to the retina 
must change mary times in the longer computational 
period. It seems essential to postulate that these processes- 
occur within a stable framework of reference relative to 
the mental preseatation and this can surely be only- 
central, | aes, 
Third, we must look for a model to represent the type 
of analysis performed by the computer on the basic high 
frequency data from the receptor; this model must 
preserve the fine detail and yet permit its assessment in 
larger domains. I believe that in the spatial domain at 
least the meagre 2xperimental evidence so far available, 
as well as objections of the kind raised by Morgan, can be 
accounted for by the adoption of a hypothesis of visual 
perception thresrolds based on the Wiener or power 
spectrum of the noise in relation to the Fourier transform 
of the relevant image detail—the noise amplitude being | 
determined in principle on the basis of Morgan’s model. 
There is virtual:y no experimental evidence from which 
such a hypothesis 2an be elaborated, but if if. were assumed 
in very general terms, that the perceptibility ma 
detail of a given Snear dimension were disturbi 
noise of spatial frequency corresponding to a wave 
greater than that dimension, an effective noise depe 
on detail size similar to that predicted by the Rose theory 
(with Morgan’s modifications to account for diffusion 
processes) would be obtained. i 
is that the idea of integration, with its implication of the 
destruction of fire-grain information, is avoided. Ana- 
logous behaviour has been observed im the aural system 
by Wegel and Lame, who have found that. a tone of given 
frequency is well obscured by masking tones of frequency 
lower than its own but far less effectively by higher fre- 
quencies. Whether or not such a mechanism is operative. 
visually in the temporal domain can at present be only @ 
matter of conjectpre. | 
The truth of shis new hypothesis cannot be verified 
from existing experimental data because in almost every 
case the noise has been of the kind known as “white”; its 
Wiener spectrum has been uniform from zero to the upper 
frequency limit o7 the system. However, one isolated piece 
of supporting evidence is rported by Coltman and 
Anderson", who sound that a reduction in noise bandwidth 
from 5 Mc/s to 609 ke/s (a noise amplitude decrease of 2:8) = 
caused an improvement in the perceptibility ofa 170 kejs 
sinusoidal detail of only 25 per cent. Moreover, this si nell 
change could well have been due to: the disapp a 
of low frequency noise intermodulation products resulting 
from the non-linearity of the display monitor. 














The important difference. 
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LETTERS TO THE EDITOR 


ASTRONOMY 


Observations on Stellar Extinction obtained 
in the Gemini 9 Space Flight 


LINK: has suggested that there is a high absorbing layer 
in the Earth’s atmosphere. This layer, presumably dust, 
was suggested in order to explain the anomaly in the size 
of the Earth’s shadow during eclipses. Some support 
for the suggestion came from measurements of stellar 
extinction from Mont Blanc?. The height of the layer has 
been estimated as 100-150 km above the surface and it 
is presumed to have a vertical optical depth of 0-025-0-05. 
The purpose of this communication is to show that on the 
basis of stellar extinction measurements made in the 
Gemini 9 flight, no layer at an altitude above 80 km 
exists with a vertical optical depth of more than 0-0015. 
Either Link's layer does not exist at all or it is at a lower 
altitude than 80 km. 





Table 1 
l 2 3 4 5 
Log,, brightness 
Magnitude Logi. Frame 2 Average of 
Star B+vV brightness normalized to columns 3 
5 Frame 3 Frame 3 and 4 
at’ Ma -1'4 4°36 4-29 4-32 
a C Mi + 0-56 3°47 3°58 3°53 
eC Ma 1-39 3-14 3-21 3-17 
BC Ma IR 3-04 3-00 
46C Ma 2:17 3-00 2-03 2°06 
n C Ma 2:58 2-88 2-78 2-83 
OF C Ma 2-08 2-65 2-58 2-61 
w C Ma 34 2-40 250 2°45 


The extinction experiment was performed with two 
negatives of the airglow viewed in profile from above. 
These negatives were taken with a special camera designed 
for dim light photography in manned space flights. The 
30 sec exposures were taken by astronauts Cernan and 
Stafford on June 4 during the Gemini 9 flight. In the 
first photographs (Frame 2) all the bright stars of Canis 
Majoris are above the airglow layer. In the second 
photograph (Frame 3), the star 6 C Mae is in the airglow 
layer. The experiment consists of comparing the bright- 


ness of 8 C Ma when it is above and when it is in the 
airglow layer. The height of the tangent ray to & C Ma 
in Frame 3 is about 80 km. The extinction produced in 
a thin layer viewed in profile is seventy times the vertical 
extinction. (The ratio of fhe tangent path to the vertical 
path is 4/(8R)/y, where R is the radius of the Earth. and 





p». pa . ° + 
Fig. 1. Wide angle photograph of the sky, the airglow layer viewed in profile and the moonlit 
Earth obtained in Gemini 9 on June 4, 1966. The star 8 C Ma isin the airglow layer, a C Mi is 
left of contre in the picture. The obscuration in the lewer left is due to the spacecraft window, 





Fig. 2. Isodensity tracings of the portions of Frame 2 and Frame 3 


which contain the constellation Canis Majoris. In Frame 3 right hand 
tracing 8 C Mafis int thelairglow layer. 
D 
y is the layer thickness or the scale height. Fory = 10km, 
the ratio is 70.) The brightness of the airglow layer 
viewed in profile from above is, of course, increased by 
approximately the same factor. 

Fig. 1 shows the complete field of view of Frame 3. 
The field is 130° by 50° and the constellation Canis 
Majoris is at the left with the star B C Ma in the airglow 
layer. The star Procyon is just left of the centre of the 
picture, 

Fig. 2 shows an isodensitrace of the portions of Frame 2 
and Frame 3 which include Canis Majoris. Seven stars 
including 8 © Ma in Canis Majoris and « C Mi were 
accurately measured with a densitometer in 
Frame 2 and Frame 3. The calibration of 
the film was obtained from a step wedge 
exposure on the same film. The magnitude 
scale was determined by using all the stars 
except 8 C Ma in both frames. Table 1 
shows the pertinent data, including the 
known magnitudes of the stars involved. 
Because of the wide spectral range of the 
film (“Tri X’) the magnitudes used are the 
average of B and V magnitudes. 

In Fig. 3 the experimentally determined 
values in column 5 of Table 1 are plotted 
against the magnitudes in column 2. The 
two values for 8 C Ma are shown with respect 
to this calibration. No extinction is detect- 
able. Also shown in Fig. 3 is the position 
expected for 8 C Ma in Frame 3 if the 
vertical optical depth of the layer were 0-025, 
as previously proposed. This is clearly ruled 
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Fig. 3. . Plot-of the measured brightness of the stars in Canis Majoris and 

a C Mi establishing the film calibration. The values obtained for 

B C Main Frame 2 and Frame 3 are also shown and there is no measur- 

able extinction in either case. The predicted value of the measurement 

in Frame 3 is shown for the vertical optical depth of 0-025. 1, 8 C Ma 
Frame 3; ©,8C Ma Frame 2. i 


out by the experiment. For a pure Rayleigh scattering 
atmosphere the vertical optical depth above 80 km is 
of the order of only 10-5 and our experiment, although 
ruling out the dust layer, sets an upper limit of 1-5 x 107, 
corresponding to our measurement of extinction in 
Frame 3 of magnitude 0 + 0-1. 

We acknowledge the excellent work of astronauts 
Cernan and Stafford in carrying out the experiment. 
The backup crew astronauts Lovell and Aldren were very 
helpful. We also thank Dr. Jocelyn Gill, John Lintott, 
W. F. Huch and Fred Gillett. 
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PHYSICS 


Proposed Search for Antimatter among 
Hydrogen-like Atoms in the 
Ambiplasma 
H. Alfvén and O. Klein have developed’? an appealing 
idea in which antimatter plays an important part in cos- 
mology. N. A. Vlasov? has suggested an optical method 
for observing hydrogen-like atoms in an ambiplasma 
‘consisting of protons, anti-protons, electrons and positrons. 


We have made some calculations relating to this question 


in which we include the positive and negative muon in 
the ambiplasma together with the four particles in 


~Alfvén’s model’. Radiation from positronium (e-€), 


protonium (p-p) or muonium (ut~e, or w--é), if observed 
in the centre of our galaxy, or in one of the quasi-stellar 


radio sources, would provide significant support for the 


Alfvén—Klein cosmology. Vlasov has suggested. that our 
own galaxy might consist of an arm and an anti-arm and 
that the centre of the galaxy would be a logical place to 
search for an ambiplasma. The immense amount of 
radiant energy which apparently comes from quasars 
makes it plausible to assume that a significant mechanism 
is matter-antimatter annihilation. (The possibility that 
pair annihilation is the source of energy in quasars has 
recently been discussed by A. G. Ekspong, N. K. Yamdagni 
and B. Bonnevier’.) This is the reason why we believe 
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Table 1. WAVELENGTas IN ANGSTROMS FOR SEVERAL HYDROGEN-LIRE 





ATOMS p ee 
Positroniam Protonium Muonium Hydrogen 
Lyman a 2430-3 41-3234 1220-9 1215-7 
B 2050-3 1:1167 1030-1 10267 
y 1944~) 1-0588 976-71 972-55. 
é 1898-3 1-0340 953-83 949-75 
Series limit 18225 0-099261 915-67 91176 
Balmer a 13122 7-1488 6592-9 6564-7 
B 9720-2 5-2030 4883-6 4862-7 
y 86787 47267 4360-4 4341-7 
å 82014 4:4667 4120-5 4102-9 
Series limit 72904 3-9705 3662-7 3647-1 
Paschen a 37492 20-419 18837 18756 
B 25629 13-959 12877 12822 . 
y 21870 11-911 10988 10941. 
ô 20093 10-948 10095 10052 
Series limit 16402 8-0385 8241-1 8206 
Brackett a 81001 44-116 40697 40523 
B 52480 28-587 26371 26259 
y 4329% . 23-582 21754 21661 
F) 3Z888L 21175 19534 19451 
Series limit 2916L "15882 14650 14588 
Pfund a 149120 81-214 74919 74599 
B 93025 50-665 46737 46538 
y 74778 40-723 $7566 (874060 
ê 65904 35-804 33111 B207000 0 
Series limit 45562 24'815 22892 BETOE 





that the quasars may be ambiplasmas, that is contain 
significant admixtures of matter and antimatter. | 

In Table 1 we Est some wavelengths from the “Lyman”, 
“Balmer”, “Pasehen”, “Brackett”, and *Pfund” series 
of positronium, protonium, muonium and hydrogen. 
These are calculated from the Bobr theory formula 


potas | 
By = — (1) 


with accurate va.ues® used for the reduced mass p in each 
case. 

The wavelengzhs for positronium are almost exactly 
double those for hydrogen and span the ultra-violet, — 
visible and near infra-red portions of the spectrum. ne 
wavelengths for protonium are in the X-ray regio 
is necessary to consider much higher values of the prin 
quantum number n to reach wavelengths for this atom 
in the ultra-violet. The n; = 14 to ny = 13 transition 
protonium has a wavelength 4 = 1217-8 A which is close — 
to the Lyman-«*line in hydrogen. The wavelengths for 
muonium differ from the corresponding values for hy- 
drogen by just a few Angstroms. Pa : 

If only hydrogen-like spectra from a quasar were to be 
observed it woul] be possible to confuse À 
hydrogen. It could be said, forgexamp 






























atoms. ‘These are well known* and well understc od? for 
positronium, maomium and hydrogen and are listed in 
Table 2. eS 


Table 2. GROUND STATE HYPERFINE Splir FREQUENCIES ANP WAVELEN 
FOS SEVERAL HYDROGEN-LIKE ATOMS me 


Positronium Muonium Hydrogen zi 
y = 20337 x 10°Mc/s » = 4,463 Mo/s po 1,420 
A = 0147 em A =@72em hom ee 
It is natural to enquire whether cor jota mat os 


matter hydrogen-like atom will suffer annib: lation or 
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decay before radiation occurs. We have found that 
protonium in the n = 2 state will annihilate before the 
Lyman-« radiation takes place, using the approach of 
Bethe and Hamilton’. Consequently, we do not believe 
that the 1-32 A line of protonium can be observed. In 
all other cases the annihilation or decay lifetime is long 
compared with the radiative lifetime. 

N. A. Vlasov has estimated that there is a very small 
flux-—0-0054 photons/cm2/see/steradian at the top of our 
atmosphere—-due to hydrogen-like atoms like protonium. 
This means the detection problem can be solved only by 
using large apertures and long exposure times. Vlasov’s 
estimate may well be pessimistic in view of the observations 
of Giacconi et al.®, who report a soft X-ray flux of 5 
photons/cm?/sec!/steradian from a source near the galactic 
centre. We believe this search is well worthwhile. Positive 
identification of an ambiplasma source of positronium, 
protonium, or muonium radiation would clearly open up 
new and exciting fields of spectroscopy and enrichen 
observational astronomy. 

We are grateful to Dr. Frederick R. West for his en- 
couragement and comments. 
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PLANETARY SCIENCE 


Implications of the Mariner IV Photography 
of Mars 


LEIGHTON eé al.' and Loomis? have recently provided brief 
assessments of various aspects of the Mariner IV photo- 
graphs of Mars. Their conclusions imply an almost 
universal acceptance at fke present time of the impact 
theory of lunar cratering. Loomis states “little disagree- 
ment remains that the Moon’s craters were formed by 
hypervelocity impact rather than volcanism”. I would 
suggest, however, that the facts do not justify this 
generalization. There is, on the contrary, a wide body of 
international opinion favouring endogenous—voleanic or 
quasi-voleanic—-causes for the development of the large 
lunar craters, and I myself hold such views?*4, 

The principal objection to the volegnic theory is posed 
by the question “Where have all the meteorites gone ?” 
But this objection is no more insurmountable than those 
which have been ranged against impact theory*?4. The 
truth is that there are valid objections to both theories, 
and the controversy is far from being resolved—contrary 
to Loomis’s statement. Gold® refers to the voleanic theory 
being abandoned “because a large amount of the detail 
could not be accommodated into it’. His arguments 
involve the assumption that the cratering is explosive, 
and that voleanism involves immense lava outpourings. 
“Neither is necessary. I have demonstrated that there is a 


è 
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good case for the alternate theory in the case of the 
Moon**, and that there is much detail irreconcilable with 
impact theory. I shall endeavour to show that th 
applies to the martian cratering. =o GoTo coo 

Certain modifications of the impact theory have be me 
popular, particularly since the successful Ranger project. 
Some modifications of the “all-out” impact theory were 
needed, and two have been suggested. The first involves a 
clear-cut separation of the large lunar craters into impact 
explosion craters (for example, Tycho and Copernicus) 
and caldera craters of voleanic origin (for example, 
Alphonsus and Ptolemeus). The second assumes consider- 
able secondary voleanic modification of initial impact 
explosion craters. Neither modification of the impact 
theory seems to have been taken beyond a vague state- 
ment, and it is doubtful if either would stand up to a 
rigorous analysis of the detailed relationships between 
craters and linear (tectonic) structures, and of the integral 
structure of the craters. To emphasize this point, in the 
case of the first modification I would refer the reader to a 
photograph published by Moore*, showing the craters 
Azarchel, Alphonsus and Ptolemeus. Can it be doubted 
that these three craters are broadly congenetie? Yet a 
comparison between Azarchel and Copernicus will reveal 
remarkable similarity. Both show high, terraced walls; 
depressed floor; a little disrupted outline; median sector 
graben structure corresponding to a ridging of the central 
peak. There is a complete gradation between lunar crater 
types, and no clear-cut separation into contrasting genetic 
types can be substantiated. The second modification of 
the impact theory cannot seriously be maintained because 






the rays clearly overprint everything else around the large _ Ba : 


rayed craters and this is fatal to any theory of secondary 
volcanic modification. Another answer will surely have to 
be found to explain the anomaly of caldera features in 
rayed craters such as Copernicus. 

Leighton et al.1 conclude that the martian craters, like 
those of the Moon, resemble impact craters on Earth, but 
this conclusion would be difficult to justify by detailed 
analysis. I believe that lunar craters do not closely 
resemble terrestrial impact explosion craters, but do 
closely resemble terrestrial volcano-tectonic craters’— 
calderas and surface cauldrons. Which particular ter- 
restrial impact explpsion craters are the lunar craters 
supposed to resemble? Leighton et al. have produced 
good statistical evidence for the congenesis of lunar and 
martian craters, but by no accepted standard of scientific 
evaluation could this be considered to be evidence for 
anything more. The unresolved controversy concerning 
the formation of craters has simply been extended to Mars 
by the Mariner IV probe. I do not doubt that the barren, 
cratered surface revealed by both these small planetary 
bodies reflects a shared fundamental cause: but I believe 
that what we are seeing is the surface reflexion of a 
primitive phase of quasi-voleanic activity (such as has 
been suggested by Fish, Goles and Anders in another 
context’), and that these surfaces have never progressed 
beyond this primitive state, lacking the more complicated 
internal and surface processes which have affected the 
Earth. 

The eleventh frame of the Mariner photographs (Figs. 
l and 2) shows a focal bright spot in the crater in the upper 
right-hand corner. Without doubt this is a central peak 
structure, such as has been recognized in other frames, and 
suggests that the phenomenon responsible for crater 
formation was endogenous rather than impact explosion. 
Such a structure has never been satisfactorily explained 
in terms of impact in the case of lunar craters: chance 
“bull’s eye”? strikes by other meteorites, rebound and 
isostatic adjustment are all untenable®. Of considerable 
significance are the perfectly formed scalloped facets in 
the walls of the crater shown near the top of the frame, 
left of centre. Previously, I had recognized a restricted 
development of such scalloped facets in the walls of lunar 
cratèrs (Clavius and Schiller, ref. 3), but I treated this 
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Fig. 1. Mariner IV Frame 11 (by permission of the National Aeronaytics 
and Space Administration). a 270 miles; North—South 240 
es. 





Fig. 2. Tracing of Fig. 1, in which A represents the bright spot at the 

crater focus, B, the e scale step-faulted zone of the largest crater, 

and C, the section of wall of the largest crater which is either obscured or 
not developed. 


evidence with some reserve. The martian scalloping, 
however, is so perfect that it must be regarded as 
important evidence. 

Many terrestrial subsidence calderas of voleano—tectonic 
origin show scalloped facets in their walls", and among the 
better known examples are Krakatau, Aso, Crater Lake, 
Santorin and Menengai**. While the exact origin of this 
phenomenon is debatable, such a structure has not been 
found developed to any significant degree in any crater 
produced by eviscerating explosion. My inference? of a 
subsidence origin for the Trou au Natron crater, Tibesti, 
was based entirely on this feature—contrary to an oppos- 
ing interpretation. (Recently, in a personal communica- 
tion, Prof. H. Tazieff has confirmed this view.) I therefore 
take pronounced scalloping of crater walls to be a valid 
indication of voleano—tectonic subsidence. 

Sealloping is also evident in the walls of the largest of 
all the known martian craters, and in the two smaller 
craters sited within it (Figs. 1 and 2). (Since this com- 
munication was first prepared, Fielder’? has commented 
on this scalloping.) Not only is simple scalloping evielent 
in the walls of the largest crater, but also giant scalloped 
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steps, which can only reflect step-faulting on an immense 
seale. Scalloping is also evident in the walls of the erater 
showing the bright focal spot already mentioned. 

Scalloping seems to be emphasized in the case of the 
martian craters, and not very conspicuous in the case of the 
lunar craters. The walls of martian craters tend to be less 
complicated by limear fractures and thus exhibit more 
circular outlines. Such divergences in cratering style 
from the surface of one planetary body to that of another 
are to be expectec with endogenous cratering—eruptive 
processes are very Lexible. It may be questioned, however, 
whether such marked disparity is likely to develop 
between craters on two separate planetary surfaces by the 
agency of the much less flexible process of impact 
explosion. But then it is difficult to see how scalloped 
facets could be developed in the walls of impact explosion 
craters at all! 

Loomis? refers to the obscuration of a section of the 
walls of the large crater shown in Fig. 1. Obscuration by 
superimposed voleanics is also possible—this has actually 
occurred in the cass of the outer caldera of Suswa voleano, 
Kenya". I prefer, however, yet another possible alterna- 
tive explanation—that the ring fracture was simply 
incompletely developed in the first place. Terrestrial 
caldera walls, anc annular fractures in ring-complexes 
are by no means always entire, and most calderas show 
unequal displacement downwards of the floor. This large 
crater is, I believe a surface cauldron of subsidence. 


G. J. H. MoCALL 
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Theory ‘of some, Quiet Magnetospheric 
Phenomena related to the Geomagnetic Tail 


THs is an outline of a theory which correlates four quiet 
aeronomic phenamena—(1) the ionized plasma in the 
geomagnetic fielc, particularly the tail; (2) the main- 
tenance of the pclar F region,® winter; (3) type A red 
polar cap aurora and (4) some aspects of the scattering 
of solar Lyman a pha radiation (La) into the night sky. 

Briefly, the theery is that a very small fraction (generally 
<1 per cent) of the solar wind plasma impinging on to the 
geomagnetic fielc diffuses into it at times of magnetic 
quiet. The plasma helps to form the geomagnetic tail. 
In the outer geomagnetic field (B) the plasma cools and 
heat is conductec away along B to the polar ionosphere. 
The cooled plasma contributes t the gravitational dif- 
fusive equilibrium istribution along B and thus to the 
polar F region ionosphere. Sufficient heat is given to the 
F region electrons of the polar ionosphere to generate 
red auroral glow ever the polar caps by thermal excitation 
of atomic oxygen In asteatly state, the capture of proton— 
electron pairs from the solar wind is balanced by the ejec- 
tion of hydrogen atoms frem the outer atmosphere of the 
Earth. This is achieved by charge exchange between 
protons moving faster than escape velocity and hydrogen 
atoms. The essaping hydrogen atoms provide inter- 
planetary centres for scattering of solar La into the night 
sky. ° 
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The physical quantities used in what follows to illustrate 
the theory mostly apply to conditions at sunspot minimum 
and to magnetically quiet times. 

The plasma in the outer geomagnetic field consists of 
a thermal part comprising electrons and protons of energy 
5-7 eV and density ~ 5-20 cm, and at least two non- 
thermal parts comprising electrons at 22 eV, and protons 
at 350 eV, respectively, both at a density of ~ 1-2 cm. 
(The actual numbers are taken from the work of Sagalyn 
and Smiddy?.) It is supposed that at least the non-thermal 
parts diffuse into the geomagnetic field from the solar 
wind. This assumption is necessary for the part of the 
theory concerned with the maintenance of the F region, 
but is not essential for the theory of the red arcs as such 
or of the aspects of La. Non-thermal plasma has also been 
observed in the outer geomagnetic field by Gringauz 
et al.? and Serbu’. The energy density of the plasma is in 
the range 6-14 x 10-° ergs em’. This is the same as in 
a magnetic field of strength 12-19x10- gauss. It is 
therefore of the correct magnitude to contribute sig- 
nificantly to the formation of the observed geomagnetic 
tails, 

The polar region is considered to be connected to the 
_ geomagnetic tailt. In the cooling of the plasma in this 
_ tail, the cooled particles contribute to the thermal electron 
_ content of the tube of force and fall into the polar atmo- 
_ sphere where they contribute ionization to the F region. 
_ The rate at which the tail provides this ionization is 


F max) = Lin's (tse)? Br Br L em sec-! (1) 
€ 


_ where n'e represents the density of a component (e) of 
_ non-thermal plasma, t’se the slowing down time of this 
_ component in the thermal plasma, Br the geomagnetic 
_ field at polar cap, Br the magnetic field in tail, and L the 
: characteristic length of geomagnetic tail. 

_ Consider the maximum contribution to F by non- 
_ thermal electrons. Put me = 1-2 em-, t'se 5x 105 ne 
_ Sec, where ne, the thermal electron density, is 5-20 cm, B 
0-6 gauss, Br is 10-30 x 10-* gauss, L æ 30 Earth radii 
| (Re) (ref. 4). Jy is found that 


75x10? < 7 < 1-5 10° cm- see- (2) 


m 


These fluxes are large and it can be shown theoretically 5 
that a substantial polar F region can be maintained by 
them. In particular, assuming a recombination coefficient 
of about 5x 10-5 sec-! at 300 km, a maximum electron 
density of 0-25-5 x 105 em-* can be sugfained at altitudes 
of 300-400 km. The upper limit of the flux (#) may be 
lowered somewhat by consideration of the next section. 

_ The high red polar cap aurora can be attributed partly 
_to dissociative recombination of F region electrons and 
partly to thermal excitation of atomic oxygen by F region 
electrons. The latter is tie same hypothesis as was used 
earlier for the stable auroral red are which is reported in 
middie latitudes during geomagnetic storms*. If the 
red glow at wavelengths of 6300 and 6364 A resulted 
entirely from thermal excitation by F region electrons, 
the ratio of the intensities I (6300)/1(5577) would be very 
large and >50. If the red resulted entirely from re- 
combination, then I(6300)/1(5577) œ 4. Although the 
ratio is frequently very large™!, sometimes it is small?. 
When the index of lécal magnetic disturbance (K) is 
zero, 1(5577) is not increased’ above its value at middle 
latitudes where it is predominantly influenced by some 
photochemical process at the height of the lowest E region. 
Photometric measurements show that on one occasion in 
a polar cap are I(6300) ~ 1,000 R (where R = 10° 
photons cm- vertical column sec-') while [(5577) < 100 R 
(ref. 8). On the basis of reeombmation, the latter intensity 
puts, an upper limit of about 5x 108 cm-* sec- on F. 
This limit would be decreased if allowance were made 
for generation of some light at a wave-length of 5577 A— 
in this case in the E region by some photochemical 
process. The considerations applied to existing observa- 
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tions suggest that 108 em- sec-! is a reasonable order of 
magnitude estimate of the average value of F but that it 
may extend over the values given in relation {2). | 

We shall now assume that the red polar cap glow 
is due dominantly to thermal excitation by F region 
electrons. It should be noted, however, that the ares near 
the auroral zone are considered to be caused pre- 
dominantly by corpuscular bombardment by electrons 
of energy 1-10 keV and only partly by the thermal 
excitation. This discussion is intended to account for the 
K = 0 type of regime found by Sanford’ (see his Fig. 8) in 
which green ares at the auroral zone apparently do not 
exist. 

The height integrated cooling rate (®) of the electrons 
in the red polar aurora’:* can be found by the theory 
given elsewhere®. Knowing the intensity of the aurora, 
the electron temperature can be found and thus also ®. 
I have found that ® is matched by the integrated cooling 
rate of non-thermal particles in the tail which is 


F = in’, E'e (Cse) Br Bro L ergs em~ sec! (3) 
č 


where K’. is a representative energy of a non-thermal 
component (c). Again non-thermal electrons contribute 
most to F and we find, using the parameters following 
equation (1), 


1x10 5 F < 3x 10-1 ergs em sec 


These values of F span those of ®. Heat conduction is 
invoked to transport the heat from the geomagnetic tail 
to the polar ionosphere. 

Although the accumulation of hydrogen at rates given 
by relation (2) usually represents far less than 1 per cent 
of the solar wind flux impacting on the geomagnetic field, 
it represents a significant rate of accumulation for the 
Earth. Integrated over both polar caps the fluxes are 
from 23x10% to 46x10% sec? Averaged over the 
Earth, these fluxes become 5 x 10%—1 x 108 cm- see“! On 
their own these fluxes would change the amount of hydro- 
gen in the atmosphere above 100 km by a factor 2 in 
10°-10° sec. This is unacceptable. Given that the hydro- 
gen does not combine with oxygen and descend into the 
oceans, an equal amgunt of it must escape from the Earth. 
This can be achieved by charge exchange of magneto- 
spheric plasma with hydrogen atoms in the outer atmo- 
sphere. The protons in the outer atmosphere are relatively 
energetic, and have energies of from 1 eV to 5 eV (refs. 1 
and 9). If these protons could only be made neutral by 
charge exchange they would have sufficient energy to 
escape. The rate of charge exchange is given by 


F (H+) n(H) Vo (H+ in H) (4) 


where F (H+) is the flux of H+, o (H+ in H) the charge 
exchange cross-section of H+ in H, n(H) the density of 
hydrogen atoms, V the volume of space in which charge 
exchange takes place. Between 2 Rg and 6 Rg altitude, 
the flux of protons is 10*-10'° cm- see (ref. 1), o = 
5x 10-% em (ref. 10), Vw 2x10 em3, A flux of 
ox 10°6 sec-? hydrogen atoms out of the gravitational 
field wouéd require n(H) œ 50-500 cm~, Johnson! con- 
siders that this is the concentration of hydrogen atoms 
which does exist at sunspot minimum between 2 Rg and 
6 fz, although his argument does not take into account 
the charge exchange process considered here. The hydro- 
gen escaping from the Earth consists of an amount 
approximately equal to the capture rate of proton— 
electron pairs from the solar wind together with the rate of 
thermal escape. Outside the shadow of the Earth these 
hydrogen atoms can scatter solar La into the night sky. 
The flux required to account for a significant background 
of intensity of night La is, for example, on one model’? 
of the order of 108 cm-* see- Charge exchange appears 
capable of accounting for fluxes of this order of mag- 
nitue. Moreover, about 15 per cent of the La of the 
night sky requires interplanetary hydrogen atoms with 
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energy in excess of about 1 eV (ref. 13) for its explanation. 
Clearly, these hydrogen atoms may come from the geo- 
magnetic source suggested here, although an alternative 
has been suggested’, 

The theory is compatible with and constrained by sun- 
spot minimum observations of geomagnetic plasma, red 
aurora, and electron densities in the polar cap F region, 
and night La. Although the four phenomena are con- 
sistent on an order of magnitude basis, the theory calls 
for better measurements of the parameters involved. 
There will be further tests of it when measurements 
appropriate to sunspot maximum conditions and geomag- 
netic quiet are available. 

This research was carried out with a grant from the 
National Science Foundation. 
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Temperature Conditions of Salt Dome 
Intrusions 


In discussing the effect of temperature on salt dome in- 
trusions, Dr. W. C. Gussow! quoted the example of salt 
domes in Iran, and implied not only that raised tempera- 
tures are necessary for inception of salt (halite) intrusion 
at depth, but that they must also be involved in the 
movement of salt glaciers at the surface. 

Temperatures of the order required are well attested 
at depth by the kind of data quoted, and also by alteration 
of exotic blocks of igneous and other rocks in the salt in 
Tran, and by metasomatism and pneumatolytic action 
elsewhere, as in Arctic Canada’. O’Brien‘ believes 
movement to be begun by igneous intrusion, but this 
hypothesis has not been accepted as generally applicable*®®. 
Once large salt bodies have started moving, however, 
they remain mobile at shallow depths where temperatures 
are demonstrably far lower than the 200° C which Gussow 
regards as the limit for flow, and their movemefhit can be 
traced. by stratigraphical anomalies in the rocks through 
which they are forced. There is ample evidence of shallow 
movement of plugs during sedimentation, and of their 
oceasional temporary emergence at the surface. Recent 
work has emphasized that the upper part of a plug is not 
intruded as an inert piston, but that it changes its shape 
in response to varying stresses while still moving through 
relatively shallow overburden’. 

The active surface salt plugs and salt glaciers of Iran, 
however, demonstrate most clearly that salt flow oceurs 
at nearly normal temperatures. The climate of southern 
Tran is arid but nevertheless has a measurable rainfall, 
and there are numerous examples to show that if intrusion 
ceases the dome begins to dissolve, and eventually 
becomes a thickly detritus-cloaked mountain, or even an 
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empty crater®®9, There has never been any doubt that. 
salt mountains suca as Kuh-i-Namak, near Bushire, owe 
their elevation (in shat case 4,000 ft. above the adjacent 
plain level) to salt extrusion continuing to the present 
day. There is no taick mantle of detritus; the salt flanks 
are precipitous and salt avalanches are recorded. But this 
salt is not hot, nor is that of the salt glaciers, contrary to 
Gussow’s implicatoon. The glaciers are related to the 
modern topograpky and may show surface flow lines 
similar to those of ice glaciers. They demonstrably waste 
by solution so that like melting ice tongues) they attenuate 
distally and term.nate as thin salt layers sandwiched 
between “moraines” of insoluble matter. Solution, soil 
creep and rainwasa as well as glacier movement are con- 
tinually active in moving the salt and its clastic content 
downhill; it is only by the continuing feed from the active 
dome above that their precipitous unstable slopes are 
maintained, All this takes place at temperatures which in 
summer may reach 46° C, but which are unlikely to be 
significantly higher. 

Whether solid fow or the development of shear planes 
is the dominant cement in salt movement has not been 
established, but it is abundantly clear that movement 
does take place at the temperatures occurring both 
at shallow depths and at the surface in tropical climates. 


P. E. KENT 
The British Petroeum Co., Ltd., 
London, E.C.2. 
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Possible Relationships between Continental > 
and Oceanic Basalt and Kimberlite = — 
Basaitic rocks conform to two standard compositions— 
alkali-basalt or toioleiitic basalt. Both types of magma. 
occur in continemtal as well as in oceanic areas’, but 
tholeiitic basalts are much more abundant than alkali- 
basalts. For exemple, the voleanoes of Hawai were 
shown to consist largely of tholeiitic basalts with only a 
very thin cap of alkali-basaltic rocks’. The same holds 
for the volcanic rocks of the Mid-Atlantic Ridge’. In 
continental areas, the amountg of alkali-basaltie rocks 
are likewise very small in comparison with tholeiitie rocks. 
Most authors agree that the origin of basaltic magmas 
must be attributed to some process of differential melting 
of peridotitic roexs in the upper mantle. To reach the 
required temperasure, convection currents in the mantle 
are invoked by several authors?. The origin of alkalic 
and tholeiitic basalts is controversial. Yoder and Tilley’s 
experiments* indicate that at pressures of more than 
19 kbars, corres.onding to a depth of more than 60 
km, crystallization ef basaltic magma produces a “high- 
pressure’ mineralogy, that is pyrope and omphacite 
instead of plagieclase and augite. Settling of garnet, 
observed in some of their experiments, would yield a | 
residual liquid enriched in glkalis. At depths greater than — | 
60 km, gravitaticnal separation of pyrope crystals froma. 
tholeiitic basalt magma might thus produce. res 
magmas of alkali-basalti¢é compositions. Similar- 
have been expressed by Evans and Holmes and H 
As a source ef basaltic magmas, Yoder an ey 
suggest widespread occurrence of garnet peridotite in the 
upper mantle. Æ more likely hypothesis, in my opinion, 
has recently been put forward by De Roever’, based on 


























1368 


ideas of Bernal*, and experimental work by Ringwood?-?8, 
According to Ringwood, it is plausible that at very high 
pressures, equivalent to depths exceeding 1,000 km, 
forsteritic olivine will no longer be stable and will trans- 
form into a magnesium and silicon-rich spinel of higher 
density. This cubic “olivine” would be capable of dis- 
solving considerable quantities of foreign elements in 
solid solution in its crystal lattice, for example, chromium, 
aluminium, calcium, sodium and volatiles. De Roever 
suggested that basaltic magma might originate as the 
fluid by-product of the decay of this spinel into forsteritic 
olivine, enstatite, chrome-diopside and chrome-spinel in 
the rising parts of convection cells in the mantle. Squeezing 
out and coalescence of the interstitial magma droplets 
formed in this way would produce magma pockets in the 
mantle that would, under favourable conditions, give rise 
to basaltic volcanism. It is possible that this magma 
might be of tholeiitie composition. 

There is a similarity, in the type of basaltic voleanism 
observed in continental shield areas such as those of 
northern Siberia and southern Africa, and in the oceanic 
areas of Hawaii and the Mid-Atlantic Ridge. This re- 
resemblance may well indicate a similar origin of basalt 
voleanics in both environments. In continental shield 
areas as well as in oceanic areas, the volcanism of alkali- 
basaltic type is preceded by a long period of voleanism 
of tholeiitic basalts. The tholeiitic type of volcanism is 
characterized by a quiet and fairly continuous outpouring 
or intrusion of very large quantities of uniform tholeiitic 
basalts and, to a lesser extent, of tholeiitic differentiates. 
In the voleanic area of Hawaii, the initial tholeiitic basalt 
voleanism is gradually decreasing, and changin g into a 
volcanism of alkali-basaltie type. This is of explosive, 
discontinuous and much less uniform character, com- 
prising true alkali-basalts, melilite basalts, nepheline 
basalts, ete. The alkali-basaltie rocks are also charac- 
terized by peridotitic and occasionally eclogitic xenoliths. 
Many authors have argued that these xenoliths represent 


parts of the upper mantle'-**. So far as I am aware® 


peridotitic or eclogitic upper mantle xenoliths are absent 
in tholeiitie ba&alts. This may be attributed to the non- 
explosive character of the tholeiitic basalt volcanism, 
making transport of xenoliths out of the mantle impossible. 

In the continental shield areas of southern Africa and 
northern Siberia, there is a similar early period of tholeiitic 
voleanism which is devoid of peridotitic and eclogitic 
xenoliths, and which is followed by alkali-basalt volea- 
nism. Here, however, there is a very long period between 
the end of the tholeiitic volcanism and the beginning of a 
peculiar type of alkali-basalt volcanism. For example, in 
southern Africa the intrusion of the tholeiitic “Karroo 
dolerites ceases in Lower Jurassic time, whereas it is not 
before Upper Cretaceous time that new volcanism starts: 
the highly explosive kiimberlite volcanism. Similar 
relations are found in the shield area of northern Siberia. 
In this area, there is a gap from Upper Trias to Lower 
Cretaceous time between the end of the outpouring of the 
tholeiitic trapbasalts and the beginning of kimberlite 
volcanism. 

Explosive kimberlite voleanism is an initial, extremely 
gas-rich phase of alkali-basalt volcanism, comparable 
with Maar-type voleanism™*:5, in which the alkali- 
basaltic magma is obviously obscured*by large quantities 
of upper-mantle xenoliths and fragments of the crust2*.27, 
Both types of xenoliths are often disintegrated into loose 
crystals. Most xenoliths are of peridotitic composition. 
As in the oceanic alkali-basaéts, eclogitie xenoliths are 
much less abundant. According to several authors?*??, 
melilite basalt is the magmaticg component. 

The possible genetic connexion between kimberlite 
vole&nism and an older period of tholeiitic basalt volca- 
nism had been put forward as early as 1920 by Du Toit*, 
and seems to be accepted by many Russian authors?®:*, 
As was stated by Du Toit: “It may even be suggested 
that this younger eruptive phase has been derived from 


NATURE 


SEPTEMBER 24, 1966 vor. zii 


the ultrabasic differentiate from the dolerite magma, still 
remaining in the suberustal reservoir... .”’ 

After the short kimberlite phase, the alkali-basalt 
volcanism seems to have acquired a less gas-rich and less 
explosive character. The amounts of xenocrysts and 
xenoliths decrease and the nature of the magmatic 
component becomes more conspicuous: melilite basalts, 
nepheline basalts, etc. These rocks also form pipes and © 
dykes, possibly by the expulsion of older kimberlite 
fillings’, Apparently, after the explosive epening of 
escape ways for the magma from the upper mantle to the 
surface, a more quiet outpouring of magma can take place. 
In many Maar-type volcanoes of the kimberlite phase, 
however, volcanism ceases, except for post-voleanic action 
causing calcification, serpentinization, ete. 

The origin of tholeiitic basalt is thought to be con- 
nected with the rising convection currents in the mantle. 
In the areas where rising currents approach the Earth’s 
surface, strong tensile stresses and heat-flow will affect 
the crust and upper mantle, giving favourable conditions 
for the magma to reach the surface. 

If a genetic connexion between alkali-basalt. volcanism 
and the older tholeiitic basalt volcanism is accepted 
(in shield areas tholeiitic basalt voleanism being very much 
older), it is plausible that, at the termination of a convec- 
tive mantle current, pockets of tholeiitic magma remain in 
the upper mantle. These magma pockets cool slowly 
and this is especially so under continental skield areas 
because of the higher production of radiogenic heat in the 
overlying crustal material. At depths greater than 60 km 
they consolidate to form high-pressure minerals. Variations 
in temperature, pressure, form and volurne of the magma 
reservoirs may cause alkali restmelts of widely varying 
compositions to develop and also possibly carbonatitie 
magmas. Excessive vapour pressures may build up in the 
reservoirs of consolidating magma. Under continental 
shield areas, this may give rise under favourable condi- 
tions—for instance, renewed movements in the mantle 
yielding deep fault zones from the upper mantle through 
the crust—to explosive ejection of the rest magmas, that 
is kimberlite volcanism. These explosions cause fragments 
of crust and upper mantle to be ejected with the magma. 
It seems feasible thit the most forceful explosions and 
very rapid transport of mantle material through the crust 
cause diamonds to be brought to the surface, “frozen” 
in the high-pressure carbon modification. 

Oceanic regions will require a much shorter period than 
continental shield areas for the upper mantle to cool 
after the termination of a convection eurrent. Conse- 
quently, differentiation of tholeiitic magma portions in 
the upper mantle into residual melts of alkali-basaltic 
compositions should be a much more rapid process. 
Escape of alkali-basaltie magma through the relatively 
thin crust is also much easier. Explosions of the kimber- 
litic type apparently do not occur under these conditions, 
and transport of upper-mantle xenoliths by the outpouring 
magmas is also relatively rare. Diamonds evidently do 
not survive a relatively slow ascent to the surface in a hot 
magma. e 

If the conditions favourable for escape of the magma 
to the surface do not occur, the magma pockets in the 
upper mantle will finally consolidate to form eclogitic 
rocks or, at a depth less than about 60 km, gabbroic rocks. 
Only relatively small masses of eclogitic rock should 
therefore be present in a mainly peridotitic upper mantle. 
This is in accordance with the relative rarity in alkali- 
basalts of eclogitic xenoliths, compared with peridotitic 
xenoliths, Similarly, only relatively thin lenses and bands 


of eclogitic compositions are present in alpine-type 
peridotite masses, which may be considered to represent 


the best samples available from the Earth’s upper mantle. 

I thank Dr. H. N. A. Priem for helpful suggestions and 
discussions and for critically reading the manuscript. 
This work forms part of the research programme of the 
“Stichting voor Isotopen-Geologisch Onderzoek”, sup- 
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Low Spin Ferrous Iron in the Iron_ Silicate 
7 i Deerite 


AGRELL' recently found a group of ngw minerals occurring 
in ferruginous cherts metamorphosed under conditions 
of the glaucophane—lawsonite schist facies. This meta- 
morphic environment is characterized by a combination 
of pressures near 10 kbar and temperatures in the range 
200°-300° C. The partial pressure of water must be high. 
High-pressure phases such as jadeite, lawsonite, omphacite 
and aragonite are found in related rocks. Deerite, one of 
the new minerals, is essentially a hydrated ferrous-ferric 
silicate. The mineral is almost opaque to visible radiation 
and this property suggested that the magnetic behaviour 
might be of interest. 

Deerite was separated from a sample from the type 
locality, Laytonville, California. The chemical analysis is 
listed below in Table 1. The formula is appproximately 
Fe?,;Fe?,Si,,0,,(0H),, with minor substitution of titanium 
and aluminium for ferric iron and manganese for ferrous 
iron. ~ ° 

-The inverse magnetic susceptibility is shown as a 
function of temperature in the range 80°-300° K in Fig. 1. 
‘The susceptibility is independent of field strength between 
2,500 and 6,500 G over the temperature range studied. 
But the marked deviation from Curie-Weiss law behaviour 
suggests that ferromagnetism might be observed at lower 
temperatures. It is hard to suggest an alternative explana- 
tion for the temperature dependence of the susceptibility 
but some field dependence would be expected at lower 
temperatures if the system is ferromagnetic. 

The observed susceptibility per formula unit (that is, 


J ` -20 iron atoms), corrected for diamagnetic components, is 
447,700 x 10-* ¢.g.s. units at 205° K. 
ae ceptibilities for various configurations are summarized 


‘Expected sus- 
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Table 1 


Formula based on = 
Chemixal analysis 55 oxygen atoms. ie et 


SiO; 
Ti 


gh 0-10. 
Total 99-79 


Table 2. 


High spin, octahed:al es 
Low spin, octahedral 
High spin, tetrahecral 


15,750 
245,000 


14,700 


10,200. 
2,250 i 


11,000: 


in Table 2 and nc high spin arrangement will account for 
the observed sus¢eptibility. __ e 

As there is no evidence for antiferromagnetie behaviour, 
it may be concluded that some of the ions present are in 
a low spin configuration. It has been suggested? that 
ferrous ions will assume a low spin configuration at lower 
ligand field strength than ferrie ions. This assumption 
would suggest thet of the thirteen ferrous ions about four 
are in the high spin configuration, perhaps due to a | 
distribution between octahedral and tetrahedral sites. 
This must be considered an approximation and further = _ 
refinement would require knowledge of the crystal struc- < 
ture. It seems certain that a range of sites for the M°? 
cations will be found in the structure. | 








150 200 250 300 


Temperature (° K) 


100 


_Temperatuse dependence of inverse susceptibility of deerite. 
Units shown correspond to observed pull on the sample. 
e Pe 


Fig. 1. 


Deerite is a moderately dense substance in the sense — 
that reactions between silicages and oxides leading to — 
deerite indicate a large negative volume change. This | 
would be expected on the basis of a small low spin ferrous 
ion. It is also possible that m interaction is enhanced 
with shorter bond distances and may account partly for 
the anomalous optical properties. The magnetic properties 
show that low spin ferrous iron in oxygen co-ordination 
does not require xtreme pressures and leaves little doubt 
that olivine or spinel phases in the mantle of the Earth 
will contain iron in this diamagnétic state as previously 
suggested’. 7 





I. 8. E. CARMICHAEL | 
Department of Geology, a 
University of Caifornia, Berkeley. 





Department of Geology, * es a 
University of Memchester, 9 


| Agrell, S. O., Brown, M. G., and MeKie, D., Amer. Mineral., 80, 278 (1965) 
? Griffith, J. 8., and Orgel, L. E., Quart. Rev. Chem. Sot 11, 381 (1957) 
* Fyfe, W. 8., Geochine. Cosmochim. Acta, 19, 141 (1960). 










1390 


ENGINEERING 


Effect of Polymer Additives on Boundary 
Layer Separation and Drag of Submerged 
Bodies 


THIs communication describes a simple experiment which 
demonstrates that in some circumstances the use of 
polymer additives can increase drag owing to a change in 
the position of boundary layer separation which results in 
a change of wake size and thus form drag. 

Recently, there has been considerable interest in the 
turbulence damping properties of certain long chain 
polymers when dissolved in water. It has been found that 
very small traces in solution can reduce turbulent friction 
by a very significant amount and drag reductions of more 
than 50 per cent are possible by the addition of just a few 
parts per million by weight of the polymer'?::. 

The large drag reduction produced by these visco- 
elastic polymer solutions is being considered for practical 
application in many fields. The effect has already been 
made use of in certain aspects of oil field technology and 
experiments are at present being carried out with the view 
of using it in marine technology? in the testing of ship 
models‘, 

If we consider flow around a submerged surface, flow 
separation is likely in a region of adverse pressure gradient 
and the point of separation will depend on whether the 
boundary layer is laminar or turbulent—the separation 
point being nearer to the leading edge with a laminar 
boundary layer. 

For this experiment a conerete sphere 7-75 in. in diameter 
was dropped into a ‘Perspex’ sided tank which contained 
either water or dilute poly (ethylene oxide) solution 
(‘Polyox’ W.S.R. 301), and the wake pattern was recor- 
ded by high speed ciné photography. A comparison of 
the drag coefficients has also been obtained by analysis of 
the film record. 

The sphere was first made hydrodynamically smooth by 
careful rubbing down and painting and was then dropped 
into water from a suitable height so that the average 
Reynolds number was just below the critical value 
(oe Vd/1<2x 105). The wake is shown in Fig. 1, which 
indicates a laminar boundary layer with characteristic 
early separation. 

The front of the sphere was then roughened by glueing 
on a patch of sand, and the sphere was again dropped into 
the water from the same height. Fig. 2 shows the wake 
pattern from this test which exhibits agmuch later separa- 
tion point caused by the turbulent boundary layer. The 
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drag coefficient was about half the value found from the 
previous test. These results are well known and are 
described in any standard fluid dynamics text®, 

For the third test the roughened sphere was dropped 
into a solution of ‘Polyox’ (60 parts per million by 
weight). Fig. 3 shows that the polymer additive has 
suppressed turbulence in the boundary layer and caused 
the separation point to move forward again with a resulting 
increase in form drag. The drag coefficient was about the 
same as for the first test. 

It is therefore seen from this rather basic experiment 
that although polymer addition can significantly reduce 
skin friction, the effect can in certain circumstances be 
more than offset by an increase in form drag caused by a 
change in the separation point and wake size. 

The effect was anticipated by Gadd’ and could lead to 
difficulties with tests of ship models in polymer solution. 
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Particle Migration in Cone-plate Viscometry 
of Suspensions 


VISCOMETERS with a cone and plate configuration are 
often used for viscosity measurements on non-Newtonian 
fluids, and for suspensions provided that a particle cone 
truncated near its open end is used. In the latter case it 
has been assumed that radial motion of particles occurs 
too slowly to affect the accuracy of the measurements 
involved. 

Recently, however, while investigating the behaviour 
of suspensions of spherical particles in certain non- 
Newtonian fluids using a cone and plate viscometer, 
rapid radial migration of the suspended solids was ob- 
served at low cone speeds (up to 40 r.p.m. corresponding 
to a shear rate of 184 sec-1). Significant migration was 
observed after shearing for only 5 min whereas centrifugal 
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Fig. 1. Suspensions of ‘Kallodoc’ in: A and B, a Newtonian fluid, ‘Rheoplex 200", before and.after shearing for 30 min, C and D, 
in a non-Newtonian fluid with only small normal stress effects, 3 per cent sodium-carboxy-methy! cellulose in water, before and 


after shearing for 30 min. E and 


F. in a non-Newtonian fluid producing large normal stress effects, a 10 per cent solution of 


poly-iso-butylene in ‘Tetralin’, before and after shearing for only 5 min, 


forces would require many hours to produce comparable 
effects. 

The apparatus used was a Ferranti-Shirley cone and 
plate viscometer with a particle cone 2 cm in radius and 
of 0-0228 radians gap angle. The instrument was modified 
to accept a glass prism in place of the lower instrument 
plate so that observations of the distribution of particles 
were possible during shearing. 

Fig. 1 shows the comparative effe®ts of shearing sus- 
pensions of ‘Kallodoc’ spheres, about 100 diameter, in 
three media at 138 sec~?. The extended periods of shearing 
produced only minimal effects oa the distribution of 
particles present in the control experiments, while in the 
poly-iso-butylene a marked clearance of the cone area is 
apparent. 

Numerous tests* on the poly-iso-butylene solution 
indicated certain general features of the phenomenon. 
First the particles, initially at a uniform concentration of 
9 per cent by volume, fell into distinct circular rings of 
high particle density (~25 per cent by volume) within 
seconds of the start of the shearing motion. Second, 
the whole particle population (whether free or in the rings) 
migrated towards the outer edge of the cone at a rate 
which increased with the rate of shear resulting in com- 
plete clearance of the cone area within 20 min at 30 r.p.m. 
(134 sec-!). Finally, in control experiments using ‘Rheo- 
plex’ and sodium-carboxy-methyl-cellulose no appreciable 
clearance resulted during long periods of shearing (up 
to 60 min), thus directly eliminating centrifugal effects, 
or non-linearity of the flow curve, as a primary cause of 
this phenomenon. 

A theory for the overall radial migration of the particles 
has been developed in terms of the effect on a single 

ae 
particle of the normal stress gradient m 


\ 


<a) re 
7 } present Ith 


a cone and plate system during the shearing of a normal 


stress producing material such as poly-iso-butylene 


solution®. This approach led to a successful prediction of 


the overall clearance time and its dependence on the rate 


of shear; however. the mode of formation of the rings 
remains obscure, aad is not accounted for by the present 
theory. 

The effect of the migration of particles was to produce 
£ fall in the measured value of the apparent viscosity 
of the suspension ty up to 10 per cent of itg initial value, 
in the first momeats of shearing at a constant rate of 
shear. The pure lutions used as the liquid phases in 
this work did not exhibit any such change of apparent 
viscosity with time of shearing and the entire effect 
resulted from particle motion. 

Many materials with complex rheological properties 
show a similar drop in apparent viscosity (at a constant 
rate of shear) duriag the first moments of shearing. For 
this reason, in wors which involves suspensions and cone 
and plate measurir g systems it is essential to distinguish 
between* changes n apparent viscosity resulting from 
transient effects in the base fluid and a re-distribution of 


the suspended solids. 2 


D. HIGHGATE 


Department of Physics, 

Battersea College cf Technology, 

London, 5.W.11. 

‘McKennel, R., in Instrument Manual, third ed., section XI (United Trade 
Press, London, 196%). 

* Highgate, D. J., thesis, Univ. London (1966). 

* Jobling, A., and Roberts, J. E., in Rheology, Theory and Applications, 


edit. by Eirich, F. R »2 (Academic Press, New York, 1958). 


THE SOLID STATE 


Direct Solution of Organic Crystal Structures 
from Molecular Packing Considerations 


A LARGE body of iaformation on bond lengths and angles, 
and on intra- and inter-molecular contact distances thas 
been amassed. Because of this, and because high speed 
computers are ncw available, the solution of crystal 
structures without diffraction data (except for the 
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crystallographic constants of the unit cell) is an interesting 
‘challenge’. We wish to report some experience with a 
_ FORTRAN computer programme (SEARCH) turrently 
being developed» which has successfully tackled this 
task in several instances 

We define the model &f the generating unit (which as, 
for example, in centrosymmetrically paired carboxylic 
acids need not be identical with the asymmetric unit of 
the unit cell) by specifying its atomic co-ordinates in an 
orthogonal molecular system, Mi, preferably the system 
defined by the three principal axes of inertia of equally 
weighted atoms. The crystal structure is now defined by 
(a) the orientation of M; with respect to the unit cell 
edges, (6) the positiom in fractional co-ordinates (2 ,4,,29) 
of the origin of M; in the unit cell, aad (c) the space group 
symmetry elements operating on the generating unit. 
The orientation of the M: system in the unit cell may be 
conveniently defined by the use of three Eulerian angles 
(9,4,.0) specifying the rotation of M: with respect to 
another, auxiliary, orthogonal system ZL, fixed in the unit 
cell, ‘ 

By stepwise variation of the six parameters (24,%/5.29, 
o.%,0) and by applying the symmetry operations on the 
generating unit we derive a set of trial structures. An 
. acceptable solution is defined as a structure that involves 
C no inter-atomic contagt shorter than a preset minimum. 

| ¿ 


In order to reduce computations to reasonable dimen- 
sions, & sieving procedure was adopted which handles the 
entire molecule, rather than the atoms, as the funda- 
mental unit for contact calculations; the molecules 
are treated as rectangular parallelopipeds or ellipsoids. 
For an initial orientation, the molecule-to-moleculé 
contacts are computed between the generating unit and 
its translation-related neighbours in order of successive 
proximity to the former up to a preset radial distance 
determined by the dimensions of the unit. These distances 
depend solely on the orientation of the unit and not on 
the position (#»,Yo,2.) of its origin. An orientation is 
rejected if the interpenetration of the units for that 
orientation is deeper than a preset minimum. Rejection 
bypasses the scan of the (%,¥5,2,) parameters; if the 
orientation has passed this first coarse sieve, actual inter- 
atomic contacts are computed for atoms of translation- 
related units. An interatomic contact shorter than a 
preset value leads to rejection and to stepped changes of 
the angular settings. If the orientation has passed this 
second sieve, molecular contacts across other elements of 
symmetry are computed. Because these contacts are. 
dependent on (%»,%.2%9) & scan with stepped changes in 
these co-ordinates is executed. (Obvious restrictions by 
symmetry elements on space occupancy reduce the 
volume of the unit cell to be scanned.) If no position of 
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Table 1 Abe of PEERY No. of 
o n atoms 1n o : 
Compound a (A) b (A) c (A) B (°) Space meneratine! Enen aadi Agreement factor R§ 
z group unit iogumt P 

Dibenzoyldiimide \* 7°35 3 95 19 80 96 0 P2,/e 2 28 2jm 3 (ROL+ ALD): 0-080 
b-Methyl-cıs-cinnamie acid 16-49 74 751 98-8 P2,/n 4 38* 1 3 hkl): 0-068 
o-Methoxy-cis-cinnamic acid 11°97 10°71 7°29 93-5 P2,/a 4 46 i 8 hkO +hk1): 0:065 
ßb-(2-furyl)-trans-Acrylamiıde 9°87 23 76 5°84 — Pbea 8 84 2/m 3 RKO +hk1): 0 107 
cvs-frans-Muconie acid 5 65 7°03 6 09 — Prna2ı 4 16 1 5t (hkO+h00). 0-158 
o-Phthalaldehyde 7°49 13 21 6:78 — Prna2ı 4 16 1 5t (hkO). 0 107 
N-Phenylsydnone 22°06 375 9 58 103 2 P2,/a 4 17 1 6 HoD 0-174 
9-Methyl-anthracene 8:91 14 63 8 06 96 6 P2,/e 4 28* mm 6 hkO + hk1 4- OK 4+-1k1)* (0-065 


* Hydrogen atoms of the methyl group omitted. 


{ Limited precession around the normal to the very strongly reflecting (001) plane. 
t Limited precession around the normal to the very strongly reflecting (201) plane. 


§ After least-squares refinement. 


the molecular centre survives this sieve the orientation 
of the generation unit is changed, and the programme 
repeats the cycle described. Alternatively, all inter- 
atomic contacts are computed. The parameters of a 
structure model, resulting from this final sieve, with 
contacts not less than the preset minima, are printed. 

The flowchart of the programme is shown in Fig. 1. 
The input consists of: (1) unit-cell information (cell 
constants, symmetry operations; definition of the 
auxiliary co-ordinate system L); (2) information on the 
generating unit (co-ordinates of all atoms, including hydro- 
gens, in the inertial system; dimensions of the molecylar 

envelope; (3) contact information (maximum molecular 
penetration; minimum interatomic distances); (4) para- 
meter information (intervals and ranges to be varied, the 
latter determined by the symmetries of the generating 
unit and of the unit cell*). Minimum interatomic distances 
are given for pairs of atoms rather than computed as 
sums of individual atomic radii so as to allow for contacts 
not necessarily of the van der Waals type, such as polar 
(hydrogen) or ionic bonding. The values to be used as 
preset contact minima are correlated with the degree of 
uncertainty in the assumed molecular model and with the 
size of intervals in the search parameters. Restrictions on 
molecular orientation other than those mentioned so 
far have been used in compounds crystallizing in unit 
cells having short axes (4A) or showing outstandingly 
heavy reflexions. 

We have found experimentally that 80 per cent van der 
Waals radii, and steps of 9° in 0,8, and of 0-4A in 
(LosYo.%e), yield a limited number of solutions, including the 
correct crystal structure, within reasonable time on the 
GOLEM computer of the Department of Applied Mathe- 
matics of this Institute. 

Table 1 lists the structures that have been solved ab 
initio by this technique. We have not given the number of 
spurious solutions nor the computing times required for 
each of these structures as these change with the pro- 
cedure adopted and with the continued improvements now 
being made; of the two cinnamic-acid structures the 
B-methyl derivative gave one correct and one spurious 
solution, and the o-methoxy acid only the correct solution, 
both in a matter of 60 min. The individual structure 
analyses will be reported elsewhere. 

We have developed this programme for several fields of 
applications: first, in our studies‘ of the topochemical 
control of organic solid-state reactions we fequired 
information on the molecular packing arrangement and 
the contact geometry of functional groups. Second, in 
order to be able to vary and thus to control this contact 
geometry we are analysing the crystal structure types of 
organic molecules having common functional groups (for 
example, -CO,H, -CONH,, -CN, —NO,). Third, we are 
investigating in a related study the problem of limited 
polymorphism within chemically related molecular types’, 
for example, Ar(CH:CH),.CO,.H (where Ar = phenyl 
substituted by halogen, alkyl, alkoxyl, nitro, groups; 
n = 0,1). These problems can be attacked by structure 
analyses accurate enough to supply packing data to within 
0:02 A; because we consider that limited diffraction data 
are adequate for this purpose particularly when, as in our 


situation, collection of (photographic) data is the decisively 
limiting factor, a programme based on molecular rather 
than diffraction dafa seemed to us a desirable addendum 
to existing crystallcgraphic techniques. 

In a further ext=nsion of the procedure outlined we 
intend to discard fixed contact distances and to introduce 
interatomic potential energy functions®’. 

We thank Drs. Bart, Coppens, Hirshfeld, Leiserowitz, 
and Shmueh for intensity data of some of the structures 
listed, and for suggestions concerning the molecular 
configuration of the input models. We are grateful to 
Prof. ©. L. Pekeos and members of the Computing 
Laboratory of the Applied Mathematics Department of 
this Institute for time on the CDC 1604 A and the GOLEM 
computers. 

D. RAaBINOVICH 
G. M. J. Sonmipt 


Department of X-ray Crystallography, 
Weizmann Institute of Science, 
Rehovoth, Israel. 
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Synthesis o7 an Interstratified Mineral 
from Micas 
SERICITE, otherwise known as hydromuscovite, 1s a 
product of hydrotjermal alteration of granodiorite and 


occurs as aggregates of fine grains with a silky lustre. 
It has the chemica. composition shown in Table 1 (1). 


Table 1. CREMICAL COMEOSITIONS OF THE STARTING MATERIAL AND OF THE 
S MINERAL 





YNTHETIC 25 
(1) (2) 

per cen per cen 

( the ( t) 
$10, 47-65 @ 17 59 
TiO, 0°10 
Al,O; 37 03 35°78 
Fe,0; 001 0 65 
FeO tr. 
MnO tr. 
MgO 0 04 1 40 
CaO tr. 0-65 
K,0 9-02 6 36 
Na,O 076 0 83 
SO 24°11 
P20; 0 02 
H,0(+) 4:97 ý 11-68 
H,O(—) i 073 0°84 
Total 83 


100- 99 89 
(Analyst: H. Kodama) (Analyst: 5. Ueda) 


A. sample was pulverized to a fine powder in an agate 
mortar and amounéss consisting of 0-2 g of this were mixed 
with powdered aluminium sulphate (A1,(SO,)3;.18H,O) 
and magnesium cerbonate (both of reagent grade) in a 
range of proporticns (0-0-1 g aluminium sulphate and 
0-0-2 g magnesium carbonate). The resulting mixtuftes 
were packed into small silver crucibles, set over a water- 
level ın a Morey autoclave with an inner volume of 500 
ml., and maintained at 250°-300°, C and at a pressure 
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Table 2. X-RAY POWDER DIFFRACTION DATA FOR THE SYNTHETIO 25 A 
MINERAL (1) AND FOR ALLEVARDITE (2) 


d(A) PF alà) F 

001 25°61 47-0 24-21 45-4 
002 12:81 45-8 12-28 — 41-4 
003 8 51 10-4 8:27 —3-7 
004 u = 6-16 —4°7 
005 498 33-4 4-041 —36-0 
006 ae = 4-086 tr. 

007 a = 3 520 197 
008 812 60-4 8 089 —65 4 
009 2-840 8-4 2-722, 6'4 
00-10 2-478 84 is 0-0 
00-11 2-984 31-8 2:240 —14-1 
00°12 2 2-053 23-8 
00-18 1910 30 4 1-899 38 8 
00°14 ~ x 1:768 9-0 
00:15 1:653 6-0 = 00 
00:16 1-568 16-0 1-542 16 2 
00 17 1-497 46 1 446 — 54 
00-18 1-393 250 1-370 —18-0 
00:19 1:337 20 1:301 —96 
00 20 bas — 1-234 11-3 


F values were derived from observed intensities. The signs of the values 
of allevardite were assigned from the probable structure (ref. 1). 


of 60-120 atm. for 2-3 h. The mean heating rate was 
about 2° C per min. The autoclave was then allowed to 
cool in air at a mean cooling rate of 0-5° C per min. When 
the material in the crucibles had cooled to room tempera- 
ture it was immediately washed with distilled water in 
order to remove any water-soluble materials. The 
residue was examined by X-ray crystallography and other 
mineralogical techniques. 

As a result of these examinations, it was evident that 
various kinds of complex clay mmerals had been formed 
together with alunite. These included minerals with 
interplanar spacings of 30, 25, 15, 9 and 7 Å. This com- 
munication is concerned with the 25 A mineral. 

Usually, the 25 A mineral was formed together with the 
15 A mineral and alunite, and was-the main component 
when aluminium.sulphate and magnesium carbonate 
were used in the proportions 0-5: 0-08. 

The following properties are noteworthy: (a) The long 
spacing was particularly sensitive to the surrounding 
humidity. In cold dry weather there is a 23-25 A reflexion 
which is relatively weak compared with the second orddé 
reflexion. In, wet warm weather a strong 25-27 Åre- 
flexion is apparent. When the spacing was 25 A, a 
complete series of orders of this reflexion could also be 
observed as shown in Table 2. (b) Treatment of this 
sample with ethylene glycol resulted m the 25 A and 
12-5 A reflexions being replaced by weak reflexions at 
27 A and 13 A, and an extremely strong 17 A reflexion 
became apparent. (c) Treatment with 1 N potassium 
chloride led to the 25 A and its second order reflexions 
being almost entirely replaced by a 10 A reflexion. 
(d) The chemical composition of this sample is as shown 
in Table 1 (2). Subtracting the chemical compésition of 
alunite the following formula for the 25 A mimeral was 
obtained : °. 

(Mgo.52Cag.a5(Na,K) o.24)(Als-g5H@p-reMBo-17)(Sig-egAli- 72) 
O2(OH), 


(e) The electron micrograph of this sample showed that 
the original shape and size of the parent mica flakes were 
still well preserved and gave a hexagonal pattern by 
electron diffraction. Patches of alunite were also present. 

These data indicate that although the 25 A mineral is 
similar geometrically it is quite different dynamically 
from the regular mixed-layer mmeral of the 15 A and 
10 A layers because both of these are expandable. 

Table 2 shows /-values which were derived from 
intensities by the factor (le + cos?26)/ sin 20, which is 
a valid procedure because the specimen was formed on a 
slide glass at the optimum orientation. These F-values 
are close to those of allevadite!, which has been shown 
to be identical to rectorite?. 

When potassium alum (KAI(SO,),12H.0) (0:025 g- 
0-1 g) was added to the sample together with aluminium 


sulphate and magnesium carbonate, the X-ray behaviour 
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of the 25 A mineral approached that of the natural 
regular mixed-layer mineral, mica-montmorillonite. This 
suggests that potassium ions inhibit the expansion of the 
10 A layers. 

Similar results were obtained when flakes of muscovite 
or phlogopite (1 M type) were used as the starting mate- 
rials. It would seem that magnesium carbonate plays an 
important part in providing favourable conditions for 
the formation of 15 A, 25 A and 30 A minerals from the 
dioctahedral micas. These minerals were successfully 
formed, however, from phlogopite even without mag- 
nesium carbonate. The use of magnesium oxide or 
magnesium sulphate instead of magnesium carbonate did 
not provide conditions favourable for the formation of 
the 25 A mineral from the dicctahedral micas. 


S. UEDA 
T. Supo 


Geological and Mineralogical Institute, 

Faculty of Science, 

Tokyo University of Education, 

Otsuka, Bunkyo-ku, Tokyo. 

i Brindley, G. W., Amer. Mineralogist, 41, 91 (1958). 

2 P Ta. Wear, A. H., Intern. Clay Conf., 1963 (CIPEA, Pergamon 


CHEMISTRY 


Structural Changes in Poly-(-benzyl-.-aspartate 


DIFFERENTIAL thermal analysis has been applied over 
a wide field in the study of thermally induced structural 
changes ın polymers+. This communication reports the 
application of this technique to an investigation of such 
changes in poly-§-benzyl-u-aspartate. It is generally 
recognized that polypeptides can form crystalline, helical 
structures in the solid state, in particular the «-helix of 
Pauling, Corey and Branson*®. The stability of such a 
helix depends on a number of factors, in particular the 
nature of the side-chain’, and the degree of polymerization 
of the molecule*. Of particular interest is poly-6-benzyl- 
L-aspartate, which adopts a relatively unstable left- 
handed. «-helical conformation in the solid state, at room 
temperature. It has been suggested that the preferential 
formation of the helix with this anomalous sense results 
either from steric interference between the side-chain and 
the main-chain atoms>:®, or from the competitive hydrogen 
bonding between the ester carbonyl groups of the side- 
chain and the amide groups of the main-chain’, which 
precludes the formation of the more common right-handed 
helix. In this investigation, changes in the heat-energy 
of the polymer when heated at a constant rate were 
followed by differential thermal analysis and were corre- 
lated with structural changes, characterized by X-ray 
diffraction and infra-red spectroscopic methods. 

The sample used was obtained from Yeda Research and 
Development Co., Rehovoth, Israel, and had a molecular 
weight of about 5,000 (lot AS10). The thermogram 
obtained using a DuPont 900 differential thermal analyser 
is shown in Fig 1. The double exothermic peak at about 
100° C, and the endotherm at about 180° C divide the 
thermogram into three regions, A, B and C. Neither 
peak is observed on cooling from B or C, or on reheating 
the polymer from room temperature. 

The X-ray diffraction powder photograph of the un- 
heated polymer can be identified from its three clearly 
defined rings; but after heating to the temperature of the 
exotherm the pattern changes and many more reflexions 
become obvious. This diagram is further replaced by one 
with two sharp rings as soon as the temperature of the 
endotherm is exceeded. The many spacings exhibited 
by the sample after it had been heated to temperatures 
between those of the two peaks could be indexed on a 
tetragonal cell, with a = b = 13-8 A, c = 5-42 A, and we 
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Fig. 1. TOPOR of poly-8-benzyl-L-aspartate. Heating rate 


C/min. Sample in vacuo. 


associate this pattern with the w-helical conformation of 
the polymer. This value for the axial repeat is greater 
than that found by Bradbury et al.*; 1b is, however, not 
so high as that observed in the w-form of poly-S-benzyl- 
thio-L-cysteine®. 

Corroborative evidence for the existence of the inter- 
mediate w-helical state was obtained from the infra-red 
spectra (using the potassium bromide disk tech- 
nique) of samples which had been heated to 23817 
temperatures in the regions A, B and C. The 
specimens gave strong absorption bands at the 
frequencies indicated in Table 1. From these 
results ıt seems that the exotherm results from the transi- 
tion of the polymer from the «- to the w-helical conforma- 
tion, with subsequent crystallization on a tetragonal 
lattice. The appearance of a sharp band at 1,639 cm~ in 
samples heated above the temperature of the endotherm 
suggests that this is associated with the conversion to 
the cross-8 conformation‘, with the formation of inter- 
chain hydrogen bonds. 


Table 1. INFRA-RED ABSORPTION FREQUENCIES (OM) 


Region Ester C=0 Amide I Amide II Aromatic C—O 
A 1,739 1,664 1,549 1,501 
B 1,733 1,689 19539 1,502 
1,677 
C 1,726 1,628 1,501 


1,639 
1,703 (weak) 
Differential thermal analysis would thus seem to be a 
promising technique for the mvestigation of the relative 
stabilities and heats of transition of polypeptide structures 
in the solid state. Results so far seem to indicate that the 
stability is highly dependent on the crystallinity and the 
molecular weight of the sample. 
We thank the Wool Textile Research Council for financial 
support during the course of this investigation. 


B. M. Watson 
‘D. B. GREEN 
F. HAPPEY 
Department of Textile Industries, 
Bradford Institute of Technology, » 
Carlton Street, 
Bradord, 7. 
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Detection of Thorium-234/Protactinium-234m 
in Sediments from the Ribble Estuary, 
Lancashire, England 


SAMPLES of silt and sand are collected regularly from the 
estuary of the River Ribble as part of the programme of 
environmental monitoring conducted by the Ministry of 
Agriculture, Fisheres and Food to measure the distribu- 
tion of radioactivit= discharged into the Irish Sea. This 
discharge occurs from the United Kingdom Atomic 
Energy Authority’s factories at Windscale (in Cumber- 
land), and Springfidds (in Lancashire). 

Gamma spectrometric analyses of the dried samples 
collected in Octobe> 1965 showed y-photons at 1:47 MeV 
from naturally occurring potassium-40, and at 0-51, 0-62, 
and 0:75 MeV from mthenium/rhodium-106 and zirconium/ 
niobium-95 from tae Windscale factory discharges. A 
further y-photon a» 1:00 MeV was detected in some of 
these samples, notsbly in the sample collected near the 
mouth of the Springfields factory effluent pipeline, as 
shown in Fig. 1. Although ruthenium-106 emits a y-photon 
at 1:06 MeV, the atundance of the emissions at 1:00 MeV 
exceeded those expected from ruthenium-106 alone, and 
the presence of protactinium-234m, which emits y-photons 
with energies of 0-76 and 1:00 MeV, was suspected; this 
isotope is part of tae uranium {4n + 2) series 


—~_——>8 fc 
1-18 min 2-5 x 105 years 


(Branch to Pa) 


Confirmation of the presence of protactinium-234m was 
obtained in two ways: first by comparison of the y-spec- 
trum obtained fron: the sample with that of a standard of 
pure uranium (in equilibrium with thorium-234 and 
protactinium-234m" distributed on sodium phosphate; 
and secondly by a chemical separation of thorium from 
the sample. This separation involved leaching the ignited 
silt with 5M nitro acd and passing the acid extract 
trough ‘Dowex l’ anion exchange column in the nitrate 
form. After thoroagh washing with 5M nitric acid to 
remove uranium end other metals, the ¢horium was 
eluted with 0-2 M nitric acid'*. The y-spectrum of this 
eluate contained the two peaks corresponding to y-photons 
at 0:76 and 1-00 MeV from protactinium-234m and was 
identical with a -spectrum of thorium-234 separated 
from pure uranium. (Fig. 2); the decay of this eluate was 
followed and the half life was found to be 25-3 days, 
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Fig. 1. Gamma spectrum of sediment sample from near the Springfields 
effluent pipeline.» 
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Table 1 
Yards upstream of effluent pipeline Yards downstream of effluent pipeline 
12,500 Effluent 
(Samlesbury) 3,000 1,000 550 pipeline 100 1,000 5,500 12,000 
Thorium-234 Cig ary + 300 700 1,280 680 1,450 +300 > 300 > 3006 +300 
Ruthemum-106 pCi/g dry +1 39 57 28 20 12 32 52 4i 


confirming the presence of thorium-234 (half life 24-1 
days). 

The decay of the 1:00 MeV y-photon in the original 
sample was also followed and the measured half life was 
about 28 days. The protactinium-234m in the sediments 
is therefore associated with thorium-234 and not with 
uranium-238. 

Sediments which contam naturally occurring uranium 
normally emit y-photons characteristic of the whole of the 
(4n+ 2) series and additionally uranium-235. The y-spec- 
trum. of such a sample, from the River Ribble above the 
tidal lmit at Samlesbury, is shown in Fig. 3. In addition 
to photopeaks from fall-out nuclide y-emission (cerium/ 
praseodymium-144, antimony-125andruthenium/rhodium- 
106) and potassium-40, peaks corresponding to y-photons 
with energies of 0-185 MeV from uranium-235, 0-242, 
0-295 and 0:342 MeV from lead-214, and 0-610 MeV 
and other higher energies from bismuth-214 can be seen. 
These y-photons are only just discernible in the Ribble 
estuary sediments where protactinium-234m occurs, so 
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the thorium-234 in these samples is not associated with 
radium-226 and 1ts daughters. 

The probable source of the thorium-234 is the Spring- 
fields factory, where it arises as a result of uranium 
purification by a solvent extraction process and is sub- 
sequently discharged in the effluent in accordance with 
authorizations issued by this Ministry and the Ministry 
of Housing and Local Government. 

Comparison of the count rates obtained from the samples 
with those from standards indicated the levels 
of thorium-234 and ruthenium-106 in the silts at the time 
of collection (Table 1). 

Although ruthenium-106 occurs throughout the estuary, 
in this survey thorium-234 has been detected only between 
the Springfields factory pipeline and the upper tidal limit. 
This distribution may be due to the heavy dredging of the 
estuary; levels of radioactivity are of course affected by 
the dredging history of an area, and a later survey (carried 
out in March 1966) indicated the presence of thorium-234 
downstream of the pipeline mouth. All these activity 
concentrations are considerably less than those which 
could result in a significant radiation dose to people or to 
marine organisms. 

I wish to thank Mr. C. Barker and Mr. J. Robson for 
collecting the samples, and Mr. B. Harvey for carrying 
out the chemical separations. 


J. W. R. Durron 


Ministry of Agriculture, Fisheries and Food, 
Fisheries Radiobiological Laboratory, 
Hamilton Dock, 

Lowestoft, Suffolk. 
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Effect of Excess Energy on the Reactivity of 
Methylene 


ALTHOUGH earlier work had suggested that the species 
methylene, CH,, could participate in “insertion”’ reactions 
into C—H and C—Cl bonds!*, it has recently been shown 
that in the gas phase reaction of methylene with methyl 
chloride the course of reaction is best described by a 
radical abstraction—recombination mechanism? *. It was 
shown that both ethane and dichloroethane appeared at 
rates at least as great as the rate at which ethyl chloride 
(the true “insertion” product) was formed in the reaction. 
The electronic state of the methylene may, however, 
determine the reaction path, and there is some evidence 
that it is excited singlet methylene which undergoes the 
insertion reaction®*, Methylene is most conveniently 
prepared by the photolysis of ketene’ or diazomethane’, 
and the proportion of triplet (ground state) and singlet 
methylene formed depends on the precursor and the 
wave-length of the radiation used for photolysis®!°, more 
singlet being formed at shorter wavelengths. We wished 
to investigate the effect of change of excess energy in 
methylene on the course of reaction, and we present here 
preliminary results. 

Ketene was used as the source of methylene, and was 
prepared as previously described’. Ultra-violet radiation 
was derived from a 125 W MBID high pressure mercury 
vapour lamp, and was incident on a quartz reaction cell 
maintained at 25° ©. The wavelength region 2500-3400 A 
was isolated by means of a chance OX7—nickel sulphate 
solution filter, while the region 3000-3650 A was obtained 
by use of a glass filter (the optical absorption of ketene}! 
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Table 1. RELATIVE RATES OF FORMATION OF ETHANE AND ETHYL CHLORIDE 
AT VARIOUS TOTAL PRESSURES 


Total pressure 2 = 2500-3400 A 3 = 3000-3800 A 


(cm of mercury) d(C,H,l/d[C.H,Cll d[C,H,]/d[C,H, 01] 
26 - 50 24 
7-8 3-0 1:7 
10 4 28 1:8 
13-0 20 1-1 
26:0 11 0-9 
62 0 {l 0-8 


defined the longer wavelength limit). A reaction mixture 
of 5 parts ketene to 8 parts methyl chloride at various 
total pressures was photolysed in each wavelength region. 
The products formed were analysed by vapour phase 
chromatography. 

Since ethane can be formed only by a radical mechan- 
ism, while ethyl chloride could be formed by insertion 
(although we believe ıt is not), the relative rates of forma- 
tion of these two products are of significance. Table 1 
shows the function d[C,H,]/d[C,H,;Cl] at a number of 
different total pressures in the two wavelength regions. 
Ethylene, dichloroethane and vinyl chloride, together with 
smaller amounts of methane and dichloromethane, were 
detected in addition to ethane and ethyl chloride. Experi- 
ments were carried out with the light intensity reduced by a 
factor of nine: the relative rates of ethane and ethyl 
chloride formation were unaffected. Thus the wavelength 
used for the photolysis does alter the product distribution, 
and the effect cannot be ascribed to differing absorbed 
intensities in the two spectral regions. It is seen that the 
rate of formation of ethyl chloride never exceeds si - 
cantly that of ethane, and that the ratio d[C,H,]/d[C,H,Cl] 
is in general higher in the shorter wavelength region. 
Such a result is in direct contrast with that expected on 
the basis of the insertion theory, since singlet methylene— 
the species believed to insert®:‘—is formed preferentially 
at shorter wavelengths? !°, 

A satisfactory interpretation of the results may be 
made in terms of the radical abstraction theory, if the 
exothermic (about 90 keal/mole) recombination of 
methyl and CH,Cl radicals produces a “‘hot’’ molecule of 
ethyl chloride which may either be quenched, or undergo 
a unimolecular decomposition to ethylene and hydro- 
chloric acid (a process which requires about 55 kcal/mole). 
The only decomposition for ethane is the direct dissocia- 
tion to two methyl radicals, a process not thought to be 
important under our experimental conditions. Setser 
gives a review of these processes‘. Thus, for the formation 
of ethylene, ethane and ethyl chloride, our simplified 
reaction scheme (omitting abstraction reactions of the 
radicals) is 


CH,CO + hy > CH, + CO (1) 
CH, + CH,CO > C,H, + CO (2) 
CH, + CH,Cl—> CH,Cl + CH, (3) 
20H, > C.H, (4) 

CH, + CH,Cl > C,H,Cl* (5) 
C.H,Cl* + M —> C,H,Cl (6) 


C,H,Cl* — C-H; + HCl (7) 
The recombination of two CH,Cl radicals gives rise simil- 
arly to “hot” dichloroethane which may be quenched, or 
decompose giving hydrochloric acid and vinyl chloride 
(observed product). 

It is apparent that the rate of decomposition of C,H,Cl* 
in (7) depends on the wavelength used to photolyse the 
ketene, and this suggests that the excess energy carried 
by the methylene 1s transferred to the methyl or chloro- 
methyl radicals. At least at the lowest pressures used by 
us, the radicals cannot become “thermalized’’ before 
recombination, as otherwise the wavelength of photolysis 
would not affect the d[C,H,]/d[C,H,Cl] ratio; however, 
at the higher pressures the radicals may reach thermal 
equilibrium before they recombine. The excess energy 
of the methylene which is carried over to C,H,Cl* may 
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be in the form of the electronic excitation known to 
occur, but it may equally well be that vibrational or 
translational excitetion is important in the present con- 
nexion. The experimental data do not permit us to 
reach a conclusion about the mode of excitation. The 
effect of total pressure on the ratio is also easily under- 
stood: increase in pressure leads to greater stabilization 
of C,H,Cl* in (6). The ratio should, therefore, tend to a 
limiting value dependent on the rate constants, ka ks of 
(4) and (5) (our Lmiting ratio of ~I suggests that if 
[CH,] ~ [CH,Cl], then k, = 2k,). 

The hypothesis taat C,H,Cl* needs to be quenched may 
be tested by adding an “inert” gas under conditions where 
C.H,;Cl* would otnaerwise decompose to a considerable 
extent. We made up to 1 atm. with nitrogen or carbon 
dioxide æ reactioc mixture at a total pressure of 2-6 
em of mercury, ani photolysed it by light of the shorter 
wave-length region. The ratio d[C,H,]/d[C,H,Cl] dropped 
from 5-0 without the gas to 1-9 with nitrogen and 1-4 with 
carbon dioxide, which is entirely consistent with the 
mechanism proposed. 

R. S. B. JOHNSTONE 
R. P. WAYNE 


Physical Chemistry Laboratory, 
South Parks Road. 
Oxford. 
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Thermochemical Data Storage for Inorganic 
Compounds 


THe method propcsed by Alcock? as a means of correcting 
an approximate fee-energy change: calculated from the 
simple two-term equation 


(AGP Approx. = AHJ — T AS hys 


leads to a system of thermochemical data storage which 
possesses many advantages over the free-energy function 
and polynomial methods. This “free-energy deviation” 
does not, however, allow for transformations or changes 
in state of reactants and prg@ducts, whereas in many 
processes the standard free-energy change would be 
required for examples such as 


Mo + On. (1) 


(2) 


to provide the bæis for calculating equilibrium activities 
in solution and equilibrium partial pressures in a vapour 
phase. It is immediately apparent that the heat and 
entropy changes associated with such transformations 
must be taken irto account and for reaction (1), where 
it is assumed thst the solid state represents the normal 
equilibrium form of the metal and its oxide at 298° K, 
an approximate free-energy change is given by 


(AGS )approx. = AH — AMs.m + AH;,mo, 


g MOr 


a i a = MOL i 


— T(AShs — AS; + ASzmo ) 


For many purposes this approximate free-energy change 
is sufficient, but in the terms in which it is written it 
+ 
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cannot .be combined with one or more free-energy devia- 
tion functions to give a true value for the change in free- 
energy. 

To demonstrate this, consider the reaction 


Mi me Or - Mai (3) 


at a temperature T °K >7',°K, the melting point of the 
metal M. The true change in free-energy is given by 


Ti T 
298 Ti 





Tı T 
-T [ ASies — ASM + | ACP: amp + | ACP ar | 
298 T T, 


where ACp, and ACp, are the heat capacity equations 
appropriate to the temperature ranges 298 — 7',° K and 
T, — T° K. 


Writing 
m T Tı 
| XAT as | XaT -Í XaT 
Ti 298 298 

we have 


T T 
+ {| ACp,dT -rÍ AOp: 
298 298 T 





ar} 


7, Ti P 
ER {| (ACp, — ACp,) aT — n | CoP APY) a) 
298 298 T 
T, {A z; 
298 T 


The terms in braces are Alcock’s free-energy deviations 
and 
AG? = AF 85g = Ayu — T(ASSos aad ASF m) + A(G. DF yr 
Tı Op 
298 T ° 
where (G.D.F.)r stands for the free energy deviation 
function and fs to be calculated for reaction (3) at T° K, 
and 3(G.D.F.)r, stands for the similar function for the 
melting of the metal, with 

Cp = (ACp, — ACp,) = Coma, — Opao 


It can be shown tltat for each transformation or change 
of state between 298° K and T° K in the reactants and 
products the additional terms K 


T 
(+ AH: + TAS: + 3(G.D.P.)z, + (T-T) | = aT) 


— (C.D.F. jr + (T — T) 


~ 208 


are required. In general, for ¢ transformations or changes 
in state 


® 
AGS = AH%&s — TASS, + A(G.D.F.)x 
+ (+ AH, + TAS: + 8(G.D.F.)z, 
% 


T 
+T- Taf “oP ar) 
298 T 
where the immediately accessible approximate free-energy 
change is given by œ 


(AGS )approx. = AH s a T'AS Sos + 2 (E AH; + T AS;) 


As a result of this extended treatment, the particular 
value of the free-energy deviation as the difference between 
a true and an approximate free-energy change is lost. 
By referring the transformation data to 298° K, that is 


m @ 
A Fie, a98 mz AHT, — f ' Cp dT; 
298 


Ts $0 
ASh = AS — | SP ar 
e 298 T 
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a second approximate free-energy change is obtained as 
(AG)spproxe = AH Sg — TAS phs +% (+ AHi,20 + TAS, 208) 
which differs from the true free-energy change only by 


T T 
| ACp dT — r| ACP ar 
298 2 
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where ACp is the difference in heat capacities for the 
states of the reactants and products appropriate to the 
temperature 7'°K. This is the required free-energy devia- 
tion and thus 


AGS = (AGS )approx.2 : A(G.D.F.)r 


In this expression the change in free energy is now in 
the form proposed by Alcock, and is rigorously applicable 
to all processes irrespective of the states of the reactants 
and products. It is obvious that for many purposes the 
first approximate value for the free-energy change suffices, 
while the correction of this by means of the free-energy 
deviation function will satisfy most of the remaining 
requirements. The calculation of true changes in free 
energy requires the tabulation of heats and entropies of 
transformation and changes in state for the temperature 
298° K. It is noted that heats of evaporation and sublima- 
tion at 298° K are already tabulated in a compilation? of 
thermochemical data which enjoys a large following, and 
it is suggested that an extension of the tables to include 
298° K values for all such processes would facilitate and 
encourage the use of Alcock’s free-energy deviation 
function. 

R. A. J. SHELTON 
S. BLAIRS 
Department of Metallurgy, 
University of Manchester. 
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Reactions of the Hydroxyl Radical in the 
Radiolysis of Aqueous Solutions of Di-ethyl 
°  Acetal 


Ir has recently been suggested? that the decomposition 
of aqueous solutions of di-ethyl acetal induced by radiation 
is due to hydrolysis, catalysed by hydronium ions formed 
in the spurs in the primary radiolytic process. 


H,O > H,O* + e- (1) 
e7 + nO Gm a Caq (2) 
H,0+ + H,0 > H,O+ + OH (3) 


As the result of our experiments on the reaction between 
hydroxy! radicals produced by the photolysis of hydrogen 
peroxide, and acetal, we have come to the conclusion 
that this reaction may account for at least a part of the 
decomposition observed m the radiolysis. 


® By 


-OH + CH,CH(00,H,), -> CH,CHO + C,H,OH + 


other products (4) 


The experiments were carried out as follows: solutions 
of acetal (10-7? M) and hydrogen peroxide (10 M) in 
neutral water (phosphate buffer) were irradiated with a 
low pressure mercury lamp, virtually monochromatic 
with respect to the 2537 A component. The intensity of 
the 2537 A light was determined by the uranyl oxalate 
actinometer as modified by Pitts et al.2 and was 1-1 x 
107° quanta |./sec. 

At the concentrations used virtually all the light is 
absorbed by the hydrogen peroxide for which an extine- 
tioa coefficient of 20 1./mole/em was found, in agreement 
with -other determinations*. The extinction coefficient 


A 


~p 


ae 
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Table 1. YIELDS IN THE PHOTOLYSIS OF AQUEOUS HYDROGEN PEROXIDE, 
AOBTAL SOLUTIONS 


Concentration in moles/l. 
Conditions* ` Acetal Ethanol <Acetaldehyde 
10° M Acetal unirradiated. 975x10 0-4 x 10-3 0-24 x 10° 
After 20 min 
10" M Acetal pH =2 unirradia- 0:8x 10° 1 93 x10 1x10 
ted. After 20 min 
10-* M Acetal irradiated 20 min 9-65 x107 0 4x10- 0 24 x 10-9 
10- M Acetal, 10- M H0, un- 940x10 15x10- 1:0 x 10 
irradiated. After 20 min 
ae er 107 M H,O, irra- 885x10 21x10- 1:45 x 102 
& 
ae ee cota Jo M H,0, irra- 855x105 2 65 x 10° 1-9 x102 
a 
ea M whee 10+ MH,O0,irra- 81510? 32x10 2-4 x 10> 
ate 
107° M Acetal, 10+ MH,0,ura- 78x102 3°65 x 10-4 2°38 x 107 
diated 60 


* Allat ae i except where otherwise stated. 


for acetal at 2537 A was found to be less than 0-6 1./mole/ 
em. 

After irradiation the products were determined by gas 
chromatography on a 1 m ‘Carbowax 400’ column oper- 
ated at 138° C. The main products of the photolysis were 
found to be ethanol and acetaldehyde together with a 
small amount of what has tentatively been identified as 
di-ethyl ether. For short irradiations the concentration 
of these products increases linearly with irradiation time 
while that of acetal decreases linearly with approxim- 
ately 1 mole each of ethanol and acetaldehyde formed 
for each mole of acetal destroyed. 

Other reactions leading to the same products were also 
observed. First, even at pH 7, a small amount of hydro- 
lysis took place and, second, reaction between acetal 
and hydrogen peroxide was found. Direct photolytic 
decomposition of acetal at this wavelength was not ob- 
served in peroxide free solutions. The results of these 
and the other experiments are summarized in Table 1. 

As the irradiation time is increased beyond 1 min the 
yields of the products tend to fall off, indicating competi- 
tion with acetal for hydroxyl radicals. The ethanol 
concentration reaches a maximum of 45 x 10-3 moles/l. 
after 6 min of irradiation while for acetaldehyde this 
maximum is 6-2 x 10-3? moles/l. after 15 min. This is 
qualitatively m accord with the reaction rate constants 
of hydroxyl with ethanol and acetaldehyde in aqueous 
solution which have been determined* as 1-2 x 10° 17 
mole/see and 7 x 10° 1./mole/sec respectively. 

The fact that ethanol competes with acetal for hydroxyl 
radicals introduces a complication as the product of this 
reaction in the presence of oxygen is also acetaldehyde’. 
The mechanism is probably the following: 


OH + C,H,OH > C,H,OH + H,O (5) 
C.H,O0H + O; > C,H,(OH)O.: (6) 
2C,H,(OH)O,.: — O, + H,0, +- 2CH,CELO (7) 


In confirmation of this we have photolysed aqueous 
solutions of ethanol and hydrogen peroxide and found 
that one mole of acetaldehyde is formed for each mole of 
ethanol destroyed. That the reaction is due to hydroxyl 
radicals and not to direct decomposition was shown by 
irradiating a peroxide free solution, which did not decom- 
pose. 

The problem which now arises is whether acetaldehyde 
1s @ primary product of the reaction of hydroxy] and atetal 
or 1s formed by the secondary attack of hydroxyl on 
ethanol. We believe that at low doses it is a primary 
product. First, its dose-yield curve when corrected 
for thermal contributions is linear and passes through the 
origm with no indication of an induction period. Second, 
it has been found that the addition of chloride ion, (10-1 M) 
has no effect on the rate of formation of acetaldehyde. 
Chloride ions react with hydroxyl radicals in competition 
with ethanol to yield chlorme atoms which appear to be 
unreactive toward ethanol’. Thus if attack on ethanol 
were responsible for acetaldehyde formation, the addition 
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of chloride would be expected to suppress the rate of this 
reaction. The fact that no competition between chloride 
and acetal is apparent can be explained if it is assumed 
that chlorine atoms react with acetal to produce the same 
radical, a precursor of ethanol and acetaldehyde, as that 
produced by the hydroxyl radical 


CH,CH(OC,H,) + Cl or OH — R- <— Products (8) 


So far, we have oaly considered the reaction of hydroxy! 
radicals produced ky the primary decomposition of hydro- 
gen peroxide 

H,0, — 2 OH *(9) 


These radicals wl, however, react with the peroxide in 
competition with (4), and the possibility thus exists that 
the effects we have observed may be due to reactions of 
the peroxy radical 


OH + H,O: —> H,O + HO, (ky = 45 x 107 1./mole/sec) 
(10) 


HO, + Acetal — Products (11) 


Without a determination of k, it is not possible to 
assess the importence of (10), but if (10) and (11) are 
responsible for acetaldehyde production in these 
experiments then it is likely that reaction (11) is 
the source of this product in the radiolysis experiments. 
The latter were cacried out in the presence of air so that 
the reducing radicals will react according to (12) and (13) 
to form the peroxy radical or its basic counterpart 


H + O,-> HO, (ky, = 2-6 x 10'°1./mole/sec) (12) 
C-ag + Og — Oar (kis = 22 x 10? l./mole/see) (13) 


In conclusion we can state that the present work 
strongly indicates that in the radiolysis of aqueous acetal 
the formation of acetaldehyde is partly due to reaction 
between acetal ard either the hydroxyl or the peroxy 
radical. Because of the effects of competition on the part 
Sf the products ths present work is not extensive enough 
to ascertain wheter this is the only effect or whether 
hydrolysis induced by radiation and catalysed by acid 
contributes to the formation of the products. A detailed 
investigation of the problem is being made with the 
emphasis on photolysis at low doses, on the effect of 
hydroxyl scavengers on the radiolysis and on methods 
for the determination of the rate cofistant of reaction (4). 
These results will be communicated at a later date. 


R. A. BASSON 
P. M. CHAMPION 
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Rapid and Specific Effects of Bromine on 
the System Keratin/Formic Acid 


Formo acid interacts strongly with many fibrous proteins, 
polypeptides and polyamides; it produces either com- 
plete dissolution or considerable swelling together with a 
marked contraction of the fibre resulting from melting 
of the crystalline material, Fibres of a-keratin, however, 
show considerable radial swelling (about 50-60 per cent) 
in concentrated formic acid, but virtually no change 
of length. The swelling will tend to lengthen the fibre 
while the melting of «-helices will tend to contract it, 
but the major cause for the constant length must be 
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sought in the stability of a residual proportion of the 
crystallites which have been shown by X-ray measure- 
ments to remain in the « form in 98 per cent formic acid’. 
This residual stability has been shown to persist even in 
dilute solutions of the helix-forming protein extracted 
from wool, 

In the absence of mechanical ‘stress, the melting-point 
of the crystallites in a normal «-keratin (for example, wool 
or hair) in water is above 100° ©. Partial melting at 
least can, however, be induced below 100° C, either by 
stretching combined. with heat treatment®:* or by immer- 
sion in a suitable medium such as lithium bromide 
solution’?*. At room temperature, the contraction 
obtainable in 8 M lithium bromide is only about 10 per 
cent, but at 100° C contractions up to about 50 per cent 
can be achieved in times of the order of an hour. Very 
small amounts of bromine can strongly inhibit the con- 
traction produced in lithium bromide and this has been 
attributed’ to the action of the tribromide ion (Br,)- on 
keratin. l 

The influence of small amounts of bromine on the 
interaction of wool with formie acid has now been investi- 
gated, with surprising results. In contrast to the be- 
haviour in formic acid alone, rapid elongation is produced. 
‘This shows that the constraint of the residual «-helical 
keratin has been overcome. This could be the result of 
a direct attack of the bromine on the tyrosine residues, a 
conclusion indicated by model experiments? and supported 
by the amino-acid analyses below. As the tyrosine 
residues occur at regularly repeating distances along the 
helix’, there will be a tendency for relatively short seg- 
ments of crystalline order to survive the treatment, 
which would account for the phenomena described here. 

In a typical experiment, a Corriedale wool fibre was 
immersed in 98 per cent formic acid. A slight initial 
contraction was observed, after about 10 sec, followed by a 
lengthwise swelling. Equilibrium was reached with the 
fibre about 1 per cent longer than its original length. 
A force-extension measurement revealed a substantially 
linear relationship up to about 15 per cent extension, with® 
a Young’s modulus of about 7 x 10% dynes/em*. After 
washing out the formic acid with water, the original 
length and Young’s modulus (about 1:8 x 101° dynes/ 
cmt) were largely restored. 

The same procedure was then carried out with 98 per 
cent formic acid containing about 0-1 per cent w/v 
bromine. There was a small initial contraction (as in 
the absence of bromine) but then a rapid lengthening of 
the fibre, reaching an apparent a ARA at a length 
about 40 per cent greater than the original, This apparent 
equilibrium was reached in about 20 sec and no further 
change was observed in the following 5 min. “In this 
swollen condition the fibre could be extended to a length 
90 per cent greater thanethe original without breaking: 
the modulus in the early sfages of the extension was very 
low, certainly less than 10° dynes/em?. 

When the fibre was transferred from the bromine/ 
formic acid mixture to water at 20° C, it contracted spon- 
taneously from 40 per cent above to 30 per cent below 
the original length. In this process it became white and 
opaque. The contracted length was not altered by 
immersing the fibre in water at 20° C for 16 h or by 
heating it in water at 52° C for 1h. Further contraction 
did, however, take place, in boiling* water, reaching a 
value of 38 per cent after 1h. It would appear that some 
remaining crystalline segments melted in water between 
52° and 100° C. 

The contracted fibre, in water, was still soft (Young’s 
modulus approximately 4 x 108 dynes/em?) and highly 
extensible with a breaking extension of about 120 per cent 
of the contracted length or 80 per cent referred to the 
initi®l length (extension rate approximately 15 per cent/ 
min). Under these conditions, such high extensibility 
is not shown by fibres contracted in other media such as 
lithium bromide’. . 
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Table 1. CHANGES IN THE AMINO-ACID COMPOSITION OF WOOL INDUCED 
BY IMMERSION IN FoRMIO AcrID/BROMINE SOLUTION 
Concentrations in szmole/g 
Residue Before treatment After treatment Change 

oe 205 262 + 47 
1/2-Cyatine 901 800 -31 
Cysteic acid 16 86 

Tyrosine 275 12 — 263 
3-Bromo tyrosine — 178 +178 
Phenylalanine 214 168 — 46 


Further physico-chemical investigations of these pheno- 
mena are in progress, but amino-acid analysis of the 
treated wool has already indicated that a very specific 
mechanism is involved. Most residues showed only an 
insignificant change (about 5 per cent) from the control, 
but marked alteration was shown by the residues listed 
in Table 1. Lysine increased and the groups containing 
sulphur decreased, although if half-cystine and_cysteic 
acid are taken together, the total loss of these is only 
about 3 per cent. In contrast the tyrosine has been 
almost entirely eliminated, and this is presumably the 
main point of attack by the bromine (which is present 
here in the molecular and not the ionized form (Br,-) 
as in hthium bromide). About two-thirds of the tyrosine 
has been, isolated as the mono-brominated derivative, and 
a separate experiment showed that 3 : 5 di-bromotyrosine 
appeared at the location of the lysine peak on the amino- 
acid analyser, thus accounting for the apparently anomal- 
ous increase in lysine. Altogether, then, about 80 per 
cent of the original tyrosine has been isolated as bromo- 
derivatives, 15 per cent has apparently been destroyed or 
otherwise modified, and 5 per cent is left intact. 

We thank Mr. A. S. Inglis ofthe C.S.I.R.O. Division of 
Protein Chemistry for the amino-acid analysis. 
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Spontaneous Bubbling at Porous Hydrophobic 
Membranes 


Ir has been observed that when a hydrophobic membrane 
permeable to gases is present at the interface between 
water and a dry gas, the gas passes through the membrane 
and is released in the liquid as bubbles. The interesting 
feature of this process is that it proceeds without the need 
to raise the pressure of the gas and will even operate 
against a positive hydrostatic head of liquid. Indeed, 
substantial static pressures are developed in the water 
chamber when escape of the gas is prevented on the liquid 
side of the membrane. The membrane used in these 
experiments was a 7-mil thick, extruded tetrafluoro- 
ethylene (TEE) film which, in the course of preparation, 
was never subjected to temperatures above 300°C. The 
morphology and pore size of the film have not as yet 
been determined. 

The tests were performed with disks of the TFE mem- 
branes 1 m. in diameter mounted in various orientations. 
With the membrane oriented vertically or horizontally 
(with the liquid phase uppermost), buoyancy forces remove 
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the gas. If, however, the membrane is orientated hori- 
zontally with the gas phase uppermost, bubbles collect 
beneath the membrane and displace the water. This 
does not arrest further transport of the gas, which indicates 
that physical contact between the membrane and the 
liquid phase is not necessary for the process. 

When the water temperature was 70° C, the hydrostatic 
head 1 in., and the gas delivered at 1 in. water pressure 
at 25° C, the approximate gas flow rates for hydrogen, 
nitrogen, oxygen and air were found to be 8-0, 1-6, 1-4 
and 1-6 ml. em-? min“, respectively. These flow rates 
increased to 26-0, 5:2, 50, and 52 ml. cm- min’, 
ie when the water temperature was raised to 

A total head of water of 2-0 lb./in.* gauge was necessary 
to arrest the transport of hydrogen across the membrane 
at 70° ©. Similarly, to arrest the passage of air, minimum 
water heads of 0-6, 1-6, 2-3 and 3-0 lb./in.* gauge were 
required at water temperatures of 70°, 80°, 85° and 90° C, 
respectively. 

It has been shown that this phenomenon results from 
interdiffusion of water vapour and gas through the porous 
membrane, with the partial pressure gradients of the 
respective gases through the pores providing the-driving 
force for the process. The translation of this familiar 
process into the unusual effects described is possible -be- 
cause of the impermeability of the hydrophobic membrane 
to liquid water either by direct permeation or by con- 
densation. The liquid water thus acts as a displaceable 
barrier to gas transport and, at the same time, is the 
source of water vapour. So far as we know, the TFE 
membranes are unique in providing a separator with the 
combination of physical and chemical inertness, porosity, 
and high hydrophobicity necessary to give rise to the 
observed effects. 

Separate measurements have been made of the inter- 
diffusion of water vapour and gas across the membrane in 
the absence of the liquid phase. These experiments were 
carried out at 70° C under conditions of zero differential 
total pressure and with the partial pressure gradients of 
the two components across the membrane essentially 
constant. Anhydrous calcium sulphate was used as a 
drying agent in the gas chamber and was placed close 
to the membrane. In the water vapour chamber, also 
close to the membrane, there was a glass wool wick partly 
immersed in a pool of water. The increase in weight of the 
drying agent was taken as a measure of the quantity of 
water vapour transported across the membrane while the 
gas transported in the opposite direction was collected 
over water in a gas burette. Tests were performed with 
air, carbon dioxide, carbon monoxide, helium, hydrogen, 
oxy and methane. The following relationship was 
found to hold within experimental error: 


Mol. wt. gas 
Mol. wt. water 


This result agrees with the findings of other investigators 
who have used a variety of membranes and various sets 
of interdiffusing (non-condensable) gases. The relation- 
ship holds both for Knudsen effusion and for diffusion, 
and has been given a theoretical interpretation by Evans 
et al. As well as the flux ratio relationship we found 
that the flux of water and gas is an inverse functio of 
the molecular weight of the gas. 

Less satisfactory agreement with the theoretical rela- 
tionship was obtained in the experiments with liquid water. 
The possibility that this may be related to the kinetics of 
bubble release is now being investigated. 

J. H. FISHMAN 
R. H. KosLow 
N. I. PALMER 


flux water _ 
flux gas 


Leesona Moos Laboratories, 
Great Neck, Long Island, New York. v 
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Periodic Cross-banding in Amyloid Filaments 


THe presence of a fibrous component in amyloid first 
detected in 1959 by the electron microscopic studies of 
Cohen and Calkins! has been confirmed by all subsequent 
observers. The fibr llar structure of amyloid, its physico- 
chemical properties and its exclusive occurrence in the 
extra-cellular portion of the connective tissue suggested 
that amyloid is a variant of one of the normal fibrous 
proteins®*, We believe that the following observations 
are pertinent to this hypothesis. 

Tissues obtained oy biopsy or at necropsy from cases of 
familial Mediterrarean fever, multiple myeloma, idio- 
pathic primary amyloidosis and experimental leish- 
maniasis-induced amyloidosis in hamsters were fixed in 
glutaraldehyde—osrium tetroxide, embedded in ‘Vestopal’, 
contrasted with urenyl acetate-lead and examined under 
a Siemens Elmiskop I electron microscope. 

Examination of native amyloid from these sources 
showed that it is made up of filamentous structures which 
are present only in the connective tissue ground substance. 
Filaments as long as ly and ranging in thickness from 
40 A to 140 A were measured. Organization beyond the 
filament stage was never noted. At high resolutions it 
sometimes seemed ss if the filament were composed of two 
strands twisted around one another**. 

In primary enlargements of x 30,000 or more, a clear 
cross-striation of aternating 30 A dark and 25 A bright 
bands was sometiraes observed with a 55 A periodicity. 
The grouping of baads such as occurs in ripe collagen was 
not apparent (Fig. 1). 





Fig. 1. Cross-banding in amyloid ts in familial Mediterranean 
fever. Arrow indicate filaments e to be composed of two 


strands ( x 120,000). 


The periodic cross-banding is of considerable significance 
to an understand ng of the ultrastructure of amyloid. 
Indications of ths have been recorded in the past as 
beading; Gueft and Ghidoni reported “an irregular 
granular periodic ty . of approximately 40 A”; 
Shirahama and Cohen found “a regular beading which 
measured approxmately 100A” *in isolated amyloid 
filaments*. Recensly, these indications were strengthened 
by the observations of Hashimoto et al. in a study of 
lichen amyloidosis*. In areas where amyloid and collagen 
were intimately intermingled, these authors found thin 
amyloid filaments which showed irregular 150-250 A 
beading and thicker fibrils with regularly spaced cross- 
banding of about 150-250 A. Boere et al. reported 40 A 
eross-striation in Bolated and negatively stained primary 
and secondary anryloid®. 

The properties of amyloid cited here, together with its 
intermingling wit! collagen and reticulin within a common 
matrix’, and the occurrence of secreting fibroblasts and 

e 

















1402 


fibrocytes as the only active elements in amyloid-laden 
tissues®! seem to suggest that amyloid may be related to 
the collagen family. It is significant that collagen does 
not always possess 640 A periodicity and under certain 
conditions a variety of periodicities occur®!°—for example, 
embryonal and young collagen show predominantly 
shorter periodicities, ranging from 70 A to 210 A (ref. 11). 
Proline and hydroxyproline are apparently absent from 
amyloid, and for this reason similarities in structure which 
seem to link it with collagen require careful examination 
before they are accepted as an indication of a family 
relationship. 

This study was supported in part by a grant from the 
U.S. Public Health Service through the National Institutes 
of Health, Bethesda. 

We thank Prof. W. Schwarz, Forschungsabteil ung fiir 
Elektronenmikroskopie, Freien Universität Berlin, and 
Prof. D. Danon of the Weizmann Institute of Science, 
Rehovoth, Israel, for the help thev extended in our work, 
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Purification and Characterization of Ribo- 
nuclease from Unfertilized Eggs of the Sea 
Urchin, Psammechinus miliaris 


KNOWLEDGE about the various types of RNA involved in 
the biosynthesis of proteins has increased greatly over the 
past few years. Little is {nown, however, about the part 
played by the various ribonucleases (R.Nases) known to 
be present in most cells, in the metabolism of the RNA. 
There has been much speculation on this topic, but few 
attempts have been made to investigate the physiological 
action of these substances. This is largely because few of 
the many RNases identified have been isolated and 
purified sufficiently to allow them to be characterized. 
The purification of RNase has great interest at present 
because of its possibl® use in the structural analysis of 
RNA molecules. a 

Sea urchin eggs have long been intensively used in 
investigations of maturation, fertilization and early cell 
differentiation processes which have a marked effect on 
the metabolism of ribosomal RNA!-. Investigations of 
the RNase content of eggs of the sea urchin, Psammechinus 
miliaris, were therefore undertaken in this laboratory. 
Although minute traces of RNase activity in sea urchin 
eggs have been reported‘ no attempt has so far been made 
to isolate and characterize the enzymes. This communica- 
tion reports the isolation and purification of an RNase 
from mature, unfertilized eggs of Psammechinus miliaris. 
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A homogenate of lyophilized sea urchin eggs was 
extracted with chloroform to remove lipid material. After 
extraction, the aqueous phase was lyophilized and redis- 
solved in water. The active part of the fraction was 
precipitated at pH 3-5 by fractionation with ammonium 
sulphate. 90 per cent of the activity was obtained in the 
fraction between 45 and 75 per cent saturation. Gel 
filtration on a column of ‘Sephadex G-100’ inereased the 
specific activity (activity/A asọ mu) Of the preparation to 
about 1,000 times that of the homogenate. The enzyme 
solution was concentrated using an ‘SE ‘Sephadex C-50’ 
column, and the final purification was accomplished by 
chromatography on a column of ‘CM -Sephadex C-50’, 
which was eluted with a sodium chloride gradient in 
0-1 M ammonium acetate buffer, pH 4-8 (Fig. 1). This step 
of the purification resulted in an enzyme preparation 
with a specific activity about 10,000 times higher than that 
of the homogenate. Purified yeast RNA was used as a 
substrate in the assays® of the phosphodiesterase (DEase) 
activity, and synthetical nucleoside 2’,3’-phosphates were 
used as substrates in the assays® of the cyclic phosphatase 
(CPase) activity. The activity was related to standard 
curves prepared using crystalline bovine ribonuclease 
(Armour), Because of the small amount of activity 
present in the egg material (75 ug RNase/g lyophilized 
eggs) special care had to be taken to ensure high yields 
in each step of the purification. The overall yield in the 
purification was about 50 per cent. 
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Fig. 1. Chromatography of partly purified sea urchin RNase on a 0-5 x 
60 em column of ‘C.M-Sephadex C-50’. The load used was 220 xg of 
RNase in 1-2 ml, solution obtained from the ‘SE-Sephadex’ step. Initial 
buffer: 0-1 M sodium acetate, pH 4-8 (~ — - ) sodium chloride. Flow 
rate 3-6 ml./h. 0-6 ml. per fraction. ¢——-) Ags. (...) Activity. 


Investigations of the specificity of this purified prepara- 
tion showed that the sea urchin RNase hydrolysed RNA 
to both purine and pyrimidine cyclic riboside 2’, 3’-phos- 
phates. The purine cyclic riboside 2',3’-phosphates were 
hydrolysed at a considerably slower rate to their cor- 
responding dihydrogen phosphates of the 3’ isomer form. 
The enzyme lacked CPase activity against the pyrimidine 
cyclic riboside 2’,3’-phosphates, and in this respect it was 
similar in its specificity to tobacco leaf RNase? and pea 
leaf RNase*. The curve of pH against activity for the 
RNase showed an optimal pH of 5-4, Investigations of the 
heat stability at different values of pH revealed that the 
activity had higher stability in the acid region of the pH 
range, but the stability in general was found to be rather 
low. On the other hand, when the purified enzyme was 
kept at — 20° C during a period of over a year, little or no 
loss of activity was observed. Determinations of the 
molecular weight of this RNase using a column of 
‘Sephadex G-100’ and reference substances with known 
molecular weights gave a molecular weight of 32,000- 
35,000 for the enzyme. 
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During the investigation, two other separate enzymes 
were isolated from the egg homogenate. One showed an 
acid pH optimum while the other had its optimum pH at 
about 7. Both the enzymes showed high CPase activity 
but completely lacked DEase activity, and thus probably 
a complementary function to the RNase. 

A full account of this work will appear elsewhere. This 
work was supported by grants from the Royal Physio- 
graphic Society of Lund and the Swedish Cancer Society. 
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Change in Ribonuclease Concentrations in 
L-Asparaginase-treated Lymphosarcomata 


BroomeE!*? suggested that L-asparaginase is responsible 
for the antilymphoma activity of guinea-pig serum’. We 
confirmed the hypothesis‘ and furthermore presented® 
evidence that extracts of Hscherichia coli B contain an 
asparaginase which also has high antilymphoma activity. 
This communication presents evidence that the regression 
of lymphosarcoma 6C3H#D induced by L-asparaginase 
1s preceded by an increase in the alkaline ribonuclease 
of the post-mitochondrial cell fraction of the tumour, 
while the acid ribonuclease of that fraction 1s increased 
later during the regression. 

Asparaginase assays were performed as previously 
described®. Purification of asparaginase is shown in 
Table 1. The enzyme was extracted from lyophilized Æ. 
cols B cells by sonication of the suspended bacteria (10 
per cent w/v) for 30 min. The sonicate was centrifuged 
at 30,000g for 30 min. After precipitation of the 
nucleic acids by 1:0 M manganese chlormde (0-05 x 
volume), the supernatant was subjected to fractionation 
using ammonium sulphate. The 55-100 per cent saturated 
fraction which contained the asparaginase was dialysed 
until no ammonia could be detected in the dialysate with 
Nessler’s reagent, and applied to a hydroxylapatite 
column (2:0 x 23 em). The column was washed with 
disodium hydrogen phosphate and the enzyme was eluted 
with dipotassium hydrogen phosphate, both buffers 
being 0-1 M with a pH of 8-6. Tubes containing most of 
the enzyme activity were pooled and purified either by 
additional hydroxylapatite chromatography or byecolumn 
electrophoresis. Better purification was usually achieved 
by electrophoresis. 

The effect of the enzyme on the growth of the tumours 
is shown in Fig. 1. The BW 5147 and the resistant strain 
of 6C3HED continued to grow while the sensitive strain 
of 6C3HED progressively decreased in size. The resistant 
tumours of animals which were treated with the buffer 
only grew at the same rate as those of the animals which 
were treated with asparaginase. 

Animals bearing a tumour were injected intraperitone- 
ally with 10-11 units of asparaginase (specific activity = 
1,000-4,500 u/mg protein), while the controls were 
injected with an equal volume of the buffer. After either 
2 or 18 h, the animals were killed and ribonuclease (RNase) 
activity determined by the method of Shortman’. -The 
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Table 1. PURIFICATION OF ASPARAGINASB 


Unis Protein Sp. act. Recovery Punifi- 
a (mg) {ujmg) (percent) cation 
Crude extract 25,20 4,000 6-4 (x) 
Ammonium sulphate 15,700 1,160 143 61 2-2 
55-100 per cent 
Hydroxy lapatite 12,490 72 172 48 27 
column I 
Hydroxylapatite 2,200 22 1,000 9 156 
column If 
Table 2. JEFFECT OF ASEARAGINASE ON THE CONCENTRATIONS OF RIBO- 


NUCLZASE IN LYMPHOSARGOMATA 
RNase (u/g tumour tissue) 


Tumour Acid (pE 5 8) Alkaline (pH 7'8) Inhibited Alkabne 
Control ‘Treated Control Treated Control Treated 
BW 5147 
2h 172+82 2763+16 206+72 2381449 141421 181+17 
6C3HED/resistant 
2h 64+9 §8+18 115418 100424 48429 54423 
(10% decrease) (18% decrease) 
18h 76 + 26 + 124+37 123432 
(25% increase) 
6C3HED/sensitive 
2h 76+12 85410 48411 7847 96413 87410 
(18% increase) (80% increase) 
18h 7145 09415 112+6  I868+25 


(43% increase) (66% increase) 


One unit is that amoun of enzyme which will produce an optical density 
change of 1 0 in 30 min. 


tumours were remcved and immediately placed in ice- 
cold 0-15 M sodium chloride solution. They were then 
trimmed to remove connective tissue and blood vessels, 
weighed and homogenized in 0:44 M sucrose to give a 10 
per cent homogenate. The homogenate was centrifuged 
at 17,000g for 60 nun and the supernatant was assayed 
for RNase activity. The assay mixture contained 0-1 
ml. of 1 per cent ribonucleic acid (RNA) in 10-* M ethyl- 
enediamine tetraacetic acid, 0-1 ml. of water or of 10-2 M 
para-chloromercuritenzoate (pCMB), 0:2 ml. of buffer 
(acetate, 0-03 M, pH 5'8, or veronal, 0-03 M, pH 7-8) and 
0-1 ml. of the supernatant. After incubation at 37° C for 
30 min, the tubes were cooled in ice and 0-6 ml. of 
cold acid~alcohol {1 N hydrochloric acid in 76 per cent 
ethyl alcohol) was added. Cold acid—alcohol was added 
tg controls which had not been incubated, immediately 
after the addition of the supernatant. The resulting 
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6C3HED/S (Buffer) 
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7 BW 5147 (15u/day) 


+4 5 by oe 6C3HED/R (30u day) 
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Change in tumour size (mm) 


` 
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Fig. 1. The lymphosarcomata wêre Fo beat by trocar Into the 
nght fiank of the femele host animals (C3H/HeJ and AKR/J) obtam 
from Jackson Memoriel Laboratories, Bar Harbor, Mains, 4 days befdte 
testing began. The tumour-bearing mice were Injected intraperi- 
toneally twice daily, a least 6 h apart for 8 days with the asparaginase 
solution or an equal volume of the buffer. The tumour sizes reported 
represent the average diameter obtained by measuring with calipers in 
three directons before the first injection each day. 
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precipitate was removed by centrifugation, the super- 
natant diluted six times with distilled water, and the 
optical density at 260 mu was determined. The difference 
between the optical density of the incubated sample 
and that of the unincubated sample was taken as a measure 
of RNase activity. 

Table 2 shows that although there is little or no change 
in the levels of any of the RNases in either of the resistant 
tumours, there is an 80 per cent increase in the alkaline 
RNase of the post-mitochondrial fraction of the sensi- 


tive tumour within 2 h after treatment with asparagin- ~ 


ase. The level of the acid RNase is not significantly 
changed in the sensitive tumour during the first 2 h, but 
there is a 43 per cent increase over the control 18 h after 
treatment. The raised level of the alkaline RNase (inhib- 
ited RNase) persists for at least 18 h. The increase in 
alkaline RNase seen in the presence of pCMB is not 
significantly different in tumours from treated and control 
animals. 

Because asparaginase gives rise to increased RNase 
activity only in tumours which regress following treatment, 
and has no effect on the levels of RNase in tumours which 
are resistant to the antilymphoma action of asparaginase, 
„ib is possible that the mechanism of regression caused by 
asparaginase might involve activation of RNase. Mac- 
Leod, King and Hollander? have shown that in vivo 
treatment with 9-a-fluoro-prednisolone produces an 
increase in acid RNase of lymphosarcoma P1798 before 
any visible reduction in size of the tumour occurs. The 
similarity of the asparaginase effect to that of the 9-a- 
fiuoro-prednisolone on the corticoid-sensitive lympho- 
sarcoma suggests a generalized mechanism of lymphocyto- 
lysis involving RNase. This is supported by examples 
correlating, regression of tumours with increased acid 
RNase recently reported by Ambellan and Hollander’. 
As RNase is a possible regulator of protein synthesis, 
its increased activity could lead to cell destruction. 
Furthermore, messenger RNA has been reported to be 
particularly sensitive to pancreatic (alkaline) RNase’, 
thus causing disaggregation of polysomes’. This observ- 
tion is relevant because the rise in RNase reported here 
is in the soluble portion of the cell. 

The cytotoxic effect of asparaginase on 6C3HED cells 
in vitro reported by Borella et al. was accompanied by a 
reduction in the amount of tritiated cytidine taken up 
by the cells. Such a decrease could be caused by an in- 
creased rate of RNA” destruction by RNase which has been 
activated by asparaginase as well as by a decrease in RNA 
biosynthesis. 

Recently, El Asmar and Greenberg? reported that 
in vivo treatments of 6C3HHD lymphosarcoma with a 
glutaminase-asparaginase preparation from a’ Pseudo- 
mongd inhibited both the growth of the tumour and the 
incorporation of labelled glycine and adenine. The 
effect was ascribed to thé impairment of purine synthesis 
by the depletion of glutamine. The same result could 
be obtained by the activation of RNase by means-of the 
asparaginase activity in the preparation. The nucleotides 
released from RNA by the action of the activated RNase 
would dilute the labelled pool of purines and thereby 
reduce the incorporation of the labelled compounds. 

Ledoux** has demonstrated that direct injections of 
pancreatic RNase are effective in causing regression of 
tumours, but rather large amounts of material were 
necessary. In the investigation reported here, a maximum 
of 10 pg of protein was given and no RNase activity could 


- be detected in the samples administered. This difference_ 


suggests that internal stimulation of the endogenous 
enzyme is more effective than administration of the same 
activity from another source., 

There are several possible mechanisms by which aspara- 
gidse may stimulate RNase: (1) by removing an inhibi- 
tor other than that which is destroyed by pCMB; (2) 
by releasing the enzyme from some inactive, bound form; 
(3) by binding to the, enzyme to produce a synergistic 
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effect. The removal of an inhibitor is the most tempting 
mechanism. An analogy to this mechanism has recently 
been reported by Wiernick and MacLeod‘, who found 
that the removal of inhibitors of alkaline RNase by acid 
treatment!® activated the enzyme so that 9-«-fluoro- 
prednisolone no longer induced an increase in thymus 
RNase. . ° 
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The “Pink Spot” and Schizophrenia 


Tu idea that the “pink spot” is uniquely associated with 
schizophrenia}-3 is*now in doubt because of its reported 
presence in normal individuals** and in patients suffering 
from Parkinson’s disease®. Additionally, some doubt must 
be cast on its identification as ®-3,4-dimethoxyphenyl- 
ethylamine (DMPE)!:?7. The evidence supporting the 
finding that the “pink spot” is DMPE rests on its almost 
exact correspondence with DMPE in certain paper chro- 
matographic'*)? and gas chromatographic®® systems, the 
chromatographic similarity of prepared derivatives?” and 
the similarity of the melting point range of the hydro- 
chlorides*®. This indirect identification of the “pink spot” 
as DMPE is of great interest because of the hypothesis’? 
that in schizophrenia abnormal methylation of catechol- 
amines might occur. This hypothesis is strengthened by 
the chemical similarity between DMPE and the halucino- 
genic substance mescaline and also by the observation. 
that the feeding of substances capable of donating a methyl 
group can cause an exacerbation of schizophrenic symp- 
toms?*-?4, 

In this laboratory urine samples containing about 300 
mg* of creatinine (usually taken from a urine specimen 
collected over a 24 h period) were extracted with chloro- 
form according to the procedure described by Friedhoff and 
van Winkle’. The final dried extract in chloroform was 


“applied in the proportions 150, 75 and 75 mg of creatinine, 


respectively, to three 5 cm strips of Whatman number 2 
quality paper. Authentic DMPE (25 ug) was overspotted 
on one of the 75 mg strips. Descending chromatography 
in butanol: acetic acid: water, 60:15:25 (v/v), was 
allowed to proceed overnight (15 h). This length of run 
(40-43 cm) vas sufficient to allow a good separation of the 
pink. spot zone from other constituents of the urine extract, 
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Fig. 1. Recovery of authentic DMPE added to urine. According to the 
procedure described by Friedhoff and van Winkie’ 5, 10, 15 and 20 BE 
respectively of DMPE were added to four 100 ml. samples of “normal 

urine and extracted in chloroform (3 x 50 ml.). Equal portions ofeach of 
the alkaline chloroform extracts were spotted, separated and rendered 
fluorescent by the glycine-formalin treatment (see text). The amount 
of fluorescence was measured on a paper strip scanning device, arrangéd 
for fluorescence measurements, using primary filter Chance OY1 (365 mu) 
and secondary filter Chance OY8 (cut off below 450 mz). Standards 
(curve A), run at the same time, show that over the range 0-20 ug the 

recovery (43 per cent) was constant. 


including on occasions various drug metabolites. The 150 
mg and the 75 mg+25 pg DMPE strips were sprayed 
with ninhydrin-pyridine reagent, heated for 2 min at 100° 
C, and, after noting the positions and colours of the sepa- 
rated zones, dipped through a modified Ehrlich reagent}. 
In order to be sure whether or not a particular sample was 
positive it was essential that the zone on the 150 mg strip 
corresponded almost exactly with the less concentrated 
strip containing the authentic DMP, and that the correct 
sequence of colour changes occurs. This is important 
because several “pink spots” can be found in the urines of 
those patients excreting drug metabolites (see also refs. 
4, 5 and 16). In a study of thirty-one urines, obtained 
so far as possible from patients selected according to the 
diagnostic criteria suggested by Bourdillon et al.5, only 
one was found to exhibit a clearly defined “‘pink spot”’, 
although a ninhydrin positive substance was seen in the 
appropriate position in two others. Nothing was seen at 
this position in extracts of the urine from five “‘normal’’ 
subjects. Because it is necessary to have at least 5 ug of 
DMPE on the paper strip for the formation of a definitive 
“pink spot” it may be that more positives would have 
been found if larger amounts had been separated. 

In an attempt to increase the sensitivity of the identifica- 
tion of the “pink spot” the fluorimetric procedures of 
Seiler and Weichmann?? and Bell and Somerville?* were 
investigated using urine to which authentic DMPE had 
been added. The acid glycine—formalin treatment of Bell 
and Somerville was finally selected on the basis of its 
greater sensitivity. It is possible to obtain quastitative 
values from these strips by using a paper strip scanning 
device’ arranged for fluorescence measurements. Fig. 1 
shows that a constant proportion (43 per cent) of added 
DMPE within the range 0-20 ug is recovered from urme. 
Other experiments have shown that, while on a particular 
occasion the recovery of added DMPE is reproducible, it is 
not necessarily the same proportion as on a different 
occasion. 

It was surprising to find that the 75 mg strip from the 
positive urine did not fluoresce after the glycine—formalin 
treatment. In order to decide whether this lack of fluores- 
cence was caused by inhibition of the formation of the 
fluorophore by a contaminating substance present in the 
alkaline chloroform extract and possessing a similar Rr 
value, 10 ug of DMPE was added to two qualitatively 
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positive, but quantitatively different, samples of the single 
positive “pink spot’ urine obtained on different days. 
After chromatography and development of the fluoro- 
phore, scanning revealed that the same proportion of the 
added DMPE (55 per cent) was recovered from both urines. 
This clearly indicates that in this particular urine the 
“pink spot” isnot DMPE. Recent work?*:*! along different 
lines also concludes shat the “pink spot” is not DMPEH. 
At this stage it is difficult to assess how much importance 
to attach to the finding of the “pink spot” in schizophrenic 
patients, at least uniil more careful studies with respect 
to the influence of gat bacteria, diet, drug therapy, ete., 
have been performed. It is essential, however, that an 
unambiguous chemical identification be obtained as soon 
as possible. 
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Identity of the “Pink Spot” 


A NUMBER of authors have now reported the occurrence 
of “pink spot” ın the urine of schizophrenics’. Its identi- 
fication as 6-3,4-dimethoxyphenylethylamine (DMPE) 
rests on paper chromatographic evidence and a melting 
point provided by Friedhoff and Van Winkle? together 
with the gas chromatographic evidence of Sen and 
McGeer’. The pm spot produced from DMPE by 
successive treatments with ninhydrin and Ehrlich’s 
reagent is evanescent and some 5-10 ug are required on 
the paper after chromatography in order to be certain of 
its occurrence. Drug metalolites can seriously interfere 
with its determinazion by this technique. We find that 
DMPE is readily Cotected hy its reaction with formalde- 
hyde on paper’, and that ıt can be separated by high 
voltage electrophoresis from urinary metabolites” of 
‘Largactil’ (2,000 mg/day), ‘Stelazine’ (540 mg/day), 
‘Nardil’, ‘Disipal’ (800 mg/day), barbiturates and halo- 
peridol (2°25 mg/day). We have examined urines from 
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Table 1. PARTITION COEFFIOIENT OF DMPE BETWEEN ETHYLENE DI- 
OHLORIDE OR ISOAMYL ALCOHOL AND GLYCINE SODIUM HYDROXIDE BUFFERS 
(0 05 M) oF VARYING pH 


pH 
Solvent 8:68 9°15 965 1008 104 11:6* 


Ethylene dichloride 0-59 1-60 8°51 5 68 7:51 5 69 
Iscamy! alcohol 0-45 1°53 3-12 5:26 734 6-65 


* 0:1 N sodium carbonate. 


patients during treatment with these drugs (at the doses 
quoted), and find that their metabolites give no fluores- 
cence with formaldehyde and do not interfere with the 
formaldehyde fluorescence of added DMPE. (Tofranil 
metabolites, however, had a native fluorescence which 
may interfere at high doses.) Even when overloading 
of the paper has caused tailing of the DMPE and over- 
lap with metabolite spots, the fluorescence still develops 
normally. The fluorophore can be eluted with -0-4 N 
sodium hydroxide in methanol, and after acidification 
with hydrochloric acid it can be measured quant- 
tatively in a fluorimeter at 360 my. activation/460 mu 
fluorescence. In case of tailing on the electrophoresis 
paper, the eluted fluorophore can be re-run on thin layer 
plates of silica gel using n-butanol : water : acetic acid 
(60 : 20 : 20), or isopropanol : methyl acetate : water : con- 
centrated ammonia (35 : 45 : 15 : 5), in order to separate 
it from traces of drug metabolites or other urinary con- 
stituents. 
For the examination of schizophrenic urines we use 24 h 
collections and extract either 500 ml. or the whole sample 
(whichever is the less) with 3 x 1/3 volume of re-distilled 
ethylene dichloride. Since DMPE is a water-soluble base 
of pK 9-86 (determined by Mr. P. J. Taylor using potentio- 
metric titration at an ionic strength p= 0-01) the extrac- 
tion at pH 9-0 used by previous workers is not favourable 
to complete recovery. Table 1 shows the partition coeff- 
cient of DMPE between organic solvents and aqueous 
buffers of varying pH. This was measured by shaking the 
DMPE in buffer (100 pg/ml.) with a third of its volume 8f 
organic solvent and reading the optical density of each 
phase at 279 mu. We have adopted pH 10-5 as standard 
for the extractions and at this pH solutions of DMPE are 
stable for at least several days at 4° C. After drying the 
extract with sodium sulphate and evaporating it to dry- 
ness under vacuum at 40°-50° C, the residue is triturated 
with 50-100 ul. 0-02 N hydrochloric acid, and three equal 
portions of the solution are applied to Whatman No. 1 
paper soaked in 0-1 M phosphate buffer pH 6-2. 10 ug 
DMPE is spotted over the middle sample and the electro- 
phoresis is run at 4 kV for 1-5h. After oven drying at 80° 
C, half the paper is stained by ninhydrin/Ehrlich and the 
other by glycine/formaldehyde. Markers of DMPE alone 
are also run on each half. Using this technique, 25 ug 
DMPE added to 500 ml. of normal urine can be detected 
by the pink spot reaction and the recovery as measured 
by elution of the formaldehyde fluorophore is 50-60 per 
cent. Two authentic “pink spot’ urines supplied by Dr. 
A. Pauline Ridges were examined by this method and gave 
pink spots at the position corresponding to DMPE on both 
paper chromatography and electrophoresis, but no formal- 
dehyde fluorescence. We have now examined another 
thirty-eight urine samples from twenty-seven schizophrenic 
patients selected according to the “Schneider positive, non- 
paranoid” eriteria of Bourdillon et al. which correlate 
with a high incidence of “pink spot”. We have found only 
four positives, two of which were from one patient (N. P.), 
and none of these gave formaldehyde fluorescence. N. P. 
ıs a chronic patient and the first sample was obtained 
during treatment with ‘Largactil’. The second and 
stronger positive was obtained when all medication had 
beén stopped for 26 days. Intermediate samples were 
negative. These positive samples have all been re-exam- 
ined with the same result, using fresh portions of the same 
urines. Standards of .DMPE added to urine, extracted 
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and run at the same time gave good fluorescence. Although 
the “‘pink spots” from schizophrenic urines had the same 
colour and fading characteristics as those from DMPE 
standards, their appearance on the electrophoresis paper 
was different because they tended to form streaks running 
ahead of the standard, rather than compact spots. 

For patients who were specially selected, the incidence 
of “pink spots” is disappointingly low, though this could 
result partly from the fact that some of the samples were 
of small volume and in these cases there may not have been 
enough material on the paper for detection. From the 
evidence of the four positives which we have obtained, as 
well as those supplied by Dr. Ridges, it seems to us that 
these particular “‘pink spots” at least could not have been 
6-3,4-dimethoxyphenylethylamine, although at present 
we have no other information as to their identity. 
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Edinburgh, Dr. F. A. Jenner, Hollymoor Hospital, 
Birmingham, Dr. D. Hughes, Parkside Hospital, Maccles- 
field, and Dr. A. P. Ridges, Department of Medicine, 
University of Liverpool, for the supply of urine samples. 
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Effect of Reduced Glutathione on Haem 
Synthesis in Rat Liver during the Postnatal 
Period 


GROWTH is subordinate to the development of function 
in the liver of the rat during the first 2 weeks after birth}. 
In this period the activities of some respiratory enzymes 
in the liver increase to adult levels. Dawkins found that 
the rates at which some substrates are oxidized increase 
greatly in the first few days after birth?. He also demon- 
strated a marked increase over this period in the concen- 
tration of co-factors of the respiratory enzymes. The 
rate-limiting factor controlling these processes is not 
at present known. 

The oxidative function of these respiratory enzymes 
is connected with their prosthetic group, which in many 
cases is haem’. The increase in the activity of haemo- 
proteins after birth may be related to the rate of synthesis 
ofhaem. A low level of haem synthesis would be expected 
to limit the development of aerobic metabolism in the 
liver. It has been shown! that haem synthesis in adult 
rats is increased in the presence of sulphydryl reagents 
such as feduced glutathione (GSH) or ascorbic acid. 

The present experiments were designed to investigate 
the effect of GSH on haem synthetase which catalyses the 
insertion of iron into protoporphyrin. The activity of 
thiS enzyme was determined in extracts of isolated rat 
liver mitochondria from rats aged 1-21 days. The method 
used was a modification of that of Labbe®. Mitochondrial 
extracts were prepared in 0-25 M sucrose solution con- 
taining 1 per cent oleic acid. Theincubation mixtures 
contained 0:08 umoles ferrous sulphate, 0-08 «mmoles 
protoporphyrin LX and, when indicated, 20 moles GSH 

er ml. 
. The protoporphyrin was dissolved in 0-1 per cent oleic 
acid at pH 8-5. Haem synthetase activity was expressed 
ase mymoles protoporphyrin consumed/30 min/g fresh 
liver. Preliminary exper:ments showed that proto- 
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Fig. 1. The effect of GSH on haem synthetase activity in extracts of 
isolated rat liver mitochondria duri ng the postnatal period. The 
columns represent the means of the results of between four and seven 
enzyme preparations. In the first 14 days the livers of between three and 
five animals were used for one enzyme preparation. The ranges show the 
standard deviations. White columns, without GSH; hatched columns, 


porphyrin consumption was stoichiometric to haem 
formation. Haem labelled with iron-59 was isolated 
and determined as haemin by the method of Labbe and 
Nishida’. The conditions used in the experiments with 
iron-59 were identical to those with non-labelled iron. 
GSH was determined by the method of Grunert and 
Phillips’. 

Fig. 1 shows that the protoporphyrin consumption with 
GSH increases within 21 days from 540 to 900 myumoles/ 
30 min/g liver fresh weight, whereas the activity without 
GSH increases from 49 to nearly 600 mymoles/30 min/g 
liver fresh weight. This implies that the GSH-activation 
of haem synthetase is increased by a factor of eleven at the 
first day and only by a factor of 1'5 in adults. Two possible 
explanations of this change in the effect of GSH during 
the postnatal period can be advanced: (1) the concentra- 
tion of GSH in the extracts of newborn liver might be 
lower, or (2) the breakdown of the added GSH might 
be increased. Preliminary experiments indicate that the 
first assumption is more likely, because the GSH-content 
of the mitochondrial extracts is only 25 per cent of that 
of adults. 

Regulation of enzyme activity during development by 
the concentration of ascorbic acid was demonstrated 
for the enzyme p-hydroxyphenylpyruvate oxidase by 
Kretchmer*, Waem synthetase provides a further 
example of the concentration of a sulphydryl reagent 
regulating enzyme activity in the postnatal period. 
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PHYSIOLOGY 


Receptive Field Properties of the Superior 
Collizulus of the Rabbit 


ALTHOUGH richly erdowed with both sensory and motor 
' information!, the superior colliculus has in recent years 
been considered to play a very small part—literally that 
of a vestigial body—ain the vision among higher mammals. 
In view of its intimate relationships with many central 
nervous centres! anc. its homologous significance (as in the 
frog), a fuller reappraisal of its role in vision seems timely. 
Analysis of the receptive fields of these collicular cells 
was found a particularly effective approach here since 
levels both more paripheral (the retinal ganglion cells?) 
and parallel (the lateral geniculate body?) in the main 
visual pathway of the rabbit have been similarly investi- 
gated. There have also been related studies at several 
synaptic levels in tke cat‘-*, frog? and monkey’. 

The direction of this preliminary investigation was to 
determine qualitatively the scope of visual information 
represented in this cantre—in particular its more important 
“trigger features’’?. 

The twelve adult hybrids the fields of which are described 
here were investigated under moderate photopic con- 
ditions (backgrounc illumination of 1 ft.-L.). They were 
maintained under ght urethane anaesthesia (5:5 ml./kg 
body weight of a 20 per cent solution in saline). This dosage 
was found from earlier work at the retinal ganglion and 
lateral geniculate levels to be no more detrimental to cell 
responsiveness thar decerebrate and encéphale isolé tech- 
niques. Recordings were made only when spontaneous 
activity was prevalent in the midbrain and withdrawal 
reflexes of the forelambs were easily obtained. 

The animal was supported during the experiment in a 
stereotoxic frame designed not to impair the visual field. 
The lids of the tested (right) eye were sutured well back 
and the pupil dilased with two drops of phenylephrine 
hydrochloride (10 par cent, viscous). Eye movements were 
seldom encounterec, making paralysis of the extraocular 
muscles unnecessary. 

The eye was then refracted and fitted with a contact 
lens to protect the cornea from drying an@ to bring the 
retina into conjuga2y with the testing plane. 57 cm from 
the eye. For plot=ing purposes, horizontal and. vertical 
zero were taken ftom a line projecting from the area 
centralis (20° below the lower margin of the optic disk?) 
through the centre of the pupil into wisual space. 

An aperture in «he skull 4 mm long and 3 mm wide 
over the left superor colliculus allowed the passage of a 
stainless steel microelectrode (average resistance, 40 m) 
to any region of chis body. Sealing the hole with a 
4 per ceng agar gel minimized pulsation so that cells could 
be maintained for From several minutes up to two hours 
time. One recording site, usuallythe deepest, was marked 
by a deposit of metallic iron ons roach penetration. These 
locations were readily identified in frozen sections later 
made of each brair, appearing as Prussian blue reactions 
(50-100u in diam=ter) to the potassium ferrocyanide 
included in the formal—saline perfusion solution. 

Decline of response to repeated stimulation’ is a 
common. property of these cells, and localization had to 
be based on spontaneous discharge as the electrode was 
lowered rather thaa on provocative,searching techniques. 
Once localized, th= weceptive field of the cell was first 
mapped with a #° diameter light spot (6 ft.-L.) found 
most effective for defining the whole-field boundaries as 
well as the discrete response zones within. Further testing 
with diffuse illumination and a variety of specific targets 
(such as straight edges, lines, contours, etc.) both of light 
and shadow, moving and still, followed. 

In categorizing the sixty receptive fields described here 
(Table 1), three major classes were evident: (1) tlose 
giving the same mode of response throughout their 
domain; twenty-taree of these have been found and they 
are referred to here as homogeneous fields; (2) those of 
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Fig. 1. Distribution and properties of sixty receptive tears in visual space recorded from the superior collicus of 
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classic concentric geometry with centre and surround 
producing opposing modes of response; twenty-six of 
these were found; and finally (3) a group of eleven fields 
generally asymmetric in outline and always asymmetric 
in internal geometry, olten incorporating several response 
zones of distinctive character. Fig. 1 shows the distribu- 
tion of these sixty fields in visual space together with 
some of their sub-distinctions. i 

Those fields “homogeneous” in response were of three 
descriptions: four responded only at “‘on”’ of the stimulus; 
eight responded only at “off”; and eleven responded -at 
both “on™ and “off”. Although this uniformity was 
not found to change over a wide photopic range, diffuse 
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light stimulation, generally resulting in a greatly reduced 
response from the field or its complete elimination, sug- 
gested the presence of lateral influence. 

Most distinctive of these three forms were the “on” 
responders, with the smallest average diameter, 8-2° 
(o = +3:°5°). While reacting briskly to movement, either 
of light or shadow, none were directionally selective nor 
were they sensitive to particular ranges of velocity. 

In contrast, the “off?” and ‘on-off’ responders were 
more varied and often considerably larger, with average 
diameters of 27° and 21° respectively. They were, in 
addition, located throughout a greater range of eccentricity 
in the visual field, their centres being found up to 50° 


Table 1 ne 
Field geometry N Per- Diam. Diam. Diam. Eccent. Eccent Eccent DS Percentage 
centage G Ay g? range? 7o o’ range N of class 

(1) Homogeneous “on” $ 4 7 82 ¿35 5 to 14 25-5 +31 22 to 80 0 0 

Homogeneous “off” 8 14 26-8 +21°3 5 to 77 32°8 +17-9 0 to 62 2 25 

Homogeneous “on-off” il i8 21-0 +28-2* 2 to 5 22-7 +70 10 to 36 5 45 

(2) “OF” centre conc. “on” surround 2 3 148 14-2 and 15-5 18-6 18:2 and 18°8 0 8 
“On” centre conc. “off” surround 0 9 

“On-off” centre conc. “on” surround 6 10 15:5 +63 4 to 23 842 +16-9 15 to 60 3 59 

® “On-off” centre conc. “of” surround 11 18 21-6 +205 4 to 83 29°4 +12-4 8 to 50 3 27 

“On-off” centre conc. mixed surround vi 12 14:8 + 6-9 5 to 24 25:0 +16°9 7 to 42 4 57 

(8) Asymmetric 11 18 275 +252 7 to 103 29'6 +209 7 to 87 2 18 

Total 60 100 Ps 19 


* Badly skewed distribytion, many more large fields than small being represented. DS, directional selectivity. 
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from the optic axis. These cells were often difficult to map 
with a flashing spot, responding sluggishly and seeming to 
decline readily in response to repeated stimulation. 
Movements, especially of edges or detailed targets, were 
found to be more effective stimuli and seven of these cells 
showed a well-developed directional selectivity. In 
addition, a few were more responsive to fast targets 
(5°/sec or more), while one was sensitive only to very slow 
movement of low amplitude. Scanning for fine (or distant) 
movement seemed the forte of these cells. 

Slightly more common were cells with fields arranged 
concentrically. Least frequent among those studied was 
the off-centre, on-surround form (on-centre, off-surround 
forms were not found). Since only two were mapped, 
little can be said about their properties except that their 
surrounds were sharply defined and well developed in 
each case. Both were extremely sensitive to small move- 
ments, but neither was directionally selective. Their 
overall diameters were 15° in each case. 

While the zones of the fields already described were 
well defined, those of the balance of the concentric fields 
were not. All had a large central area, responding both at 
the onset and at the cessation of the stimulus, and were 
encircled by a marginally developed “‘off” surround. (eleven 
cases), “‘on”’ surround (six cases), or a surround giving 
either “off” or “on™” depending on the portion of the rim 
being tested (seven cases). Each group contained a large 
range of diameters, some as small as 4°, others reaching 
80°. The eccentricity of their centres varied from 7° to 
50°. Their functional characteristics included a sluggish- 
ness In responding to repeated static stimuli, a high 
sensitivity to direction of movement (ten out of twenty- 
four cells) and occasionally a predilection for limited 
ranges of velocity. 

Apart from the two major classes just described, the 
homogeneous and concentric forms, one other population 
stood out. The common characteristic of these eleven 
fields was their asymmetry, as mentioned earlier. Most 
had a distinctive “off”? responding band dividing their 
field irregularly, the remainder of it being either “on” 
or “on-off”? in character. Three contained local regions 
which were directionally selective. While static stimuli 
were not particularly effective, moving targets of some 
detail were quite effective. Their frequent large diameters 
(up to 103°) and range of eccentricities (up to 85°) make 
them, like the homogeneous fields, well suited for scanning. 

Of comparative interest is the geometrical likeness of 
the first two classes to the “simple” fields of the lateral 
geniculate nucleus of this animal described by Arden?— 
particularly the poorly developed surrounds common to 
both sites. Similarly, there are both functional and geo- 
metrical resemblances between the ‘“‘complex” fields of 
the lateral geniculate and the asymmetric variety found 
here. There seem to be primary differences in the range 
of field sizes and the lower frequency of the complex forms 
in the superior colliculus. Of course, differences in testing 
conditions and selectivity of electrodes cannot be ruled 
out as selective factors. 

In contrast to the unlayered lateral geniculate body of 
the rabbit, however, the stratified superior colliculus lends 
itself to the possible ordering of groups of cells with over- 
lapping fields into functional columns, catering to specific 
orientations of stimuli and balances of ocular dominance 
as described in the cat cortex by Hubel and Wiesel. While 
the cells whose fields have been described here have been. 
localized in successive layers (for example, stratum 
opticum, stratum griseum superficiale and the stratum 
griseum intermediate) only the first hints of such ordering 
are evident so far, but a clearer relationship between 
specific layers and receptive field geometry is promising. 

This extensive interchange of sensory and motor 
information in the superior colliculus, representing a 
rich repertoire of properties—among them, movement, 
velocity and directional sensitivities—makes this centre 
an appealing one for renewed examination, not only 
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relative to its own analytical structure, but also with 
regard to its functional influence on eye movements, 
pupillary control, anc other visually dependent behaviour. 


Ricwarp M. Hr. 


School of Optometry, 
The Ohio State University, 
Columbus, Ohio. 
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Convergence o” Inputs on Deiters Neurones 


Ow the basis of anstomical studies, Deiters nucleus has 
been divided into tarts projecting to different levels of 
the spinal cord, andit has been suggested thai these parts 
are not functionally equivalent*. We have recently shown 
that those Deiters ells which project to the lumbosacral 
cord can be strongly facilitated by electrical stimulation 
of peripheral nervee; the polysynaptic pathway through 
which facilitation is produced does not traverse the 
cerebellum, and can be activated by stimulation of all 
types of afferents other than Group I fibres from muscle’. 
In the present experiments the effects of peripheral and 
labyrinthine inputs on Deiters cells that send axons to 
the lumbosacral cord have been compared with the effects 
of those inputs on Deiters cells that send axons to more 
rostral spmal segments. The results of this single unit 
physiological analysis have in many respects confirmed 
the interpretation of the organization of Deiters nucleus 
ywoposed by Broda. and his collaborators?. 

All experiments have been performed on acutely 
decerebellated cats, usually anaesthetized with chloralose- 
urethane, paralysed with ‘Flaxedil’ and artificially 
respired. The stimulating and recording equipment, and 
much of the dissection and preparation of the animal, 
were as previously described’. The vestibulospinal tract 
was stimulated ant-dromically with two sets of electrodes, 
each consisting of a pair of narrow strips of platinum 
foil (thickness 0-02 ın., interelectrode distance 7 mm) 
attached to a thin piece of plastic. One electrode pair was 
inserted under the spinal cord at C3-04, the other at 
L3-L4. «We have designated as CO cells those Deiters 
cells activated artidromically only by cervical cord 
stimulation. This zroup of cellgincludes cells projecting 
to the cervical, thoracic and upper lumbar cord. Cells 
also activated anticromically as a result of lumbar stimula- 
tion have been designated L cells. These units belong to 
the “hindlimb” part of Deiters nucleus’, and project to 
the lumbosacral cord. Glass micropipettes, filled with 
2 M sodium chloride saturated with fast green FCF and 
selected for initial resistances of 3-8 MQ, were used to 
record the activity of single units extracellularly, and, 
when desired, to mark the position of the electrode tip***. 
During an experiment, several fast green marks were 
made with the recording electrode and these marks were 
afterwards used to estimate the position of units as being 
in the rostral, micdle or caudal part of Deiters nucleus. 
Cells were found ky searching the appropriate region of 
the medulla while stimulating the spinal cord at a rate of 
5 stimuli/sec. Oncs a cell was encountered and identified 
attempts were made to modify its activity by stimulation 
of various forelimb and hindlimb nerves with 40 psec 
rectangular pulses, delivered through bright platinum 
electrodes at a repetition rate of 1 a sec. The effect of 
impulses in the vestibular nerve on Deiters cells was also 
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investigated in some experiments, Stimuli to the mem- 
branous labyrinth were delivered through a fine platinum 
ball electrode, inserted as deeply as possible through the 
ipsilateral fenestra vestibuli, and held in place with dental 
cement. 

The results to be described were obtained from twenty- 
four cats, in which 127 L cells and eighty-eight O cells 
were found in electrode tracks located in all parts of the 
nucleus. As might be expected from previous anatomical? 
and physiological** investigations, L cells were relatively 
more numerous in the caudal part of Deiters nucleus. In 
caudal tracks L cells outnumbered O cells fifty to twenty- 
six (L/C ratio 1:9), while in rostral tracks forty-seven L 
cells and forty-five C cells were encountered (LJO ratio 
1:05). The remaining thirty L and sixteen C cells were 
approximately in the middle of the nucleus. 

We have previously reported that many L cells discharge 
spontaneously in the type of preparation used in our 
experiments?; and many C cells that fired spontaneously 
were found in the present investigation. Systematic 
tracking in different regions of the nucleus, however, 
revealed an interesting difference between these regions: 
spontaneously firing cells were much more prevalent in 
the caudal part of Deiters nucleus than in the rostral part. 
Thus of 69 cells that were studied satisfactorily in the 
caudal half, fifty-one (74 per cent) exhibited. ongoing 
activity. In comparison, only thirty-six of eighty cells in 
the rostral half, or 45 per cent, discharged spontaneously. 
Rostral C cells showed the least spontaneous activity 
(15 of 39, 38 per cent) while caudal L cells showed the most 
(39 of 46, 85 per cent). Study of seventeen tracks in which 
three or more cells were encountered (and in which there 
were non-spontaneous cells) revealed that the non- 
spontaneous cells were most likely to be cells in the middle 
or at the bottom of the track. 

In a previous paper? it was shown that stimulation of 
mixed or cutaneous nerves ai l/sec facilitatcd many L 
cells, with a latency of about 20 msec and a duration of 
100-200 msec. The facilitation was usually revealed as 
an increase (often of 100 per cent or more) of ongoixg 
activity, and was rarely strong enough to cause previously 
silent cells tb discharge. With stimulation of muscle 
nerves single shocks were not very effective, and triple 
shocks (at 300/sec) were required to bring about any 
significant facilitation. In the present experiments similar 
results were obtained in a number of C cells: fifteen cells 
that were carefullysstudied were facilitated in the same 
way as L cells described previously and as L cells seen in 
this series of experiments. Facilitatidn of C and L cells 
was produced by stimulation of the same peripheral] nerves 
and was of approximately the same magnitude. Of the ten 
C cells studied that had known locations, however, eight 
were in the caudal or middle parts of the nucleus, and 
therefore can be assumedgto have been mainly cells project- 
ing to the thoracic and tipper lumbar (above L3) cord?. 
While these cells received a similar input from the 
periphery as did L cells, less is. known about rostral C 
cells; many of these C cells presumably project to the 
cervical cord’. Only fifteen spontaneous rostral C cells 
were encountered, and it was possible to test the effect 
of limb nerve stimulation on eight of these; two showed 
typical effects and six some facilitation. Similar results 
were obtained with nineteen spontaneous rostral L cells. 
It is reasonable to suggest that L and C cells located in the 
rostral part of Deiters nucleus received the same facilita- 
tory inputs as did cells located more caudally, and that the 
relative lack of information on facilitation of rostral cells 
resulted from the comparatively large number that were 
non-spontaneous and therefore could not reveal the 
excitability change produced by peripheral stimulation. 
Apparently the distribution of facilitatory inputs from 
the periphery to Deiters cells in decerebellated cats is 
more widespread than would have been predicted from 
oe data such as the distribution of spinovestibular 
fibres}. 
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Fig. 1. Effect of stimulation of the labyrinth on a non-spontaneous C 
cell located in the very rostral part of Deiters nucleus. A, Antidromic 
response to stimulation of the cervical cord at l/sec; B, response to 
stimulation oflabyrinth; B1, with a stimulus of 1 8 Va small P wave is 
seen superimposed on the end of the stimulus artefact, and an N1 wave 
of about 300 uV starts at 0-9 msec; B2, when the stimulus is raised 
to 2-0 V a spike occurs in every sweep, at 1-0-1-5 msec. Extracellular 
recording with fast green electrode. Time marks 1 


msec, voltage 
calibration 500 uV. 


Stimulation of the labyrinth at 1/sec with an electrode 
inserted into the fenestra vestibuli produced, in many 
parts of the nucleus, field potentials similar to those 
recently described®. The delay in the arrival of afferent 
impulses, as measured from the stimulus artefact to the 
summit of the P wave’, was usually 0-4 msec. A large 
negative (N1) deflexion, presumably consistmg of post- 
synaptic potentials and spikes, usually had a latency of 
0-8--0-9 msec. Of ninety-one cells studied for vestibular 
effects, thirty-three fired on top of this N1 patential at a 
latency of 0-9-2-0 msec after the stimulus artefact (latency 
with strong shocks 0-9-1-4 msec), as shown in Fig. 1. 
The latency of this firmg was such that the responses can. 
safely be considered monosynaptic. Almost certainly, 
other cells also received a monosynaptic input from the 
labyrinth; in the absence of firing, however, such an 
input cannot be detected with extracellular recording. 
Some polysynaptic firing was also observed; this will be 
described in a subsequent publication. 

While stimulation of the labyrinth fired both O and L 
cells monosynaptieally, such firing was present in a 
considerably greater fraction of the former. Thus, mono- 
synaptic responses were seen in only twelve of fifty-five 
L cells (22 per cent), but in twenty-one of thirty-six C 
cells (58 per cent). While stimulation of peripheral nerves 
usually caused detectable effects only in spontaneous 
cells, stimulation of the labyrinth produced monosynaptic 
firing mainly in non-spontaneous cells: monosynaptic 
firing was seen in twenty-six of forty-four non-spontaneous 
cells, in only seven of forty-two spontaneous cells. The 
biggest single group of cells monosynaptically activated 
by the labyrinth consisted of twelve non-spontaneous 
rostral C cells; in contrast, only one spontaneous caudal 
L cell responded monosynaptically. Parenthetically, the 
monosynaptic response of non-spontaneous cells demon- 
strates the power of the input from the labyrinth: at 
1/sec most cells responded to every shock. 

As stated above, non-spontaneous cells were usually 
found in the middle or at the bottom of electrode tracks. 
Analysis of twenty-four tracks, including the seventeen 
already described, showed that monosynaptic activation 
by the labyrinth was also usually found in the middle or 
at the bottom of electrode tracks. This result correlates 
well with the finding that primary vestibular fibres 
terminate only on cells of the rostroventral region of 
Deiters nucleus’. 

Our findings are in agreement with many predictions 
based mainly on anatomical studies'. In particular our 
results provide further evidence for a functional sub- 
division of Deiters nucleus. The rostral part of the nucleus 
contains many cells projecting to the rostral levels of the 
spinal cord, and it is among these cells that monosynaptic 
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input from the labyrinth is found most often. The rostral 
and caudal parts of the nucleus are also differentiated by 
the level of spontaneous activity. Such activity is found 
especially frequently ım the more dorsal, caudal cells, 
that include many. cells projecting to the lumbosacral 
cord. It is interesting to note that a direct input from the 
labyrinth, and non-spontaneity, are largely found in the 
same population of cells. This suggests a need for further 
studies to test the responsiveness of Deiters cells, identi- 
fied by antidromic invasion and location, in animals whose 
position in space can be modified in the course of the 
experiment. 

This work was supported in part by the National 
Institute of Neurological Diseases and Blindness, U.S. 
Public Health Service. 
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Determination of Regional Blood Flow by 
means of Small Semiconductor Detectors 
and Red Cells tagged with Phosphorus-32 


THe determination of-regional blood flow is of great 
interest both from a clinical and a physiological point 
of view. Several methods for doing this are available. 
Most of them, however, have the limitation that they 
give the blood flow in comparatively large masses of 
tissue, which may include parenchyma with different 
functions and different blood flows. The thermocouple}, 
the hydrogen gas electrode? and the noble gas method 
(local-injection technique) offer the possibility of making 
measurements within small and anatomically well- 
defined regions. These methods must, however, be cali- 
brated and can only be used in certain types of tissues, 
such as muscles and skm, because they will determine 
not only the blood flow but also the lymph flow, and in the 
kidneys the urine flow?. 

To supplement the available methods, we evaluated 
an indicator-dilution technique to measure local blood 
flow using small semiconductor detectors primarily 
sensitive to beta-rays and using phosphorus-32-tagged 
red cells as the indicator. Needle detectors were put 
into the parenchyma, and end detectors on the surface 
of the organ. We have applied the method to the kidneys. 

The needle detector itself consists of a tube of stainless 
steel or aluminium with a wall thickness of about 50p. 
at the tip of the tube, where a lithium-drifted p-i-n 
silicon crystal is placed. The smallest detector used has 
an outer diameter of 1-1 mm. The length of the sensiteve 
part of the semiconductor is 2-5 mm and the diameter 
0:9 mm. The largest one has an outer diameter of 2-5 mm. 
The corresponding sensitive part is 4-5 mm long and 1:9 
mm in diameter. The detectors were made by AB Atom- 
energi, Sweden, and were operated with a bias voltage 
of 20-50 V. The pulses were amplified by a charge- 
sensitive preamplifier and a linear amplifier and were 
recorded on a scaler with an automatic print-out (2°5 
times por sec)’. 

The countiug-rate efficiency for the smallest detector 
was 1,500 c.p.m. and for the largest 6,000 c.p.m., when tho 
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detectors were placed in a solution of phosphorus-32 
of concentration 1 ye ml. 

The end detector used was a common phosphor- 
diffused semiconductar detector. This detector is en- 
closed in a stainless steel capsule with a l5u aluminium 
window. The analysing system was essentially the same 
as for the needle dztector, except for the print-out, 
where a decimal pip method was used‘. 

Twenty-five experiments were performed on six dogs 
which had been anaesthetized with chloralose. The left 
kidney and the renal artery were exposed by an incision 
in the flank. A lumbar artery leaving the aorta at the 
same level as the remal artery was dissected free and a 
catheter was inserted through this into the renal artery. 
The needle detector was inserted into the medulla and the 
end detector was placed on the surface of the kidney. 
After determination >f the background activity, 0-2~0°5 
ml. of plasma containing a suspension on the phosphorus- 
32-tagged red cells (G-2—-2 mc./ml.) was Injected into the 
catheter. The pulses rom the needle and the end detector 
were recorded simuctaneously. The indicator-dilution 
curves from typical experiments are shown in Figs. 1 
and 2. 

Five minutes latec, when the tagged red cells were 
equilibrated in the total blood volume of the body, 
he intrarenal activiry was determined by the detectors. 
Then 5~10 ml. of blood was taken and the activity determ- 
med using the same detectors. The blood volume (V) 
in the region investigated was calculated by dividing the 


400 


injection of G3mi Pttagsed bicod 
a 


i“) 
© 
© 


Counting rate (c/s) 
ex 
© 


100 





Basal activity 


0 10 20 30 40 929 60 70 
Time (sec) 


Fig. 1. Recording from a needle detector in the inner zone of the renal 

medulla. The dots represent the experimental values. The dashed hne 

18 extrapolated from tha exponential slope of the curve. The basal 
actiyity depends ~n earlier injections of radioactive blood. 
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Fig. 2. Recording from an end detector on the renal cortex. The ex- 
perimental values are represented by the dots and the dashed line 1s 
extrapolated fom the exponential glope of the curve. 
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intrarenal activity by the blood activity. To determine 
blood flow we used the following equations: 


re l 1felt)max | f e) dt (1) 


where £ is the mean transit time, c(t) the recorded activity 
and c(t)max the peak value of‘c(t), and 


9 = Pt, (2) 


where 9 is the blood flow and V the calculated blood 
volume in the region investigated. 

Fig. 1 shows a recording from a needle detector placed 
in the inner zone of the renal medulla. The first peak 
arises from the activity passing through the interlobar 
arteries. The counting rate then rises very quickly to a 
peak value (c(t)max) and then decreases exponentially. 
The dashed line is an extrapolation of the exponential 
decrease of the activity. 

The mean transit time of the actual experiment was 
calculated to be 24 sec, corresponding to a blood flow of 
0-5 ml./min. ml. tissue. Fig. 2 shows a recording from an 
end detector placed on the renal cortex. The mean 
transit time and the blood flow were calculated as 3-2 
sec and 3-3 ml./min. mi. tissue, respectively. 

The semiconductor fulfils excellently the requirements 
of a detector for local blood-flow measurements. The 
method is dependent primarily on the fact that the semi- 
conductor records beta-particles. The energy of these 
particles determines the volume measured which in the 
ease of phosphorus-32 is about 0-2-0-5 em, depending 
on the size of the detector used. Gamma detectors, even 
greatly collimated ones, do not afford the possibility of 
such local application. Other advantages of the semi- 
conductor detector are its great efficiency relative to its 
small size, its extreme stability and long life and also its 
ability to record high activity*®. In these latter respects 
pa semiconductor detector is superior to Geiger—Miiller 
tubes. 

A drawback of the needle detector is e 
that it damages the surrounding tissues 
when inserted into the organ; this in 
turn gives rise to a non-perfused zone 
around the detector. 
blood volume will therefore be too 
small. This error, however, has no 
effect on the determination of blood- 
flow described earlier, because the 
calculated mean transit time refers to 
the calculated blood volume and not 
to the true blood volume in the investi- 
gated region. 

The results, though few, show a very 
low rate of flow in the medulla com- 
pared with the high flow in the cortex. 
These results agree with those obtained 
by Kramer et al’. The calculated 
cortical blood flow may have been 
underestimated, owing to the compara- 
tively long injection time. 

We consider that the method de- 
scribed is valuable for blood-flow determ- 
mations not only in fhe kidneys but also 
in other organs, such as brain, liver, 
heart and bone marrow. To evaluate ji 
this method, it seems necessary to study 
the accumulation and washing-out rates 
after continuous injections Qf tagged red 
celis. The method also makes it possible 
to use krypton-85 for the blood-flow 
measurements, as this isotope has a 
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Fig. 1. Primary and secondary responses in somatosensory areas I and II (ST and SIZ), 
evoked potentials in the ventrahs postero-lateralis nucleus of thalamus (YP), in the 
medial lemniacus (ZA, and in the spinocervical tract (SC 
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Central Mechanism of Hyperaesthesia 


Ir ig common experience that inflamed tissues are 
hypersensitive to pain. Direct experiments have shown 
that this hypersensitivity may result from the increased 
sensitivity of the receptors in the injured tissues’. On the 
other hand, MacKenzie”, as far back as 1893, suggested 
that hypersensitivity could be the result of increased 
sensitivity of structures in the central nervous system. 
According to this investigator, sensory impulses arising in 
the injured tissues create an “irritable focus’ in the 
segment of the spinal cord at which they enter. As a 
result a stimulus which would not evoke a sensation of 
pain in undamaged tissue begins to do so, if the afferent 
impulses set up by the stimulus reach the “irritable 
focus”. Participation of central mechanisms in the 
development of hyperaesthesia was then confirmed by a 
number of observations*-’. It has not yet been made clear, 
however, just where this “irritable focus” is created— 
that is, at which synaptic relay the facilitation elicited by 
impulses arising in the injured tissues oceurs. A number 
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superficial peroneal nerves of mght (A, B) and left (O D) hind limbs before (4, C) and after 
(B, D) the development of the Inflammation in the right hind paw. A marked facilitation 
of all responses ehcited by stimulation of the nerve of the damaged hind limb is seen (B). 
The numbers indicate the strength of stimulus in mV. Each record has been formed by 
superposition of five traces. The black points beneath the Individual records mark the 
moment of stimulation. Upward deflexions signal negativity in all records. 
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g.2, Primary responses in Pomatgamibory areas I and II (SI and SIE) 
ott the left (A, B) and nght (C, D) hemispheres elicited by stimulation of 
the contralateral apinocervical Tani ae SCT), of the contralateral 
media! lemniscus (Stim. LM}, and of the Ipsilateral ventralis postero- 
lateralis nucleus of the thalamus (Stem. VPL) before (A, C} and after 
(B, D} the development of the infammation in the right hind paw. It can 
be seen that responses did not change after the damage of the right hind 
paw. Each record has been formed by nel of five traces. 

Remaining notation as in 


of suggestions have been made previously®:*.*, but none 
is satisfactory. 

This investigation was undertaken to elucidate the 
problem of finding a central mechanism. For this purpose 
we studied the action of the impulses arising in the 
inflamed area on the hind limb of experimental animals on 
the excitability in all synaptic relays of the specific 
projection pathway along which the information from the 
injured hind limb reaches the cerebral cortex. 

The experiments were performed on eighty-five cats 
anaesthetized with ‘Nembutal’. The inflammation was 
evoked in one of the hind paws of the animal by a sub- 
cutaneous injection of turpentine (0-5-1-0 ¢.c.). The 
excitability of the synaptic relays in the specific projection 
pathway along which the information from the injured 
hind limb reaches the cerebral cortex was tested ky means 
of the evoked potentials recorded from somatosensory 
areas I and II, from the ventralis postero-lateralis nucleus 
of the thalamus, from the medial lemniscus, and from the 


spinocervical tract, after the first synaptic relay in*the - 


dorsal horn of the lumbosacral segments of the spinal 
cord!®, Responses were elicited in these structures either 
by electrical stimulation of the superficial peroneal nerve 
along which impulses from the inflamed area on the hind 
limb were propagated, or by stimulation of the spinocer- 
vical tract, medial lemniscus or ventralis postero-lateralis 
nucleus. As a control, similar responses were recorded in 
the specific projection pathway of the undamaged hind 
limb. 

As & result of our investigations it was first of- all 
established that impulses from the inflamed area an the 
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hind limb facilitated the primary and secondary cortical 
responses evoked by the stimulation of the nerve from the 
injured hind limb. As shown in Fig. 1 A, the weakest 
stimulus which woud elicit the primary responses in 
somatosensory areas I and II before the damage of the 
hind limb was 350 nV. The secondary: discharges were 
evoked by a stronge? stimulation—-600 mV. Two hours 
after the injection of turpentine the right paw was very 
swollen and by this tzme the threshold for the initiation of 
cortical responses to stimulation of the damaged hind limb 
nerve was markedly “owered. The primary and secondary 
responses in somatosensory areas I and II now began to 
appear on stimulation of this nerve by current pulses 
produced by voltages of 250 mV and 350 mV respectively 
(Fig. 1 B). Similar facilitation was then established for 
the responses elicitec by stimulation of the nerve from the 
damaged hind limb ia all the remaining relays of the same 
specific projection >vathway—in the ventralis postero- 
lateralis nucleus, medial lemniscus and spinocervical tract 
(Fig. 1 B). By contrast, it was found that the threshold 
for the initiation of the same responses to stimulation of 
the undamaged hindlimb nerve did not usually change 
under very deep anaasthesia (Fig. 1 C, D}, neither did the 
responses elicited by the stimulation of the central 
structures (ventralis postero-lateralis nucleus, medial 
lemniscus or spinocervical tract) (Fig. 2). 

Thus it seems tkat the impulses from the inflamed 
area, in the hind pav facilitate the first synaptic relay of 
the spinocervical tract and do not elicit any detectable 
changes in the exciability of higher relays of the same 
specific somatosenscry projection pathway. As a result 
of this, the weak afferent volley from the periphery 
which normally does not reach the cerebral cortex will 
begin to do so after she injury to the hind limb. Thus, the 
facilitation of the fist synaptic relay of the spinocervical 
tract may be considered as one cause of the hyper- 
sensitivity of inflanced tissue. 

L. N. SMOLIN 
N. N. Samco 
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Nitrogen Balance Experiments: some 
Theoretical Considerations 


Miller and Paynet have raised anew the problem of how 
to explain net protein utilizations (NPU) greater than 
100 per cent. They offer a conventional answer, that the 
metabolic or endogenous loss of nitrogen can be reduced 
in certain cases and that this results in calculated 
efficiencies greater than 100 per cent. The examples cited 
of such high utilizations are of two types 


N>U = 100 (Bal+M)/I (1) 
Bal = al+bl*+e (2) 
NPU = 100 dBal/dI _(2a) 


where I, Bal, and M are nitrogen intake, nitrogen balance, 
and endogenous urinary and faecal nitrogen excretion, 
respectively, and a, b and c are constants. 

+ 
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The high utilization values referred to by Miller and 
Payne were taken from Allison et al.” and Anderson and 
Nasset®, who obtained them by means of equation (1); 
other values were taken from Forbes ef al.t by way of 
equations (2) and (2a). The high results by equation (1) 
are illogical and require explanation, while the finding 
that the instantaneous slope of the curvilinear re- 
gression line may be greater than unity merely indicates 
that the utilization of an intake increment may be greater 
than the increment itself. This is quite possible provided 
the slope is less than unity below and above the intake 
range where it was found to exceed this value. There are 
indications®~? that growth, nitrogen balance and nitrogen 
retention may vary with the mtake of protein, ammo 
acids, or vitamins by sigmoid response curves. The 
alleged demonstration, however, of slope values greater 
than unity in curves describing the relationship between 
nitrogen balance and nitrogen intake!‘ refers to the intake 
range where no observations were recorded, and for this 
reason they may, therefore, be artefacts. 

It remains to be explained how values greater than 100 
per cent can be obtained for net protem utilization by 
equation (1). It has been assumed that the feeding of some 
special proteins or amumo-acids reduces the endogenous 
excretion; it may, however, be that the protem-free 
feeding prescribed for its determination results in nitrogen 
being excreted in excess of the inevitable nitrogen loss 
which it is intended to account for in the experimental 
animal given protein in its diet. It will be noted that 
when Miller and Payne! constructed their theoretical 
curves they used a higher endogenous excretion (about 
250 mg N/day/kg body weight"7%) than the mean extra- 
polated value corresponding to the experimentally 
obtained curves‘ (about 175 mg N/day/kg body-weight®-*5). 
This tallies with my previous objection® that Miller and 
Payne’s?* estimate of the maintenance item is higher than 
that usually accepted. It also emphasizes that such 
estimates tend to be imprecise. 

Ashworth was one of the first to report biological values 
greater than 100 per cent. He pointed out that when 
complete proteins are given at low levels, the endogenous 
excretion represents almost the total excretion and that 
‘therefore any variations in the endogenous nitrogen 
excretion reflect as variations in the biological values. 
Hence the importance for the evaluation of biological 
values of protein of a broad knowledge of the factors 
influencing endogerous nitrogen excretion”. 

Acceptance of net protein utilizations and biological 

values greater than 100 per cent will invalidate these 
concepts as quantities estimating the fractions of ingested 
and absorbed protein utilized by the experimental animal. 
Reduction of the endogenous excretion wouk only be 
suspected in the few cases when the calculated values of 
net protein utilization were greater than 100 per cent, but 
it is unlikely that the hypothetical reduction would be 
restricted to these cases. Thus the meaning of the 
calculated measures will become obscure. Before these 
generally accepted terms are deprived of their original 
meaning, serious consideration should be given to the 
problem of whether findings at variance with it can be 
explained so that its significance can be retained. 
* It seems to be rational first to question whether the 
methods used for the estimation of endogenous nitrogen 
excretion are adequate for conclusions to be drawn 
regarding the possibility of reducing it by dietary 
means?*, 

In the same way as net protein utilization greater than 
100 per cent invalidates this concept, protein scores 
greater than 100 per cent deprive this quantity of a 
logical meaning. In this case the obvious answer is either 
that the reference values chdsen are too low or that the 
pretein sources may contain amino-acids in excess of 
requirements*®. When the relationship between net 
protein utilization and protein score is considered! it 
should be based on the premise that both qualities should 
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vary between zero and 100 per cent until it can be proved ` 
that this is not so. 
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Driving the Sodium Pump backwards to 
form Adenosine Triphosphate 


Ir the ionic pump in the red cell membrane expels three 
sodium ions and takes up about two potassium ions for 
each molecule of adenosine triphosphate (ATP) hydro- 
lysed!->, under physiological conditions the free energy 
available to drive the reaction forwards must be quite 
small—about 3,000 cal. By arranging that the concen- 
tration gradients for sodium and potassium are even more 
adverse, it should be thermodynamically possible to run 
the pump backwards and synthesize ATP, though, of 
course, theory cannot predict that the reaction would 
occur at a measurable rate. Investigators who have looked 
for ATP-inorganic phosphate (P:) exchange associated 
with “transport ATPase” activity®:? have never found it, 
but they have always looked in broken cell preparations 
where ionic concentrations must be the same on both 
sides of the membrane and where, in consequence, the 
free energy change for the overall reaction is likely to be 
heavily in favour of ATP breakdown. An ingenious 
attempt to reverse the sodium pump in perfused squid 
axons failed, but it failed in such a way as to leave the 
possibility of reversal still an open question’. More 
encouraging was the finding that red cells with intact 
membranes show peculiar behaviour when placed in 
solutions lacking potassium, and the effect of internal 
phosphate concentration on this behaviour suggests that 
the final stage of ATP hydrolysis—-P; release—-may be 
reversible’. 

About a year ago, we attempted to reverse the sodium 
pump by preparing resealed red cell ghosts containing 
potassium in high concentration, ADP, AMP and °*P;, 
and incubating them in media rich in sodium and con- 
taining no potassium. After 15 min, heavy labelling of 
both ATP and ADP could be demonstrated, but this 
labelling was not prevented by ouabain and occurred 
equally well when the outside solution contained potassium 
instead of sodium. The labelling was therefore presumably 
the result of residual glycolysis rather than reversal of the 
pump. Schrier and Doak?® have shown that triose phos- 
phate dehydrogenase and, to a lesser extent, phospho- 
glycerate kinase are partly bound to the membrane in 
red cells, and glycolytic ATP-P; exchange in red cell 
membranes has recently been reported by Ronquist and 
Agren?}, 

Since triose phosphate dehydrogenase is very sensitive 
to 1odoacetate and iodoacetamide, whereas the transport 
ATPase is rather insensitive!®!3, it seemed worthwhile to 
repeat the original experiment in the presence of fairly 
high concentrations of these inhibitors. A further modi- 
fication was to omit AMP and include ATP. The inclusion 
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INCORPORATION OF P; INTO ATP IN Four SEPARATH EXPERI- 
MENTS 


Fraction of total counts incorporated into 
“energy-rich” phosphate* im 16 min (per cent) 


Composition of ghosts “Na medium” 


before seahng (mM) , “Na medium’ f  +ouabain “K medium” 
(5 x10 g/ml.) 

ATP 1; Pi 5; Na 2; K 140; 0-663 0:412 0-391 
Mg 7; IAc 2 

ATP 1; P: 5; ADP 2; Na 0-897 0:571 0-538 
48: K 134; Mg 9; IAc2 

ATP 1; Pi 5; Na 2; K 147; 0 344 0 261 0 228 
Mg 7; IAc 2; Iodoacet- 
amide 5; NADH 1 

ATP 1; P:5; Na 0; K 147; 0-302 0235 0-206 


Mg 7; Ic 2; Iodoacet- 


amide 5 

* The ratio ATP counts/ADP counts was always about 3:1, but as ADP 
18 presumably labelled from ATP by adenylate kinase activity it is convenient 
to consider merely total “energy-rich” phosphate. 

t The “Na medium” contamed (mM). Na, 140; Mg, 7; trs (pH 7-4), 5; 
TAc, 2. The “K medium” was similar but with potassium replacing 95 per 
cent of the sodium. 


Table 2, INCORPORATION oF "P: INTO ATP AND ADP 
j Relative specific activities of nucleotides 
(Counts per mole nucleotide x 100) 
Counts per mole Pi 
“Na medium” + . 
“Na medium’”’* ohgomycin “K medium” 
(10 zg/ml.) 
ATP 1 89 1-57 1-37, 
ADP 0-89 0-83 0-72 


* The “Na medium” was the same asin Table 1. The “K medium” was 
simular to the “Na medium” but with potassium replacing 90 per cent of the 
sodium. The composition of the ghosts before sealing was (mM): ATP 1; 
‘ Pi 5; Na 02; K 160; Mg7; TAc2. 


of AMP in the original experrment was intended to hold 
ATP at a low concentration through residual adenylate 
kinase activity®. It is possible, however, that ATP may 
be needed to ‘“‘prime’’ the system’, so in most of the later 
experiments the cells were lysed in solutions containing 
ATP as the only nucleotide. With 5 mM P, and 1 mM 
ATP in the lysing solution, about one-third of the ATP 
trapped in the cells ıs split during the pre-incubation 
necessary for resealing; for the main part of the experi- 
ment the ratios P;: ADP: ATP are therefore something 
like 15:1:2. 

The results of four experiments are shown in Table 1. 
In these experiments cells were prepared with the com- 
positions shown in column 1 and, after sealing'* and 
washing, were incubated in sodium media with and with- 
out ouabain and in potassium media. After 15 min the 
cells were treated with trichloroacetic acid, unlabelled P4, 
ATP and ADP were added to act as carriers, and the 
nucleotides were separated on ‘Dowex’ 1 columns. The 
amount of radioactivity found in each fraction was 
expressed as a percentage of the total radioactivity 
originally in the morganic phosphate. 

It 1s clear that with a high concentration of external 
sodium and zero external potassium there appears to be 
an extra incorporation of P; into ATP, and this extra 
incorporation is greatly diminished in the presence of 
ouabain. A separate experiment showed that ouabain did 
not affect the rate of incorporation of P; when cells were 
suspended in a potassium medium. 

A. weakness of this kind of experiment is that because 
unlabelled nucleotides are added it is not possible to 
estimate the specific activities of the nucleotides*in the 
cells. In the presence of external potassium, extra split- 
ting of ATP through activation of the transport ATPase 
could lead to a lower concentration of ATP and therefore 
to fewer ATP counts even if the rate of formation of ATP 
were the same, . With the very low concentration of 
internal sodium and the short period of incubation, the 
effect is likely to be small, and in any event it would not 
explain the ouabain result. Nevertheless, the difficulty 
can be overcome by carrying out the experiment on a 
scale sufficiently large to avoid the need for carriers, and 
estimating specific activities by direct comparison of 
counts and 259 mp absorption. The results of such an 
experiment are summarized in Table 2 and show thgt 
*2P; incorporation really is greater in the sodium medium. 
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In this experiment oligomycin was used instead of a 
cardiac glycoside. At a concentration of 10 ug/ml. 
(60 ug/mg protein) it partly inhibited the extra P, incor- 
poration associated with external sodium, and this result 
is in agreement witk the partial inhibition of ATPase 
activity and of sodium movements caused by simular 
concentrations of oligomycin}*/15~18, 

Reversal of the sodum pump leading to the formation 
of ATP is interesting because of 1ts possible relevance to 
oxidative phosphorylation in mitochondria as well as for 
the light it may throw on the mechanism of the pump. The 
rate of the reversed reaction observed in these exper.- 
ments was, very rovghly, 40 pmoles/l. sealed ghoste/h, 
that is, about 46 per cent of the rate of the forward 
reaction in ghosts centaiing similar amounts of ATP, 
ADP and P; but with a normal distribution of cations, 
and about 2 per cent of the rate of the forward reaction 
in fresh red cells under physiological conditions. 

We thank the MeGcal Research Council for grants for 
apparatus, and the Consejo Nacional de Investigaciones 
Cientificas y Técnicas, Argentina, for a personal grant to 
one of us (P. J. G.). 
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PHARMACOLOGY 


Determination of Nicotine and its Metabolite, 
Cotinine, in Usine by Gas Chromatography 


A VARIETY of metmods have been described for the 
identification and determination of nicotine in biological 
fluids!-*; Rowever, they lack sensitivity, specificity and 
are tedious for routine analysis. 

Gas chromatograrhy has been gised both qualitatively 
and quantitatively so detect nidotine and related com- 
pounds in tobacco aad in cigarette smoke®. In investiga- 
tions of the excretion of amphetamine, nicotine was found. 
to be eliminated in the urine of smokers*®:? and a gas 
chromatographic method for the determination of nicotine 
and its metabolite 2otinine in biological fluids was de- 
scribed by McNiven eż al.®. Z 

We have been usirg & simple quantitative gas chromato- 
graphic method for the determinatjon of nicotine and 
cotinine in urine for about a year. In this method, 
nicotine and cotinine showed single well resolved sym- 
metrical peaks, and no interfering substances near these 
peaks were found m the hundreds of extracts of urine 
analysed from mary subjects. Absolute recoveries of 
these compounds ard their standards from urine were as 
follows: nicotine «90-95 per cent), chlorphentermine 
hydrochloride (90-95 per cent), cotinine (85-90 per cent), 
and lignocaine hydrochloride (85-90 per cent). A relative 
recovery of 95-100 >er cent for nicotine and cotinine was 
obtained with respect to their internal standards which 
are added. to the urme at the start of the assay procedure. 
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The sensitivity of this method makes it possible to use 
small samples and, in all, the analysis takes about 6 h for 
sixteen samples. 

The procedure for nicotine was to add 5 ml. of urine 
and 0-1 ml. of 6 N hydrochloric acid to 1 ml. internal 
marker solution (chlorphentermine hydrochloride, 5 ug 
base/ml. in distilled water) in a glass stoppered centrifuge 
tube. The solution was extracted with 3 x 2°5 ml. of 
freshly distilled ‘AnalaR’ diethyl ether, centrifuging to 
break any emulsion. The ethereal extract was discarded 


and the urine made alkaline with 6 N sodium hydroxide . 


(0:5 mi.). A further 3 x 2-5 ml. diethyl ether extracts 
were combined in a ‘Quickfit’ test-tube, finely tapered 
at the base, and concentrated to about 50 ul. at 42° C; 
3-5 ul. of this solution was injected on to the column 
using & 10 ul. Hamilton syringe. 

A similar procedure was used for cotinine except that 
there was: (a) no acid solvent extraction; (b) N ammon- 
ium hydroxide in place of the 5 N sodium hydroxide; 
(c) freshly distilled methylene dichloride as the extracting 
solvent; (d) lignocaine hydrochloride, 5 pg base/ml. in 
distilled water, as the internal standard. 

A Perkin Elmer F11 chromatograph equipped with a 
flame ionization detector and a 0-5 mV Leeds and North- 
rup Speedomax G recorder, model S, were used. The 
chromatographic column was stainless steel tubing 1/8 in. 
outer diameter, 1 m in length and packed with 80-100 
mesh ‘Diatoport S’ coated with 5 per cent w/w potas- 
sium hydroxide and 2 per cent w/w ‘Carbowax 20 M. 
The operating conditions used were: hydrogen pressure, 
15 lb.jin.?; air pressure, 25 lb./in.?; nitrogen flow rate, 
33 ml./min.; stream split ratio 1:3; injection block 
temperature about 250° C; oven temperature 135° C 
(nicotine), and 209° C (cotinine). The column was silanized 
in situ with 2x 5 ul. of hexamethyldisilizane after 
equilibrating for 24 h at the operating conditions. 

The concentrations of nicotine and cotinine were 
obtained by calculating the ratio of peak height of the 
compound to that of the internal marker and relating 
this to a previously constructed calibration curve of the 
compound in urine. 
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Fig. 2. A, Calibration curve for nicotine. B, Calibration curve for 
cotinine. 


Figs. 14 and 1B show chromatograms of nicotine, and 
cotinine with their internal standards. No deterioration 
of the compounds in urine occurred when they were 
stored for 2 weeks at 4° C, and the extracts and concen- 
trates were stable for 24 h at 4° C, 

Figs. 2A and 2B show calibration curves for nicotine and 
cotinine. A consistent linear detector response was 
obtained for both compounds over the range 0:2~-10-0 
ug base/ml. urine. Sixteen analyses of a urine sample con- 
taining 1-0 ug of nicotine base/ml. gave a standard devisa- 
tion of 0-04 ug/ml.; similarly for cotinine (2 pg base/ml. 
sample), a standard deviation of 0-05 pg/ml. was obtained. 

Using the procedure described for the determination of 
nicotine, it was found that the rate of nicotine excretion 
in urine was influenced by the pH of the urine (see also 
refs. 7, 9), and by the rate of flow of the urine; the greater 
the rate of flow, the greater the excretion of nicotine. 
This was also found to apply to the urinary excretion 
of cotinine. Subjects who simultaneously smoked 
two cigarettes after abstaining from smoking for a 
period of 24 h excreted 0:25-0:60 mg cotinine (in 


5 


No. 5056 SEPTEMBER 24, 1966 
24 h) and 0-10-0-50 mg nicotine (in 24 h) under normal 
conditions, 0-30-0-90 mg cotinine (in 22 h) and 0-50-0-80 
mg nicotine (in 8 h) when the urine was made acidic after 
the oral administration of ammonium chloride, and 
0-30-0-40 mg cotinine (in 36 h), and less than 0-06 mg 
nicotine (in 36 h) when the urine was made alkaline after 
the oral administration of sodium bicarbonate. 

Absorption of nicotine from the lungs and excretion 
in the urine were found to be extremely rapid, as the 
greatest rate of excretion was in the period 0-15 min 
after smoking. The rate of nicotine excretion under 
acidic conditions fell very rapidly to less than 0:1 ug/min 
8h after smoking the two cigarettes. The elimination of 
nicotine did not appear to follow first order kinetics, and 
this is being further investigated. The peak level of cotin- 
ine excretion was found to be at about 2 h after smoking. 

The subjects were heavy smokers (twenty cigarettes a 
day), and intermittent smokers (between two and five 
cigarettes a week), and for the purpose of the experiments 
inhaled the smoke from the non-filter cigarettes used. 

We thank Prof. H. McKennis, jun., for generously 
supplying us with cotinine and the Tobacco Research 
Council for financial assistance. 
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HAEMATOLOGY 


Rapid Induction of in vivo Fibrinolysis with 
p-Gluconyl-.-tyrosine 


RECENTLY I reported! lysis of thrombi in the veins and 
arteries of animals with sodium gluconate and a dialysable 
constituent of fibrin extract or whole blood. The ultra- 
violet absorption spectrum of fibrin extract displayed a 
maximum at 275 my and a minimum at 247 mu. These 
values happen to coincide closely with those recorded for 
tyrosine. This finding suggested that L-tyrosine might 
be successfully substituted for fibrin extract and, if this 
was 80, that a peptide formed from the amino-acid and 
gluconic acid would also be fibrinolytic. 

Clots were induced in the jugular veins of dogs as 
previously described!, and infusions administered locally 
without the admission of blood. A mixture of 100 mg 
of L-tyrosine and 1 g of sodium gluconate lysed such 
thrombi, while L-alanine with gluconate or L-tyrosine 
with sodium glucuronate were inactive. p-Glucényl-1- 
tyrosine was prepared by the method of Iacobellis*. One 
hundred milligrams in 1 ml. of distilled water injected 
into a leg vein was sufficient to restore within 15 min the 
flow a blood in occluded jugular veins of dogs weighing 
12-13 kg. 

The compound did not lyse fibrin clots in vitro. It 
may be visualized as the prosthetic group of a larger 
molecule, presumably a protein. . 
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IMMUNOLOGY 


Complement-fixing Antibodies in Monkeys 
bearing Tumours induced by Rous Sarcoma 
Virus 


Rovs sarcoma virus (FSV) produces tumours in rodents, 
monkeys, sheep and degs!-?7. RSV tumours in hamsters, 
guinea-pigs and rats contain complement-fixing (CF) 
antigens which elicit antibodies to homologous virus- 
free RSV-induced hamster tumour antigens, virus-con- 
taining RSV-induced chicken tumours, and antigens 
induced by the growth. of several strains of avian leukosis 
viruses in chicken en-bryo fibroblast (CEF) tissue cul- 
tures?:5. 

Recently, using mezhods previously described*-*°, we 
observed the production of antibodies specific for avian 
leukosis in the serum of a rhesus monkey (kindly supplied 
by F. J. Rauscher) whieh developed tumours after inocula- 
tion at birth with tha Schmidt~Ruppin (SR) strain of 
RSV. This monkey, the offspring of a healthy young 
mother, was bled for a serum sample when less than 24 h 
old and then inoculased subcutaneously over both the 
right and left lower back with 0-5 ml. of SR-RSV prepared 
from chicken wing we> tumours’®. 

A small subcutanecus tumour was first noted at the 
site of injection on the right side 21 days after inoculation 
of the virus. Several subcutaneous tumours afterwards 
developed and grew progressively at both inoculation sites. 
Tumours which developed on the left side were excised 
7 days after they were first noted. An attempt to estab- 
lish cells from the excised tumours in tissue culture was 
unsuccessful. Tumours recurred rapidly at the site of the 
operation and were reedily detectable 7 days after excision. 
In a second attempt to establish tumour cells in tissue 
culture, sub-total exe.sions of the tumours on both sides 
were performed 85 days after their onset. Cells from this 
biopsy were successfully grown in tissue culture and were 
carried through sixteen subpassages (cultures established 
ang carried by ©. H. Calisher). Postoperatively, we 
noticed at the excision sites the formation of firm sub- 
cutaneous masses which were indistinguiskable from 
tumour tissue by palpation, but these regressed rapidly 
and left no gross evidence of tumours 6 weeks later. 

Five to six weeks efter the onset of tumours, CF anti- 
bodies appeared in the monkey serum which reacted 
with SR stram hamstr tumour antigens and the antigens 
found in chicken tum dura indyced by both SR and Bryan 
strains of RSV but mot with the virus-induced hamster 
tumour antigens of SV40 virus, polyoma virus or adeno- 
virus types 7 and 12. The monkey sera with the highest 
antibody titres against RSV hamster and chicken tumour 
antigens also reacted specifically with antigens present in 
CEF cultures of boh resistance-inducing factor (RIF) 
and avian erythroblastosis virus (REV), but all sera were 
negative when tested against cell pack preparations of 
uninoculated CEF cultures used at the same dilutions as 
the avian leukosis antigens. The progress of specrfic 
CF antibody formataon is illustrated in Table 1 which 
shows the reactions of representative serial sera tested 
against 4-8 units of the specific antigens listed. Antibody 
titres generally incrzased during the period of tumour 
residence but fell to undetectable levels within 3 weeks 
of subtotal excision gnd subsequenf regression of the 
tumours. Three of the sera with high CF antibody titres 
were negative at 1 : 1) dilution when tested for neutralizing 
antibodies against both SR and Bryan strains of RSV. 
Ten months after excision, tumours did not recur, and 
serum taken at that time didnot react in CF tests with 
RSV antigens. 

Despite the development of CF antibodies, we were 
unable to demonstrate CF antigens in a 20 per ceat 
extract of tumour tissue excised from this monkey when 
it was tested at 1:5 dilution versus three of the highest 
titred homologous monkey sera or against standard 
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Table 1. COMPLEMENT-FIXING ANTIBODIES IN A RHESUS MONKEY CARRYING 
RSY TUMOURS 
Days CF titre of serum versus antigen* indicated 
post- Tumour size RSV tumours CEF inoculated with virus 
inocu- (mr) f SR SR Bryan RSV RSV RIF ABV 
lation Right ft Hamster Chick Chek SR Bryan 
0 (9) Ot 0 0 0 0 0 0 
70 (b) 19 15 (c) 0 0 0 0 0 0 0 
84 19 19 0 0 10 0 0 0 0 
94 17 16 20§ 10 10 10 0 0 0 
198 NM NM 20 10 10 20 20 20 10 
9 40 10 20 20 20 20 20 
11 (d) (e) 40 20 20 20 10 20 10 
118 (f) 40 10 10 20 20 20 20 
12 0 20 10 10 0 0 0 0 
129 0 (9) . 0 0 0 0 0 0 0 
433 0 0 0 0 0 0 0 0 0 


* Antigens used at 4-8 units based on titration against RSV-tumoured 
hamster sera. 


t Longest diameter of tumours. 
t No reaction at 1:10. d 
§ Reciprocal of titre. 


NM, not measured. 

RIF, resistance-inducing factor. 
AEV, avian erythroblastosis virus. 
a, Pre-inoculation serum, 


b, Tumours first noted on 21st day post-inoculation. 


J4 Tumours recurred following excision from left side on 58th day post-inoc. 
10n. 


j d, Tumours subtotally excised from both sides on 106th day pogt-inocula. 
on. 


e; Rapid formation of firm subcutaneous masses at excision sites after 
operation. 


f, Regression of mass on right side. 
g, Regression of mass on left side. 


sera of high titre from hamsters bearing transplanted 
SR strain tumours’, Cells grown in tissue culture 
from the second tumour biopsy of this monkey were 
prepared into cell pack antigens’. Such preparations 
remained negative for RSV CF antigens after sixteen 
subpassages in tissue culture. 

In another experiment, a 20 per cent extract of a tumour 
induced by SR-RSV from a second rhesus monkey 
(kindly provided by Dr. Sarah Stewart of the National 
Cancer Institute) was found to react at 1: 2 dilution with 
a single serum from the host monkey and with a positive 
serum from the monkey reported above. This extract of 
monkey tumour, however, failed to react with 4-8 units 
of standarél antiserum pools from hamsters bearing 
tumours induced by RSV. On the other hand, the 
reactive serum from the second monkey contained CF 
antibodies to titres of 1:40 with RSV hamster tumour 
antigen and 1:20 with RSV chicken tumour antigen. 
This serum and a CF-negative serum drawn 2 weeks later 
during a period of spontaneous rapid tumour regression 
did not contain neutralizing antibodies against either SR 
or Bryan strains of RSY. 

Celis from the second monkey’s tumour were established 
in tissue culture but could not be propagated ebeyond the 
first subpassage. Concentrated cell pack antigens} 
prepared from these cyltured cells did not fix complement 
with sera from monkeys or hamsters bearing RSV- 
induced tumours. Cells from the primary culture and 
first subculture were disrupted with ultrasonic vibrations 
at various intervals after they were planted in tissue 
culture. Clarified tissue culture fluids from the sonicated 
tumour cells were negative for infectious virus when 
tested in CEF roller tubes for the formation of RSV foci!* 
‘and in COFAL tests#* for the induction of specific antigens. 

In summary, the, data indicated that tumours induced 
by RSV in rhesus monkeys elicited CF antibodies to both 
hamster and chicken RSV tumour antigens and to the 
antigens of several avian leukosis viruses grown in CEF; 
although no OF antigens could be detected in these 
tumours with standard gera from hamsters carrying 
RSV-induced tumours. While it is possible that the avian 
sarcoma CF antibodies, demonstrated in the sera of 
tumorous monkeys, were elicited by replication of infecti- 
aus RSV in the host, the absence of neutralizing antibodies 
in these sera and the inability to recover infectious virus 
from tumour tissue seem to make this event unlikely. 
The antibodies appeared quite late after virus inoculation, 
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reached highest titres at the peak of tumour growth and 
fell to undetectable levels with regression of the tumours. 
Similar dependence of serum antibodies on the presence of 
intact progressively growing tumours was noted by 
Huebner et al. in hamsters and guinea-pigs which devel- 
oped tumours after inoculation with RSV. 

This work was partially supported by the National 
Cancer Institute Field Studies under contracts with 
Microbiological Associates, Inc. 
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Origin and Specificity of Mononuclear Cells 
in Delayed Hypersensitivity Reactions 


UNDER the microscope, infiltrations of mononuclear cells 
are characteristia of delayed hypersensitivity reactions. 
Several investigations have indicated that the reactivity 
is bound to these cells‘—’, and the majority of the infiltrat- 
ing cells have been shown to be haematogenous®. 

Two groups of the same inbred Sprague—Dawley strain 
rats were sensitized simultaneously; the donor group was 
injected with heat killed tubercle bacilli in mineral oil and 
the recipients with bovine serum albumin (BSA) in 
complete Freund’s adjuvant? (all injections were made 
into the left hind foot pad). Three times a day on days 
10-12 after the sensitization, 1 pc./g of tritiated thymidine 
was injected intraperitoneally into the donors. On the 
fourteenth day the donors were killed and separate cell 
suspensions were made from the draining popliteal lymph 
nodes, axillary lymph nodes, spleen and thymus. Various 
recipients, which had been skin tested 4 h earlier with 
tuberculin, BSA and turpentine, were injected intraven- 
ously With 44 x 10° cells of each suspension. The recipients 
were biopsied 20 h after the transfer of the cells. The 
number of labelled cells was determined from autoradio- 
graphs exposed for 6 weeks. The results are given m 
Table 1, where the data are calculated to correspond to 
4.x 10° labelled donor cells, which was the actual number 
of injected labelled cells from the draining lymph node. In 
this suspension, the proportion of labelled cells was 9 per 
cent, in the axillary lymph node 5 per cent, in the spleen 
14 per cent and in the thymus 36 per cent. 

Cells taken from the draining lymph node were found in 
the delayed skin reactions in larger numbers than cells 
taken from the non-draining lymph nodes and the spleen. 
Only an insignificant number of thymus cells were found 
In the skin sites. Cells from the draining node also seemed 
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to have some specificity, because the donors were only 
sensitized to tuberculin and in this reaction there were 
more labelled cells than in the BSA reaction. Scarcely any 
labelled cells could be found in the non-specific and non- 
immunologic turpentine reaction. The spleen of all the 
recipients contained labelled cells in the same order of 
magnitude at the ‘time of biopsy. Only occasionally 
could single cells be found in the recipient thymuses 
among the 10,000 cells counted. 


Table 1. NUMBER OF LABELLED CELLS FOUND IN RECIPIENTS 
(Per 100 63 power fields) 
Bovine serum 
Donor cells Tuberculin albumin Turpentine Spleen* 
taken from (OT 1: 25) (30 ug) {1 : 10) 
Drainin lymph node 28 13 1 4 
ETARA lymph 9 7 0 3 
nie 
Spleen 4 3 2 2 
Thymus 0 0:5 0 5 


* Per 10,000 cells. 


In an analogous experiment in which the cells were 
labelled in vitro with tritiated leucine (100 uc./ml.), the 
findings confirmed the previous results except in speci- 
ficity. Equal numbers of labelled cells were found in both 
tuberculin and BSA reactions, and again only very few 
cells in the turpentine reaction. Among the injected cells 
as well as in the recipients, the number of labelled cefls 
was proportionally higher (90-95 per cent of the injected 
cells were labelled) than among the cells labelled with 
thymidine!®, 

Thus the thymus cells from a sensitized animal do not 
have the same capacity to remain in delayed skin reactions 
as do cells of the peripheral lymphoid organs and spleen. 
The draining node contains more “informed” cells than 
the other lymphoid organs studied, and by using thymi- 
dine a cell population could be labelled that showed some 
degree of specificity, whereas with leucine no immuno- 
logical specificity was observed. This would indicate that 
synthesis of deoxyribonucleic acid and cell division are 
involved in the formation of cells reacting specifically in 
the delayed hypersensitivity reactions. This work has 
been supported by the U.S. Public Health Service and by 
the Sigrid Jusélius Foundation, Helsinki. 
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Adjuvant Principle of Pertussis Vaccine in . 
the Mouse 


Ir is well known that the vaccines of many Gram-negative 
bacteria greatly enhance the antibody response to un- 
related antigens administered to animals at about the 
same time, or as combined immunizing agents. The 
most familiar example is the increased potency of diph- 
theria and tetanus toxoids when combined with pertussis 
vaccine. Many investigators have attributed this height- 
ened response to the heat-stable lipopolysaccharide 
endotoxins of this class of bacteria. Farthing’ tested the 
effect of heating pertussis vaccine for 1 h at 100° C on its 
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ability to enhance antibody response to diphtheria 
toxoid in guinea-pigs. He found no effect which he could 
ascribe to heat, and went on to show that extracted 
endotoxin was resporsible for the merease in antibody 
titre. 

Although Bordetella pertussis shares with other bacteria 
this ability to enhane antibody formation to unrelated 
antigens, it appears unique in respect to the variety and 
intensity of its biolog-cal effects. Pertussis vaccine and 


‘ fractions thereof have been found capable of sensitizing 


certain strains of mi@ and rats to a wide spectrum of 
physical and chemical_stresses and stressor agents, melud- 
ing histamine, endotoxin, anaphylactic shock and experi- 
mental allergic encephalomyelitis*. Several of these 
effects have been shcwn to be markedly depressed by 
heat®. This led us so question whether the antigenic 
adjuvant property of this vaccine for the mouse might 
not also be heat labile. 

Groups of 36 CFW female mice were injected sub- 
cutaneously with four graded (two-fold) injections of 
plain tetanus toxoid, from 0'8 to 6-4 flocculatory units 
(Lf). Each dosage group was divided into three sub- 
groups of twelve animals; one of these received at the same 
time an intraperiton3al injection of 1 ml. of pertussis 
vaccine (19 x 10° «ells), a second received a similar 
injection except that the vaccine had been heated 100° C 
for 40 min, while the third was not given the associated 
injection. A group cf twelve additional mice served as 
untreated controls. Fourteen days after these injections 
all mice were challenged by intramuscular injection of 
fifteen times the minimum lethal dose of tetanus toxin. 
The time taken for the animals to die and the associated 
symptoms were scored according to the method devised 
by Ipsen*, as follows 


Szore Day of death 
Q 1,2 
2 3, 4 
3 5, 6, 
4 >7 with tetanus 
6 >7 no tetanus 


® 

All the untreated controls died in the first 2 days. 
Fig. 1 shows the mesn response for each grotip of twelve 
mice and the least squares regression lines drawn to the 
average slope. At all dose levels, toxoid associated with the 
unheated vaccine infection resulted in greater protection | 
than toxoid alone. Conversely, toxoid associated with 
heated vaccine was actually less protective than the 
injection of toxoid only. These results confirmed an earlier 
experiment in which*there had been a similar rank order 
correlation among tke three treatments at all dose levels 
of toxoid used. 

The unexpected depression of protection resulting from 
the heated vaccine may possibly be explained as anti- 
genic competition, fœ the “foreign” solids in the vaccine 
exceeded those of the toxoid in weight by a factor of more 
than 500. (‘The high dose of toxoid contained 0-022 mg 
dry weight whereas the vaccine solids weighed 12 mg.) 
If this were the corzect explanation, it would emphasize 
the extraordinary potency of this heat-labile adjuvant 
which first had to overcome the competition for immuno- 
competent cells and shen effect a further marked increase 
in apparent toxoid antigenicity. 

Neither the identity of this thermo-labile adjuvant 
nor its mechanism o? action can be determined from this 
experiment, A growing body of evidence leads us to sus- 
pect, however, that fhe protective antigen is the immuno- 
logical adjuvant for mice in pertussis vaccine. The des- 
tructive effect of haat on this antigen is well known. 
Furthermore, we recently presented evidence that the 
protective and histanine sensitizing properties of pertussis 
vaccine can be dual manifestations of a single bacterial 
component’. It has been found! that the histamirme- 
sensitizing factor (HSF), purified by various methods, 
is capable of enhancing the sensitivity of mice to active 
anaphylaxis; presumably this is mediated by way of 
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Mean seore 





1-6 
Dose (Lf) 


32 6-4 


Fig. 1. Effect of the intraperitoneal injections of heated and unheated 
pertussis vaccine in mice on the protective potency of tetanus toxoid 
injected subcutaneously at the same time. Upperline: pertussis vaccine, 
intraperitoneally, toxoid subcutaneously. Middle line: toxoid only, sub- 
cutaneously. Lower line: heated vaccime intraperitoneally, toxoid, 
subcutaneously. Each point is the mean response of twelve mice chal- 
lenged after 2 weeks with fifteen ane the minimum lethal dose of 
nus toxin. 


stimulation of the mechanism responsible for antibody 
formation’. Thus the presence of an adjuvant in the 
mouse may be linked with the specific protective antigen 
of pertussis vaccine. 

In addition to altering the reactivity of certain experi- 
mental animals to a wide variety of stresses, administra- 
tion of pertussis vaccine, as well as overt whooping cough 
infection, résult in a marked and characteristic lympho- 
cytosis. Although the mechanism by which B. pertussis 
exerts this leucocytotic response has not been delineated, 
stimulation of the production of immunocompetent cells 
could possibly explain the adjuvant effect associated with 
B. pertussis. Morge has recently demonstrated that the 
ability of pertussis vaccine to promote leucocytosis 
closely resembles its ability to make organisms sensitive 
to histamine. Both these phenomena are labile to heat, 
and take the same time to achieve maximum response 
(about 4 days). Moreover, intravenous administration of 
B. pertussis markedly augments both sensitivity to 
histamme and the degree of leucocytosis, as compared 
with other routes of inoculation’. 

Recently, Fishel presented evidence that hypersensi- 
tivity to histamine induced by pertussis vaccine is mediated 
primarily through a functional neurological imbalance— 
specifically, blockade of the bota-receptors of the adren- 
ergic division of the autonomic nervous system’. His 
results have been confirmed by others®. Although certain 
“of the characteristic effects of endotoxins are also believed 
to be induced by way of autonomic nervous pathways, 
Rosenblatt and Johnson! presenged evidence that the 
adrenergic system is not involved in the adjuvant effect 
of endotoxins in rabbits. It is quite possible, however, 
that such neurological mechanisms are basically respon- 
sible for the heightened antibody response in mice vac- 
cinated with pertussis vaccine. Guinea-pigs and rabbits 
are reported to be incapable of exhibiting enhanced 
sensitivity to histamine as a consequence of pertussis 
vaccination!!, whereas injection of either HSF or beta- 
adrenergic blocking agents greatly increases the sensi- 
tivity of mice to histamine. This species difference in 
reactivity to histamine following pertussis vaecmation 
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could be related to our finding that a heat labile B. 
pertussis component, quite possibly the immunogen, is the 
effective adjuvant in mice, whereas the heat stable endo- 
toxin performs this function in guinea-pigs! and rabbits". 
Purified protective and endotoxin fractions of B. pertussis, 
as well as adrenergic blocking agents, are at present being 
evaluated in these three species in order to ascertain their 
effects on haemodynamic responses and leucocytic 
mobilization in relation to enhanced antibody production. 

This investigation was supported by the National 
Institute for Allergy and Infectious Diseases through 
the Massachusetts Health Research Institute. We thank 
Edward J. Broderick and Anthony Pellegrino for compe- 
tent technical assistance. 
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Modification of Poor Growth of Parental 
Marrow Cells in Fı Hybrid Mice 


ACCORDING to the present genetic theory, parental (P) 
strain cells transplanted to an F, hybrid introduce no 
foreign antigen to the host, incite no homograft res- 
ponse, and survive indefinitely. This has been shown 
experimentally with P+, skin grafts. Some P-strain 
tumour cells, however, have been shown to grow 
poorly in F, hybrids'; and transplants of antibody- 
forming and haemopoietic cells from certain P strains 
fail to grow in F, hybrids at a rate comparable to that 
seen in isologous controls®»*. One of the puzzling features 
of this phenomenon is the fact that morphologically 
intact P—F, skin grafts survive even in strain combina- 
tions where grafts of dissociated cells fail. 

Recently, morphologically intact grafts of lymphoid 
tissue shave also been shown to survive in P—>F, strain 
combinations. After early changes indicative of a graft- 
versus-host response, the histological appearance of such 
lymphoid slice grafts reverts to that of the normal host 
lymphoid tissues. Indefinite survival of at least some 
donor elements is shown by successful secondary trans- 
plantation of these grafts back to P-strain mice after 
more than two years of residence in an F, host‘, 

The present experiments were undertaken to determine 
whether the presence of such morphologically intact 
P-strain lymphoid grafts in an F, host may potentiate 
the survival of a suspension of P-strain bone marrow cells. 
It seemed that stroma of the parental type might prove 
a more suitable “home” for transplanted parental cells 
fhan the F, stroma. It also seemed possible that the 
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Table 1. ERYTHROPOIESIS IN IRRADIATED BOD2F, MICK WITH SPLEEN- 
SLICE GRAFTS GIVEN 10° P-STRAIN BONE ow CELLS 


Donor of 

Exp. Recipient Group spleen slice No. of Iron-59 uptake* by 

strain graft f mice Erythrocytes Spleens 
I BBD2F, 1 B8 10 ns 19+284 1003+124 
2 B8D2F, 10 0:57 +008 0-3640 03 
3T None 10 2134036 1-21+0-16 
II BOD2F, 1 B6 í 7 2282+273 1034+120 
2 BOD2F, 7 1:18+0:18 039005 
B8 3 None 10 20-90 +280 12-33 + 1-13 


* Means + standard errors. 0'5 ue. iron-59 as citrate given intravenously 
7 days after treatment with bone marrow. 24 h uptake by washed red cells 
(corrected to total blood volume) and spleens expressed as percentages of 
injected dose of 1ron-59. 

_t These mice came from a different stock pool from those of groups 1 and 2: 
mice of group 3 were only 8 weeks old, more than 2:5 weeks younger than 
others represented. 

i T ees were in place 19 days before irradiation in Exp. I, 21 days in 
xp 
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Injection of B6 spleer cell suspensions before irradiation 


was also able to reproduce the augmented growth of B6 
marrow in B6D2F, hosts (Table 2, group 1). Furthermore, 
a spleen slice graft in place for 12 days, but removed 
before irradiation of the host (Table 2, group 5), was as 
effective as an intact spleen slice graft (Table 2, group 3) 
or an injection of dissDciated cells (Table 2, group 1). 
Injections of parenzal lymph node cells before irradia- 
tion were just as efective as spleen cell injections in 
potential of parental marrow growth, whereas injections 
of parental thymus ar bone marrow resulted in little or 
no increase in the gmwth of subsequent marrow trans- 
plants (Table 2, groups 6-9). This suggests that the 
effect depends on the immunological capability of the 
cells injected. Cells derived from lymph node and spleen 


Table 2. BERYTHROPOIESIS IN IRRADIATED, PRETREATED B6D2F, MICE GIVEN 10° P-STRAIN BONE MARROW CELLS 


Recipient Group Preirradiation treatment 


strain 


B8D2F, 2 x 107 B6 spleen cells intraperitoneally 
2x10’ B8D2F, spleen cells intraperitoneally 
B6 spleen slice graft 

B6D2F, spleen slice graft 

B8 spleen slice graft, removed after 12 days 
B8 spleen 3 x 10’t cells intraperitoneally 

B8 thymus 3 x 10’ t cells intraperitoheally 


OG TS Ti COLO m 


B6 bone marrow 3 x 10’ fF cells :ntraperitoneally 
B8 lymph node 8 x 10° f cells intraperitoneally 


* Means + standard errors. 0'5 uc. iron-59 as citrate given intravenously 7 days after treatment with Kone marrow. 24h uptake by washe 


Days between 


treatment No. o` Tron-59 uptake* by 
and X-rays mice Erythrocytes Spleens 

14 10 13 24 4 1°66 11 8441-03 . 

14 10 0 65+ 0°26 0 38 + 0-06 

11 10 9°68 + 1-35 7°90 + 1-00 

12 10 1-41 +014 0 60+ 0-08 
10 12 00 + 2-57 11°58 + 1:56 

21 25 13°40 + 1-95 7-63+0°81 

21 25 1-21 + 0-11 0-67 + 0-08 

21 22 0-47 + 0 06 0-30 + 0-02 

21 24 15 88+ 1-37 9-83 + 0-66. 

d red cells 


(corrected to total blood volume) and spleens expressed as a percentage of the injected dose of iron-59. 
t Doses used in groups 6-9 were calculated on basis of cells excluding eosin; those in groups 1 and 2 represent total numbers. 


parental tissue graft might provide necessary elements 
found in intact tissues, but not in cell suspensions. 

Spleen slices from P-strain mice (C57 BL/6, hereafter 
called B6) were therefore grafted on to the kidney surface 
of F, hybrids (C57BL/6 female x DBA/2 male, hereafter 
called B6D2F,) according to the technique described by 
Wheeler et al.5. There is good evidence of poor growth 
after PF; bone marrow transplantation in this combina- 
tion of strains. The host animals were 10-14 weeks old 
and were subjected to 900 r total body irradiation about 
3 weeks after spleen slice grafting. In all cases, mice 
received 10° B6 marrow cells intravenously 18-22 h 
after irradiation. Proliferation of donor erythropoietic 
cells was assessed a week later by measuring the uptake 
of iron-59 into red cells and spleens ðf these chimeras 
(details of method given by Goodman and Mathews‘). 
Spleen weights were recorded in some experiments, and 
gross and microscopic observations were made of the 
spleen slice graft and the host spleen. The results were 
compared with groups of non-operated animals, sham 
operations, and grafts of F spleen. Other experimental 
groups were injected with P or F, spleen cell suspensions 
before irradiation. In a final group, B6 spleen grafts 
which had resided 12 days in a B6D2F, host were excised 
the day before irradiation of the host. 

Table 1 presents the results of two experiments which 
show clearly that the growth of B6 marrow cells in 
irradiated B6D2F, hosts was dramatically improved 
by the presence of a previous B6 spleen slice graft on the 
kidney of the host. In addition to showing marked poten- 
tiation of the uptake of iron-59, those mice carryjng B6 
slice grafts had large nodular spleens weighing 97 mg 
{average of seven mice), whereas control animals with 
B6D2F, grafts had small dark spleens without nodules 
and with an average weight of 21 mg (average of seveh 
mice). Thus, the experimental data stmkingly confirmed 
the original concept that the presence of a /P-strain 
spleen graft in an F, hybrid may facilitate the subse- 
quent growth of P-strain marrow cells injected after 
total body irradiation. 

One explanation which comes quickly to mind is that 
the transplanted P-strain marrow cells “home” to the 
P-strain spleen slice graft and proliferate there preferen- 
tially. Further experiments leave little doubt, however, 
that the continued presence of the P-strain tissue stroma 
is not essential to modify the phenomenon of poor growth. 


are known to be capable of initiating a much more 
marked graft-versus-host response than those derived 
from thymus or bone marrow. Presumably by the time 
of irradiation, cells grafted from spleen or lymph node 
have gone through many cell divisions and have widely 
colonized the host. hese cells may also have produced 
antibodies directed against the foreign F, antigens. 

Moller has reported that antigenically different cells 
were mutually cytotoxic when brought into close contact 
in vitro’. Extracts of foreign antigens have also been 
fond to inhibit the growth of tumour cells im vitro®. 
The inhibition of P-s-rain marrow cell growth seen in the 
present experiments may likewise be due to contact 
with foreign F, antwens. If so, the augmentation of 
marrow growth by pre-treatment with lymphoid grafts 
could be explained ky masking these inhibiting foreign 
antigens or by the presence of syngeneic sites where trans- 
planted P-strain stem cells can grow freo of contact with 
foreign antigens. c 

In summary, these experiments indicate that the 
growth of P-strain marrow grafts ın irradiated F, hosts 
can be dramatically augmented by various techniques 
which havé in common the introduction of immuno- 
logically competent >-strain ar cells into the F, 
host before irradiation. 
_ This research was jointly m by the Veterans 
Administration Hospital, West Roxbury, Massachusetts, 
and the U.S. Atomic Energy Commission under contract 
with the Union Carbide Corporation. 
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Skin Tumours and Sarcomata induced in Rats 
by N-Hydroxy-2-acetylaminofluorene 


It has been recently found that when 2- -acotylamino- 
fluorene (AAF) and several other carcinogenic amines 
are administered to rats, N-hydroxylation of the com- 
pound oceurs in vivo. Using AAF, or several other 
amines, it has been shown that the N-hydroxy metabolite 
(N—OH-—AAF) was a more active carcinogen than the 
parent compound’, 

It was therefore proposed that N—OH—AAF may be 
the proximate carcinogen when AAF is administered to 
rats’, In the course of some preliminary experiments we 
have obtained additional evidence for this proposition. 

Ten 8-week-old male MRC rats (210 g), were injected 
once subcutaneously on the back with 5 mg of N--OH— 
AAF dissolved in 0'5 ml. of warm olive oil. A week later 
a shaved area of interscapular skin was painted with a 
2 per cent solution of N—OH—AAF in acetone, using a 
fine hair brush. The rats were painted at first three times, 
and later five times a week until the fortieth week, when 
they had been treated 125 times. The animals were given 
powdered laboratory chow and as much water as they 
wanted to drink. Once a week they were weighed and 
carefully inspected. At the twentieth week signs’of skin 
irritation and exudation appeared, and by the thirty- 
third week ulcers were present on most of the animals. 
At the thirty-fifth week a crop of skin tumours suddenly 
arose, and their progress was recorded weekly on graph 
paper maps. One rat died of pneumonia at 25 weeks 
without any other lesions, and the remaining nine rats 
were killed when their tumours caused a decline in health. 

A total. of ten subcutaneous tumours occurred near the 
site of the initial injection in seven of the nine surviving 
rats. Eight of these were invasive fibrosarcomata, and 
two were well differentiated, relatively benign, fibrous 
tumours. Most of the subcutaneous tumours were a little 
distant fromthe original site of injection, no doubt aga 
résult of migration of the oily solution, The latent period 
for the subciitaneous tumours varied from 20 to 44 weeks, 
with a mean latency of 29-6 weeks. 

The earliest skin tumour in the painted area was found 
in the twenty-first week, and by the thirty-seventh week 
all the surviving rats had tumours in the painted areas. 
Six out of nine rate survived longer than 35 weeks, and 
had a total of sixty skin tumours. The number of skin 
tumours on each rat increased steadfly from the twenty- 
fifth to the fifty-second week, when the final animal was 
killed, Only four of the original sixty tumours regressed. 
Of the fifty-six tumours which persisted, twerriy (36 per 
cent) showed a steady increase in size, and were found on 
histological examination to be invasive carcinomata. The 
majority of the carcinomnata were of the squamous type, 
but a few were basal-cell carcinomata. The morphology 
of the benign tumours was similar to that described for 
mouse skin tumours’. Six rats had eight primary tumours 
which arose at a distance from the painted areas, namely in 


the Zymbal glands, breast, and lungs. One of the Zymbal- 


tumours and one of the breast tumours metastasized 
: widely. 

The induction of,malignant skin tumours in rats by 
painting with N--OH—AAF was sériking in view of the 
usual refractoriness of rat skin to chemical carcinogens. 
In rats painted with the parent compounds 2-AAF and 
2-AF, skin tumours are very rare, and nearly always occur 
at a distance from the painted area. The present results, 
therefore, provide strong evidence for the local action’ of 
N—OH-—AAF as a direct carcinogen for rat skin and sub- 
cutaneous tissue, without metabolice modification. It is 
coħsidered that the single subcutaneous injection at the 
beginning of the experiment could not have much in- 
fluenced the response of the skin. The experiments are 


being repeated and skin tumours have already been. 
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obtained by painting alone. The occurrence of sarcomata 
at or near the site of injection is also of interest in that they 
appear to have been caused by a single injection, whereas 
in work reported previously, multiple injections were 
given’. The fact that combined treatment was given com- 
plicates this interpretation, however, because the occur- 
rence of distant neoplasms indicates that there must have 
been significant absorption either of N—OH—AAF or of its 
parent amines. Furthermore, it is impossible, at present, 
to state what influence the painting may have had in the 
appearance of thé subcutaneous tumours. 

This work was supported by the U.S. Public Health 
Service. We thank Dr. J. H. Weisburger of the National 
Cancer Institute, Bethesda, for the generous gifts of 
N- -hydroxyacetylaminofluoreno. 
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Extraction of a Cancer Factor from Ehrlich 
Ascites Carcinoma 


INVESTIGATIONS at present In progress in our laboratory 
on the inhibitory action of several nucleases of cobra 
venom on the growth in vitro and in vivo of the Ehrlich 
ascites carcinoma! have prompted us to study the RNA 
metabolism in that tumour cell. 

Besides several studies*-* on the behaviour of the 
Ehrlich cell in its natural environment, some workers: 
have examined its behaviour in an artificial environment. 
They conclude that at low temperatures, and after wash- 
ings repeated over relatively long periods, the carbo- 
hydrate metabolism of these cells remains almost un- 
affected, whereas their phosphorus metabolism is modified. 

These investigations show that when the Ehrlich cell 
is maintained in vitro in an isotonic solution, it survives 
but undergoes at the same time a gradual decrease in 
vitality which corresponds to a decrease in virulence; 
it appears, moreover, that this decrease is associated with 
the modification of various metabolic pathways, particu- 
larly those of the intracellular ribonucleic acids. 

It is important to notice that all these workers studied 
the behaviour of metabolites inside the tumour cell. 
Our experiments, however, were designed to observe 
what happens outside the tumour cell and to examine 
whether or not the decrease in virulence is simply related 
to the tscape of essential metabolites. 

What is the fate of the nucleic acids responsible for 
protein synthesis? We considered the possibility that 
they escape from the cell by diffusion and have tried to 
verify this experimentally. 

When centrifuged from the cells and examined in ultra- 
violet light, freshly withdrawn ascitic fluid shows an 
absorption curve with a peak of 278 mu, which is character- 
istic of proteins. In agreement with Klein et al.5, we did 
not find that the ascitic fluid contained nucleic acid or 
oligonucleotides. 

To follow the course of the diffusion of materials out 
of the cells, we studied their absorption spectra. If the 
cells, separated from the supernatant fluid, are placed 
again in suspension in a saline isotonic solution for 10 
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to. 30 min and centrifuged once more, the maximum 

absorption of the supernatant fluid occurs at 265 muy. 

In the course of the subsequent washings, the maximum 

is soon stabilized at 260 mu, which is the characteristic 

wavelength of nucleic acids. 

During the successive washings, the optical density at 
260 my. increases, then decreases, and is finally stabilized, 
indicating that nucleic acids escape out of the cell by 
diffusion, until some equilibrium is reached. 

The cells were examined under the microscope in the 
course of several experiments consisting of six to twelve 
washings. Their morphological structure seems to be 
unaffected. 

Are those Ehrlich cells, which have thus been deprived 
of their extractable nucleic acids and have remained 
apparently unchanged, still alive and virulent ? 

To answer this question, mice were given 2,000,000 
cells treated in the way described earlier, by intraperitoneal 
injection. After 26 days, only one animal out of ten 
developed an ascites tumour, whereas the ten reference 
animals that had been injected with fresh unwashed cells 
all developed a cancer on the ninth day and died about the 
twenty-third day. 

As noted by the authors mentioned, the loss of intra- 
cellular RNA leads to a decrease in virulence. ° Our 
experiment has shown that an almost total loss of virulence 
can be obtained by diffusion of nucleic acids outside the 
cell. 

Is it possible that the materials that have escaped 
out of the cell by diffusion would restore the original 
virulence ? 

In order to investigate this point, we carried out some 
preliminary experiments, the exact conditions of which 
remain to be further defined. 

One batch of ascites cells was washed 8 times. Ten 
Swiss mice were given 2,000,000 cells intraperitoneally 
{at a count of 100 million cells per ml.). By the twenty- 
third day, only one animal had developed ascites. 

Meanwhile, ten other mice received 2 million cells from 
the same bateh, but mixed with the extracted factor, 
passed through a ‘Millipore’ filter (1-2u). From the tenth 
day onwards, six animals developed ascites. This experi- 
ment seems to show that the cells have recovered their 
vitality and virulence. 

Is the separated factor by itself able tô induce a cancer 
in a healthy animal ? 

So far, we have not been able to observe any tumour 
formation in a mouse or in its offspring by injecting the 
extractable factor directly by subcutaneous or intraperi- 
toneal routes. This is not surprising because, in such an 
experiment, the extractable factor does not come into 
direct contact with an adequate cellular sub-stratum. We 
think it would be rewarding to inject the product directly 
into mammary glands containing the type of cells from 
which the Ehrlich carcinoma originated. ‘The few observa- 
tions that we had the opportunity of making lead us to 
think that, under definite conditions, the healthy cells of 
mammary glands of mice in lactation are liable to develop 
an ascites or solid tumour by induction. 

Those experiments, which still require closer verification, 
seem to point to the existence of a cancer factor esgaping 
from the Ehrlich cell, when this cell is kept in an isotonic 
but non-nutritive environment, in this case a saline 
isotonic solution. 

This factor would tend to restore their virulence to 
cells which have formerly been deprived of it and might 
even induce a cancer in cells that are healthy but embryo- 
logically receptive. 

_ . We then tried to determine the chemical nature of the 
| separated factor. For that purpose, the supernatant fluids 
_ were mixed, centrifuged and subjected to dialysis in order 

to. eliminate sodium chloride. The obtained solution 
hen lyophilized. Our measurements show that, on 

, the total substance lost by diffusion amounts to 

er. poll, The separated substance consists 
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mainly of a ribonucleoprotein mixture or combination, 


The presence of proteins was revealed by the Folin- 
Cioealteau reaction; shat of ribonucleic acids by the 
folowing techniques: (a) pyronin reaction; (b) ultra- 
violet spectrometry: maximum at 260 mu with pH 
effects; (e) orcinol reaetion: shows the presence of ribose; 
(d) phosphomolybdie -eaction: reveals the presence of 
phosphorus; (e) diphanylamine test: shows that the 
DNA is absent; (f. ultracentrifugation: main peak 
corresponding to a sedimentation coefficient, S = 2. 

We have separated materials from ascites cells which 
may be ribonucleic acid, with or without protein in 
association, and which seem to interfere with the propaga- 
tion of the Ehrlich cercinoma in the peritoneal fluid of 
the Swiss mouse. 

Further experiments are necessary to characterize the 
material concerned (Sy and a wider range of experimental 
conditions will make .t possible to assess the biological 
significance of this separated ribonucleic factor. 

These experiments were carried out in the Laboratory 
of Biochemistry of the I.L.F.—-ILM.C., CERIA, Brussels. 

We thank the Province de Brabant, the F. W. Breth 
Foundation, New York, and M. G. Mattens, Brussels, 
for the financial and reoral support given to this work. 
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CYTOLOGY ° 


Synapses on Neurosecretory Cells of the 
Supra-optic Nucleus in White Mice 


Few observations have been reported on the ultra- 4 


structure of synapses between nerve fibres and the 
perikarya of neurosegretory éells. Electron microscope 
observations on synapses on perikarya and on branches 
of neurosecretory cella of the pre-optic nucleus in teleosts 
-—perch and trout-—hkave been published’, and recently 
short preliminary repcrts on the ultrastructure of synapses 
on cells of the supra-cptic nucleus of white mice? and rats* 
have appeared. Further details offsynapses on the neuro- 
secretory cells of the supra-optic nucleus of white mice 
are reported here. 

Adult male white nace weighing 20-24 g served as mat- 
erial for our investigasions. Pieces of brain were fixed by 
immersion in 1 per cent osmium tetroxide solution after 
Caulfield and Sjöstrand. Sections were studied with a 
JHEM-5g electron microscope. ° 

A considerable rmumber of synapses was observed 
within the supra-optie nucleus on the perikarya as well as 
on the branches of ta8 neurosecretory cells. Sometimes 
several axosomatic srnapses were seen on the surface of 
the perikaryon of one neurosecretory cell. These were of 
typical ultrastructure! form. The synaptic plates varied 
in length from 0-9p to 1-4y, and showed a clearly defined 
presynaptic membrane. Some concentration of osmio- 


philic material was found in,the axoplasm close to the » 


presynaptic membrane, together with optically empty 
synaptic vesicles 250-550 A in diameter. In some plates, 
many of these vesicles were concentrated in groups near 
the presynaptic merabrane in the region of the trans- 
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Fig. 1. Synaptic Š soy 7o (SP) containing synaptic vesicles (sv) and *cate- 
cholamine” n (eg f 


ransmission zone, a, x c. 20,900; 
b, x c. 27,870. 


mission zone; in others they were distributed more 
evenly through the axoplasm. 

The postsynaptic membranes were sharply outlined, 
and a concentration of osmiophilic substance in the form 
of a narrow strip in some places near the postsynafptic 
membrane was sometimes observed. The synaptic cleft 
was enlarged, in some places reaching 640 A, and con- 
tained a narrow strip of a substance of low osmiophility. 

Vesicles with electron dense content were observed in 
the perikarya of the neurosecretory cells and in many 
synaptic plates (Fig. 1). The vesicles of 1600-3000 A in 
diameter in the néurosecretory cells and in some branches 
are typical elementary neurdsecretory granules which have 
been described in the posterior pituitary gland in our 
earlier publications’. Vesicles in synaptic plates of 900- 
1000 A in diameter having electron dense content re- 
sembled in their size and appearance catecholamine 
granules in adrenergic synapses’. Besides these granules 
and synaptic vesicles, Mitochondria were usually found in 
the synaptic plates; in these mitochondria the cristae 
were few, and usually longitudinally arranged. 

Thus our observations indicate that neurosecretory cells 
of the supra-optic nucleus in white mice are innervated by 
the neural fibres which seem to belong to adrenergic 
neurones. Further investigations, however, are required 
eto determine the nature of these fibres. 
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Organochlorine Insecticide Residues in Soil 
Invertebrates 


THE uptake and transmission of organochlorine insecticide 
residues in food chains has been described for an aquatic 
ecosystem!. There is, however, little information relating 
to the terrestrial sphere in respect of insecticide concentra- 
tions occurring in invertebrates which form the food of 
many common species of birds*:*. During 1965, an attempt 
was made to remedy this situation by collecting soil and 
invertebrates from ten widely separated arable fields and 
from two apple orchards around Huntingdon which were 
known to have received recent applications of a number 
of organochlorine insecticides. The soils varied from 
sandy loam to clay loam and peaty loam. 

The availability of soil invertebrates to birds was 
determined by the use of pitfall traps which contained a 
solution of 0-1 per cent phenylmercury acetate and 0-8 per 
cent formaldehyde to prevent predation and decay. 
Beetles, predominantly Carabidae, small numbers of other 
arthropods and earthworms of up to eight species were 
caught at all twelve sites. Worm samples from the 
orchards were also collected by the application of dilute 
formaldehyde* and slugs were collected at some sites by 
searching the vegetation and soil surface. Analyses were 
performed whenever the sample collected was large enough 
to be representative. The beetle samples analysed con- 
sisted of separate 4-10 g quantities of Harpalus rufipes and 
Agonum dorsale (Carabidae) from most of the sites, two 
samples of mixed large carabids, two of Staphylinidae 
and one of Elateridae. Twenty soil cores 15 cm deep were 
taken in each field, bulked and sub-sampled. In the 
orchards ten cores were taken underneath trees one to 
two metres from the trunks and ten cores from the 
lanes between trees. 

The samples were ground with anhydrous sodium sul- 
phate and extracted with mixtures of acetone—hexane 
by means of a Soxhlet apparatus. The extracts were 
cleaned on a partially de-activated alumina column’ and 
then examined by gas-liquid chromatography using 
silicone and ‘Apiezon’ columns and electron capture 
detectors. Considerable interference with the working of 
the electron capture detectors was noticed when examining 
those samples which had come into contact with the 
mercury compound in the traps. This interference was 
satisfactorily reduced by subjecting the sample extracts 
to a dimethylformamide—hexane partition® before the 
alumina column treatment. The interfering substance 
was identified by infra-red and X-ray fluorescence spectro- 
scopy as diphenylmercury, which, being covalent in 
character, was extracted by the hexane. It was at first 
thought that diphenylmercury might be a metabolic 
product formed by the invertebrates, but further investi- 
gation revealed its presence as an impurity in the 
phenylmercury acetate. 

The results for the arable sites are summarized in 
Table 1. The soil residues are probably typical of many 
arable soils?. Samples of beetles from all ten sites con- 
tained both dieldrin and pp’-DDE in amounts up to 
0-2 and 2-2 p.p.m. respectively and there was no obvious 
difference between groups of beetles. Residues of dieldrin 
ip worm samples were between two and ten times those in 
soils from corresponding sites and both dieldrin and 
pp’-DDT were generally rather higher than in correspond- 
ing beetle samples. The presence of aldrin in three of the 
worm samples was confirmed by thin layer chromato- 
graphy. It was found, however, that, when hexane 
containing dieldrin and phenylmercury acetate was 
injected on to the gas chromatographic columns, a new 
peak corresponding to aldrin appeared on the chromato- 
gram. It is therefore possible that the peaks for aldrin 
from the worm samples derive partly from reduction of 
tlieldrin on the chromatographic columns and partly from 
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Table 1. RESIDUSS FROM TEN ARABLE SITES 
Range of values found (p.p.m.) with the number of samples containing measurable qzantities in parentheses 
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analysed Aldrin Dieldrin y-BHC pp’-DDT op DDT pp’ -TDE pp-DDE 
10 0-03-07 (4) 0-03-0°7 (9) 6-01 (1) 0:04-0°7 (7) 0-04-#-08 (2) 0°03~-0-05 (3) 0-02-02 (6) 
20 — 0-01-02 (20) — 0-09-0-1 (2) a 0-03 (1) 0-02-22 (20) 
4 0:02-0°4 (3) 0-06~0°8 (4) 0-05 (1) 21 (1) œ (1) 0-2 (1) O98 (1) i. 
i — 0-3 (1) —_ — — = = 
Table 2. RESIDUES FROM TWO APPLE ORCHARDS 
No. of samples 
Sample analysec y-BHC pp’-DDT op’-DDT pp’-TDE. pp-DDE ppr-DME 
Soil 2 0-08 (1) 1-5-13°3 (2) "2-12 (2) 0-3-0-6 (2 0-3-2-1 (2) — 
Beetles 2 — 0-5 (2 — 0-09-01 (3 2°6~4:6 (2) = 
Worms 2 0-3 (1) 117-304 (2) 0-9-1-6 (2) 1:5-29 (28 2-1-6-5 (2) — 
Slugs 3 == 583-238 (3) 0-4-2-6 (3) 1:2-99 (3% 0-4-3-4 (3) 03-04 (2) | 


the aldrin present in the soil in the food tract of the worms. 
Dieldrin residues may be expected to decline in the future 
as a result of the restrictions on the use of aldrinated 
fertilizers and of dieldrin treatment for carrot fly. 

All samples from the two orchard sites (Table 2) con- 
tained pp’-DDT, pp’-TDE and pp’-DDE, usually in large 
concentrations compared with those from the arable sites. 
The orchard soils also differ from the arable soils in that 
the organochlorine compounds are very largely con- 
eentrated at the top of the soil profile. The rate of applica- 
tion of DDT in one orchard was considerably higher than 
that recorded by Stringer and Pickard? and the residues 
in worms and slugs from this site are among the highest 
recorded for invertebrates. 

All the animals were active and apparently healthy at 
the time of capture and there is no evidence to suggest 
that the concentration of residues found in them are 
unusual. None of the samples was collected within 2 
months of the final application of organochlorine insecti- 
cide; higher residue levels than those reported here 
might therefore be expected in samples of invertebrates 
collected, or eaten by birds, shortly after spray applica- 
tions. 

B. N. K. Davis 

Monks Wood Experimental Station, 
Abbots Ripton, Huntingdon. 

| R. B. HARBISON 
Laboratory of the Government Chemist, 
London, 8.E.1. 
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Variation associated with an Aegilops 
umbellulata Chromosome Segment 
+. ncorporated in Wheat 


Tuer polyacrylamide gel electrophoresis technique for 
the analysis of soluble plant proteins has amply demon- 
strated its usefulness and capacity to be repeated? *. 
Using the method of disk electrophoresis** it is possible 
to resolve the proteins into a number of fractions, based 
on their electrophoretic mobility and the molecular 
sieving action of gels, with high reproducibility. The 
technique is being used in this laboratory to investigate 
variation in the spectrum of soluble plant proteins 
associated -with known genetic loci, chromosome segments 
-and individual chromosomes. The observations reported 
here show variation in protein pattern associated with a 
chromosome segment from Aegilops umbellulata Zhuk. 
transferred to Triticum aestivum L. ssp. vulgare (Vill., 
- Host) Mac Key, variety ‘Chinese Spring’ by Sears®. This 
is of interèst as a well analysed example of introgression 
or translocation of genetic material between allied genera 





which incorporated resistance to leaf rust (Puccinia 
triticina Eriks.) in bread wheat. Recent reports indicate 
that the umbellulata segment is substituted for a terminal 
piece of the wheat chromosome 6B (ref. 6), is inherited 
as a single dominant”, and controls seedling and field — 
resistance to common races of leaf rust. 

Seeds of single plans of wheat variety “Chinese Spring’ 
and of ‘Chinese Spring’ with the introgressed umbellulata 
segment (CI 13296) ebtained from Dr. E. R. Sears as 
well as bulk seeds prcvided by Dr. J. C. Craddock, were 
used in this investigation. Ten grams of dry seeds 
(about 12 per cent moisture) were ground in a hand 
operated coffee grinder. The flour obtained was stored 
overnight in a cold reom at 5°C + 2; all further work 
was done at this temperature. The flour was homogenized 
in 100 ml. of 0:01 M sodium pyrophosphate buffer con- 
taining 104 M EDT a and 0-7 ml. of mercaptoethanol. 
The slurry was filtered through cheese cloth and the 
filtrate centrifuged at 16,000 r-p.m. in a ‘Lourdes’ centri- 
fuge for 1 h. The supernatant was gel filtered through 
‘Sephadex G-50 coarse beads (Pharmacia, Uppsala, 
Sweden) and eluted ty 0-01 M phosphate buffer pH 7:5, 
containing 2 ml./1. mercaptoethanol. The protein fraction 
eluted was concentrated in cellulose dialysing tubing 
under partial vacuum for 12 h. 

For extracting leaf proteins, seedlings were raised in - 
stafnless steel trays lined with cellulose wadding hydrated 
with Hoagland’s nutrient solution. Seeds were germi- — 
nated in the dark at £4° C for 48 h and later grown under 
continuous illumination of about 800 ft.-candles in a 
controlled environmeat. Leaves were harvested 12 days 
after planting and immediately frozen at — 20° C. Fifty 
grams of frozen leaf zsissue was used for each extraction. 
Chlorophyll was removed by repeated homogenizat 
of the leaves in cold acetone (—5 to — 10°C) until: 
residue was free from green pigment. The residue waa d 

















































in the cold to remove traces of acetone. and then dissolved 


in 50 ml. pf sodium pyrophosphate buffer of pH $2. 
The remainder of the procedure was the same as that- 
followed for seed proteins except that with the leaf 
proteins an unresolved fraction $s obtained as a thick 
band at the upper Dart of the gel, which prevents the 3 
separation of other proteins into distinct bands. To reduce `: 
this unresolved protein fraction, leaf extracts were gel 
filtered through a 7 per cent agar column and eluted by 
phosphate buffer of pH 7-5. The concentrated extracts 
were made to 0-25 M sucrose to increase the density, 
before placing on tae gels for electrophoresis. Protein 
estimations in the fimal extracts were in the range 0-4-0-5 
per cent, as shown using Folin-Ciocalfeau reagent. 
Electrophoresis was carried out in an apparatus similar | 
to that described b7 Davis’, mainly using standard 7-5 ¢ — 
per cent acrylamide gels. In some cases, 15 per cent ~ 
acrylamide gels were also used as the supporting medium, 
but most of the protein bahds were found to resolve 
better on 7-5 per cent gels. The gels were prepared by 
mixing the stock solutions Aeand C of Davis* with boiled 
distilled water in tie proportions 1: 2:1, respectively, 
and an equal volumne of 0-1 per cent ammonium persul- 
phate in boiled distëled water was added to the mixture.. 
The. solution was degassed and placed in ‘Pyrex’ glas 
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tubes (6mm x 10 cm). Gels were allowed to polymerize 
at room temperature. Gels obtained this way stack at 
pH 83 and run at pH 9-5. 

Tris-glycine buffer of pH 8-3 (tris hydroxymethyl amino- 
methane 6 g and glycine 28-8 g made to 1 1. and diluted 
ten times) or ¢ris-boric buffer (tris 431 g, disodium ethylene- 
diaminetetracetate 37 g and boric acid 220 g made to 
l 1. and diluted twenty times) of the same pH were used 
in the electrode vessels. T'ris-boric buffer was found to 
give better resolution in certain regions. Seed proteins 
were run for 1 h at a potential difference of 480 V from a 
power supply of constant output, resulting in a current 
of 20 m.amp in tris-glycine buffer. In tris-boric buffer, a 
potential difference of 300 V gave a current of 30 m.amp. 
During the 60 min period, the front formed by the tracking 
dye (bromophenol blue) moved a distance of about 8 em. 
Leaf proteins were better resolved when electrophoresis 
was continued for 45 min, and the front migrated 5-6 em. 
After the run, gels were removed from the glass tubes and 
stained with 1 per cent Amido-Schwarz 10 B (Schmid 
and Co., Stuttgart, Germany) in 7 per cent acetic acid 
for 1 h. Gels were washed with 7 per cent acetic acid and 
destained electrophoretically until they were clear in an 
apparatus similar to that used for making the run. De- 
stained gels were stored in 7 per cent acetic acid for obser- 
vation. 

Representative electropherograms of seed and leaf 
proteins of ‘Chinese Spring’ wheat and of the same variety 
with the introgressed umbellulata segment are shown in 
Figs. 1 and 2 along with diagrammatic representations. 
Fig. 1 shows the presence of two bands (marked with 
arrows) in the seed proteins of the introgressive type 
(CI 13296) that are not found in the parental variety, 
and one band in the latter is not present in the electro- 
pherogram of CI 13296. Similarly, in the electrophero- 
gram of leaf proteins (Fig. 2), one additional band is present 





A į B 
. 

ig. 1. octopheromsans for soluble seed proteins of wheat extracted 
pyrophosphate buffer along with a mmatic representation; <A, 
‘Chinese Spring’; B, ‘Chinese Spring’ with substituted umbellulata 
chromosome segment. Origin is at the top and the vertical arrow 
indicates migration of proteins toward anode. Variation in the two 

patterns is marked with arrows, ‘ 

a 





Fig. 2. Electropherograms for soluble leaf proteins of wheat extracted in 

pyrophosphate buffer along with a diagrammatic representation; A, 

Chinese Spring’, B, ‘Chinese Spring’ with substituted umbellulata 
chromosome segment. 


in CI 13296. These additional bands have been found in 
all four seed samples from single plants grown at Columbia, 
Missouri and in the bulk seeds obtained from Beltsville, 
Maryland. It is known that qualitatively similar patterns 
are obtained under uniform conditions of extraction and 
electrophoresis; and varieties of similar genotype have 
similar protein components*’*. In this material, therefore, 
the additional protein bands can confidently be inter- 
preted as causally related to the genetic information 
carried by the introgressed umbellulata segment. The 
missing band in seed proteins may be due either to loss of 
the terminal region of wheat chromosome 6B or to sup- 
pression of syntlfesis of this protein by the int 
umbellulata segment. It is planned to isolate and identify 
the missing and additional proteins and determine their 
possible relationship, if any, to the mechanism of rust 
resistance incorporated with the addition of the umbel- 
lulata segment. These results also indicate possibilities 
for analysing effects of introgressed genetic material in 
higher plants in terms of the proteins produced. 

We thank Dr. E. R. Sears, U.S. Department of Agri- ` 
culture, Columbia, Missouri, and Dr. J. C. Craddock, U.S. 
Department of Agriculture, Beltsville, Maryland, for 
providing the seeds, and Dr. H. W. Siegelman, U.S. 
Department of Agriculture, Beltsville, Maryland, and Dr. 
C. H. W. Hirs, Brookhaven National Laboratory, for their 
help and suggestions on electrophoresis. This research 
was carried out at Brookhaven National Laboratory 
under the auspices of the U.S. Atomic Energy Commission. 
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Spiral Growth of Nacre 


INTERESTING spiral patterns (Fig. 1) were found on the 
growing inner surface of nacre when the fresh inner surface 
of pelecypod shells was observed under a microscope 
using a vertical illuminator. The pattern was explained 
by invoking the theory of Liesegang’s rings!*. This 
ecommutriication deals with the phenomenon as an aspect 
of spiral growth. 





NATURE 


1427 


small-angles. In the racre of Pinctada martensii, new 
microcrystals tend to grow on the boundary between two 
underlying microcrysta's, though this does not always 
occur in the nacre of Paina attenuata, It is thought that 
a small amount of cenchiolin condenses along these 
boundary regions. 

It is interesting to nete that the ratios of right-handed 
to left-handed spirals m anterior and posterior regions 
of a shell tend to bear an inverse relationship to each 





Fig. 1. Typical spiral growth of nacre in Pinctada martensii (left, x 85) and in Hyrioosis schlegeli (right, * 50). 


It has been considered that the shells of molluscs 
crystallize in complicated ways from a specific solution 
(“extrapallial fluid”) which is below the critical super- 
saturation required for homogeneous nucleation. They 
are built up from an organic substance ‘“‘conchiolin” 
combined with microcrystals of calcium minerals. 
Investigations using Laue photographs and polarizing 
and electron microscopes revealed that the nacre of 
pelecypod shells was not a single crystal but consisted of 
mosaic aggregates of aragonite microcrystals having b 
and ¢ axes nearly parallel to the horizontgl and vertical 
directions of growth and with the (001) plane of aragonite 
nearly parallel to the growing inner surface of the nacre. 
Spiral patterns in the genus Pinctada are more often 
found in the anterio-ventral regions and the inside regions 
along the pallial impressions, where the vectors’ indicating 
the direction of growth are usually deflected, than in other 
flat ventral regions. 

The spiral pattern is observed at the edges of mineral 
lamellae which emerge on the growing surface of the 
nacre. Generally speaking, the highest point is the top 
of the spiral from which a ledge descends step by step 
outwards. The height of each step of the spirals is in the 
range 1000-5000 A, which is equal to the thickness of 
one lamella, except near the central parts of the spirals, 
where the step height is less than 1000 A. The spirals are 
usually nearly circular; their precise shape, however, 
varies with the species and physiological condition f the 
animal, and from region to region in a single shell. It 
was further shown? that the density of spirals per unit 
area, the distance between two steps, and the number of 
steps in one spiral depend on the precipitation rate of 
calcium carbonate. 

Nacre grows by the advance of growth fronts of mineral 
terraces which begin from deformed, misfitting or bound- 
ary portions on the nacreous surface. Spiral growth hills 
are concentrated in particular portions of the surface of 
the nacre. For example, in the genus Pinctada, growth 
of nacre starts in the narrow parts along the pallial 
impression where curvature of nacre occurs during the 
morphogenesis of the shell and where misfit occurs between, 
two groups of microcrystals of different orientations at 


ê, 


other where the vector of the shell growth in the anterior 
region is opposite in direction to that in the posterior 
region. When two adjacent spirals have the same sign 
they tend to develop into a superior spiral, whereas if 
they have opposite signs a closed loop is developed. 

These observations show that tilted or twisted bound- 
arieg at small angles vend to occur between two micro- 
crystals or between any two blocks with slightly different 
vectors of shell growt. which interfere with each other 
during the morphogenasis of a shell. Screw dislocations 
then develop, giving vise to spiral growth hills on the 
nacreous surface. It should be emphasized that the 
spiral pattern of nacre can be reasonably explained by 
Frank’s screw dislocat-on theory* of the spiral growth of 
single crystals. . 

I thank Prof. T. Stdo for encouragement and useful 
discussion and Prof. E. Suito and Dr. I. Sunagawa for 
their helpful advice. Kost WADA 
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RADIOBIOLOGY 


Effects of X-rays on Metamorphosis and 
Adult Life Span of Flour Beetles 


Iv has been shown tmt the adult life span is reduced 
when young mice are irradiated with X-rays! and when 
the parasitoid wasp, Habrobracon, is irradiated during 
the immature stages of its life ecycle**. Lamb and 
Maynard Smith* recertly revieyved the reduction of insect 
life spans by radiation and postulated that radiations 
shorten life by inducing mutations in somatic cells. 
When the young pups is irradiated, it might be expected 
that any lethal effect of alteration of genetic material due 
to radiation would be eliminated during the subsequent 
developmental crises (stages) instead of occurring after 
the adult stage had successfully developed. 
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This investigation was undertaken to determine whether 
metamorphosis and length of life could be altered when 
flour beetle pupae were treated with X-rays. 

T. confusum Duval (‘Chicago Standard’ stock) pupae, 
age 25-26 days, were sexed and irradiated. The X-ray 
unit operated at 250 kV, 0-86 mm copper half value layer, 
0:25 mm copper and 1-0 mm aluminium filtration. The 
anode was 2-5 in. from the subject and the apparatus 
delivered approximately 1 kr./min. Doses were 0, 1, 2-5, 
5, 7:5, 10, 20, 30, 40, 50, 60 and 70 kr. Each of five 
replicates at each dose contained ten pupae of each sex 
in 10 g food. Deaths were noted twice weekly. Culture 
conditions were 29+1°C and 60-75 per cent relative 
humidity. 

Not all dose curves are presented (Fig. 1); those omitted 
fall in the position expected. Lethality data for males and 
females were combined because, as with Habrobracon’, sex 
makes no significant difference. Rockstein et al.’ 
reported, however, that the emergence of adult female 
house flies from pupae treated with X-rays was more 
sensitive than that of males. Age and physiological 
condition are other factors which might also cause organ- 
isms to show differential sensitivities to radiations, 
but in this experiment these variables were controlled. 

The emergence of adults from pupae given 1 or 2-5 kr. 
was comparable to that of controls (Fig. 1, day 0). The 
numbers of individuals unable to complete metamorphosis 
increased progressively for doses from 5 to 70 kr., 
but metamorphosis was not delayed. Failure of meta. 
morphosis reached about 35 per cent for 7-5-50 kr. and 
about 55 per cent at 70 kr. Some individuals given 5 kr. 
and greater doses died when partially metamorphosed, 
that is, when the thorax and head were adult but the 
elytra, although pigmented, was pupal in size and position 
and the abdomen retained pupal characteristics. In 
addition to these abnormalities, some individuals dying 

after 30 kr. or more were unable to cast off their meconium, 
making the gut a cul-de-sac. Death probably resulted 
from intestinal obstruction rather than from starvation, 
because heavily irradiated insects are known to weed 
after exposure to radiation®—1, 

The reduction of the length of life of adults irradiated 
as pupae was also a sensitive indicator of X-ray damage 
(Pig. 1). Mortality increased progressively with increasing 
exposures. The precipitous curves of lethality from 7-5 kr. 
and higher exposures indicated an early and frequent type 
of lethality whicheapproached 100 per cent after 9 days. 
The lethality curve for 2-5 &r. rose gradually, reaching a 
plateau by day 9 at 10-15 per cent. The 5 kr. curve had a 
radal slope which levelled off by day 16 at about 60 per 
cent lethality. 
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Fig. 1, Percentage lethality during adult life of Tribolium confusum 
irradiated in the pupal stage when 25 or 26 days old, Numbers on the 
curves refer to the dose in kr. . 
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confusum females were not sexually mature until day 5 
of adult life; consequently, a differential radiosensitivity. 
of germ cells was expected between sexually immature | 
and mature adults. Actively dividing meiotic cells in | 
sexually mature flour beetles (11 days old) were killed by 
6 kr. (ref. 12). 100 per cent lethality was achieved with a 
minimal dose of 7-5 kr. (Fig. 1). This dose is similar to 
the 6 kr. required to kill dividing meiotic cells and suggests 
that lethality at 7-5 kr. may be due to adverse effects 
of radiation on cell division(s). Because 26-day-old . 
pupae and l- and 11-day-old adults died within a month. 
of a dose of X-rays of 8 kr. (ref. 13), however, it was 
thought unlikely that cell divisions (mitosis) were factors in 
lethality. Until the necessary cytological investigations 
are carried out, the possible effects on lethality of the 
frequencies of cell divisions and their occurrence in, 
Specific tissue(s) cannot be discounted. Death in these 
irradiated pupae was probably due to chemical alteration- 
of the cytoplasm by radiation and not to nuclear (chromo- 
somal) effects, because pupae have adult structures and.. 
the most obvious changes into adults are movement and — 
pigmentation. Antimetabolites could result from radia- 
tion-induced alterations in the chemistry of pigment 
formation. Certain biochemical processes continue from 
juvenile stages into the adult”. Interruption of such 
processes with subsequent induced cytoplasmic damage'* 
could explain the adverse effects of irradiating the pupae 
on their metamorphosis and adult life span. | 
This work was supported by a contract with the U.S... 
Atomic Energy Commission. i 
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Comparative Radioprotective Effectiveness 
; of Compressed Gases 


EBERT et al. showed that nitrogen and noble gases have 
a radioprotective effect in experiments on bean seedlings — 
when under pressure. They consider this effect to result 
from the adsorption displacement of oxygen from radio- 
sensitive cell structures'~*, This hypothesis has, however, 
been criticized by other workers*~*. Another mechanism is 
probably involved in the protective effect of compressed 
gases. Protection may be caused by inhibition of the. 
diffusion oxygen which penetrates radiosensitive meri- 
stemal cells by way of the intracellular gas spaces*~*, 
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This other hypothesis makes it possible to calculate the 
protective effectiveness of some gases if the oxygen 
diffusion coefficients for these gases are known. It is 
difficult to calculate the absolute pressure under which 
the protective effect is achieved, as many of the required 
parameters are unknown (path length of oxygen diffusion 
in extracellular gas spaces, loss of oxygen owing to 
consumption during diffusion, etc.). We therefore de- 
termined for the different gases the relative concentra- 
tions (pressures) which exert equal effects. These are 
directly proportional to the oxygen diffusion coefficients 
for these gases: 

Pr, _ Par _ Pie 

Dorn, Dosar DorHe 
Here Py, Par, Poe are equally effective pressures of 
nitrogen, argon and helium. Do,-n, Do,ar, Do,He are 
the oxygen diffusion coefficients in these gases. 

Pr. was taken as 1. To check whether the values 
calculated are in accord with experimental results we 
determined the protective effect of the various gases on 
bean seedlings of Vicia faba ‘Russkii chernii’. The appara- 
tus was operated at 18 kVp. and 20 m.amp, producing 
45 r./min. The seedlings were irradiated in rotating steel 
chambers. Dosimetry inside the chamber was carried out 
using an RM-1M roentgenometer. The average growth , 
rate of the main root was taken as a measure of the 
degree of injury. Five measurements were taken of the 
growth rate of ten roots from the 4th to 9th day after 
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Fig. 1. Growth rate of bean seedlings under different gas pressures. 

Abscissa, dosageinr. Or te, growth rate as percentage of the growth 

rate of the control. Numbers on figure denote pressure (atm) of gases , 

added to 1 atm am. Dose-elfect curves for irradiation In the absence of 
air are denoted respectively by He, Ar and Na. ' 
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Radiosensitivity 
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Atm 
Fig. 2. Effect of helium, nittogen and argon on the radiosensitavity of 
bean seedlings. Abscissa, gzs pressure added to air (atm). Ordinate, 
radiosensitivity. Radiosensitivity in the absence of air is taken as unity. 
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irradiation. The gases used contained no more than 
0-01 per eont of oxygem (the nitrogen samples contained 
less than 0-001 per cent oxygen). The gases were intro- 
duced into the chamber 10 min before irradiation and were 
left in the chamber for 5 min afterwards. Details of 
the technique are given-in ref. 4. Fig. 1 shows dose curves 
for the determination cf the radiosensitivity of seedlings 
in the presence of gases. From Fig. 1 we obtained values 
for the gas pressures wLich entirely or by 50 per cent sup- 
press tho oxygen-deperdent radiosensitivity of the seed- 
lings. These values were determined by interpolating or, 
in the case of helium, extrapolating the curves of Fig. 2. 

Our experimental daza are in good agreement with the 
theoretical predictions using the diffusion hypothesis. 
These results are not m accord with the data of Ebert 
et al. (Table 1). 


Table 1, CALOULATED AND EXPERIMENTAL VALUES FOR 


TIVE PRESSURES OI NITROGEN, ARGON AND H 
o Gases Nitrogen Argon Helium 


EQUALLY EFFEC" 
ELIUM 


Diffusion coefficients of oxygen DOg-gas (cm/sec) 0'241 0-224 0-661 
(ref. 10) (refgll) (ref. 12) 
Calculated relative equally effective pressures pS 0-93 2°74 
Equally effective 1. Compiete repression of 21 5 110 
pressures accord- oxyzen effect extra- 
ing to Ebert (ref. polation 
1) (atmospheres) 2. 50 pe- cent decrease of 125 2 55 
oxyzen effect 
8. Relatively equally effec- 4% 0-2 4°82 
tive pressures Giverage 
of E and 2} 

Equally effective 1. Compete repression of 25 20 67 
ressures accord- oxyzen effect e. tra- 
ng to our data polation 
{atmospheres} 2. 50 pæ cent decrease of 81 69 23 

e oxyzen effect 
3, Relat-vely equally effec- 1 0-82 2-76 


tive pressures (average 
of I and 2) 


We conclude that fhe adsorptién hypothesis for the 
protective action of compressed gases does not correspond 
with the results of expeziment. The protection is caused by 
inhibition of the diffusion of oxygen in the extracellular 
gas spaces of the root. V. P. Parmox 
V. S. KALNEY 
Institute of Cytology, 
U.S.S.R. Academy of £ciences, 
Leningrad., ä 
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SOIL SCIENCE 


Extraction of Organic Matter from Soils by 
means of Ultrasonic Dispersion in Aqueous 
Acetylacetone 


THE extraction of organic matter from soils!“ in a form 
suitable for chemical examination requires a reagent in 
which the organic material is largely unaltered, uncon- 
taminated with extraneous ions or compounds, and 
capable of ready purification. Martin and Reeve®* found 
that acetylacetone was an effective extractant of organic 
matter from B horizons of podzol soils. Recent experi- 
ments have shown that the amounts of organic matter 
extracted in boiling anhydrous formic acid increase with 
addition of metal complexing agents such as hydrofluoric 
acid and acetylacetone’?. The present investigation was 
begun to explore further the use of acetylacetone as a 
suitable extractant of organic matter, particularly the 
organic phosphorus component in soils. 

The soils used consisted of eight surface samples as 
follows: (1) acid brown forest; (2) low humic gley; (3) 
and (4) iron podzol; (5) brown forest; (6) and (7) podzol; 
(8) chernozem. Samples 1-5 came from Scotland and 
samples 6-8 from Canada. All but No. 2 were well- 
drained. Samples 1, 2, 3 and 8 were clay loams, sample 4 
was a coarse sandy loam, sample 5 a loam, and samples 
6 and 7 were silt loams. 

Total nitrogen was determined by Kjeldahl digestion, 
carbon by the method of Walkley and Black’, and sulphur 
according to Butters and Chenery® with a seed suspension 
added to improve sensitivity. Organic phosphorus in the 
soils was determined according to Mehta et al.!°. Organic 
phosphorus in the extracts was obtained as the difference 
between total phosphorus measured after digestion in 
perchloric acid?® and inorganic phosphorus determined 
according to Martin and Doty". All determinations were 
made in duplicate on each of two extracts. 

In a preliminary investigation, boiling anhydrous formic 
acid containing acetylacetone’ was tried out as ary ex- 
tractant, but was abandoned when it was found to extract 
only 11, 7¢ and 10 per cent of the total organic phosphorus 
in samples 1, 3 and 5 respectively. On the other hand, four 
successive 24 h extractions with aqueous 0:2 M acetyl- 
acetone (pH 7-3) following an acid pretreatment removed 
63, 75 and 64 per cent of the total organic phosphorus in 
these three soilse 


+ 


] 
Table 1. EXTRACTION OF SOIL ORGANIO PHOSPHORUS (SOIL 1) USING ULTRA- 
SONIO DISPERSION AND 0-2 M AGETYLACETONE (pH 7-5) 


Extract Extraction time Organic phosphorus as a percentage of total 
\_{h) 1 h ultrasonic Z@h ultrasonic 

1 18 54 62 

2 23 12 11 

3 23 öğ 8 10 

4 23 s 4 4 

+ 18 8 6 
Total 86 93 


* Ultrasonic treatment repeated after fourth extraction. 


Table 2, Exrecr oF HIGH SPEED CRNTRIFUGATION ON CARBON, NITROGEN, 
SULPHUR AND ORGANIC PHOSPHORUS CONTER? OF ACETVYLACETONE EXTRACTS 
ASTER ETHER EXTRACTION (SOIL 1) 


Organic 
Treatment phosphorus Carbon Nitrogen Sulphur 
as percentage of the total 
Not centrifuged 1%. 103 > 98 109 
Centifuged 84 87 74 195 


Table'S. 'FOTAL ORGANIO PHOSPHORUS, CARBON, NITROGEN AND SULPHUR CONTENT OF EiautT Soms AND AMOUNTS OF THESE CONSTITUENTS EXTRACTED 
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The 0-2 M acetylacetone at pH 7-3 was a more effective tq 
extractant of organic phosphorus than 1-0 M acetylacetone Y, 
at pH 4:3, and adjustment of the pH of the 0-2 M solution 
to 8-0 or 8-5 with dilute sodium hydroxide extracted a 
further 5-11 per cent of the organic phosphorus from the 
three soils. 

Because further increases in the pH of the extracting 
solution were not desirable, and longer shaking periods 
did not significantly increase the yield of organic phos- 
phorus, the effect of dispersion of the soils with ultra- 
sonic vibration!?:3 before extraction was investigated “4 
with one soil. Four successive extractions following initial 
ultrasonic treatment of 1 or 2 h removed 78 and 87 per . 
cent, respectively, of the total organic phosphorus (Table 
1) compared with 63 per cent removed by acetylacetone 
alone. Further ultrasonic treatments of 1 or 2 h followed 
by a fifth extraction increased the yield of organic phos- _ 
phorus by 8 or 6 per cent, respectively. A large part of ‘~ 
the extracted organic phosphorus was found in the initial 
extract. y 

Because the removal of excess acetylacetone and its, 
complexes is an essential requirement of the method, the | 
extracts were combined and extracted with ether. Analysis 
of the ether-insoluble material showed that the organic 
phosphorus content did not decline with ether extraction. 

‚Furthermore, it was found that the aqueous phase con- 
tained a large proportion of the soil carbon, nitrogen and 
sulphur as well as the organic phosphorus. Because the 
aqueous phase exhibited some cloudiness at this stage, 
portions were clarified by high speed centrifugation , 
(about 16,000 r.p.m.). The carbon, nitrogen and organic | 
phosphorus content of the extract declined, while sulphur |; 
remained about the same, following high speed centri- į. 
fugation (Table 2). This indicated that some of the 





extracted carbon, nitrogen and organic phosphorus was 
closely associated with the finely suspended material, 
probably fine clay, removed by centrifugation. 

The final procedure as developed for extraction of soil 
organic matter was as follows: Two-gram samples of soil 
(<100 mesh) were mechanically shaken with 40 ml. of 
Q-IN hydrochloric acid for 30 min and centrifuged at ` 
about 3,000 r.p.m. Following a second acid treatment, 
the samples were transferred to 50 ml. beakers with 30 ml. 
of ©2 M acetylacetone (pH 8-0) and given a 2-h ultrasonic 
treatment. Suspensions were transferred to centrifuge 
bottles with 10 ml. of acetylacetone solution, and the pH. 
adjusted to pH 8-0 with 3N sodium hydroxide. Samples 
were then shaken for 16 h and centrifuged. The residues 
were then extracted four times with 40 ml. of acetylacetone 
using shaking periods of about 24 h. Before the fourth 
extraction the ultrasonic treatment was repeated. Acetyl- 
acetone and its complexes were removed from the com- 
bined extracts with diethyl ether in an upward displace- 
ment liquid-liquid extractor. The ether extracted solutions 
were clarified by high speed centrifugation (approximately 
16,000 r.p.m.). ; 

The organic matter of the eight soils described previously 
was extracted with this procedure, and analyses were 
made for carbon, nitrogen, sulphur and organic phosphorus.’ ' 

Thg acetylacetone method removed a large proportion 
of the organic phosphorus from all soils (Table 3). Four 
of the values agreed closely, one was lower, whereas the 
remaining three were higher than those obtained for 

etotal phosphorus by the Mehta method. Although these 
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WITH AOETYLACETONE ABTER ULTRASONIO DISPERSION 


Organic phosphorus ` Carbon Nitrogen : Sulphur 
Sample Total Acetylacetone Total Acetylacetone Total Acetylacetone Total Acetylaceton 
mg phosphorus/100 g soll per cent _ per cent per cent . 
1 81 «78 3'8 3°44 0 39 0:25 0-065 0-052 
2 31, 31 2:3 2-06 0 20 O11 0-035 0-031 
œ (3) 72 86 5:0 3-40 0:36 0-21 0 049 0-044 
(4) 59 67 3-1 311 0-26 0-16 0-055 0 049 é 
5 49 42 23 2°02 0-22 0-11 ~ 0:037 0 035 4 
6 85 35 19 1-94 0-18 0-10 0-020 0-026 3 
7 41 43 2-7 241° 0-24 O11 0-029 0-029 2 
8 48 Ps 58 86 5-54 0:59 0:40 0-069 0-050 
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high values (samples 3, 4 and 8) may suggest an over- 
. estimation of organic phosphorus obtained with acetyl- 
acetone, they were in agreement with total organic phos- 
phorus values available for two of the soils (samples 3 and 
8) by an ignition method. Thus, it would appear that the 
Mehta method may have underestimated the total organic 
phosphorus content of these particular samples. 
In addition to the organic phosphorus, the method 
effectively extracted sulphur from all samples (85-100 
A per cent). The efficiency of this extraction was confirmed 
by the small amount of sulphur found in the soil residues. 
The method was least effective for the extraction of 
nitrogen, removing only 48-68 per cent of the total. 
Although the carbon values show an apparent extraction 
of 68-100 per cent of the total carbon in the different 
soils, incomplete removal of the extracting reagent may 
_ be expected to contribute to its overestimation. This was 
~ confirmed when it was found that the soil residues still 
agi 12-29 per cent of the total carbon. 
The use of ultrasonic dispersion in conjunction with 
_, acetylacetone was found to increase the effectiveness of 
$ this reagent in extracting organic matter from a variety 
of soils. The main advantages of this method are its high 
efficiency in extracting organic phosphorus and sulphur, 
the mild nature of the extractant and the ease with which 
the extracted material can be prepared for chemical’ 
analysis. 
This research was carried out while one of us (R.L.H.) 
was & visiting worker at the Macaulay Institute for Soil 
. Research. 
: R. L. HALSTEAD * 
| G. ANDERSON 
o N. M. Scorr 
> Macaulay Institute for Soil Research, 
Aberdeen, Scotland. « > 


* Permanent address: Soll Research Institute, Canada Department of 
2 Agriculture, Ottawa, Canada. 
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MICROBIOLOGY 


! Role of Amino-acids in the Germination of 
Bacterial Spores by Subtilisin 


BACTERIAL spores are characteristically resistant to desic- 
` cation, heat, irradiation, chemicals and to attack by 
enzymes. Resistance to enzymes is an attribute that must 
have important survival value for spores, because epores 
- may come into contact with a variety of hydrolytic 
enzymes secreted by micro-organisms and other flora and 
` fauna in their natural habitat, the soil. Previous reports 


can. be extracted from B. cereus spores, will attack spores, 
\ were based on experiments in which the spores were first 
treated with reagents which rupture disulphide bonds?:*, 
This sensitization treatment was probably necessary to 
expose the substrates to the action of the enzymes*4, 
: A. recent report® that the proteolytic enzyme subtilisin 
| directly attacked spores of strains of B. subtilis, B. cereus 
and B. licheniformis was therefore of interest as the first 
report of a direct action of an enzyme on untreated 
bacterial spores. Spores incubated with subtilisin became 
dark when seen with the phase contrast microscope, and 
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could be stained with methylene blue; they released dipi- 
eolinic acid and lost their resistance to heat, and the optical 
density of spore suspemsions decreased. . These reactions 
are characteristic of what is usually considered to be 
normal spore germination, that is, germination induced by 
germinants like L-alanme. or inosine. It was presumed 
that subtilisin directly attacked some component of the 
spore, probably proteia in the spore coat, and that this 
attack resulted in the cermination-like changes’. 

During an investigation of the germination requirements 
of spores of a strain of B. subtilis (globigit), we incubated 
spores with subtilisin (Worthington Biochemical Corp., 
Freehold, New Jersey? and found them to germinate, 
confirming the observation of Sierra’. Spores of the 
B. subtilis (globigii) stresin used normally require L-alanine 
in order to germinate, and their germination in L-alanine 
is inhibited by D-alanire®?, When p-alanine was included 
with subtilisin, it was found to inhibit the germination 
induced by subtilisin (Table 1). It seemed possible that 
L-alanine was formed during incubation of subtilisin, for 
example by enzyme aitodigestion or by degradation of 
some contaminating protein in the samples of subtilisin. 
L-Alaninė so formed would then be expected to act as a 
germinant in the usual way. This seemed even. more likely 
when it was found thas when subtilisin was preincubated 
in buffer at 37° C for 1 h (to allow proteolysis to occur) 
and then added to the germination mixture it caused more 
rapid germination then when it was not preincubated 
(Table 1). Inosine, Sut not t-alanine, will germinate 
unheated spores of B. sereus PX; subtilisin had no effect 
on spores of this orgenism when tested under the con- 

` ditions described in Table 1. Spores of B. megatervum 
NOTO 76581 will germinate in inosine plus L-alanine (or 
plus some other amino-acids) but not in inosine or L-alanine 
alone. Table 2 shows tnat, for germination of these spores, 
subtilisin could be substituted effectively for t-alanine, 

‘but not for inosine, ard it was ineffective as a germinant 
alone. 5 


Tabig 1. GERMINATION OF B. subtilis SPORES BY ALANINE AND BY SUBTILISIN 
Germinationt (%)- after incubation of 


Mixtures* spores in mixtures at 37° C for 
30 min 60 min 90 min’ 
No addition 2:0 25 1:5 
L-alanine 18 345 41 
D-alanine 1-5 2-0 2-0 
Subtilisin 7-5 33 43-5 
Subtilisin + D-alanine 25 2°5 2-0 
Subtilisin preincubated t ~ Q ete 53 
Subtilisin preincubated f + D-alanine 1-5 1:5 20 
* All mixtures contained sqiium phosfhate buffer (0:1 M pH 8-0): isomers 

of alanine were used at 5 . and subtulisin at 40 mg/ml. 


+ Germination was estimated by counting the numbers of bright and dark 
spores at intervals using a phase contrast microscope. , 

-t Spores or spores +D-alan-ne were added after preincubation of subtilisin 
solution at 37° Gfor 1 h. 


Table 2. GERMINATION OF 3. megaterium SPORES BY ALANINE, [NOSINE 
i AND SUBTILISIN 


Germinationd%) after incubation 


of spores in tures at 37° C for 

a 5 min 15 min 

No addition 1 1 
L-alanine 1 1 
Inosine t5 , 20 
T-alanine + inosine 65 - 98 
Subtilisin 1 1 
Subtilisin + L-alanine 2-5 9-5 
Subtilisın + mosine 58 98-5 


i Experimental conditions a» for Table 1. Inosine was used at mM. 
Finally, subtilisin (40 mg/ml.) was éncubated alone in 


that two lytic enzymes, lysozyme and an enzyme which® buffer (0-1 M sodium phosphate at pH 8-0) at 37° C’and 


samples taken at intervals over a period of 25 h. These . 
were boiled for 10 min, dried at 100° © and extracted with 
butanol/phenol (2:32. Paper chromatography of the 
extracts revealed thet a number of amino-acids. were 
present, and these inc-uded one which was presumed from 
its Er value to be alanine. , 

The experiments described here confirm the observg- 
tion® that the B. subti~is proteolytic enzyme subtilisin will 
germinate spores of some Bacillus species. The experi- 
ments also indicate, nowever, that germination by sub- 
tilisin is not induced cirectly by the action of the enzyme 
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oů spores, but by L-alanine and perhaps by other amino- 
acids which are probably released by the proteolytic action 
of the enzyme during its incubation. 
G. W. GOULD 
W. L. Kine 
Unilever Research Laboratory, 
Colworth House, 
Sharnbrook, Bedford. 


1 Gould, G. W., and Hitchins, A. D., J. Gen. Microbiol., 33, 413 (1968). 


2 Gould, G. W., and Aee, D., Spores IIT, 218, edit. by Campbell, L. L., 
and Halvorson, H O. (American Soc. Microbiol., Ann Arbor, Michigan, 


> Gould, G. W., Georgala, D. L., and Hitchins, A. D., Proe. Third Intern. 
Hit Fleming's Lysozyme, 1b, 61 (Scuola Arti Grafiche 0.8.F., Milan, 


‘ Vinter, V., Folia Microbiol., 5, 217 (1960). 

8 Sierra, G., Canad. J. Microbiol., 10, 929 (1964). 

E Pills, Q. M., Biochem. J., 45, 363 (1949). 

7 m i Gould, G. W., and Hitchins, A. D., J. Gen. Microbiol., 35, 229 


VIROLOGY 


Marker Studies of Poliovirus . 


VARIATION in the chemical properties of the protein coat 
of different strains has been used as a marker test in 
investigations of the genetics of polioviruses. Bengtsson, 
Philipson, Persson and Laurent! recently showed that a 
group of these tests had a common basis. Small differ- 
ences in the electrical charge of the protein of various 
strains of the same serotype resulted in different patterns 
of binding to charged adsorbents. 

The d (ref. 2) and m (ref. 3) markers and the inhibition 
of plaque formation by dextran sulphate? measure 
depression of growth in the presence of polyanions, while 
the aluminium adsorption® and elution tests® and elution 
from DEAE cellulose? depend on the physical separation 
of infectious particles by differential adsorption. 

For application on an epidemiological scale, a test of this 
property which is simple to perform and which conserves 
both materials and labour is desirable. The possiblity 


-that tube titration in the presence of a low concentration 


of dextran sulphate might meet these Sena was 
therefore investigated. 

Primary rhesus monkey kidney cell cultures were used, 
with the control series maintained on medium 199 alone 
and the test series on medium 199 containing dextran 
sulphate 2000 (Pharmacia, molecular weight 2 x 10°) 
in the concentrations shown in Tebles 1 and 2. Virus 
dilutions were made at log,, intervals and two tissue 
culture tubes in each series were inoculated per dilution. 
The viruses tested are shown in Tables 1 and 2, and the 
results, calculated by the Karber method, are based on 
readings for day 6. 

Table 1 shows that ¢he poliovirus type 1 vaccine strain 
(L,Sc2ab) can readily be differentiated from the type 1 
Mahoney strain by titration in 0-05 per cent dextran 
sulphate. The poliovirus type 2 and type 3 prototype 
strains are not, however, clearly separated under any of 
the conditions tested by such a minimal technique. 
This is reminiscent of the findings of Wallis, Melnick and 


e Wimberley*®, who showed large differences in the adsorp- 


tion of poliovirus type 1 strains to aluminium salts but less 
satisfactory resultsefor types 2 and 3. 

Table 2 shows the results of tests on two groups of 
pohovirus type 1 strains: (a) strains isolated from patients 
with clinical poliomyelitis in the prevaccine years; (b) 
strains isolated from sup} ects given oral poliomyelitis 
vaccine. 

The groups are clearly EE by the test, although 
the small range of values may limit its usefulness when 
apphed to an individual strain. The titrations were 
carried out using minimum numbers of tubes. Greater 
accuracy would be obtained by increasing the number of 
tubes inoculated per dilution but this would mean corre- 


sponding 1 increase in ae labour and materials used. 
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Table 1. REDUCTION IN VIRUS TITRE OF PROTOTYPE POLIOVIRUS STRAINS 


IN THE PRESENCE OF VARIOUS CONCENTRATIONS OF DEXTRAN SULPHATE 
Titrein Log, reduction in the presence of dextran sulphate 


Table 2. COMPARISON OF NATURALLY Degan AND VAOCINE STRAINS OF 
POLIOVIRUS TYPE 1 


Virus 


reference Year Chnical Passage Titrein Log;, reduction in 605% 
lab. No. 3 199 dextran sulphate . & 
4657 1953 PARIY p ME2 1055 +05 Š 
polio k 
4862 1953 4 a 107° +05 a 
4863 1953 3 a 24088 0 eíl 
5087 1958 i i 106° +10 
5088 1958 E is 1073 0 
15 1957 $ a 1075 —10 , 
17 1957 a 4 107° 0 a 
20 1957 is 9s 10% § +05 - 
55 1957 5 » 1063 0 
73 1957 5 ae 107°? +05 
Average +02 
Standard 
@ deviation 0-42 5 
Weeks post ¢ 
vaccination 
568 1962 1 MK1 10**° —2°0 
569 1962 2 E 1055 —1°5 
570 1962 2 a 1088 —2-0 
183 1962 3 Š 10%? — 2-0 f 
474 1962 2 `s 10° — 25 
496 1862 1 ae 107° —2°0 
498 1962 2 Ki 107 —2-0 
551 1962 1 = 10%: —1-0 Y 
751 1965 2 Be 1079 —20 
812 1965 1 1085 —-1-0 
A-verage —18 
Standard 
deviation 0 46 


MEL = first passage in rhesus monkey kidney. 
MK2 = second #3 1 +t +3 os 


The test should be applicable to the epidemiological | 
study of type 1 polioviruses. This is the type mainly ìi 
associated in the past with paralytic poliomyelitis. 


Strain 189 9 005% 005% 05% 1 
‘ s el 
Mahoney 1o“s —1-0 ae 0 —0-5 \ 
i 10*° -05 — 05 -0 i 
108° +05 
10%8 0 i 
1058 -05 
Average -0'1 j 
Standard O 
deviation 0 31 
Sabin 1 16 5 — 0-5 —8-0 -1-0 
10 € — 1:5 —1°5 we 25 
10% noms 2f `~ 
1055 —-3°0 
108 ° — 26 
Average —25 
Standard 
deviation "0-55 
” Type 2 
YSK 1958 0 —20 -15 l 
105°5 0 — 0-5 05 
10%5 io 1- 
1055 —1 0 —3-0 om 1-0 
Sabrn 2 10° £ —0°5 —2-0 om 155 
. 105 5 -20 
Type 3 
Saukett 1085 +05 _ —1:0 —05 
: 108 ° — 0-5 0 0 
105% rf) 
Sabin 3 10575 —10 0 0 
108° —05 —1:0 10 
10879 —1-5 


i 
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has alSo been the cause of the limited outbreaks of polio- | 


myelitis which have occurred in Britain since vaccination 


became widespread. 
Y. E. COSSART 


Vina Reference Laboratory, 


Central Public Health Laboratory, 

Colindale Avenue, 

London. 

z Ban oy D Philipson, L., Persson, H , and Laurent, T. C., Verology, 24, 
617 ~ 

2 Vogt, M., Dulbecco, R., and Wenner, H. A., Virology, 4, 141 (1957). 

3 Agol, V. I, and Chumakova, M. Y., Acta Virol. (Prague), 7, 97 (1963). 

+ Takemoto, K. K., and Kirschstein, R. L., J. Immunol., 92, 329 (1964). 

5 Wallis, C., Melnick, J., and Wimberley, J., Amer. J. Hyg., 7, 250 (1968). 

e Woods, D W., and Robbins, F. Cs Proc. U.S. Nat. Acad. Sci., 74, 150 | 

= (1961 

1 Hodes, H L., Zepp, H. D., and Ainbender, E., Ferology, 11, 306 (1960). 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk are open to the public) 


‘Tuesday, September 27 ae 


INSITTUTION OF MECHANICAL ENGINBERS, AUTOMOBILE DIVISION (at 1 
Birdcage Walk, Westminster, London, 8.W.1)—Symposium on “Ergonomics 
and Safety in Motor Car Design”. 


INSTITUTE OF PETROLEUM, EXPLORATION AND PRODUCTION GROUP (joint - 


meeting with the Geological Society, at 61 New Cavendish Street, London, 
W.1), at 5.30 p.m.—Discussion Meeting on “The Origin of Ou”. f 

SOOIETY OF INSTRUMENT TECHNOLOGY (at Manson House, 26 Portland 
Place, London, W.1) at 6 p.m.—Informal meeting on ‘Control Valve 
Characteristics and Sizing”. ; 


: Wednesday, September 28 


INSTITUTH OF MATHEMATIOS AND Trg APPLICATIONS (in Lecture Theatre 2, 
Physics Department, Imperial College, London, $.W.7), at 5.30 p.m.— 
Dr. R. F. Churchhouse: “Using Computers to Discover New Results in the 
Theory of Numbers”. 


STITUTION OF ELECTRONIO AND RADIO ENGINEERS, TELEVISION GROUP 


IN 
(at the London School of Hygiene and Tropical Medicine, Keppel Street, 
Gower Street, London, W.C.1), at 6 p.m.—Mr. R. I. Kinross: “Television 
Wire Broadcasting Systems”. 


Wednesday, September 28-—-Thursday, September 29 


EvGENIcS Soorery (in the Botany Lecture Theatre, University College, 
Gower Street, London, W.C.1), at 10,80 a.m. on Wednesday and 10 15 a.m. 
oy They Pe eae on “Social and Genetic Influences on Life and 

eath”. 


Thursday, September 29 . 


RESHAROH AND DEVELOPMENT SOOTY (at Imporial College, London, 
S.W.7}—Symposium on “Communicating the Results of Research and 
Development”, 


SOCIETY FOR ANALYTICAL CHEMISTRY, ATOMIC-ABSORPTION SPECTROSCOPY 
GROUP (at Thornton Research Centre, Chester), at 10 a.m.—Mr. D, J. 
Jenkins and Mr. W. Slavin: “Flames for Analysis”, 


TELEVISION SOCIETY (in the Conference Suite, I.'T.A., 70 Brompton Road, 
London, 8.W.8), at 7 p.m.—Mr, R. Knight: “13 Types of Picture Quality 
from 13 Television Programme Contractors”. 


Thursday, September 29—Friday, September 30 


~ INSTITUTE OF BIOLOGY (at the Royal Geographical Society, Kensington 
Gore, London, 8.W.7), at 10 a.m. daily—Symposium on “Biology and the 
Manufacturing Industries”, 


-Friday, September 30 


SoolxTy oy CHEMICAL INDUSTRY, FOOD Grovup—Foop ENGINEERING 
PANEL (at the National College of Food Technology, Weybridge, Surrey), at 
6,15 p.m.—Symposium on “Continuous Food Processing’. 


oe ~ Saturday, October | - 


BRITISH RADIOLOGICAL PROTECTION ASSOCIATION (at the Royal College of 
Surgeons, Lincoln’s Inn Fields, London, W.C.2), at 9.45 a.m.—Symposium 
on “Radiation and Genetics” (organized by The Faculty of Radiologists). 


=. + 


Monday, October 3 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, W.0,2). 
at 5.30 p.m.—Discussion Meeting on “Parameters Which Need to be 
Standardized to Specify a P.C.M. Interface” opened by Mr. R. O. Carter. 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, W.C.2) 
_ at 5.30 p.m.—Discussion Meeting on “The Mossbauer Spectrometer” opened 
, by Mr. E. L. Bush and Mr. H. Grayson. 


p.m.—Prof. E. Boyland: “A Chemist’s View of Cancer Prevention” (The 
Michael Williams Lecture). 


SooleTy or CHEMICAL INDUSTRY, LONDON SHOTION (at Shell “Centre 
: Theatre, Shell Centre, London, 8.E.1), at 6.30 p.m.—Scientific Films. 


APPOINTMENTS VACANT, 


APPLICATIONS are invited for the following appointments on or before the 
dates mentioned: j ‘ 

SENIOR’*Puysioist (with at least five years’ relevant postgraduate 
experience) to fom a’ team of hospital physicists based at the Liverpool 

nic, and to undertake the duties of Radiological Protection Advise? to 
, the hospitals of North Wales and also to take part in the development of 

radioisotope techniques at the Liverpool Centre—The Group Secretary, 
, Central Wirral ee Management Committee, Clatterbridge Hospital, 
heshire (September 27). ~- 

ASSISTANT LIBRARIAN (graduate with appropriate academic and_profes- 
sional qualifications or experience)-The Registrar, University of Essex, 
Wivenhoe Park, Colchester, Essex (September 30). 
` RESEARCH ASSISTANT (preferably with a degree or Diploma in Technology 
which includes mathematics or statistics, and an interest im the application 
of computers to applied mathematical problems) IN THE POSTGRADUATE 
SCHOOL OF MATHEMATIOS, to assist in an investigation of queues in which 
arrivals are partly regular and partly random fwhich 18 the situation in 

regular arrivals as 
in most theoretical solutions}—The Registrar, Bradford Institute of Tech- 
nology, Bradford, 7 (October 2). * 

SCIENTISTS (preferably with research experience) for permanent posts 

concerned with fundamental work on browing materials and fecmentalion = 


NATURE 


x Ld 
ROYAL Soormnry OF MEDICINE-(at 1 Wimpole Street, London, W.1), at 


1433 


The Director, Brewing Industry Research Foundation, Nutfleld, eRedhill, 
Surrey (October 3). 

TEMPORARY LECTURER or ASSISTANT LECTURER IN GEOPHYSIOS IN THE 
een td OF EARTH Sarances—tThe Registrar, The University, Leeds, 2 

ctober 8). 

OF THE DEP.-RTMENT OF CHEMISTRY, Trent University, Peter- 
borough, Ontario, Canads—~The Association of Commonwealth Universities 
(Branch Office), Marlborough House, Pall Mall, London, 8.W.1 (October 10). 

PLANT ECOLOGIST (preferably an algologist); and an EMBRYOLOGIST or an 
INVERTEBRATE ZOOLOGIST IN THE DEPARTMENT OF BroLoGy, Trent Uni- 
versity, Peterborough, Onzario, Canada—The Association of Commonwealth 
Guan to) (Branch Offic), Marlborough House, Pall Mall, London, S.W.1 

ctober 10). _ 

READER IN ORAL SURGIRY at University College Hospital Medical School 
—The Academic Registrar, University of London, Senate House, London, 
W.C.1 (October 11). . 

LECTURER IN HAEMA™OLOGY IN THE BLAND-Surron INSTITUTE OF 
PaTHoLoGy—tThe Secretary, The- Middlesex Hospital Medical School, 
London, W.1 (October 14-. s 

ASSISTANT LIBRARIAN (CATALOGUER) (qualified librarian with a good 
honours degree}—The Registrar, Bradford Institute of Technology, Brad- 
ford, 7 (October 15). 

CHAIR OF PURE MATEEMATICS IN THE SCHOOL OF MATHEMATIOS AND’ 
Puysics-—-The Registrar, Jniversity of Hast Angha, Earlham Hall, Norwich, 
Norfolk, NOR 88C (October 15). 

DIRECTOR OF THE INwITTUTE—The Secretary, National Institute for 
Research Ia Puring (Unversity of Reading), Shinfield, Reading, Berkshire 

ctober 15). 

LECTURER IN MECHANICAL ENGINEERING and an ASSISTANT IN MECHANICAL 
ENGINEERING—The Secr-tary of the Univermity Court, The University, 
Glasgow (October 15). 

SECOND CHAIR IN THE DEPARTMENT OF MEOHANICAL ENGINERRING—The 
Registrar, The University. Newcastle upon Tyne (October 15). 

CIEMTIFIO OFFICER (biplogist, with at least a good honours degree, and 
preferably a qualificatior or experience in microbiology) for research on 
athogens of insects of agricultural importance—The Secretary, Rothamsted 
Experimental Station, Harpenden, Herts, quoting Ref. 1051/77 (October 17). 
ECTURER or ASSISTANT LECTURER IN AGRIOULTURAL EXTENSION at the 
University of the West Indies, Trinidad—-The Inter-University Council, 38 
Bedford Place, London, W.C.1 (October 21). 

SENIOR LECTURER or LECTURER IN VETERINARY HISTOLOGY IN THE 
DEPARTMENT OF VETERINARY ANATOMY, University of Khartoum—The 
Secretary, Inter-University Council for Higher Education Overseas, 33 
Bedford Place, London, W.C.1 (October 22), 

CHAIR AND HEADSHIP mF THE DEPARTMENT OF PHYsioLoay-~The Regis- 
trar, The University, Leeds, 2 (October 24). s 

CHAIR OF PHILOSOPHY at Bedford College—The Academic Registrar, 
University of London, Senate House, London, W.C.1 (October 24). 

SENIOR LECTURER or LECTURER IN SOOIAL ANTHROPOLOGY IN THE FACULTY 
GF ECONOMIG AND SOOLAL STUDIES, University of Khartoum-——The Secretary, 
Inter-University Council Sor Higher Education Overseas, 38 Bedford Place, 
London, W.C.1 (October 25). 

CHAIR OF HUMAN MOxPHOLOGY; CHAIR OF BIOCHEMISTRY; CHAIR OF 
COMMUNITY HEALTH; anc CHAIR OF MEDICINE IN THE NEW MEDICAL SCHOOL 
—The Registrar, The Uncversity, Nottingham (October $1). 

FARADAY CHAIR OF ELECTROCHEMISTRY-——The Deputy Secretary, The 
University, Southamptom (October 31). ; 

POSTDOCTORAL RESHAROH WORKER (with a p q 
physiology, hhysres or psychology (with understanding of statistical methods), 

d preferably some kncwledge of computer programming) in the control 
and function of the small eye-movement of fixation and associated problems 
(stabilized retinal images, =tc.)—The Assistant Bursar (Pergonnel), University 
of Reading, Reading, Beskshire (October 31). 

SENIOR LEOTURER/LECTURER (specialist in any field of philosophy) IN 
PHILOSOPHY at Flindere University of South Australia~—The Registrar, 
Finders University of Sauth Australia, Bedford Park, South Australia, or 
The Association of Commonwealth Universities (Branch Office), Marl- 
borough House, Pall MaL, London, 8.W.1 (Australia, October 31). 

TECHNICAL OFFICER (With experience of modern vacuum technology and 
associated instrument meking) IN THE DEPARTMENT OF Puysics, for duties 
which will ınclude assisting research groups investigating ionization pheno- 
mena in gases and otheg projects, and the maintenance, development and 
operation of major imstcuments and associated vacuum equipment—The 
Registrar, University of New England, Armidale, New South Wales, 
Australia (October 31). 

VETERINARY OFFICER), GRADE IT (members of the Royal College of 
Veterinary Gurgeons with one year’s appropriate eee experience) 
with the Ministry of Agriculture, Fisheries and Food—The Civil Service 
Commission, 23 Savile Rew, London, W.1, quoting 180/66/2 (November 4). 

HEAD OF THE DEPAETMENT OF PsycHOLOGY—Dr. P. D. McTaggart- 
Cowan, President, Simor: «Fraser Universfty, Burnaby 2, British Columbia, 
Canada (November 15). 

READER IN MEDIOAL PARASITOLOGY at the London School of Hygiene and 
Tropical Medicine—The Academic Registrar, University of London, Senate 
House, London, W.C.1 (December 16). 

ASSISTANT EXPERINMNEATAL OFVICER/EEXPHRIMENTAL OFFIORR (with a 
degree, Dip, Tech., H.N.© or equivalent; if under 22, at least two G.C.E. “A” 
levels in scientific subjeccs) IN THE CHEMIOAL MICROBIOLOGY DEPARTMENT, 
to work on proteins ard enzymes of milk and cheese—-The Secretary, 
National Institute for Rssearch in Dairying (University of Reading), Shin- 
field, Reading, Berkshire: quoting Ref. 66/29. 

ASSISTANT (graduate «=r non-graduate) IN THE MEDICAL PROFESSOIRIAL 
UNIT for biochemical research involving automated ammo acid analysis— 
The Governors, St. Bartholomew's Hospital, London, E.C.1, quoting Project 
No. 611, reference No. A3D/736. - 

BIOCHEMIST (basic grede, probationary or post-probationary) Yor duties 
concerned primarily with blood gas analysis and biochemical aspects of 
investigation into metabolic disturbances associated with respiratory failure 
—The Personnel Officer, Royal Infirmary, Edinburgh, 3, Scotland. 

MYIOROBIOLOGIST (Lectcrer-—medical or non-medical) to assist in the study 
of cross-infection and ın an expanding programme of microbilology—The 
Secretary-Administrator, Institute bf Laryngology and Otology, 330/382 
Gray's Inn Road, Londan, W.C.1. 

PosTpocToRAL ASSIST NT to work under Prof. J. S. Anderson, F.R.S., on 
high-temperature inorganic chemistey—The Secretary, Inorganic Chemistry 
Laboratory, The University, South Parks Road, Oxford. e 

PROFESSOR AND HEADOF YHE DEPARTMENT OF OPHTHALMIO OrpTICS—The 
Registrar, Welsh Collegeof Advanced Technology, Cathays Park, Cardiff. 

PROFESSOR OF PHARMADEUTICS—The Registrar, Welsh College of Advanced 
Technology, Cathays Pazk, Cardiff. . 

QUALIFIED PHYSICAL CHRMISTS to undertake research in inorganic thermo- 
chemistry and thermodrnamics, and on ‘vapour phase reactions partly at 

E] a 


nalification in 


& 


1434 


~ 


¢ 


high temperature—The Director of Research, Fulmer Research Institute, 
Stoke Poges, Bucks. é ae: oe 
RESEARCH ASSOOIATE (candidate qualified in genetics of agriculture) IN 
ANIMAL BREEDING IN THE SOHOOL OF AGRICULTURE for work concerned with 
studies of the application of genetic theory to animal improvenent—The 
Registrar, The University, Newcastle upon Tyne. ~ a 
RESEARCH OFFICERS (graduates in biological sciences, preferably with an 
interest in mammalian systems, associated with a broader physico-chemical 
knowlédge) for participation iņ research work in the field of safety evalnation 
of drugs and other chemicais«—The Personnel Officer, Huntingdon Research 
Centre, Huntingdon, quoting Ref. GHW/3/G. : ’ 
SOLMENTIBIC ASSISTANT (graduate in science, preferably in biochemistry or 
microbiology) for microbiological pet be ın connexion with serum B,, estima- 
tions—-The Consultant Haematologist, Glasgow Royal Infirmary, 84 Castle 
Street, Glasgow, 0.4. 
SENIOR OHNICGIAN (preferably with experience in high temperature 


techniques) to Join a research group studying high-temperature chemical and . 


electrical transport properties of refractory oxide materials--Dr. B. 0. H. 
Steele, Metallurgy Department, Imperial College, London, S.W.7. > 


A 


e eemo m 


— 


REPORTS and other PUBLICATIONS 
e (not included in the monthly Books Supplement) . 


Great Britain and Ireland 


General Register Office. The Registrar General’s 
England and Wales, Quarter ended 31st March 1966. (No. 469, Ist Quarter 
1966.) Pp. 47. (London:- H.M. Stationery Office, 1966.) 28. 6d. net. [267 

Timber Research and Development Association. Annual Report for 1965. 
Pig (High Wycombe: Timber Research and Developmen AERE OR, 


; {28 
Mental Subnormality in London: a Survey of Community Care. Pp. 95. 
(London: Political and Economic Plauning, 1966.) 7s. 6d. [267 
Admiralty Marine Science Publication No.8: Bathymetric and Magnetic 
Investigations, H.M.8.-Dalrymple, 1961—1963. (Intergovernmental Oceano- 
graphic Commussion—International Indian Ocean Expedition. aie 18 + 27 
rofiles. (H.D. 566.) (London: Hydrographic Department, try of 
efence, 1966.) Pe x [277 
Potato Marketing Board. Survey of Potato Research in the United King- 
dom. Pp.u+56. (London: Potato Marketing Board, 1966.) 2s. [277 
British Scientific Instrument Research Association, Sira Annual Report 
1965/66. Pp. 71. (Chislehurst, Kent: British Scientific Instrument Research 
Association, 1966.) [277 
Industrial Chemistry—Inorganic: ` Ordinary and Advanced Levels. By 
PEE Samuel. Pp. 1v+46. (London: The Royal Institute of iter sh 
-) 7s, Gd. . 
C-E-I-R Training Series 3: Management Technology. Pp. 20. (London: 
C-H-I-R, Ltd., 1966.) ees = [277 
Annual Report of the British Food Manufacturing Industries Research 
Association 1965. Pp.°67. (Leatherhead: British’ Food Manufacturing 
Industries Research Association, 1966.) 287 
Royal Observatory Bulletins. No. 114: Radial-Velocity Observations 
of RE Lyrae Variables at Kottamia. By Sir Richard Woolley and Khairy 
Aly, Pp. K257-E276. No. 115: Photometric Observations of RR Lyr 
Varinbles. By G. A. Harding and Margaret J. Penston. Pp. E277-E290. 
(London: H M. Stationery Office, 1966.) 5s. 6d. net. Aet -[287 
Thé Presentatiga of Technical Information Group. Procéedings of the 
Conference on the Training of Sclentists and Technologists in Written 
Communication held at University College, London, 18th erie 1966. 
Pp. +18. (Babraham, Cambridge. A. K. Parker, Godolphin Cottage, Gog 
Magog Hills, 1966.) 6s. [287 
The Cotton Silk and Man-Made Fibres Research Association. Sturley 
Institute Pamphlet No. 90° Moisture Measuring Instruments for Textiles. 
By G. J. Parish and M. R. Williams. Pp. 48. (Didsbury, Manchester: The 
Cotton Silk and Man-Made Pibres"Research Association, 1966.) 15s. [297 
Why Conservative? By Prof. David §. Shovelton. (An Inaugural Lecture 
delivered in the University of Birmingham on 8tl March, 1966.) Pp: 15. 
(Birmingham: The University, 1986.) 2s. 6d. 297 
Developments in the Continuous Casting of Copper-Tin Alloys Using ‘the 
T.R.I. Process. By D. A. Robins'and J. C. Prytherch. Pp. 7. (Publication 
359.) (Greenford, Middx.’ Tin Research Institute, 1966.), 297 
ity Sv Tr&nsactions of the Royal Society of Londom Series A: 
Mathematical and Physical Sciences. No. 1110, Vol. 260 e July, 1966): 
A Discussion on Deformation of Sclids by the Impact of Liquids, and Its 
Relation to Rain Damage m Aircraft and Missiles, to Blade Erosion in Steam 
Turbines and to Cavitation Erosiffn. Organized ¢y F, P. Bowden, F.R.S 
ain 73-315 + plates 2 to 60. (London: The Royal Society, 1966.) ro à 
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and Horticultural Research Station (The National Fruit and Cider Institute), 
1965.” Pp. xiii+299+12 plates. (Long Ashton: The Research Station, 
“Jniversity of Bristol, 1966.) 20s. . ‘i [18. 
Department of Education and Science and the British Council. Scientific 


Research ın British Unversities and Colleges, 1965-66. Vol. 1: Physical * 


Sciences. Pp. xix+413. $7s. 6d. net: Vol. 2: Life Sciences. Pp. xxi+ 4267 
40s. net. (London: H.M. Stationery Office, 1966.) + {18 
Stottish Plant Breeding Station. Forty-fifth Annual Report, 1985-66. 
Ep. ne i E Roslin: Scottish Society for Research in Plant- 
reeding, : ae s 
The Zoological Record, Vol.°t01, Section 5 (1964)* Echinodermata. Com- 
piled by A. M. Clark Ep, 34. (London:-The Zoological Society of London, 
1966.) 12s. 6d.; $1-80. [18 
Save Our Paths. Pp. 16. (London: The Ramblers’ Association, 1966.) [28 
=- Londoniand Home Counties Regional Advisory Council for Technological 
Education. Bulletin of Special Courses in Higher Technology, Management 
Studies and Commerce, 1966-67. Part 1: Autumn Term. Pp. 118. (London: 
London and Home Counties Regional Advisory Council for Technological 
Education, 1966.) 7s. t [18 
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= -Other Countries : 


Rec&ds of the Australian Museum. Vol. 27, No. 2 (13 June, 1966): Studies 
s TOZO (Bryozoa) from the Endeavour - Expedition, 1909-1914. 1: A 
ew Lun 


Colony Formation in Selenarra nitida Maplestone. By N. A. Powell. Pp.: 
T land 2, (Sydney. The Australian Museum, 19686.) ie & 
8. j ae -uF 
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tiform Polyzoan (Ascohpora) from, South-East Australia, 2: 
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niversity of Bristol, Annual Report of the Long Ashton Agricultural * 
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Bumania: a Country with a Modern Chemical-Industry: Deyelopment of 
By Petru Ioan. Pp. 98." (Bucharest: 


S ae 


Meridiane Publishing House, 1964.) aoe ` 
King Gustaf V Jubilee Clinic, Stockholm.’ The First Fifty Years: Radium- 
hemmet 1910-1987 and King Gustaf V Jubilee Clinic 1939-1960. By Elis 
Berven, Sven Hultberg, Hans-Ludvig Kottmeier, Rolf Sievert, Lars Santesson 
and Bengt Sylvén. Pp. 199. (Acta Radiologica, Supplementum 250.) 
(Stockholm: Acta Radiologica, 1965.)'~ 80 Sw. kr. =+- 2° 267 
FAO—WHO—OIE. Animal Health Yearbook 1965. Pp. vi+ 324. 
(Rome: Food and Agriculture Organization; London: H,M. Stationery 
Office, 1966.) "17s. 6d.; $8.50". ~._ ~ ees Te - [287 
Annals of the New York Academy of Sclences. Vol. 132, Article 2: 
ahamycin—Appraisal After Eight Years of Clinical Application. By_S. Q. 
Axline and ‘50 other authors. Pp. 771-1090. (New York: New York’‘Aca- 


demy of Sciences, 1966.) 38. - ; via [277 
Réflexions pa 1985. Pp. 155. (Paris: La Documentation Française, 
16 Bue Lord-Byron, 1966.) , is 277 


Bulletin of the American Museun of Natural History. Vol. 182, Articlé-2: 
Asiatic Mesonychidae (Mammalia, Condylarthra). By Frederick S. Szalay 
and Stephen Jay Gould. Pp. 127-174+ plates 9-21, (New York: American 
Museum of Natural History, 1966.) $3. à [277 

Uganda, Annual Report of the Forest Department 1963/64. Pp. 66, 
(Entebbe: Government Printer, 1966.) Shs. 7. , * {277 

Federal Water Resources Research Program for Fiscal Year 19087: *2. 
Progress “Report of the Committee on Water Resources earch. g 
iif + 20. An naon, D.C.: Government Printifg Office, 1966.) $0.15. [287 

United States Department of Commerce: National Bureau of Standards. 
Miscellaneous Publication No. 279° 1965°Technical Highlights of the National 
Bureau of Standards. Annual Report, Fiscal Year 1965. 
(Washington, D.C.: Government Printing ‘Office, 1966.) . $0.65. 

iMineralium Deposita. Vol.*1, No. 1-, ter 
for Geology, Mineralogy, and Geochemistry of Mineral Deposits. Pp. iv-+1576, 
Published quarterly. Annual subscription: 96-D.M.;«$24,/ (Berlin and-New 
York: Springer-Verlag, 1968.) ues a e [287 

Publications de l'Univeraitó Officielle du Congo?Vol. 10: La Structure, 
Phonetique du Français: Essai de Phonétique ‘Quantique Appliquée. Par 

kus. Pp. 75. (Lubumbashi: “Université: Officie ae 
#2 we af 


1988.) : ie A D. e e, z 
National Academy of Sclences—Natidual- Research Council. Publication 
1408: Alternatives in Water Management. (A* Report of the Committes on 


sty [287 


+ * 


Pp. 2909+16 planches.’ 


eae de Belgique, 1966.) 


Académie Royale de Belgique. Annuaire pour 1966. Pp: 331+ 176. 
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Energy Agency. The Agency’s udget; for 1967. 
Pp. 44. Annual Report of the Board of Governors to the General Conference, 
1 July 1965-30 June 1966. Pp. 85- The Agency’s Programme for 1967-1968, 
Pp. 45. (Vienna: International Atomic Energy Agency, 1966.) [18 

Northern Nigeria. Annual Report on the Forest Administration of Northern 
Nigeria, 1963-64. Pp. ii+ 47. (Kaduna: Government Prmnter, 1965. Avail- 
able from Ministry of Information, Printing Division, Kaduna.) 838. 6d. net. [28 

Conseil National de Ja Politique, Scientifique. Rapport Annuel 1985. 
Pp. 310. (Bruxelles: Conseil National de la Politique Scientifique, 1966.) [28 

Deutsche Akademie der Wissenschaften zu Berlin: Geod&tisches Institut 
Potsdam. Arbeiten aus dem Geod&taschen Institut Potsdam. Nr. 10: 
-Astronomische Zett- und Breitenbestimmungen Empfangszeiten von Zeit- 
signalen 1961/1962. Pp. 76. Nr. 11. Relative Pendelmessungen Zwischen 
Potsdam und Rom. Von Claus Elstner und Rosemarie Schwarzberg. Pp. 18. 
Nr. 12” Sternkoordinatenkorrektionen aus dem Potsdamer Beobachtungs- 
material am ‘Astrolab Danjon. Von Joachim Hépfner. Pp. 60. Veroffent- 


lichungen des Geod&tischen Instituts in Potsdam. Nr. 27: Die Babnen der . 


Kunsthchen Erdsatelliten in ihrer Abhingigkeit von den Schwereanomalien. 
Von Kurt Arnold. Pp. 53. Nr. 28: Der Neue 24-m-Interferenzkomparator 
des Geod&tischen Instituts in Potsdam. Von R. Schuler und J. uhut. 


Pp. 59. Nr. 29: Die Bestimmung des Azimutes Potsdam-Bukarest aus. 
Beobachtungen des Satelitten Echo I. Von Kurt Arnold und Duetrch . 


Schoeps. Pp 27. (Berlin: Deutsche Akademie der Wissenschaften 
1965 und 1966.} 5 
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